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Classification Task
▪ Input: description of the data

▪ Output: label

Classification
Model

Cat

3

Image source: https://stock.adobe.com/nl/search?k=cat



A More Realistic Scenario: Multi-label

Illustration of multi-label classification. One input Image contains multiple labels (cat and dog).
Image source: https://www.pixelstalk.net/cute-dog-and-cat-wallpaper/=0

• Cat

• Dog

4



Multi-label Node Classification On Graphs
▪ Graph: Datapoints that are connected by the topological structure

▪ Node classification task:
▪ Given: a graph, incomplete labelling

▪ Task: predict the classes of the unlabeled nodes
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Illustration of multi-label nodes in graphs
Image Source: https://minutes.co/5-ways-to-improve-networking-skills-from-professionals-who-mastered-it/

• Read
• Travel
• Machine Learning



GNNs Deployed For Multi-label Node Classification Task
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Node Features
GNN Sigmoid

• Class 1: 0.4
• Class 2: 0.8

•  
•  
•  

• Class L: 0.1
Adjacency 

Matrix Fail to capture the label correlation

Independent Probabilities



Performance of GNNs

▪ Homophily in Single-label graphs:

▪ High homophily, GNNs show high performance

▪ Most of the connected nodes share the same label

• Homophily in Multi-label graphs:

•  Fraction of shared labels

▪  Would GNNs work well on these datasets?
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Dataset Label Homophily
Blogcatalog 0.10

Yelp 0.22
Ogbn-proteins 0.15
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Would GNNs designed for single-label low 
homophily graphs work on multi-label 
graphs?

▪ Low homophily: Opposites attract



GNN Designed For Single Label Low Homophily Graphs: 
H2GCN
▪ Assumption: useful information in higher neighbourhoods

9



Different Semantics Of Homophily
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• Low homophily: each neighbour only shares a small fraction of labels
• But all labels can be found among the neighbouring nodes



Real-life Scenario
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• Read
• Travel
• Computer Science

• Each friend shares part of 
one's interests: low 
homophily

• All the interests are in the 
direct neighbourhood



Characteristics Of Ogbn-proteins
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Image source: https://ogb.stanford.edu/docs/leader_nodeprop/



Characteristics Of Ogbn-proteins

▪ Huge number of unlabelled nodes

•  in Ogbn-proteins, over 40% nodes without labels

•  89% test nodes without labels

• Evaluation

• Sparse label matrix, Long training epochs

• encourages model to assign negative class and achieve high AUROC
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Model   MicroF1 MacroF1 AUROC  AP



Characteristics Of Available Multi-label Graphs

▪ Label assignment

• Most of the nodes have one label

•  in Blogcatalog, 72% nodes have one label

•  Nodes: bloggers

•  Labels: social groups

•  Edges: friendships

Is this true?
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Multi-label graph generator model
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• Varying feature quality and homophily

high high



Conclusions

▪ Multi-label Node Classification Task is still an open research field

▪ Check the datasets before the experiments

▪ Choose the right model on the datasets

▪ Use the right evaluation metric

Paper: Zhao et al. "Multi-label Node Classification On Graph-structured Data", 
TMLR 2023. https://openreview.net/forum?id=EZhkV2BjDP
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