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Existing problem

Real-World Graph have only one kind of tendency.

(a) Connecting same class → Homophilic-prone
(b) Connecting different class -> Heterophilic-prone

Existing GNNs only take the original graph during training.



Existing problem

Could we find the missing-half to complement the graph? 🤔

Enriched Structural Information!!



The GOAL Framework

Find the missing-half New Conv for 
Complemented Graph



The GOAL Framework

Find the missing-half

Graph Discrimination:
Find which part is missing for a graph?

Average Cosine Similarity
(Random sampled pairs) 

VS
(Connected node pairs)



The GOAL Framework

Find the missing-half

Graph Discrimination:
Find which part is missing for a graph?

Homophilic-prone graph
Connected different from Sampled!



The GOAL Framework

Find the missing-half

Graph Discrimination:
Find which part is missing for a graph?

Heterophilic-prone graph
Connected similar to Sample!



The GOAL Framework

Find the missing-half

Graph Discrimination:
Find which part is missing for a graph?

     K-S statistics (evaluation of distribution difference) > 0.2
→ homophilic-prone graph 
→ need to find heterophilic-prone structure
→ Vice versa



The GOAL Framework

Find the missing-half

Topology Complementation:
Find the missing-half graph structure.

        Grouping Loss

Maximise same class node similarity
Minimise different class node similarity



The GOAL Framework

Find the missing-half

Topology Complementation:
Find the missing-half graph structure.

        Learning-to-rank loss

For node a 
→ most similar k same class nodes

→ least similar k different class nodes

A 2k list → put nodes in correct rank



The GOAL Framework

Find the missing-half

Topology Complementation:
Find the missing-half graph structure.

        Two losses to train a MLP
→ 

Generate node 
embeddings

→
Find each node most 
similar/least similar 

neighbours (cosine sim)
→ 

Connect them
→ 

Done!



The GOAL Framework

New Conv for 
Complemented Graph

How to design a new graph convolution
→ handle complemented graphs with both 

homophily- and heterophily-prone topology?
🤔



The GOAL Framework

New Conv for 
Complemented Graph

Straightforward Solution:

Maximise similarity for homophilic-connected nodes
Minimise similarity for heterophilic-connected nodes



The GOAL Framework

New Conv for 
Complemented Graph

Maximise sim for 
homophilic-connected

Minimise sim for 
heterophilic-connected

Two Objectives



The GOAL Framework

New Conv for 
Complemented Graph

A step forward: any other objective? 🤔



The GOAL Framework

New Conv for 
Complemented Graph

The heterophilic neighbors of 
homophilic neighors 

→ still heterophilic-prone



The GOAL Framework

New Conv for 
Complemented Graph

Minimise sim for 
extended heterophilic 

neighbors 



The GOAL Framework

New Conv for 
Complemented Graph

Combine all objectives → we finally 
derive the new convolution



Experiment

Notably → almost 9% better than the best baseline on Squirrel.

Achieve best performance on all datasets.



Experiment

The generated topology is way better than random and knn connection




