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GNNs vs. Distributed Computing



Distributed Computing (Message Passing)

Nodes communicate with neighbors by sending messages.

In each synchronous round, every node sends a message to its neighbors.



Graph Neural Networks

Nodes communicate with neighbors by sending messages.

In each synchronous round, every node sends a message to its neighbors.



ML

“Designed” algorithm

Usually node IDs

Individual messages

Solve graph problems 

like coloring or routing 

“Learned” parameters

Usually node features

Aggregated messages

Solve classification 

(node, edge, graph)



How Do GNNs Work?



Graph Neural Networks

av = AGGREGATE ( {{ hu |  u ∈ N(v) }} )

hv
(t+1) = UPDATE ( hv , av )

v



Graph Neural Networks
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Any Limitations?



Graph Neural Networks



Graph Neural Networks



Weisfeiler-Lehman Graph Isomorphism Test

,



Shrikande vs. Rooks



GNNs Fail on e.g. Cycles

v
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More Expressive GNNs?
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GNNs with Dropouts

Run #1

Multiple runs of the GNN

Each node removed with probability p independently



GNNs with Dropouts
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Port Numbers



Angle Features



Random Features





Explainable GNN







https://interpretable-gnn.netlify.app/
https://interpretable-gnn.netlify.app/


Asynchronous GNN





Benchmarks





Example: CORA Benchmark



Example: CORA Benchmark

Title Keywords Neighbor 

Labels

Neighbor 

Keywords

Primes is in P … Crypto, … …



Graph Generation





Automating Rigid Origami Design
Jeremia Geiger, Karolis Martinkus, Oliver Richter, Roger Wattenhofer



Summary
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Thank You!
Questions & Comments?

Roger Wattenhofer, ETH Zurich, www.disco.ethz.ch


