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Technical Issues of 
Message Passing

Oversmoothing: 
node representations 

converge to the same value

Layer 1 Layer L

Computational Bottlenecks: 
exponential amount of info

needs to be compressed
into a node representation

Underreaching: 
we use less layers than needed

(more layers increase the 2 other 
problems)

Our Solutions

Learn to Filter 
Messages

Learn the Depth via 
simple Backpropagation

Oversmoothing, "Oversquashing", 
Heterophily, Long-Range, and 
more: Demystifying Common 

Beliefs in Graph Machine Learning
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For example, by discretizing

𝑓 𝑥 = 𝜆𝑒 −𝜆𝑥

𝜆 learnable parameter

1. Define importance distribution 
over (infinite) layers

2.Dynamically Truncate the 
distribution to a finite value based 
on 𝜆 (using the quantile function)

3.Every layer’s output prediction 
weighted by importance – needs 1 
readout per layer

Deep Graph Network architecture:

1. The model’s depth
grows/shrinks during 

training according to the task!

Advantages

We can encourage deeper/shallower 
models using a principled prior distribution

2. The model learns to control 
oversmoothing and 

“oversquashing”

The amount of information to propagate is 
learned based on the task

3. Competitive performance 
with a classical GCN
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