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Overview of this talk

● Motivation for Graph Neural Networks 

● Graph Neural Networks
○ The “Graph” in Graph Neural Networks
○ Convolutions on Graphs

● Examples of applications
○ Computer Vision, Medicine, Condensed Matter Physics, Social Media & much more.
○ IceCube Neutrino Observatory
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Motivation for GNN’s
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Let’s consider a CNN.

They work on images – but what is an image really?

Motivation for GNN’s
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Let’s consider a CNN.

They work on images – but what is an image really?

Motivation for GNN’s

(data)(image)
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Motivation for GNN’s

Images in an abstract sense:

• Images are grid-like structures, where 
the distance between neighbouring 
points in the grid is constant

• At every point in the grid we associate 
values ‘red’, ‘green’, ‘blue’
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Motivation for GNN’s

What if our data isn’t exactly an image, but we’d 
like to use a CNN anyway?

This isn’t an uncommon problem. CNNs have been used 
in physics experiments despite the data not being 
images. 

https://arxiv.org/pdf/2101.11589.pdf and 
https://arxiv.org/pdf/2101.11589.pdf are fine examples!

https://arxiv.org/pdf/2101.11589.pdf
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Motivation for GNN’s
Suppose we had variables:
[windspeed, temperature, humidity, lattitude,longitude] (5 variables – not 3!)

from the DMI weather stations

How would the image look like?
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Motivation for GNN’s

We could add the extra information to each pixel!

But is this the most natural way of incorporating the geometric information?

(data)

(Image)
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Motivation for GNN’s

No!

By turning the weather stations into pixels in an image we’re indirectly saying that the distance 
between neighbouring stations are constant!



Applied Machine Learning 2022 11

Motivation for GNN’s

Key Point:

By forcing problems with irregular geometry into images, we’re shaping the 
problem to the tool, and not the tool to the problem!

Is there a different structure that has no underlying 
assumption on the geometry of the data? 

 - Yes! This is Graphs!
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Graph Neural Networks

12



Applied Machine Learning 2022

Graph Neural Networks

13

GNNs are an emerging tool in data science

● Input data is a graph
○ A graph is a collection of two things:

■ Nodes (“pixels”)
■ Edges (connections)

● Graphs have no underlying assumption on the geometry 
of the data. You need to specify the geometry directly 
using the edges!

Convolutional Neural Networks are a special case of Graph 
Neural Networks!
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Graph Neural Networks
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Many of the machine learning techniques (or “layers”) that you 
have been introduced to are also available for graphs!

● Convolutions
● LSTM, GRU 
● Attention
● Auto-Encoders
● Data-driven pooling operators
● etc..
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Graph Neural Networks
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How would a graph convolutional neural network (GCNN) work?

The increased generality of GNN’s means that convolution, as understood from CNNs, can be interpreted in 
multiple ways. The many types of convolutions differ on (mainly) the way in which the edges are utilized.

 Let’s pick Edge Convolution!
         (https://arxiv.org/abs/1801.07829)
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EdgeConv

EdgeConv ‘convolutes’ the graph by updating the values in each node 
in the graph by considering the values in the nodes that it is connected 
to. (So no filters!)

The update of values of the j’th node is done via

        Where f is a learned function (a neural net)
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EdgeConv
The update of values of the j’th node is done via

     Where f is a learned function (e.g a neural net)

    Suppose f = 1 * x + 0. Then the updated values for Node 1 would be:

    In a full forward pass, this would be iterated for every node in the graph!

     

(by concat.)
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Examples of applications
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    When Should I Use GNNs?

   

Computer Vision (EdgeConv)

(https://arxiv.org/pdf/1801.07829.pdf)
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https://arxiv.org/abs/2007.03316v2
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Medicine 

https://arxiv.org/abs/2105.07082
Drug Synergy: 
” An interaction between two or 
more drugs that causes the total 
effect of the drugs to be greater 
than the sum of the individual 
effects of each drug. A 
synergistic effect can be 
beneficial or harmful.”
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Applications of GraphNeT:dynedge

Direction Reconstruction: GNN compared with CNN 

 

IceCube Neutrino Observatory
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GraphNeT Team
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Troels Petersen (Assoc. Prof.) Andreas Søgaard (PostDoc) Kaare Iversen (MSc) Leon Bozianu (MSc) Morten Holm  (MSc) 

Tim Guggenmos  (BSc) Philipp Eller (PostDoc) Martin Ha Minh (PhD) Rasmus Ørsøe (PhD)

Niels Bohr Institute

Technical University Munich

Write your thesis with us!

You?

You!
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GraphNeT
 Graph Neural Networks for Neutrino Event Reconstruction

● A framework for developing GNN-based tools for neutrino telescopes

● One stop shop: from model development to deployment
○ Developers

■ Everything needed to build, train and validate GNNs from scratch
○ End-Users

■ Can choose from a library of pre-trained models and apply them as IceTray 
modules

● Actively maintained with modern industry-standard code practices
○ code conventions
○ proper documentation
○ Unit tests

● Funded for next four years - you can safely migrate!
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icecube/graphnet

https://github.com/icecube/graphnet
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Graph Neural Networks
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3.4 TeV 𝜈ₑ event as graph with k = 8

GraphNeT:dynedge represents an event as a graph

● Nodes in the graph is a photosensor in the ice

● Edges are drawn to a node’s 8 nearest 
Euclidean neighbours based on photosensors 
position
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IceCube Neutrino Observatory
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Thank you for listening!

icecube/graphnet 27

https://github.com/icecube/graphnet
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Bonus
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Graph Neural Networks
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Our GNN-based reconstruction algorithm dynedge

Classical Neural Networks
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Graph Neural Networks
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Our GNN-based reconstruction algorithm dynedge

Classical Neural Networks

This makes the 
model compatible 
with events with any 
number of pulses or 
DOMs
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Graph Neural Networks
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Our GNN-based reconstruction algorithm dynedge

Classical Neural NetworksGraph Convolutional Layers 

This makes the 
model compatible 
with events with any 
number of pulses or 
DOMs

This configuration of 
convolution layers let 
the GNN dynamically 
learn the optimal 
connectivity of each 
event in its latent space. 
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Graph Neural Networks
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Our GNN-based reconstruction algorithm dynedge

Classical Neural NetworksGraph Convolutional Layers 

Our Choice in Convolution
(https://arxiv.org/pdf/1801.07829.pdf)

This makes the 
model compatible 
with events with any 
number of pulses or 
DOMs

This configuration of 
convolution layers let 
the GNN dynamically 
learn the optimal 
connectivity of each 
event in its latent space. 

Captures globally 
relevant features in local 
areas by considering the 
difference of a node and 
the neighbours it’s 
connected to. Only the 
neighbouring nodes 
contributes to the 
convolution!


