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What are Graphs?
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Graphs are all around us {)
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Motivation behind Graph Neural Networks
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Images are euclidean as 2D/3D pixel grid Graphs are non-euclidean (now

how to operate convolutions?)



Message Passing (The Core Concept) °
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Adjacency Matrix

Source: Kumar et al. graphB3 - An Interpretable Graph Learning Approach for Predicting
Blood-Brain Barrier Permeability (Under Revision in BIB)

Updated Node A = Update(Node A, Aggregate(Neighbors of Node A)

Node Feature Matrix JEN (1)U{s} J]CL Kipf, T. N., & Welling, M. (2016)
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Feed-Forward MLP Layer



Types of prediction tasks with GNNs

Node-Level

Protein function in a PPl Network
Gene expression state in a GRN
Cell-cell interaction in multi omics data

Edge-Level

Relation between a gene and a disease
in a gene-disease network

Whether two proteins are interacting in
a PPI network

Predict if two drugs work synergistically

Graph-Level

Drug Discovery
Protein function prediction



When to use Graph Neural Networks?

Vi

Predicting housing prices using GNNs? Predicting a gene activity in a Gene Regulatory
Network or Predicting a molecules activity?

KEYWORDS: Dependency, diversity, size, etc.



Why Graph Neural Networks?
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Examples

Stokes et al.
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Graph neural network
Feed-forward neural network
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Support vector machine
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Top 99 compounds were experimentally validated
out of which 51 were indeed antibiotics
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Examples
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Graph-Based Explainable Al (graphXAl)
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Example: Perturbation-Based Method (GNNEXxplainer, PGExplainer, SubgraphX, etc.) 11

Source: Kumar et al. graphB3



Limitations & Future Directions

e Over-Smoothing: Repeated aggregation can make node embeddings too similar.

e Scalability: GNNs struggle with large graphs, long-range connections are challenging to handle.

e Computation-Cost: Message passing can be memory-intensive and slow for deep architectures.

e Lack of standardized frameworks to build your own graphs.

e Graph Transformers is an active area of research that deals with a problem of over-smoothing
and scalability; however it increases computational cost further.

e Graph coarsening or hierarchical pooling can alleviate scalability issues by reducing graph size

while preserving key structural information.
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Get started with Pytorch basics: hitps://docs.pytorch.org/tutorials/index.html

Get started with Pytorch-Geometric: https://pytorch-geometric.readthedocs.io/en/2.6.1/get_started/colabs.html

Helpful video-series:

° https://voutube.com/playlist?list=PLV8yxwGOxvvoNkzPfCx2i8an--Tkt708Z&si=VTnpdtlg r4B3GKj
° https://voutube.com/playlist?list=PLoROMvodv4rPLKxIpghjihPgdQy7imNkDn&si=NYW9fLugoMyndkm1

GNN for Drug Discovery:

° https://deepchem.readthedocs.io/en/latest/api reference/featurizers.html#qraph-convolution-featurizers
° https://deepchem.io/tutorials/introduction-to-graph-convolutions/
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