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Inductive Bias
Definitions

The inductive bias of a learning algorithm is the set of 

assumptions that the learner uses to predict outputs given 

inputs that it has not encountered.

An inductive bias allows a learning algorithm to prioritize 

one solution over another, independent of the observed data.
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Inductive Bias
in linear regression

• The relationship between predictor variables 𝑋𝑋 and the target 𝑌𝑌 can be expressed 

in linear combinations, and errors should be minimal under a quadratic penalty.

𝑋𝑋

𝑌𝑌
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Inductive Bias
in ridge & lasso regression

• Prefers solutions with smaller regression coefficients
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Inductive Bias
in k-nearest neighbors

• The classification of an observation will be most similar to the classification of 

other instances that are nearby 
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Inductive Bias
in support vector machines

• When drawing a boundary between two classes, attempt to maximize the width 

of the boundary.
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Relational Inductive Bias
Definition

• Refers to inductive biases which impose constraints on relationships and 

interactions among entities in a learning process.
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Relational Inductive Bias
in neural networks
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Relational Inductive Bias
in neural networks
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Graph Neural Networks
Different graph representations
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Graph Neural Networks
Definition of graph
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Graph Neural Networks
Graph Network (GN) block
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Graph Neural Networks
Pseudo code
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Graph Neural Networks
Different GN block configurations
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Graph Neural Networks
Message passing
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GNN Applications
Shortest path prediction
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GNN Applications
van den Berg, R. et al., Graph Convolutional Matrix Completion, 2017

van den Berg, R., Kipf, T. N., & Welling, M. (2017). Graph Convolutional Matrix Completion. stat, 1050, 7.
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GNN Applications
Gilmer J. et al., Neural Message Passing for Quantum Chemistry, 2017

Gilmer, J., Schoenholz, S. S., Riley, P. F., Vinyals, O., & Dahl, G. E. (2017). Neural message passing for quantum chemistry. arXiv preprint arXiv:1704.01212.

• Predicting various chemical properties of organic molecules (13 regression tasks)
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GNN Applications
Zitnik, M. et al., Modeling Polypharmacy Side Effects with Graph Convolutional Networks, 2018 

Zitnik, M., Agrawal, M., & Leskovec, J. (2018). Modeling polypharmacy side effects with graph convolutional networks. arXiv preprint arXiv:1802.00543.

• Multirelational link prediction to model polypharmacy side effects
• 964 different types of edges (one for each side effect type)
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GNN Applications
Wang, X. et al., Non-local Neural Networks, 2018

Wang, X., Girshick, R., Gupta, A., & He, K. (2018, June). Non-local neural networks. In The IEEE Conference on Computer Vision and Pattern Recognition 
(CVPR) (Vol. 1, No. 3, p. 4).



23

GNN Applications
Kool, W. et al., Attention, Learn to Solve Routing Problems, 2018 (1/2)

Kool, W., van Hoof, H., & Welling, M. (2018). Attention, Learn to Solve Routing Problems!.
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GNN Applications
Kool, W. et al., Attention, Learn to Solve Routing Problems, 2018 (2/2)

Kool, W., van Hoof, H., & Welling, M. (2018). Attention, Learn to Solve Routing Problems.
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GNN Applications
Zambaldi, V. et al., Deep Reinforcement Learning with Relational Inductive Biases, 2018 (1/4)

Zambaldi, V., Raposo, D., Santoro, A., Bapst, V., Li, Y., Babuschkin, I., ... & Shanahan, M. (2018). Deep reinforcement learning with relational inductive biases.
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GNN Applications
Zambaldi, V. et al., Deep Reinforcement Learning with Relational Inductive Biases, 2018 (2/4)

Zambaldi, V., Raposo, D., Santoro, A., Bapst, V., Li, Y., Babuschkin, I., ... & Shanahan, M. (2018). Deep reinforcement learning with relational inductive biases.



27

GNN Applications
Zambaldi, V. et al., Deep Reinforcement Learning with Relational Inductive Biases, 2018 (3/4)

Zambaldi, V., Raposo, D., Santoro, A., Bapst, V., Li, Y., Babuschkin, I., ... & Shanahan, M. (2018). Deep reinforcement learning with relational inductive biases.
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GNN Applications
Zambaldi, V. et al., Deep Reinforcement Learning with Relational Inductive Biases, 2018 (4/4)

Zambaldi, V., Raposo, D., Santoro, A., Bapst, V., Li, Y., Babuschkin, I., ... & Shanahan, M. (2018). Deep reinforcement learning with relational inductive biases.
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Python Implementations
In both Tensorflow and Pytorch

• (Tensorflow, with Sonnet) https://github.com/deepmind/graph_nets

• (Pytorch) https://github.com/rusty1s/pytorch_geometric

• (Pytorch) https://github.com/dmlc/dgl

https://github.com/deepmind/graph_nets
https://github.com/rusty1s/pytorch_geometric
https://github.com/dmlc/dgl
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Discussions
Limitations and future work

• Where do the graphs come from that the computations are held on?
• Assuming a fully-connected, dense graph is too naïve.
• Many underlying graph structures are much more sparse.

• Can the graph structures be modified adaptively during the course of computation?
• Can the edges be removed depending on the context of the graph?
• …
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Additional Papers



Thank you.
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