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Artificial Intelligence – Having machines exhibit human 

intelligence i.e. carry out tasks that humans can

Machine Learning – Having machines learn for themselves

Deep Learning – use of artificial neural networks with multiple 

layers allowing "deep" connections
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Top 500 Supercomputer Sites – June 2019Top 500 Supercomputer Sites – June 2019
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Next generation deep learning

• Medical screening

• Weather forecasting and event detection

• Geographic Information Systems for satellite image analysis

• Bioinformatics

Deep learning in chemistry

• DeepChem - deep-learning in drug discovery, quantum chemistry 

and biology

• neural network force fields at DFT accuracy

• Kohn-Sham density from machine learning
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Types of Machine LearningTypes of Machine Learning

Unsupervised 
Learning

Reinforcement 
Learning

Supervised 
Learning

• Trial and error
• Reward based

• Labeled data
• Direct feedback
• Regression
• Classification

• Unlabeled data
• No feedback 
• Clustering
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Steps in a supervised machine learning workflow

1. Load the data

2. Explore the data

3. Preprocess the data

4. Run model

5. Evaluate model

6. Refine model

7. Predict
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Deep Learning Frameworks are building blocks for the design, 

training and validation of deep neural networks through a high

-level programming interface

• TensorFlow

• Torch/PyTorch

• Caffe/Caffe2

• Microsoft Cognitive Toolkit/CNTK

• MXNet

• Scikit
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Sam Hutchinson (3rd year student)

643 experimental and calculated hydration free energy of small molecules in water
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Sam Hutchinson (3rd year student) – Feature Engineer



Andrew Ng

Machine Learning and AI 
via Brain simulations 

Andrew Ng
Stanford University

Coming up with features is difficult, time-
consuming, requires expert knowledge.  

“Applied machine learning” is basically 
feature engineering. 



ECFP Grid Featurizer Symmetry Functions

Coulomb Matrix Graph Convolutions Weave
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Sam Hutchinson (3rd year student)
 – Feature Engineer

                         ECFP
Extended Connectivity Fingerprints

Based on intramolecular descriptors
 - atomic mass
 - atomic number
 - atomic charge
 - valence minus number of hydrogens
 - no. of directly attached heavy neighbours
 - no. of directly attached hydrogens
 - is it in a ring?

                       FCFP
Functional Connectivity Fingerprints

Based on intermolecular descriptors
 - hydrogen bonding donor
 - hydrogen bonding acceptor
 - acidic
 - basic
 - aromatic
 - halogenic

vs
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MoleculeNet benchmarks arXiv:1703.00564v3  
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Machine Learning in Materials Science Machine Learning in Materials Science 



Andrew Ng

Machine Learning and AI 
via Brain simulations 

Andrew Ng
Stanford University

Coming up with features is difficult, time-
consuming, requires expert knowledge.  

“Applied machine learning” is basically 
feature engineering. 
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Machine Learning in Materials Science?

SMILES - simplified molecular-input line-entry 
system
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Features used in Materials Science

number of atoms/ions

atomic number

atomic mass

atomic/ionic radius

period/group in Periodic Table

valency

electron affinity

electronegativity

ionization energy

van der Waals radius

covalent radius

melting point

boiling point

density

molar volume

thermal conductivity

specific heat

diffusivity
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This contains GLLB-sc computed band gaps of around 2400 experimentally known 

materials showing a band gap at the GGA level and their corresponding Materials Project 

identifier which was used to download 2254 structures from the Materials Project 

repository.
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Elemental descriptors Including structural features
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Including PBE estimate
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Experimental vs PBE band gaps Experimental vs ML band gaps
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Conclusions from Solvation study
 – Putting in more "chemistry" did not make much of a 
difference
 – Featurisers without as much "chemistry" perform better
 – Are we putting in the right "chemistry"?

 
Conclusions from Materials study
– Putting in more "structure" did not make much of a 
difference
– Better performance was gained by including crude ab initio 
descriptors

ConclusionsConclusions
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