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Introduction
Drug development is:

§ Time consuming

It takes more than 10 years for a drug to reach market

§ Costly

The total costs can surpass 1 billion dollars per drug
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Clinical Phases
§ Preclinical Phase

§ Find the original drug candidate

§ Initial In-vivo and In-vitro tests

§ Toxicity and efficacy tests

§ Phase 1: Tests on small group of humans mainly to detect adverse effects

§ Phase 2: Efficacy in medium size groups

§ Phase 3: Efficacy in larger groups of patients
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Small Molecules
Within the fields of molecular biology and 
pharmacology, a small molecule is a low 
molecular weight (< 900 Daltons) organic 
compound that may regulate a biological 
process, with a size on the order of 1 nm
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Small Molecules vs Large Molecules
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Problem Complexity: 
World of Chemical Compounds

- Theoretically, there are 1060
molecules with drug like 
capabilities

- It is impossible for human to go 
through all of them

- Computer programs are needed!
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Short Survey I
Machine Learning Algorithms

Predict the physical and chemical properties of a molecule

Support vector machine (SVM): One of the oldest and most popular ones 
Accuracy is reasonably good

Extreme gradient boosting (XGBoost): One of the newest ensemble learning 
algorithms, more optimization compared to traditional gradient boosting

Random forest (RF): Creates a strong classifier or regressor by an ensemble of 
individual decision trees

Deep neural networks (DNN)
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Short Survey II
Graph Neural Networks - Mostly after 2016
§ Message Passing Neural Networks (MPNN): 

§ Message Passing phase: transmits information across the molecular graph to learn a molecular 
embedding

§ Readout phase: Computes a feature vector for the whole molecular graph 

§ Graph Convolutional Neural Networks (GCN)
§ Aggregate neighbors’ information to produce an intermediate representation

§ transform the aggregated representations with linear projection and followed by a non-linear 
projection

§ Graph Attention Networks (GAT): Similar to GCN but weighted aggragation
§ Attentive FP (We will cover this today)
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Paper: Pushing the Boundaries of 
Molecular Representation for Drug 
Discovery with the Graph Attention 
Mechanism 
By Xiong et al.
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Molecular Understanding is Hard
§ A molecular structure is usually 

composed of many-body interactions 
and complex electronic configurations

§ Chemists have been working “at the 
edge of chaos” and in desperate need of 
augmented intelligence from AI. 
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Graph based vs Geometry based
Graph Based

§ only the information concerning the topological arrangement of atoms 

Geometry Based
§ Molecular geometry information including: 

§ bond length, bond angles, torsional angles

§ Higher calculation costs

§ Uncertainty in conformation of atoms: active conformation of a small molecule in a given
binding process is usually unknown 
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Initial Atomic and Bond Features 
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Network Structure
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Locality Comparison
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• Neural FP & GCN: Highly local
• Weave & MPNN: Averaged globally
• Attentive FP: Could be affected from any atom
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Graph Neural Network 
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Generating the State Vector for Target Atom

§ The framework that generates a state 
vector (embedding) for a target atom 
v

§ hk and Ck are the state vector and 
attention context vector at time step k 
for atom v, respectively

§ In higher time steps, target node 
embedding will include information 
from further nodes recursively 
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Graph Attention Mechanism
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Entire Molecular Graph Embedding
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Results I
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Results II
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Example: Aromatic Atoms 
Predictions
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The example shows the superior 
performance of Attentive FP in 
identifying aromatic atoms
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Future Work
§ The current models mostly predict the properties

§ T is still not the real problem!

§ There is a need for a model that can generate a suitable molecular structure
directly
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Questions
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