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Drug/Vaccine Design

Accelerate the discovery of promising designs 

Credit: 

MIMA healthcare
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Nanoporous Materials Design

Sustainability applications
Storing gases (e.g., hydrogen powered cars)
Separating gases (e.g., carbon dioxide from flue gas of 

coalfired power plants)
Detecting gases (e.g., detecting pollutants in outdoor air)
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Sustainable Hardware Design for Data Centers 

America’s Data Centers Are Wasting Huge 
Amounts of Energy

By 2020, data centers are projected to consume roughly 140 
billion kilowatt-hours annually, costing American businesses 
$13 billion annually in electricity bills and emitting nearly 150 
million metric tons of carbon pollution

Report from Natural Resources Defense Council:. 
https://www.nrdc.org/sites/default/files/data-center-efficiency-assessment-IB.pdf

High-performance and Energy-
efficient manycore chips
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Auto ML and Hyperparameter Tuning

Accuracy of models critically depends on hyper-parameters
Optimization algorithm, learning rates, momentum, batch 

normalization, batch sizes, dropout rates, weight decay, data 
augmentation, …
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A/B Testing to Configure Websites
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Making Delicious Cookies
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Making AlphaGo Better
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Neuroscience and Brain Analytics

Credit: https://www.nature.com/articles/s41467-018-03657-3
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Common Attributes of the Search Problem

Search Space: Many candidate choices (inputs)

Objective function: Need to perform an expensive 
experiment to evaluate the objective value of any input

Optimization problem: find the candidate input with 
highest objective function value
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Search Space: Many candidate choices (inputs)

Objective function: Need to perform an expensive 
experiment to evaluate the objective value of any input

Optimization problem: find the candidate input with 
highest objective function value

Cannot afford  
exhaustive search
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Common Attributes of the Search Problem

Search Space: Many candidate choices (inputs)

Objective function: Need to perform an expensive 
experiment to evaluate the objective value of any input

Optimization problem: find the candidate input with 
highest objective function value

Can we do better than 
trial-and-error?
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Accelerate Search via Bayesian Optimization

Efficiently optimize expensive black-box functions

𝑥𝑥∗ = 𝑎𝑎𝑎𝑎𝑎𝑎max
𝑥𝑥∈𝑋𝑋

𝑓𝑓(𝑥𝑥)

• Black-box queries (aka experiments) are expensive

𝑥𝑥 𝑓𝑓(𝑥𝑥)

input Function evaluation
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Bayesian Optimization: Key Idea

Build a surrogate statistical model and use it to 
intelligently search the space
Replace expensive queries with cheaper queries
Use uncertainty of the model to select expensive queries

Statistical model M Acquisition function 
optimization

𝑥𝑥𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 = 𝑎𝑎𝑎𝑎𝑎𝑎max
𝑥𝑥∈𝑋𝑋

𝐴𝐴𝐴𝐴(𝑀𝑀, 𝑥𝑥)

𝑥𝑥𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛𝑓𝑓(𝑥𝑥𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛)

Expensive function evaluation
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Bayesian Optimization: Three Key Elements

 Statistical model (e.g., Gaussian process)

 Acquisition function (e.g., Expected improvement)

 Acquisition function optimizer (e.g., local search)

Statistical model M Acquisition function 
optimization

𝑥𝑥𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 = 𝑎𝑎𝑎𝑎𝑎𝑎max
𝑥𝑥∈𝑋𝑋

𝐴𝐴𝐴𝐴(𝑀𝑀, 𝑥𝑥)

𝑥𝑥𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛𝑓𝑓(𝑥𝑥𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛)

Expensive function evaluation
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BO Dimensions: Input Space

Continuous space
All variables of input 𝑥𝑥 are continuous

Discrete / Combinatorial space
Sequences, trees, graphs, sets, permutations etc.

Hybrid space
𝑥𝑥 = mixture of 𝑥𝑥𝑑𝑑 (discrete) and 𝑥𝑥𝑐𝑐 (continuous) variables
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BO Dimensions: Input Space

Continuous space
All variables of input 𝑥𝑥 are continuous

Discrete / Combinatorial space
Sequences, trees, graphs, sets, permutations etc.

Hybrid space
𝑥𝑥 = mixture of 𝑥𝑥𝑑𝑑 (discrete) and 𝑥𝑥𝑐𝑐 (continuous) variables

Most of the focus of 
existing BO work
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BO Dimensions: No. of Objectives

Single objective
For example, finding hyperparameters to optimize accuracy

Multiple objectives



20

BO Dimensions: No. of Objectives

Single objective
For example, finding hyperparameters to optimize accuracy

Multiple objectives

Most of the focus of 
existing BO work
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BO Dimensions: No. of Fidelities

Single-fidelity setting
Most expensive and accurate function evaluation

Multi-fidelity setting
Function evaluations with varying trade-offs in cost and accuracy
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Most of the focus of 
existing BO work



23

BO Dimensions: Constraints

Unconstrained setting
 all inputs are valid

Constrained setting

Drugs/Vaccines 
that are safe
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BO Dimensions: Constraints

Unconstrained setting
 all inputs are valid

Constrained setting

Drugs/Vaccines 
that are safe

Most of the focus of 
existing BO work
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Outline of the Tutorial

Background on GPs and Single-Objective BO

Bayesian Optimization over Combinatorial Spaces

Bayesian Optimization over Hybrid Spaces

Break

Multi-Fidelity Bayesian Optimization

Constrained Bayesian Optimization

Multi-Objective Bayesian Optimization

Summary and Outstanding Challenges in BO
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