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When I’m not Engineering
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When I am Engineering



Data analytics: Dealing with data you already have. Creative stage of classifying data in a digestible manner.
Machine learning (ML): Dealing with new data.  Algorithmic stage of model generation from training data.
Artificial intelligence: Application of machine learning where the algorithmic stage is too complicated to be 
written as a succinct set of instructions.

Machine Learning in Society

https://research.netflix.com/research-area/machine-learning

• Recommendation algorithms 
• Optimize video and audio encoding, adaptive bitrate selection 
• Optimize new show production and new user advertising
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Machine Learning in Engineering

https://christophm.github.io/interpretable-ml-book/agnostic.html

We seek interpretability for:
• Determining the important variables
• Directing future data collection
• Informing human decision-making
• Building trust

“Interpretability is the degree to which a human can 
understand the cause of a decision”1

1Miller, Tim. (2017) "Explanation in artificial intelligence: Insights from the social sciences." arXiv:1706.07269.
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Hands-on Tinkering

What we’ll learn about
• What experiments Galileo did and why
• How Galileo devised an experiment and 

made measurements to model nature
• Issues with data and developing models
• How we would do it today

Galileo Galilei (1564-1642)
• Italian physicist, astronomer, engineer
• Defined the scientific method
• Published observations that the Earth 

rotates daily and around the sun yearly
• Made the first scientific contributions to 

natural laws that govern motion
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Hands-on Tinkering

What we’ll learn about
• What experiments Galileo did and why
• How Galileo devised an experiment and 

made measurements to model nature
• Issues with data and developing models
• How we would do it today

Let’s pretend we’re Galileo
• Galileo was asked to develop models for object 

trajectory
• There were no books (nor internet) to find an 

answer
• Given items available 400 years ago:

What experiments would you do and what 
measurements would you make to learn about 
projectile motion?
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Hands-on Tinkering

History, about 400 years ago
• Galileo was a 31 year old professor
• He conducted experiments on projectile 

motion 
• The questions he posed were significant 

problems in physics
• 11 years later, he formulated models for 

the motion of falling bodies
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Measure Data

Test Apparatus Expected Ball Motion

Variability in Data
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Run the Tests

1. Set up the ramp
2. Measure and mark 3 heights along the ramp
3. Place ball at first mark and drop 10 times

1. Record ball distance with sticker after each drop
2. Measure and record distance from table to each sticker

4. Repeat step 3 for other two marked heights
5. Analyze the results

1. Make plots
2. Critically evaluate
3. Propose mathematical models



Model Motion

https://christophm.github.io/interpretable-ml-book/agnostic.html
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“If you can’t explain it simply, you 
don’t understand it well enough” 

- Einstein

Occam’s Razor: simpler theories are 
preferable to more complex ones 
because they tend to be more testable

Di
st

an
ce

Release Height



14

Model the Data

Can you think of anything these 
models aren’t getting right?



Model using Machine Learning

GPSR Algorithm Concept
• Genetic Programming (GP): Evolution of computer programs 
• Symbolic Regression (SR): Searching mathematical functions 
• Fitness Function: Definition of how model matches data

https://github.com/nasa/bingo

Models represented as trees:

Node: operators of equation

Terminal: variables and constants of equations
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Model using Machine Learning

Mutation

Crossover

𝑦 = 𝑥! − 2𝑥
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GPSR Algorithm Concept
• Genetic Programming (GP): Evolution of computer programs 
• Symbolic Regression (SR): Searching mathematical functions 
• Fitness Function: Definition of how model matches data

https://github.com/nasa/bingo

https://github.com/nasa/bingo
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Model using Machine Learning

1. This is the correct model, 
as derived by Galileo.  

2. Can you think of anything 
that is inconsistent with 
you intuition?


