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Can we automate it?

Agent

ActionPerception

Real world

Perception Action

PresentPast Future

What is Intelligence?



Intelligent mechanical machines

https://www.nationalgeographic.com/history/history-magazine/article/ismail-al-jazari-muslim-inventor-called-father-robotics

18th century automata

The Digesting Duck  
Jacques Vaucanson (1739)



Early programmable “robots” for practical applications

https://www.nationalgeographic.com/history/history-magazine/article/ismail-al-jazari-muslim-inventor-called-father-robotics
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Artificial Intelligence 1950’s-
Solving puzzles



Find optimal search strategies



Overwhelming optimism

1950’s



Rebirth of Artificial Intelligence

More real-world data

Faster computers

Better algorithms



Deep Learning
Neural networks

Input Output

Function



Artificial Intelligence

Machine Learning

Deep Learning

Symbolic AI

Statistical AI

Neural AI



How does the world work?



World Data Models

Measurements

Modeling

Prediction

Projection
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The world is:

Non-linear

High-dimensional

Noisy

Multi-scale

Probability



Course plan

Supervised Learning. Parametric/non-parameteric functions etc.

Linear regression and classification

Learning theory: variance-bias trade-off, regularization etc.

Deep learning

….

Discovering Non-linear Functions from Data



Course plan

Singular value decomposition

Reducing High-dimensionality of observations

Auto-encoders

Reduced-order modeling: proper orthogonal decomposition

Spectral methods: Fourier transform 

…..



Course plan

Discovering/solving equations from data

Symbolic Regression

Sparse Identification of Differential Equations

Physics-Informed Neural Networks

System Identification

Fourier Neural Operators

Dynamic Mode Decomposition

Machine Learning for Physical Modeling



https://towardsdatascience.com/ten-years-of-ai-in-review-85decdb2a540

“By 2013, pretty much all the computer vision  
research had switched to neural nets” 
Geoffrey Hinton



Autonomous Driving

Google announces Waymo in 2010



Image recognition

• Unlocking your phone 
• Recognizing people in your photos

• Google Brain uses deep learning to recognize cats in images (2012) 
• Facebook recognizes faces with 97% accuracy (2014)



Image recognition
2019



Generative Adversarial Networks (2014)

Progressive Growing of GANs for Improved Quality, Stability, and Variation 

https://www.youtube.com/watch?v=G06dEcZ-QTg&t=36s&ab_channel=TeroKarrasFI

https://www.youtube.com/watch?v=G06dEcZ-QTg


This is not Morgan Freeman - A look behind the Deepfake Singularity - https://youtube.com/watch?v=F4G6GNFz0O8

https://www.youtube.com/watch?v=F4G6GNFz0O8


Deepfakes

https://arstechnica.com/information-technology/2022/12/thanks-to-ai-its-probably-time-to-take-your-photos-off-the-internet/

AI image generation tech can now create life-wrecking deepfakes with ease



Natural Language Processing

IBM-Watson Defeats Humans in "Jeopardy!"

20112016 2014 2011

Deep learning surpasses traditional approaches  
in speech recognition in 2010



Solving puzzles

 possibilities10120



Games

2016

AlphaGo beats  
world’s best Go player

1997

IBM Deep Blue  
beats Kasparov

1959

IBM creates a checker  
playing program



Trading

Buy! Buy!

Buy!

Sell

Sell
Stock price ($)

time



Can we automate  
the process of scientific discovery?



Machine learning in Atmospheric Science



Fluid dynamics



Fluid dynamics



Machine learning in materials research

Zhou et. al., Big Data Creates New Opportunities for Materials Research: A Review on Methods and Applications of Machine Learning for Materials Design (2019)



Machine learning in materials research



Robotics and Manufacturing



Robotics and games



Robotics and games

Boston Dynamics - https://youtube.com/watch?v=tF4DML7FIWk

https://www.youtube.com/watch?v=tF4DML7FIWk


Self-driving cars

https://youtube.com/watch?v=tlThdr3O5Qo

https://www.youtube.com/watch?v=tlThdr3O5Qo


World Data Models

Measurements

Modeling

Prediction

Projection
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Digital twin of an Ice Sheet

https://www.youtube.com/watch?v=r2_VWdjxchY&ab_channel=TED



Digital twin of a heart?

https://www.youtube.com/watch?v=r2_VWdjxchY&ab_channel=TED



Biomedical Engineering





BUT….

New technologies come with new problems



Bias



Safety



Privacy



Positive Feedback



Fairness



Machine Learning

1, 2, 4, 8, 16, ?

0, 1, 2, 3, 4,  5x

yf(x) = 2x

f(x) = 2x

x y



Classification



Regression



Structured Prediction


