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Recent Advances in AI

Source: Meta-AI
Source: Hootsuite

https://about.fb.com/news/2022/07/metas-new-ai-research-tool-turns-ideas-into-art/
https://blog.hootsuite.com/conversational-ai/


Core Idea

Source: Adobe

Source: MachineLearningMastery

https://www.google.com/url?sa=i&url=https%3A%2F%2Fstock.adobe.com%2Fsearch%3Fk%3Dgroup%2Btyping&psig=AOvVaw1mofIYASLPzpbozVofEfcQ&ust=1719549120332000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwiwrvLn-fqGAxUAAAAAHQAAAAAQBA
https://www.google.com/url?sa=i&url=https%3A%2F%2Fmachinelearningmastery.com%2Fprobability-density-estimation%2F&psig=AOvVaw2nAaXomUaCKPWpsBmqbB7N&ust=1719549416195000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwj4i5P3-vqGAxUAAAAAHQAAAAAQBA


RL: Discovery

Looks like something a 
person might draw!

Unexpected: sometimes better than 
what a human may have done!

Source: Deepmind, DQN

Adapted from Sergey Levine

http://www.youtube.com/watch?v=TmPfTpjtdgg
https://www.youtube.com/watch?v=TmPfTpjtdgg


Why this Course
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● Exciting recent breakthroughs



Breakthroughs
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Gran Turismo, Source: GT Sophy Champion-level drone racing, Source: Nature

https://www.gran-turismo.com/us/gran-turismo-sophy/
https://www.nature.com/articles/s41586-023-06419-4


Superhuman GT
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http://www.youtube.com/watch?v=zdMz-lDh-QE


Superhuman Drone racing
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http://www.youtube.com/watch?v=HGULBBAo5lA


Emergence of Locomotion
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http://www.youtube.com/watch?v=hx_bgoTF7bs


Manipulation
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http://www.youtube.com/watch?v=W4joe3zzglU


Why this Course
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● Based on derived foundational approaches

● Exciting recent breakthroughs



SOTA RL algorithms

13 Generated by ChatGPT



Why this Course
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● Based on derived foundational approaches

● Benefits of scale and generalisation (think: CV in 2013) 

● Exciting recent breakthroughs



Mobile Manipulation
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http://www.youtube.com/watch?v=CHS9HSb1uqA


Why this Course
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● Based on derived foundational approaches

● Benefits of scale and generalisation (think: CV in 2013) 

● Exciting recent breakthroughs

● Being used in other cutting edge AI research & technologies



Optimising Image Generation
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Source: DDPO

https://arxiv.org/pdf/2305.13301


Language
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Language
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http://www.youtube.com/watch?v=aKnTCZWhLno


Circuit

20 PrefixRL, NVIDIA

https://arxiv.org/pdf/2205.07000


Pricing at Lyft

21 Algorithmic Pricing, Lyft

https://eng.lyft.com/pricing-at-lyft-8a4022065f8b


Nuclear Fusion Research

22 Tokamak Plasmas, DeepMind

https://www.nature.com/articles/s41586-021-04301-9


Why this Course
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● Based on derived foundational approaches

● Benefits of scale and generalisation (think: CV in 2013) 

● Exciting recent breakthroughs

● Being used in other cutting edge AI research & technologies

● Open questions



Open Questions

24 Slide from Yann Lecun



Contextualizing RL

Retrieval Reasoning

Reflex States Variables Logic

Regression

Nearest 
Neighbors

MDPs

Search

Bayes Nets

Constraint 
Satisfaction

Model 
Checking

Temporal 
Logic

Adapted from Percy Liang



Search Problems



Uncertainty in the Real World
How other agents might behave

Source: istockphoto

https://www.google.com/url?sa=i&url=https%3A%2F%2Fstock.adobe.com%2Fsearch%3Fk%3Dgroup%2Btyping&psig=AOvVaw1mofIYASLPzpbozVofEfcQ&ust=1719549120332000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwiwrvLn-fqGAxUAAAAAHQAAAAAQBA
https://stock.adobe.com/search?k=group+typing


Motivating Example

● 10x10 grid
● Up, down, left, right
● 0.7 correct dir (as 

instructed), 0.1 rest 
● Green cells are 

absorbing (end 
state)

Figure from Algorithms for Decision Making, Mykel Kochenderfer

https://algorithmsbook.com/


Contrast to Supervised Learning

Source: Medium

Source: Sutton & Barto

Someone gives you the labels Pick your own action

https://www.google.com/url?sa=i&url=https%3A%2F%2Fpub.aimind.so%2Fwhat-is-reinforcement-learning-230bf5b11b61&psig=AOvVaw39Q1IHRHNVfwgwcZ55k7y6&ust=1719553910823000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwig-_zUi_uGAxUAAAAAHQAAAAAQEA
http://incompleteideas.net/book/the-book-2nd.html


Contrast to Supervised Learning

Source: Medium

● i.i.d. data
● Known ground truth labels in training

● Data is not i.i.d.
○ Previous outputs influence future inputs

● No ground truth labels
○ We know the reward

Source: Sutton & Barto

https://www.google.com/url?sa=i&url=https%3A%2F%2Fpub.aimind.so%2Fwhat-is-reinforcement-learning-230bf5b11b61&psig=AOvVaw39Q1IHRHNVfwgwcZ55k7y6&ust=1719553910823000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwig-_zUi_uGAxUAAAAAHQAAAAAQEA
http://incompleteideas.net/book/the-book-2nd.html


RL Objective



Approaches to RL

32 Slide from John Schulman



What we will cover
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Module 1
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● Representing said problems 

● Notation and mathematical formulation

● What types of problems has RL been used for



Module 2
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● Key constructs 

● Approximations

● Solution approach



Module 3
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● Monte Carlo methods

● Temporal difference approaches

● What if we don’t have the full model?



Module 4
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● Q-learning

● SARSA

● Flagship model-free methods

● DQN

● Double Q learning



Module 5
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● Bandits

● UCB

● How do we explore?



Module 6
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● Search problem

● Optimisation-based approaches

● A paradigm shift: Alternate approach

● Actor-critic methods



Module 7
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● Model-based RL

● Dyna

● Learning models



Module 8
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● Soft optimality

● Maximum entropy

● How do humans do RL?



Module 9
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● Imitation learning

● Combining with powerful generative models

● Can agents learn from humans?



Module 10
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● Inverse RL

● Learning reward functions



Module 11
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● Offline RL

● RL without trial and error


