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Supervised Learning
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Unsupervised Learning
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What is Reinforcement Learning?

Agent-oriented learningÑ learning by interacting with an 
environment to achieve a goal 

¥ more realistic and ambitious than other kinds of machine 
learning

Learning by trial and error, with only delayed evaluative feedback 
(reward)

¥ the kind of machine learning most like natural learning

¥ learning that can tell for itself when it is right or wrong
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Example: Hajime KimuraÕs RL Robots

Before After

Backward New Robot, Same algorithm"@0E*#!.*E06(#=0:2#"3668/



Signature challenges of RL

Evaluative feedback (reward)

Sequentiality, delayed consequences

Need for trial and error, to explore as well as exploit

Non-stationarity

The fleeting nature of time and online data
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Robot Locomotion
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Atari Games
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Go
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Markov Decision Process
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Markov Decision Process
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Definitions: Value function and Q-value function
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Definitions: Value function and Q-value function
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Definitions: Value function and Q-value function
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Q-Networks
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Case Study: Playing Atari Games 
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Q-network Architecture
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REINFORCE in action: Recurrent Attention Model (RAM)
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REINFORCE in action: Recurrent Attention Model (RAM)
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Intuition
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Variance reduction
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Variance reduction: Baseline
Problem: The raw value of a trajectory isnÕt necessarily meaningful. 

For example, if rewards are all positive, you keep pushing up 
probabilities of actions.

What is important then? Whether a reward is better or worse than 
what you expect to get

Idea: Introduce a baseline function dependent on the state.
Concretely, estimator is now: 
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How to choose the baseline?
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Actor-Critic Algorithm
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Summary

- Policy gradients : very general but suffer from high variance so 
requires a lot of samples. Challenge : sample-efficiency

- Q-learning : does not always work but when it works, usually more 
sample-efficient. Challenge : exploration

- Guarantees:
- Policy Gradients : Converges to a local minima of J(#), often good 

enough!
- Q-learning : Zero guarantees since you are approximating Bellman 

equation with a complicated function approximator
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