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Recap & Today’s Outline

● Double estimator

● Overestimation bias

● Policy Gradient methods

● Double Q-Learning



Why Does it Work
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Double Q-Learning
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● Idea: Don’t use same Q estimator for action selection 
and value estimation 

● Use two estimators
How do we separate action selection and value estimation?



Double Q-Learning

5How do we get two estimators in deep Q-Learning?



Overestimation: Roulette Example

6 Double Q-Learning, van Hasselt, NeurIPS 2010

● Linear decay

● Polynomial decay



Towards Double DQN

7

Even if value estimates are on avg correct, estimation errors of any 
source can drive the estimates up and away from true optimal values

Deep RL with Double Q-Learning, van Hasselt et. al., AAAI 2016



Impact of Double Estimator
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Overestimation: ALE
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Impact on Performance

10



Atari: DQN vs. Double DQN
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Policy Gradients
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Examples

Source: Youtube

Source: Youtube

Source: Youtube

Source: Youtube

http://www.youtube.com/watch?v=GlwgeUmhWIM
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.youtube.com/watch?v=GlwgeUmhWIM
http://www.youtube.com/watch?v=KJ15iGGJFvQ
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.youtube.com/watch?v=KJ15iGGJFvQ
http://www.youtube.com/watch?v=Tg0Dyu3iQek
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.youtube.com/watch?v=Tg0Dyu3iQek
http://www.youtube.com/watch?v=jymFj7bNsKg
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.youtube.com/shorts/jymFj7bNsKg


Hopper & Walker

14



Summary & Announcements
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● Summary
○ Double Q-learning and 

double DQN
○ Policy gradient motivation
○ Policy gradient theorem

● Announcements
○ Assignment 2 

■ Demo straw poll
○ Paper presentation (10% weight)

■ To be held week of Nov 4 and/or 
Nov 11
● Only for those crediting

■ List of (suggested) papers
■ Paper selection deadline this 

Saturday, 26 Oct, 11.55 pm
■ If no selection, randomly assigned


