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Sutton, R. S., & Barto, A. G. (2018). Reinforcement learning: An introduction. MIT press.



SARSA
on-policy control

§ Apply TD to 𝑄(𝑠, 𝑎)
§ Use 𝜀-greedy policy improvement
§ Update at every time-step
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Q-Learning
off-policy control

§ Evaluate one policy while following another
§ Can re-use experience gathered from old policies
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Value Function Approximation

§ Our goal is to learn good parameters 𝑤 that approximate the true value function well:
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𝑞! = 𝑞 "

𝜋 = 𝜀
−𝑔𝑟𝑒

𝑒𝑑𝑦(
𝑞!)

𝑞! ≈ 𝑞∗
starting
𝑤, 𝜋

Policy Evaluation: Estimate 0𝒒 ⋅,⋅, 𝒘 ≈ 𝑞"
e.g., Approximate Policy Evaluation

Policy Improvement: Generate 𝜋$ ≥ 𝜋
e.g., 𝜖-greedy Policy Improvement



Deep Q-Networks (DQNs)

DQN v1.0

𝑠!, 𝑎!, 𝑟!, 𝑠"
𝑠", 𝑎", 𝑟", 𝑠#
𝑠#, 𝑎#, 𝑟#, 𝑠$

…

ENV

𝜋

action (𝑎%)

ℒ

State (𝑠%)
Action (𝑎%)

Reward (𝑟%)

Next State (𝑠%&!)

𝑎! = 𝜖 − argmax" *𝑄(𝑠! , 𝑎; 𝑤#)	

mini-
batch

update 𝑤
*𝑄(𝑠# , 𝑎; 𝑤#) 1

ℒ# = 𝑟# + 𝛾 max$!∈𝒜
*𝑄 𝑠#'(, 𝑎; 𝑤) − *𝑄 𝑠# , 𝑎#; 𝑤#

*
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evaluation network

target network

Copy every
𝑘 timesteps

*𝑄 𝑠#'(, 𝑎#; 𝑤)  2

𝑠#

𝑠#'(

𝑟# , 𝑎#

𝑤#

𝑤)
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(Double) DQNs
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Double DQNs
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Double DQNs
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Thank you for your attention!


