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A3C
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Asynchronous Reinforcement Learning
Main idea:
• Execute multiple agents in parallel (with different exploration policies)

– Diverse experiences
• Update parameters using accumulated gradients asynchronously

Benefits:
• Less correlation in time
• No need for experience replay 

– Hence, computation and memory requirements are small => faster
• On-policy reinforcement learning is possible

– E.g., Sarsa, n-step, actor-critic

With the actor-critic method, continuous control is possible
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Asynchronous One-Step Q-learning
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Asynchronous n-Step Q-learning
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Asynchronous Advantage Actor-Critic (A3C)
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Actor: 𝜋 𝑎 𝑠; 𝜃
Critic: 𝑉(𝑠, 𝜃!)

Policy gradient

𝑅! =#
"#$

%

𝛾"𝑟!&"



A3C Results on Atari 2600
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A3C Results
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DEEP DETERMINISTIC POLICY GRADIENT 
(DDPG)

Lillicrap, Timothy P., Jonathan J. Hunt, Alexander Pritzel, Nicolas Heess, Tom Erez, 
Yuval Tassa, David Silver, and Daan Wierstra. "Continuous control with deep 
reinforcement learning." ICLR 2016
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Deterministic Policy Gradient
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Stochastic policy gradient (Sutton et al., 1999)

Deterministic policy gradient (Silver et al., 2014)

• Deterministic policy function
• Off-policy learning is possible
• Requires less samples to approximate the gradient

Actor-critic method
• Actor: Update the policy function using the policy gradient
• Critic: Update Q function using the TD error



Review: DQN
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• Experience Replay
• Target Network



DDPG
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Based on the DQN architecture



DDPG Results
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