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Definition

• Advantage function

• Initial state distribution 𝜂



Definition

• Discounted state visitation measure (induced by policy 𝜋)

• State-action visitation distribution



Definition

• KL divergence
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Asynchronous Advantage Actor-critic 



Actor-critic

• Actor network

• Critic network

Policy Gradient Method Policy optimization 𝜋(𝑎|𝑠)

Temporal Difference Learning Algorithm Policy evaluation 𝑉(𝑠)



Asynchronous Advantage Actor-critic 
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Advantage Function

• Actor network

• Critic network

Policy Gradient Method Policy optimization

Temporal Difference Learning Algorithm Policy evaluation
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• Policy Gradient Method
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• Policy Gradient Method

REINFORCE

Q-value Actor-Critic

Advantage Actor-Critic

TD Actor-Critic
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▪ Need to show:
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Asynchronous Advantage Actor-critic 
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Synchronous  vs  Asynchronous
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• Actor step

A3C



▪Regularization

𝜂𝑝: prior distribution of states

𝜋𝑝: prior policy

Regularization term encourages 𝜋𝜃 to imitate 𝜋𝑝, incorporating prior 

knowledge into training process.
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▪Bellman equation
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▪Value Function Approximation

A3C

state feature mapping



• KL divergence
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• Unbiased Estimator
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𝑣(𝑥𝑘 , 𝜃𝑘 , 𝑤𝑘): unbiased estimator of ∇𝐽(𝜃)
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Unbiased estimator of ∇𝑅(𝜃)



• Critic step
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TD(0) algorithm



• TD(0) algorithm
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• TD(0) algorithm
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▪ Value Function Approximation
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▪ TD error
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𝛱𝑅𝑤 is a projection operator that projects a vector to a 𝑙2 norm ball with 

radius 𝑅𝑤.

It prevents the actor and critic updates from going too far in the wrong 

direction.
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Critic step

Actor step
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Critic step

Actor step

• : the delay in the 𝑘th actor and critic updates

A3C



A3C



A3C

Critic

Actor

• In Markovian sampling case, we maintain separate Markov chains for actor and critic.

• For Critic, we generate samples following the original transition kernel 𝑷.

• For Actor, we generate samples following a transition kernel ෡𝑷 = 𝜸𝑷 + 𝟏 − 𝜸 𝜼.
If the actor’s chain evolves under 𝑃 like critic, asymptotically the initial distribution 𝜂 is forgotten, which will 

introduce asymptotic error.
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Critic

Actor

• 𝜇𝜋𝜃 is the stationary distribution of the Markov chain with transition distribution 𝑃 and 𝜋𝜃.          

• 𝑑𝜋𝜃 is the discounted state visitation measure induced by policy 𝜋𝜃.



▪ Advantage

Training time roughly reduces linearly as the number of workers increases.
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▪ Advantage

It operates in both discrete and continuous action spaces.
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▪ Disadvantage

The delayed parameters introduce extra error.
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Critic step

Actor step

Critic step

Actor step

• error
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Critic step

Actor step

Critic step

Actor step

• error
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Thank you for listening
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