
DS595
Reinforcement Learning

Prof. Yanhua Li

Welcome to 

Time: 6:00pm –8:50pm W
Zoom Lecture
Spring 2022

This lecture will be recorded!!!
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Quiz 5 Today

v 30 minutes on Policy Gradient (PG)
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Project 4

v https://github.com/yingxue-zhang/DS595-
RL-Projects/tree/master/Project4

v Important Dates:
v Progressive report: Wed. April 13, 2022 

(23:59)
v Final Project: 

§Mon April 25, 2022 team project report is due
§Wed. April 27, 2022 Virtual Poster Session

https://github.com/yingxue-zhang/DS595-RL-Projects/tree/master/Project4
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Reinforcement Learning
Tabular representation of reward

Model-based control
Model-free control
(MC, SARSA, Q-Learning)

Function representation of reward
1. Linear value function approx
(MC, SARSA, Q-Learning)
2. Value function approximation
(Deep Q-Learning, Double DQN, 
prioritized DQN, Dueling DQN)
3. Policy function approximation
(Policy gradient, PPO, TRPO)
4. Actor-Critic methods (A2C,
A3C, Pathwise Derivative PG)

Review of Deep Learning 
As bases for non-linear function 
approximation (used in 2-4).

Linear reward function learning
Imitation learning
Apprenticeship learning
Inverse reinforcement learning
MaxEnt IRL
MaxCausalEnt IRL
MaxRelEnt IRL

Non-linear reward function learning
Generative adversarial 
imitation learning (GAIL)

Adversarial inverse reinforcement 
learning (AIRL)

Review of Generative Adversarial nets
As bases for non-linear IRL

Multi-Agent Reinforcement Learning
Multi-agent Actor-Critic
etc.

Multi-Agent Inverse Reinforcement 
Learning

MA-GAIL
MA-AIRL
AMA-GAILApplications



This Lecture
v Policy Gradient

§ Intro and Stochastic Policy
§Basic Policy Gradient Algorithm
§REINFORCE and Vanilla Policy Gradient 
§PPO, TRPO, PPO2

v Actor-Critic methods
§A2C
§A3C
§Pathwise Derivative Policy Gradient



This Lecture
v Policy Gradient (Review Quickly)

§ Intro and Stochastic Policy
§Basic Policy Gradient Algorithm
§REINFORCE and Vanilla Policy Gradient 
§PPO, TRPO, PPO2

v Actor-Critic methods
§A2C
§A3C
§Pathwise Derivative Policy Gradient

I don’t have candies for you today, but algorithmsJ



This Lecture
v Policy Gradient

§ Intro and Stochastic Policy
§Basic Policy Gradient Algorithm
§REINFORCE and Vanilla Policy Gradient 
§PPO, TRPO, PPO2

v Actor-Critic methods
§A2C
§A3C
§Pathwise Derivative Policy Gradient

v Generative Adversarial Networks (GAN)
v Deep Inverse Reinforcement Learning





















(A2C algorithm)

Value function 
Approximation

Policy Gradient





Asynchronous Advantage 
Actor-Critic (A3C)









Pathwise Derivative Policy Gradient

David Silver, Guy Lever, Nicolas Heess, Thomas Degris, Daan Wierstra, Martin Riedmiller, 
“Deterministic Policy Gradient Algorithms”, ICML, 2014

Timothy P. Lillicrap, Jonathan J. Hunt, Alexander Pritzel, Nicolas Heess,
Tom Erez, Yuval Tassa, David Silver, Daan Wierstra, “CONTINUOUS CONTROL WITH DEEP 
REINFORCEMENT LEARNING”, ICLR, 2016

















Replaced ε-greedy policy with π network.
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Reinforcement Learning
Tabular representation of reward

Model-based control
Model-free control
(MC, SARSA, Q-Learning)

Function representation of reward
1. Linear value function approx
(MC, SARSA, Q-Learning)
2. Value function approximation
(Deep Q-Learning, Double DQN, 
prioritized DQN, Dueling DQN)
3. Policy function approximation
(Policy gradient, PPO, TRPO)
4. Actor-Critic methods (A2C,
A3C, Pathwise Derivative PG)

Review of Deep Learning 
As bases for non-linear function 
approximation (used in 2-4).

Linear reward function learning
Imitation learning
Apprenticeship learning
Inverse reinforcement learning
MaxEnt IRL
MaxCausalEnt IRL
MaxRelEnt IRL

Non-linear reward function learning
Generative adversarial 
imitation learning (GAIL)

Adversarial inverse reinforcement 
learning (AIRL)

Review of Generative Adversarial nets

Multi-Agent Reinforcement Learning
Multi-agent Actor-Critic
etc.

Multi-Agent Inverse Reinforcement 
Learning

MA-GAIL
MA-AIRL
AMA-GAILApplications



Questions?


