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PPreface/  

From the beginning of the 21st century, artificial intelligence (AI) is reshaping almost all 
areas of human society, which is promising to spark the fourth industrial revolution. 
Noticeable examples can be found in the sector of road transportation, where AI has 
drastically changed automobile design and traffic management. Lots of new technologies, 
such as driver assistance, autonomous driving, and cloud-based cooperation, are rising 
in an unbelievable speed. These technologies have the potential to significantly improve 
driving ability, reduce traffic accidents, and relieve urban congestion.  
As one of the most important AI branches, reinforcement learning (RL) is attracting 
increasing attention in the past decades. RL is an interdisciplinary field of trail-and-error 
learning and optimal control, which provides a promising solution for decision-making 
and control of large-scale and complex dynamic processes. One of its most eye-catching 
success is AlphaZero from Google DeepMind, which beats the most professional human 
player. The key technology behind is called deep reinforcement learning, which equips 
AlphaGo with an amazing self-evolution ability.  
Despite a few success, the application of RL is still in its infancy stage. This is because 
most RL algorithms are difficult to comprehend. In one hand, RL deeply connects with 
statistic learning and convex optimization, and involves a wide range of concepts and 
theories. On the other hand, it is a tedious and long learning process for a beginner to 
become an RL master. Without fully understanding those principles, it is very difficult for 
users to make necessary adjustments to achieve the best performance. This book aims 
to provide a systematic introduction of fundamental RL theories, mainstream RL 
algorithms and typical RL applications to fellow researchers and engineers. The topics 
mainly include Markov Decision Processes, Monte Carlo learner, Temporal Difference 
learner, RL with function approximation, policy gradient method, approximate dynamic 
programming, deep reinforcement learning, etc.  
The book contains 11 chapters. Chapter 1 provides an overview of RL, including its history, 
famous scholars, successful examples and up-to-date challenges. Chapter 2 briefs the 
basis of RL, including its concepts, optimality conditions, and problem formulation. 
Chapter 3 introduces Monte Carlo methods for model-free RL, including on-policy/off-
policy and importance sampling technique. Chapter 4 introduces temporal-difference 
methods for model-free RL, including Sarsa, Q-learning, expected Sarsa, etc. Chapter 5 
introduces stochastic dynamic programming, i.e., model-free RL with tabular 
representation, including value iteration, policy iteration and their convergence 
mechanism. Chapter 6 introduces how to approximate policy and value function in 
indirect RLs, as well as its associated actor-critic architecture. Chapter 7 derives different 
kinds of direct policy gradients, including likelihood ratio gradient, natural policy gradient 
and a few variants. Chapter 8 introduces infinite horizon ADP, and its connection with 
model predictive control. Chapter 9 introduces finite-horizon ADP, and puts great 
emphasis on how to handle state constraints. Chapter 10 devotes to deep reinforcement 
learning, including artificial neural networks and typical deep RL algorithms like DQN, 
DDPG, TD3, TRPO, DSAC, etc. Finally, Chapter 11 provides various RL relics, including 
robust RL, POMDP, multi-agent RL, meta-RL, inverse RL, offline RL, major RL libraries and 
platforms, etc. 
In closing, I wish to offer my sincere gratitude to all the faculties and students in 
Intelligent Driving Laboratory (iDLab) for their great contribution to this book. I also 
express my deep appreciation to those friends and colleagues, who support writing and 
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polishing this book. They have provides numerous priceless suggestions. Any comments 
and corrections from readers would be much appreciated. I look forward to seeing your 
email at lishbo@tsinghua.edu.cn. Thanks a lot in advance!  
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