Journal of Al in Healthcare and Medicine
By Health Science Publishers International, Malaysia 12

Deep Reinforcement Learning for Sequential Decision Making:
Investigating deep reinforcement learning algorithms for sequential

decision-making tasks in Al

Kai Wang

Associate Professor, Department of Health Informatics, Summit University, Shanghai, China

Abstract:

Deep reinforcement learning (DRL) has emerged as a powerful approach for solving
sequential decision-making problems in artificial intelligence (Al). This paper provides an
overview of DRL algorithms and their applications in various domains. We discuss key
concepts, such as the Markov decision process (MDP) framework, value functions, policy
gradients, and explore how DRL can be used to tackle complex sequential decision-making
tasks. Additionally, we review recent advances and challenges in DRL research, including
sample efficiency, exploration-exploitation trade-offs, and generalization to new
environments. Finally, we discuss potential future directions for DRL research, highlighting

the importance of addressing these challenges to further advance the field.
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Introduction

Reinforcement learning (RL) is a powerful paradigm in artificial intelligence (AlI) that enables
agents to learn optimal behavior through interaction with an environment. In RL, an agent

takes actions in an environment to maximize cumulative rewards, learning a policy that maps
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states to actions. Traditional RL methods, such as Q-learning and policy gradients, have
shown success in various tasks but often struggle with large state spaces and complex

decision-making processes.

Deep reinforcement learning (DRL) addresses these challenges by combining deep learning
with RL, enabling agents to learn directly from high-dimensional sensory inputs. DRL has
achieved remarkable success in challenging domains such as game playing, robotics, and

autonomous driving, demonstrating human-level performance in some tasks.

This paper provides an overview of DRL for sequential decision making, focusing on its
fundamental concepts, algorithms, applications, challenges, and future directions. We begin
by discussing the Markov decision process (MDP) framework, which formalizes sequential
decision-making problems. We then introduce value functions, which estimate the expected
return of taking an action in a given state, and policy gradients, which are used to update the

agent's policy based on rewards.

Next, we review several DRL algorithms, including Deep Q-Networks (DQN), policy gradient
methods, actor-critic methods, Proximal Policy Optimization (PPO), and Deep Deterministic
Policy Gradient (DDPG). These algorithms have been successful in a wide range of

applications, from playing Atari games to controlling robotic systems.

We also discuss the applications of DRL in various domains, including game playing, robotics,
autonomous vehicles, finance, and healthcare. In each of these domains, DRL has shown
promising results, outperforming traditional methods and achieving human-level

performance in some cases.

Despite its successes, DRL faces several challenges, including sample efficiency, exploration-
exploitation trade-offs, generalization to new environments, scalability, and ethical
considerations. Addressing these challenges is crucial for the further advancement of DRL

and its applications.

Deep Reinforcement Learning Fundamentals
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In this section, we delve into the foundational concepts of deep reinforcement learning (DRL)
that form the basis of understanding how DRL algorithms work. We begin by introducing the
Markov decision process (MDP) framework, which provides a formalism for modeling

sequential decision-making problems.
Markov Decision Process (MDP)

A Markov decision process (MDP) is a mathematical framework used to model decision-
making in situations where outcomes are partially random and partially under the control of

a decision maker. Formally, an MDP is defined by a tuple (S, A, P, R, y), where:

e Sis the set of states in the environment.

e Ais the set of actions that the agent can take.

e D is the state transition probability function, which specifies the probability of
transitioning to a new state s' € S given that the agent takes action a € A in state s € S.

e Risthereward function, which specifies the immediate reward the agent receives after
taking an action in a state.

e Yy (gamma) is the discount factor, which determines the importance of future rewards
compared to immediate rewards. A discount factor of 0 means the agent only
considers immediate rewards, while a discount factor of 1 means the agent considers

all future rewards equally.
Value Functions

Value functions are used to estimate the expected return of taking an action in a given state.

There are two main types of value functions in RL:

e State value function (Vm(s)): Estimates the expected return starting from state s and
following policy 1.
e Action value function (Qm(s, a)): Estimates the expected return starting from state s,

taking action a, and then following policy .

These value functions play a crucial role in many RL algorithms, including DRL algorithms,

as they help the agent evaluate the quality of its actions and states.
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Policy Gradients

Policy gradient methods are a class of algorithms used to update the agent's policy based on
the rewards it receives. The key idea behind policy gradients is to compute the gradient of the
expected return with respect to the policy parameters and use this gradient to update the

policy in a way that increases the expected return.

Policy gradient methods are often used in DRL algorithms to learn complex policies for
sequential decision-making tasks. These methods have been shown to be effective in a wide

range of applications, including game playing, robotics, and natural language processing.

Deep Reinforcement Learning Algorithms

In this section, we explore various deep reinforcement learning (DRL) algorithms that have
been developed to tackle sequential decision-making tasks in Al These algorithms leverage
deep neural networks to approximate value functions or policies, enabling agents to learn

complex behaviors in high-dimensional environments.

Deep Q-Networks (DQN)

Deep Q-Networks (DQN) is a pioneering algorithm that combines Q-learning with deep
neural networks to approximate the action-value function (Q-function). DQN uses experience
replay and target networks to stabilize training and improve sample efficiency. DQN has been
successful in learning to play Atari games and has served as a foundation for many

subsequent DRL algorithms.

Policy Gradient Methods

Policy gradient methods directly parameterize the policy and update it based on the gradient
of the expected return. Algorithms like REINFORCE, Trust Region Policy Optimization
(TRPO), and Proximal Policy Optimization (PPO) are popular policy gradient methods. These

methods have been used in a variety of applications, including robotic control and game

playing.
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Actor-Critic Methods

Actor-Critic methods combine aspects of both value-based and policy-based methods. They
maintain two networks: an actor network that learns the policy, and a critic network that
estimates the value function. The critic provides feedback to the actor to improve the policy.
Algorithms like Advantage Actor-Critic (A2C) and Asynchronous Advantage Actor-Critic
(A3C) are examples of actor-critic methods that have achieved state-of-the-art performance in

various tasks.
Proximal Policy Optimization (PPO)

Proximal Policy Optimization (PPO) is a policy gradient method that aims to improve the
stability and sample efficiency of policy updates. PPO uses a clipped objective function to
prevent large policy updates, which can destabilize training. PPO has been shown to achieve
good performance in complex environments, such as robotic manipulation and continuous

control tasks.
Deep Deterministic Policy Gradient (DDPG)

Deep Deterministic Policy Gradient (DDPG) is an actor-critic algorithm designed for
continuous action spaces. DDPG uses a deterministic policy, which allows for more stable and
efficient learning in continuous environments. DDPG has been used in tasks such as robotic

control and locomotion.

Applications of Deep Reinforcement Learning

Deep reinforcement learning (DRL) has been applied to a wide range of domains,
demonstrating its effectiveness in solving complex sequential decision-making tasks. In this

section, we discuss some key applications of DRL in various fields.
Game Playing

DRL has been highly successful in mastering complex games, such as board games (e.g.,

Chess, Go) and video games. AlphaGo, developed by DeepMind, famously defeated the
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world champion in the game of Go, showcasing the power of DRL in game playing. DRL has
also been used to train agents for playing Atari games, achieving superhuman performance

in many games.

Robotics

In robotics, DRL is used to train robots to perform tasks such as grasping objects, navigation,
and manipulation. DRL allows robots to learn these tasks through trial and error, without the
need for explicit programming. This makes it possible for robots to adapt to new

environments and tasks more easily.

Autonomous Vehicles

DRL is also being applied to autonomous vehicles to improve their decision-making
capabilities. By training agents in simulated environments, researchers can develop

algorithms that can handle complex driving scenarios and improve safety on the roads.

Finance

In finance, DRL is used for portfolio management, algorithmic trading, and risk management.
DRL algorithms can learn optimal trading strategies based on historical market data, helping

investors make better decisions in the stock market.

Healthcare

DRL has applications in healthcare for personalized treatment planning, disease diagnosis,
and medical image analysis. DRL algorithms can learn from medical data to assist healthcare

professionals in making more accurate diagnoses and treatment decisions.

Overall, DRL has shown great promise in a wide range of applications, demonstrating its
ability to learn complex behaviors and make decisions in real-world environments. As
research in DRL continues to advance, we can expect to see even more applications of this

technology in the future.
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Challenges and Future Directions

Despite its successes, deep reinforcement learning (DRL) faces several challenges that need to
be addressed to further advance the field. In this section, we discuss some of these challenges

and potential future directions for DRL research.

Sample Efficiency

One of the major challenges in DRL is sample efficiency, i.e., the ability to learn from a limited
amount of data. DRL algorithms often require a large number of interactions with the
environment to learn effective policies, which can be impractical or costly in real-world
applications. Addressing this challenge requires developing algorithms that can learn more

efficiently from fewer samples.

Exploration-Exploitation Trade-offs

Another challenge in DRL is the exploration-exploitation trade-off, i.e., the balance between
exploring new actions and exploiting known actions to maximize rewards. DRL algorithms
need to explore enough to discover optimal policies but also exploit known policies to achieve
high rewards. Finding the right balance between exploration and exploitation is crucial for

effective learning in DRL.

Generalization

DRL algorithms often struggle with generalizing to new environments or tasks that differ
from the training environment. Generalization requires learning abstract representations of
the environment that capture its underlying structure, enabling the agent to adapt to new
situations. Developing algorithms that can generalize effectively is an important area of

research in DRL.

Scalability

As DRL algorithms become more complex and are applied to larger problems, scalability
becomes a significant concern. Scalability refers to the ability of an algorithm to handle

increasing amounts of data or computational resources. Developing scalable DRL algorithms
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that can handle large-scale problems is essential for their practical deployment in real-world

applications.

Ethics and Safety

As DRL systems are deployed in real-world applications, ensuring their ethical and safe
behavior becomes increasingly important. DRL algorithms can learn unexpected or
undesirable behaviors, leading to unintended consequences. Addressing ethical and safety
concerns in DRL requires developing mechanisms to monitor and control the behavior of

learning agents.

Conclusion

Deep reinforcement learning (DRL) has emerged as a powerful approach for solving
sequential decision-making problems in artificial intelligence. By combining deep learning
with reinforcement learning, DRL algorithms have achieved remarkable success in a wide
range of applications, including game playing, robotics, autonomous vehicles, finance, and

healthcare.

In this paper, we provided an overview of DRL, discussing its fundamental concepts, such as
the Markov decision process (MDP) framework, value functions, and policy gradients. We
also explored various DRL algorithms, including Deep Q-Networks (DQN), policy gradient
methods, actor-critic methods, Proximal Policy Optimization (PPO), and Deep Deterministic

Policy Gradient (DDPG).

Furthermore, we discussed the applications of DRL in different domains, highlighting its
effectiveness in solving complex sequential decision-making tasks. We also addressed some
of the key challenges facing DRL, such as sample efficiency, exploration-exploitation trade-

offs, generalization, scalability, and ethical considerations.

Looking ahead, the future of DRL lies in developing more sample-efficient algorithms,
improving exploration-exploitation strategies, enhancing generalization capabilities,

ensuring scalability, and addressing ethical and safety concerns. By overcoming these
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challenges, we can unlock the full potential of DRL and continue to advance the field of

artificial intelligence.
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