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Abstract Currently, the academic community has studied and designed a series of decision
theories and methods for multi-agent systems. These theories and methods can effectively express
the interactive relationships among multiple decision agents in cooperative, competitive, and other
environments, and can determine reasonable behavioral policies. They have been successfully
applied in areas such as strategic games and traffic control. However, when deployed in future
real-world scenarios, agents may encounter numerous risk factors, such as fluctuations in
environmental states and method error, which can cause the rewards obtained by the agents to
frequently deviate from their expected values. Furthermore, the diverse risk management policies
of other agents will also pose additional decision challenges. In recent years, numerous studies
have focused on developing theories and methods for multi-agent decision making under risk,
providing reasonable policy options for multi-agent systems facing risk. Therefore, this paper
presents a systematic review of existing research on the theories and methods of multi-agent
decision making under risk, including the theoretical foundations of individual and multi-agent

decision making under risk, as well as research on multi-agent decision making methods under risk
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based on optimal control, reinforcement learning, and game theory. Finally, this paper

summarizes the applications of multi-agent decision making methods under risk in the fields of

human-machine collaboration, autonomous driving, traffic control, and smart grids, and also

outlines five key open issues that may need to be addressed in future research on multi-agent

decision making under risk.
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Background

In recent years, multi-agent systems have been widely
applied in fields such as transportation, power, and logistics,
significantly driving socio-economic development. However, in
the real world, the deployment of multi-agent systems in open
environments often faces challenges in risk decision-making due
to various uncertainties. This is particularly highlighted by the
current developments in large models and embodied AI, which
further emphasize the need for risk decision-making in multi-agent
systems operating within open environments.

This review study primarily falls within the interdisciplinary
area of computer science, control science, management science,
and artificial intelligence. There is a substantial body of work
focused on proposing multi-agent risk decision-making methods
with different characteristics from various disciplines and fields.
However, there have been few attempts to provide a
comprehensive overview and review of the issue of multi-agent
risk decision-making. This paper reviews the relevant literature
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risk decision-making problems of multi-agent systems in open
environments, thereby improving the quality of decision-making
in multi-agent systems under risky conditions.

This paper first introduces the basics of single-agent risk
decision-making, including risk decision-making theory, common

risks and their mitigation methods, and risk measurement.

Subsequently, it analyzes the three most popular multi-agent risk
decision-making theories from the perspectives of control, learning,
and game theory: optimal control theory, reinforcement learning
theory, and game equilibrium theory. It then reviews the three
categories of multi-agent risk  decision-making  methods
corresponding to these theories found in the current research
literature. Finally, it summarizes the applications of multi-agent risk
decision-making methods in real-world domains such as human-
machine collaboration and discusses meaningful topics that require
attention in the future of multi-agent risk decision-making. We hope
that this paper will provide an overall perspective and reference for
future research, thereby enhancing the applicability of future multi-
agent risk decision-making methods.
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