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学位论文中文摘要：
多智能体系统是一种由多个智能体组成的分布式系统。在多智能体系统中，每个智能体能够自主地规划自身行为，并进行理性决策，表现出智能性，不同的智能体之间还具有社会性的交互行为，例如协商和合作。这些特性使得多智能体 系统被广泛应用在社会、生活、军事等安全相关的领域。因此，有必要对多智能体系统的正确性验证进行理论与方法上的研究，并探索这些理论与方法的应用。 

在形式化方法理论层面，自动机与时序逻辑的关系已经被广泛研究，使得自动机理论成功应用在时序逻辑的形式化验证问题中。认知逻辑是多智能体系统中特有的用于推理知识的逻辑，经常与时序逻辑相结合来推理多智能体系统中知识随时间的变化情况。由于多智能体系统的复杂性，目前自动机与多智能体系 统中认知逻辑的关系尚无深入的研究。本文将探索自动机和多智能体系统认知逻辑之间的关系，从而将自动机理论方法应用到多智能体系统时序认知逻辑的 验证问题中，对现有的验证方法进行补充。本文的成果和贡献包括四部分： 一、探索了多智能体系统上认知逻辑与自动机的关系，提出了多智能体自动机，引入知识类型状态来有效处理认知逻辑的相关算子；提出了知识树作为自动机的输入，并且能够建模多智能体系统。 

二、研究了多智能体自动机的非空性问题以及判定问题，证明了其非空性验证问题的复杂度上界是 NEXPTIME，提出了多智能体自动机对知识树的判定算法，来实际判断自动机是否接受一棵知识树。 

三、针对一种表达能力强的时序认知逻辑 CDL∗K，构造了相应的多智能体自动机，结合自动机的相关理论研究，证明了其可满足性问题的复杂度，并提出了一种基于自动机理论的模型检测算法，对现有的 CDL∗K 模型检测算法进行补充。 

四、针对所提出的 CDL∗K 模型检测算法，选取了灯泡与囚犯问题进行实例研究，并实现了 CDL∗K 到多智能体自动机的转换，实验表明了转换算法的有效性。
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学位论文英文题目：Multi-Agent Automata and Its Application to Verification Problems of Temporal Epistemic Logics
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学位论文英文摘要：
Multi-Agent Systems (MAS) are distributed systems composed of multiple agents. In a multi-agent system, each agent can decide what to do autonomously, and can make rational decisions, showing intelligence. Agents also have social interactions, such as negotiation and cooperation. These characteristics make MAS widely used in society, life and security-related fields such as military. Therefore, it is necessary to conduct theoretical and methodological research on the correctness verification of MAS, and to explore the application of these theories and methods. 

At the theoretical level of formal methods, the relation between automata and temporal logics has been widely studied, and as a consequence, automata theoretical approaches have been successfully applied to the formal verification problems of temporal logics. Epistemic logics are natural formalisms for reasoning of knowledge in MAS, and are often combined with temporal logics for the reasoning about changes in knowledge over time in MAS. Due to the complexity of MAS, there is no sufficient research on the relationship between automata and epistemic logics in MAS. In this thesis, we will explore the relation between them, so as to apply the automata theoretical approaches to the verification problems of temporal epistemic logics of MAS, and supplement the existing verification methods. The main contributions of this thesis are summarized as four parts: 

1. We explore the relation between epistemic logics and automata on MAS and propose 

Multi-Agent Automata (MAA), in which we introduce knowledge type states to effectively handle epistemic operators. We also propose the knowledge tree as the input of MAA, which can be used to represent MAS.

2. We conduct research on the non-emptiness problem and decision problem of MAA. We prove that the upper bound on the complexity of checking non-emptiness of MAA is NEXPTIME, and propose a membership decision algorithm to judge whether an MAA accepts a knowledge tree. 
3. For a kind of temporal epistemic logics CDL∗K with high expressivity, we construct a corresponding MAA. Combined with theoretical research on MAA, we prove the complexity of its satisfiability problem, and propose a model checking algorithm based on automata, which complements the existing CDL∗K model checking algorithms. 

4. We choose the light bulb and prisoners problem to study the proposed CDL∗K model checking algorithm. We implement the transformation from CDL∗K to MAA. The experiments show the effectiveness of transformation algorithm.
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