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学位论文中文摘要：
Petri 网是一种既有严格的数学定义、又有简洁的图形表示的建模分析工具，能对系统的并发性、异步性、分布式、非确定性等特征进行描述和分析。Petri 网的可覆盖性是其最基本的动态性质之一，而可覆盖性问题所具备的时间复杂度至少是指数级别的，且深受状态空间爆炸问题的困扰。
IC3 算法是一种广泛应用于各类模型性质验证的模型检测方法，已经取得了巨大的成功。本文主要围绕 Petri 网的可覆盖性问题，基于 IC3 算法提出效果更好的分析方法和工具。
本文的研究内容和成果主要有以下两点：
一、提出了一种基于库所合并抽象的 IC3 算法。库所合并抽象可以将 Petri 网中一些与性质验证无关的库所进行合并从而降低状态空间的维度。我们将 IC3 算法与库所合并抽象进行了整合，在这种情况下，IC3 算法仅仅运行在维度较低的抽象 Petri 网上。若当前的抽象 Petri 网因粒度过大而存在虚假反例路径，我们通过拆分库所的方式精化抽象 Petri 网。此外，精化抽象将以一种完全增量的方式完成，而不会抛弃在先前抽象 Petri 网中探索到的结果。实验结果表明该方法有效地缓解了 IC3 算法在分析 Petri 网的可覆盖性问题时遭遇的状态空间爆炸问题，并且在验证效率方面具有一定的优势。
二、基于 IC3 算法中搜索方向的改变，提出了适用于 Petri 网可覆盖性分析的反转 IC3 算法。该方法将 IC3 算法中的后向搜索改为前向搜索，维护可以到达不安全状态的集合的上近似。同时，我们也将反转 IC3 算法与库所合并抽象结合。最后，基于是否反转方向的、是否引入抽象的各个版本的 IC3 算法完成了一个并行化验证工具。得益于现代多核处理器的并行计算能力，实验结果表明该并行化工具在验证效率方面具有一定的优势。
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学位论文英文摘要：
Petri nets are a modeling and analysis tool with both strict mathematical definitions and concise graphical representations. It can describe and analyze the concurrency, asynchrony, distribution, uncertainty, and other characteristics of systems.The coverability of Petri nets is one of the most basic dynamic properties. However, the time complexity of the coverability problem is at least exponential, and it is deeply troubled by the state space explosion problem.
The IC3 algorithm is a model checking method that is widely used in the verification of the properties of various models, and it has achieved great success. This paper mainly focuses on the coverability problem of Petri nets and proposes analysis methods and tools with better effects based on the IC3 algorithm.
The main research contents and contributions of this thesis are as follows: 
1. A place-merge abstraction based IC3 algorithm is proposed. Place-merge abstraction can reduce the dimensionality of the state space by trying to merge some places that may be not critical for proving the property. We have integrated the IC3 algorithm with place-merge abstraction. In this scenario, IC3 runs only on abstract Petri nets with lower dimensionality. If the current Petri net allows for a spurious counterexample due to coarser granularity, it is refined by splitting places. Furthermore, refinement can be done in a completely incremental way without discarding results found in previous abstractions. The experimental evaluation shows that this method can effectively alleviate the state space explosion problem encountered by the IC3 algorithm in analyzing the coverability problem of Petri nets, and it has certain advantages in verification efficiency.
2. Based on changing the search direction of the IC3 algorithm, the reverse IC3 algorithm for the coverability analysis of Petri nets is proposed. It changes the backward search in the IC3 algorithm to the forward search and maintains over-approximations of state sets from which unsafe states can be reached. Meanwhile, we also combine the reverse IC3 algorithm with place-merge abstraction. 

Finally, a parallel verification tool is completed based on various versions of the IC3 algorithm including whether to reverse the direction and whether is integrated with abstraction.

Benefiting from the parallel computing capability offered by modern multi-core processors, the experimental results show that the parallel tool has certain advantages in verification efficiency.
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