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学位论文中文摘要：
正则表达式的建模已应用在与正则表达式相关的场景中，但当前对于扩展 操作符缺乏全面的建模，这使得其在相关场景中使用受限。我们对正则表达式的 操作符进行全面的建模，并将其应用于字符串生成和求解正则表达式填字游戏。

首先我们研究正则表达式的建模。对于给定的正则表达式𝑟，建模的输出是一个一阶逻辑公式，使得公式的解𝑠满足𝑠∈ℒ(𝑟)。我们根据正则表达式操作符定义的语言或语义提出了保守近似的建模方法，并使用基于反例引导的抽象细化策略加强约束，从而消除虚假的解，保证建模的正确性。

然后我们将正则表达式的建模应用于字符串生成。提出了字符串长度的近似下界算法MinLen(𝑟)、正则表达式的可空性判定算法Null(𝑟)及最短字符串生成算法GenMinStr。在实验中，我们对比了11个字符串生成工具，根据生成策略将它们分为基于自动机、基于抽象语法树和基于约束求解的方法，我们分析了这三类方法的优缺点及相应工具对正则表达式操作符的支持程度。我们在大规模数据集中评估了GenMinStr的有效性和效率，结果证明成功率达到了98.51%，超越了所有对比工具 5.22%∼48.16%。最后我们分析了在真实项目中正则表达式操作符的使用情况，并给出了GenMinStr生成的实例。

最后我们将正则表达式的建模应用于求解正则表达式填字游戏。我们关注 于求解矩形和六边形填字游戏，提出了求解算法Rcps。我们从当前最流行的填字游戏网站中收集了803个矩形填字游戏和95个六边形填字游戏，并将算法Rcps与当前最先进的5个求解工具进行对比，评估结果表明算法Rcps在两类填字游 戏上的成功率分别为97.76%和98.95%，分别高于已有方法的最高成功率19.06%和65.27%。此外，所有对比工具的解集均是Rcps的子集，并且有142个矩形填字游戏和51个六边形填字游戏只能被我们的算法解决。
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学位论文英文摘要：
Regular expression modeling has been applied in regular expression related scenes, but at present, there is a lack of comprehensive modeling for extended operators, which limits the use in related scenes. We comprehensively model the operators of regular expressions and apply them to string generation and regex crossword puzzles solving. 

Firstly, we study the modeling of regular expressions. For a given regular expression 𝑟, the output of the modeling is a formula in first-order predicate logic, such that its solution 𝑠 satisfies 𝑠∈ℒ(𝑟). We propose an over-approximate modeling method for regular expression operators according to their languages or semantics, and use the counterexample-guided abstraction refinement scheme to strengthen constraints, thereby eliminating spurious solutions and ensuring the correctness of our modeling. 

Then we apply the modeling to string generation. We propose the algorithm MinLen(𝑟) for computing the approximate lower bound of string length for a regular expression 𝑟, the algorithm Null(𝑟) for determining whether 𝑟 can accept empty string and the algorithm GenMinStr for generating the shortest string of 𝑟. In the experiment, we compare 11 string generation tools, for which the generating strategies are divided into three categories: based on automata, based on abstract syntax trees and based on constraint solving. We analyze the advantages and disadvantages of these three methods and the support of corresponding tools for regular expression operators. We evaluated the effectiveness and efficiency of GenMinStr in a large-scale data set, and the results showed that the success rate of GenMinStr reached 98.51%, exceeding all comparison tools by 5.22%∼48.16%. Finally, we analyze the use of regular expression operators in real projects, and illustrate the generating effect of algorithm GenMinStr through examples. 

Finally, we apply the modeling to solving regex crossword puzzles. We focus on solving rectangular and hexagonal regex crossword puzzles and propose an algorithm Rcps. We collect 803 rectangular regex crossword puzzles and 95 hexagonal regex crossword puzzles from the most popular regex crossword puzzles website, and compare the algorithm Rcps with five state-of-the-art solving tools. The evaluation results show that the success rates of the algorithm Rcps in two types of crossword puzzles are 97.76% and 98.95% respectively, which are higher than the highest success rates of existing methods, 19.06% and 65.27% respectively. In addition, all solution sets of all comparison tools are subsets of Rcps, and 142 rectangular puzzles and 51 hexagonal puzzles can only be solved by our algorithm.
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