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学位论文中文摘要：
正则表达式是几乎所有现代编程语言的关键部件与基石，其应用遍布计算机科学与软件的不同领域。通过对操作符进行扩展，可以大大提高正则表达式的表达能力和简洁性，但与此同时也增加了正则表达式中一些重要问题的复杂度。本文主要研究引入交互和计数操作符的扩展正则表达式子类的推断问题和成员判定问题。

本文首先研究了扩展正则表达式子类SIRE (The Subclass of Regular Expressions with Interleaving)和DME (Disjunctive Multiplicity Expressions)的推断问题，首次将正则表达式推断问题规约到多维离散优化问题，为SIRE和DME分别设计了两个离散粒子群算法$SIRE_{DPSO}$、$SIRE^{+}_{DPSO}$以及$DME_{DPSO}$、$DME^{+}_{DPSO}$。与现有对于SIRE和DME的推断算法的对比实验表明，在实验基准数据集上，$SIRE_{DPSO}$、$DME_{DPSO}$分别达到了最高的推断效率，$SIRE^{+}_{DPSO}$、$DME^{+}_{DPSO}$分别达到了最高的推断准确率和精确率，验证了本文设计算法的高效性和有效性。

接下来本文提出了一个支持交互和计数操作符的新子类SCIRE (The Subclass of Regular Expressions with Counting and Interleaving)，并且为SCIRE和DGME (Disjunctive Generalized Multiplicity Expressions)分别设计了遗传算法$SCIRE_{GA}$、$DGME_{GA}$和粒子群算法$SCIRE^{+}_{DPSO}$和$DGME^{+}_{DPSO}$。在SCIRE和DGME的实验基准数据集上，所有算法都能够达到$84\%$以上的准确率，验证了本文设计推断算法的有效性。

针对SCIRE和DGME的成员判定问题，本文根据离散粒子群推断算法中的多维粒子结构，分别设计了SCIRE和DGME的线性时间复杂度的成员判定算法$SCIRE_{MEMBER}$和$DGME_{MEMBER}$。与现有支持交互和计数操作符的成员判定算法的对比实验表明，在SCIRE和DGME的实验基准数据集上，本文设计的两个算法都能够保证成员判定的正确性，并且能够取得最高的匹配时间效率，验证了本文设计成员判定算法的高效性。通过引入本文中线性时间复杂度的成员判定算法，所有SCIRE和DGME的推断算法的推断运行时间效率都取得了$8$倍以上的提升，进一步凸显了本项工作的研究价值。
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学位论文英文摘要：

Regular expressions are a key component and cornerstone of almost all modern programming languages, and their applications are spread across different areas of computer science and software. By extending operators, the expressiveness and simplicity of regular expressions can be greatly improved, but at the same time, the complexity of some important problems in regular expressions is increased. In this paper, we focus on the inference problem and membership checking problem of extended regular expression subclasses with interleaving and counting operators.

In this paper, we first study the inference problem of the extended regular expression subclasses SIRE (The Subclass of Regular Expressions with Interleaving) and DME (Disjunctive Multiplicity Expressions), and for the first time, we statute the regular expression inference problem to a multi-dimensional discrete optimization problem. The two discrete particle swarm algorithms $SIRE_{DPSO}$, $SIRE^{+}_{DPSO}$ and $DME_{DPSO}$, $DME^{+}_{DPSO}$ are designed for SIRE and DME, respectively. The controlled experiments with existing inference algorithms for SIRE and DME show that $SIRE_{DPSO}$ and $DME_{DPSO}$ achieve the highest inference efficiency, $SIRE^{+}_{DPSO}$ and $DME^{+}_{DPSO}$ achieve the highest inference accuracy and precision, respectively, on the experimental benchmark data set, verifying the the efficiency and effectiveness of the algorithms designed in this paper.

Next, we propose a new subclass SCIRE (The Subclass of Regular Expressions with Counting and Interleaving) that supports interleaving and counting operators, as well as design genetic algorithms $SCIRE_{GA}$, $DGME_{GA}$ and particle swarm algorithms $SCIRE^{+}_{DPSO}$ for SCIRE and DGME (Disjunctive Generalized Multiplicity Expressions), respectively. On the experimental benchmark datasets of SCIRE and DGME, all inference algorithms are able to achieve an accuracy rate of over $84\%$, which verifies the effectiveness of the inference algorithms designed in this paper.

For the membership checking problems of SCIRE and DGME, this paper designs membership checking algorithms $SCIRE_{MEMBER}$ and $DGME_{MEMBER}$ for SCIRE and DGME respectively with linear time complexity, based on the multi-dimensional particle structure in the discrete particle swarm inference algorithm. The controlled experiments with existing membership checking algorithms supporting interleaving and counting operators show that both algorithms designed in this paper can guarantee the correctness of membership checking and achieve the highest matching time efficiency on the experimental benchmark datasets of SCIRE and DGME, which verifies the efficiency of the membership checking algorithms designed in this paper. By introducing the membership determination algorithm with linear time complexity in this paper, the running time efficiency of all inference algorithms for SCIRE and DGME has accelerated by more than $8$ times, further highlighting the research value of this work.
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