学位论文中文题目： Apache Flink复杂事件处理语言的形式语义
学位论文作者中文姓名： 傅宣登
学位论文中文摘要：
Apache Flink 是目前最流行的流式计算平台之一，已经在工业界得到了广泛 应用．复杂事件处理是流式计算的一种重要使用场景，Apache Flink 平台定义并 实现了一种复杂事件处理语言（简称 FlinkCEP）．FlinkCEP 语法特性丰富，不仅 包括常见的过滤、连接、循环等操作，还包括迭代条件、匹配筛选策略等高级特 性．FlinkCEP 语义复杂，尚缺乏语言规范对其语义进行准确描述，只能通过实 现细节来理解，因此对其语义进行形式描述对于开发人员准确理解其语义非常 必要．本论文针对该问题，提出了数据流转换器的自动机模型，基于该自动机模 型定义了 FlinkCEP 的形式语义，同时设计并实现了相应的查询求值算法，最后 通过实验对形式语义与实际语义的一致性进行了验证．具体来讲，本论文包括如 下几方面的贡献：

• 针对 FlinkCEP 提出一种数据流转换器的自动机模型，该模型包括用于刻 画迭代条件的数据变量、存储输出结果的数据流变量、用于刻画匹配筛选策略的 迁移优先级等特性；

• 使用数据流转换器对 FlinkCEP 的语义进行了形式建模；

• 根据形式语义设计了 FlinkCEP 的查询求值算法，实现了原型系统；

• 生成了能够较为全面覆盖 FlinkCEP 语法特性的测试用例集，利用这些测 试用例与 FlinkCEP 在 Flink 平台上的实际运行结果进行对比实验．实验结果表 明我们提出的形式语义与 FlinkCEP 在 Flink 平台上的实际语义基本是一致的．而 且，对实验结果不一致的情况，我们进行了分析，指出 FlinkCEP 在 Flink 平台上 的实现对于组模式的处理可能存在错误，并把错误报告给了 Flink 官方平台．
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学位论文英文摘要：
Apache Flink is one of the most popular stream computing platforms, and has many applications in industry. Complex event processing (CEP) is one of the important use cases of stream computation. Apache Flink defines and implements a language for complex event processing (called FlinkCEP for short). FlinkCEP includes rich syntactic features, not only the usual features of filtering, sequence, and repeat, but also the advanced features of iterative conditions and after-match skip strategies. Although semantics of FlinkCEP is complex, there is no language specification of FlinkCEP that defines its semantics precisely and one can only understand the semantics by checking the implementation details. This motivates the definition of formal semantics for FlinkCEP so that the developers could understand its semantics precisely. This thesis addresses this problem by introducing an automata model called data stream transducer, defining the formal semantics of FlinkCEP based on this automata model, designing and implementing the corresponding query evaluation algorithm, and finally verifying the consistency of the formal semantics with the actual semantics through experiments. Specifically, this thesis
• proposes an automaton model called data stream transducers (DST) for FlinkCEP, where the data variables are used to capture the iterative conditions and the data stream variables are used to store the outputs, and transition priorities are introduced to capture the after-match skip strategies;
• utilizes DST to define the formal semantics of FlinkCEP;
• designs the query evaluation algorithms based on the formal semantics, and implements a prototype of CEP engine;
• generates the benchmarks that cover nearly all the syntactic features of FlinkCEP and utilize them to do comparison experiments against the actual results of FlinkCEP on the Flink platform. The experimental results show that the formal semantics of FlinkCEP conforms to the actual semantics of FlinkCEP in vast majority of the cases. Furthermore, we analyze the inconsistencies between the formal and the actual semantics and discover that the Flink implementation of FlinkCEP may not deal with the group patterns correctly, which is reported to the Apache Flink community.
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