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学位论文中文摘要：
随着计算机科学技术的发展，传统的嵌入式系统已经逐渐发展成为融合控制、通信和计算能力的信息物理融合系统 (Cyber-Physical System, CPS)。 与此同时，越来越多的安全攸关的嵌入式系统涌现出来，例如航空航天、高速铁路、核电站等重大的科学工程。在这些安全攸关的系统中，任何微小的错误或故障，都可能带来灾难性的后果。因此，如何有效地进行安全攸关的嵌入式混成系统设计是当前计算机科学和控制系统中的一个巨大挑战。

相对于离散系统或者连续系统，混成系统在分析和设计上具有更高的复杂性， 相应的安全性设计也更加困难。通常，混成系统的设计需要能够对三个方面进行建模，包括：软件行为、物理行为和体系结构。然而，现有的建模方式缺乏能够对这三个方面进行协同建模的能力。例如，体系结构设计与分析语言 (AADL) 能够对嵌入式系统的硬件平台和软件控制行为进行建模，却对连续的物理行为以及其与软件行为之间交互的建模能力较弱。相比之下，Simulink/Stateflow 在连续物理行为以及软件行为的交互方面拥有很强的建模能力，却不擅长对系统架构和硬件平台的建模。为了解决这个问题，本文考虑采用图形化建模的方式将 AADL 和 Simulink/Stateflow 进行结合。这样的组合方式提供了一种协同的图形化建模的形式，从软件、硬件和物理行为这三个角度对信息物理系统进行统一的设计。本文将介绍基于 AADL 和 Simulink/Stateflow 的混成系统图形化建模与仿真框架的设计与实现工作，并通过实例对本文提出的框架进行测试。

本论文的主要成果与创新性贡献有以下几点:

一、针对目前缺乏一种统一的系统建模方式的问题，本文设计并提出了一套完整的基于 AADL 和 Simulink/Stateflow 的协同建模与仿真框架。该框架提供了一种图形化的系统建模方式，使得开发人员能够同时对系统的软件行为、物理行为和系统架构进行统一建模。该框架同时支持对系统的多线程调度和设计指标的结果进行仿真，方便开发人员进行调试和分析。与此同时，该框架还结合了契约式设计的理念，对系统模型中的不变量生成问题进行建模。
二、基于协同建模框架，设计并实现了相应的模型编译规则。该编译器能够将图形化的模型转换成可以被执行和部署的 C 语言模型。该编译规则考虑了基本语法的转换、AADL 构件模块的转换、调度算法库的转换以及 AADL 和 Simulink/Stateflow 端口连接的转换。本文还对转换前后的模型代码规模进行了比较和测试。

三、基于设计框架，设计并实现了仿真调度器。该仿真调度器能够针对模型中多线程的特点，对线程的调度变化行为进行仿真，同时支持包括最高优先级策略在内的四种常见调度算法。同时，该调度器的可视化模块能够对仿真结果进行直观有效地展示，使得开发人员能够及时分析结果或者调整模型设计。
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学位论文英文摘要：
With the development of computer science and technologies, conventional embedded systems have evolved into an new form, known as cyber-physical systems (CPS) that integrates capabilities of control, communication and computing. At the same time, an increasing number of safety-critical systems have emerged, such as aerospace industries, high-speed transportations, nuclear reactors, etc., in which small errors malfunction would potentially lead to catastrophic consequences. Therefore, how to effectively and rigorously design safety-critical hybrid embedded systems tends to be a huge challenge in computer science and control systems.

In contrast to discrete or continuous systems, hybrid embedded systems yield higher complexity and thus leading to the difficulty in safety-critical design. Generally, hybrid embedded systems involves, at least, the three modeling aspects: software behaviors, physical behaviors and architecture platforms. Existing modeling formalisms cannot provide strong support to take all of these three dimensions into account uniformly, e.g., Architecture Analysis \& Design Language (AADL) is a precise formalism for modeling architecture and prototyping hardware platforms, but it is weak for modeling physical and software behaviors and their interaction. By contrast, Simulink/Stateflow is strong for modeling physical and software behavior and their interaction, but weak for modeling architecture and hardware platforms. To address this issue, we consider the combination of AADL and Simulink/Stateflow, two widely used graphical modeling formalisms for CPS design in industry. This combination provides a unified graphical co-modeling formalism supporting the design of CPSs from all three software, hardware and physics perspectives uniformly.

This paper introduces a unified graphical modeling and simulation framework for hybrid systems using AADL and Simulink/Stateflow, and considers case studies to test the implementation.

The main contributions and novelties of this thesis are summarized as follows.
1. The framework provides a graphical system modeling method that enables developers to simultaneously model the system's software behaviors, physical dynamic behaviors, and system architecture. At the same time, to facilitate debugging and validation by developers, the framework provides a simulation tool for multi-thread scheduling and design indicators. The collaborative modeling framework also introduces contract design concepts and formal methods to collaboratively model the two modeling languages. Besides, in order to generate corresponding invariants for hybrid systems, the unified framework also involves the contract design concept.

2. Based on the collaborative modeling framework, the corresponding model compilation rules are designed and implemented. The compiler has the ability to convert graphical model into a C language model, for the purpose of being easily executed and deployed. These compilation rules take into account the conversion of basic syntax, the conversion of AADL component modules, the conversion of scheduling algorithm library and the conversion of AADL and Simulink/Stateflow port connections. We also compared and tested the size of two modeling languages before and after conversion.

3. Based on the design framework, the simulation scheduler is designed and implemented. The simulation scheduler can simulate the scheduling behavior of multiple threads according to the multi-thread characteristics of the model, and supports four common scheduling algorithms including the highest priority first algorithm. At the same time, the visualization module of the scheduler can display the simulation results intuitively and effectively, enabling developers to analyze or adjust the model design in time.
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