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学位论文中文摘要：

    嵌入式系统的设计开发往往涉及到控制状态间的离散迁移和物理部件的连续变化，传统的基于离散数学的程序设计理论已经不足以解决复杂嵌入式系统的设计、开发和验证的问题。 基于契约式设计的理念，结合AADL和Simulink/ Stateflow的协同建模方法AADL⊕S/S提供了一种统一的图形化联合建模形式，从系统架构（architecturearchi）、物理（physically，硬件和环境）和软件（software） 

三个方面对复杂嵌入式系统建模和仿真。为了保证由组合图形建模方法给出的 

系统模型是高可信的，特别是针对安全攸关系统， 要对AADL⊕S/S模型进行 

形式验证。然而AADL⊕S/S组合模型不具备严格的形式化表达，这严重限制了 

相关形式分析工具的开发。本文的工作针对佁佁佄佌⊕体伯体组合模型的形式化分析 和验证的问题提供了解决方案，开发者可以将构造的佁佁佄佌⊕体伯体 求模型转化为形式化的HCSP模型，并基于模型进行大量的系统正确性分析和验证，在系统 发的早期发现并纠正错误，提高嵌入式系统的开发效率和可靠性。 

本文的主要成果和贡献包括以下四个方面： 

一、将AADL⊕S/S组合模型转换为HCSP形式模型，定义其形式语义。分别 

从AADL、 Simulink/Stateflow以及模型接口框架的角度介绍相关转换方法，重点 

关注调度协议和并发线程等复杂行为的转换，并采用佐Python语言实现自动转换和生成的工具； 

二、采用形式化方法证明转换过程的正确性。在统一程序理论UTP的框架下分别定义AADL⊕S/S组合模型和HCSP语言的指称语义，并通过证明二者在UTP语义下的等价性证明了本文提出的转换方法的正确性； 

三、基于生成的佈佃体佐形式模型进行仿真并验证。设计并实现了HCSP模型的仿真工具，可以直观展示生成模型的执行行为的仿真结果，并采用定理证明 

器HHL Prover和不变量生成工具对生成模型进行形式化验证。将本文中的相关 

工具实现与现有的工具相结合，形成完整的混成系统的仿真与验证工具链； 

四、基于形式化分析和验证的框架，通过实例来说明解决方案。针对实际 

场景下的AADL⊕S/S建模的混成系统实例Isolette模型，应用本文的解决方案对 

其进行形式化转换和分析验证，检验工具的执行效果，评估其实际应用价值。
学位论文中文关键词：

混成系统，形式化验证，AADL，组合建模，Simulink/Stateflow
学位论文英文题目：

Formal Analysis and Verifification of AADL and Simulink/Stateflflow Combined Modeling
学位论文作者英文姓名：Qianqian Lin
学位论文英文摘要：

The design and development of embedded systems often involves the discrete migration of control states and the continuous change of physical components. The traditional discrete mathematics-based programming theory is not enough to solve the design, development and validation of complex embedded systems.           

   Based on the concept of design by contract, AADL⊕S/S, a collaborative modeling method of AADL and Simulink/Stateflow, provides a unified graphical joint modeling form to model and simulate complex embedded systems from three aspects: system architecture, physical (hardware and environment), and software (behavior).The AADL⊕S/S model needs to be formally validated to ensure that the system model given by the combinatorial graphics modeling method is highly trustworthy, especially for security-related systems. However, the AADL⊕S/S model does not have a strict formal representation, which severely limits the development of related formal analysis tools. The work in this paper provides a solution to the problem of formalized analysis and validation of the AADL⊕S/S model. Developers can translate the constructed AADL⊕S/S requirement model into a formalized HCSP model, analyze and validate a large number of system correctness based on the model to find and correct errors in the early stage of system development, which improves the efficiency and reliability of embedded system development.

The main achievements and contributions of this paper include the following four aspects:           

   1. Convert the AADL⊕S/S model into a HCSP formal model to define its formal semantics. This paper introduces the translation rules from the perspective of AADL, Simulink/Stateflow and model interface framework, focusing on the conversion of complex behaviors such as dispatch protocol and concurrent threads, and using Python language to implement automatic translation and generation tools.            

   2. Prove the correctness of the translation process. The denotational semantics of e AADL⊕S/S combination model and HCSP language are defined under the framework of the Unifying Theories of Programming (UTP). The validity of the transformation method proposed in this paper is verified by proving their equivalence in UTP semantics.           

 3. Perform simulation and verification for the generated HCSP formal model. A simulation tool for the HCSP model is designed and implemented, which can visually show the simulation results of the execution behaviors of the generated model. The generated model is formally verified by the theorem prover and the invariant generation tool. Combining the related tool implementations in this paper with existing tools can form a complete chain of simulation and verification tools for hybrid systems.            

 4. Illustrate the solution through examples based on the framework of formal analysis and verification. Isolette model, modeled by AADL⊕S/S in the real scene, is a simple and effective example to illustrate the application of our method.  This paper applies the solution to formalize and analyze it, verify the execution effect of the tool and evaluate its practical application value. 
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