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学位论文中文摘要：
随着现代社会信息化程度的不断提高，社会的正常有序运行愈发依赖于计算机软件的正确性和安全性。霍尔逻辑是软件正确性验证的一种经典技术途径，但其难以对含有指针和动态数据结构的程序进行推理和验证。为了弥补这个缺陷，Reynolds和O'Hearn等人在2000年左右提出了霍尔逻辑的一种扩展，分离逻辑。自从提出以来，研究人员已经开发了各种分离逻辑求解器和验证工具，并将其成功用于对一些系统软件关键模块（比如操作系统内核）的验证。分离逻辑的绝大部分已有工作都假设地址域上没有算术操作，但很多底层程序（例如内存分配器）一般都需要用到指针算术。对这些底层程序的验证通常需要在归纳定义中使用指针算术来对常见的数据结构（比如内存分配器中的堆链表）进行描述。归纳定义中的指针算术对于实现分离逻辑的自动推理造成了很大挑战，目前还不存在分离逻辑的判定算法能够对含有指针算术的归纳定义进行处理。

本论文提出了允许在归纳定义中使用指针算术的分离逻辑子集SLAH，从而可以对操作堆链表的程序的性质进行描述。而且，本论文设计了SLAH的可满足性问题和蕴涵问题的判定算法。可满足性问题判定算法的关键在于计算归纳谓词的摘要，我们证明了归纳谓词的摘要虽然可以直接用含有存在量词的非线性算术公式来描述，它实际上可以转化为等价的线性算术公式。另一方面，蕴涵问题的判定算法先将原问题分解为多个地址变量有序的特殊蕴涵问题，然后根据地址变量之间的算术关系来匹配和分裂空间原子。最后，我们对判定算法进行了实现，用从内存分配器功能模块生成的测试用例验证了判定算法的高效性。
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学位论文英文摘要：
As the modern society is becoming more and more digitalized, its orderly functioning depends more and more on the correctness and safety of computer software. Hoare logic is one of the classical technical approaches for the verification of software correctness. Nevertheless, Hoare logic is hard to deal with programs manipulating pointers and dynamic data structures. To remedy this defect, Reynolds and O'Hearn etc. proposed an extension of Hoare logic, called separation logic, in around 2000. Since its introduction, researchers have developed various solvers and verification tools based on separation logic and applied them to successfully verify the correctness of some critical components of fundamental software (e.g. inner kernels of operating systems). The vast majority of the work on separation logic assumed that there are no arithmetic operations in the address domain. On the other hand, many low-level programs (e.g. memory allocators) use pointer arithmetic extensively. The verification of such programs usually requires using pointer arithmetic inside inductive definitions in order to describe the common data structures (e.g. heap lists in memory allocators). Pointer arithmetic inside inductive definitions poses considerable challenges for automated reasoning. There have not existed decision procedures that are capable of dealing with pointer arithmetic inside inductive definitions so far. 
In this thesis, we propose a fragment of separation logic, called SLAH, in which pointer arithmetic is allowed in inductive definitions, so that the properties of programs manipulating heap lists can be formalized. Moreover, we design decision procedures for the satisfiability and entailment problems of SLAH. The decision procedure for satisfiability relies on the computation of summaries of inductive predicates. We prove that although these summaries are naturally expressed as existentially quantified non-linear arithmetic formulas, they can actually be transformed into equivalent linear arithmetic formulas. On the other hand, the decision procedure for entailment first reduces the original problem instance into multiple simpler problem instances where the address variables are sorted, then matches and splits the spatial atoms according to the arithmetic relations between address variables. Finally, we implement the decision procedures and show their efficiency on the benchmarks generated from the building blocks of memory allocators.
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