学位论文中文题目： 精确高效的动态并发缺陷检测
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学位论文中文摘要：
在计算机技术飞速发展的当代，并发程序被广泛应用于软件开发领域。并发缺陷是并发程序中最常见的问题，引发的事故屡见不鲜，对生产和生活造成了严重影响，其危害不容小觑。并发缺陷的检测技术层出不穷。现有技术或是存在误报问题，或是执行速度缓慢，很难在检测能力和检测效率上两全。并且，许多技术仅针对特定的缺陷类别设计，缺乏通用性。
通过对常见的并发缺陷进行调研，本文归纳出了并发缺陷的共性，即一个带有缺陷的事件序列。针对现有技术的不足，本文提出一种基于偏序的动态检测方法SeqCheck。其核心思想是判断一个事件序列能否真实发生。通过将缺陷转化成事件序列的方式，SeqCheck能够适用于多种并发缺陷。并且，SeqCheck对分支事件进行了详细分析，放松了事件间的偏序，使更多的事件能够并发，在检测能力上优于最新先进技术。同时，本文对SeqCheck提出了优化策略，使其具有更高的检测效率。除此之外，本文理论证明了SeqCheck具有精确性，不存在误报问题。

本文从7个公认的测试集中，收集了53个测试用例，涵盖了小、中、大规模程序，将SeqCheck与最新先进技术进行对比，在数据竞争、死锁、原子性违背三种常见并发缺陷上，展开实验，全面衡量SeqCheck的能力。在数据竞争实验中，SeqCheck在0.5小时内检测出333个缺陷。其他技术最多检测出285个缺陷，执行时间最快是6小时。SeqCheck多检测出16%的缺陷数量，执行速度为12倍。在死锁实验中，SeqCheck在6秒内检测出20个缺陷。在原子性违背实验中，SeqCheck在20分钟内检测出30个缺陷。实验结果表明，相比最新先进技术，SeqCheck具有良好的检测能力和检测效率。
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学位论文英文题目：Precise and Efficient Dynamic Prediction for Concurrency Bug
学位论文作者英文姓名：YUN Hao
学位论文英文摘要：
Nowadays, concurrency programs are widely used in software development. Concurrency bugs are major problems in concurrency programs. They have caused several accidents in production and living activities. Due to the serious impact, we should not underestimate the harm of concurrency bugs. Till now, many prediction techniques have been proposed. Among them, some will produce false alarm; some suffer heavy time overhead. It is difficult to be excellent on both effectiveness and efficiency at the same time. Moreover, many techniques are designed for only few kinds of concurrency bugs, and cannot be easily adapted to other kinds.

By studying on several kinds of concurrency bugs, we conclude that the commonality of concurrency bugs are events sequences with flaws. Targeting to the disadvantage of state-of-art techniques, we propose a partial order based technique SeqCheck, whose idea is soundly deciding whether a sequence of events can occur in a specified order. SeqCheck can be easily used to detect several kinds of bugs through encoding the potential bugs into events sequences. SeqCheck explicitly analyzes branch events, relaxes the orders between events, makes more events occur consecutively. As a result, SeqCheck outperforms state-of-art techniques in effeciteness. For purpose of high efficiency, we leverage two optimization strategies in SeqCheck. Moreover, we have proved that SeqCheck is precise and will not produce false alarm.

We gathered 53 benchmarks from 7 universally acknowledged test sets, which include small, medium, large scale programs. In order to evaluate the abilities of SeqCheck, we compared 6 state-of-art techniques with SeqCheck in data races, deadlocks, atomicity violations. In data race experiment, SeqCheck detected 333 races in 0.5 hours; while others detected at most 285 races in at least 6 hours. SeqCheck detected 16% more bugs and had 12x faster execution speed than others. In deadlock experiment, SeqCheck detected 20 deadlocks in 6 seconds. In atomicity violation experiment, SeqCheck detected 30 atomicity violations in 20 minutes. According to the experiment results, comparing with state-of-art techniques, we claim that SeqCheck has excellent effectiveness and efficiency on prediction of several kinds of concurrency bugs.
学位论文英文关键词：Multithreaded Programs, Software Testing, Concurrency Bug Prediction
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