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学位论文中文摘要：
判定程序是否终止是计算机领域内非常著名的不可判定问题之一。即使此问题在理论上已经被证明为不可判定，但因其在程序验证领域内有着举足轻重的作用，所以在实际中，国内外学者仍然为解决此问题或者为提高此问题的解决效率殚精竭力。

在所有对程序终止性的研究中，寻找给定程序的秩函数是最广泛的用于证明程序终止的方法之一。虽然程序是否终止在理论上是不可判定的，但是当分别给定程序和秩函数的类型后，秩函数的合成则变为可判定问题。因此，本文将致力于在单循环程序中，通过给定的秩函数模板尝试合成给定程序的秩函数，但与基于量词消去等约束求解方法不同的是，本文更加关心程序运行时的数据，而不是程序本身的结构。本文将从程序空间中采样程序运行时的数据，构造采样数据集，进而利用SVM算法从采样数据集中学习并合成可能正确的秩函数，最终利用SMT技术验证合成的秩函数是否正确。如果秩函数不满足要求，则根据产生的反例进一步优化数据集，直到合成的秩函数满足要求或者算法超过设定的迭代次数限制返回“不知道”。因此，为了利用 SVM 算法合成程序的秩函数，本文证明了对于给定程序是否存在一个秩函数等价于在数据集上数据是否可分，从而将寻找程序的秩函数问题归约到寻找数据集中分类超平面的问题上。
本文基于提出的算法形成了终止性检测工具 SVMRanker 。在实验部分，本文将 SVMRanker 与目前主流程序分析工具 Ultimate Automizer 中的程序终止性分析引擎 LassoRanker 进行实验比较，发现 SVMRanker 在运行时间上与 LassoRanker 差别不大，但在处理数量上，要优于后者。值得一提的是，SVMRanker 在寻找程序秩函数方面与 LassoRanker 展现出了良好的互补性。实验发现，在对终止程序进行判定时，同时使用 LassoRanker 与 SVMRanker 要比单独使用LassoRanker给出“终止”答案的比例提高32.31%。
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学位论文英文题目：Proving the Termination of Loop Programs based on SVM
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学位论文英文摘要：
Termination of programs is probably the most famous undecidable problem in computer science. However, despite this undecidability result, a lot of eﬀort has been spent on improving algorithms that prove termination of loops, which is one of the building blocks of software reliability analysis. 

These algorithms are usually focused on finding an appropriate ranking function for the loop, which proves its termination. While termination of programs is undecidable, ranking function detection problems can well be decidable, given certain classes of ranking functions and program representations. Motivated by that, this paper also wants to synthesize ranking function for single loop programs by given function template. Diﬀerent from the way based on SMT, likes quantifier elimination, this paper is more willing to focus on the running data in program space generated by program variables instead of the structure of program. This paper will construct the data set by sampling some running data points from program space. Further, it can get the candidate ranking function by splitting sampled data set via Support-Vector Machines (SVM). Finally, it will verify the correctness of ranking function by SMT and refine the original data set by returned counterexample until the ranking function is valid, if ranking function is invalid. Or the algorithm returns "UNKNOWN", if it exceeds the limitation of given number of iterations. In order to use SVM to synthesize ranking function, this paper shows that the existence problem of a ranking function is equivalent to the existence problem of a hyperplane separating classes of data. This allows us to leverage SVM techniques for the synthesis of ranking functions. 
This paper implemented the algorithm into a tool, called SVMRanker. In the experiment, SVMRanker compares with LassoRanker, which is the termination engine of the leading program analysis tool Ultimate Automizer. Experimental evaluation shows that there is no obvious difference in the running time between SVMRanker and LassoRanker. But in the number of solved cases, SVMRanker behaves better than LassoRanker. It is worth mentioning that experimental evaluation confirmed that our SVM-based synthesis algorithm is a valuable approach complementing the techniques used in LassoRanker. And, it can prove 32.31% more cases by using both SVMRanker and LassoRanker than just using LassoRanker, when proving the program terminated.
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