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学位论文中文摘要：为了适应日益复杂的应用场景，可定制化软件为用户提供了不同的参数来满足个性化的需求。然而参数的交互增加了软件产生故障的几率，同时组合空间规模的指数爆炸现象也为这类故障的测试工作带来了巨大的挑战。组合交互测试(Combinatorial Interaction Testing，CIT)是检测参数交互故障的主要技术之一，它能够通过一个较小的覆盖数组(Covering Array, CA)实现高效的检测，而覆盖数组的生成(Covering Array Generation, CAG)是 CIT 的一个核心问题。考虑到约束的普遍性，在现实系统的应用中，CAG 问题通常被扩展为带约束的覆盖数组生成(Constrained Covering Array Generation, CCAG)问题。

组合交互测试的成本包括覆盖数组的生成成本和测试成本。其中覆盖数组的生成速度越快，数组的规模越小，测试的总成本就越低。现有的求解 CCAG 问题的方法中，贪心方法的生成速度很快，但得到的覆盖数组较大;而启发式方法的求解能力较强，能够得到较小的覆盖数组，其生成效率却不够高。本文的工作则致力于探索具备更优秀的求解能力，且生成效率更高的 CCAG 局部搜索算法。

首先，本文设计了新的加权局部搜索算法(Weighting local search for Covering Array, WCA) 来生成更小的覆盖数组。为了避免搜索陷入局部最优，该算法首次将加权策略推广到 CCAG 问题中。具体来说，WCA 引入了与权值相关的新的启发式来引导搜索，还定义了相应的动态加权机制来调整权值。实验结果表明，比起现有最好的启发式算法，WCA 具有更强大的求解能力。
除此之外，本文还提出了增量式的操作得分计算技术来提高 WCA 算法的效 率。该技术通过保存搜索过程的中间结果来减少重复的计算，且只在当前数组的状态发生变化或者参数组合的权值发生变化时才进行相应的更新。实验说明，这一技术的应用显著提升了 WCA 的求解效率。

综上所述，本文所提出的加权局部搜索算法和操作得分的增量式计算技术，不仅在求解能力上较现有的启发式算法实现了提升，更减小了贪心方法与启发式方法在求解效率上的差距，对于降低组合测试的成本具有重要意义。
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学位论文英文摘要：In order to cope with increasingly complicated application scenarios, customizable softwares provide users with different parameters to meet personalized needs. However, the interaction between parameters increases the probability of failures, and the exponential explosion of the combined space also brings great challenges to the testing of such failures. combinatorial interaction testing (CIT) is an important technique for this task, which can efficiently detect these failures through a small covering array (CA). The covering array generation (CAG) is a core issue in CIT. Considering the ubiquitous of constraints, in real-life applications, CAG is usually extended to constrained covering array generation (CCAG).
The total cost of CIT consists of CA’s generation cost and the test cost. The faster the generation and the smaller the CA, the lower the total cost of CIT. Among those existing methods for solving CCAG, the greedy ones generate quickly, but the obtained CAs are large; while the heuristic ones have strong solving ability and can obtain smaller CAs, but their efficiency is not high enough. This thesis is devoted to exploring a CCAG local search algorithm with better solving ability and higher efficiency.
First, we propose a new weighting local search for covering array (WCA) to generate smaller covering arrays. In order to avoid the search falling into the local optima, WCA generalizes the weighting strategy to CCAG for the first time. Specifically, WCA introduces a new weight-related heuristic to guide the search, and also designs a dynamic weighting mechanism to adjust the weights. Experimental results show that WCA is better than the best heuristic algorithms available.
Besides, we also design a new incremental score calculation technique to speed up WCA. This technique saves intermediate results of calculations to reduce redundant efforts, and its update happens only after modifications or weight changes. According to the experimental results, this technique significantly improves the efficiency of WCA.
In summary, the new weighting local search and the incremental score calculation technique proposed in this thesis not only achieve stronger solving ability compared with the existing heuristic methods, but also greatly cut down the efficiency gap between heuristic methods and greedy methods, which is of great significance for reducing the total cost of CIT.
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