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学位论文中文摘要：
广义顶点覆盖问题(GVCP)是图论中一个著名的组合优化问题最小顶点覆盖(MVC)问题的推广，是一个重要的NP难问题。它在通讯网络、超大规模集成电路(VLSI)设计等领域有着重要的应用，被用来解决当中的网络升级问题(Network Upgrading Problems)。GVCP问题中的每一个顶点都有一个正权值，代表升级代价，每条边的权值有三种状态，分别为未被覆盖、被一个顶点覆盖、被两个顶点覆盖时的权值，大小依次递减，代表对网络的提升。GVCP的目标是在一个无向图中求得一个总权值（所有顶点权值与边权值之和）最小的顶点集合，即选出使网络升级效果最好的网络节点集合。与顶点覆盖问题不同的是，GVCP选取到的顶点集合并不需要覆盖每一条边。目前提出的一些基于启发式的GVCP求解方法，主要是基于遗传算法或局部搜索。但当前的算法在传统图例上效果并不理想，本文关注于使用局部搜索算法对GVCP进行高效求解，设计了一个针对传统图例及难解实例的局部搜索算法RCCGVC和一个针对超大规模现实实例的局部搜索算法CCR2BMS。

本文提出的RCCGVC算法主要创新点是一个高效的选点策略，其核心是一个避免循环的策略CCR，首次将格局检测的思想经过改善应用到广义顶点覆盖问题中。用更短的时间改善顶点选取策略，避免算法陷入局部最优。同时，我们还采用了一个高效的初始构造策略ConstructGVC，采用贪心的思路构造初始解，替代原来随机生成的构造方案，使得初始解更可能接近全局最优，节省搜索时间；以及一个新的扰动策略，用随机游走的方案，替代原来一定步骤无改进就多顶点随机扰动的策略，节省了算法陷入局部最优的耗时，增加了探索空间。我们进行了大量实验，把RCCGVC与前沿算法进行比较，实验表明RCCGVC比它们在八成权威的传统实例上表现要更好，在难解的实例上表现出绝对优势，证明了此算法的高效性以及以上策略的有效性。

本文提出的CCR2BMS算法有两个创新点：一个针对超大规模实例的构造策略ConstructGVC\_BMS,该策略多次随机构造初始解，在其中选择最优的解作为最终初始解，既克服了贪心构造的耗时问题，又改善了单次随机构造可能距离最优解很远的问题；一个针对超大规模实例的选点策略CCR2，该策略对CCR策略进行了调整，放宽了选点的限制，使得算法能够在大规模实例上快速的收敛，使得算法更加高效。实验表明CCR2BMS算法比RCCGVC以及其他前沿算法在近八成的现实实例上表现要好，有明显优势，证明了此算法在超大规模实例上的高效性。
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学位论文英文题目：Local Serach Algorithms for Generalized Vertex Cover Problem
学位论文作者英文姓名：WangHaoRan
学位论文英文摘要：
The generalized vertex cover problem(GVCP), an extension of classic minimum vertex cover (MVC) problem, is an important NP-hard combinatorial optimization problem in graph theory with various real-world applications, such as network flow, circuit design, transportation and telecommunication. Each vertex in the GVCP has a positive weight and Each edge has 3 positive weights, which depend on whether one, both, or neither end-point is in the subset of vertices chosen. The goal is to find a vertex set with the smallest total cost that incorporates vertex weights as well as edge weights, in an undirected graph. The aim of this paper is to design two efficient local search algorithms,  RCCGVC for solving traditional graphs such as DIMACS and BHSOLIB and CCR2BMS for solving real-world graphs which may have 4 million vertices and 7 million edges.

The main novel strategy which is proposed in the RCCGVC algorithm is the CCR, a cost-effective strategy for choosing vertex, which can prevent the local serach from immediately returning to a previously visited candidate solution and avoid the cycling problem. Also, ConstructGVC, a new strategy for construction is introduced. It choose vertex greedily instead of randomization. Moreover, we propose a random walk mechanism to help the search to escape from local optima and to bring diversification into the search. Experiments on DIMACS, BHSOLIB are conducted to confirm the effectiveness of our algorithm. The results show that the RCCGVC algorithm outperforms other algorithms in terms of both solution quality and computational time in most of these instances.

In the CCR2BMS algorithm, we proposed two novel strategies. The first one is the CCR2, an extension of CCR. It changes the vertex selection mechanism to help algorithm converge faster. Secondly, ConstructGVC\_BMS, a new strategy for construction is introduced. It uses multiple random construction and chooses the best one as the final construction. Experiments on real-world graphs are conducted to confirm the effectiveness of this algorithm. The results show that the CCR2BMS algorithm outperforms other algorithms in terms of both solution quality and computational time in these instances with very large vertices.
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