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学位论文中文摘要：
最大可满足性问题（MaxSAT）是著名的可满足性问题（SAT）的优化版本，是 一种用逻辑语言表达的约束优化模型。现实中很多组合优化问题可以用 MaxSAT 表达，然后调用 MaxSAT 求解器进行求解。虽然 MaxSAT 求解技术在最近十几 年中获得了长足的发展，但是目前的主流算法是基于完备求解技术的，在面对 大规模的实际问题时可能会失效。另外，MaxSAT 是定义在命题逻辑合取范式上 的，表达能力较弱，限制了其应用范围。本文研究了 MaxSAT 问题的不完备求解 算法、扩展模型及其应用，主要贡献总结如下： 
（一）本文提出了创新的 MaxSAT 局部搜索技术，并设计了高效的 MaxSAT 局部搜索算法。局部搜索是一种常用于求解大规模组合优化问题的启发式算法。 但是 MaxSAT 问题带有硬约束和软约束的特殊结构给局部搜索算法的设计带来 了挑战，已有的 MaxSAT 局部搜索算法求解工业实例的性能较差。本文提出了 新的动态子句加权技术，有效地利用了软硬子句之间的区别，使得算法在问题 的两个目标之间达到平衡。本文设计了 MaxSAT 局部搜索算法 SATLike，在工业 实例上的求解性能显著优于已有的同类算法，并且相关求解器在 2018 年和 2020 年国际 MaxSAT 比赛的不完备组获得多个冠军，被 MaxSAT 比赛组织者认为是 推动了 MaxSAT 求解的边界和开辟了新的研究方向。 
（二）当使用 MaxSAT 建模和求解组合优化问题时，不同问题对应的 MaxSAT 实例在结构特征上有很大的不同。本文针对两个重要的组合优化问题，集合覆盖 和顶点支配集问题，根据其建模成的 MaxSAT 实例结构设计了推理规则和搜索 策略，设计了专门的 MaxSAT 算法 DomSAT。实验结果表明，在网络规划，社交 网络分析和铁路路网规划等大规模实际问题上（变量规模达百万级别甚至千万 级别），DomSAT 的性能明显优于已有的 MaxSAT 算法以及已有的集合覆盖算法 和顶点支配集算法。 
（三）用 MaxSAT 求解问题的一个缺陷是 MaxSAT 问题是定义在命题逻辑合 取范式（CNF）上的，不能高效表达更一般的约束比如基数约束和伪布尔约束。 对于这类约束的问题，MaxSAT 求解器的性能远落后于基于其他模型的求解器比 如数学规划求解器。本文提出了两个扩展的 MaxSAT 问题，分别记为 CMaxSAT I最大可满足性及其拓展问题的求解 和 PBMaxSAT，可以高效地表达基数约束和伪布尔约束，并且设计了这两个扩展 问题的局部搜索算法。基于这两个模型及其算法，本文对离散射线、护士排班、 无线传感器规划、最小宽度置信域、座位安排等问题进行建模并求解。实验结果 表明，对于这些实际问题，我们的 CMAxSAT 和 PBMaxSAT 求解器在求解质量 和求解效率上，都远远优于基于其他模型包括 MaxSAT、整数规划、伪布尔优化 （PBO）的求解器。
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学位论文英文摘要：
The Maximum Satisfiability problem (MaxSAT) is an optimized version of the famous Satisfiability problem (SAT), and is a constrained optimization model expressed in logical language. In reality, many combinatorial optimization problems can be encoded into MaxSAT, and then solved by a MaxSAT solver. Although MaxSAT solving techniques have made considerable improvement over the past ten years, most of the MaxSAT algorithms are complete methods which may fail when dealing with large-scale real-world problems. In addition, MaxSAT is expressed with the Conjunctive Normal Form (CNF), which is ineffective for encoding complex constraints and thus limits its application. This thesis studies the incomplete algorithms, extended models and applications of MaxSAT, and the main contributions are summarized as follows:
(1) This thesis have proposed novel local search  techniques for MaxSAT and developed efficient local search MaxSAT solvers. Local search is a popular heuristic method for solving large-scale combinatorial optimization problems. However, the special feature of MaxSAT with hard and soft constraints poses additional challenge to local search for MaxSAT, hindering the performance of local search MaxSAT algorithms on industrial instances.  We propose a novel dynamic clause weighting scheme, which effectively exploits the distinction between soft and hard clauses, allowing the algorithm to strike a balance between the two goals of the problem. Based on this idea and using some other techniques, we design a local search MaxSAT algorithm SATLike, which significantly outperforms previous local search algorithms on industrial instances.  Our MaxSAT solvers based  on SATLike have won several categories in the incomplete track of MaxSAT Evaluation s 2018 and 2020, and our method is regarded by the organizers of MaxSAT Evaluation 2018 that it pushes the boundaries of MaxSAT solving and opens up a new direction.
(2)  MaxSAT instances encoded from  different combinatorial optimization problems have different structural characteristics. This thesis design a local search MaxSAT solver DomSAT that performs particularly well for  two important combinatorial optimization problems, namely Set Covering and Minimum Dominating Set, by exploiting the structure of these problems to design inference rules and  search strategies. This thesis empirically show that DomSAT not only outperforms other MaxSAT algorithms, but also performs significantly better than the state-of-the-art algorithms for Set covering and Minimum Dominating Set, according to the experiments on large-scale  instances (with millions and even tens of millions of variables) arising from network planning, social network analysis, and railway network planning.
(3)  A drawback of solving problems by MaxSAT  is that MaxSAT is expressed in CNF and ineffective for expressing more general constraints such as cardinality constraints and pseudo-Boolean constraints. For problems with such constraints, the performance of MaxSAT solvers are far behind solvers based on some other models such as mathematical programming solvers. This thesis propose two extended MaxSAT problems, denoted as CMaxSAT and PBMaxSAT, which efficiently express cardinality constraints and Pseudo-Boolean constraints respectively. This thesis also develop local search solvers for CMaxSAT and PBMaxSAT. The CMaxSAT solver is  used to solve real world problems including Discrete Tomography and Nurse Rostering, while the PBMaxSAT solver is used to solve Wireless Sensor Network Optimization, Minimum-Width Confidence Band and Seating Arrangements problems. Experimental results show our CMAxSAT and PBMaxSAT solvers are much better than  solvers based on other models including MaxSAT, integer programming, and pseudo-Boolean optimization (PBO) in terms of both solution quality and efficiency.
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