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学位论文中文摘要：
聚类分析在机器学习领域有着重要应用。聚类是根据数据对象之间的相似性将数据集划分成不同簇的过程。谱聚类是经典的聚类算法，它将聚类问题转换为图分割问题，使用拉普拉斯矩阵的特征向量张成特征空间，把数据集嵌入到特征空间中，使数据集变成更易聚类的线性可分数据集。但是在聚类簇大小不同的非均衡数据集或者簇密度不同的密度不均匀数据集时，谱聚类会得到不合理的聚类结果。

本文提出一种新颖的聚类算法，与谱聚类相比，能够更好地处理非均衡数据集和密度不均匀的数据集。本文的算法也遵从先作特征嵌入后聚类的模式，但使用的特征嵌入方法不同。我们观察到，由数据集构建的邻接图中，不同簇之间的连接边往往较少，而同簇内部的连接边较多。根据这个特点，本文在邻接图上模拟狭管效应，即流体经过缩小的过流断面时流速增大的现象，从而突出簇间边的作用，用簇间边上的强流划分各个簇。本文把提出的聚类算法称为格林聚类算法。本文主要的工作和创新点如下：

1. 本文推导出用图上拉普拉斯矩阵的格林函数模拟狭管效应的方法，得到一种新型的特征嵌入方法，比谱聚类基于特征向量的嵌入更有利于聚类。

2. 本文提出的算法着眼于邻接图的结构，利用邻接图中簇间边较少的特点划分各个簇，因此能够处理非均衡数据集和密度不均匀的数据集。

3. 谱聚类求解拉普拉斯矩阵的特征向量的迭代过程可能不收敛，本文解线性方程求得图上拉普拉斯矩阵的格林函数，且对求解过程进行了优化，相比谱聚类更加高效和稳定。

4. 本文在多种类型的数据集上进行了实验，取得了较好的聚类结果，证实了本文算法的有效性。
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学位论文英文摘要：
Clustering has important applications in machine learning, big data and other fields. Clustering is the process of separating a dataset into clusters based on the similarity between data objects. Spectral clustering, which derives the clustering problems as the graph partitioning problems, is a classic clustering algorithm. Spectral clustering embeds the dataset into the feature space spanned by the eigenvectors of the Laplacian matrix, making the raw datasets be linearly separable datasets that are easier to cluster. However, when the size or density of each cluster in the dataset varies greatly, spectral clustering will obtain unreasonable clustering results. However, when clustering imbalanced datasets with different cluster sizes or inhomogeneous density datasets with different cluster densities, spectral clustering will get unreasonable clustering results.

This thesis proposes a novel clustering algorithm, which can deal with imbalanced datasets and inhomogeneous density datasets that spectral clustering cannot deal with. The proposed algorithm follows the paradigm of feature embedding first and then clustering as spectral clustering, but the feature embedding method is different. We observe that adjacency graphs constructed from datasets have fewer connected edges between different clusters and more connected edges within the cluster. According to this feature, we imitate the Venturi effect, the phenomenon that flows become stronger while going through a narrow tube as the route becomes narrow, on the adjacency graph. This can highlight the role of the edge between clusters, and clusters can be separated by strong flow on the edges between clusters. In this thesis, the proposed clustering algorithm is called Green's Clustering. The main works and innovations of this thesis are as follows:

1. We derive a method of imitating the Venturi effect with the Green's functions of the Laplacian matrix on the graph, and obtain a novel feature embedding method, which is more suitable for clustering than the eigenvector-based method of spectral clustering.

2. The proposed method focuses on the structure of the adjacency graph, and uses the characteristics of fewer edges between clusters in the adjacency graph to separate clusters, so it can deal with imbalanced datasets and inhomogeneous density datasets.

3. The iterative process of spectral clustering to solve the eigenvectors of the Laplacian matrix may not converge. Our method solves the linear equation to obtain the Green's function of the Laplacian matrix on the graph, and we optimize the solution process, which is more efficient and stable than spectral clustering.

4. We conduct experiments on various types of datasets. The clustering results confirm the effectiveness of our method.
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