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学位论文中文摘要：表征学习旨在自动学习数据的有效表示或特征，将原始数据转化为更具信息和可解释性的形式。节点表征学习旨在获得捕捉图数据中节点之间的结构、关系和语义信息的节点低维向量表示。只考虑连边结构的网络对象称作同质网络，在此之上，同时考虑节点属性、节点类型和多重关系的网络对象分别称作属性网络、异质网络和多重网络。对于这类网络的节点表征学习是当下的一个研究热点。skip-gram是一种广泛应用的节点表征学习模型，旨在学习以某种方式生成的节点序列的节点的分布式表征。skip-gram模型有两种实现方式，基于神经网络或者基于矩阵分解，隐式分解矩阵是连接两种方法的桥梁。当前，基于矩阵分解的skip-gram节点表征学习存在以下三个改进空间：（1）隐式分解矩阵。目前广泛使用的隐式分解矩阵基于负采样skip-gram神经网络推导，关于标准skip-gram神经网络的隐式分解矩阵的研究较少。（2）关于节点相似度。大多数方法基于随机游走转移概率来计算隐式分解矩阵，基于一般节点相似度计算隐式分解矩阵的尝试很少。（3）网络类型。基于矩阵分解学习异质网络、多重网络的skip-gram节点表征的尝试较少。其中，改进隐式分解矩阵是改进另外两个方面的基础。针对这些问题，本文的主要工作有以下三点：

（1）对于隐式分解矩阵，本文推导出两种约束条件下的softmax逆变换，得到基于节点共现概率矩阵计算的softmax归一化skip-gram神经网络隐式分解矩阵的计算方法，该方法使用一个对隐式分解矩阵影响更小的参数。本文分析出DeepWalk模型中的节点共现概率矩阵，提出基于矩阵分解实现DeepWalk模型的表征学习方法，在多个数据集上与同类方法进行了公平的对比实验。实验结果表明，本文推导的隐式分解矩阵更有效。（2）对于节点相似度，本文尝试将归一化节点相似度矩阵作为节点共现概率，以隐式分解矩阵为桥梁，获得学习不同节点相似度的skip-gram节点表征。实验结果表明，本文推导的隐式分解矩阵对于一般节点相似度均有效；多个节点相似度指标中，全局性指标比局部性指标更有效；节点表征的链路预测效果与其包含的节点相似度密切相关。（3）对于网络类型，论文分别提出将属性网络、异质网络和多重网络转变为同质网络的拓展方法，以隐式分解矩阵为桥梁，获得属性网络、异质网络和多重网络的skip-gram节点表征。实验结果表明，基于拓展网络，许多面向同质网络的方法可以有效学习属性网络、异质网络和多重网络节点表征，其中，本文方法非常有效。
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学位论文英文摘要：Representation learning aims to automatically learn effective representations or features of data, transforming raw data into more informative and interpretable forms. Node representation learning specifically aims to obtain low-dimensional vector representations of nodes in graph data that capture their structural, relational, and semantic information. Networks that only consider edge structure are referred to as homogeneous networks, while networks that also consider node attributes, node types, and multiple relations are referred to as attribute networks, heterogeneous networks, and multiplex networks, respectively. Node representation learning for these types of networks is currently a research hotspot. Skip-gram is a widely used node representation learning model that aims to learn distributed representations of nodes in a sequence generated in some way. The skip-gram model has two implementations: based on neural networks or based on matrix factorization, with an implicit factorization matrix serving as a bridge between the two methods. Currently, there are three areas of improvement in matrix factorization-based skip-gram node representation learning:

(1) Implicit factorization matrix: The widely used implicit factorization matrix is derived from the skip-gram neural network with negative sampling, but no research has derived the implicit factorization matrix from the standard skip-gram neural network. (2) Node similarity: Most methods rely on random walk transition probabilities to calculate the implicit factorization matrix, with few attempts using general node similarity to compute the implicit factorization matrix. (3) Network types: There have been limited attempts to apply matrix factorization-based skip-gram node representation learning to heterogeneous networks and multiplex networks. Among them, improving the implicit factorization matrix serves as the foundation for improving the other two aspects. In addressing these issues, this thesis focuses on three main contributions:(1) For the implicit factorization matrix, this thesis derives two softmax inverse transformations under different constraints, obtaining a method to calculate the softmax normalized implicit factorization matrix based on the node co-occurrence probability matrix. This method utilizes parameters that have less impact on the implicit factorization matrix. The thesis analyzes the node co-occurrence probability matrix in the DeepWalk model and proposes a representation learning method based on matrix factorization to implement the DeepWalk model. Fair comparison experiments with similar methods are conducted on multiple datasets. The experimental results demonstrate the effectiveness of the derived implicit factorization matrix. (2) For node similarity, this thesis attempts to use the normalized node similarity matrix as the node co-occurrence probability, bridging it with the implicit factorization matrix to obtain skip-gram node representations that capture different node similarities. The experimental results show that the derived implicit factorization matrix is effective f or general node similarity. Among multiple node similarity metrics, global metrics are more effective than local metrics. The link prediction performance of node representations is closely related to the node similarities they contain. (3) For network types, this thesis proposes extension methods to transform attribute networks, heterogeneous networks, and multiplex networks into homogeneous networks. Using the implicit factorization matrix as abridge, skip-gram node representations for attribute networks, heterogeneous networks, and multiplex networks are obtained. The experimental results show that many methods designed for homogeneous networks can effectively learn node representations for attributed networks, heterogeneous networks, and multiplex networks when applied to the extended networks. Among them, the proposed method in this thesis is particularly effective.
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