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ABSTRACT
Many machine learning algorithms require real-valued feature vectors of data instances as in-
puts. By projecting data into vector spaces, representation learning techniques have achieved
promising performance in many areas such as computer vision and natural language process-
ing. There is also a need to learn representations for discrete relational data, namely networks
or graphs. Network Embedding (NE) aims at learning vector representations for each node or
vertex in a network to encode the topologic structure. Due to its convincing performance and
efficiency, NE has been widely applied in many network applications such as node classification
and link prediction.

This book provides a comprehensive introduction to the basic concepts, models, and ap-
plications of network representation learning (NRL). The book starts with an introduction to
the background and rising of network embeddings as a general overview for readers. Then it
introduces the development of NE techniques by presenting several representative methods
on general graphs, as well as a unified NE framework based on matrix factorization. After-
ward, it presents the variants of NE with additional information: NE for graphs with node
attributes/contents/labels; and the variants with different characteristics: NE for community-
structured/large-scale/heterogeneous graphs. Further, the book introduces different applications
of NE such as recommendation and information diffusion prediction. Finally, the book con-
cludes the methods and applications and looks forward to the future directions.

KEYWORDS
network embedding, network representation learning, node embedding, graph neu-
ral network, graph convolutional network, social network, network analysis, deep
learning
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Preface
Representation learning techniques, which can extract useful information from data for learning
classifiers and other predictors, have achieved promising performance in many areas such as
computer vision and natural language processing. There is also a need to learn representations
for discrete relational data, namely networks or graphs. By mapping similar nodes in a network
to the neighboring regions in the vector space, Network Embedding (NE) is able to learn the
latent features that encode the properties of a network. NE has shed a light on the analysis of
graph-structured data, and became a hot topic across machine learning and data mining areas
during the last five years.

This book provides a comprehensive introduction to the basic concepts, models, and ap-
plications of network representation learning (NRL).

We start the book from NE on general graphs where only the topology structure of a
network is given for representation learning in Part I. By introducing the history and several
representative methods of network embedding, we further propose a general framework for
NRL from a theoretic perspective. The framework can cover a number of typical NE algorithms
and motivates us to develop an efficient and effective algorithm that can be applied on any NE
methods to enhance their performances.

Next, we will introduce NE on graphs with additional information in Part II. In the real
world, a vertex in a network usually has rich information, such as text features and other meta
data. A joint learning from network structure and these additional information will significantly
benefit the quality of network embeddings. We will present NE algorithms with node attributes
(Chapter 3), contents (Chapter 5), and labels (Chapter 6) as instances in this part, respectively.
We also revisit attributed network embedding from a Graph Convolutional Network(GCN)-
based perspective in Chapter 4.

Afterward, we will present network embedding on graphs with different characteristics in
Part III, including community-structured graphs (Chapter 7), large-scale graphs (Chapter 8),
and heterogeneous graphs (Chapter 9). Community structures widely exist in social networks,
and can provide complementary global knowledge to network embeddings which focus on local
neighborhoods. Real-world networks are also large-scale and heterogeneous, whichmotivates us
to specialize network embedding algorithms for these kinds of graphs to achieve better efficiency
and effectiveness.

We will then show the applications of NE technique on various scenarios in Part IV,
namely social relation extraction (Chapter 10), recommendation system (Chapter 11), and in-
formation diffusion prediction (Chapter 12). NE respectively serves as the main body/a key
part/auxiliary inputs of the algorithms in Chapters 10, 11, and 12.



xx PREFACE
Finally, we will outlook the future directions of NE and conclude the book in Part V.
The intended readers of this book are researchers and engineers in the fields of machine

learning and data mining, especially network analysis. Though the contents in each chapter are
mainly self-contained, it is necessary for the readers to have a basic background in machine
learning, graph theory, and popular deep learning architectures (e.g., convolutional neural net-
work, recurrent neural network, and attention mechanism). The readers are suggested to quickly
understand the area of network embedding through Part I and deeply study the variants in dif-
ferent scenarios through Parts II–IV. We hope the outlook chapter in Part V inspires readers to
develop their own NE methods.

Cheng Yang, Zhiyuan Liu, Cunchao Tu, Chuan Shi, and Maosong Sun
February 2021
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