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Foreword

Relational structures are ubiquitous in the real world, such as social relations between
people, transaction relations between companies, and biological relations between pro-
teins. Graphs and networks are the most common way to characterize these structured
data, where objects/relations are projected into nodes and edges, respectively. With the
great success of machine learning and deep learning techniques, how to numerically rep-
resent a graph has become a fundamental problem in network analysis. In particular,
graph representation learning, which aims to encode each node in a network into a low-
dimensional vector, has attracted much attention during the last decade. More recently,
representation learning methods based on graph neural networks (GNNs) show their supe-
riority on various graph-based applications, and become the state-of-the-art paradigm for
graph representation learning. GNNs work well for both node-level and graph-level tasks,
and immensely contribute to the depth and breadth of the adoption of graph representa-
tion learning in real-world applications: ranging from classical graph-based applications
such as recommender systems and social network analysis, to new frontiers such as com-
binational optimization, physics, and health care. The wide applications of GNNs enable
diverse contributions and perspectives from disparate disciplines and make this research
field truly interdisciplinary.

This book provides a comprehensive introduction to the foundations and frontiers
of graph neural networks. It mainly consists of three parts: Fundamental Definitions
and Development of GNNs in Part I (Chaps. 1 and 2); Frontier topics about GNNs in
Part II (Chaps. 3 and 7), and Future Directions for GNNs in Part III (Chap. 8). The
book starts from the basics of graph representation learning, and extensively introduces
the cutting-edge research directions of GNNs, including heterogeneous GNNs, dynamic
GNNs, hyperbolic GNNs, distilling GNNs, etc. The basic knowledge can help readers
quickly understand the merits of GNNs, while the various topics of advanced GNNs are
expected to inspire readers to develop their own models. Both beginners and experienced
researchers from academia or industry are believed to benefit from the content of this
book.
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vi Foreword

The authors of this book have worked on graph representation learning for years, and
developed a series of fundamental algorithms. As my first visiting scholar from mainland
China, Chuan Shi and I have built a close collaboration since 2010. He has done great
work in heterogeneous information network analysis and promoted the development of
this field. Xiao Wang and Cheng Yang, who published several top-cited papers in graph
representation learning, are rising-star scholars in network analysis community. I know
these excellent young researchers built a fast-rising laboratory focusing on Graph dAta
Mining and MAchine learning (named GAMMA Lab, directed by Chuan Shi). This book
systematically summarizes contributions of GAMMA Lab in the domain of graph neural
networks. I hope you can learn from this book and enjoy it.

Philip S. Yu
UIC Distinguished Professor and Wexler

Chair in Information Technology
University of Illinois Chicago

Chicago, USA



Preface

In the era of big data, graph data has attracted considerable attention, ranging from social
networks, biological networks to recommendation systems. For example, in social net-
work, the user and their behavior can be modeled as graph; in chemistry, the molecular
structure is naturally a graph; and in text analysis, the relations among words, sentences,
and texts can also be modeled as a graph. Despite data may be generated from different
fields with various modalities, they all can be considered as a graph, implying that graph
will make a profound impact on every walk of life. Naturally, graph analysis is of great
scientific and application values.

To bridge the gap between graph data with the real-world applications, one fundamen-
tal problem is the graph representation learning, i.e., how to learn the low-dimensional
vector for nodes in a graph, so that the applications can be conducted on the new learned
vectors instead of original graph structures. Deep learning, which has already well demon-
strated their ability on other fields, e.g., computer vison, has also become a promising
technique to deal with graph data. Different from previous graph representation learning
which mainly focuses on preserving topology, graph neural networks learn the node rep-
resentation by propagating node features along topology in a layer-by-layer manner. In
this way, the learned representation naturally encodes the effective information from both
of node feature and topology. To date, graph neural network has become a typical neural
network in deep learning. Not surprisingly, we have witnessed the impressive performance
of graph neural networks on various real-world applications, including but not limited to
recommender systems and biological field. The increasing number of works on graph
neural networks indicates a global trend in both academic and industrial communities.
Therefore, there is a pressing demand for comprehensively summarizing and discussing
the basic and advanced graph neural networks.

vii



viii Preface

This book serves the interests of specific reader groups. Generally, the book is intended
for anyone who wishes to understand the fundamental problems and techniques of graph
neural networks. In particular, we hope that university students, researchers, and engineers
in universities and IT companies will find this book inspiring. This book is divided into
three parts, and the readers are able to quickly understand this field through the first part,
deeply study the advanced topics of graph neural networks with the second part, and learn
the future directions in the third part.

• In the first part (Chaps. 1–2), we first present an overview of the basic concepts of dif-
ferent graphs, and the development of graph neural networks, including several typical
graph neural networks. This part will help readers rapidly understand the overall devel-
opment of this field. In particular, in Chap. 1, the basic concepts and definitions, as well
as the development of graph neural networks, will be summarized. The fundamental
graph neural networks, including GCN, etc., will be introduced in Chap. 2.

• In the second part (Chaps. 3–7), we then provide an in-depth and detailed introduction
of representative graph neural network techniques. This part will help readers under-
stand the fundamental problems in this field, and illustrate how to design the advanced
graph neural networks for these problems. In particular, the homogeneous graph neural
networks are discussed in Chap. 3, including the multi-channel graph neural networks,
etc. In Chap. 4, the heterogeneous graph neural networks are presented, mainly focus-
ing on the heterogeneous graph propagation network, etc. After that, we introduce
the dynamic graph neural networks in Chap. 5, which consider the temporal graph,
the dynamic heterogeneous Hawkes process, and temporal heterogeneous graph. Then,
in Chap. 6, we introduce the hyperbolic graph neural networks, covering the hyper-
bolic graph attention networks and Lorentzian graph convolutional neural networks,
etc. Finally, the distilling graph neural networks are presented in Chap. 7, including the
knowledge distillation of graph neural networks and adversarial knowledge distillation,
etc.

• In the third part (Chap. 8), we make the conclusion and discuss the future research
directions. Despite a large number of graph neural network methods being proposed,
many important open problems are still not well explored, such as the robustness and
the fairness of graph neural networks. When graph neural networks are applied to real-
world applications, especially some risk-sensitivity areas, these problems need to be
carefully considered. We summarize the future research directions here.

Writing a book always involves more people than just the authors. We would like to
express our sincere thanks to all those who work with us on this book. In particular, this
book is written in collaboration with BUPT GAMMA Lab, which is compiled by Chuan
Shi, Xiao Wang, and Cheng Yang. The writers of each chapter include Mengmei Zhang,
Meiqi Zhu, Deyu Bo, Ruijia Wang, Houye Ji, Nian Liu, Yugang Ji, Yuanfu Lu, Yiding
Zhang, Jiawei Liu, Yuanxin Zhuang, Yuxin Guo, Tianyu Zhao, and Yaoqi Liu. In addition,
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the work is supported by National Natural Science Foundation of China (Nos. U20B2045,
U1936220, 61772082, 61702296, 62002029, 62172052). We also thank the supports of
these grants. Finally, we thank our families for their wholehearted support throughout this
book.

Beijing, China Chuan Shi
Xiao Wang
Cheng Yang
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