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Preface

Background

The data center aims to interconnect the hardware resources, such as large-scale
servers and network facilities, with dedicated topologies. Thus, data center acts as a
massive resource pool, including computing, storage, network and other resources,
to provide elastic services for various applications.

Data center networking (DCN) plays an essential role for the design of data
centers. DCN aims to connect all switches and servers together using an outstanding
topology, so as to achieve better network performance. Many applications hosted by
data centers cause intensive data interaction across multiple servers. DCN becomes
the bottleneck of data centers, and affects user’s experience directly. Therefore, it
is urgent to bring more innovations into the field of DCN, so as to promote the
development of data centers and its applications.

The research about DCN has become a highlight field in the academia as well
as the industry communities. There still exist a series of fundamental challenges
for speeding the development of the data centers. Specifically, this book focuses on
two challenges, including the topology design and the collaborative management of
traffic inside each data center.

This book deeply discusses the design and optimization methods of several novel
network topologies for data centers, so as to realize the high bandwidth, high fault
tolerance and high scalability. Furthermore, this book reports the cooperative trans-
mission mechanisms of several correlated traffic patterns in a data center, which can
significantly reduce the bandwidth consumption. The majority content in the book
come from our recent papers published in journals or conferences, and systematically
report representative research results in the field of data center network.
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vi Preface

Content Organization

Thebook consists of ten chapters,which can be divided into three parts. Part I presents
the background and overview of data centers and then discusses the state-of-the-art
network topologies of data centers, in Chaps. 1 and 2, respectively.

Chapter 1 reports the evolution trend of data centers, illustrates the applica-
tion fields of data centers, and summarizes the important challenges of data center
networking.

Chapter 2 proposes a new taxonomy that divides current data center topologies
into five categories, including the switch-centric, server-centric, modular, random,
and wireless topologies.

Part II introduces our four network topologies of data centers in Chaps. 3–6. They
are the server-centric network topology HCN, modular network topology DCube,
hybrid network topology R3, and wireless network topology VLCcube.

Chapter 3 introduces two server-centric network topologies,HCNandBCN, based
on the compound graph theory. They are constructed using homogeneous servers,
each of which just has two NICs, and commodity switches.

Chapter 4 introduces a family of intra-module network topologies, called DCube.
EachDCube interconnects a large number of dual-port servers and low-end switches.
Many DCube modules can further form a new modular data center.

Chapter 5 introduces a general design methodology for DCN topologies using the
compound graph theory, and discusses a hybrid network topology R3, which is the
compound graph of a structured topology and a random topology.

Chapter 6 proposes a hybrid network topology, VLCcube, by introducing extra
visible light communication (VLC) links into data centers. Specifically, VLCcube
augments Fat-Tree, a representative DCN in production data centers.

Part III focuses on the cooperative transmission of correlated flows inside a data
center. Managing those correlated flows is very essential for efficiently utilizing the
network resource and speeding the data applications.

Chapter 7 introduces the cooperative transmissionmanagement problemof Incast.
The basic idea is to perform the in-network data aggregation, during the transmission
phase as early as possible rather than just at the receiver side.

Chapter 8 considers how to realize the in-network aggregation of correlated
Shuffle transfer, so that the bandwidth consumption can be considerably reduced.
This chapter also introduces the scalable traffic forwarding mode based on Bloom
filters.

Chapter 9 makes the first step towards the study of in-network aggregation of
uncertain Incast transfer.

Chapter 10 introduces the cooperative traffic management of multicast. This
chapter proposes the minimum cost forest (MCF) model for such a multicast transfer
with uncertain senders.
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