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Abstract

Traffic to data center and that in data center have been increasing rabidly because of cloud
service development. In 2019, traffic to data center will be 80% of traffic in access networks.
Traffic of 70 % in data center flows within data center network. Above the background, in
network access to data center (defined as access data center network hereinafter) and network
within data center (defined as intra data center network hereinafter), I need to consider network
architecture for power saving and survivability of mission critical service in order to treat
increasing traffic.

In the present access data center network, PON (Passive Optical Network) is mainly used.
However, I need to consider network architecture with aggregation type when traffic to data
center and the number of users increase rapidly. This dissertation focuses on access data center
network realizing more energy efficiency with larger scalability. In the present intra data center
network, electrical switches and routers are usually used. However, I need to consider optical
technologies which can realize power saving and larger scale network for data center in order to
treat increasing traffic in intra data center network. This dissertation focuses on intra data center
network realizing power saving with high data center performance and high reliability for
multi-service including mission critical service.

To solve above problems, this dissertation proposes optical access/intra data center network
with high energy efficiency and reliability. In the optical access data center network, the
proposed scheme realizes high energy efficiency with large scalability by reducing times of
switching in optical switches according to user communication status. In the optical intra data
center network, the proposed scheme realizes power saving by controlling optical network and
VM (Virtual Machine) according to the network and VM conditions. Furthermore, the proposed
scheme realizes high reliability of high-priority service by reducing low-priority service rapidly
on failure notification.

This dissertation is organized as follows. Chapter 1 describes the background of the dissertation
and clarifies the challenges in data center networks and the position of the dissertation. Chapter 2
illustrates technologies of access/intra data center network and schemes of power saving and
survivability. Chapter 3 proposes high energy efficiency in optical access data center networks.
According to the computer simulations, I show that the proposed scheme can reduce switching
times by 25 % as compared to the conventional scheme. Chapter 4 proposes high energy
efficiency in optical intra data center networks. According to the computer simulations, I show
that the proposed scheme can reduce power consumption by 40 % with high data center
performance as compared to the conventional scheme. Chapter 5 proposes high reliability in
optical intra data center networks. According to the computer simulations, I show that the
proposed scheme can reduce failure-recovery time of high priority service by 60 % even if low
priority service is offered. Chapter 6 draws this dissertation to its conclusion with useful
summary of the advances raised herein.




