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The amount of worldwide network traffic continues to increase due to the growth in
wired/wireless broadband subscribers and the popularization of bandwidth-hungry applications
such as video streaming. This increase in network traffic is raising the power consumption of
network equipment by as much as 12 percent per year. Several researches have estimated that
about 60-80% of the power consumption is consumed in the access network area. In the present
access networks, Passive Optical Network (PON) systems are widely deployed for residential
users. PON systems provide broadband access service at low cost by sharing an Optical Line
Terminal (OLT) and a trunk fiber by subscribers. Non-residential services such as virtual private
lines and mobile fronthauls are also about to be provided over existing optical access networks.
Therefore, a technique for high reliability with moderate cost is necessary.

From these backgrounds, the next-generation optical access networks require supporting not
only capacity enhancement and cost efficiency, but also energy efficiency, high reliability, and
multi-service accommodation. To support aforementioned requirements at the same time, the
optical metro/access integrated network has been studied. The optical metro/access integrated
network expands the coverage of the present access networks to the metropolitan area network.
By increasing the number of subscribers per OLT, the optical metro/access integrated network
aggregates subscribers' traffic efficiently and achieves low power consumption by reducing the
amount of electrical switches. This network is also expected to improve disaster tolerance at low
cost since backup equipment can be shared by a lot of subscribers. We have proposed the Elastic
Lambda Aggregation Network (EAAN) that accommodates multiple services by using
programmable equipment and reconfigurable Optical Distribution Network (ODN).

This dissertation proposes techniques for more energy efficiency and high reliability by
exploiting network virtualization technology in ELAN. The power consumption in central offices
decreases by aggregating network functions into a limited number of OLTs and making unused
OLTs sleep according to the traffic fluctuation. In case of massive failures, a single OLT keeps
connectivity of excessive subscribers by switching connecting subscriber groups by TDMA.

This dissertation is organized as follows. Chapter 1 describes the problem in the present
optical access networks and clarifies the target of this dissertation. Chapter 2 introduces related
optical network technologies and existing techniques for energy saving and high reliability.
Chapter 3 focuses on the energy saving. To realize selective OLT sleep in the multi-service
environment, the migration of network functions between OLTs is proposed. The optimization
problem that obtains the placement of functions that minimizes the number of running OLTs is
modeled as an Integer Linear Programming (ILP) problem. Numerical results show that the
number of sleeping OLTs increases 16.7% on average and 35.8% at a maximum. Chapter 4
focuses on the high reliability. A network topology based on Mach-Zehnder 2x2 optical
waveguide switches is proposed as a part of EAAN ODN. The proposed topology provides
protection and TDMA-based subscriber accommodation. After that, a communication method
that accommodates excessive subscribers is proposed. To alleviate the effect of large
communication intervals of subscribers, a proxy that provides several functions such as traffic
shaping is generated. Improvements in UDP packet loss rate and TCP throughput by the proxy
are measured by implementation experiments. Chapter 5 concludes this dissertation.




