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Abstract

According to the development the Internet, it raises several problems such as power consumption problem
including increase of power consumption and delay of power saving, latency degradation problem caused by
increase of Client-to-Datacenter (C2D) traffic, and Quality of Service (QoS) degradation problem caused by
increase of Round Trip Time (RTT) and delay jitter, etc. Future photonic network is required to solve these
problems drastically. The power consumption problem is caused by the increase of Internet traffic under
redundant flat network structure with a large number of interconnected Autonomous Systems (ASs), and
the delay in power saving is caused by that today’s Internet is operated statistically over a fixed physical
network topology, even though Internet traffic clearly exhibits large fluctuations. The latency degradation
problem is mainly caused by that the Internet network structure does not suit traffic centralization
corresponding to the increase of C2D traffic. The QoS degradation problem is caused by the large number of
hops, which is the number of routers between source node and destination node under Internet redundant
network structure.

Chapter 1 describes the background about three serious problems (power consumption, latency
degradation, and QoS degradation), describes about previous researches to clarify previous approaches and
problems, clarifies the purpose of this dissertation and position, and summarizes this dissertation.

Chapter 2 proposes 1 hop optical aggregation network suitable for traffic centralization, proposes the
smooth migration interface point from the existing Internet to proposed network. The evaluation results
shows that proposed network reduces power consumption to 1/20 — 1/30 compared to today’s Internet, and
verifies to satisfy the QoS requirements (delay less than 1ms, and packet loss less than 0.06%) by computer
simulation in case of optical slots aggregation.

Chapter 3 describes a dynamic energy-optimal network topology control method; first the traffic on every
path rout is monitored, and the data are used in calculating an energy optimal topology, finally the network
topology is reconfigured by controlling the power-off/on states of links/nodes. This sequence is automatically
repeated to maintain the energy-optimal topology. The experimental results utilizing prototype layer-2
switches (those can monitor link traffic and control power-offfon state of Links and switches) shows that the
proposed scheme can reduce the number of ports by 32% for a wide range of traffic loads, and applicable to
large- scale networks.

Chapter 5 discusses parallel calculation engine utilizing reconfigurable processor DAPDNA which enables
first calculation for energy-optimal network topology. The evaluation results show the proposed engine is
10-20 times faster than existing method.

Chapter 5 draws this dissertation to its conclusion with a useful summary of the advances raised herein.
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