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With the explosive growth of the Internet and the rapid evolution of Dense Wavelength Division
Multiplexing (DWDM), optical fiber seems to be the perfect carrier for future high-speed IP networks.
IP-over-DWDM has been considered as a solution for the next-generation networks because it can make the
best use of the potential huge bandwidth of optical fiber. To realize an IP-over-DWDM architecture, several
approaches, such as Wavelength Routing (WR), Optical Packet Switching (OPS) and Optical Burst
Switching(OBS), have been proposed. Of these approaches, Optical Burst Switching (OBS) can achieve a
good balance between the coarse-grained Wavelength Routing and fine-grained Optical Packet Switching,
thereby combining the others’ benefits while avoiding their shortcomings.

In this thesis, we anaiyze several critical issues affecting bptical burst switching networks, such as
quality-of-service, burst assembly and TCP over OBS.

First we address the issue how to provide proportional differentiated services in OBS networks. A
Dynamic Wavelength Selection(DWS) scheme is introduced to provide proportional differentiated services in
bufferless OBS networks by assigning more and longer periods of wavelengths to high priofity classes
dynamically ahd efficiently due to wavelength-sharing. Then, a Delayed Burst Assignment(DBA) scheme is
introduced, by which bursts of the high priority class are given a higher probability'for reserving bandwidth by
scheduling the bursts of the low priority class with a delay to provide QoS in OBS networks. The integration of
these two schemes not only provides proportional differentiated services, but also improves the burst loss
performance by giving the burst head packet(BHP) two opportunities’to schedule its data burst(DB). We also
extend our proposed schemes to provide proportional differentiated services with absolute constraints. We also
extend the proposed schemes to provide proportional differentiated services with absolute constraints.

Then we address the issue how to improve the OBS performance by proposing efficient burst assembly
methods. Burst assembly at edge nodes is an important issue for the Optical Burst Switching(OBS) networks
because it has a great impact on the traffic characteristics. We analyze the assembled traffic of the Science
Information Network(SINET) by using the Fractional Brownian Motion(FBM) model. The analytical results ‘
show that the general timer-based and threshold-based assembly schemes could not avoid increasing the
burstiness, which will deteriorate the network performance. Thereby we propose two novel burst assembly
" algorithms with traffic shaping functions to reduce the variance of assembled traffic, which are named
advanced timer-based assembly algorithm and sliding window-based assembly algorithm. The simulation
results show that both the advanced timer-based and the sliding window-based assembly algorithms are better
than the timer-based and the threshold-based assembly algorithms in terms of the burst loss ratio. The
simulation also indicates that the advanced timer-based assembly algorithm has better performance in terms of
edge buffering delay than does the sliding window-based assembly algorithm.
| Finally, we develop a precise analytical model to study the performance of TCP traffic in OBS networks.
An edge buffering based OBS layer error recovery mechanism is proposed for OBS networks. The analytical
and simulation results show that our algorithm can lighten burst loss ratio for TCP flows of the OBS network.

In summary, throughout this thesis, all the proposed schemes solve many of the fundamental issues
faced by optical burst switching networks, thereby making OBS more pfactical and efficient in the near future.

Our main contributions of this thesis are as follows:
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The first contribution of this thesis is that we proposed Dynamic Wavelength Selection(DWS) and
combined it with Delayed Burst Assignment Scheme(DBA) as a rescheduling scheme to provide proportional
differentiated services optical burst switching networks.

The second contribution is that we analyzed the assembled traffic and proposed two trafﬁc-smoothihg
burst assembly methods for the optical burst switching Network. |

The third contribution is that we proposed an edge buffering based OBS layer retransmission mechanism

to improve the TCP performance over OBS networks.
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