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The rapid growth in worldwide communications and the rapid adoption of the Internet have
led to a growth in the amount of communication traffic every year. An optical network can
potentially support the continuously increasing demands for communications. Therefore,
researchers focus on new technologies for high-speed, flexible, and scalable optical networks.
Elastic optical networks (EONs) are regarded as promising techniques to achieve flexible
utilization of spectrum resources in optical networks. In EONs, lightpaths are provisioned for
traffic demands. In lightpath provisioning, it needs to use spectrum resources efficiently. This
thesis studies three specific problems with lightpath provisioning in EONs. Each problem
corresponds to lightpath failure, inter-core crosstalk (XT) and intra-core physical layer
impairments (PLIs), and spectrum fragmentation due to inter-core XT, respectively. This thesis
consists of six chapters.

Chapter 1 introduces the background of lightpath provisioning in EONSs.

Chapter 2 investigates the related works in literature.

Chapter 3 proposes a multipath provisioning (MPP) scheme that allows allocating the
different numbers of spectrum slots and different amounts of transmission capacity to each path
to minimize required spectrum resources in EONs. To minimize the required spectrum resources,
two optimization problems in the proposed scheme are presented. One problem considers that
the route of link-disjoint paths for a traffic demand is given, and the other determines the routes
of link-disjoint paths and the number of spectrum slots allocated to each path simultaneously.
The transmission capacity allocated to each path is determined by solving each optimization
problem. The optimization problems are formulated as an integer linear programming (ILP)
problem. Numerical results show that the proposed scheme, compared to the conventional
scheme, reduces the required spectrum resources in several cases. It is also observed that the
required spectrum resources can be reduced by considering the routing of link-disjoint paths in
the proposed scheme at the expense of more computation time.

Chapter 4 proposes a routing, modulation, spectrum, and core allocation (RMSCA) model that
jointly considers inter-core XT and intra-core PLIs for spectrally-spatially EONs (SS-EONs) by
considering the aspect of the optical signal to noise ratio (OSNR) penalty, which is the value of
decreasing amount of OSNR due to inter-core XT. The proposed model sets multiple XT
thresholds and their corresponding transmission reaches. The transmission reach corresponding
to each XT threshold is set so that the optical signal deteriorated by inter-core XT and intra-core
PLIs can be delivered to the destination node while maintaining the signal quality. The proposed
model relaxes the XT threshold when the transmission reach becomes short as the intra-core
PLIs are less due to the shorter transmission reach. On the other hand, the XT threshold becomes
severe with the increasing transmission reach. Thus, the proposed model allows a small XT value
for long-distance transmission and a larger XT value for shorter-distance transmission, and
hence it enhances spectrum efficiency. To minimize the maximum allocated spectrum slot index,
an optimization problem based on the proposed model is presented. The optimization problem
is formulated as an ILP problem. A heuristic algorithm for the proposed RMSCA model is
presented when the ILP problem is not tractable. The performances of the proposed model are
evaluated, in terms of the maximum allocated spectrum slot index and the computation time,
and compare the proposed model to a benchmark model. The numerical results show that the




proposed model enhances resource utilization compared to the benchmark model.

Chapter 5 proposes a fragmentation-aware lightpath provisioning model to suppress both
fragmentation caused by allocating spectrum slots to lightpaths and due to inter-core XT in SS-
EONSs. To suppress the fragmentation due to inter-core XT, the proposed model classifies vacant
spectrum slots into available vacant slots and unavailable vacant slots when calculating a metric.
Based on the proposed model, an optimization problem is presented. To suppress the
fragmentation, an optimization problem is presented based on the proposed model. A heuristic
algorithm for lightpath provisioning is presented in the case that the ILP problem is not tractable.
The performances of the proposed model are evaluated in terms of the blocking probability,
compared to a benchmark model. Numerical results observed that the proposed model suppresses
the blocking probability better than the benchmark model.

Finally, Chapter 6 concludes this thesis and discusses the future works to extend this work.
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