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Our society heavily relies on the Internet and the other network services. We use mobile phones all the day, communicate
and do businesses by using email and video conferences, and enjoy audio and video streaming services. Also, machine to
machine communications play a role on measurements, sensing, or other purposes. All these services are provided through
the Internet and the other network systems and services. To handle the expanding demands of communications, network
systems need to be built effectively and reliably. Network design and performance evaluation is significantly important to
sustain reliable network systems and enrich our society through communications. In this thesis, we focus on how to design
and evaluate photonic networks and mobile wireless networks.
Firstly, we propose network design algorithms that minimize the network cost for electrical and optical label switched
multilayer Photonic IP networks. Using the developed algorithms, the cost-effectiveness of multilayered photonic IP
networks has been evaluated. In fact, compared with LSP networks with point-to-point WDM transmission systems, the
benefit of multilayer photonic IP networks is obtained even if the average LSP demand between pairs of nodes is less than
the OLSP capacity. The proposed algorithms comprise two steps and the first step provides muitiple different optimization
start points (initial networks). The optimal result is the best result chosen among the abtained results after multiple
optimization procedures. We have verified that most of the results obtained through the multiple different optimization
procedures applying different scenarios and subcases converge to almost the same value. This implies that the heuristics
developed here could effectively avoid the local minima, and the validity of the obtained results is very high.
Secondly, we newly propose a new network design algorithm that minimizes the network cost considering IP traffic growth
for multi-layered photonic |P networks that comprise electrical label switched paths (L5Ps) and optical LSPs. We have
evaluated the network cost obtained from the developed network design algorithm that considers IP traffic growth and
compare it to the results obtained from a static zero-based algorithm. The static zero-based algorithm does not take into
account the history of progressive past IP traffic changes/growth until that time. The results show that cur proposed
algorithm is very effective; the cost increase from the cost obtained using the zero-based algorithm is marginal. The
algorithm developed herein enables effective multi-layered photonic IP network design that can be applied to practical
networks where IP traffic changes/increases progressively and that can be used for long term network provisioning.
Thirdly, we propose a traffic control by influencing users, and a user and network integrated simulation which is able to
represent individual user behavior in a realistic situation. We also have implemented a real map ioading function,
pedestrian mobility, and a user behavior model to meet the requirements. We also evaluate the simulation capability, and
show that the simulator has high functionality and it is able to represent the effect of individual user behavior {mohility and
communication). The results show that the use of a mobility model and communication model which can take account for
the different behavior of users does influence the simulation results, and that it is both important and effective to take
detailed user behavior into consideration for accurate simulation.
Fourthly, we propose abstraction methods of pathloss and fading calculations to improve simulation runtime for large-
scale ITS wireless system simulations. In abstracted pathloss calculation model, we use more of cached pathloss values to
improve runtime when a received signal power is less than a threshold. In abstracted fading calculation madel, we neglect
fading calculation when a received signal power is less than a threshold. We have implemented our proposed methods to
network simulator and have evaluated simulation runtime and simulation accuracies with two-ray ground reflection and
ITU-R P.1411 models. The evaluation shows that regardless of propagation models about 55% to 70% simulation runtime
improvements are achieved with the very limited degradation of simulation accuracies.
In surmmary, we have proposed multi-layered photonic network design algorithms for a given traffic demand and a growing
traffic demand to minimize network cost. Also, we have proposed a mobile traffic control scheme and an evaluation and
optimization methods for mobile wireless netwarks. All proposed methods have been verified through simulation
experiments with realistic scenarios. The obtained results show that our proposed methods contribute to design photonic
networks and evaluate mobile wireless networks, and enrich our society through communication systems and services.
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