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Software—defined infrastructure (SDI) is a promising framework to enable flexible and rapid deployment
of new services on information networks by providing virtualized infrastructure to customers by slicing
computing resources and network resources. That contributes shortening time—to—market of customers
services. Also, for network service providers, it is expected that there will be a merit of both capital
and operating expense (CAPEX and OPEX) reduction by deploying a SDI framework

However, several problems remain in virtual network control and physical network design towards
enjoying the SDI framework. First, a resource control which can immediately response to demand
fluctuations is required. The softwarized user interface in SDI enables responding to resource demands
from various customers in short—term. Second, related to the above problem, a resource controller is
required to work without a full knowledge of the whole network situation. Conventional approaches intend
to solve a certain optimization problem, where a centralized network controller needs to collect precise
information before calculating an optimized solution. However, this process will be difficult for a
larger number of multiplexed virtual networks, and that disables the on—demand network operation. Third
drastic and unexpected demand fluctuations should be considered. With short—term and customized
requests, demand fluctuations become difficult to predict. Then adaptation by a softwarized VNE control
becomes more important in SDI, but an improper physical resource arrangement may course degradation of
the performance of VNE controls. The target of this thesis is to construct a virtual network embedding
(VNE) control method for solving the first and the second problems, and physical resource planning for
the third problem.

We first propose a physical resource design method for optical networks, e.g., wavelength division
multiplexing (WDM) networks, as a prior inspection for physical resource design method in SDI
frameworks. We propose a design method for adding transceivers to IP routers in IP-over-WDM networks
The method defines correspondence between an evolution model and a WDM network, and simulates a process
of biological evolution (i.e., mutation and selection of gene regulatory networks through generations)
where transceivers arrangement is reflected by modifying the gene regulatory network. Then it measures
performance of the VNT control method (i.e., average link utilization rate). Evaluation results show
that our method accommodates more patterns of traffic fluctuation with lower link utilization than ad-
hoc design methods do. Thus we confirm our approach is promising for physical resource design

Second, we present a VNE method that works with limited information for large, complicated, and
uncertain SDI frameworks. To achieve this, the proposed method applies the biological ~ Yuragi’’
principle. Therefore, we develop a Yuragi-based VNE method that deals with node attributes, has the
generality to set a performance objective, and runs in multi-slice environments. We examine a
complicated model of end-to—end delay and show that the proposed method can sustain its adaptability
under various types of delay conditions. Simulation results show that the Yuragi-based method can
decrease VN migrations by about 29% relative to a heuristic method to adapt to fluctuations in resource
requirements.

Finally, we propose an SDI resource design strategy that increases diversity of VNE solutions, which
is derived by a variation of regulatory matrices under demand fluctuations. Our design strategy for the
SDI system aims to achieve adaptability in the face of unpredictable environmental changes by increasing
the diversity of considered VNE states. As a successful biological model, we consider the evolution of
populations of organisms to better fit changing environments. The strategy imitates the evolvability of
biological populations, adopting an evolutionary model that treats each VNE solution characterized as a
biological phenotype. We use the proposed strategy to construct a method for reinforcing the
computational capacity of physical nodes, and conduct experiments by computer simulation. Our results
show that the probability of convergence with VNE control is improved by using the proposed physical-
resource reinforcement, achieving a gain of up to 19% relative to a basis reinforcement method which
optimizes an expected performance under predicted demand fluctuations.
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