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Cloud computing is a promising emerging paradigm that enables enterprises to host multiple indepen-
dent applications on a shared resource pool with the ability to lease computational power in the form of
virtual machines on a per-demand basis. Resoutce allocation in cloud platforms is a good example of
a complex real-world problem. It is expected that an efficient resource management system to ensure
high Quality of Service (QoS) under challenging workload variability trends. If the end-user data and
applications are moved to the cloud, cloud providers should guarantee the availability of the services
against unpredictable system faults. It is also important to enhance the efficiency of the management
systems by optimizing power management, minimizing management system overhead, reducing oper-
ation costs and limiting the escalating ecological footprint of cloud systems. Finally, virtualization is an
enabling technology that adds great flexibility to the resource managers in addressing such challenges.
However, utilizing virtualization techniques efficiently is a new challenge of management complexity
added to the above mentioned challenges of the cloud platforms.

Many optimization problems in science and engineering involve constraints. Constraint optimization
problems have a variety of great challenges resulting from the various limits on the decision variables,
the constraints involved, the interference among constraints, and the interrelationship between the con-
straints and the objective functions. Genetic algorithms (GAs), on the other hand, are efficient search
metaheuristics that mimic the operations of natural evolution. GAs play an increasingly important role
in a variety of fields and applications. However, constraint optimization problems pose challenges
to the performance of GAs, since GAs in their original versions (i.e. the ones that use traditional
crossover and mutation operators) are blind to constraints.

Thus, the main objective of this Ph.D dissertation is to design an intelligent resource allocation man-
ager that can flexibly adapt computational resources to satisfy the above mentioned challenges and
objectives. To address this objective, I have proposed, firstly, a novel multi-level architecture that relies
on a hybrid virtnalization framework to address the problems of what it is the optimal number of VMs
to be allocated for the running applications? What it is the optimal utilization levels to be assiéned for
the running VMs? What it the optimal distribution to place the running VMs on? This framework can
flexibly and efficiently address a wide spectrum of objectives. Furthermore, I have developed a hybrid
GA, Binary-Real coded Genetic Algorithm (BRGA), to act as a core for the management system intel-
ligence. BRGA is a new hybrid approach that has the ability to handle both floating point and binary
encoding schemes. It relies on a parameterized hybrid scheme to share the computational power and
coordinate the cooperation between Binary coded GA (BGA) and Real coded GA (RGA). BRGA has

been applied successfully to a wide spectrum of global and constraint optimization problems from the
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known benchmark suites. I have used CEC’2005 benchmark of 25 problems to verify the performance
of the algorithm against global optimization problems. To handle constraint optimization effectively, I
have introduced a modified dynamic constraint handling technique within the architecture of BRGA.
I have also used the CEC’2010 benchmark suite of 18 functions to analyze quality, time and scalabil-
ity performance of BRGA. BRGA has been applied to the multi-level autonomic architecture. I have
evaluated the feasibility, effectiveness and scalability of the proposed approach through simulation
experiments.

The dissertation organized as follows: Chapter 1 gives a general introduction of the research. It ex-
plains the main motivation and major objectives behind‘the research. In addition, it reviews the related
literature of BGAs and RGAs highlighting the main points of characteristics and disadvantages or
critiques. Chapter 1 also discusses the anatomy of hybrid algorithms and clarifies the background of
resource allocation problem in cloud platforms. Chapter 2 is mainly about the BRGA. It describes the
algorithmic issues in details and discusses the conceptual issues underline the operation of BRGA and
the key concepts behind the success of BRGA.

Chapter 3 analyzes the performance of BRGA against global optimization problems through extensive
experimentation using the CEC’2005 benchmark suite of 25 functions. The outcomes of the parameter
tuning procedure are reported and analyzed. Quality and time performance of BRGA against original
binary and real coded GA components are reported and discussed. Finally, to validate the performance
of BRGA, the performance of BRGA is compared with some other state-of the-art evolutionary al-
gorithms from the literature. Chapter 4 analyzes the performance of BRGA against real parameter
constraint optimization problems through extensive experimentations using the CEC’2010 benchmark
suite of 18 functions. To extend BRGA for constraint optimization problems, a modified dynamic con-
straint handling technique is introduced within the architecture of the BRGA. The modified penalty
method is discussed in details here. To evaluate the affects of modification on BRGA performance,
the outcomes of comparison experiments are reported and discussed. To validate the performance of
BRGA, the performance is compared with some other state-of the-art evolutionary algorithms for con-
straint optimization problems. Finally, the outcomes of the parameter tuning procedure are reported
and analyzed.

Chapter 5 describes the proposed multi-level autonomic architecture in detail by illustrating a general
overview of the system and defining key terminologies within the system. This Chapter discusses
the feasibility of architecture implementation and highlights the main characteristics. The underlying
mixed integer mathematical model is presented and explained. To validate the main hypothesis of the
research, this Chapter reports the outcomes of an extensive experimental investigation using the ran-
domly generated static datasets, which are snapshots that simulating challenging dynamic scenarios,
were used to evaluate the feasibility, effectiveness and scalability of our approach through simulation
experiments. Finally, Chapter 6 and 7 conclude the dissertation. BRGA is a new hybrid approach. It
enjoys a competitive position when compared with the literature. Multi-level autonomic architecture
is a recent approach for the management of virtualized resources within cloud platforms. It has the

potential to impact the business environment of cloud computing.
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