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Abstract

The wide adoption of cloud computing is leading to an increase in
the number of data centers and physical servers worldwide. Eco-
logical communities are calling for the data centers to "go green”
and hence, energy efficiency has become a crucial concern in modern
data centers. Dynamic virtual machine (VM) consolidation is one
of the effective approaches endorsed to achieve energy efficiency in
cloud data centers hosting thousands of servers. Live migration is
a core feature enabling virtual machine consolidation. However, live
migration is a costly operation imposing energy and performance
overhead. Thereby, an efficient dynamic virtual machine consolidate

should consider the cost due to live migration.

This thesis addresses this challenge by presenting a dynamic vir-
tual machine consolidation algorithm that is live migration-overhead
aware. The dynamic VM consolidation problem is approached as a
discrete combinatorial bi-objective problem of saving the most en-
ergy while keeping the migration cost at minimum. Factors affecting
live migration cost and the parameters contributing to that cost are
studied and an estimation model for migration overhead is proposed.
Thereafter, a dynamic VM consolidation algorithm is designed and
implemented based on a meta-heuristic algorithm, simulated an-
nealing, that accounts for the migration cost imposed by a given

consolidation plan. Simulation-based experiments are conducted on
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CloudSim using real cloud workload traces from PlanetLab to eval-
uate the performance of the proposed algorithm. Results of the
proposed algorithm are compared to those of Best Fit, First Fit and
Worst Fit heuristic algorithms. For each experiment, the amount of
energy consumed, number of consolidated servers and the number of
carried out migrations are tracked. Among the compared algorithms,
it was found that the migration-unaware first fit approach provides
the least data center power consumption as well as number of re-
leased physical machines. The proposed migration overhead-aware
simulated annealing based algorithm is found to consume almost the
same amount of energy of that using a First Fit based consolida-
tion. However, the proposed algorithm accounts for the cost due
to live migration and is shown to reduce number of performed VM

migrations by 10% compared to FF-based algorithm. ...
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Chapter 1

Introduction

1.1 Motivation

Cloud Computing has become a pervasive computing model that has
grown from being an emerging trend to be ”the norm” among many
enterprises. Cloud data centers consume massive amounts of energy.
According to a recent article about trends in data centers’ energy
consumption [1], the ICT (Information and Communication Tech-
nology) sector contributes to up to 2% of the carbon dioxide emis-
sions worldwide. This number is almost equivalent to the emission
amounts produced by the aviation industry [2]. Moreover, accord-
ing to the same article, the IT (Information Technology) consumes
around 7% of the total generated electricity globally. This number

is envisioned to increase to 13% by 2030.

As stated by a report [3] published by Cisco [4] in 2017, Data centers
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account for 1.8% of all U.S. electrical consumption. Environmen-
tal organizations are pushing cloud providers to adopt environment-
friendly policies to reduce their electricity consumption and reduce
data centers carbon footprint. Energy efficient policies, also known
as green policies, should be enforced to conserve energy, not only to
increase the provider’s profit margin, but also to protect the envi-
ronment. In general, physical servers consume a lot of power even at
low utilization levels. Data Centers are usually designed and config-
ured to handle peak workloads. While in practice, those servers are
rarely fully utilized, meaning that it is infrequent that all servers are
needed to operate at their full operational power. Servers consume

80% of their peak power even at 20% utilization [5].

Server consolidation is one of the widely used approaches for energy
efficiency in data centers. Live migration is used to relocate VMs
from under-utilized servers to other servers without halting VM’s
operation. The objective is to free underutilized servers, turn them
to a low power state mode and hence, save their operational power.
However, most of the published works on server consolidation ignore
the cost of live migration operation, which is in fact an expensive

operation.

1.2 Objectives

The aim of this thesis is to investigate a dynamic virtual machine
consolidation algorithm that is live migration overhead aware, based

on the metaheuristic Simulated Annealing algorithm. This work
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tackles the estimation of the cost of live migration operation neces-
sary to achieve consolidation and considering this estimated cost in
dynamic virtual machine consolidation decisions. The objective of
the proposed algorithm is to reduce the amount of power consumed
by physical servers while keeping the overhead due to migration at

minimum.

1.3 Methodology

In this thesis, the dynamic virtual machine consolidation problem
is approached through modeling and simulating typical cloud en-
vironment setups using an existing discrete event simulation tool,
Cloudsim [6]. The dynamic virtual machine consolidation is for-
mulated as a discrete optimization problem. Simulated Annealing
algorithm inspired by annealing in metallurgy, is utilized as a meta-
heuristic algorithm to solve the given optimization problem at hand.
Moreover, a mathematical model for estimating the cost of live mi-
gration process is suggested and integrated with the consolidation
algorithm. Extensive experiments are conducted and discussed, with

varying simulation parameters and conditions.

1.4 Contribution

The key contributions of this thesis are as follows:
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1. A mathematical formulation for the Dynamic Virtual Machine
Consolidation
(DVMC) problem as a discrete optimization problem is pro-
posed.

2. A model for estimating the overhead due to live migration based

on suggested parameters is put forward.

3. A novel migration overhead-aware DVMC algorithm based on
simulated annealing is proposed as a solution to the consolida-

tion problem.

4. Experimental results based on extensive simulation across mul-

tiple algorithm parameters and conditions are conducted.

1.5 Thesis Organization

The rest of the thesis is organized as follows:
e Chapter 2 provides the background and discusses some technology-
related concepts involved in this thesis.

e Chapter 3 presents a discussion for the related work as a com-

parative study

e Chapter 4 introduces the architecture, setup and used method-

ologies of the proposed algorithm.

e Chapter 5 presents the results and provides an analysis for the

obtained results



Introduction 5

e Chapter 6 draws a conclusion for the research work and discusses

possible future research directions.



