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Abstract

Cloud computing consists of a variety of computing services that are
running on the service provider's infrastructure. Due to the restricted
amount of computing resources and dramatic increase in cloud users, cloud
providers may fail to provide service to potential cloud users. A cloud user
who, at any given time, fails to receive the needed resources with the
expected quality, may likely switch from one cloud provider to another.
Cloud providers should offer high quality services, with a guarantee of not
restricting the number of accepted requests, maximize their profit, utilize
their resources, and dynamically increase their available resources using
cloud federation strategy, which prompt cloud service providers (CSPs) to
collaborate and trade computing resources. This study is based on different
scenarios of standalone cloud and federated cloud using discrete event
simulation, explores the impact of profit, energy consumption of providers,
and processing costs before and after cloud federation. The study presents
policies for decisions whether cloud providers should outsource resources
or use internal resources and the effect of cloud federation on the provider’s
benefits. Additionally, the study proposes a new resource allocation for
ii

cloud providers in the federated environment based on the quality
matchmaking algorithm for selecting the suitable cloud provider. In
conclusion, this dissertation gives a reasonable explanation on the issues of
resource management and service selection in the federated cloud
computing area.

Keywords: Cloud federation, cloud computing, datacenter energy
consumption, Infrastructure-as-a-service, discrete-even simulation, resource
allocation

Student Number: 2012-31304
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Chapter 1 Introduction
1.1. Motivation

Cloud computing is an innovation on how computing power delivers to
businesses and industries. Computing power is transformed from traditional
computing to the cloud computing approach, with the aim of providing
computing services in a way that is comparable to public utilities such as
water, electricity, gas, and telephony (Yin 2009). Cloud establishes dynamic
and flexible application provisioning data centers (Weiss 2007). Cloud
computing has introduced a major change in the IT, software and hardware
industry. Due to cloud computing software is no longer just a software,
instead, like everything else in the cloud, it is a service. Therefore, cloud
enables "to access files, data, programs, and 3rd party services from a web
browser via the Internet that are hosted by a 3rd party provider (Kim, 2009)”
while paying only for services that are used (i.e. pay as you go model).
Big cloud providers such as Amazon, and Google, due to having
lower cost computing resources than smaller providers can control the cloud
market industry. Therefore, there is no market for the small cloud providers.
1

To overcome this issue, a framework architecture model in which small cloud
providers can join together through virtual interfaces was proposed. In effect,
cloud federations give more advantage to smaller cloud providers than big
cloud providers (Kim, Kang, and Altmann 2014).
McKinsey(2014)

also

reported

that

82%

of

companies

reportedly saved finances by moving to the cloud. International Data
Corporation, forecasted that the investment on public cloud services will be
increased from $47 billion in 2013 to $107 billion in 2017. Since
infrastructure as a service (IaaS) users can be software as a service (SaaS)
providers, platform as a service (PaaS) providers or normal users, IDC
predicted that the infrastructure as a service model is one of the fastest
growing categories with compound annual growth rate of 27.2%.
In South Korea, there is a huge demand for having cloud computing
among government institutions, large enterprises, and small medium
enterprise (SME). The Research and Markets (2013) reports that cloud
computing market is expected to grow at an average rate of 22.16% over the
period 2013-2018. One of the main factors for the market growth is that the
Korean government started to develop and boost cloud computing facilities in
2

the country. However, data security and privacy of the cloud computing is still
a challenge to the growth of the market. On 3 March 2015, the Korean
National Assembly passed the Act with the following objectives (Data
Guidance, 2015):
·

Promoting investment in the cloud market

·

Motivating the use of cloud computing services

·

Protecting cloud users’ information

After 2012, the movement of federated cloud environment, by
considering Open Cloud Computing Interface (OCCI) for the control and
management of cloud resources has been started. Also, Cloud Data
Management Interface (CDMI) client/server system is used to exchange data
between virtual machines and data repositories.
Cloud federation projects are mainly used in the Europe, which usually
aim to provide their own infrastructure for security purposes and to enable
small cloud providers contribute to the cloud infrastructure market and sell
their resources. The EGI Federated Cloud (2014) uses standards to create a
fair and open European cloud marketplace. In addition, cloud federation
assists providers to sell their idle resources and monetize them. Cloud users
3

benefit from cloud federation by having extra computing resources at any
requested time, having ubiquitous services, and a variety of resources with
different pricing model. One of the main characteristics of cloud computing is
virtualization, which allows IaaS service providers to create and run multiple
virtual machines on a single physical computer called host.
Virtualization characteristic improves the resource utilization and
increase the Return on Investment (ROI) (Beloglazov and Buyya 2013).
Compared with other service models such as grid services, cloud services are
easier to access, cost-efficient, and lower in energy consumption. Cloud
computing is based on standard web protocols. In contrast, grid computing
requires that both user and provider to run a specific middleware; therefore,
access to grid resources is quite complex (Dias de Assunção, Buyya, and
Venugopal 2008). Mainly cloud computing targets general users. Therefore;
ease of use play an important role. Minimal upfront investment and pay-peruse model enables cloud computing to be more cost-efficient. In addition,
cloud users using resource expansion can increase or decrease resources at
any time.

4

1.2. Problem description

Growing demands on IT and cloud computing lead to increase in competitors.
Therefore, cloud providers based on the SLA agreement should satisfy the
QoS of user, and provide the resources at any requested time.
Cloud computing works with the usage based cost model, where cloud
customers are able to use resources and services in a pay-as-you-go approach.
Therefore, if a cloud customer, at any time, fails to receive resources with the
expected quality, they may switch to another cloud provider (i.e. switching
cost of Infrastructure as a Service (IaaS) cloud service model is low
comparing to Software as a Service (SaaS) and Platform as a Service (PaaS)).
Applications such as gaming, social media (Ahuja and Moore 2013), Ecommerce (Wang 2013), Customer Relationship Management (CRM)
(Brinkmann and Voeth 2007) need global scope and users always want to run
these applications internally wherever they want, with low delay and latency.
However, the problem is that cloud users cannot get those services or
applications from a single provider no matter how giant the service provider is.
Because giant cloud service providers, like Amazon and Google have limited
geographic coverage where their infrastructures are located only where it is
5

beneficial for them to invest. For example, Amazon EC2

consists of data

centers that are located only in U.S. East (N. Virginia), U.S. West (Oregon),
Northern California, E.U. (Ireland), E.U. (Frankfurt), Asia Pacific (Singapore),
Asia Pacific (Tokyo), Asia Pacific (Sydney), South America (Sao Paulo), and
outside of major countries and cities where its coverage is low. Here, we
should consider spatial demand, in which the nearest cloud provider, under the
circumstances of a federation environment, will handle the request of users.
Additionally, cloud federation can be a solution for handling high temporal
demands at specific times. For example, the service provider, at a specific
time, will have many users and cannot accept all the requests unless SLA
violations occur; therefore, using cloud federation will help the provider to
satisfy all incoming requests.
One of the major issues in cloud computing is the lack of resources
during peak demand. This motivates service providers to cooperate and trade
their resources using cloud federation. Availability of resources in a single
IaaS cloud provider is limited and data centers have restricted amount of
resources. IaaS cloud providers aim to minimize their operational costs and
attract more users by providing more services and resources to them. Because
6

of the high competition in the IaaS cloud market, the cloud provider should
provide resources at any time for users and satisfy the QoS of user
requirement. Therefor, IaaS cloud providers should have an efficient and
economical resource allocation and understand the effect of each resource
allocation on their profit.
Giant cloud providers such as Google and Amazon, due to economies
of scale, can potentially have more revenue through cost savings rather than
smaller cloud providers. Therefore, cloud market should always be followed
and controlled by giant providers, and in effect, small IaaS providers can
never compete with giant providers and there is no market for smaller cloud
providers. This situation can be the reason for a cloud provider to lock-in
users and avoid standardization in the cloud market. According to Kim et al.
(2014), cloud federations allow IaaS cloud providers to reduce the cost of
maintenance of its services and boost the resource utilization. Linthicum(2010)
identified the dangers of the influx of giant cloud monopolies wherein too
much control is in the hand of a few and, businesses are left weak to shifting
costs.
Currently, PaaS providers that use IaaS service providers for hosting
7

their platform, lock-in the developer wherein they should deploy the
application in specific language formats. IaaS providers also have specific
prices and resources. One of the promised factor of cloud computing is
providing on-demand resources for users. However, if users at any time need a
few hundred VM resources, IaaS providers should just provide the resources.
If they do not have enough resources, they must purchase the capacity that
users require from the federated marketplace or other external cloud providers.
In the current stage of IaaS cloud, cloud users cannot access services
anywhere and without violation of the SLA.
IaaS cloud providers provide their computing resources in the form of
virtual machines to cloud users using the web portal. They aim to make profit
by providing their available computing resources to handle many users, with
the main goal of maximizing their profit while applying the guarantee of
Quality of Service (QoS) of user requirements based on the agreed Service
Level Agreement (SLA). To accomplish this objective, IaaS cloud providers
need efficient and economical resource management strategies.
Nature of services is decomposable. Therefore, IaaS providers’
resources such as computing power, memory, and network bandwidth cannot
8

be stored for future selling and if not utilized carefully, due to depreciation
cost, they may lose value in the future.
Since cloud providers should provide high QoS services, without
having the limitation on the number of accepting end users, they must be
capable of increasing their available resources at any requested time. One
possible approach for getting additional VMs resources is renting idling
resources from other external providers using cloud federation. Cloud
participants in the cloud federation can rent part of their idle resources to
other providers who need additional resources at that time. With the help of
the federation mechanism, cloud service providers get fewer rejections of
cloud users’ requests and can boost the number of their users.
IaaS cloud providers consist of different resources such as, on-demand,
on-spot using bidding strategy and reserved. On-demand resources allow
cloud users to pay for resources by its hourly or daily usage and use pay as
you go pricing model. On-spot virtual machine by using bidding strategy,
allows cloud users to rent a resource by accepting the risk of cancellation due
to new users willing to pay more for the same resource. Therefore, these type
of resources are not permanent. Reserved resources allow cloud users to rent a
9

resource for a specific duration of time that is usually yearly, which the price
of the resource is lower than on-demand model. The challenge in whether a
provider uses outsourcing or insourcing using different type of resources to
maximize its profit is important. Additionally, analysing the profit of cloud
provider in terms of outsourcing and insourcing is playing an important role.
Cloud service providers due to high operational costs, spends huge
amounts of energy. The Data Center(DC), in average consume, as much as
energy as 25,000 households(McKinsey, 2009).
Previous literature (Calheiros et al. 2012; Goiri, Guitart, and Torres
2012; Gomes, Vo, and Kowalczyk 2012; Kim 2009) lack consideration in
resource management policies in a cloud federation environment with
multiple providers for selecting the best provider. In addition, resource
management, outsourcing, and trading resources among providers can be
efficient in engaging more users and avoiding loss of market. Providers can
propose different resources and prices with consideration of their users.

1.3. Research objective

IaaS cloud providers need to minimize their transaction and energy
10

consumption costs using different resource management techniques and
policies. Resource management, outsourcing, and trading resources among
providers can be efficient for provider to invite more users and prevent market
loss. Providers can propose different resources and prices with consideration
of their user.
This study aims to consider policy makers of cloud providers , to
achieve better understanding of resource allocation policies, outsourcing,
service interoperability and cloud federation. We proposed a quality
matchmaking algorithm for selecting the suitable outsourced cloud provider.
We proposed three types of scenarios, based on the type of resources that are:
on-demand, on-spot, and reserved. We analyse the SLA violation, profit of
provider, energy consumption, and the effect of insourcing and outsourcing
using three different types of resources using discrete event simulation. The
following summarizes the objective of the study:
·

Propose a quality matchmaking algorithm in the cloud federation
environment.

·

Analyse the processing cost before and after cloud federation.

·

Propose low SLA violation using the quality match making algorithm.
11

·

Measure the energy consumption of provider that uses different
resource policies.

·

Analyse the profit of provider in each resource allocation scenario.

·

Propose decision making resource allocation scenarios for IaaS cloud
providers with the aspect of outsourcing request, termination of onspot resources, migration of on-spot, reserved, and on-demand idle
resources.

We consider two main scenarios: 1) no internetworking approach:
the cloud provider is standalone and uses its in-house resources to handle
cloud users; in effect, free competition. 2) internetworking approach: the
provider uses cloud federation to receive advantages from outsourcing.

1.4. Research questions
Based on the research objectives and problems stated, a number of research
questions are addressed in this study. In this part, we address the questions
that are related to different types of resource allocation for cloud computing
using federation and standalone.

12

1)What are the value changes in terms of profit for providers using
insourcing and outsourcing? How to increase provider's profit
based on different resource provisioning policies? To analyse these
changes, we use discrete-based simulation using CloudSim
toolkit(Calheiros, Ranjan, Beloglazov, De Rose, & Buyya, 2011) to
identify the profit and energy consumption of cloud providers
before and after federation.
2)When can providers use outsourcing or insourcing using different
types of resources? What are the effects of outsourcing with a
percentage of spot and reserved resources? The decisions are analysed
using different scenarios which are discussed in the simulation and
results chapter.
3)What are the Service Measurement Index factors that service
provider in the federated environment should consider choosing the
best provider for allocating the resources? The factors are identified
through a literature review of previous studies using Service
Measurement Index (SMI) framework and used in the proposed
quality matchmaking algorithm.
13

1.5. Research methodology
Evaluating and analysing of the proposed model and scenarios in this thesis
is carried out using discrete-event simulation.
Discrete-event simulation: The target domain cloud provider in
this thesis is an Infrastructure as a Servie (IaaS) cloud provider. Estimating
the performance of IaaS cloud resource allocation policies and performance
models in the most efficient in large-scale experiments are difficult to
achieve. To solve this challenge, discrete-event simulation was chosen as
the main method for evaluation of the performance of resource allocation
model with different resource allocation scenarios. The CloudSim
simulation toolkit (Calheiros et al. 2011) has been chosen as a simulation
platform, to simulate our different scenarios in the cloud computing
environment and resource provisioning. In contrast to alternative simulation
tools (e.g. SimGrid, GandSim), it supports modelling of on-demand, onspot, reserved virtualization, enabled resource and application management.
Service Measurement Index (SMI): SMI attributes are designed by
Cloud Service Measurement Initiative Consortium (CSMIC) (Siegel and
14

Perdue 2012), to measure and calculate the quality of cloud computing
services based on different indicators. SMI consists of several Key
Performance Indicators (KPIs) that provide a measurement method for
comparing cloud service providers. SMI provides a service measurement
framework to the cloud users for calculating performance and quality of
cloud-based services based on: accountability, agility, assurance, cost,
performance, security and privacy, and usability. Only some of SMI
attributes are related to the Infrastructure as a Service (IaaS) cloud
providers. We assume that all service providers have high ability of easiness,
install-ability, and compliance. However, the factors portability and
scalability are considered in the federated cloud environments. Therefore, in
this study, we consider six types of SMI factors for considering the cloud,
which are availability, reliability, cost, service response time, throughput,
and accuracy.

1.6. Contributions
This work can be divided into: current resource allocation policies in
standalone cloud and federated cloud environments, evaluation of energy
15

effect on consumption efficiency of cloud providers, and providing the
framework for selecting the appropriate provider in federation environment.

·

Resource allocation policies in standalone cloud environment and
federated cloud: Resource allocation policies are playing an
important role in accepting incoming requests, whether the provider
can outsource, or in-source to have enough resources for increasing
its profit.

·

Analysing the effects of energy consumption efficiency of cloud
providers: The energy consumption of IaaS cloud provider is one of
the major challenges of each country, especially in developed
countries that are highly dependent on cloud computing and IT.
Therefore, understanding the effects of each resource allocation
policy on energy consumption is playing an important role.

·

Market power of cloud providers: According to Statista, in 2013,
2.4 billion users are already using cloud computing services, which
will increase to 3.6 billion users by 2018. As the number of users
increase rapidly and more users come to cloud market, many cloud
16

service providers invest in the areas that benefits them and have
limited geographical coverage of resources. Therefore, cloud
federation can be a solution for solving this challenge to motivate
small cloud providers to come to the market and sell their resources
and compete with giant providers. Additionally, too much control in
the hands of few giant providers results in lack of standardization in
the cloud industry market.

·

Analysing the effects of migration and federation: Each resource
allocation scenario of cloud service providers will affect the profit
of providers. Therefore, for policy makers, analysing these effects
for different scenarios of cloud can be efficient for proposing new
policies, whether to use outsourcing or insourcing.

·

Quality matchmaking in federated cloud environment: In cloud
federated environment, the important factor is in which external
cloud provider the request of main cloud provider should outsource.
Therefore, selecting the appropriate provider is playing an
important role in resource provision and low SLA violation.
17

This study can serve as a basis for future studies of resource allocation
in the cloud computing area.

1.7. Research outline

The structure of the study is as follows. Chapter 2 discusses the state of the
art and literature review that highlights the current stage of cloud computing
and different types of cloud federation interoperability models. We review a
selected set of academic articles and international cloud computing projects
about the cloud computing area. Chapter 3 contains resource management
in the standalone cloud and federation cloud and reviews the SMI attributes.
Chapter 4 discusses the methodology for different aspect of resource
allocation and the proposed model for quality matchmaking algorithm in the
cloud federated environment. We also defined the discrete-event simulation
and why we used this simulation for the study. Chapter 5 will discuss
simulation scenarios of the study as well of the parameters. In Chapter 6,
the experiments and results of the study are presented. In Chapter 7, a brief
discussion and conclusions are given. This chapter includes the limitation of
18

the study. Figure 1-1 depicts the structure and overview of the thesis and the
methodology that is used in the study.

Figure 1-1 Thesis structure
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Chapter 2 Literature review
2.1. Cloud computing

Cloud changed the traditional localized computing and server client
architecture into services (Thomas, Redmond, and Weistroffer 2009).
There are many definitions and discussions of cloud computing; on
what cloud computing is and is not. Berkeley defined cloud computing as "the
long-held dream of computing as a utility has the potential to transform a
large part of the IT industry, making software even more attractive as a
service" (Armbrust et al. 2009).
Klems, Nimis, & Tai, (2009) defined cloud computing from an
economic perspective view as, "building on compute and storage
virtualization technologies, and leveraging the modern Web, Cloud
Computing provides scalable and affordable compute utilities as on-demand
services with variable pricing schemes, enabling a new consumer mass
market”.
Tikotekar et al. (2008) defined cloud computing from the Quality of
Service (QoS) perspective as a set of virtualized resources that are easily
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usable and accessible. These resources can be dynamically increased and
decreased at any time, with the pay-per-use model, in where guarantees are
offered by the infrastructure provider by means of SLAs.
An economy of scale is one of the properties that make cloud
computing attractive and more beneficial (Armbrust et al. 2010; Babcock
2010; Evans and Schmalensee 2005). Economies of scale demonstrate that
average costs decrease as the amount of products or services increase (Varian
1992).
There are lists of works in literature that classify the services offered
by cloud providers in different ways. Lenk, Klems, Nimis, Tai, & Sandholm
(2009) categorizes the cloud architecture as IaaS, PaaS, SaaS, and Human as a
Service (HuaaS).
The Reservoir European Cloud Computing Project (Rochwerger et al.
2011) proposed the cloud as three layers of the Virtual Execution Environment
Host (VEEH), Virtual Execution Environment Manager (VEEM), and Service
Manager. Although the names of layers are different, VEEH is working as
IaaS, VEEM is a close functional correspondence of PaaS and the service
manager is representative of SaaS.
21

The definition published by the U.S. National Institute of Standards
and Technology definition (NIST) seems to have captured the commonly
agreed aspects of cloud computing. The NIST definition states that cloud
computing is “a model for enabling convenient, on-demand network access to
a shared pool of configurable computing resources (e.g., networks, servers,
storage, applications, and services) that can be rapidly provisioned and
released with minimal management effort or service provider interaction”
(Mell and Grance 2011).
Cloud computing is a combination of several technologies such as,
web services, virtualization, internet, service-oriented architecture, autonomic
system computing, web application frameworks, open source software and
distributed computing. Cloud computing, mainly consists of three types of
services such as SaaS (Software as a Service), PaaS (Platform as a Service),
and IaaS (Infrastructure as a Service), that are running and computing on the
service provider's infrastructure (Mell and Grance 2011). Each service has
different defined Service Level Agreements (SLA).
Figure 2-1 gives information about service market. All of SaaS, PaaS,
and IaaS allows users to run applications and store data online. However, each
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offers a different level of user flexibility and control.

Figure 2-1 A service market

Software as a Service (SaaS) model: allows users to execute existing online
software and access them over the internet. SaaS allows users to execute
applications by pay-as-you-go model. Some examples of SaaS cloud service
providers are Google doc, Zoho, Microsoft office web apps, and Cameyo.
SaaS service is working based on the Application Service Providers (ASPs)
model. SaaS supports massive scaling, that allow a large number of users to
use the same service or resource concurrentlty. Facebook and Skype are types
of massive scaling.
Platform as a Service (PaaS) model: provides a framework for users to create
their own application and software using a cloud provider's specific tools and
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programming languages. PaaS sits on the top of IaaS layer and adds some
features capabilities (e.g. deployment, integration, middleware) services to the
IaaS. Examples of PaaS service providers are Google APP, Saleforce, AppJet,
Etelos, and Qrimp. PaaS service providers try to initialize Open Source
Platform as a Service (OSPaaS) using API for enabling different development
software and avoid lock-in problems. Some examples of Open Source
Platform as a Service are Cloud Foundry, Cloudify, OpenShift, Stackato,
WSO2 Stratus, Floodlight, Indigo, and Apache Cassandra.
Infrastruture as a Service (IaaS) model: enables virtual hardware by
hypervisor technology for cloud users and allows normal SaaS and PaaS users
to deploy and execute any application that they require. One of the main
advantages of IaaS cloud providers for reducing IT cost is data migration that
allow the existing application be moved from company data center to IaaS
provider. IaaS cloud service providers offer different types of resources. The
computational and storage resources are offered in the form of Virtual
Machine (VM) instances with specific characteristics. Examples of IaaS
service providers are Amazon Elastic Compute Cloud (EC2), Google
Compute Engine, Rackspace, Rightscale, Clever, Eucalyptus, GoGrid,
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FlexiScale, Linode, Nimbus, Open Nebula, PerfCloud, and Terremark.
Additionally, IaaS includes Data Storage-as-a-Service (DSaaS). Amazon,
Google, Microsoft, EMC, Sun, and IBM are the major providers of Data
Storage-as-a-Service. Figure 2-2 summarizes the goals and perspective view
of IaaS cloud provider.

Figure 2-2 IaaS cloud provider perspective of view

Buyya, Beloglazov, & Abawajy, (2010) describes two energy
consumption policies of IaaS datacenters which are:
·

Non Power Aware (NPA): Using this policy all hosts run at complete
CPU utilization and power.
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·

Dynamic Voltage and Frequency Scaling (DVFS): In this policy,
the voltage is increased or decreased, depending on environment
and situation (Semeraro et al. 2002).

2.1.1. Responsibility of each layer of cloud computing
The Figure 2-3 shows the number of layers in the execution stack that users
and providers have to manage. In the SaaS model, all features are managed by
cloud providers and cloud users are just using the services. For example, users
can use mail services from Gmail and do not need to manage anything. In the
PaaS model, users can select the type of platform to execute their applications.
For example, a user plans to deploy specific web application that needs to run
on the Ubuntu operating system. Therefore, the user can install apache web
server and other packages and use them. In the case of the IaaS model, users
can select the type of virtual machines including the type of operating systems,
middleware, application, memory and processing power of VM. Other
responsibilities such as virtualization and resource management are controlled
using hypervisor and resource allocator. Therefor, IaaS users get more features
compared to SaaS and PaaS users.
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Figure 2-3 Responsibilities of each service layer

2.1.2. Virtualization
One of the key attributes of cloud computing, compared to the grid computing,
is its capability in virtualization. Virtualization allows IaaS cloud service
providers to virtually divide one physical resource or one host into several
virtual resources, such as CPU, memory, storage, server, or operating system.
Virtual machines are controlled using hypervisor or Virtual Machine Monitor
(VMM). Using virtualization, several virtual machines with different or the
same operating systems can be executed on a single host. Hypervisor was first
used by IBM in 1959 and was assigned to software program distributed with
IBM RPQ for the IBM 360/65.
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Anuradha and Sumathi (2014) defined three types of hypervisors,
which are Native, Embedded, and Hosted. Native hypervisors can control the
hardware platform with the goal of better performance. Embedded
hypervisors has a separate chipset that sit into a processor with the goal of
controlling the processor of the service provider. Hosted hypervisors control
software layers of service providers with the goal of controlling the software
in SaaS provider.
Popek and Goldberg, (1974) in their article "Formal Requirements
for Virtualizable Third Generation Architectures," categorized hypervisor into
two types, Type-1 native or bare-metal hypervisors and Type-2 hosted
hypervisors. Type-1 hypervisor runs on the host computer's hardware and
control hardware resources and manage the operating system. Some examples
of Type-1 hypervisor are VMware ESX/ESXi, Citrix XenServer, Oracle VM
Server for SPARC, Citrix XenServer, and Microsoft Hyper-V hypervisor.
Type-2 hypervisor works inside the operating system of the host and runs
individually on the second layer,while the operating system runs on the third
layer above the hardware. Some examples of Type-2 hypervisors are VMware
Workstation and VirtualBox.
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2.1.3. IaaS cloud provider management
IaaS cloud providers provide scalable on-demand resources to the users in the
form of virtual machines. Managing and monitoring infrastructure in the
cloud with the issues of lock-in, security, availability, portability is
challenging for every IaaS cloud provider. Therefore, different infrastructure
management models and projects are developed: Restful Cloud Management
System (CMS) (Han et al. 2009), OpenNebula (Sotomayor et al. 2009),and
Papaya (Xu and Yang 2011).
In cloud computing, usually, two providers cooperate together using
web interfaces or application program interface. Providers set up their
services over the internet and cloud users normally access these services
through web interfaces or web services. Clouds enable IaaS providers to
virtualize the physical hosts, so that users can access and setup their
application from anywhere (Armbrust et al. 2010).
NIST (Mell and Grance 2011) categorizes cloud computing into four
different deployment models, which are Public cloud, Private cloud,
Community cloud, and Hybrid cloud.
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·

Public cloud: is operated by external providers that offer access to
reasonably priced computing resources to public users or other
organization. Public clouds can be a good approach for organization
for doing collaborative projects. In the public cloud, resources are
dynamically allocated over the Internet via HTTP (Hyper Text
Transfer Protocol) web applications or web services provided by third
party providers.

·

Private cloud: is owned and operated by providers that give access to
specific users or particular organizations. Compared to the public
cloud that everybody can access, private clouds have the advantage of
data security, control and data privacy.

·

Community cloud: is a service model that is formed among several
organizations. All the participant organizations that joined community
cloud can govern, manage, audit and secure the cloud to build up their
common objective.

·

Hybrid cloud: is the combination of a private cloud and a public data
center or public cloud wherein an organization that use this type of
cloud manage their secure data at in-house resource and other data
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using external resources or outsourcing. Using cloud computing
services organization can easily access to information, decrease in
capital cost, better achievement of economies of scale, elasticity
enhancement, as-you-use payment services (i.e. Pay-as-you-go cost
modelling), cheaper geographical distribution, and accessibility
improvement. Table 2-1 shows the characteristic of cloud computing:

Table 2-1 Characteristics of cloud computing
Characteristics

Description

Pay per use model

Cloud users pay only for what they use

Virtualization
Resilient computing

Split a single host into multiple virtual machine
Redundant implementations of IT resources that distribute
across several physical locations
Reduces the infrastructure investments and IT costs
Enables provisioning resources for users
Allows cloud users to easily increase or decrease
resources when require
Manage an economical large pool of computing resources

Reduced costs
Agility
Scalability and
Flexibility
Achieve economies of
scale
Rapid elasticity
On-demand service
Resource pooling
QoS guaranteed offer

Automatic provisioning and de-provisioning
Provide on-demand resources and services
Allows a provider to pool large-scale IT resources
Guarantee QoS based on the agreed SLA

Cloud computing service architecture divided into two parts, the
front end (i.e. user end) and the back end (i.e. service provider end), which
are communicating with each other through internet. The user end or front
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end typically contains the application to access the cloud services or
resources. The service provider end consists of various hardware devices,
including servers, routers, storage devices, and operating systems. Back end
monitors all incoming and outgoing requests (traffics) and guarantee that all
operations are accomplished with no errors and crashes.

2.2. Cloud computing interoperability models

Interconnecting different cloud service providers require that these cloud
providers follow the same standard interfaces and protocols (Toosi, Calheiros,
and Buyya 2014). There are two ways of cloud interoperability, providercentric approaches like, hybrid cloud, federated cloud and inter-cloud ,and
client-centric approaches like multi-cloud application deployment that user
can use the service provider’s Application Program Interface (API) to connect
several service providers with each other, or using service broker (Choi and
Jeong 2014) to aggregated services which are usually trusted third-party
providers.
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2.2.1. Federated cloud model
Cloud federation allows several cloud service providers to share their
resources and benefit of exchanging their idle resources. Additionally, cloud
users can use resources and services hosted by different service providers in a
seamless way. Cloud federation means to “federate disparate data centers or
cloud providers, including those owned by separate organizations to enable a
seemingly infinite service computing utility” (Armbrust et al. 2010). Service
owners can trade their services and resources through federation regulations.
It requires one service provider to rent or share computing resources to
another cloud provider. Thus, cloud providers benefit from cloud federation in
areas of resource expansion, lessened customer attrition, disaster recovery,
vendor lock-in problem avoidance, enhancement of scalability and economies
of scale.
Due to lack of resources, cloud providers aim to overcome resource
constraints that can result to reject user requests, by outsourcing requests
using brokering and federation strategies. Through cloud federation, providers
can lease part of their resources to other members of the federation, usually at
cheaper costs, in order to avoid wasting their non-storable resources
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(Mihailescu and Teo 2010).
Enhancement in provider’s profit is achieved through properly used
and implemented cloud federation (Gomes et al. 2012). Thus, the utilization
of federation depends on the appropriate time that federation can be used.
Figure 2-4 shows the federated cloud scenario where the end user sends a
request to the home Cloud Service Provider (CSP) A and then if the home
CSP A does not have enough resources to execute the request, the request is
sent to the cloud exchange to get benefits from foreigner CSPs.

Figure 2-4 Federated cloud model

2.2.2. InterCloud
The InterCloud is called cloud of clouds. Global Intercloud technology
forum defined InterCloud as “A cloud model that, for the purpose of
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guaranteeing service quality, such as the performance and availability of
each service, allows on-demand reassignment of resources and transfer of
workload through a [sic] interworking of cloud systems of different cloud
providers based on coordination of each consumers requirements for
service

quality

with

each

provider

SLA and

use

of

standard

interfaces”(Anon 2010).
In the scenario demonstrated in the Figure 2-5, the federation is
not directly handled and the foreigner CSP can also have another sub-cloud.

Figure 2-5 InterCloud model
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2.2.3. Hybrid cloud
Hybrid model can combine one or several private cloud service providers
with one or several public clouds and benefit from low latency, and
resource expansion (Mell and Grance 2011). By using this model, an
organization provides and manages some of secured data in-house resources
and gets other resources externally from a public cloud. It can be useful
when an organization has peaked in demand and cannot satisfy the requests
of its users. Therefore, it can switch to another public cloud. Figure 2-6
shows the Hybrid cloud scenario.

Figure 2-6 Hybrid cloud model

2.2.4. Multi-Cloud
In this scenario, end-users are using the third party service providers’ APIs
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to control and access resources between several clouds (Grozev and Buyya
2014). The end user by using local API or third party service provider can
invoke each Cloud Service Provider (CSP). Figure 2-7 shows the MultiCloud scenario.

Figure 2-7 Multi-Cloud model

2.2.5. Service broker

In this scenario, a third party trusted broker, combines services from
multiple cloud providers and offers an integrated service to its users. Figure
2-8 shows the Service Broker scenario.
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Figure 2-8 Service broker scenario

2.3. Cloud federation

Cloud federation allows services from multiple cloud providers combined and
integrated in a single pool (Kurze et al. 2011). In this part, we briefly reviews
and summarizes the previous studies in the cloud federation environment with
the perspective of resource management and allocation.
Altmann & Kashef (2014) studies the economic theories of resource
management in cloud computing by proposing an approach for solving the
standalone and centralized optimization problem in a distributed and federated
way. Additionally, the following literature summarizes the cloud federation
market place and framework. Table 2-2 briefly depicts the previous studies in
the cloud federation environment.
38

Table 2-2 Key papers of cloud federation
Study
Buyya et al.(2010)

Subject
Discrete event
simulation

Lee, Wang, Taheri, Zomaya,
& Zhou(2010)

Discrete-event cloud
simulation

Celesti, Tusa, Villari, &
Puliafito(2010)

Extensible Access
Control Markup
Language (ACML) for
providers matchmaking
Agent based simulation

Villegas et al.(2012)

Paraiso, Haderer, Merle,
Rouvoy, & Seinturier(2012)
Bermbach, Kurze, &
Tai(2013)

Federated open multicloud PaaS
infrastructure
Real benchmarking
simulating on Amazon
EC2 and Dynamic
Cloud Server

Anastasi, Carlini, &
Dazzi(2013)

Cloudsim discrete event
simulation

Kim et al.(2014)

Economic survey on
cloud federation

Results
An energy-efficient
mechanism for
management of clouds.
Effect of using third-party
clouds for maximizing
profit in cloud.
A framework to enable
cloud federation based
discovery, matchmaking,
and authentication.
A cloud federation
environment using
brokering strategy for each
layer of cloud (SaaS, PaaS,
and IaaS).
An open service model
infrastructure for PaaS and
SaaS model.
Using three types of
scenarios: redundant
deployment, redundant
computation, and parallel
computation, analyse the
effect on quality of service
Analyse scalability of
software mapping in a
simulated contrail
federation.
Advantages that a cloud
provider can obtain from
federation based on
economy of scale and
network externality.

OpenNebula (Sotomayor et al. 2009) proposed an open-source
framework to build a joined up cloud. OpenNebula framework manages the
whole aspect of individual cloud providers and integrate them into a unified
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cloud. It supports external resource from Amazon EC2 in case of having many
demands.
Reservoir (Rochwerger et al. 2011) developed an open stack for
IaaS cloud provider with the aim of solving complexity issues for cloud
provider and proposes a model for federated cloud environment. Reservoir
supports migration of resources across different geographical domains.
The Aneka-Federation (Ranjan and Buyya 2010) proposed a
distributed IaaS federation system that aggregated several clouds using peer to
peer technology to form a scalable and high-throughput computing resources.
The objective of the Aneka-Federation system is to make efficient and
scalable distributed cloud resource integration.
Samaan (2014) proposed an economic framework model to manage
resource sharing in a federation of IaaS hybrid cloud providers to maximize
the long-term revenue of federated cloud providers. Every IaaS cloud service
provider executes as a selfish player using game theory and aim at
maximizing their profit by selling more unused resources.
Federation can be divided into horizontal and vertical (Agrawal
2013). In horizontal federation two or several providers which are working on
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the same technical stack layer can integrate and federate together; for example,
federation between two IaaS providers. Vertical federation occurs across
layers; for example, a PaaS provider integrated with IaaS provider. In this
study, we consider the horizontal type of federation, wherein two or more IaaS
providers can trade their resources when there is a lack of resources due to
high demand. Aspects of vertical federation are not included in the scope of
this thesis. Cloud federation solved the following challenges:

2.3.1. Vendor lock-in
In spite of the benefits of cloud computing, which are seen as more reliable,
affordable, easy to use, and scalable compared to traditional in-house IT
services, the downside of cloud computing still discourages some of potential
customers to outsource their business applications and move their data into
the cloud (Bermbach et al. 2013). Aside from security and privacy concerns,
users are still concerned about ownership of their data. Vendor lock-in
happens because of lacking in the standardization of services, protocol, and
data format.
In economics, when users become dependent on a vendor or on a
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provider for its services and cannot switch to another vendor or provider
without switching cost and technical effort is called vendor lock-in. Vendor
lock-in has been studied in economics. For instance, Cowan(1991) defined
two sources of vendor lock-in, which are uncertainty of selecting an unknown
or new technology and the learning curve of a technology or learning from
experience of other users. Vendor lock-in restricts the application and users to
a specific cloud service provider and user cannot move to another cloud
without switching costs. For example, a cloud user may sign a SLA with a
cloud provider and after a while, the user will want to run a specific
application or platform. However, the provider does not support that platform
and has the compatibility problem. The user should move to another cloud and
since there is no interoperability between providers, the user will lose all of
the data by switching to another one. Vendor lock-in makes or forces cloud
users to depend only on a specific provider.
One of the solution strategies for solving vendor lock-in problem, is
creating cloud interoperability using federation wherein cloud providers
support similar standards and cooperate together.
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2.3.2. Disaster recovery
One of the main features of cloud service is having high availability and
access everywhere. However, failure is inevitable. Even in the giant cloud
providers such as Amazon, failure occurs. Therefore, cloud federation with the
aim of relocating resource among multiple cloud systems in a distributed way
can be an efficient solution for disaster recovery challenge.

2.3.3. Scalability
One of the main goal of cloud computing is providing infinite resources for all
users. However, dramatically unwanted random loads can potentially harm
cloud providers and cause to unreliable and interrupted services (Toosi et al.
2014). Due to growth usage of cloud computing and increase in the number of
users, this may result in immediate need of additional capacity in the cloud
providers. Therefore, cloud providers should be capable of dynamically
increasing their resource capacity whenever the user wants (Mihailescu & Teo,
2010). One solution is the use of cloud federation without having the need to
control and maintain any additional servers (Bermbach et al. 2013).
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2.3.4. Hold-up problem
Klein, Crawford, & Alchian (1978) described the hold-up problem as one of
the basic contract problem between firms that want to start business relations
together. In economics, the holdup problem is happening because of
incomplete contracts. Due to hold-up problem, trading power has shifted to
the provider and the provider should negotiate higher fees. Therefore, a cloud
provider is forced to accept a best condition and cannot run away from the
situation due to lock-in and hold-up problems.

2.3.5. Interoperability and portability
Due to lack of standardization in the cloud computing, every cloud uses
different strategies. However, research shows that internet users usually have
store their data into different providers (Grozev and Buyya 2014). But these
providers cannot communicate together due to lack of middleware and
agreement between them.
Therefore, the users usually cannot migrate their data from one cloud
provider to another. Using cloud federation, this problem can be solved where
there will be agreements between providers and cloud users at any time they
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can migrate their data or application to other providers. Therefore, application
will be portable.

2.3.6. Security
Like local computing security concern, the cloud computing is potentially
subject to attacks by service disruption or theft of information. However, since
in the cloud computing the data is stored in third party providers, the security
concern is more critical. One of the biggest challenges in the cloud federation
after standardization is security because federated cloud environment consists
of a variety of providers, each with different QoS and security level. Therefore,
the providers which are trading resources in the cloud federation use different
types of security mechanisms such as Trusted Cloud Authority (TCA)
(Venkataramana and Padmavathamma 2012), Single Sign-On (SSO) (Watfa,
Khan, and Radmehr 2014), and OAuth (Marotta et al. 2015), for protecting
the resource trading between providers. In addition, in cloud computing users
can share computing resources with other users that allow the economies of
scale in cloud computing and need a unique security requirement such as
access control for specifying which user can access what kind of resources
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and what is the permission.

2.4. Federated cloud market trends

The history of client server computing is divided into five stages, which are
distributed computing, parallel computing, grid computing, cloud computing,
and federated cloud computing. Cloud computing disclosed in the early 2000s
and increase its popularity when Amazon introduced the Elastic Compute
Cloud (EC2) in 2006. Figure 2-9 shows the market trend of federated cloud
computing.

Figure 2-9 Federated cloud market trend

After 2012, because cloud computing users dramatically increased
and the availability of resources became important, the concept of federated
cloud computing and resource sharing between cloud providers were
introduced.
Cloud federation projects are mainly used in the Europe which
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usually try to have their own infrastructure because of security purpose and
also because small cloud providers can come to the market and sell their
resources. In addition, federated cloud environments make providers sell their
idle resources.
Several major academic and industrial marketplace for cloud
federation development have been introduced, which are summarized in the
following table.

Table 2-3 Summary of cloud federation and Intercloud projects
Project
InterCloud
Contrail

Organization
University of Melbourne
Private and public EU
research organizations
Dynamic Cloud
Academic research project
Collaboration (DCC) supported by South Korean
Federated Cloud
Academic EU research
Management (MCC) project
Open Cirrus
Research testbed by
academic and industry
partners. Partially funded
by US NSF
Optimis
Private and public EU
research organizations
mOSAIC
Private and public EU
research organizations
Stratos
York University

Architecture
Centralized federation
Centralized federation and
independent service
Centralized federation
Centralized federation
Peer-to-peer federation

Peer-to-peer federation
and Independent service
Independent service
Independent service

Source: (Grozev and Buyya 2014), Inter-Cloud architectures and application brokering:
taxonomy and survey
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2.5. IaaS resources

Infrastructure as a Service (IaaS) allows cloud providers to sell their
computing resources in terms of virtual machines to cloud users. Cloud
providers offer different Virtual machines (VM) with different pricing models
and Quality of Services (QoS), wherein this variability gives providers more
flexibility in managing their resources. For example, Amazon Elastic
Compute Cloud (EC2) proposes three different pricing models such as: ondemand, on-spot, and reserved.
·

On-demand: Provide daily and hourly resources.

·

On-spot: By using bidding strategy, allows cloud users to rent a
resource by accepting the cancellation risk if new users willing to pay
more for the same resource.

·

Reserved: Allow cloud users to rent a resource for a specific duration
of time that is usually monthly or yearly.
Managing these VMs has different effects on the profit of cloud

providers. In addition, in cloud federation, managing these virtual machines
and migration or federation of these resources have different impact for the
profit of the provider as well as utility of users in terms of SLA violation. This
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study, by considering the different types of scenarios based on these three
types of resources show the effect of profit maximization for cloud providers
and federation.

2.5.1 On-Spot virtual machine
In on-demand VM, the prices do not change and in the reserved VM, the user
should contract for a specific duration (i.e. one year).
For using and allocating on-spot virtual machines, the cloud user
should bid a price. If the user bidding price is higher than the current VM onspot price, the resource is allocated to the requested user and it will be
executed until the user halts the request or another user pays more for the
current bid price (Andrzejak, Kondo, and Yi 2010). The initial on-spot price
may differ depending on the marketplace price hours (Chohan et al. 2010).
To use the on-spot VM, the cloud user should select the on-spot VM,
specify QoS of the on-spot, and maximum bidding price. Figure 2.10 shows
these processes for allocating on-spot resources.
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Figure 2-10 Process of Amazon EC2 on-spot resource allocation

2.6. Summary

This Chapter described the background, concept, and marketplaces of IaaS
cloud service providers. We have investigated the different model of cloud
computing, the responsibility of each model, and type of deployment model.
We reviewed the state-of-the-art related to cloud interoperability model and
cloud federation. The literature reviews helped us identify the gap between the
previous researches and what has to be done to address considering profit
maximization of IaaS cloud providers. We considered two types of IaaS cloud
providers: 1) when the IaaS service provider acts standalone and serves
customers using their in-house resources and 2) when IaaS providers share
their resources using cloud federation or other interoperability model.
We have reviewed the two types of cloud interoperability approach,
which are provider-centric approaches
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and client-centric approaches. This

chapter finally considers the main academic research and the existing cloud
federation marketplace, showing the characteristic of each marketplace and
the challenges that federated cloud can solve. We also reviewed the
motivations related to different types of resources of cloud computing.
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Chapter 3 Resource management

3.1. Efficient resource management

While cloud providers aim to use resources efficiently in the most economical
way, consume less energy, and minimize their transaction costs, cloud users
consider mostly the cost of services, performance of their selected services,
service throughput, and response time. Efficient resource management and
brokering policies should consider satisfying the user requirements and
clouds' performance at the same time. Therefore, cloud federation proposes a
new way of resource allocation for sharing and trading resources with the
objective of ensuring the required QoS level.
Some studies show the advantages of connecting cloud service
providers and building federated cloud environment (Bermbach et al., 2013; K.
Kim et al., 2014; Mihailescu & Teo, 2010).

3.2. Resource Allocation (RA)

Every IaaS cloud service provider has a resource management component
52

which resource allocation is part of it and works with the objective of
assigning available resources in an economic way. How to manage and
allocate the computing resources in the most profitable and efficient way is a
challenging issue from the cloud provider’s perspective. In cloud computing,
resource allocation is defined as the method of "assigning virtualized and
computational resources to the needed cloud applications over the internet"
(Anuradha and Sumathi 2014). IaaS cloud providers usually offer their
resources based on the different prices and QoS levels and share their physical
resources between cloud users. The objective of resource allocation is
minimizing the costs, meeting customer demands which are defined in the
SLA, monitoring idle resources, and analyzing the energy consumption of
provider. Therefore, having efficient resource allocation strategies for the
cloud provider in an efficient way and fulfilling customer satisfaction is
important. Efficient resource allocation affects both providers and users.
Providers want to maximize revenue by achieving high resource utilization
and users want to minimize expenses while meeting their QoS requirements.
It is difficult to allocate resources in a mutually optimal way that can satisfy
both users and providers and measuring this satisfaction is very challenging.
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Anuradha & Sumathi (2014) and Loganathan & Mukherjee (2015)
defined that a standalone cloud service provider, mainly rents computing
resources, in two different modes:
·

Advance Reservation (AR): Virtual resources are reserved and should
be available at a required time.

·

IMmediate(IM): When a cloud user sends a computing request to get
a VM, either the resources are allocated immediately, or the incoming
request is refused.
During resource scarcity, cloud providers can share their resources with

the help of different interoperability scenarios that was discussed earlier in
Chapter 2.
When the user sends a computing request to the service provider, the
provider first checks the availability of resources. If the requested resource is
available, then a list of SLAs and prices after checking its profit will return. In
the case of resources that are not available, the provider has to decide the
profit from cancellation of the request, migrate idle resources to another cloud
using federation, or send the request to the cloud federation market. Every
decision of cloud provider can affect the provider’s benefits.
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Figure 3-1 shows the behaviour of service provider, for allocating
resources.

Figure 3-1 Behavior of service provider when getting a request

Cloud users try to maximize their utility. In contrast to the service
provider, users care about the service quality provided by the service
providers they choose and the service cost they pay. Users consider the
service provider based on the provided features, costs, type of resources
they propose, QoS, and trust of the service provider. If these factors meet
the user’s expectations, then the user will select the providers, otherwise
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they will switch to another provider. Figure 3-2 shows the behavior of cloud
user for selecting a cloud service provider.

Figure 3-2 Behavior of cloud user

3.2.1. Allocation of resources in federated environment
The user by web interface or web service sends the computing request to the
home CSP. Inside the home CSP, the resource allocator component is
responsible for allocating the available resources to the user. If there is no
available resource, then the request should outsource using cloud coordinator.
Every cloud provider has a cloud coordinator component to cooperate in
cloud exchange in case of no available resource. Cloud coordinator is a key
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component of each cloud provider for allocating additional resources. Cloud
coordinator organizes the idling resources for all clouds in federated
environment and select the best economical provider that can satisfy the user
requirements (Calheiros et al. 2012). Figure 3-3 demonstrates the resource
allocation steps in the cloud federation environment.

Figure 3-3 Resource allocation process in the federation environment

3.3. Service Measurement Index (SMI)

Siegel & Perdue (2012) formed the Cloud Services Measurement Initiative
Consortium (CSMIC) to measure and calculate the quality of cloud computing
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services based on the different indicators. The CSMIC developed a framework
for measuring cloud services known as Service Measurement Index (SMI).
SMI attributes are designed with the objective of classifying service
measures that consists of a several Key Performance Indicators (KPIs) for
comparing cloud service providers. SMI provides a service measurement
framework to the cloud users for calculating performance and quality of
cloud-based services based on accountability, agility, assurance, cost,
performance, security and privacy, and usability. The seven top level
categories are defined as follows:
·

Accountability: This category considers that whether we can count on
the service provider or not. One of the important factor here is trust of
customer to the service provider. Users of the cloud do not want to
store their sensitive data in a cloud service provider where the provide
does not support accountability. Accountability attribute consists of
auditability, compliance, provider ethicality, sustainability, data
ownership, provider certification, and contracting experience.

·

Agility: One of the main characteristics of cloud computing is adding
agility to cloud users. Using agility factor the cloud users can expand
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their resources quickly without a lot of expenditure. Agility helps
cloud users to provision their demand quickly. Cloud users should
consider whether the cloud service provider is adaptable, elastic,
flexible, portable, and scalable.
·

Assurance: Indicates the probability of a cloud service provider that it
works based on the promised SLA. In the federated enviornment,
cloud service providers consider important factors such as reliability,
availability, stability, fault tolerance, resiliency, maintability, and
recoverability to choose which provider is best for resource trading.

·

Financial: Cost effectiveness is the an important factor for cloud
users and providers. Therefore, cost is a vital attribute.

·

Performance: Every cloud provider has different solutions and offers
different types of computing resources. Therefore, cloud users or
cloud providers, in the case of cloud federation environment, need to
understand accuracy, service response time, functionality, and
interoperability of each cloud service provider and whether they meet
their expectations or not.
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·

Security and Privacy: Cloud users intend to select a cloud provider
which is safe and privacy-protected. In the cloud environment, the
data is controlled by another organization. Therefore, considering
security policies and attributes such as confidentiality, data integrity,
privacy, and access control are playing important.

·

Usability: Usability factor deals which easy-to-use and learn about
a cloud service. The usability of a cloud service provider depends
on several factors which as accessibility, learnability, suitability,
transparency, and installability. Table 3-1 summerizes the SMI QoS
attributes and shows the sub-attribute in each category.

Table 3-1 SMI QoS attributes
Top level groups
Accountability

Agility
Assurance
Financial
Performance
Security & Privacy
Usability

Sub-attributes
Auditibility, Compliance, Contracting Experience, Data
Ownership, Ease of doing business, Provider Usability,
Stability, Provider Certification, Provider Ethicality, Provider
Personnel Requirements, Provider Supply Chain, Security
Capabilities, Sustainability
Adaptability, Capacity, Elasticity, Exensibility, Flexibility,
Portability, Scalability
Availability, Maintainability, Recoverability, Reliability,
Resiliency, Service Stability, Serviceability
Acquisition Cost, On-going Cost, Profit Sharing
Accuracy, Functionality, Suitability, Interoperability, Service
Response Time
Access Control, Political, Data Integrity, Data Privacy, Data
Loss, Physical and Environmental Security
Accessability, Client Personnel Requirements, Installability,
Learnability, Operability, Suitability, Transparency
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The Table 3-2 summarizes the literature reviews which uses SMI for
ranking or measuring cloud service providers.

Table 3-2 SMI literature review
Author

Subject

Results

Siegel &
Perdue(2012)

Cloud performance
standards

Consider data privacy, data loss,
capabilities, security and flexibility
of each provider.

Saurabh Kumar
Garg, Versteeg, &
Buyya(2013)
Saravanan &
Kantham(2013)

Cloud service QoS
measurement

A framework to measure the quality
of cloud services.

Ranking cloud services

A framework for best fit service
delivery.

Monteiro &
Vasconcelos(2013)

Cloud service
measurement index

Bardsiri &
Hashemi(2014)

Analyze the QoS of
cloud service provider

A survey on important features of
cloud service providers based on
SMI for governments.
A method to evaluate vital
performance standards.

Carnegie Mellon
University(2014)

Index for cloud service
measurement

A framework for measuring and
comparing cloud services.

Mohammadkhanli
& Jahani(2014)

Ranking the cloud
services

An approach for analyzing current
ranking cloud services approaches.

3.3.1. SMI attributes for the IaaS provider
Although SMI QoS attributes represent generic cloud services, only some of
them relate to IaaS providers. We assume that all service providers have high
ability of easiness, installability, and compliance. However, the factor
61

portability and scalability are considered in the federated cloud environments.
In this study, we consider the following SMI sub-attributes, which are the
most important QoS attributes in the context of IaaS clouds. However, most of
these metrics can be considered for SaaS and PaaS as well. The following
defines these attributes (Garg et al. 2013):
1)Availability: Defined as the percentage of time a user can access the service,
It is defined by following equation:

A=

(

) (

)

(3-1)

2)Reliability: Shows that how a service provider works without failure during
a given time. It is defined as:

Reliability = P(violation) ∗ p

Where

1−

∗p

(3-2)

is considered as the promised mean time to failure.

3)Cost: It shows the cost of using resources, which are VM and bandwidth
costs:

VM cost = VM costs per hour ∗ No. of VMs uptime in hours
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(3-3)

BW cost = data

(

)

∗ data

+ data

(

)

∗

(3-4)

4)Service response time: Service response time measures the efficency of a
service and shows how fast the service can be available for usage. The service
response time consists of three sub-factors which are average response time,
maximum response time promised in SLA, and response time failure (i.e. the
percentage of time when response time is higher than maximum response
time). Average response time can be measured by:

Service Response Time(SRT) = ∑

Where

(3-5)

is time between user i requested resource from IaaS

Service Provider and the response time; n is the total number
requested.

5)Throughput: Evaluate the performance of infrastructure services provided
by clouds. It is the number of tasks completed by the cloud service provider
per unit of time. Throughtput depends on the factors that can affect the
execution of a task:
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Throughtput =

(3-6)

( , )

Where n is number of tasks, m number of machines, T (n, m) is the

execution time of n tasks on m machines, and T is the time
overhead due to various factors such as, infrastruture delay and inter
task communication delay.

6)Accuracy: The accuracy factor measures the degree of closeness to result
generated by using the service. It also consists of frequency of failure in
fullfilling promised SLA in terms of compute unit,network and storage. The
accuracy can be measured using:

Accuracy = ∑

Where

(3-7)

is considered as number of times the provider fails to satisfy the

promised value and n is total number of failure.

3.4. Quality Matchmaking(QM)

In case of federated cloud which consists of several providers, how to select
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the suitable external cloud provider for outsourcing the requests or
resources is playing an important factor. The service selection should be
based on the quality of service providers. Table 3-3 summarizes these
literatures that use different methodologies and quality measurement for
selecting the best service or factors, with the consideration of its user.
However, in our approach, the provider should use the external cloud
providers to outsource.
SMICloud framework (Garg et al. 2011) proposed a method for
ranking of cloud service providers, according to user requirements using
Analytic Hierarchy Process (AHP). The framework calculates the ranking
values of different cloud providers. SMICloud framework allows providers
to categorize between different cloud service providers and what are the
weakest and strongest point of each by visualizing it using Kivait graphs.
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Table 3-3 Literature review related service selection
Author

Subject

Taher, Khatib, &
Basha(2005)

Web service quality
matchmaking

Tran, Tsuji, &
Masuda(2009)

Ontology
matchmaking
algorithm

Li, Yang,
Kandula, &
Zhang(2010)

Eleyan &
Zhao(2011)

Matchmaking
survey on Amazon
AWS, Microsoft
Azure, Google
App, and
Rackspace
Cloud service QoS
measurement using
AHP
Euclidean distance
matchmaking

Makhlughian(20
12)

Semantic
matchmaking

Taha, Trapero,
Luna, &
Suri(2014)

Analyzing utility
function of security
in the cloud service
provider

S. K. Garg,
Versteeg, &
Buyya(2011)

Results
A framework for QoS-based
matchmaking for web services
based on data model and
computation model.
A QoS ranking ontology
algorithm for automatic
discovery of
Web services.
A CloudCmp system for
assisting cloud users to pick a
suitable cloud.

A framework to measures the
quality of cloud services.
A quality matchmaking
algorithm for choosing the best
web services according to user
requirement.
A ranking framework to classify
services to different QoS levels
according user’s QoS
requirements through semantic
matching.
A technique for analyzing of the
security level of cloud providers.

3.5. SLA violation

A Service-level Agreement (SLA) is a contract between a network service
provider and a customer that specifies, usually in measurable terms, what
services the service provider will furnish.
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The SLA violation can happen when a user requests task(s) from
the service provider and after a SLA contract between user and provider has
been signed. The provider will guarantee to assign same processing power
and Quality of Service (QoS) to the user until he/she uses the service as the
provider is due to give access to other users and earn more money to stop
the idle process or assign partial computer power or storage to the task.
The aim is to preserve free resources to prevent SLA violation due
to consolidation in cases when utilization by VMs increase. Less SLA
violations, maximize and guarantee high QoS.

3.6. Cloud computing cost factors

Altmann & Kashef (2014)describe 20 cost factors of cloud, which are
categorized into six groups: electricity, hardware, software, labor, business
premises, and service. Table 3-4 describes these costs.
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Table 3-4 List of cost factors of cloud
Cost Type
Electricity
Hardware
Software
Labor
Business Premises
Cloud Service

·

Cost Factor
cooling, electronic devices
server, network device
basic server software, middleware, application
software
software & hardware maintenance, Other support
air conditioner, rack, cabling, facility
internet connectivity, server usage, data transfer into
or from cloud, cloud storage, requests to
input/output to/from cloud

Electricity: consists of all costs that related to the energy consumption
of electronic devices such as servers, gateways, routers, cooling, and
other network devices (Kondo et al. 2009; Risch and Altmann n.d.;
Tak, Urgaonkar, and Sivasubramaniam 2011).

·

Hardware: It consists of costs of computing hardware devices and
network devices that need to be purchased. In addition, depreciation
time of hardware should be considered (Opitz, König, and
Szamlewska 2008).

·

Software: License price of in-house softwares is considered in this
section. Every cloud provider mainly consists of three types of
software: basic server software(i.e. server licensing cost, e.g.
operating system software) middleware software, and application
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software (i.e. user applications, e.g. web server, enterprise resource
planning software). However, depending on the type of service
provider and application being used, the cost can vary (Opitz et al.
2008).
·

Labor: Include salary for people who work on maintaining software,
hardware, and providing support (Tak et al. 2011).

·

Business Premises: consists of basic costs, which are essential to
establish cloud providers. These costs are renting or purchasing cloud
provider facilities, cost of racks, cost of non-electronic instruments
that are essential for having safe and reliable data centers (Kondo et al.
2009).
Service: consists of costs factors for internet connectivity (i.e., for
internet access for the enterprise), usage cost for servers (CPU hours),
incoming and outgoing data transfer costs, the cost of executing input
and output requests.
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3.7. Summary

This Chapter described the different resource allocation techniques and
summerized these techniques into different tables. Additionally, we explained
the Service Measurement Index (SMI) that we used for measuring the quality
of different service providers. We reviewed several techniques for selecting
the suitable cloud provider using matchmaking and the overall cost that
service providers should consider in case of insourcing.
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Chapter 4 Methodology
4.1. Discrete-Event simulation

Estimating the performance of IaaS cloud resource allocation policies and
performance models in the most efficient way in large-scale experiments
are difficult to achieve. To overcome this challenge, discrete-event
simulation was chosen as the main method for evaluation of the
performance of resource allocation model with different resource allocation
scenarios..
Simulation environment plays an important role in analysing the
utility and profit of federated cloud that support different allocation
mechanism. For instance, HP, Intel, and Yahoo established a cloud testbed
called “Open Cirrus” (Avetisyan et al. 2010), with the objective of
analysing their data centers located in 10 organizations. IaaS cloud
resources, diversify from time to time because of its shared nature of
resources. Therefore, having an efficient and repeatable experiment tool
for analysing the resource allocation policies in the IaaS clouds is
challenging.
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In this dissertation discrete-event simulation is used to conduct the
experiments with different parameters and scenarios to study the effect of
the resource allocation mechanisms and profit maximization of provider in
different circumstances.
CloudSim simulation toolkit (Calheiros et al. 2011b) was chosen to
model and simulate our different scenarios in the cloud computing
environment and resource provisioning. In the following, the main feature
of CloudSim is explained:
·

Simulation of large scale cloud computing service providers

·

Simulation of virtualized hosts, with customizable policies for
provisioning host resources to virtual machines

·

Simulation of energy-aware resources

·

Support for federated clouds

·

Support for user-defined policies based on the different types of
virtual machines and hosts.

In contrast to alternative simulation tools (e.g. SimGrid, GandSim),
CloudSim supports modelling of on-demand and on-spot virtualization
enabled resource and application management. Figure 4-1 shows the
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CloudSim toolkit architecture. CloudSim consist of three main components,
which are User code (i.e. importing CloudSim package in the Eclipse or
NetBeans tools and do coding,) CloudSim itself which consist of different
components such as provisioning policies, VM managements, CPU
allocation, memory allocation, datacenter, virtual machines, Cloudlet, event
handling, and a core simulation engine. CloudSim toolkit, as one of the
discrete-event simulator, enables performance analysis and system analysis
behavior under different scenarios.

Figure 4-1 Simulation architecture (Source: Rodrigo N. Calheiros et.al, Software Practice
and Experience, Wiley, 2011)

In this study, each datacenter is representative of each cloud
provider which can work separately or interact with each other depending
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on the simulation scenarios. The effects of profit for each scenario and
energy consumption are examined.
CloudSim consists of six components, which are cloudlet or user,
broker, Cloud Information Service (CIS), virtual machine, host and
datacenter. Datacenter consists of a virtual machine (VM) and host which
the information of each data center should register into the cloud
information service. Figure 4-2 depicts the CloudSim components.

Figure 4-2 CloudSim components

Cloud Information Service: In the beginning of the simulation, each
datacenter entity registers itself with the cloud information service registry.
CIS provides a database for matchmaking services for assigning user
requests to suitable cloud providers.
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Datacenter: Datacenter is used to model the core services at the system
level of cloud infrastructure. It consists of host(s) which is used to manage a
set of virtual machines whose tasks is to handle low level processing.
Datacenter class is a cloudResource whose hostList is virtualized.
Host: Host is used to assign processing capabilities, memory, and
scheduling policy to allocate different processing cores to several virtual
machines. It models the physical resources such as compute, storage, and
network.
Virtual Machines: This component manages the allocation of different
virtual machines so the host can schedule the processing cores to virtual
machines.
Cloudlet: This component specifies the set of user requests. It contains the
user ID, size of request execution command, and input and output files.
Broker: This component is an interface between cloud service information
and datacenter and it assigns the user or cloudlet request to specific host.
Figure 4-3 depicts the communication among entities in the
CloudSim. First, each datacenter entity registers with the Cloud Information
Service (CIS) registry. CIS provides information such as matchmaking
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services for mapping users or broker requests to suitable cloud providers.
Next, the datacenter brokers act as broker interface between users and CIS
to obtain the list of cloud providers or data centers that can offer
infrastructure services that match with the user request.

Figure 4-3 Simulation data flow (Source: Rodrigo N. Calheiros et.al, Software Practice and
Experience, Wiley, 2011)

4.2. Proposed quality matchmaking algorithm

In the cases of several foreign cloud providers existing in the cloud
federation environment, selecting the best external cloud provider is a
critical point and can affect the utility of users and profit of providers. One
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model for selecting is based on the SMI KPIs model which proposed by
Cloud Service Measurement Index Consortium (CSMIC). Figure 4-4 shows
this selection behavior based on the SMI KPI model.

Figure 4-4 Proposed model for quality matchmaking

Each service provider in the cloud federation environment has SMI
attributes for selecting the best foreigner cloud provider in case of the
federation or resource migration.
This study proposes a quality matchmaker to select the best cloud
service provider. The following steps explain the overall calculation for
finding the appropriate cloud in the federation environment, federate for the
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request of users, or migrate for the resources of the main provider.
The quality matchmaking algorithm determines which cloud service
provider cspi from CSP, CSP ={ csp1, csp2, …, cspn}, is selected based on user’s
QoS specifications.

4.2.1. Phase 1: Construct SMI attributes for CSP
Each datacenter consists of several attributes such as, number of hosts, virtual
machines, and bandwidth. Additionally, each datacenter six measurement
related to SMI KPI model are considered. These measurements are availability,
reliability, costs (VM cost and traffic cost), throughput, service response time,
and accuracy.
The SMIAttr matrix is created, where n represents the total number of
the Cloud Service Provider (CSP), and k represents the total number of SMI
attributes.

=
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Each row in the matrix represents a service provider cspi, while each
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column represent one of the SMI attributes.

4.2.2. Phase 2: Normalize each SMI attributes of CSP
Each SMI attributes which are depicted in the table 4-3 using different levels
of measurement unit to compensate between different units; the value of each
attribute should be normalized in the range [0,1]. We use the following
equations to normalized them:

=

,

,

Where

,

=

,

,

,

,

,
,

,

(4-2)

(4-3)
,

is the attribute that needs to be normalized by minimization

using equation 4-2 or maximization using equation 4-3. For example,
response time needs to be normalized by minimization using equation 4-2
while availability needs to be normalized by maximization using equation 4-3.
The Figure 4-5 presents the cloud service hierarchy based on SMI
KPIs. The first layer is the objective of analysis which aims to find important
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service measurement index for all cloud provider. The second layer, contains
the values of all cloud service providers (SPs) for all the SMI attributes.

Figure 4-5 Hierarchy for selecting cloud service provider

4.2.3. Phase 3: Normalize user QoS specification
The user QoS requirement should be normalized using equation 4-2 or 4-3.
The QoS metrics of the users should be normalized in order to be compared
with provider metrics. Some of the QoS specifications of the users should be
normalized minimum and anothers by maximum normalized equations.

4.2.4. Phase 4: Calculate the Euclidean distance
Euclidean distance measurement is used to evaluate the similarity of distance

between two vectors vi =(vi1, vi2, … ,vik) and vj =(vj1, vj2, … ,vjk), using the
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following equation:

( ,

)=

∑

−

(4-4)

By Euclidean distance we compute the distance between user

specification requirement and providers’ SMI attribute. The figure 4-6 shows
the pseudo code and the steps of quality matchmaking algorithm.

Quality-Matchmaking(SMI_Attr,Usr_spec)
1. construct SMI_attribute_matrix
2. for i=1 to n do
3.

normalize SMI_attribute(csp(i)) using equations 4-2 and 4-3

4. normalize main_provider input(main_provider_spec)
5. for i=1 to n do
6.

calculate Euclidean distance using equation 4-4

7. find and output csp(i) with minimum distance

Figure 4-6: Pseudo code of quality matchmaking algorithm

4.2.5. Example
In this section, we give one scenario on how the quality matchmaking
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algoritm works. Assume that user QoS specification is { 99.97, 0.8, 0.4, 4, 0.8,
0.9 } wherein QoS properties are in order of availability, reliability, service
response time, cost, accuracy, and throughput. Table 4-2 depicts each Service
Provider (SP) with their weight value according to the weight level, which is
according to the SMI attribute matrix created.

Table 4-1 SMI attributes assumption for three service providers
Attribute

Level

SP 1

SP 2

SP 3

Availability
Reliability
Service response time
Cost
Accuracy
Throughput

0-100
0-1
0-1
0-N$
0-1
0-1

99.95
0.6
0.8
3
0.7
0.8

99.98
0.7
0.8
5
0.6
0.7

100
0.8
0.9
5.2
0.8
0.8

The Quality matchmaking algorithm continues by normalizing the
SMI attribute of table 4.3 and the user requirement specification. Table 4-3
demonstrates how the SMI attributes matrix is normalized. The service
response time and cost are normalized using equation 4-2, since they should
be minimized; other factors are normalized using equation 4-3.
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Table 4-2 Normalized SMI attributes for the three service providers
Attribute
Availability
Reliability
Service Response time
Cost
Accuracy
Throughput

SP 1
0.00
0.00
1.00
1.00
0.50
1.00

SP 2
0.60
0.50
1.00
0.09
0.00
0.00

SP 3
1.00
1.00
0.00
0.00
1.00
1.00

Normalized user QoS specification which is { 0.40, 1.00, 1.00,
0.55, 1.00, 1.00 }. The algorithm calculates the Euclidean distance for sp1,
sp2, sp3 to be 1.27, 1.58 and 1.28. Since sp1 has minimum distance, it will
be selected and returned.
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Chapter 5 Simulation
In this section, we describe our approach for analysing the processing cost
and profit on federated cloud before and after cloud federation using
discrete-event simulation.

5.1. Simulation scenarios

This study considers mainly two types of scenarios that are divided into
processing cost and resource allocation. They are also considered the three
types of resource allocation to analyse the impact of profit.

5.1.1. Processing cost scenarios
The two main scenarios are called Inter-networking and No-networking
approach:
·

No Inter-networking approach
Fully competition Market (Standalone Cloud): Each cloud
service provider is working separately and has no interconnection between providers. This scenario is designed to
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analyze the full competition in the market by acting as
standalone cloud. The Figure 5-1 gives information about the
system structure of in case of standalone cloud.

·

Inter-networking approach
1)Federated cloud: Two or more IaaS cloud service providers
are connected to each other with different Federation Level
Agreement (FLA). Here, the cloud service providers can trade
resources. The Figure 5-2, demonstrates the structure of
federated cloud.
2)Using Intercloud for cloud migration: Where foreign cloud
providers can also have sub cloud. This scenario is designed to
analyze when foreign cloud providers act as a broker for
migrating their resources into another provider. The Figure 5-3
demonstrates the structure of the scenario.
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Figure 5-1 System structure of standalone cloud

Figure 5-2 System structure of federated cloud
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Figure 5-3 System structure of Inter-Cloud

Users select the provider after searching the QoS, the price of
provider and then contract with IaaS providers with the help of SLA. Here,
the important part is the effect of outsourcing and cloud federation on the
energy consumption of cloud providers. Cloud exchange is responsible to
select the best service provider that can satisfy user.
Federation and Intercloud market help providers to trade their idle
resources and can give resources at any time when the user asks for more.
Therefore, the federation cloud provider can reduce the cost to maintaining
the scalability of its services. The cloud federation market can reduce the
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risk of service failure and enables cloud provider to utilize the resources
(Kim et al. 2014). In both the scenarios of Inter-networking approach, we
analyse the profit of provider and energy consumption.
In cloud federation, when the primary provider decides to use
other available resources from other providers, there are some additional
costs like searching and coordinating.
Searching

and

coordinating

cost:

These

costs

are

the

matchmaking cost that takes the cloud provider to search for all the
providers and select the best provider which satisfies the user’s request
requirement and include the costs of finding the appropriate and suitable
cloud provider (searching cost) and transfer the request to the provider
(coordinating cost).

5.1.2. Resource allocation scenarios

5.1.2.1. On-demand resources
When an IaaS provider receives a request, three types of scenarios can
happen:
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1) Insourcing (no federation): The provider acts as a standalone
provider that does not need of federation. If the provider cannot execute the
request, it has to be terminated.
2) Outsourcing using federation: The provider is in the federated
environment. If there is no available resource for processing, the provider
shall communicate with the cloud exchange so it can transfer the request to
another provider. In this case, outsourced cloud provider is selected by
quality matchmaking algorithm.
3) Migrate idle on-demand resources: The provider checks the
availability of idle on-demand resources and compares the profit of
migrating the resources with outsourced the request. Idle resources are the
resources that are used rarely.
5.1.2.2. On-spot and On-demand resources
1) Insourcing: If the provider cannot execute the request, the onspot resource with lower bid is terminated; otherwise, the request shall be
terminated. This policy analyses the profit of the IaaS cloud provider using
insourcing.
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2) Outsourcing using quality matchmaking algorithm: If there is
no available resource for processing the incoming request, the provider
communicates with cloud exchange for transferring the request to another
provider. In this case, the provider uses the proposed matchmaking
algorithm based on the SMI factors for selecting the suitable cloud provider.
If outsourcing is not possible, then the availability of on-spot resources are
considered; otherwise, the request shall be terminated. This policy analyses
the effect of outsourcing on the provider’s profit.
3) Migration of on-spot resources: When provider does not have
enough resources, and does not want to terminate the on-spot resources, it
migrates the available on-spot into another provider. This policy analyses
the effect of resource migration on provider’s profit.

5.1.2.3. Reserved and on-demand resources
1) Insourcing of reserved request (no federation): When the
provider gets reserved resources, if the provider cannot execute the request
and assign the resource to it, then terminate the resource.
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2) Outsourcing of reserved request: The provider is in the
federated environment and if there is not an available resource for
processing, then the provider communicates with cloud exchange for
migrating the request to another provider. In this case, outsourced cloud
provider is selected by the proposed matchmaking algorithm.
3) Migration of reserved resources: In this policy, decisions are
made based on the migrated reserved resources that have low usage.

5.2. Simulation flowchart

Providers are players of simulation wherein each provider has their own the
Service Level Agreement (SLA) and Federation Level Agreement (FLA)
(Bordini, Hbner, and Wooldridge 2007). The Figure below gives
information about the flowchart of simulation.
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Figure 5-4 Simulation flowchart

·

Cloud Information Service (CIS): CIS consist of all characteristic of
datacenter. When the datacenter is created, the CIS is responsible to
keep the information of datacenter, virtual machine, and
characteristics of VMs.

·

Datacenter: Consists of host, VMs, VM allocation policies, and
scheduler. The information keeps on the CIS.
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·

Broker: Acts as the middleware between Cloudlet(s) and
Datacenter. Broker first gets information of cloud from CIS and
then directly communicates with datacenter.

·

Host: Representative of physical computer and server in the
datacenter.

·

Virtual Machine (VM): With help of hypervisor, the physical host
can emulate into several virtual machines.

·

Cloudlet: Acts as a user and sends the requests to the broker and
then forwards it to the datacenter.

The following Figure shows the simulation factors that was designed for
each cloud providers.
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Figure 5-5 Simulation factors of IaaS cloud service provider

Each datacenter consists of price of bandwidth and SMI attribute
that is considered for the quality matchmaking algorithm. Members of
federated cloud environment should have agreement which is called
Federation Level Agreement (FLA) to make the resource exchanging
beneficial to all members. The federation price of a resource per hour can
be computed based on the idling size of each data center (Toosi et al. 2011),

F=

* (F

– F

)+ F

(5-1)

Where F is the price of resource federation; Mp is total resource
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capacity of IaaS service provider;
IaaS provider;

max

idle

is idling resources capacity of the

is the price of resource to the cloud users;

min

is the

minimum price for the provider which can not sell resources below this
price.
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Chapter 6 Experiments and results

6.1. Processing time

We run the tests on the machines that had Intel Xeon Quad-core 2.4 GHz
and 16 GB memory. For better accuracy, the number of iterations of the
simulation is 22. We repeated all test runs several times without significant
changes in the results because each scenario in the simulation attributes and
parameters are different. Parameter settings are according to Amazon EC2.
The parameter setup of each scenario is described in the table 6-1 and 6-2.

Table 6-1 Parameter Setup of Inter-networking cloud
Broker Attribute

Number

CPU

1000MIPS

Memory

2GB

Storage

1TB

No of Core

Dual

Queue size

100Megabyte

Bandwidth

1GB/s
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Table 6-2 Parameter setup of standalone cloud
Attribute
No of Hosts
Memory
Storage
CPU
No of Core
OS
Bandwidth

Number
70
2GB
1TB
1200MIPS
Dual
Linux
1GB/s

CloudSim provides significant advantages for testing the
performance of IaaS platform for large scale test environment. Turnaround
("period for completing a process cycle”) is the main parameter in process
management and job scheduling. It shows period and total length of
processing, which is done with and without the use of cloud federation.
Processing cost in term of time is calculated using:

Cost T

= [ Cost

+ Time ] . [Cost

+ Mem ]

(6-1)

Where TimeT is clock time required for a transaction; Costns is cost
per nanoseconds; MemT is number of bytes of memory reserved for the
duration of the transaction; Costmem is cost per byte per nanoseconds.
The user requests 1, 10, 25, 40, 50 and 70VM with 1 GB
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memory from IaaS provider. Figure 6-1(a) demonstrates the distribution of
processing time after the simulation. According to simulations using
CloudSim toolkit, which is shown in Figure 6-1(b), the availability of
outsourcing reduces the average turnaround time and processing time by
more than 42%. It proved that even for an outsourcing using federated
cloud marketplace brings significant advantages to the cloud user’s in terms
of application performance. The simulation ran for 22 times and the error
bar which shows the minimum and maximum value of processing time for
each scenario, is illustrated in Figure 6-2. To show support on the result of
simulation, we ran T-test to show the statistical significance of the result.
Based on the T-test analysis, there is no statistical significant between
federation and migration scenarios. Figure 6-3 depicts the result of
independent sample T-test for independent variables which is the federation
and migration with the significant value more than 0.05 and shows that
there is no difference between the results of the two scenarios. However, for
other scenarios, the mean values show large distance and even significant
among them, which proves that the significant value is less than 0.05.
Figures 6-4 and 6-5 show the significant mean value of migration policy
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and federation to standalone cloud.

(a) Distribution of processing time

(b) Average Turnaround time

Figure 6-1 Processing time (a) distribution (b) Turnaround time

Figure 6-2 Error bar for average Turnaround time

Figure 6-3 T-Test result for federated and migrate scenarios
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Figure 6-4 T-Test result for standalone cloud and migrate scenarios

Figure 6-5 T-Test result for cloud and federated scenarios

Table 6-3, shows the list of scenarios wherein we calculate the processing
time and total costs.

Table 6-3 List of scenarios
No
1
2
3
4
5
6
7
8
9

Scenario
Standalone Cloud with 1 host and 25VM
Standalone Cloud with 1 host and 50VM
Standalone Cloud with 1 host and 75VM
Two federated Cloud each with 1 host and 25VM
Two Federated Cloud each with 1 host and 50VM
Two Federated Cloud each with 1 host and 75VM
Three Federated Cloud each with 2 hosts and 75VM
Three Federated Cloud each with 4 hosts and 50VM
Three Federated Cloud each with 4 host and 75VM
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(a) Frequency of processing time

(b) Error bar

Figure 6-6 Processing time (a) frequency (b) error bar

As Figures 6-6(a) and 6-6(b) demonstrate processing time to
execute the workload that will reduce when internetworking approach is
being used, due to having more resources and VM. However, it will
increase the cost of outsourcing as depicted in Figures 6-7(a) and 6-7(b).
Therefore, the important factor is knowing when to use the standalone cloud
provider or insourcing, cloud federation or brokering, and outsource their
resources. However, in federation it is usually the provider who gets fees
from other providers which compensates for the cost.
For calculating the cost of hosting, we assume (Table 6-4) a
pricing plan which closely follows the actual pricing plan of Amazon EC2:
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Table 6-4 Cost plans assumption
Cost per VM per hour (1GB, 100MIPS, Linux)

(a) Frequency of processing time

0.013$

(b) Error bar

Figure 6-7 Total cost (a) frequency (b) error bar

In addition to turnaround and processing time, other performance
metric such as provider profit and SLA violation, are considered (Costa et al.
2013; Lee et al. 2012).
The Figure 6-8 illustrates upto 2,500 cloud service provider. The
execution time of the proposed quality matchmaking algorithm is about 10
seconds, which clearly indicates that our proposed approach can be used for
online selection of cloud service providers.
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Execution time(seconds)
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Figure 6-8 Execution time of quality matchmaking algorithm

6.2. Provider’s profit related to each scenario

In this section, we demonstrate the provider’s profit, according to each
scenario and type of resources.

6.2.1. Scenario 1
The Figure 6-9 shows the impact of provider’s profit on the three types of
resource allocation. As shown according to the number of requests that is
assigned to the provider, migrating idle resource allocation and federation,
in the case of on-demand resources are more efficient compared to
standalone cloud. Because in the migration of idle on-demand resource, it
compares the profit of migrating idle resource with the given user’s request
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and if the user’s request is more profitable for the provider, it is better to
migrate the idle resource to another foreign provider and execute the given
process internally. Also, the cloud provider can earn more profit by selling
the idle resources with other external providers when joining with the
federated environment. According to independent T-Test results for each
scenario, there is a significant difference between profit of the provider
using cloud and migration (Figure 6-10). Additionally, the result of T-Test
for cloud and federation is significant which is shown in Figure 6-11.
However, for federation and migration scenario the result is not significant,
as shown in Figure 6-12. This proves that having on-demand resources will
not affect the profit of the provider in case of the federation and migration
scenarios.
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1.12
1.1
1.08
Profit

1.06
1.04

Cloud

1.02

Federation

1

Migrate

0.98
0.96
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Number of request

Figure 6-9 Effect of provider’s profit on number of request

Figure 6-10 Independent T-Test result for cloud and migration scenario

Figure 6-11 Independent T-Test result for cloud and federation scenario

Figure 6-12 Independent T-Test for federation and migration scenario
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As shown in figures 6-13 and 6-14, by increasing the number of
requests, federation and migration scenarios have a smaller number of
rejected requests due to a higher chance that a provider can be found who
could execute the outsourced request. Therefore, the SLA violation, is
decreasing.

Number of rejected requests

7000
6000
5000
4000
3000

Cloud

2000

Federation
Migrate resource

1000
0

Number of request

Figure 6-13 Number of rejected request on each scenario
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SLA Violation

No of Violation

20
15
Standalone

10

Federated Cloud

5

Intecloud

0
1000
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Figure 6-14 SLA violation

6.2.2. Scenario 2
In the case of scenario 2, it shows that for the smallest quantity of on-spot
virtual machine requests, handling of federation and migration for
outsourcing help cloud providers boost profit. However, after 60% of onspot requests, providers were not able to increase profits because on-spot
VM price is the beneficial factor on the cloud provider profit. Additionally,
when a large number of allocating and running the virtual machine in the
cloud data provider belongs to on-spot requests, providers can terminate onspot virtual machines in order to run on-demand requests since on-demand
requests are more profitable. Figure 6-15 shows the impact of percentage of
on-spot requests on the provider’s profit.
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Figure 6-15 Effect of on-spot requests on provider’s profit

6.2.3. Scenario 3
In the case of scenario 3, which considers the reserved requests, since the
provider cannot cancel the reserved request, in-sourcing can happen only if
the provider has enough resources. Otherwise, outsourcing and migration is
needed to reserve resources. Figure 6-16 shows the impact of percentage of
reserved requests on the provider’s profit. In the case of using migration or
federation strategy, the profit of provider almost equal. However, if the
amount of reserved requests increase, the provider should migrate some of
the idle reserved request.
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Figure 6-16 Effect of reserved requests on provider’s profit

6.3. Energy consumption

Physical hardware of provider plays an important role in the energy
consumption of a VM. Different kinds of CPUs have different kinds of
energy consumption. The experimental parameters for doing energy
consumption are shown in the following tables:
Table 6-5 Parameter of standalone cloud
Attribute
No of host
Memory
Storage
CPU
OS
Bandwidth

Number
100
4GB
1TB
3000MIPS
Linux
1GB/s
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Table 6-6 Parameters of federated cloud
Attribute
CPU
Memory
Storage
Queue size
Bandwidth

Number
3000MIPS
4GB
10TB
100MB
1GB/s

“One physical host consumes from 180W-210W with 0% CPU utilization
and

upto

250W-300W

with

100%

CPU

utilization”(Horri

and

Dastghaibyfard 2015).

6.3.1. Energy efficiency of IaaS providers
The energy consumption of a host can be estimated using(Katsaros et al.
2013):

Ef

=

∑

,

.

.

()

(6-3)

Where VMj,i is the total amount of processing time to be used by a
cloud server(i.e. CPU processing time of VMj on node i); PUE is the power
usage effectiveness; Ri is the energy consumption of the node; Pnode(i) shows
the operation performance per seconds of the node i. In the case of
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standalone cloud, the DVFS policy is better. For other policies, outsourcing
policy is better due to the power load amount distributed among several
providers. Figures 6-17(a) and 6-17(b) show the energy consumption of
each resource allocation scenarios. In addition, the results showed that
energy-conscious technique using DVFS can significantly reduce the total
power consumption of data center hosts.

(a) Energy consumption

(b) Error bar

Figure 6-67 Total energy (a) consumption (b) error bar

Energy consumption of the provider positively effects on the
outsourcing of resources. In fact, outsourcing can reduce energy consumption
of providers which is analyzed using NPA and DVFS.
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6.4. Simulation results summary

The following shows the summary of results that we can conclude from this
research:
·

Cost of outsourcing is higher than insourcing. However, outsourcing
provides an environment for small or giant providers to trade their
idle resources and provide a high quality resource.

·

Availability of outsourcing reduces the average processing time by
more than 42%. It proved that, outsourcing cloud brings significant
advantages to the cloud uses in terms of processing performance.

·

In this study, we assume that, there are several (more than two)
datacenters in the cloud federation environment. Therefore, a quality
matchmaking algorithm using SMI factors for selecting providers in
the cloud federation is proposed. The proposed approach provides a
mechanism for a cloud coordinator to identify the best cloud service
provider. Because the proposed matchmaking approach has a low
execution time, it can be used for best online selection of cloud
service providers.
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·

IaaS market datacenters are quite competitive markets. If a cloud
provider cannot guarantee or satisfy the user requirement, the user
will lose the trust and switch cloud provider.

·

The provider that accepts more on-demand and reserved requests can
get more profit using outsourcing. For smaller quantities of on-spot
virtual machine requests, outsourcing assist IaaS cloud service
providers to boost profit. However, with high ratio of on-spot requests,
migrating idle resources is not profitable for cloud providers. In
addition, when a large number of allocating and running virtual
machines in the cloud provider belong to on-spot requests, providers
can run more on-demand requests by aborting the on-spot resources
since on-demand request is more profitable for cloud provider. Thus,
the provider can achieve more profit by allocating the resources to the
on-demand resource. This proves that IaaS cloud providers can cancel
or migrate their less profitable resources like on-spot VM resources
for accepting more profitable requests such as, on-demand requests.
In fact, IaaS cloud providers can boost their profit by on-demand VM
resource. However, they can sell their idle resources using on-spot
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resource planning. Insourcing is more beneficial for IaaS cloud
provider if the provider has more on-spot VMs which can assign
resource to on-demand request. We should consider that termination
of on-spot resources, if the provider has low on-spot resources, may
force cloud users to give up services. In terms of providers supporting
on-spot requests, the outsourcing is more beneficial for provider if
there are more on-spot requests. Therefore, profit of IaaS cloud
provider highly depends on efficient resource management decisions
and policies. What is important is when and how the providers use
outsourcing. QoS, execution processing time, energy consumption,
and profit of IaaS cloud providers highly depend on having efficient
resource allocation policy, and types and number of requests that
providers have, they can decide at any moment whether to outsource
request, insource request, migrate a resource, or refuse an incoming
request.
·

It is important to reduce energy consumption costs of datacenter for
every country, especially in developed countries wherein cloud usage
demands are high and governments want to reduce the energy
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consumption and CO2 emissions. Energy consumption of providers
positively affect on the outsourcing of resources, types of resources,
and types of resource allocation policies. In fact, outsourcing can
reduce energy consumption of providers, which was analyzed using
NPA and DVFS. Thus, appropriate resource managing can reduce this
energy consumption cost.
·

Federation and outsourcing can help providers to sell and trade their
idle resources and turn those resources into money. Additionally, if
cloud users at anytime need a few hundred VM resources, providers
can purchace the demand resources from the federation marketplace.
Users can access services anywhere without violation of SLA. IaaS
Providers using different types of resources such as on-demand, onspot and reserved have the possibility of canceling their less
beneficial VM resources for accepting more profitable requests.
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Chapter 7 Conclusions
7.1. Answer to research questions

In this section we answer the research questions that we defined in the
introduction part:
1) What are the value changes in terms of profit for providers using
insourcing and outsourcing?
This study shows that different resource allocation has different
profit and value changes in the IaaS cloud providers. The provider
that accepts more on-demand and reserved requests can get more
profit using outsourcing (i.e. federation and migration). For
smaller quantities of on-spot virtual machine requests, outsourcing
help cloud providers to boost profit. However, after high number
of on-spot requests, the migrating idle resources scenario is not
profitable for cloud providers. The IaaS cloud provider can
achieve more profit by allocating its resources to the on-demand
type of resource. Insourcing is more profitable if the provider has
more on-spot VMs which can assign resources to on-demand
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requests. We should consider the case of termination of on-spot
resources if the provider has low on-spot resources that may force
cloud users to stop using the services. Outsourcing is more
profitable if high ratios of requests are on-spot resource.
2) When can provider use outsourcing or insourcing using different type of
resources?
Outsourcing can help providers to sell and trade their idle
resources and turn those resources into money.
Providers that support different types of resources such as on-demand,
on-spot and reserved can

of canceling their terminable less

beneficial VMs resources for accepting more profitable requests.

3) What are the factors that service provider in the federated environment
should consider choosing the best provider for allocating the resources?
This question is related to using quality matchmaking based on
SMI factors for selecting the best provider among list of providers.
The quality factors considered are availability, service response
time, cost (VM cost and bandwidth cost), throughput, reliability,
and accuracy. These selection factors are created in federation
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environment and can be used and stored in the cloud exchange of
each service provider.

7.2. Summary

The Cloud market industry is a competitive industry, wherein there are many
providers already in the market and many providers competing to deliver
similar services in a highly price-competitive environment. This study
advances the cloud computing field in three ways; first, efficient resource
allocation which is profitable for cloudprovider and has lower SLA violation;
second, reduction of IaaS provider energy consumption cost, which help to
develop a competitive cloud computing industry, especially in developed
countries wherein cloud penetration users are high and governments want to
reduce the energy consumption and CO2 emissions; third, analyze the effect
of outsourcing using cloud federation and migration for allocating idle
resource. This study, by using discrete-event simulation and based on different
resource allocation scenarios of cloud computing, analyses the effect of
provider’s profit and energy consumption costs before and after cloud
federation.
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Cloud federation gives more market power to small and giant
providers; with federation, even small service providers can come to the
market and offer their infrastructure. Therefore, small cloud providers can
trade their resources with each other, and enable them to compete with big
cloud providers. Cost of cloud federation is higher than standalone cloud
computing. However, the idle resources can be traded among several
providers.
Due to high competitive market of cloud provider if a cloud
provider cannot guarantee or satisfy the user requirements, the user will lose
the trust and switch to another cloud provider. Therefore, IaaS providers
require certain levels trust to support reliability and to minimize latency.
The efficient management of resource can affect the profit of
providers. Federation and migration is based on the type of the provider’s
resources. Providers that support different types of resources such as ondemand, on-spot and reserved virtual machines can terminate less profitable
resources for accepting more profitable requests. Outsourcing enables cloud
providers to trade their requests and idle resources to other external cloud
providers.
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Appropriate quality matchmaking using SMI factors for selecting
providers in the cloud federation can reduce the SLA violation and provide
a mechanism for cloud coordinators to identify the best cloud service
provider.
One of the major constraints in the cloud computing and the
federation is the lack of standard and protocol. In cloud federation, the
resource trading can successfully happen through standardization where all
providers have a similar standard cloud coordinator format that can match
with each other. Therefore, cloud federation can be an efficient mechanism
for boosting the standardization of the cloud market.

7.3. Policy implications

The success of federated cloud computing depends on the development of
new regulation in terms of supporting for standardization because cloud
computing providers face uncertainty in aspect of regulation and unique
standardization.
Federated cloud computing architecture can be a solution to
provide scalability to service providers with the aim of guaranteeing the
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QoS of users, in spite of having high demands.
IaaS cloud providers can boost their profit by on-demand VM
resource. However, they can sell their idle resources using on-spot resource
planning
In addition, data centers incorporate their own technologies that
may further affect the market and cause no unique architecture and standard.
Cloud service providers should provide an efficient resource
provisioning for satisfying the demands of cloud computing users.
In federated cloud environments, the participating providers
should follow the same standard and format for transferring requests with
each other, which this can be done through the help of cloud coordinator or
brokering strategy. Managing unique standard and protocol for Application
Programming Interfaces (APIs) could make data portability and migration
in the cloud federation environment easy and provides a mechanism for
cloud providers to outsource their request to external providers.
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7.4. Limitation and further Study

This study considers the horizontal federation and similar stack layer of cloud
and does not consider vertical federation. Resource allocation policy on the
federated cloud environment with the aspect of cloud interoperability is still
one of the challenges of cloud. Additionally, technologies to maximize the
Return on Investment (ROI) for federated cloud service providers should be
considered for further details. Despite the contributions of the current study
for analysing the profit of cloud providers, there are still some research
challenges in considering negotiation mechanism using brokering and
negotiations in the federated environment. Additionally, security and
compatibility are the challenges that can be considered as one of the SMI
factors in quality matchmaking algorithm.
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Glossary of terms
Advanced reservation resource allocation: Resources of cloud are reserved
and should be available at a specific time
Boot time: The time it takes the VM resource to be ready to use.
Broker: The middleware between Cloudlet(s) and Datacenter. Broker gets
information of each cloud provider from CIS and then directly communicates
with datacenter.
Cloud information Service(CIS): CIS consist of a database for storing all
information of datacenter.
Cloudlet: Acts as a user in the cloudsim toolkit and send the request to the
broker and then forward to the datacenter.
Connectivity: The number of connection a cloud user can form through the
cloud service platform.
Datacenter: Consist of physical host, virtual resources(i.e. VMs), VM
allocation policies and scheduler.
Discrete-even simulation: An efficient tool for simulating and analysing the
performance of a resource allocation policy based on different resources.
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Dynamic Voltage and Frequency Scaling (DVFS): The voltage is increased or
decreased, depending on environment and situation
Immediate resource allocation: When a cloud user sends a computing request
to get a VM, either the resources are allocated immediately, or the incoming
request is refused.
Latency: The delay time for receiving a packet of information.
Non Power Aware (NPA): all hosts run at complete CPU utilization and
power.
Quality of Experience: Describes the performance from the perspective of the
user.
Quality of Service: Refers to factors and metrics that determine the quality of
the system.
Return on Investment: Estimate the financial investment of business.
Scale down: Minimum number of Virtual machines for one user.
Scale up: Maximum number of Virtual machines for one user.
Service level agreemenet(SLA): An agreement between service provider and
user, which consists of a several QoS. Provider should ensure the QoS based
on the agreed SLA.
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Service Measurement Index(SMI): Classify service measure and comparision
between several service provider. It consist of several factors, Accountability,
Agility, Assurance, Cost, Performance, Security and Privacy, and Usability.
User: Consumers of cloud services offered by providers. The main goal of
cloud users is having the efficient services with low cost.
Virtual Machines: With help of hypervisor the physical host and server can
splited into several virtual machines.
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Appendix
Initialization of Cloudsim for creating DC,Broker,VM
Datacenter datacenter0 = createDatacenter ("Datacenter_1");
DatacenterBroker broker = createBroker();

//Create DC

//Create Broker

int brokerId = broker.getId();
vmlist = new ArrayList<Vm>();
int vmid = get_vmid;
int mips =get_mips;
long size = get_imagesize;
int ram = get_memsize;
long bw = get_bandwidth;
int pesNumber = get_pes;
Vm

vm

=

new

Vm(vmid,

brokerId,

mips,

pesNumber,

ram,

bw,size,

CloudletSchedulerTimeShared());
vmlist.add(vm);
submitVmList(vmlist);
cloudletList = new ArrayList<Cloudlet>()

VM migration
public boolean vmMigrate(VirtualMachine vm){
boolean result = memoryProvisioner.allocateMemoryForVM(vm.getCharacteristics());
if (!result) return false;
result = bwProvisioner.allocateBWforVM(vm.getCharacteristics());
if (!result) {
memoryProvisioner.deallocateMemoryForVM(vm.getVmId(),vm.getUserId());
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vmm,

new

return false;
}
result = allocationPolicy.allocatePEsForVM(vm.getCharacteristics());
if (!result) {
memoryProvisioner.deallocateMemoryForVM(vm.getVmId(),vm.getUserId());
bwProvisioner.deallocateBWForVM(vm.getVmId(),vm.getUserId());
return false;
}
vmList.add(vm);
return true;
}

DataCenter Configuration_setting
private void DataCenterConfiguration_Save(java.awt.event.ActionEvent evt) {
int i,j;
P_class.a[0][0]=Integer.parseInt(Reliabilitytxt.getText());
P_class.a[0][1]=Integer.parseInt(Availabilitytxt.getText());
P_class.a[0][2]=Integer.parseInt(Srttxt.getText());
P_class.a[0][3]=Integer.parseInt(Accuracytxt.getText());
P_class.a[0][4]=Integer.parseInt(Costtxt.getText());
P_class.a[0][5]=Integer.parseInt(Throughputtxt.getText());

for (i=1; i < 6; i++)
for (j=0; j < 6; j++ )
P_class.a[i][j]= P_class.a[0][j];
}
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void calculate weight( int n)
// n is number of SMI attributes
for(i=0;i < n; i++)
for(j=0; j < n; j++)
P_class.b[i][j]=(P_class.a[i][j] / P_class.a[i][i]);
for(i=0;i < n; i++)
for(j=0; j < n; j++)
P_class.s[i]+=P_class.b[j][i];
for(i=0;i < n; i++)
for(j=0; j < n; j++)
P_class.c[j][i]=(P_class.b[j][i] / P_class.s[i]);

for(i=0;i < n; i++)
{
for(j=0; j < n; j++)
P_class.r[i]+=P_class.c[i][j];
P_class.r[i]=((1/n)*P_class.r[i]);
}

VM Allocation
public boolean allocateHostForVm(Vm vm) {
int requiredPes = vm.getNumberOfPes();
int freeramh1=0;
int freeramh2=0;
int freepesh1=0;
int freepesh2=0;
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boolean result = false;
int tries = 0;
List<Integer> freePesTmp = new ArrayList<Integer>();
for (Integer freePes : getFreePes()) {
freePesTmp.add(freePes);
}
List <Host> hostList =getHostList();
if (!getVmTable().containsKey(vm.getUid())) { // if this vm was not created
do {// find empty host and try all of them
int idx = -1;
// The host with less pes in use
Host h1=hostList.get(0);
int j=0;
idx=0;
for (int i = 1; i < freePesTmp.size(); i++) {
Host h2=hostList.get(i);
freeramh1=h1.getRamProvisioner().getAvailableRam();
freeramh2=h2.getRamProvisioner().getAvailableRam();
freepesh1=freePesTmp.get(j);
freepesh2=freePesTmp.get(i);
double diffram=0.0,diffpes=0.0;
if(freeramh2!=0 || freeramh1!=0){
diffram= (1.0*(freeramh2-freeramh1)/(freeramh2+freeramh1));
}
else
Log.printLine( " fault in ram " );
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if(freepesh2!=0 || freepesh1!=0){
diffpes=(1.0*(freepesh1-freepesh2)/(freepesh1+freepesh2)) ;
}
else
Log.printLine( " fault in pes ");
if(diffram==diffpes || diffpes>diffram){
idx=j;
}
else{
h1=h2;
j=i;
idx=i;
break;
}
}
Host host = getHostList().get(idx);
result = host.vmCreate(vm);
if (result) { // if vm were succesfully created in the host
Log.printLine( " vm " +

"created" + "host" + idx);

getVmTable().put(vm.getUid(), host);
getUsedPes().put(vm.getUid(), requiredPes);
getFreePes().set(idx, getFreePes().get(idx) - requiredPes);
result = true;
break; } else {
freePesTmp.set(idx, Integer.MIN_VALUE);
} tries++;
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} while (!result && tries < getFreePes().size());
}
return result; }

public class power_analyzer {
private static List<Cloudlet> cloudletList;
private static List<Vm> vmList;
private static double hostsNumber = get_hostno;
private static double vmsNumber = get_vmno;
private static double cloudletsNumber = get_cloudletno;
public static void main(String[] args) {
try {
int num_user = get_clouduser; // number of cloud users
Calendar calendar = Calendar.getInstance();
boolean trace_flag = false; // mean trace GridSim events
CloudSim.init(num_user, calendar, trace_flag);
PowerDatacenter datacenter = createDatacenter("Datacenter_1");
datacenter.setDisableMigrations(true);
DatacenterBroker broker = createBroker();
int brokerId = broker.getId();
vmList = createVms(brokerId);
broker.submitVmList(vmList);
cloudletList = createCloudletList(brokerId);
broker.submitCloudletList(cloudletList);
double lastClock = CloudSim.startSimulation();
List<Cloudlet> newList = broker.getCloudletReceivedList();
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Log.printLine("Received " + newList.size() + " cloudlets");
CloudSim.stopSimulation();
printCloudletList(newList);
int totalTotalRequested = 0;
int totalTotalAllocated = 0;
ArrayList<Double> sla = new ArrayList<Double>();
double averageSla = 0;
if (sla.size() > 0) {
double totalSla = 0;
for (Double _sla : sla) {
totalSla += _sla;
}
averageSla = totalSla / sla.size();
}
Log.printLine();
Log.printLine(String.format("Total simulation time: %.2f sec", lastClock));
Log.printLine(String.format("Energy consumption: %.2f kWh", datacenter.getPower() / (3600
* 1000)));
Log.printLine();
} catch (Exception e) {
e.printStackTrace();
Log.printLine("Unwanted errors happen");
}
}
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초 록

클라우드 컴퓨팅은 서비스제공자의 사회기반시설로써 컴퓨터 설치
의 다양한 서비스로 구성되어 있다. 클라우드 사용자들의 갑작스
런 증가는 제한된 컴퓨팅 자원으로 인해 잠재고객들에게 서비스
제공자들이 서비스를 제대로 제공하지 못하는 결과를 낳았다. 클
라우드 서비스를 통해 주어진 시간에 기대한 만큼의 양질의 필요
한 정보를 구하는데 실패한 사용자는 기존에 사용하던 클라우드
제공자의 서비스에서 다른 제공자의 서비스로 전환하게 된다. 그
러므로 서비스 제공자는 클라우드 페더레이션을 통해 높은 품질의
서비스(QoS)의 제공을 이용자의 수나 요구사항에 대한 제한 없이
확실히 보장하고, 이윤을 극대화 하는 동시에 유용한 자원을 다이
나믹하게 증가 시켜야 한다. 추가적인 자원을 얻는 가능한 접근
방법 중 하나는 클라우드 페더레이션이나 신속한 서비스 제공자들
의 협력과 자원의 교환 등의 전략적 중개를 통해 다른 제공자들로
부터 유휴자원을 빌려 오는 것이다. 이 논문은 클라우드 제공자들
이 자원을 외부에서 찾을지 혹은 내부 자원을 사용할 것인지를 결
정하기 위함과 제공자들의 이익 안에서 클라우드 페더레이션의 효
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과를 연구한다. 추가적으로 이 연구는 적합한 클라우드 제공자를
선택하기 위한 알고리즘을 만들기 위한 것을 목적으로 하고 있으
며, 페더레이션 환경 안에서 클라우드 제공자들을 위한 새로운 자
원 전략을 설명하기 위함이다.마지막으로 이 연구를 통해 클라우
드 컴퓨팅이라는 공간 내에서 자원 관리의 이슈를 목적으로 적절
한 가이드 라인을 제공하고 가치 있는 설명을 하고자 한다.

주요어 : 클라우드 페더레이션, 클라우드 컴퓨팅, 서비스로써의 사
회기반시설, discrete-even 시뮬레이션, 클라우드 코디네이터
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