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ABSTRACT
The increasing demand of software service in cloud environment needs strategic placement
in the cloud infrastructure. Thus, in which the users use the service based on the service
model of the provider and pays based on their use of the resources. These resources are
storage, memory processing element and bandwidth. Efficient optimal placement is the main
issue in order to provide a cost effective service to the user. In the Software task placement
activity, the problem is a selection of virtual machine resource to place software task
component that meets the requirement of the resources. However, selection of virtual
machine resource to optimize the infrastructure resources is not an easy task to place
software task component in the cloud environment. The problem is an optimization problem
for initial software task placement. The aim of this study focus on how software task

component can be placed in a cost-effective way to optimize the infrastructure resources.

This research has proposed hybrid approaches to addresses the initial software task
placement problem by exploring the advantage of both Bat algorithm (BA) and Genetic
algorithm (GA), to make the initial ST placement processes optimum and cost effective. In
order to evaluate the performance of the proposed hybrid algorithms, an experimental
environment is configured using CloudSim simulation tool. The proposed solution
performance has evaluated and compared with those existing placement algorithms such as
genetic algorithm (GA) and particle swarm optimization algorithm (PSO). Accordingly, the
performances of the algorithms are examined by varying the number of datacenters, virtual
machines, and tasks. In the experimentation, the proposed algorithm has produced an
optimum solution in both located and across datacenters that are compared with genetic and
particle swarm optimization placement algorithms. The result from the hybrid algorithm has

reduced the initial placement cost by up to 2 -13% on a cloud environment.

Keywords: Cloud computing, Cloud provider, Datacenter, Virtual machine, SaaS, GA, PSO



CHAPTER ONE: INTRODUCTION

1.1 Background
Cloud computing provides different services and resources using Internet services. In these
days a lot of information and computing service are provided by different cloud providers. In a
cloud environment, cloud computing contains a collection of multiple Datacenters. Each
Datacenter has a lot of computing resources to deliver efficient service to the user. These
datacenter resources are important to run a different application in a cloud environment. To
provide these cloud resources, cloud providers have used own model. To deliver the service,
the cloud providers are used different service model such as models Software as a Service
(SaaS), Platform as a Service (PaaS), Infrastructure as a Service (laaS) and also four
deployment models (Private cloud, Community cloud, Public cloud, Hybrid cloud). In the
cloud, the future like On-demand service, Network access, Resource pooling, Rapid elasticity
and Measured service are important to provide well-organized and on demand service to the

user.

Saas is one of the cloud computing service models that the user can access the service without
having or buying any hardware resources. Using SaaS, users can host their application and use
the service without installing and upgrading (licensing) the software. To provide and access
their resources to the users, SaaS providers use cloud infrastructure resources to deploy their
applications and provide an efficient service to the user. This resources include memory,

processing power, the storage element and bandwidth resources.

In traditional application software provider, the user pays once for the software and continue to
pay license cost. But in SaaS, the provider care about the maintenance of the software, the data
center, the backup, and the support of the system. Currently, some Companies change the
desktop software based system into cloud-based software service. Because SaaS providers used
a multi-tenant architecture to deliver a flexible and on demand based application. This multi-
tenancy concept is important to access a single application by many users and customers can
access their data anywhere anytime and pay based on they use. In addition to this, SaaS vendor

has provided the service with minimum subscription cost for the user.



SaaS vendor, infrastructure provider and SaaS user are the main participants in SaaS scenario
on a cloud environment. The first participant is SaaS application vender; it has created the
software based on their custom interest and submits to the cloud provider. The cloud providers
are the second participant, that provide the SaaS service. The cloud provider provides the SaaS
service based on their own model. Finally, the SaaS user is the third participant, that can access
the resources or services using internet connections. SaaS implemented in a different
application area such as resource management application, gaming applications and designing
software. Currently, the users of SaaS application services are increased. The 2016 cloud
service report shows [1] that the cloud based service has reached 240 billion dollars and each
year the growth ratio increase by 16.5%. SaaS is one of the main cloud services that is provided
by the cloud provider. This service has contained 18.5% (37.1 billion dollars) and each year the
market grows by 20.3%.

The infrastructure resource such as a server, network device, bandwidth and virtual machine
are important computing resources to provide software service to the user. Placing ST
component on this cloud resource is one of the main challenges for managing resources and
providing services in a dynamic cloud environment because ST components need an efficient
and strategic placement process. In order to provide an optimal and cost effective service, it

needs an efficient resource management mechanism on cloud resources.

Cost effective ST placement in a cloud environment has a lot of advantage to the SaaS provider
that increasing the provider profit by minimizing the placement cost. It also gives the user
reduced subscription cost and provides efficient service. So, optimal ST placement in cloud
infrastructure becomes a critical problem in a cloud environment. The main aim of this thesis is
to find an optimal placement area for initial ST placement problem in a cloud environment in

order to address the challenge of initial ST placement problems.



1.1.1 Software Task Placement Problem in Cloud Environment
Placement is an important concept in cloud computing infrastructure. Currently, many services
are places in cloud environment to provide cloud service to the user. SaaS is one of cloud
service model that gives different SaaS to the end user via the internet. At the initial stage of ST
placement, the ST has to be deployed in virtual machine across the physical server. In this
placement scenario, the placement process is done by the cloud provider. In the first stage of
ST placement, the placement activity decision depends on the physical infrastructure resource
like storage capacity, processing capacity, memory capacity input/output capacity and
bandwidth. Figure 1.1, shows, the representation of initial ST placement scenario in a cloud

environment.

The main aim of optimal placement in a cloud environment is to give efficient service with
minimum cost to the end provider. To get an efficient SaaS, it needs strategical placement on
cloud computing environment. The problem of placing ST component in a cloud environment
is ST placement problem [2, 3, 4]. To handle this problem, it needs efficient placement
approach, before placing ST component in a cloud environment. So, determining where and

how to place the ST components makes the placement optimal and cost effective.

S ST3 ST4

/ =< \

Virtual Machine

Physical server _ _ _ _

Figure 1.1: Software task Placement Scenario in Cloud Environment [2, 5].



1.2  Statement of the Problem
Software Task placement remains one of the research agenda in Cloud Computing arena.
Among other things, determining an optimal placement is a challenging task. ST placement
requires the highest cost as indicated on annual cloud reports [1]. These costs include
infrastructure resource costs such as memory, storage, and a processing element. Deploying the
ST component on these cloud resources, the provider needs an efficient strategy to optimize the

infrastructure resources.

Amazon, Microsoft, and Google are currently among the well-known SaaS providers in a cloud
environment. These providers host and provide their own SaaS services using Internet
connections. For example, amazon is one of the main SaaS providers in the world. The AWS
operates thirty-five availability zone with thirty geographical regions around the world. In the
near future, it will have a plan to launch more availability zone and regional location [6]. In this
dynamic cloud environment, the issue is managing the increasing number of heterogeneous DC

resources to provide cost-effective services to the user.

Currently, researchers are attempting to find out the problems of placement. For instance, some
researchers [2, 3, 4] focused on the selection of appropriate virtual machines, which they
considered on performance ST execution and data transfer time of the ST placement on cloud
infrastructure. This includes storage and memory from the located datacenter to improve the
execution time of online placement of the ST. Other researchers also [7, 8] focused on the
resource optimization problem on strategic ST placement in a cloud environment to optimize
the infrastructure resources, which they are considered the selection of optimal virtual machine
that increase the profit of the provider to meet SLA and tried to perform local optimization on
located DC.

However, in those existing works, most of the current ST placement solutions placed the
applications on located datacenter, usually considered storage, memory, processing element
and bandwidth requirements. This work takes into account those requirement and incorporates
transfer cost for optimal placement in located and across DC resources in order to provide cost-

effective ST placement in this dynamic and heterogeneous cloud environment.



As a result, we proposed a new hybrid approach algorithm for ST placement in a cloud
environment. The proposed solution is designed to search an optimal placement area in located

and across DC.

1.3 Research Objectives

1.3.1 General Objectives
The main objective of this research is to study initial ST placement problem and to design

hybrid approach for cost effective ST placement on a cloud environment.

1.3.2 Specific Objectives
Based on the above general goal in mind the research concentrates more specifically on:

e To Review the literature to assess what was done in this area and to see the gap from
previous works.

e To study various optimization algorithms, in order to implement a scalable solution to
SaaS placement optimization problem.

e To analyze different cloud computing simulation tool, in order to identify a suitable
simulation tool to implement the proposed algorithm and solve the problem.

e To Design experiment setup environment using the selected simulation tool

e To test the performance of the proposed algorithm using different testing attributes.

e To conclude and give a future direction based on the results.

1.4 Research Methodology
The main aim of this research work is to address optimization problem of initial ST placement
problems to provide cost effective service to the user. To solve the problem and achieve the
research objective, the following six research phases are used throughout the research process

as shown figure 1.2.
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Figure 1.2: Research Method Phases Diagram

Understanding Basic Concepts of SaaS Placement Scenario

In this phase the existing placement activity on cloud computing environments is
reviewed to understand the basic concepts of SaaS placement on cloud computing

environment.

Analyzing Existing Solution
After understanding the basic concepts of SaaS placement in cloud computing, the next
step has analyzed existing placement solutions in order to identify gaps and design the

proposed solutions.



Design the Proposed Algorithm
The main aim of this paper is to proposed an efficient hybrid approach for cost efficient
ST placement on cloud computing environment. In this phase, describes the major
contribution of this research and tried to design hybrid approaches for cost effective ST
placement in a cloud environment.

Design Experimental Setup
To implement the proposed solution first the experiment environment has been
designed. In this phase, the study more about designing experiment setup using
CloudSim simulation tools.

Implementation of Algorithm
After designed the experimental setup, the implementation of the algorithm for the
experiments is done according to the objectives.

Result Analysis’s and Evaluation
To evaluate the performance of the proposed algorithm; the results of the proposed
solution has been analyzed using different placement evaluation criteria and the

simulation result is compared with other existing placement algorithm.

1.5 Scope and Limitation of the Study
The main intention of this research is to develop an efficient algorithm for optimal placement
of ST component in cloud computing environment. It concentrates only on the initial ST
placement in cloud environment to provide a cost effective SaaS service to the user. In general,

the study has focused on the following issues:

e Study initial ST placement problem in a cloud environment.

e Develop an algorithm for initial ST placement problem.

As the limitation, it is only analyzing some of the heuristic algorithms such as GA, PSO, and
BA, to implement the ST placement optimization problem. In a cloud environment, different
simulation and real testing environment are available to implement and test cloud scenario. But,
the study investigates only some selected cloud simulation tools which are open source and

implemented the proposed algorithm in CloudSim simulation environment.



1.6 Research Questions

Generally, the following are our research questions of this thesis

1. Is it possible to improve the performance of existing SaaS placement algorithm and can
we design a better solution for initial ST placement problem in cloud computing?
2. Can a hybrid approach produce an optimal placement solution?

1.7  Significance of the Study
The result of this thesis lies in the area of placement for solving placement problem especially
ST placement in cloud computing environment. Mainly, the main contribution of the study is
an identification of the problem for initial ST placement to deliver cost effective service to the
user. The outcome of this research can benefit entities that are involved in SaaS service

including cloud infrastructure provider, Software service vendor, and Software users.

For cloud providers: The cloud infrastructure resource providers provide their resources to
the Software vendor. This provider uses the infrastructure, platform, and SaaS service. The
infrastructure provider must provide an effective and efficient application service to the user. In
order to provide their service to the user, the application service needs an efficient placement.
In order to provide cost effective service, the proposed efficient algorithm has optimized their

resource in cloud infrastructure environment.

For SaaS users: Now a day, different SaaS application available in a cloud environment.
These applications handle many users and a high number of the service request. The service
process is costlier because it needs more cloud resources. Managing this resources, efficient
placement strategy and managing cloud resources are the main issue to provide a cost efficient
service to the user. The proposed solution will provide a cost effective service to the user by

optimizing the cloud resources across data centers.



For SaaS vendors: Many could infrastructure provider has provided different resources such
as memory, storage, and bandwidth. A SaaS provider rents this physical resources from
infrastructure cloud providers and provide the service to the user by deploying their SaaS
applications. The main aim of SaaS provider is providing a cost effective and an efficient
service to the user by using the resources efficiently from infrastructure provider. Initial
placement is the main issue to provide a cost effective SaaS services. This proposed solution

has provided an optimal initial ST placement in a cloud environment to the SaaS vendors.



1.8 Organization of the Paper

The rest of this thesis has organized as dedicated in (figure 1.3). The second chapter is
dedicated to a detailed review of the conceptual literature and related works of SaaS placement
problem in a cloud environment. In chapter three of this thesis, proposed solution for initial ST
placement resource optimization problem has discussed. The detail experimental procedure and
the implementation of the proposed algorithm has presented in chapter four. Chapter five
covers discussion of analysis and evaluation results of the lab the experimentation. Finally, in

chapter six general conclusions and future recommendations of the thesis has made based on

results of the experiment.

Chapter 2

Literature Review and Related
works

Chapter 3
Proposed Solution

Chapter 4

Experementation

Chapter 5

Result Analysis and Evaluation

Chapter 6

Conlusion and Future Direction

*Presents optimization procedure and different optimization
algorithms

*Presents different type of cloud simulation tools

*Review the existing ST placement solution

«Introduced the hybrid solution for initial SaaS placement
problem in cloud environment

*Designed experimental setup and implement the
proposed solution

Presents the result and evaluation of the proposed
solution

*Presents a summary of the thesis and some issue for
future research.

Figure 1.3: Thesis Organization
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CHAPTER TWO: LITERATURE REVIEW AND RELATED WORK

2.1 Literature Review

2.1.1 Introduction
In Chapter 1, the problem, research objective and research methodology of this research has
presented. This chapter is broadly divided into two main sections. The first section is about
concepts related to cloud computing and Software as a service. In this section, the concept
related to cloud computing and SaaS has reviewed to understand SaaS in a cloud environment.
In the next section, recent related work of initial ST placement has reviewed to find out the gap.
Finally, optimization procedures and different optimization algorithms has analyzed for a better
understanding of the existing solution. Finally, different cloud simulation tools were analyzed

in order to implement the proposed solution.

2.1.2 Cloud Computing
Different scholars and institutes the cloud computing arena has given their own definition for
the term cloud computing. The following definition is cited from different experts and

institutes:

According to National Institute of Standards and Technology (NIST) [9]: Cloud Computing is
a model for allowing on-demand service to a shared resource of cloud infrastructure resources
such as networks, servers, storage, applications, and different services provide to the user and
manage the resource easily. Cloud computing [10] is a style of computing that provide services,
such as infrastructure, platform, applications, and storage space. In order to deliver the service,

cloud computing has used scalable and flexible capabilities.

Kumar, A. [11] Cloud computing is a system that containing a collection of different
interconnected and virtualized infrastructure resources that are dynamically provisioned and
presented as one or more computing resources based on SLA established between the service

provider and consumers.
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Currently, Cloud computing has great change to deliver different resource and services, that
provide on-demand service to share the infrastructure resources in a self-service, dynamically
scaled and managed manner, Cloud computing offers a lot of advantages in terms of cost,
speed, and efficiency [12].

Cloud computing has three key technical characteristics [13, 14] including:

Scale: Cloud computing contain a various number of servers, providing processing elements
using the concept of scaling. This scaling is very important to manage the demand. For
example, cloud providers provide some services to the organization. This organization’s
computing resource demand will be high during some period of time. Based on the demand, the

provider should easily manage the resource using this scaling characteristic of the cloud.

Flexibility: Cloud computing can control a large number of tasks, and adjusted to a real-time
cloud environment. The main difference between cloud and traditional computing is that, the
cloud provider can provide service based on the need of the user. For example, if an
organization needs some servers one day and increase the resource demand in the next time, the

cloud can handle such increase demand of the resources.

Efficiency: Is the third key characteristics of cloud computing. It provides huge resources of
clouds for the end user with a minimum cost and high processing speed. Traditionally
deployments require applications to be bound to a particular infrastructure. This results in low
utilization, diminished efficiency, and inflexibility. Cloud brings in capabilities to allow
applications to be dynamically deployed onto the appropriate infrastructure at runtime. This
dynamic deployment behavior of Cloud computing allows applications to increase their

efficiency.

2.1.2.1 Cloud Computing Service Models
Cloud computing service models is a service model describe how cloud services are available
or provided to the users. Mainly in a cloud environment, there are three main division of cloud

computing including laaS, PaaS, and SaaS.
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2.1.2.1.1 Infrastructure as a Service
The first deployment model (IAAS) provides the user access to different computing resources
such as physical machines, virtual machines, virtual storage etc. And also the 1AAS offer
Virtual machine disk storage, Virtual local area network (VLANS), Load balancers, IP
addresses by managing the infrastructure resources [15]. The main advantage of this service
model is users can use the service without use own different cloud server and network
materials. In this model, the user has controlled the operating systems, storage, and deployed
applications. Based on the cloud computing advantage like elasticity and scaling techniques,
the resources are able to increase (or decrease) requirements for computational capacity and

provide different resources using pay-per-use models [16].

2.1.2.1.2 Platform as a Service
PaaS is the second service model [15] often referred as cloud ware, that gives an environment
platform to develop the different application. In this cloud service model the user, not need
software download or installation for all software user that found in the different area. The
users do not manage or control the cloud infrastructure including network, servers, operating
systems, or storage, but the users can manage the deployed applications and some configuration
settings for the deployment environment and building infrastructure environment for their
applications [17]. PaaS is very important where many developers will be working on the
project or other users need to participate in the development process and the users don’t want to
the responsibility of managing operating system. Using PaaS services developers and users to

customize software environments, and paid based on their use.

2.1.2.1.3  Software as a Service
SaaS is the third service model provided to the consumer to use the provider’s applications
running on a cloud infrastructure. Most of the time SaaS applications are accessible from
various client devices via the internet. Today in cloud computing environment there are
different SaaS applications like Billing and Invoicing System, Customer Relationship

Management (CRM) applications, help Desk Applications, human Resource (HR) Solutions
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[17]. In SaaS service model, the user does not control the cloud computing infrastructure
including network, servers, operating systems, storage, and software provider (SaaS). But, the
users can manage the application software. This model is important to the user because the user
can use the application without pay installation, upgrading, and maintenance cost and only paid
the cost based on the model of the provider, that means the users pay based on their use

principles.

Hosted Applications —
Suites of Services

Deployment Tools —_—
And
Database Management
Operating Systems

Virtualization ===t
= PaaS

Servers and Storage

Networking ~— IaaS
Firewalls/Security
Data Center
Physical Plant/Building

Figure 2.1: Cloud Service Model [11]

2.1.2.2 Cloud Computing Deployment Models
Cloud hosting deployment models [18] represent how cloud service are deployed and which are
mainly differentiate by the proprietorship, size, and access. To use the cloud computing service,
currently, most of the organizations have used different cloud deployment model. According to
National Institute of Standards and Technology (NIST) [19], there are mainly four cloud

deployment models, which are discussed below.
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2.1.2.2.1 Public Cloud Model
The public cloud model is the first deployment model which the cloud services are delivered
over a network which is open for public usage. This model is a true representation of cloud
hosting; in this, the service provider renders services and infrastructure to various clients [17,
18]. The cloud infrastructure is a composition of two or more distinct cloud infrastructures
(private, community, or public) that remain unique entities, but are bound together by
standardized or proprietary technology that enables data and application portability (e.g., cloud
bursting for load-balancing between clouds). Using multitenancy cloud characteristics, this
cloud model provides efficient service by handles many users instead of a single user. The
public cloud model is important for controlling different application like SaaS that used by

many Users.

2.1.2.2.2 Private Cloud
The second model is a private cloud [18] also known as the internal cloud. This model is
important to create a secured cloud environment that is protected by different hardware and
software tools. Private cloud is accessed only by authorized users, gives the organization
greater and direct control over their data. Private cloud use by a single organization comprising
multiple consumers. In this model, the infrastructure management is done by the organization,

a third party, or some combination of them [17].

2.1.2.2.3 Hybrid Cloud
Hybrid cloud is the third type of cloud computing deployment model, which is combined with
two or more cloud models, such as private, public or community cloud that is bound together.
Benefits of the multiple deployment models are available in a hybrid cloud hosting. In a hybrid
cloud, the resources are managed and provided by external providers. It is an adaptation among
two platforms in which the workload exchanges between the private cloud and the public cloud
as per the need and demand [18]. A lot of PaaS service provider use this model to deploy their
application to get the advantage by integrating this hybrid model. But security is the main

challenge in hybrid approach
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2.1.2.2.4 Community Cloud
The final cloud computing deployment model in a cloud environment is Community Cloud. In
this deployment model, cloud resource is provided for the user and used by some community of
users from organizations that have shared resources. It may be owned, managed, and operated
by one or more of the organizations in the community, a third party, or some combination of
them [17]. This model is important to the user that are interested in working in a cooperative
way and running the similar project. In this community deployment model, the resource of the
cloud used by several organizations using same rules and agreement considerations. The
infrastructure cost of community cloud is minimum when compared to other models like a

private cloud [19].

Hybrid Cloud Community

Cloud
CO""PUteM Compute
Services ‘m Services

Database Storage Database Storage
Services Services Services Services

Private Cloud Public Cloud

Figure 2.2: Cloud Deployment Model [20].

2.1.2.3 Virtualization
In cloud computing, virtualization is an important concept and it gives a lot of advantage to
provide a huge and complex computing service using the internet. In a computing environment,
virtualization is the process of creating a virtual infrastructure to manage and use the resource
effectively such as cloud server, a storage component, and network. To create a virtualized
resource, we need the hypervisor. This hypervisor is a software that is used to emulate the
hardware resources. The idea of virtualization has been implemented in storage, networks,
application and operating system. Commonly there are five types of virtualization process in

cloud environment [21].
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Storage Virtualization

Using network storage device, we can encapsulate a number of storage device in a single
storage. In cloud computing storage virtualization are implemented via storage area network.
Most of the time we use this virtualization, to control a collection of the resource from the

central management console.

Server Virtualization

Server virtualization is the process of operating systems to use similar hardware infrastructure
resource to move operating systems to different hardware when the applications are running. In
this process, the server resources are hidden, that means the infrastructure resource is divided
into different multiple virtual machines. The main aim of server virtualization is to increase the

infrastructure computing resources sharing and utilization.

OS-level Virtualization.

Os level virtualization performed on at operating system level. The cloud physical resource and
the operating system are virtualized in too many different partitions; each partition has its own
physical servers. The virtualized kernel of operating system runs in located server.

Network Virtualization
A process of combining the infrastructure resources in a network for managing the available
bandwidth. The idea of network virtualization is virtualization minimizing the network

complexity by separating it into controllable parts.

2.1.2.4 SaaS in Cloud Environment
According to the Gartner Group [22] : SaaS is software that is controlled, delivered and
managed centrally by the service providers. Based on the model, the providers provide service
using a common language is metadata data, that are developed in a one-to-many model in order
to deliver the service to the customers, at any time and places on a pay-for-use basis, usage
metrics that are subscribed. SaaS is software [23] that’s is deployed and managed by the

provider and the customer accesses over the Internet. But, in traditional applications provider,
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the software users use the applications on their computers or other devices, the SaaS provider

controls the applications deployed in located datacenter.

In a cloud environment, SaaS is placed on the top of cloud infrastructure. The users are using
this service using the service based model of the SaaS provider. SaaS applications also must be
able to interact with other data and other applications in an equally wide variety of
environments and platforms. SaaS is most often implemented to provide different business
software applications to the various customer at a low cost while allowing those customers to

obtain the licensed software everywhere [24].

Currently, different organizations are using SaaS because it’s easy to use and cost efficient. The
applications are deployed on located datacenter and used anywhere without buying hardware
resources. In SaaS, the organizations pay a monthly fee instead of paying for licensed
applications, Also, they are not paying installation, set-up, and maintenance costs. That means
the user or the organization can use or access the service without payment of developing,
implementing or supporting it. The users can access the application using internet services.
SaaS has its own characteristics to provide efficient service to the user, this characteristic

includes [25, 26]:

o Configurability - In this characteristics, the delivered software interface environment
has its own configuration options such as network access, blog interface, Social Site
(social media) extensions, and custom tool modules. At this level, many customers can
use separate instances of the same application.

e Multi-Tenant Efficiency — In this architecture, a single instance of a software
application is deployed to serve multiple customers. Because of multi-tenant
architecture advantage, developers are able to use the same infrastructure and expand
their services and make it economical and much easier for them to maintain this
application. The user of the SaaS has used the single application using single provider
site. Multi-tenancy refers to software architecture where a single instance of the

software runs as a SaaS, serving multiple users in the organizations.

e Scalability — In this scalability characteristics, the load balancer has manage the

services by controlling the cloud resources. A scalable architecture is supporting a load-
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balanced activity of similar application instances running on a different number of
servers. in cloud environment, the need of the resources changing dynamically. In this
changing environment, this scalable characteristic is very important to manage the

resources.

2.1.2.4.1 SaaS Service Providers

Today there are a lot of SaaS providers are available to provide different resources to the user.
Salesforce.com [22] is one of SaaS service vendor that provide the service using Force.com
platform in multi-tenant and scalable cloud computing environment. In this software provider,
CRM is one of the main product that provides the management of customer information in the
multi-tenant model. Microsoft: SaaS vendor [22] is also the second SaaS vendor and the main
user of this Microsoft SaaS service are the customers who have used Microsoft’s package
software such as Windows and Microsoft office. Using the strategy of software and service,
this service provider has delivered the web to existing software in comparison with the other
vendors who provide their service through the network by using Web browser [22]. Google
[22], [4] is the third SaaS provider and it has used its own service model to provide SaaS
service to the user.Google Apps one of the main application that provided by Google and

Google provide this service using its own integrated environment is called Google Apps.

Table 2.1: SaaS Service Provider [22]

Amazon Computing Amazon web service | Web service Service Infrastructure
Resource providing

Salesforce | Web-based CRM Force.com Web Platform as a service
service/CRM

Microsoft | Personal/office tools Microsoft office live | Package Software +service
software

Google Web office tools Google apps Web-based Service on the web
service
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2.1.2.4.2 SaaS Deployment

SaaS is deployed in a cloud environment using infrastructure resources such as memory,
storage, and processing element. the provider hosts the applications on the top of the virtual
machine based on their architecture. SaaS deployment in a cloud environment requires a
number of consideration to optimize the cloud resources. Identification of placement for initial
placement and multitenancy is the main issue to provide an efficient service to the user. AWS
is one of the SaaS service providers, that deliver scalable and cost-effective infrastructure
resource in cloud environment. The following components are used by the provider to host and

deliver the SaaS service [27].

Amazon Elastic Cloud (Amazon EC2). This component provides the manageable computing
resources and the users can define the virtual environment. In this service amazon offers a full

control of application environment console.

Amazon Storage Service (Amazon S3). Amazon S3 is the second amazon web service
component, that used store and retrieve information from anywhere and anytime. This service

also stores enormous data.

Amazon Relational Database Service (Amazon RDS). This amazon web service component

provides an efficient database service to store and retrieve information in cloud environment.

Amazon Cloud Front. In this amazon service component, amazon provides the applications

easily to the user by improving the transfer speed and minimizing the latency.

Amazon Simple Queue Service (Amazon SQS). This component provides the application

services in a secure and easily accessible manner to the user in distributed environment.

Amazon DevPay. This service component manages the billing activity of the service to
provide pay per use model to the user.
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Figure 2.3: SaaS$ in Cloud Environment [28].

2.1.2.43  Application Delivery Model of SaaS
The delivery model of SaaS shows how software providers are providing their software product
to the user. Software providers use their own model to provide their service to the user.
Traditional software user uses the software by purchasing the software from a provider rather
than use the software directly from the provider using the internet [29]. This traditional
software provider has a greater advantage for software users based on the user interest, But if
the user needs like software update and patch then software provider would need an extra
charge of maintenance fee in addition to the cost of purchasing the software [25]. Security
patches, application enhancements are some of the maintenance fees. There are a lot of SaaS

service provider in the world and this SaaS provider delivers their application based on their
model.

Currently, software services provide for many users using the concept of SOA [30]. The SOA
service is used to communicate the software applications. A software application components

are deployed in a cloud environment and accessed by various users in a different location. to
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manage the communication of the software service the SOA artifact is important in order to
provide an efficient and cost effective service to the user. The service model using SOA
architecture has supports user need even the demand is high and the large numbers of

transactions process in a secure and reliable environment.

2.1.2.4.4  Maturity Model of SaaS

Today many types of SaaS application are using a new model to improve the SaaS flexibility
and reduced the cost incurred by the application provider. Using this model and application
framework most of the application provider reduced the time and cost. According to Microsoft
[24], SaaS architectures can be classified into one of four maturity levels whose key attributes
are ease of configuration, multitenant efficiency, and scalability. This four level of maturity

model such as Ad hoc/custom, Configurable, Multi-Tenant, and Scalable.

Level 1: (Ad-hoc / Custom)

This maturity model level represents traditional ASP model with customizing to each
individual user. In this maturity model, there is no cloud computing characteristics advantage
because the user has used its own application program and the applications run on the hosted
server. In this level, it is difficult to manage many users at a time because there are no multiple

tenants’ concept and scalability issue in this maturity model [24].

Level 2: (Configurable)

In this maturity model level, the users can use the same application by separating the
application instances. This is important to the SaaS provider to fulfill the need of customer by
using configuration option and decrease the maintenance burden. In this level the maturity
model does not contain the multi-tenant concept, each customer runs or uses its own
applications. The separation of application instances can be either on the same machine

(virtualization) or different machines [31] .
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Level 3 :( Multitenant)

The third maturity level (Multitenant), that adds the multi-tenancy concept into the second
level. In this level using a single application, the service provider gives the services for all users

efficiently. This model [24] enables more efficient use of resources without any apparent

difference to the end user, but in this level scalability issue is difficult.

Level 4: (Scalable)

Level 4(Scalable) is the highest level in SaaS maturity model, at the fourth level of SaaS
maturity model, the maturity model contains all the capability of the above 3 level [24, 31]. In
this maturity level scalability is implemented using scalable based multi-tenancy architecture.
The architecture has important to manage application components placement on a cloud
environment. This scalability issue is important to provide applications by balancing the

infrastructure resources and to use the cloud resources effectively and efficiently. At this level,

the architecture is scalable, multi-tenant and customizable.

Maturity level

Level 4

Level 3

Level 2

Level 1

Virtual System
Space with load balancing

Semwvice on ful -S04

Single instance /Multi tenat

Web based software with
senice conection

Configurable single state/Single
tenant

Configurable package software

Ad Hoc multi-instance

Separated system
Integrated on web interface

System

Semnice

Figure 2.4: SaaS Maturity Model [4]
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2.1.3 Optimization Algorithms
Today complex or hard problems have been solved by a different strategy. This strategy
sometimes cannot have solved more quickly and efficiently. Optimization is the process of
determining the best solution in a given feasible solution using their objective function [33].
Most of the optimization algorithms solve optimization tasks work based on their searching
capability. Different engineering, scheduling, network routing and planning problems can be
solved using optimization procedures. Optimization is a great tool to identify the best way to
solve the problem. The main aim of optimization method is to minimize or maximize the

objective function while satisfying the problem constraints [34].

Meed for optimization
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> Set up variable bounds
¥ )

Select an optimization algorithm

¥
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Figure 2.5: Optimal Design Procedure [34].
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There are two types of optimization techniques; exact and heuristic [32]. Exact strategies
produce the optimal solution, and work well for many problems. This technique is important
when the search area is small. However, when the search area or the problem is large it is
difficult to implement this strategy because it requires high computational cost and long time.
In complex real world problem like placement problem in cloud computing environment we
need different heuristic approaches in order to solve the problem in a reasonable amount of
time. Heuristic algorithms solution is an optimal solution, when compare to the exact solution,
because the exact solution need more time to find the solution, so for these complex problems a
heuristic approach is appropriate. Heuristic algorithms refer to algorithms that produce high-

quality results by trial and error methods in an acceptable computational time.

Most of the time Heuristic algorithms are generally inspired by nature, and these algorithms are
also called nature inspired algorithms. These algorithms are used by many users because it's
flexible and easy to implement in different optimization problem area. Single state and
population-based algorithm are the two main classifications of heuristic algorithms [35]. The
single state algorithms, Tabu search, and simulated annealing have a single candidate solution
that is stored and used to compare against possible new solutions. Population-based algorithms
store many candidate solutions and compare the solution to finding the best solution. When the
searching area is large and for continuous space regions, single state algorithms are not very
efficient because of the lack of comparisons between candidate solutions and are generally not
as good at dealing with escaping local optima. In this case, population-based heuristics can be
much faster. Evolutionary and swarm intelligent algorithms are the two main classifications of

the population based heuristic algorithm.

2.1.3.1  Evolutionary Algorithm
In stochastic searching strategy, evolutionary algorithms are one of population-based heuristic
algorithm. This evolutionary algorithm works based on natural biological evolution system.
This biologically inspired algorithm proposed by Charles Darwin in 1859 [36]. The
evolutionary algorithm works based on the survival of the fittest of Charles Darwin biological
rules to perform different complex problems. Selection, crossover, and mutation are the main

basic operator that are used to implement the evolution based algorithm. Selection is the first

25



operator that used to choose the best fitness value of candidate from the population. After
selecting the best population, the next step is performing crossover operation to create a high
fitness generation in a given population. The final evolution operation is a mutation. Sometimes
the selection and crossover operators don't generate best fitness population, because of this
reason evolution algorithm used a mutation operator created the best performance population in

a given candidate that is not produced by selection and crossover genetic operators.

2.1.3.2  Swarm Intelligent Algorithms
Swarm intelligent algorithms are the second population-based algorithm. The swarm intelligent
algorithm was introduced by Gerardo Beni and Jing Wang in 1989 [34]. These algorithms are
inspired by social behavior of a group of an organism such as ants, bees, and birds. Swarm
intelligence is governed by the rule of social behavior of a group of animal. The interaction

behavior of animals is an important tool to communicate and gather information to each other.

This SI works based on two main principles such as self-organization and stigmergy [37]. The
first rules self-organization deal about communication between component. This rule contains
three parameters such as structure (the state of the swarm), multi-stability (the existence of the
stable state of the swarm) and state transition (the behavioral change of the swarm). The next
core principle of swarm used an environment is to save work state memory is called Stigmergy.
Currently, SI algorithms are implemented in different complex optimization problem like
routing problem in the network area, a scheduling problem, data mining area and other

optimization problem area.

2.1.3.3  Genetic Algorithm

GA is one of the heuristic optimization algorithm based on natural evolutionary process [38].
GA algorithm works initially generated a group of pupation randomly. The generated
population are evaluated based on fitness value using the objective function. After evaluating
the fitness value of each generated population, the next procedure is to select the best fitness
value among the generated population. To get the most fitness value or easy to converge local
or global optima the GA algorithm use crossover and mutation operators. These operators are
the most powerful operators to find the best solution in short period of time.
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Crossover: Crossover is the first genetic operators. This operator selects genes from parent

chromosomes and creates a new population. In order to create a new best population, this

operation has done by choosing crossover point randomly.

Mutation: After a crossover operation is performed, mutation takes place. This is important

to converge the solution easily into a local optimum. This operator changes the solution
randomly

Choose initial population
Evaluate the fitness of each individual in the population
Repeat
Select best-ranking individuals to reproduce
Breed new generation through crossover and mutation
Evaluate the individual finesses of the offspring

Replace worst ranked part of population with offspring

Termination condition

Figure 2.6: Genetic Algorithm [38]

2.1.3.4  Particle Swarm Optimization Algorithm
The Particle Swarm Optimization algorithm is natural -inspired algorithm motivated by a social
behavior of a group of birds [39]. The PSO algorithm is population-based heuristic algorithm: a
set of potential solutions evolves to approach a convenient solution (or set of solutions) for a
problem. The main aim of PSO algorithm is to solve the optimization problem by finding the

global optimum in a given search space. This algorithm follows a certain rule to find a good
result. The rules are [32].

e The searching environment (its fitness value)
e The previous state of the swarm (its memory)

e The neighborhood history of the swarm individuals
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In PSO algorithm each individual particle is distribute into different of searching space and
particles contain its own previous information to identify the best position. Using on previous
placement position each particle has shares information on their neighborhood. The PSO
algorithm is generated population particles randomly in a given searching space to find an
optimum solution with a group of random particles (solutions) and then searches for an optimal
solution by updating groups. In each iteration, PSO algorithm used two main best value. The
first fitness value is pbest value. This value is called pbest. Another "best" value that is
identified by the particle is the best value, obtained so far by another particle in the group. This
best value is gbest. A particle fitness value is best from neighbors; this best value is a local best

or Ibest.

For each particle
Initialize particle
END
Do
For each particle
Calculate fitness value
If the fitness value is better than the best fitness
value (pbest) in history
set current value as the new pbest
End
Choose the particle with the best fitness value of all the
particles as the gbest
For each particle
Calculate particle velocity according equation
Update particle position according equation
End

While maximum iterations or minimum error criteria is not attained

Figure 2.7: Particle Swarm Optimization Algorithm [32]

2.1.3.5 Ant Colony Algorithm
The ant colony algorithm is a heuristic optimization algorithm for finding optimal paths that are

based the searching behavior of ants [40]. The first Ants randomly woke at the first iteration.
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When ant searching a source of food, it finds back to the colony leaving "path " (chemicals)
that show the path has a source food. Based on the first ants’ other ants come across the path,
they are likely to follow the path with a certain probability. If they do, they populate the path
with their own markers as they bring the food back. As more ants find the path, it gets stronger
until there are a high number of ants traveling to various food sources near the camp. The ants
use some special chemicals to show the path easily the next ant. Other ants use these chemicals
to follow the first ants. This process has continued until the best path has been found by the
ants. In this process the bats easily found the solution because the ants use special pheromones
every time. ACO algorithm implemented in different optimization area of such systems include

computer networks, and artificial intelligence simulations area.

initialize the pheromone trails and parameter

initialize the population of the solution

for each individual ant calculate the fitness

for each ant determine the best position
determine the best global position
update pheromone

check the termination

Figure 2.8: Anti-colony Algorithm [40].

2.1.3.6 Greedy Algorithm
A greedy algorithm is the most known method to solve the different optimization problem.
Many recent heuristic algorithms have been developed based on greedy approaches. The main
aim of greedy algorithm is to find a reasonable solution using stochastically searching strategy
to find local optimal solution easily. A GA approach always makes the choice best fitness value
at the moment [41]. That is, it makes a locally optimal choice in the hope that this choice will
lead to a globally optimal solution. A greedy algorithm obtains an optimal result to a problem
by making the selection strategy is sequential. For each stage of the algorithm, the algorithm
choice the current best solution. This GA algorithm sometimes not found an optimum solution,
but this algorithm is more effective like selection and routing problem. This approach is

implemented in different optimization problem areas like routing problem in the networking
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area, artificial intelligence area, and game application. To solve the problem, the greedy
approach divides the problem into subproblems in order to get the optimal solution. It also uses
the fitness function like another heuristic approach to evaluating the performance of the

solution.

N input of the solution
initialize the solution
for each solution
select the solution
if the solution is feasible
take the solution
end if

return the solution

Figure 2.9: Greedy Algorithm [42]

2.1.3.7 Bat Algorithm
Bat algorithm is heuristic-based optimization algorithm used to solve the different optimization
problem in the different area. This algorithm uses an echolocation concept searching strategy
that inspired by natural bat [35]. To search the target location, BA use pulse rate echo location
to identify their obstacles and target location. First, Initialize the bat population, the pulse rates,
the loudness, and define the pulse frequency. After initializing the bat population, update the
velocities to change the location of the bats, and decide whether the current position is optimum
or not. If the current position is not optimum, the bat population search another location in
order to identify the current best solution found by updating the loudness and the emission rate
control attributes. Finally, Check the termination condition to decide whether go back to the
first step or end the process and output the result. The BA algorithm is implemented in different

real-world problems and more powerful when the searching dimension is large.
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initialize the bat population and attribute

Generate new solutions by adjusting frequency,

and updating velocities and locations
if (Rand (0,1) >ri)
Select a solution among the best solutions

Generate a local solution around the selected best solution

end if

Generate a new solution by flying randomly

if (random pulse rate <Ai)

Accept the new solutions

Increaseri

end if

Rank the bats and find the current best

and reduceAi

Figure 2.10: Bat Algorithm [35]

Table 2.2: Comparison of Optimization Algorithms

Optimization

Algorithm

Advantage and Disadvantage

Application Area

Genetic algorithm

It is evolution based optimization
algorithm

e There are multiple local optima
and local searching capability is
very high

e It is implemented in different

artificial ~ creativity, Control
engineering, and  scheduling
application

Particle swarm
optimization
algorithm

e |t is population (swarm based)
optimization algorithm

e It has contained less control
parameter

e Global searching capability is
high

® |t is inexpensive in terms of
computation time and memory

e This algorithm implemented in
different area such as in neural
networks, power control system,
and scheduling problems area.
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Anti-colony

e It is population (swarm based)

e This algorithm implemented in

Algorithm optimization algorithm different areas such as in
power diagnostic and data
e Has strong robustness Ming application area.
e Converging into local optima is
very low (slow to converge to
local optima)
Greedy Algorithm e It is first in first out based e This algorithm implemented in
optimization algorithm different areas such as in
networks routing and path
e It usually requires sorting the selection problems.
choices
e Greedy algorithms don't work for
some other complex problems
Bat algorithm e Itis population (swarm based) e This algorithm implemented in

optimization algorithm

e Itis more powerful to find
global minimum.

e Easily solve constrained based
optimization algorithm

the different complex areas
such as image processing,
routing problems, and
engineering design.

Generally, most of the above optimization algorithms are inspired by biological and swarm

behavior of nature and implemented in the different real-world optimization problem. The

performance of each optimization algorithms is different by their optimal solution for the

objective function. In this thesis, hybrid approach optimization algorithm is proposed using the

advantages of both BA and GA to produce an optimal solution for initial ST placement

problem in a cloud environment. The major weakness of BA is, the searching capability of to

find an optimum solution in a small searching area is not efficient. But, this algorithm is to

converge easily into optimum solution when the searching environment is large. The second

GA algorithm, convergence capability to find the local optimum solution is high. But, the

global searching is not optimum when compared to BA. So, to improve the performance of

existing placement algorithms, we used the hybrid approach.
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2.1.4 Cloud Simulation Tools

Currently, a lot of simulation tools have been available for modeling and simulation cloud
computing scenario. Modeling and simulation technologies are important and suitable for
evaluating and testing the real cloud environment area. These simulation tools are important to
test or emulate cloud computing environment that is difficult to test in real simulation area.
Because testing simulation activity in real world environment is very costly. In this section,
different cloud simulation tools were analyzed in order to identify the best tool to implement

the proposed solution. These simulation tools include CloudSim, Green cloud, and Datacenter

Simulation Tool.

2.1.4.1 CloudSim

CloudSim is one of the cloud simulation tool that developed in clouds laboratory in the
university of Melbourne computer science and engineering department, Australia [42, 43].
CloudSim has contained the basic class that used to manage different cloud-based simulation
activity. Currently, a lot of could base projects are simulated by CloudSim because this
simulation tool is easily model such as datacenters, virtual machine allocation policy, broker
policy and it is also extended by another simulation tool like cloudAnalyst. when compare to
another simulation tool, CloudSim is a powerful simulation tool that creates 10,000 virtual
machines in a few minutes [43]. The following figure 2.5 has shown CloudSim architecture
[44].

User code

Simulation OUser Applicaticn
Specification Scenaric Reaguireameants i Configuration
Scheduling
Policy User or Data Center Broker
CloudSim
User irtual
Interface Cloudiet Machine
Structures
WM Cloudiet A
Services Exacution Managemeant
Cloud W CPU Memory Storage Bandwidth
Services e i Adlccation Allocation Allocaticn Adlocation
Cloud Events Cloud
Resources Handling Sansor Coordinator DiaialCenter
Hetwark | I Message delay l
Metwork I Topology Calculation

CloudSim core simulation engine

Figure 2.11: Architecture of CloudSim [44]
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The above figure 2.5 shows the layered architecture of CloudSim. The architecture has
contained three main layers. In the first layer (user code layer), can develop their own custom
cloud scenario, defined user own requirement, application configuration and datacenter broker
policy. The second layer CloudSim layer is the main simulation layer that the user access
different CloudSim services like user interface, VM service, cloud service, cloud resources and
network. Finally, the simulation tool has contained the core simulation engine that used to

communicate the whole simulation services.

2.1.4.2 Datacenter Simulation Tool(DCSim)
DCSim is an event driven simulator tool that developed using java to simulate infrastructure as
services of cloud [44, 45]. This simulation tool more focused on creating virtualized datacenter
to control and analyses the performance of datacenter management. The virtualized datacenter
has contained hosts and VM resource. Each resources are managed using different scheduling

and management policies.

1 v 1 y
Data center Host VM
Allocation

VMPlacement - Resource - M

Policy Managers |
Management [ VI|~1 |

Policy CPU Scheduler | | o Application

Description
Power Model ...

Figure 2.12 Architecture of DCSim [44].
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DC, Host, and VM are the main components of datacenter simulation tool. DC used to manage
the host component using allocation and management policy of the datacenter. Each datacenter
has to contain hosts which are controlled using resource manager policy and scheduler
algorithms. The hosts are created a VM based resource managers’ module policy and also

assign the CPU resources based on the application resource workload

2.1.4.3 Greencloud Simulator
Greencloud is a packet-level simulator that extends in CloudSim and more focused on cloud
communication like switches. servers and communication links. Greencloud simulator is an
open source developed by using C++ and runs on windows environment. This simulation tool
used to measure the energy consumption the datacenter and communication pattern between

Greencloud and more important to energy aware study in cloud computing environment [44].

6('ﬁluud user

Data center
{characteristics—task scheduler)

Core network

L3 encrgy model

Aggregation network

/

| Access network

@ L2 encrgy model
@ @ g Scrvers

(energy model—characteristics)

Figure 2.13: Architecture of Greencloud Simulator [45]
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The Greencloud simulation tool designed based on three-tier architecture structure [45]. The

main component of this architecture is servers, switches, and workloads. The server is the first

simulator component; it is important to manage the execution application. The second

component is workload, that used to manage different users’ services like content delivery and

instant message. The switch is the last component of the simulator that is responsible to for

controlling the workload and message communication between any two servers.

Table 2.3: Cloud Computing Simulation Tool

Simulation
Tool

Program

Operating
System Support

Properties and Limitation

Availability

CloudSim

Java

Any platform

» Provide core simulation class for
manage datacenter components

» It performs huge simulation
activity

» Support complex scheduling
algorithms

» Many simulation tools develop

on the top CloudSim class

Open source

DCSim

Java

Any platform

» Event driven based simulation
tool

» More focused on virtualized
datacenter environment

» Itis important to design the

transactional workload

Open source

Greencloud

C++

windows
environment

» Packet level simulation tool

» ltis focused on cloud
communication

» Itis important to measure the
power consumption and load of

datacenter

Open source
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Table 2.3, shows the analysis and comparison of three cloud computing simulators, such as
CloudSim, DCSim, and Greencloud based on language, operating system support, properties
and limitation, and availability. Most of these simulators are used to simulate cloud-based
simulation scenario and developed using Java. Each simulator tool has its own advantage and
limitation. To choose the suitable simulator tool the user must be depending on their
requirement and need. However, our problem is more focused on the management of cloud
resources. So, CloudSim simulation tool was selected. Because this tool has support easily
management of infrastructure resources to place ST on cloud environment using the CloudSim
class. Generally, CloudSim is popular and many simulation activities use and also other cloud
computing simulation tools such as CloudAnalyst and Networkcloudsim are developed by

extending the simulation class module of CloudSim.
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2.2 Related Works

In this section, existing work has been discussed that related to ST component placement

optimization problem in cloud computing environment.

Cloud computing provides to the user to use and deploy their applications and data from
anywhere that are place in a cloud environment. Placement of data in cloud environment needs
efficient and strategical placement to provide efficient service to the user. Currently, an
enormous amount of data and ST placed across each data cloud data center. The SaaS
placement problem is a new challenge in placement scenario in cloud computing environment.
In this placement scenario, ST must placement must be optimum. There are a lot of studies
tried to addressed related online placement problem in a cloud environment, but few number of
research were addressed initial ST placement optimization problem in cloud computing

infrastructure.

According to the study of Zeratul 1zzah et al. [46] , that addressed SaaS placement problem in
cloud datacenter with the objective of the study has to find a suitable placement server in
datacenter for composite SaaS that satisfied the performance and to find the best placement.The
researchers had been proposed a penalty based genetic algorithm to improve the performance
SaaS service. To improve the performance of the SaaS service, they used estimated execution
and data transfer time between cloud servers for effective SaaS placement in cloud computing

environment.

Zeratul lzzah et al. [3], addressed SaaS optimization problem by proposing an evolutionary
algorithm (genetic algorithm). The authors proposed PGA in previous research works by
focusing on identifying the suitable server to improve execution time performance. Now they
focused on SaaS resource management on cloud computing datacenter environment to
minimize the resource optimization problem of SaaS placement. They tried to solve the
problem focused on SaaS constraint, requirement and interdependency the SaaS service in a
cloud environment. To solve the SaaS placement, the authors used resources management and
maintenance window to optimize the cloud computing resource using this resource
management window by assigning the resources based on the datacenter need without affecting
the performance of SaaS components. To solve the problem, the paper focused on the

placement problem at application level, instead of platform level (virtualization level). In this
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study, the proposed algorithm has randomly generated the initial task population and virtual
machine resources. After generating the resource, the algorithm places the generated population
randomly virtual resources and calculating the placement cost by checking the placement
constraint problems. Moreover, the GA algorithm has controlled the placement constraint
virtual machine such as memory, storage and bandwidth problems to assigned the resource in a

cloud environment.

Alok [11] addressed SaaS placement problem in a cloud environment. This thesis more focused
on how a SaaS component is placed on a virtual machine to optimize its performance while
satisfying the SaaS resource and response time constraints. The researcher presents SaaS
placement problem as an optimization problem and proposed the genetic algorithm to improve
or maximize the profit of the SaaS providers. To place the task components, first initialized the
infrastructure and task resources using the proposed GA algorithm. And check placement
constraints before placing the task component across virtual machine resources. To identify the
optimum placement location, the researcher only considered the rental cost of the virtual
machine and the revenue cost in order to evaluate the profit of SaaS provider. To evaluate the
performance of the proposed solution the researcher tried to compare the GA algorithm with

first fit randomization algorithm.

In a study [7] , the author stated that SaaS placement problem is combinatorial optimization
problem, from a computational point of view this problem known as Np- hard problem. The
main objective of this paper had been to minimize the cost of SaaS placement that incurred by
SaaS provider. The author of this study was addressed the initial SaaS placement on cloud
environment considering mainly the cloud resources, like processing capacity. memory and
secondary storage, it is also considered SLA constraints to know the cost of SaaS resource and
the profit of cloud provider. The researcher had been proposed that mathematical model using
particle swarm optimization approach (PSO) for efficient SaaS placement on cloud computing.
In this work, the proposed algorithm has generated the task and virtual machine resources
randomly like a genetic algorithm, while in particle swarm optimization algorithm, the
placement initial performed by comparing randomly selected SaaS components with the local
best SaaS component using placement cost (virtual machine cost). After comparing the
randomly selected SaaS component, the next step is to find a global best placement position so
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far by local best position. After that, the algorithm updates the placement position using this
two attribute (local best placement and global best placement). Finally, the researcher has tried
to compared the performance of proposed algorithm with another heuristic algorithm (greedy
algorithm) and, they said that the proposed algorithm is scalable.

The study of Zerzeberg et al. [2] addressed that composite SaaS placement problem by
proposing a mathematical model using anti-colony algorithm. The main aim of this paper has to
minimize the total execution time of the data and application placement on a virtual machine in
datacenter. To achieve their objective, the researchers focused on SaaS requirement such as
computational capacity, memory requirement, and storage requirement at the application level.
In this study, the proposed algorithm, that is the first placement each component of SaaS
component placed randomly selected virtual machine finding the good path by calculating data
transfer time and component execution time. After finding the best placement path, the next

process is select a suitable virtual machine based on placement selection probability.

The study of Madalalina [8] tried to address resource management problem that focused a
single application placement in the single virtual machine by proposing a solution which is
deployed a different application that satisfies placement constraint problem in a cloud
environment. In this thesis, the researcher used three main criteria to place applications on
cloud resources. The first rule is each application instance placed at list on one virtual machine.
The second rule is the conflict application is not deploying on in the single virtual machine and
the virtual machine must host one application instances. To satisfy the above main placement
constraints the researcher has proposed exact and heuristic based approaches. In the first
searching mechanism exact approach has used when the searching space environment is small
(e.g. The number of application minimum). But, the application component and the searching

infrastructure environment is large, the population-based searching using GA was used.
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Table 2.4: Summery of Related Works

Researcher Proposed Solution Drawback
Zeratul 1zzah | e The researchers has proposed | e They only considered service
etal. [46] penalty based genetic algorithm 10 | execution time (response time of the
improve the performance SaaS service)
service '

e It is only identified suitable server to
execute the task component.

Zeratul l1zzah

Proposed evolutionarily algorithm

e At initial placement stage, the author

etal. [3] using management and maintenance |  placed many service components in a
window to optimize the cloud | yirtyal machine to minimize the
computing resource cloud resources.

e Focused on a number of tasks to
place on virtual machine resources.

Alok [11] e Proposed  genetic algorithm for | e The main aim of the researcher was
SaaS placement increasing the profit of the SaaS

vendor.
e Only considered the rental cost of
virtual machine and revenue cost.
Bibhudatta e The paper proposes particle swarm | e They are considered mainly service
and optimization approach (PSO) for

Bhardwaj [7]

efficient SaaS placement on cloud

level agreement constraint to provide
cost effective software service.

e They focused on placement cost
including processing cost, memory
cost, storage cost and bandwidth cost.
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Zerzeberg et
al [2]

e Proposed Anti-colony algorithm to
minimize the execution time.

e He tried to identify the powerful
virtual machine to improve the
response service time.

e To identify suitable virtual machine ,
it only considered data transfer time
between virtual machine and the
processing capability of selected
server

Madalalina

[8]

e Proposed exact and heuristic
approaches to solve placement
problem on selected datacenter
resources.

e The authors only considered the
number of tasks and the size of
searching placement environment.

e It only performs local optimization
across virtual machine on selected
server, not across physical server of
cloud resources.

In related work, the placement algorithms make use of infrastructure resource, usually

considering memory storage [2, 3, 46] and bandwidth resource in located datacenter [7] by

proposed algorithm that is the convergence capability either global optima or local optima are

high. Selection of optimum virtual machine to increase the profit of the vendor by proposed GA

algorithm, that is the local convergence capability is high [11]. In order to fulfill the above-

mentioned gaps, in this thesis, we have proposed an efficient placement strategy by proposing

hybrid algorithms such as BA and GA using the performance of global and local convergences

capability considering both infrastructure resources cost and transfer cost for cost effective ST

placement in a cloud environment.
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Summary
This chapter mainly discussed the detail literature survey on concepts of SaaS placement,

optimization algorithms, cloud simulation tool and also presented the related work. In the first
literature section, we discussed cloud computing deployment, service model, identifying
maturity level of software service model and show how it works in a cloud scenario. Beside
this, it’s more discussed concepts and types of optimization algorithm by dividing into two
categories such as swarm based and evolutionary based algorithm, that is important to tackle
different optimization problem. Moreover, in this chapter different cloud simulation tool were
analyzed using different evaluation criteria like a programming language, availability, and
platform support to select better tool to implement the proposed algorithm. Finally, the related
works have reviewed that are related to ST placement problem to identify the gap. The
remaining chapters have explored about finding the solution to fill the gap that is presented in
chapter 1. Additionally, the next chapter of the thesis has proposed the HA solution for initial

ST placement problem in the cloud.
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CHAPTER THREE: PROPOSED SOLUTION

3.1 Introduction
In this chapter, the proposed solution is presented in order to optimize the placement of ST in a
cloud environment. The main objective of this paper is to design algorithm for initial ST
placement in a cloud environment and as presented in Chapterl, the ST placement has been
improved with the use of hybrid approached. Therefore, this chapter has designed the proposed
solution by hybrid the evolutionary algorithm of GA with the swarm based BA algorithm for
efficient initial ST placement in a cloud environment by using the advantage of global and local
convergence capability BA and GA respectively. In the first section of this chapter, the
introduction of the proposed solution has present. In the second section, the proposed solution
system architecture has present. In the third section, the representation of ST placement in the
cloud environment has presented. In the fourth section, the structure of the proposed solution

and the strategy to implement the proposed solution has present.

3.2 ST Placement

Optimal placement is the process of finding an efficient placement area in a given
infrastructure. Efficient optimization algorithm needs to use cloud resources effectively and
efficiently. SaaS is one of the main cloud computing that is delivered by different cloud
providers. Placement of data or Tasks in large and complex cloud environment, especially SaaS
in distributed cloud environment has been complex and resource intensive. Because ST
components need more resource. Efficient initial placement is the main issue to make the SaaS
service optimum. Identification of optimum placement location by handling the placement
constraint is the crucial activity in SaaS placement in a cloud environment. As reviewed in the
literature section, the previous placement solution was considered the placement activity in
located datacenter and more focused on finding the solution by proposing optimization
algorithm that has the local convergence capability of the algorithm is efficient. To make the
placement activities are optimum, it needs an efficient algorithm. In this thesis, hybrid
approaches were proposed for cost effective placement in cloud environment by using both
local and global convergent capability of the proposed solution
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3.3 ST Placement Representation Model Across Datacenters
To model the representation ST placement in a cloud environment, the first step is identifying
the resource and its property of cloud infrastructure. The second step is identifying the decision
variable that used defend the objective function. The third step is formulating the objective
using those decision variables and finally, the obstacles are defined, that are the constraint to
optimizes the objective function. Thus, representation and objective function formulation for

initial ST placement are represented as follow.

To place P number of ST component P = {P1,P2,P3......Pn} and its requirement Preq=
{memory, storage and cpu} on D number of datacenters D = {D1,D2,D3...Dn}. Those
Datacenter contain H no of virtual machine H = {H1,H2,H3 ... .... Hn}. Each datacenter virtual
machine has its own resource element such as memory, storage, and a processing element. The

representation of ST component across datacenters are described below.

F(Px) = {Px1,Px2,PX3 ... ... ... PXN} oo (3.1

—

Where Px1 = ST placement on datacenter 1

Px2 = ST placement on datacenter 2

Pxn = ST placement on datacenter N

The main aim of this thesis is to minimize a placement cost including transfer cost and virtual
machine cost that fulfill placement constraints. The transfer cost is the cost of bandwidth where

i component ST transfer from one located virtual machine resource to the other VM resources.
Tc =TSize * BWCOST «..ooiiiiii e (3.2)
Where TSize = Total ST size

BWcost = Bandwidth cost
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The second placement cost is virtual machine cost. This cost is the resource cost including

memory cost, storage cost and processor cost that is needed to place the ST components in a
virtual machine [5].

Ve = MMcost + STcost + CPUCOSt .......ccoviviiiiiiiiiiiiiiiiiiiiiiiiiennnn, (3.3)
Where MMcost = memeory cost of VM

— STcost = Storage cost of VM

CPU cost = processing cost of VM

~—

Based on the above equation 3.2 & 3.2, the total placement costs used as an objective function.
This objective function including both transfer cost and virtual machine cost to optimize the
placement cost in a cloud environment. Thus, the problem can be mathematically formulated as
placement optimization problem as follows:

MIN(PC)=YP., Tc + ¥5_, Ve

J—
PC = Placement cost

S = Total no of virtual machine

Where - D =Total no of dataceneter

Tci =transfer cost of ST i=1, 2.......... D
Vcj = virtual machine cost ]=1,2,3............... S
¥

The initial placement of ST in a virtual machine is fulfil the virtual machine resources. In order

to place the ST components, the ST components requirement must always be less than or equal
to the virtual machine capacity.

Where Tl = Sizeof ST [=0..... ... .. N

Vi = virtual machine capacity i =0 N
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3.4  Proposed Solution
In cloud computing environment cloud infrastructure has contained a collection of the different
datacenter that consists of multiple resources. This datacenter contains virtual machine
resources to deployed the ST component a cloud environment. The system architecture of the
proposed solution (as shown in figure 3.1) has four components. The first component is data
center component; each datacenter has its own attribute and distributed across the different
region. The second component is DC information, this component has contained each
datacenter physical properties information like storage, memory, processing element. And
those properties are accessed by the third component (Hybrid algorithm) of the proposed
solution architecture. This algorithm has contained a hybrid of the two main optimization
algorithms such as BA and GA. In this thesis, we focused on both located and distributed
datacenter for cost effective ST placement by introducing an efficient hybrid approach.
Identification of local VM resources and reconfiguration process can be performed efficiently
with the help of high-performance local convergence capability of GA and identification of
optimum placement is performed using the global convergence capability of BA. Finally, the
placement approaches are designed in order to place the ST components. In this approach, two
main strategies were used to identify an optimum placement location based on the proposed

algorithms searching capability.

VM 1

DC Information

VM 2

VM 3

‘ﬁ

Placement approach -+ VM N

A\ 4

Figure 3.1: Proposed Solution
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The proposed algorithm provides the two main searching strategy such as global search and
local searching for identifying the suitable placement area across datacenter in cloud computing
environment. In the first searching strategy (global searching) identify the best location based
on placement objective. After finding the best location area, the next procedure of the
placement strategy has to find the best virtual machine resource to deploy the ST on selected
virtual machine using searching and repairing capability of the second hybrid algorithm(GA) in

the proposed solution

3.4.1 Structure of Proposed Algorithm
The main aim of the proposed solution is to find an optimal placement area to place the ST
components into appropriate VM resources, that meet the requirement of ST such as memory
requirement, storage requirement, and processing requirement. And also handle resource
constraint of a VM like memory capacity, storage capacity and processing power. Because the
placement process must be handling requirement in order to deploy each ST component into

different virtual machine resources.

Generally, the proposed solution has two main structure. The first structure of the hybrid
approach is inspired by natural Bat [47]. This algorithm finds an optimal searching way in
given searching space. The initial bat population is generated randomly because the location of
food resources is not identified in the first optimal searching strategy. Velocity (Vi) ,
frequency(Fi) and position(Xi) are the main attributes of BA [35]. These Bat attributes are used
to evaluate efficiency the ST component placement using the generated population in their
placement area. The ST component move with velocity(Vi) and some predefined random
frequency(Fi) to find an optimum placement location. Finally, each Bats update new location

position of the ST component in a searching area using their previous position information.

Evolutionary algorithm convergence capability in the multi-dimensional problem is efficient,
especially the GA is a powerful algorithm with their operators such as crossover and mutation.
In the proposed solution, the second hybrid algorithm (GA) is used to improve searching
capability of the first hybrid algorithm (BA) by handling the placement constraint, that is an
obstacle to achieving optimum placement. The GA algorithm has used to repair and handle the

placement constraint using GA operators such as crossover and mutation [38]. The first genetic
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operators (crossover) repair the ST placement in VM to meet the placement requirement by
changing the placement location. In first configuration process, the crossover operator is not
fulfilling the placement requirement. To handle this situation, the second genetic
operator(mutation) has used to find placement area that meets the ST requirement.

Algorithm 1 Initial ST placement Using BA-GA
1. Initialize DC resources cost (per storage and per memory)
2. Initialize VM resources
3. Initialize ST components and Bat attribute
4. Change Placement iteration
5. Updating location and velocity using equation (3.6 &3.7)
6. if (Random selected placement TC < Current placement TC)

7. Select and use datacenter

8. for (each ST component)

9. for (each created datacenter VM)

10. if (ST requirement <VM resources capacity)

11. Place ST component in a given VM

12. Calculate VM cost using equation 3.3

13. Calculate TC cost using equation 3.2

14. else

15. Perform cross over operation

16. Perform mutation operation

17. end if

18. end if

19. if (Random selected loudness Ai < Current Ai && f (Randomly select PC cost <
The Best PC)

20. Select the placement location

20. Increase ri and reduced Ai

21. end if
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3.5 Placement Approach
In this thesis, two main placement approach were used to identify the cost-effective placement
area. Because efficient placement depends on the strategy that used to place the ST component
of on cloud environment. The efficient hybrid approach has proposed to find out the best ST
placement location in order to manage the cloud resource effectively and efficiently to give cost

effective service to the user. In this section, the algorithms were described in detail.

In the proposed solution, the first hybrid algorithm (BA) has to find an optimal placement
solution across datacenter using the global searching capability. In the proposed solution, the
second algorithm also finds the best local placement area using GA. Figure 3.2 shows a flow
chart of the first placement approach. In this strategy, first initialized datacenter resource
properties including transfer cost, virtual machine cost (per storage, per memory and processing
cost). Based on this infrastructure resources properties an optimal datacenter's locations are
identified for cost-effective initial ST placement. This placement strategy is described in

algorithm 1.

Intialize DC resorce And ST

Initialize DC resource cost and TC per BW

—F::,__'_'_'_""".Iﬂdentify The located DC using Bﬁ-:”“'_':_'_'_j::_True—l- Place on The Current DC
False
4
If Selected DC is not optimum Location , Check
Other DC

Figure 3.2: Placement Strategy Using BA
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Steps for Selected Optimum VM

Step 1: First initialized the DC physical resource such as virtual machine resource, virtual
machine resource cost

Step 2: Initialized the placement activity

Step 3: Check the DC location based on TC

Step 4: Generated the initialized ST components that are initialized in step 1
Step 5: Generated the VM that are initialized in step 1

Step 6: Placed the ST component on generated VM resources

Step 7: If the placement is feasible, that means the ST component requirement size must less
than the VM capacity

Step 8: Place and calculate VM and TC using equation 3.4.

Step 9: If the placement is not feasible due to placement constraint, that means ST component
requirement is not meet the VM cost

Step 10: Repair the placement using genetic operators

Step 11: Repairing process is continuing (Step 7) until the placement criteria meet

Step 12: Check the final placement criteria including both TC and VC (Current selected PC

cost must be less than the best PC cost)

Step 13: If step 12 conditions are meet, selected the current placement and update the

placement Ai and Ri.

Step 14: But step 12 condition is not meet, change placement iteration by updating vi and Xi
using equation (3.7&3.8).
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In the ST component placement activity, in the proposed solution the first hybrid algorithm
(BA algorithm) has used the attribute to control the searching capability and managed the
placement operations. The BA algorithm has initialized the attribute of Xi, Vi, Fi is the
frequency, velocity and position of BA algorithm attributes respectively. Thus, BA algorithm
attributes has different role on the performance of the algorithm. Each BA attribute has
randomly assigned the velocity , frequency and position at the first position identification
using equation 3.7 , 3.6 and 3.8 [35]. In the next round of target identification, the BA update

the position and select the best current location using equation 3.8.

fi: fmin+(fmax‘fmin) ............................................................ (36)
Vi) = Vit 4+ (0D = X%) % i (3.7)
X0 = X D e viO e 38)

Fi = frequency of at position i
where
fmax = maximum frequency

fmin = minimum frequency

Vi(t) = velocity at t(current velocity)
Vi(t — 1) = pervious velocity att — 1

Xi(t) = position at t(current velocity)

Xi = previous positionatt — 1

The next figure (figure 3.3) shows, how this BA control attributes work to identify the optimal
placement location on ST placement. Thus, attributes such as Vi, fi and Xi are generated at the
initial stage of ST placement. After that, the next procedure is update the ST placement position

for each placement iteration using the above equation.
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Figure 3.3 BA Control Attribute
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Pn Pn

Figure 3.4: Initial Placement Representation Across DC
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Graphical illustration of initial placement representation of ST component is given in figure
3.4. In this placement representation, the DC has located in the different region and each region
contains multiple infrastructure resources. In the first placement strategy, the proposed
algorithm identifies an optimal located DC using Step 3. If this condition is true, the algorithm
has selected the located DC and generated the ST component into datacenter VM resources.
The next figure 3.5 shows the placement of ST component on located datacenter.

Selected DC Current DC,if Current DC transfer cost < Randomly selected DC

Dn, Otherwise

DCA

DC3

Q
®

Figure 3.5 Generated ST into Virtual Machine Resources

@e

After generating the ST component, the next procedure checks the placement constraint that
shows in step 7. Sometimes the generated ST component requirement is not meet to place the
random virtual machine resource. GA operator has used to manage the reconfiguration process
of the placement by handling placement requirement constraint.



The next flowchart shows (figure 3.6) “The second placement approach “. The second strategy
used to repair to meet the placement constraint problem and improve internal virtual machine
searching strategy, to get an optimal virtual machine resource. The repairing strategy used to
find an optimal virtual machine in located datacenter easily. In the first iteration of this
strategy, the ST components are placed on generated VM resources. If the current placement
activity is not fulfilling the requirement and constraint of ST and virtual machine resources
respectively, the GA algorithm checks the placement constraint such as the current placement
ST resource requirement. GA algorithm searches an appropriate local VM resource using
mutation and crossover operators. The reconfiguration strategy and steps are described in the

next figure 3.6.

False—c.-::,'j;lgfhe selected DC Being Dptimuﬁ.‘-ll?:'_?.;-.-

True
¥

Generate VM Resource and ST
Place the ST on VM Resources

e
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.
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S

s
False
¥

Find Another VM Resources Using GA
Operators

Figure 3.6: The Second Placement Strategy Using GA
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Steps for Reconfiguring Placement Strategy On Selected DC

Stepl: Select an optimal DC location using BA

Step2: Placed the generated ST component on selected DC

Step 3: If the ST component requirement (memory requirement, storage requirement, and
processing element requirement) must be less than or equal to the VM capacity
(memory capacity, storage capacity, processing capacity)

Step 4: If the above condition(Step3) is fulfilling

Step 5: Place the ST component on generated VM resources

Step 6: But, placement constraint is not meet in step 3 go to step 7.

Step 7: Perform crossover genetic operators (change by selecting a random crossover point)

Step 8: Sometimes crossover operation is not repaired, we have used the second genetic
operator mutation (change placement configuration by changing a single ST
placement location). Finally, the repairing process is continuing until the placement

constraint meet that shows in step 3.

In the first round placement process, first, the proposed algorithm checks the placement
constraints before placing the generated ST component into virtual machine resources. The

next figure 3.7 shows the initial placement process by checking the constraint.

Placement,if ST size < VM capacity

Placement on VM Reconfiguration, Otherwise
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Figure 3.7: Placement Constraint Checking Procedure Using GA

The above figure 3.7 shows the representation of ST components placement in a given virtual
machine with generated using BA. For example, in the above placement process, ST1 and ST2
do not meet the placement constraint conditions. The placement needs to reconfigure to find
another virtual machine resources. The first genetic operators called crossover implemented to
change placement location. The crossover operation is one of genetic control attribute, which
gives the best fitness result by changing position. The crossover operation exchanges the ST
placement from one VM location into another VM location to identify the optimal solution and
handle the placement constraint.

DecA |

Figure 3.8: Placement Configuration Using Crossover



The above figure 3.8, shows the reconfiguration process to meet the requirement constraint and
also find optimal virtual machine resources. The reconfiguration process must change the
current configuration process using the next GA operator (mutation). The mutation operation is
the second intelligent operator of the genetic algorithm. This operator is handling the
configuration process. Figure 3.9 shows reconfiguration process using mutation operator. The
mutation operation uses after crossover operation performed. This operator is handling the
configuration process. Sometimes crossover operation dose not produced best placement
solution. In this reconfiguration processes, the mutation operators are identifying the optimum
VM location by changing the ST component position.

> DC2 > DC3
v R
| vma |
“"I' — | | Y _h"‘\\Lh
W [ Vs Y
mutation \“_' =
.’/-_- \.
| VM5
\“1:__ —
| | |

Figure 3.9: Placement Configuration Using Mutation

After completed the reconfigurations process using the GA operators (mutation and crossover),
the next step is identifying the current best placement location using BA algorithm. In this step,
the BA algorithm is select an optimum location by comparing TC and VC in each placement
iteration. Thus, the BA attributes are updating the placement position using previous placement

information. The next figure 3.10 shows, how the BA update the placement position.
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Figure 3.10: Identification of New Placement Position Using BA

As mentioned above, the BA control attribute manages the placement position in each iteration.
for example, in the first placement iteration, the ST has its own placement position. This
placement position is calculated using equation 3.8. In the above figure, ST1 and ST5 have
changed the previous location to find another best location by updating its previous information

including position and velocity.
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Summary

This chapter presented, a cost-efficient initial ST component placement algorithm that is
designed using hybrid approaches to optimize the resource usage. To address the placement
problem, the placement strategy has been divided into two section. In the first strategy
identifying the best placement environment across datacenter using the first proposed algorithm
global searching capability (BA). And the second strategy (GA) was identifying optimal
placement area across physical host on selected DC and handling the placement constraints
using the local searching capability of the second hybrid algorithm(GA). The next chapter, the
experiment simulation environment is designed using CloudSim cloud simulation tool to test

the performance of proposed algorithm to achieve the objectives.
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CHAPTER FOUR: EXPERIMENTAL SETUP AND IMPLEMENTATION

4.1 Introduction
In this experimentation section, the proposed solution is implemented. The cloud computing
simulation tool called CloudSim simulation is used to implement the proposed algorithm. In the
first section of this chapter, the detailed architecture of the tool is presented. In the second
section, the simulation environment configuration is presented. In the third section, different

simulation scenarios have been defined in order to implement the proposed solution.

4.2 CloudSim

Simulation tools are an important tool in order to investigate various cloud activities that are
difficult to test in the real environment due to lack of cost and time, especially in cloud
computing environment. Today a lot of cloud computing simulation tools are available in the
market, most of those simulation tools are open source. CloudSim is one of cloud a simulation
tool that performs cloud-based simulation activities. This simulation tool is a key tool to test
and control the performance of simulation activity before implementing on to the actual cloud

computing environment.

CloudSim is an open source cloud simulation tool and used simJava toolkit to model and
simulate different cloud computing scenario. Using this simulation tool, it can simulate the
cloud scenario by creating and managing different cloud computing resources. CloudSim
support simulating different cloud scenarios, from simple up to complex cloud environments

implementations.

CloudSim is a framework that creates virtual cloud infrastructure environment using different
policy to manage the cloud resources including network topology and message communication

that provide a flexible simulation environment to the user [42].

CloudSim provides different important class such as datacenter, virtual machine, application,
users and scheduling and provision policy for managing different parts of the simulation tool, it
is also important to assess various activity like measure performance and cost the resources
[48].
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4.2.1 Classes in CloudSim
CloudSim is an open source cloud simulation software. Using a library of this simulation tool,
the CloudSim integrating the java JDK to compile the simulation code. CloudSim is a self-
contained platform which can be used to model different data centers, service brokers,
scheduling and allocation policies of a large scaled Cloud platform. Different IDEs such as
Eclipse and NetBeans can easily access the CloudSim library class to use and implemented the
algorithm. To perform simulation activity, CloudSim has a set of various class. This class is
important for modeling the simulation environment. To model the simulation environment, the
CloudSim has used a class, abstract class, and interfaces. In this section, the main class of the

CloudSim simulator tools is identified that are important to perform the simulation scenario.

The basic class and the function of CloudSim modules are described below [42, 49]: -
Datacenter:

In CloudSim datacenter, datacenter resource contains different resources to the user such as
hardware and software. This resource has contained compute and storage servers that are

important to provide efficient simulation services.

DatacenterCharacteristics:

This class module contains detail information of data center resources characteristics.
Host:

The datacenter is a collection of the physical resource including a compute or storage server.
This class module contains information about memory, storage, processing elements, allocation

and provision policy of cloud physical resources.

Datacenterbroker:

This class act as a bridge between cloud user and cloud provider to communicate with each
other. Using this broker, the user can get the whole datacenter information from cloud
information registry center(CIS) and also extended broker class module to create our own

customs broker policy.
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Virtual Machine:

This class module is responsible for managing the creation of virtual machine resources that are
created by cloud host.

Cloudlet:

CloudSim class module contains an application or tasks placed different cloud hosts in
datacenter. Each task has its own property such as, task length, task size and input/output

requirement.
BWoprovisioner:

This provisionary class is an abstract class that used to provide the bandwidth based on the
provisioning policy.

Memory Provisioner:

It is an abstract class that controls and identifies the cloud hosts, it is suitable for creating
virtual machine resources satisfy memory, storage, and other requirement.

VVM Allocation Policy:

VM Allocation Policy is an abstract class that implemented by cloud hosts and control the
provisioning allocation of the virtual machine to cloud hosts. The responsibility of this class
module is to search a suitable host for virtual machine placement based on the virtual machine

requirement.

VmScheduler:

This virtual machine scheduler class is an abstract class that used to implemented space shared
and time-share scheduling policy for allocating the processing power element to a virtual

machine.
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SANStorage:

This CloudSim simulation class contains the local storage area network information of the

simulation tool. SANStorage class implements an interface class to simulate and assess the

delay and latencies of data transmission.

1

SpaceSharedVMScheduler
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VMProvisioner Datacenter DatacenterChar Datacenter
VirtualMachineList T acteristics Broker
SimpleVMProvisioner CloudCoo N
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VirtualMachine 1, VMCharacteristics H—1 VMScheduler
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Cloudlet
;
Host MemoryProvisioner
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I
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SimpleBWProvisioner
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SimpleMemaoryProvisioner

TimeSpaceSharedAllocationPolicy

TimeSharedAllocaonPolicy

SpaceSharedAllocationPolicy

Figure 4.1: CloudSim Class Design Diagram [49].
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4.2 Simulation Environment
To perform simulation activity, a simulation environment was created using CloudSim
simulation tool. In this simulation activity, different data centers are created with various
physical hosts. Each physical hosts are its own properties and resources. After creating a data
center, virtual machine resources are created based on the physical host resources. Finally,
generate ST components by assigning its attribute and properties element. Figure 4.2 shows the

experiment simulation environment component using CloudSim simulation tool.

Task components |

Virtual machine ‘ Physical host atacenter

“. DC1

Figure 4.2 Simulation Environment of CloudSim
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Physical host: Datacenter is the first component of the simulation environment. This
component contains different configuration elements including processing element, storage

element, and memory.

Virtual machine: After creating the datacenter infrastructure, the second main component of
simulation environment is a virtual machine. In this simulation environment, virtual machine

resources are created from physical host resources.

ST components: ST contain the software task applications. In these simulation components,
ST applications are created including their own properties such as a size of ST, memory

requirement and output requirement.

Table 4.1: Simulation Component and Configuration of the Experiment

Simulation Environment Simulation Component Attribute
Components
Physical server Each datacenter contains different physical hosts with its properties

(Host ID) ----> Id of the server
(Host Name) ----- >Name of server
(Host storage) ----> Storage size
(Host RAM) ------ >Memory size

Datacenter characteristics (Arch) --------- > Physical architecture of the server
(OS) --------- > Operating system used by the server
(VMM) ------- > Hypervisor used by the server

(costPerMem)---------- > Cost of memory to use the resources
(costPerStorage)---------- > Cost of storage to use the resources
(costPerBw )---------- > Cost of bandwidth to use the resources
Virtual machine (VM size) -------- > |mage size of VM
(VM Ram) -------- >VM memory
(VM PNo) --------- > Number of CPU
ST components (Fsize) ------ >Total file size of ST

(Output size) ---->Output size of the ST
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4.2.1 CloudSim Configuration
To implement the proposed algorithm, first configure datacenter resource element based on the
simulation scenario. Before creating datacenter component, the first step is instantiating

CloudSim library and creation of CloudSim datacenter object.

CloudSim.init(num_user, calendar, trace flag);
Datacenter datacenterQ = createDatacenter("Datacenter_0");
Datacenter datacenterl = createDatacenter("Datacenter_1");

Datacenter datacenter2= createDatacenter("Datacenter_2");

Datacenter datacenter2= createDatacenter("Datacenter N");
After initialization the CloudSim library, the next step is creating a datacenter and their

resources such as virtual machine and physical Host (Host). Each host and virtual machine
contain resource property and its cost. Host Id and Host Name is the first property that used to
identify the datacenter host resources uniquely from other datacenter resources. The second
component property is the storage, RAM size, and processing element of datacenter physical
host and virtual machine. Finally, the characteristics of datacenter have its own storage and
RAM cost to place ST component on physical Host. After datacenters configuration, generating
of ST components by assigning their properties for each component. The detail configuration of

cloud datacenter elements is described below.

4.2.2 Datacenter Physical Hosts Configuration

Host configuration is the first data center configuration that after instantiating of CloudSim
simulation library. In datacenter configuration, physical Host and its processing element are
configured. In this experimentation, various host elements are created with RAM size, storage
size, and bandwidth. After creating a host, the next step is adding processing element for each
physical host. CloudSim Pe (Processing Element) class represents CPU unit, defined in terms
of Millions of Instructions Per Second (MIPS) rating. This processing element is measured by
million instructions per second of the CPU time and it is important to give the processing
power for each datacenters Host element.
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4.2.3 Datacenter Virtual Machines Configuration
To configure the VM’s resources, the requirements must be known for placing the VM on the
physical Host in a correct manner. The VM placement required some resources in the physical
host and need a different resource that VM runs inside a Host. After configuration of physical
host using the above physical Host configuration, the next step is configuring virtual machine
in cloud datacenter simulation environment starting by assigning of virtual machine element
such as Image size, memory size(RAM), million instructions per second(MIPS), processing
element(Pe) and bandwidth(BW). These attributes are the main element of virtual machine
configuration assigned to for each virtual machine configuration element and pass the value to

virtual machine simulation class.

4.2.4 Datacenter Broker Configuration

In CloudSim simulation environment broker is the main simulation element. Broker element
act as a bridge between user and datacenter. This broker class model, which is responsible for
manage communication between users and service providers depending on users need
requirements and deploys ST across DC. DC broker is used for manage which data center
resources should be selected for ST placement that satisfies the requirement. Datacenterbroker
represents a broker acting on behalf of a user. It manages VM resources, VM creation,
submission of STs and destruction of VMs

4.2.5 Datacenter Characteristics Configuration
Datacenter characteristics contain datacenter information such as the architecture of physical
server, Host operating system, hypervisor, time zone, costPerMem, costPerStorage and
CostPerbandwidth. After initializing the value of each datacenter characteristics component, the

datacenter characteristics CloudSim simulation class have been passed.

After configuration cloud environment, the next activity is implementing the proposed
algorithm in configured CloudSim configuration environment. In order to implement the
proposed algorithm, the ST components attribute are initialized such as length (length or size
(in MI) of the ST to be executed in a Power Datacenter (assuming MI stands for Million

Instructions), file size (size of ST before submitting), output size (size of the ST after
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submitting) and getActualCpuTime gets the total execution time of ST in a given Cloud

Resource ID. Each attribute of ST has contained its own attribute value.

After configuration of datacenter resources of CloudSim, the next procedure is implemented
the proposed algorithm by creating different simulation scenario in configured CloudSim
environment. Figure 4.3 shows the importing class package and CloudSim simulation

environment using NetBeans IDE.
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Figure 4.3: Simulation Screen
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4.3 Implementation

In this section, experimental implementation has been done in the configured CloudSim
environments. The proposed algorithm has been implemented using java programming
language and evaluates the performance of the proposed hybrid approach. For all experimental
scenarios, the proposed solutions were implemented on a large cloud environment and the
attributes of datacenter information like size of the server , virtual machines, and its cost were
generated from AWS [6]. All experiments were performed in Toshiba laptop computers with
three GHz Intel Core 2 Duo CPU and 4GB RAM.

4.3.1 Simulation Scenario
This section, the simulation scenarios of ST placement a Cloud data center using CloudSim are
carried out to meet the objective. To evaluating the placement technique five simulation
activities were performed by changing a cloud datacenter resource metric to observe the impact
of proposed approach in the simulation environment. In the first two experiment (experiment
1&2), the proposed algorithm is implemented on located DC by changing the number of ST
and VM to evaluate the performance of hybrid approach to place the ST. The main aim of the
above three experiments is to evaluate the local convergence capability of the proposed
algorithm to find an optimum located VM resource. In the next three experiments (experiment
2,3 & 4) the proposed solution is implemented and the main aim of those experiments are to
investigate the convergence capability those hybrid algorithms capability across DC by

changing the VM and ST resources.

4.3.2 Terminology and Resource Attribute Used in the Experiment
To implement the proposed algorithm in this experiment, the following simulation terminology
and resource attributes [6] were used throughout the experiment.

Table 4.2: Terminology Used in The Experiment

Placement cost Placement cost is the total cost of virtual machine cost and
transfer cost.

VM cost Virtual machine cost is the amount cost to use this virtual
machine resource .

Transfer cost Transfer cost is the amount of cost need to transfer from one
point to another.
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Table 4.3: Resource Attribute Used in The Experiment

VM RamSize 600 MB- 8GB
VMSTsize 100 MB- 10GB
VMcostPerMem 0.09%

STSize 100MB - 2GB
VMcostPerStorage 0.07$
VMcostPerBw 0.013%
VMcostPerPe 4.0$

4.3.3 Experiment Scenario 1
This demonstration is evaluating the impact of changing ST on the initial placement on located
DC and how the placement scenario using a hybrid approach to minimize placement cost and
service efficiency by comparing the proposed algorithm with other existing placement
algorithms in a cloud environment. During this experiment, the attribute and the value of DC
resource component have been set and change the parameter each time to investigate the impact
of the proposed solution.
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L] while {cloudletList.size()<0)
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Figure 4.4: Sample Experiment Scenario 1 Simulation Results
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4.3.4 Experiment Scenario 2
The second demonstration is more similar to the previous demonstration (experiment scenario
1). In the first experiment scenario, the local convergence capability of proposed hybrid
approach has investigated by constant the VM and increase the Number of ST. But in this
experiment, increase the number of ST while the VMs remain constant. Thus, only the value of
the ST parameters is changed the attribute value in each time to observe the impact of ST in
initial placement to reduce the initial placement cost. For the second experimental
demonstration, the attribute and the value of DC resource component were also generated to

implement the and evaluate the proposed solution.
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Figure 4.5: Sample Experiment Scenario 2 Simulation Results
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4.3.5 Experiment Scenario 3

In the previous two experiments (experiment 1 and 2), the proposed solution has implemented
to evaluate the performance of hybrid approach by varying the size of VM and ST only on
located datacenter. But, in this demonstration, the proposed algorithm is implemented to
evaluate the impact of proposed solution by increasing DC on distributed DC and how the
placement scenario using a hybrid approach to minimize placement cost by comparing the
proposed algorithm with other existing placement algorithms in a cloud environment.

During this experiment, the infrastructure attribute value the attribute and the value of DC

resource component has been set and change the parameter each time to investigate the impact

of the algorithm in placement scenario across the DC.

230

double sum=0;

R | 357
E 358 double totcost=0;
3| 359 for (int § = 0; j < size; j++) {
fE:E 360
361 cloudlet = list.get(]):
3e2 double tot= cloudlet.getFinishTime() ;
Eixl aumi=troat e
: Qutput - GAPlacementTest (run)
F3 S ULLESS Z 1) I |14 R
u> 24 SUCCESS Z 0 10 0.2 10.2
H} 27 SUCCESS Z ] 10 0.2 10.2
30 SUCCESS Z ] 10 0.2 10.2
33 SUCCESS Z i] 10 0.z 10.2
%g 38 SUCCESS Z ] 10 0.2 10.2
35 SUCCESS Z i] 10 0.2 10.2
42 SUCCESS Z i] 10 0.2 10.2
45 SUCCESS Z ] 10 0.2 10.2
43 SUCCESS Z 0 10 0.2 10.2
51 SUCCESS Z 0 10 0.2 10.2
54 SUCCESS Z 0 10 0.2 10.2
57 SUCCESS Z 0 10 0.2 10.2
Toatal placement time of the algorthim 378.cceccERcE00R3d

Toatzl placement cost

BUILD SUCCESSFUL (total time: 1 second)

2le0.0

Figure 4.6: Sample Experiment Scenario 3 Simulation Results
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4.3.6 Experiment Scenario 4
This demonstration is evaluating the impact of changing ST on the initial placement in different
DC and how the placement scenario using a hybrid approach to minimize placement cost and
service efficiency by comparing the proposed algorithm with other existing placement
algorithms in a cloud environment. During this experiment, the attribute and the value of DC
resource component have been set and change the parameter each time to investigate the impact
of the algorithm in placement scenario across the DC.

.| 34 1t (cll.getCloudletklesize (| »vml, getsize (])
1 26 {
v broker.bindCloudletToVm(cll.getCloudletId(), vml.getId());
L RPH double xi=ch.getCoatPerMi()+ch.getCostPerBu()+ch.getCostPerStorage();
] 329 double vv=cll.getCloudletId();
i 330
; ki broker.bindCloudletToVm(cll. getCloudletId(), wml.getId());
‘3 12
7 double lbest=ch.getCostPerMi()+ch.getCostPerBw()+ch.getCostPerStorage();
M i
2| 3 if (xi<lbest)
| 536
j| {
i3
17
: Quiput
| ) | cAPlcementestdebug) | Debuggerconsoe & P5Pscerntist )
] u> 3 SUCCESS H 0 .98 0.3 7.28
] 3 SUCCESS H 0 .98 0.3 7.28
) 9 SUCCESS H i 6.9 0.3 7.28
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15 SUCCESS H i 6.9 0.3 7.23
18 SUCCESS H i 6.9 0.3 7.28
21 STCCESS H i £.99 0.3 7.28
24 STCCESS H i £.99 0.3 7.28
H STUCCESS H i 6.9 0.3 7.28
30 STUCCESS H i 6.9 0.3 7.28
33 STUCCESS H i 6.9 0.3 7.28
18 SOCCESS i i £.99 0.3 .28
KE] SOCCESS i i £.99 0.3 .28
Toatzl placement time of the algorthim  180.11Be6ReRecReed
Toatzl placement cost  1300.0
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Figure 4.7: Sample Experiment Scenario 4 Simulation Results
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4.3.7 Experiment Scenario 5

This experiment demonstration is similar to the above experiment 4. In the previous experiment
(experiment 4), the convergence performance of proposed algorithm has evaluated on
distributed DC by changing the size of VM resources. In this experiment the impact of VM
resources on ST placement in various DC resources; and how the placement scenario using a
hybrid approach to minimize placement cost by comparing the proposed algorithm with other
existing placement algorithms in a cloud environment. During this experiment, the attribute and
the value of DC resource component have been set infrastructure attribute value and change the
parameter each time to investigate the impact of the algorithm in placement scenario across the
DC.

298
299 [ private static void GAPlacement (List<Vm» wvmlist, List<Cloudlet> cloudletList, DatacenterBroker broker) {
1| 300 Datacenter vv;
7} List<Host>» hostlist = new ArrayList<Host>():
302 String arch = "x2g";
303 String o= = "Linux";
! 304 String vmm = "¥en";
| 305 double time zone = 10.0;
i| 306 double cost = 3.0;
307 double costPerMem = 0.05;
| 308 double costPerStorage = 0.1;
309 double costPerBw = 0.1;
| ) TinlkadligtsSt+nramna~ otrranaliet = maw TinbkadlistsStnvramo~ (i
: Qutput
/WD | GAPlacementTest (debug) | Debugger Console 1 | GAPlacemenTest run) 1
u> CUTEUT
) Cloudlet ID STATUS Data center ID ™ ID Time Start Time Finish Time
%l‘?u Z SUCCESS 3 Z 0.14 0.3 0.44
g SUCCESS 3 Z 0.14 0.3 0.44
3 SUCCESS 4 3 0.14 0.3 0.44
7 SUCCESS 4 3 0.14 0.3 0.44
1 SUCCESS Z 1 0.25 0.3 0.55
5 SUCCESS Z 1 0.25 0.3 0.55
g SUCCESS Z 1 0.25 0.3 0.55
] SUCCESS Z ] 0.43 0.3 0.73
4 SUCCESS Z ] 0.43 0.3 0.73
g SUCCESS Z ] 0.43 0.3 0.73
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Toztal placement cost 1450.0
BUILD SUCCESSFUL (totzl time: 0 seconds)
. _

Figure 4.8: Sample Experiment Scenario 5 Simulation Results
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Summary

This chapter presented, the simulation set up the environment for implementing the proposed
solutions using CloudSim simulation environment. In this chapter, in the first activity has
configured the simulation environment. In the first simulation setup configuration, the cloud
environment infrastructure has configured based on the placement scenario using amazon
infrastructure model. And the second simulation activity the simulation scenario was defined
by classifying into three simulation scenario. In the first simulation scenario, the algorithms are
implemented by changing the number of VM and fixed the total number of ST components. In
the second simulation scenario, the algorithms are also implemented by changing the number
ST components and constant the number of VM. Finally, scenario three, four and five has
implemented the algorithms by fixed and changing the VM and ST components across DC. In
the next chapter, the experiment simulations result has analyzed and evaluated the performance
of the proposed solution with those existing algorithms that are discussed in the literature

section.
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CHPTER FIVE: RESULT ANLYSIS AND EVALUATION

5.1 Result Analysis

5.1.1 Introduction
In this section, the proposed algorithm performances are analyzed in initial ST placement
problem that implemented by changing the cloud resources such as the size of VM, ST, and DC
resources. And also evaluated the result of the proposed solution in contributing the efficient
placement ST to optimized the resource. To evaluate the performance of proposed solution and
compare the results, we used the simulation result of the demonstration in this experiment with

those current existing placement algorithms such as PSO and GA.

5.1.2 Experimental Result On changing Size of VM Resources On
Located DC
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Figure 5.1 Placement of ST Components on Located DC by Varying Number of VMs
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In this experiment, how the size of VM resources affects the ST placement has been evaluated
on located datacenter. And also, virtual machines which are from 10 to 80 were generated and
increased by 10 for each experiment. As can be revealed in figure 5.1, the experiment result
shows that in the first three simulations run by changing the VMs from 10 to 40 increased each
VMs by 10. In this simulation activity, the GA placement cost is more when we compared to
both the PSO and HA approach algorithms. In the first GA algorithm, the placement costs are
increased 40% in average and the PSO algorithm increased by 20 % in average. This implies
that searching capability of The GA algorithm across virtual machine on located datacenter is
not efficient when it compared to PSO algorithm. But, the HA algorithm performance is good,

to search optimum VMs resources that compared to both GA and PSO solutions.

In the second simulation test case, changing the number of VM resource from 40 to 80. In each
simulation run still, the GA algorithm optimization performance is not efficient. It can be seen
that, with a size of VM resources increase, the GA algorithm doesn’t produce an optimum
placement result. It increases the placement cost dynamically. Because the nature of searching
capability of the GA algorithm to converge to the optimum solution when the size of VM
resources increase. Therefore, during the changes of the virtual machine, the hybrid approach
found an optimal virtual machine resource. This approaches used both searching capability
such as local and global to find easily located optimum resources by controlling the searching
domain and placement constraints. The hybrid approach, still found optimum placement cost
when the proposed solutions compared with the existing placement cost. Thus, the proposed
solution saved 7 % and 13 % of placement cost that changed the size of VM that compared to
PSO algorithm and GA algorithm respectively.
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5.1.3 Experimental Result Changing the Size of ST on Located DC
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Figure 5.2 Placement of ST Components on Located DC by Varying Number of ST

In the second experiment scenario, we did not limit the size of the ST component. Because to
investigate how the size of ST to place in VM resources. In this experiment, the proposed
solutions are evaluated in cloud computing ST placement scenario. To evaluate the
performance of the proposed solution, the size of STs is changed from 10 to 80, that increased
by 10 for each experiment. Figure 5.2 shows that the x-axis represents that the number of ST
while the y-axis represents the total placement cost. In the first three simulation activity, the
GA and PSO algorithms placement cost are increased in a linear way. The ST component is
increased from 10 to 15 and 15 to 20 both GA and PSO algorithms are increased the placement
cost by 5% when compared to HA. In this simulation, we investigated that the proposed

algorithm was not a great impact in placement optimization.
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In the second simulation case in this demonstration, changed the ST components from 20 to 30,
the GA algorithm increased the placement cost more. This means the GA algorithm
convergence capability is low when the ST components increased more and more. But, the GA
algorithm is slightly good when compared to PSO algorithms convergence capability. In third
simulation run still, both existing placement algorithms are difficult to optimize the resources.
However, the proposed algorithm change the placement cost and optimized the resource by

reducing the placement cost by 13 % of the total placement cost.

5.1.4 Experimental Result on Changing Number of DC
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Figure 5.3 Placement of ST Across DC by fixed the VM and ST Resources

The main aim of this experiment is to evaluate the impact of DC location for optimized ST

placement in a cloud environment. In a cloud environment, DC are located in the different

80



region. Each regional DC has its own physical resources. These resources are diverse resources
capacities like memory, storage, and processing capability. When the DC locations are
increased, we need to place the ST component in a strategic manner to optimize the datacenter
infrastructure resources. The experiment performs by changing the size of DC and make
constant VM and ST.

In the first experiment, generated similar VM and ST components on located DC. In this
experiment, the performance of proposed algorithm has evaluated in single located DC. In each
datacenter virtual machine and ST component resources are located. It can be seen that in
figure 5.3, the existing placement algorithm such as GA algorithm produced a good result. This
result shows that in the first test case the searching capability of GA algorithm in a single DC
the optimization performance is efficient. In the second case, increased the DC size into two
DCs still the GA placement cost optimum. But, HA algorithm is not produced an optimum
placement cost when compared with PSO algorithm. The placement cost was increased by 8%.
In the GA algorithm, the placement cost is reduced by 9%. This implies that the both PSO and

HA algorithms are optimum when the size of cloud resource is fixed.

In the third case, increased the DC size into 3 DCs. From the experiment result, still, the
searching capability of PSO and GA algorithm produced optimum solution compared with HA
algorithms. However, in the fourth case, increased the DC size into 4. In this demonstration
result, the GA algorithm convergence capability has reduced to find an optimum solution when
the DC size increased. But, HA algorithm has reduced the placement cost by 11%. In the last
demonstration case, increased the DC size into 5. Still, the HA algorithm produced optimum
solutions when compared with GA and PSO algorithms. Therefore, during the placement of the
ST component on located DC, the existing solution produced an optimum placement cost but
the searching capability is low to find optimum located placement area when the size of DC has

increased
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5.1.5 Experimental Result on Changing Number of ST Across DC

FPCost

Figure 5.4 Placement of ST Across DC by Changing The size of ST Components

The main aim of this demonstration is to evaluate the impact ST size on distributed DC location
for optimum placement in a cloud environment. In a cloud environment, DC are located in the
different region. Each distributed DC has its own physical resources. This resource has the
different capacity like memory, storage, and processing capability. The experiment performs by

changing the size ST and make constant VM on distributed DC location.

In the first simulation run generated 10 VM and 15 ST components on located DC. It can be
seen that in figure 5.4, the existing placement algorithm such as GA and PSO algorithm
produced optimum results. These illustrations show that in the first test case the searching
capability and optimization performance of GA and PSO algorithm are efficient.
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In the second case, increased the DC size into 2 and ST 20. That means., still, the GA algorithm
is optimum that compared to PSO algorithms. But, the PSO algorithm was more optimum when
compared the both PSO and GA algorithm. In the third case, increased the DC size into 3 and
ST 25. The GA algorithm has increased the placement cost by 1%. However, the PSO
algorithm was decreased by 2 %. This result shows that when the cloud resources are increased
the PSO algorithm is an optimum that compared to GA. In this demonstration, the proposed
solution is slightly optimum that compared to PSO algorithms and reduced the placement cost
by 4%. In the fourth run case, increased the DC size into 4 and ST 25. The GA algorithm is
slightly optimum when compared to PSO algorithms. From this experiment results, searching
capability of GA across DC is not efficient and the HA algorithm was optimized the placement
cost by 4%. That means the convergence capability is high to find the optimum area when the
size of cloud resource has increased. Therefore, during the placement of the ST component
across datacenter by varying the ST component, the proposed solution produced an optimum
placement cost and capability of searching optimum placement area of GA and PSO algorithms

are not efficient compared with proposed algorithm.

5.1.6 Experimental Result on Changing Number of VM Across DC
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Figure 5.5 Placement of ST Across DC by Changing The VM Resources.
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This experiments are similar to the previous experiment 4. But in this experiment the size of ST
is constant. The main aim of this demonstration is to evaluate the impact VM size in ST
placement. In cloud environment, DC are located in different region. Each regional DC has its
own VM resources and the resources have different resources capacities like memory, storage,
and processing capability. This experiment performs by changing the size VM and make

constant ST across the datacenter.

In the first simulation run, 10 VM and 15 ST components are generated and placed ST
components on located DC. It can be seen that in figure 5.5, the existing placement algorithm
such as GA and PSO algorithm produced optimum results in a single located DC. These
illustrations show that, in the first test case, the searching capability and optimization

performance of GA and PSO algorithm are efficient inside a single located DC.

In the second case, increased the size of ST by 20 and constant VM. In this demonstration, still,
the PSO algorithm is produced an optimum solution that compared to the GA algorithms. In
this demonstration, the PSO algorithm placement cost increased by 7%. But, when compared to
HA algorithm, the proposed algorithm cost is increased by 4%. In the third case, increased the
DC size into 3 and ST 25. In this demonstration, the GA has increased the placement cost when
the cloud resources are increased. It was increased by 8 %. In the fourth run case, increased the
DC size into 4 and ST 30. The GA algorithm placement cost is increased more when compared
to PSO algorithms. In the final run case, increased the DC size into 5 and ST into 35. The PSO
algorithm is slightly optimum when compared to GA algorithms. From this experiment result,
searching capability of GA across DC is not efficient. That means the convergence capability is
low to find the optimum area when the size of cloud infrastructure resource has increased.
Therefore, during the placement of the ST component across datacenter by varying the number
of VM, the HA algorithm produced an optimum placement cost and the proposed solution has

optimized the placement cost 2- 12 % that compared with PSO algorithm and GA respectively.
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5.2 Result Evaluation
In general, the results of the above experiment demonstration show that the proposed solution
has optimum the placement cost when compared to other existing placement algorithms. The
summary of placement algorithm to finding an optimum placement area on located and across

datacenter are presented in Table 5.1.

Table 5.1 Placement Algorithm Performance Evaluation on Finding Optimum Placement Area on
located and Across DC

Placement Performance Evaluation

Placement On Located Datacenter Across Datacenter
Algorithms
Genetic It is efficient finding the optimum | Convergence capability is good
Algorithm solution to place a number of ST | when the size of DC and resources
components in fixed VM resources but, it | are fixed.
is not optimum finding optimum VM | It is not efficient to find an
resources to place fixed number of ST. optimum solution when the size
and DC resource has increased.
Particle It is efficient finding optimum VM | Convergence capability is slightly
swarm resources to place ST components but, it | good than GA when the size of
optimization | is not efficient to deployed ST resource | STs are increased.
on VM resources Identifying an optimum solution is
not good when the size of VM and
ST is fixed
Hybrid It is efficient both finding optimum VM | Convergence capability is good
algorithm resource and ST placement configuration | when the size of DC and resources
when the resource size is increase are minimum.
It is an efficient to find an
optimum solution when the size
and cloud resources are increased
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In the above five main experiment demonstration results, the performance of proposed
algorithms and those existing algorithms are evaluated on located data center by changing the
resources and across DC Based on experiment 1 and 2, the GA algorithm performance was
slightly good to placing the ST components in fixed number of cloud VM resources that
compare to PSO algorithms. But, but the proposed algorithm has produced cost effective
placement solutions even the size ST, as well as the number of VM components, are increased.
In study [11], the researcher has conducted simulation experiment scenario to evaluate the
performance of proposed solution. The results show that such the proposed solution has
increased the profit of SaaS vender by decreased the placement cost up to 8 %. In this work,
they considered the placement cost including memory cost, storage cost, and bandwidth cost.
Whereas we evaluated the performance of the proposed solution by proposed two efficient
algorithms, the result shows that optimization of the infrastructure resource cost is minimized
by 13%.

In the second existing placement algorithm(PSO), the experimental demonstration 3,4 and 5
results show that the PSO algorithm has produced good placement solution when the size of ST
component and VM resources are increased that compare to the GA. Although the performance
of PSO algorithm is efficient to optimize the infrastructure resources in order to place ST
components on located datacenter and convergence capability of the algorithm is slightly good
to identify an optimum placement location across datacenter when compared to GA algorithms.
But, the PSO algorithm has inefficient to find an optimum solution when the size of ST and
VM that compared to HA. In study [7], the researchers are implemented the PSO algorithm to
optimize the placement cost and conducting simulation experiment scenario to evaluate the
performance of proposed solution. The results illustrate that such the proposed solution is
decreased the placement cost up to 6 %. In this work, they considered the placement cost
including memory cost, storage cost, and bandwidth cost. Whereas we evaluated the
performance of proposed solutions, the result shows that the proposed solution has minimized

the resource up to 12%.
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Summary

This chapter presented the demonstration results and evaluation of those existing algorithm and
the proposed solution. To compare the performance of the efficiency of the algorithms, five
simulation scenario environment were configured. The experiment result in this section shows
that, the impact of the proposed hybrid approach for cloud resource management in ST
placement activity. In all the above result, the proposed solution has optimized the resource
efficiently to provide cost effective service to the user. In the first experiment, the proposed
solution identified an optimum DC location by decreasing placement cost by 6 %. It is also
minimized the placement cost in the second and third experiment by 7 -13 % by managing the
size of ST and VM resources respectively. In the last experiment 4 and 5, the proposed hybrid
algorithms were reduced the placement cost by 2- 12%. In general, when we see the above
experiment results, the hybrid approach has been optimized the total placement cost across DC

in a cloud environment.
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CHAPTER 6: CONCLUSION AND FUTURE DIRECTION

This section summarizes the research process throughout the thesis and indicate future

directions.

6.1 Conclusion
Placement is the main activity in a cloud environment. In this activity, the provider has used an
efficient placement strategy to provide an efficient and a cost effective service to the user by
optimizing the infrastructure resources. Optimal ST placement is the process of identifying the
best placement area in cloud infrastructure environment. The main aim of this optimal
placement is to optimize the placement resource during in the placement scenario in order to
provide cost effective service to the user. To achieve the aim of this work, different
optimization algorithms (genetic, greedy, bat, particle swarm) has identified and investigated
their application area. Based on convergences and robustness capability, the performance of
those optimization algorithms was evaluated to implemented and tackle placement problems in
a cloud environment and learned these optimization algorithms are more powerful algorithm to
solve the different optimization problem in real world scenario. Initial ST placement problem is
one of optimization ST placement problem in a cloud environment. To handle this problem, an

efficient algorithm is needed.

In order to optimize the placement cost, in this work an efficient ST placement strategy has
proposed using hybrid approach and give the detail idea, implementation of proposed algorithm
and evaluate the solution. The proposed solution has used to optimize the placement problem
especially in the initial stage of ST placement in a cloud environment. To optimize the
infrastructure resources, in the initial placement stage, BA and GA hybrid optimization
algorithms are proposed. In the first hybrid placement algorithm(BA), it is easy to find an
optimum located DC using the BA searching capability. This algorithm was high performance
to global searching capability performance. The ST placement has its own constraint that is an
obstacle to search an optimum placement area. To handle this constraint and optimize VM
resources, the second placement strategy(GA) were proposed. The second algorithm is also the
high capability to find an optimum solution using their control attributes.
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The initial placement problem is constrained based optimization problem, so the proposed the
hybrid approaches was optimized both local and global optimum placement solution across the

datacenter.

This study investigated different cloud simulation tools such as CloudSim, Greencloud and
DCSim to implemented the algorithms and analyzed the performance of solution to achieve the
objectives. In order to identify the best simulation tool different criteria has seated like
availability, language independent and platform support. Finally, the CloudSim simulation
tools were selected in order to evaluated the performance of the proposed solution. The
algorithms are implemented by configuring the experiment setup environment using CloudSim

simulation environment.

To evaluated the performance of proposed solution, first the experiment setup environment has
configured and generated the resource using amazon models. In this study five main simulation
experiment scenario has conducted by changing the cloud infrastructure resource such as DC,
VM and ST components. In the first two experiment, the proposed solution was tested on
located DC. In this experiment, the proposed algorithm convergence capability to find the best
placement location were optimum. The proposed algorithm produced a good placement
solution by minimizing the placement cost. In the third experiment, the proposed solutions are
evaluated by fixed the size of ST and VM resources on distributed DC. In this demonstration,
the searching capability of GA and PSO algorithms has produced optimum solution when
compared to the proposed solution on located DC. But, both existing algorithms has not
produced efficient solution when the located DC is increased. In the fourth and fifth experiment
demonstration, the experiments performed by changing the size of ST components and VM
resources. In this demonstration, the experimental result shows that the proposed solution has
optimized the placement cost efficiently. Finally, the hybrid approach produced an optimum

solution that compared with the existing placement algorithms.

Generally, placement in cloud environment especially ST placement is a big issue and
interesting research area based on its significant for those players in a cloud environment such
as infrastructure provider, application vender and users. The strategic ST placement may save

cloud infrastructure resource and provide cost effective services to the user.
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6.2 Future Direction
The main objective of this research is to find an optimum placement area for initial ST
placement in cloud environment. During this research, the impact of proposed solution in the
first stage of ST component placement has investigated and online placement software
component are out of our consideration. Placement of ST is the challenging problem in cloud

environment. The following are the recommended future works:

e Test the performance of the proposed solution in to real infrastructure environment.

e It needs detail investigation of the problem by integrating the online placement and
scalability issue.

e Design an efficient algorithm that is more dynamic to easily handle the placement

constraint.
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APPENDICES I: Simulation Environment Configuration

Datacenter datacenterO = createDatacenter("Datacenter_0");
Datacenter datacenterl = createDatacenter("Datacenter_1");
Datacenter datacenter2 = createDatacenter("Datacenter_2");
private static Datacenter createDatacenter (String name) {
List<Host> hostList = new ArrayList<Host> ();

List<Pe> pelistl = new ArrayList<Pe> ();

int mips;

pelistl.add (new Pe (0, new PeProvisionerSimple(mips)));
List<Pe> pelist2 = new ArrayList<Pe> ();

int hostld, ram;

long storage;

int bw;

hostList.add (new Host (hostld, new RamProvisionerSimple(ram),new BwProvisionerSimple(bw),
storage pelistl, new VmSchedulerTimeShared(pelist1)));

hostld++;

String arch = "x86", os = "Linux”, vmm = "Xen";

double time_zone = 10.0;

double cost, costPerMem, costPerStorage,costPerBw;

LinkedList<Storage> storagelist = new LinkedList<Storage> ();
DatacenterCharacteristics characteristics = new DatacenterCharacteristics (

arch, os, vmm, hostList, time_zone, cost, costPerMem, costPerStorage, costPerBwy);
Datacenter datacenter = null;

private static List<Vm> vmlist;

private static List<Vm> createVM (int userld, int vms) {
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LinkedList<Vm> list = new LinkedList<Vm> ()
for (int i=0; i<vms; i++) {

vm[i] = new Vm (i, userld, mips, pesNumber, ram, bw, size, vmm, new
CloudletSchedulerTimeShared ());

private static List<Cloudlet> createCloudlet (int userld, int cloudlets
LinkedList<Cloudlet> list = new LinkedList<Cloudlet> (

UtilizationModel utilizationModel = new UtilizationModelFull ();
Cloudlet [] cloudlet = new Cloudlet[cloudlets];
for (int i=0; i<cloudlets; i++) {

cloudlet[i] = new Cloudlet (i, length, pesNumber, fileSize, outputSize, utilizationModel,
utilizationModel, utilizationModel);

cloudlet[i]. setUserld(userld);
list.add(cloudlet[i]);

} return list;

}

DatacenterBroker broker = createBroker ();
int brokerld = broker. getld ();
private static DatacenterBroker createBroker () {

DatacenterBroker broker = null;

try {
broker = new DatacenterBroker("Broker");

} catch (Exception e) {
e. printStackTrace ();

return null;

}

return broker;

}
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APPENDICES II: Algorithms

Random md= new Random ();
while (cloudletList.size () <0)

{
for (Cloudlet cl1: cloudletList)

{

for (Vm vm1: vmlist)

{
if (cl1.getCloudletFileSize()> vm1.getSize())

{

broker. bindCloudletToVm (cl1.getCloudletld(), vm1.getld());
double cbest=cl1.getCostPerSec();
if (cl1.getCloudletLength()>0)

{

for (Cloudlet cl2: cloudletList)
{

for (Vm vm2: vmlist)

{
broker. bindCloudletToVm (md. nextint(), cl2.getVmld());

}
}

for (Cloudlet cl2: cloudletList)

{

for (Vm vm2: vmlist)

{

int vmid;

vmid= md. nextInt(vm2.getld());

broker. bindCloudletToVm (vmid, cl2.getVmld());

double nn=cl2.getCloudletLength() * df. getCostPerBw ();
System.out.printin(nn);
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for (Cloudlet cl1: cloudletList)
{
for (Vm vm1: vmlist)
{
if (cl1.getCloudletFileSize() >vm1.getSize())
{

broker. bindCloudletToVm (cl1.getCloudletld(), vm1.getld());

double xi=ch. getCostPerMi () + ch. getCostPerBw () + ch. getCostPerStorage ();
double vv=cl1.getCloudletld();
broker. bindCloudletToVm (cll.getCloudletld(), vm1.getld()

double Ibest=ch. getCostPerMi () +ch. getCostPerBw () +ch. getCostPerStorage ();
if(xi<lbest)

{

xi=lbest;
}
broker. bindCloudletToVm (cll1.getCloudletld(), vm1.getld());
double gbest=ch. getCostPerMi () +ch. getCostPerBw () +ch. getCostPerStorage ();
if(Ibest<gbest)
{
gbest=lbest;

// broker. bindCloudletToVm (cl1.getCloudletld(), vm1.getld());

// double gbest=cl1.getProcessingCost();

// p.nextint (vmin);

for (int i=0; i<10; i++)
for (Cloudlet cl3: cloudletList)
{
double v[]={2};
double x[]={3};
v[i]= v[i]+ p. nextDouble () * (v[i]-v[i])+p.nextDouble()*(v[i]-v[il);
x[i]=x[i]+v[i];

//vValue = Particle.velocity() + 2 * new Random().nextDouble() * (aParticle.pBest() -
testResults) + 2 * new Random().nextDouble() * (bestResults - testResults);

}
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Random p= new Random ();
int bats;
int generations;
double loud=0.5;
double pulse=1;
double Qmin=0;
double Qmax = 2;
int N_iter=1;
Datacenter dd = null;
double xf=p.nextInt();
while(N_iter >12)
{ for (int i=1; i<N_iter; i++)
{
int Q[1={};
double x[]={2};
double v[]={3};
Q[i] = (int) (Qmin+((Qmin-Qmax)*p.nextDouble()));
v[i] = v[i]+((x[i]-x[i])*Q[i]);
x[il=x[i-1]+v[i];

}
double d1=ch.getCostPerBw()+ch.getCostPerMem()+ch.getCostPerStorage();

if(d1> ch.getCostPerBw()+ch.getCostPerMi()+ch.getCostPerMem())
{
broker.getld();
for(Cloudlet cl1:cloudletList)
{

for(Vm vm1 :vmlist)
{
if(cl1.getCloudletFileSize()>vm1.getSize())
{
broker.bindCloudletToVm(cll.getCloudletld(), vm1.getld());
double xi=ch.getCostPerMi()+ch.getCostPerBw()+ch.getCostPerStorage();
double vv=cl1.getCloudletld();
!
else
for (Cloudlet cl2: cloudletList)
{
for (Vm vm2 :vmlist)
{
broker.bindCloudletToVm(p.nextint(),cl2.getVmld());

}
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for (Cloudlet cl2:cloudletList)
{

for (Vm vm2 :vmlist)

{
int vmid;
vmid= p.nextint(vm2.getld());
broker. bindCloudletToVm (vmid, cl2.getVmId());
broker. bindCloudletToVm (cll.getCloudletld(), vm1.getld());
double vc=ch. getCostPerMi ()+ ch.getCostPerBw() + ch.getCostPerStorage();
double vmcost=ch.getCostPerMi() +ch.getCostPerMem()+ch.getCostPerStorage();
double tccost=cl2.getCloudletOutputSize()*ch.getCostPerBw();
broker.bindCloudletToVm(cll.getCloudletld(), vim1.getld());
double Ibest=ch.getCostPerMi()+ch.getCostPerBw()+ch.getCostPerStorage();

if(ve<lbest)
{
vc=lbest;
}
if(tccost<lbest)
{
tccost=lbest;
1
if(p.nextDouble()>pulse && vmid <vc && tccost < |best )
{
pulse++;
loud++;
}
}
}
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