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Abstract

The cloud providers provide various computational resources like CPU power,
memory, and bandwidth to the users through Virtual Machines (VM). Various VMs
differ in their resource capacity. Each cloud provider has a set of VMs which are
available to users at different prices. Providers have a limited set of resources.
Therefore, it is necessary to efficiently allocate available resources to the rationa
users and minimize the cost of resources as to gain maximum profit from the available
resources. Allocation of Resource in cloud computing is one of the most challenging
issues in resource management for both cloud and grid computing. In this thesis, a
Vickrey-Clarke-Groves (VCG) auction based approach is used to deal with the
problem of resource alocation at Infrastructure as a Service (laaS) layer of cloud
among rational users and to incentivize selfish providers. The proposed mechanism
uses a reverse auction, which efficiently allocates resources, calculates payment, and

also achieves socia benefit among the users.

The mechanism tried to solve resource allocation problem with payment calculation.
The proposed mechanism fulfills properties of incentive compatibility, individual
rationality and maximizes social welfare. The main target of the service providersis
to maximize the utilization of their resources, maximizing the profit through
minimizing the cost of the resources, achieve a socia benefit, and maximizing the
efficiency of the whole process. The proposed approach has been simulated using
CloudSim and NetBeans IDE. Experimental analysis has proved the effectiveness of
the system. This model is compared with fixed price model and has given a better
performance in terms of pricing and utility.
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Chapter 1

Introduction

In past years, advancement in computational pomemory space, and networking
infrastructure have permitted to share, generatk mocess increasing amounts of
data and information in different ways. Computimghnology had developed and
introduced several new applications that are useddsigners for achieving their
business objectives. These applications have leagdeéd new demands for powerful

computing infrastructure.

1.1 Cloud Computing

All of us in this universe need a significant chargj their working area. As the time
passes rapidly, within seven decades from the ioreaif the very first digital
computer, [1] people are living in the age of theefnet, and one cannot predict one’s
life without Internet. As the network bandwidthingereasing, the internet is becoming
a necessary utility for day to day work. The in&trioffers its consumers, many
conveniences (services) such as Emails, News mgviBanking Solutions,
Infrastructure provider, Social Networking, Stoctclkeange, Entertainment Provider,
and E-Business etc. By the presence of this emgtgichnology different researcher
perceive cloud computing as one of the new areagmice computing environment.
Cloud computing found its origins from cluster aslivas grid computing. All these
are a promising standard to provide information potimg as a service to end user.
But the job of these service providers is not fagtrovide some features and facilities
to the consumers, but also provide these servitemiefficient manner. The main
motive behind these computing standards is to geoviomputing services to its
consumers as an assured Quality of Service (Qol3. way of computing also
modifies with the varying technology, which giveslications to the development of

service-oriented computing.

To realize cloud computing there is a need to assodt with extensively used
computing terminology such as Cluster Computing &ratl Computing. A huge
number of researchers explain Clusters and Grid gdimg in dissimilar ways.
According to [2], Grid Computing is a kind of distnted computing architecture in

which clients obtain resources from geologicallgdied service providers and permit
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to communicate with them. Cloud computing is a $igpd framework comprised of
virtualized computing machines, storage space, atmgp platform, software

application, computing power, and service platforare provided on request to
outside clients over an internet linked medium ibusiness oriented environment.
According to [3], a system in which a number of gating machine work as a stand-
alone single computing structure are distributed grarallel system known as
clusters. From the descriptions, the cloud compguimersections several features of
these computing technologies so it is clear thau@IComputing traces its roots from
Grid and Cluster Computing which are well-knowrlityticomputing standards. Grid

Computing traces its root from Electric Grids whéreffers electricity as a metered
service by the execution of the computing Gridspstoners are priced for the

services they use according to Pay-per-use model.

Distributed System
Service Supercomputers
Oriented Clusters
Grids
Application Clouds
Oriented
Web 2.0
Scale

Figure 1.1 Overview of Cloud Computing and Grid Qxarting

Figure 1.1 shows the connection between cloud dner dields, how they scale up.
These utility facilities come below in the distribd system, in this distributed system
cloud computing machine interacts, communicate, agdchronize with other
machines through a network. Every machine diststuyes its work and accomplishes
the jobs given to it, even if a machine requirems&mne resources to compute that
task, then that machine request for resources twmonle Supercomputers, Cluster,
Grid, and Cloud Computing are connected with edblerdbecause cloud is obtained

from the grid and clusters.
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1.1.1Evolution of Cloud Computing

The vision of global network came before the waridhe form of internet in 1969
which was actually a research project at AdvancedeBrch Projects Organization
under the Ministry of Defence, United State. Thielinet was used for scientific and
military applications. In 1988, internet was useal ftommercial purposes by
providing services like email and telnet. Servige®vided by Cloud Service
Providers (CSP) are mainly accessible throughneteMany authorities believe that
the vision of cloud computing was the perspectifédmerican computer scientist
John McCarthy that he had presented in sixtiethdriast sixty years, there have been
several evolutions in the past of computers fromy V&g size computers in 1970s to

small personal computers in 1999. After that ttstrdiuted computing came.

Grid Utility SaaS Cloud
Computing Computing Computing Computing
Solving large Offerin .

glarg 8 Network-based Next-Generation
problems with computing R
subscriptions to Internet

parallel resources as a o .

- - applications computing
computing metered services

Figure 1.2 Evolution of Cloud Computing

For computational purposes companies want to stempact machines so they took
an initiative to migrate from centralized computitegdistribute computing in 2010.

This cost effective method of implementing compotal necessities was known as
Cloud Computing. The procedure of such computingm@uting-as-a-Service, was

provided by utilizing internet [2].

In Figure 1.2, Cloud Computing has progressed titotarious parts which contain
SaaS, Grid Computing, and Utility Computing. Withetpurpose of fulfilling a
common task a grid computing is the accumulatiodifférent computing resources
and services which are collected from multiple ssitikese resources are distributed

and heterogeneous.
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But the scope is limited in the research work aorgific applications in Grid
Computing, which is the limitation of Grid CompuinMetered services are provided
by Utility Computing based on the consumption o€ thsers liking traditional

electricity consumption.

Types IaaS, PaaS, SaaS
Benefits Code Reduction,
Ease of Use
o Virtualization,
Elasticity, Reliability

Internet of Services, Grid,
Compares To | | Service Oriented

Architecture

Cloud Computing

Locality Local, Remote, Distributed

Stolbeildoen | Providers, Resellers,

Users, Adopters

Deployment | | pyvate Public, Hybrid
Models

Figure 1.3 Features of Cloud Computing

The third part of the evolution “Software-as-a-$esV (SaaS) progressed in 2010
which both framework and application are kept om skrver and users made able to
connect to the remote server using the interneé @amt of cloud computing services
Is SaaS. Other parts of these services are laa3Paafl. There was no customary
description of this computing standard, so Institat Standards and Technology has
suggested a description in 2011 which includes neisde characteristics and

deployment models of cloud. Figure 1.3 shows thaéufes of cloud computing.

1.2 Deployment Models of Cloud Computing

Figure 1.4 shows the different types of deploynmantlel of Cloud services [4]. The
details of models are described below:
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Public Cloud - It is also identified as external Cloud whicloyides services
like platform, information, business process amsbuoeces which is publically
available and distributed by all Cloud users viaiinet. Using the internet, these
Services are offered by a third party vendor. Heployment model mechanism
works on pay per use billing model. Cost effecte®s and scalability is the
main advantages of public cloud. Google App EngiBAE) and Microsoft
Azure (MA) are a few examples of public clouds.

Private Cloud — This type of cloud model is controlled within arganizational
basis for hosting of private computational resosirder the use of only
particular certified users. This is for private usfethe business replicating the
Cloud. Only authorized users are able to utilize thoud resources and it is
more secure Cloud. The infrastructure and maintenaost is same as public
cloud, but in scalability and sharing of costs @ifeerent. Private Cloud service

providers are Amazon Virtual Private Clouds andkRpace Private.

Hybrid Cloud Private Cloud

Community
Cloud

Public Cloud

Figure 1.4 Deployment Model of Cloud Computing

Community Cloud - Various organizations work organized on sevpraject
works. The organizations use the facilities of gineted cloud which are able
to share among various organizations for particul@rests. It is a shared effort
which benefits in distribution of infrastructure ang particular community. It is
also accomplished by third party.

Hybrid Cloud - It is the fusion of private Cloud platform withe public cloud
provider to solve several computing requiremeritss generally designed for
single business. The autonomous infrastructurepriofite and public cloud

connect with each other over encoded link. The derpata need not to be
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visible to third party as it is kept on public apdblic Cloud which is used to
deliver computational resources. The most commwibate for hybrid cloud is

elasticity.

1.3 Characteristics of Cloud Computing

Many researchers explain various essential charsiits of cloud computing [5] are

described below:

Reliability - Service providers duplicate the content storegdervers to provide
reliability by verifying destructed services. Théseno damage of content and it
tries to avoid delay in cloud services to the userst duplicate content on the
servers specifically used for duplication purpoSssthe data still persist even if
certain problem happens in any server.

Location Independence- Information uploaded by cloud users is presemed
unidentified servers and their locality is hiddeanh user. But their data is able
to be read from anywhere, anytime via internet.u@loustomers have no idea
of procedural complexity of preserving and acceggiata from the servers.
Through these qualities of cloud computing, usapplications and information
are preserved at optimal sites that assist in detrg access time, fast regaining
of data and better level of correctness for thermftion.

Flexibility - Flexibility offered by cloud in retrieving datas it provides an
attribute of retrieving documents anywhere, anytjuast by linking with internet
through several devices like smartphones, laptppssonal computers tablets,
mobile phones etc. User's data is preserved céntwalich assists them in
distribution of information among friends, familyem@mbers and their coworkers
in organization. Memory (storage space) is purathasem cloud resource
suppliers according to the requirements of the susard they are able to
purchase more space if necessary, any time andthavacility to even release
space if not necessary anymore.

DecreasedCost - The main essential attribute is pay-as-you gogbype that is
used by various SaaS providers to offer servicesh&r clients of cloud
computing. The principle of this model is ‘the mgmeu use, the more it will
cost’. Users spend according to their utilizatiSmall business industrialist has

the option to simply balance the growth by hirimgrastructure from cloud
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service providers without concerning about mainteeaof resource price. They
acquire current technology and they do not haveot@ern about software up-
gradation. The only need of them is the internetneativity to associate
themselves to the servers located remotely andsadheir services.

e Large Storage - These days, huge amount of data is produced itansl
increasing exponentially which has become a comgask. Maintaining such a
huge amount of data has several phases such awiegpktorage, security and
managing of bulk of data. Cloud computing has piedi its solution by
providing huge memory space to store data so timaardic scaling become

efficient without effecting performance of the atbsystem.

1.4 Cloud Computing Services

Figure 1.5 discusses various layers linked withdifilerent models of Cloud Service
[6]. The details of models are described below:

» Software-as-a-Service (SaaS} These types of services is retrieved over
internet; in this user runs application on clieidies The user does not recognize
where the application is running but the user ig &b still store, install its data.
These services are to be retrieved anytime wheassacy. Users only interact
with the interface which is distributed by the daoservice provider and get
access to information through a web browser. Tomlayhe market, many
facilities are provided as a SaaS provider and déioft, Google, Amazon is big
giants of IT.

« Platform-as-a-Service (PaaS) Some research scholars consider PaaS as a part
of SaaS with several less services than SaaS. ¢feas facilities which effort
on development of applications and providing corapohal resources online
which support developer in handling software odiare. In this service, users
deploy and develop or modify applications. ThrolRgaS enterprise, testing of
applications, deployment becomes easy and costtieie Cloud Service
providers offer memory (storage space), networleraging system, office suits
etc.

* Infrastructure-as-a-Service (laaS) - These services provide computer
infrastructure to the consumer. With this procegsipower, softwares,

connections, servers, network and other computatioasources, etc., are
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offered as a service by cloud service provideraSle the control on resources
by the Cloud user, which is the main differencenreein PaaS and laaS. They
acquire full control to accomplish the resourcetamS. They are able to define
the factors according to them such as differeneésypf servers et@his kind of
facility is proper for those corporations which basoftware packages existing
with them. So they place this software on cloud.arBgles of laaS are

Rackspace, Amazon Elastic Compute Cloud.
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Figure 1.5 Services of Cloud Computing

1.5 Cloud Computing Applications

Cloud technology computation and users are risamgtd day over every field as it is
flexible to adopt. It is being adopted in everyldieboth big and small. People are
shifting towards cloud due to its low initial integent. Organizations around the
technology fields have realized the cloud compuimgortance, as it is allowing
them to solve major problems associated when usiegnet for providing services.

The important reasons that favors cloud computieg a

* Adopt new technology to provide computing services.
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* Reduce initial infrastructure cost, increase resesir like storage,
computation power as needed.

* Increasing size of data associated with user.

* This section provides few applications of cloud poming in science and

productivity field.

1.5.1 Scientific Applications

Cloud computing application uses high computing @owand throughput.
Experiments and research associated with scientifili demands huge input
resources and for very short period. Cloud techmolaroves best for such types of

services. Few successful application and servite®od are discussed below.

* ECG Analysis through Cloud — Regular health monitoring is a new craze in
field of health. In cloud health service, cloud lgeas the Electro Cardio
Graph (ECG), and provides prediction about healated diseases. An
instrument is used to check the heart of patiedtragularly get data about its
condition. This data is transferred to mobile phdn#&en forwards it to cloud
which provides different information after analysis

» Satellite Image Cloud Processing- Non-spatial and spatial data is gathered
by satellite. This data collection involves hugeadprocessing that turns it
into useful Geographic Information System (GIS)claud application made

up by Indian Space Research Organization (ISRQOjniyze these images
[7].

1.5.2 Productivity Applications

Productivity based application implement cloud catagion for few commonly used
platform services. Website development, documemage, work automation is some
common task done efficiently using cloud platfo®ome productivity applications of

cloud computing are:

» Drop Box - Drop box provides file hosting as cloud senligeDrop box, Inc.
offering cloud storage synchronizing files, andewti side software. It also
allows its users to make dedicated folder for eemmputer, which is later
synchronized so it appears as same folder irreispect which computer is

used to see it.
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* RoboEarth - This project is managed by the Eindhoven Uniersf
Technology (EUT), Netherlands, to create a worldemiveb of robots with a
big database so robots could share data abouttebgecrounding and tasks.
Researchers of A-Star Social Robotics laboratof$g@RO), Singapore, have
developed cloud computing base that enables rabotseate 3-D maps of
their surrounding environment at faster rate thhaytwould have with

onboard computers.

1.6 Research Issues in Cloud Computing

There are various open challenges [8][9] to be esklrd so as to become completely
accepted by the business and to build this modeie mprotected, well-organized, cost

effective for user’s requests.

* Fault Tolerance and Scalability - Fault tolerance is the best captivating
characteristic of Cloud, which is works on demandlability. So the cloud
service should be considered scalability along wotlay’s workload. In this
situation it becomes essential for application isels/to bear failure. Cloud
bears so much due to hardware downtime. Thereifiobecomes a big Issue
for researchers to purpose fault tolerant appboati which are achieved
easily.

» Energy Management -Due to increasing requirements for calculation @ow
by network requests and scientific purposes, bigatater is created which
are utilizing power source. A big amount of costpaid on the electrical
power consumption. So it is a big challenge foreaeshers. There is an
essence for energy efficient methods which couléhb ha decrease of
operating cost and redeemable energy.

» Security of Data- Users load their information and content in davhich is
kept on the existing servers at several unidedtifiges, other countries, due
to which information is pretentious both by the $awf individual countries
and cloud service provider’s policies. It is neeggdor protected data from
unauthorized access and maintains the integritysef’s data. So the issue is

increasing data security, integrity and providésuatable cloud environment.
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* Interoperability - With the aid of independent manager from oneid|to
another for obtaining essential performance antstserving transparency

is a main research challenge for Cloud researchers.

1.7 Cloud Resource Management

In [10] the authors have suggested that the resoaitocation is done to efficiently
handle fluctuation of workload while guaranteein@3Qto the users. Available
network and computing resources are usually liméed need to be effectively
distributed among the end users. To provide efiiaanagement of resources, issues
like resource mapping, resource allocation, resoupcovisioning and resource
adaption must be considered. Lack of maturity mualization tools and processors
prevents cloud computing growth. Recent work donglth] has examined future and
current challenges to provide better service tovideys and users of cloud
computing. Not much has been done for understarglesent operational challenges
user face when they try to execute software irctbed. In [12] the study shown that
the problem associated with efficient managemeneénargy of different types of
resources at Internet hosting servers. The maiblgmowas to measure the resource
demand of every application at its present reqleesi and to efficiently allocate

resources.

Research organization includes monitoring proaessyurce discovery and allocating
processes as shown in Figure 1.6 below. Processgaarent involves managing
physical resources like network bandwidth, diskcepand CPU cores. Resources are
divided and distributed among virtual machines exag potentially heterogeneous

workloads. We study the taxonomy of resource mamageéin Figure 1.6 below.

The basic element of managing resources is thewksg process. It has included
searching the appropriate types of resources #ailthat meet the application

requirements. Cloud service provider manages thesmurces. The process is taken
by user broker or resource broker to search availe@sources. Discovery involves
brief description of available resources. Accordiog13], resource discovery gives a
method for resource management system (RMS) torrdete the state of the

resources that are being managed and other intaldpeRMS. Resource discovery
executes by disseminating resources and providés isformation of resources to the

server.
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Figure 1.6 Elements of Resource Management

The allocation process involves assignment of aléel source over the internet to
cloud application. The allocation of resources el to meet user request and
payment system. In this process, dispatching ahddsding is applied for allocating

resources. The scheduler schedules required serait# other resources to the end

user. Then contributor allocates the required nessUto the client.

Resource monitoring as elaborated in [14] has gtéode an vital tool to control and
manage software and hardware infrastructures.dtafso given a Key Performance
Indicators (KPIs) and data for both application atatform in cloud that is used for
data collection in assisting decision method obuese allocation. It has been the
main component for monitoring the resource statehim occurrence of an error

whether at the service layer or at the physicaiay

Group Discovery and Allocation as the provisionprgcess, while one single process
is being monitored. However, given three processes interrelated in order to
provide resources to the end users. Discovery psoce the important element in
resource management. It contains discovering thabde services that are demanded
by users and essential by applications. It hasnizgd by service provider. The
procedure has used by broker to discover resouissovery process has included

full explanation of existing resources.

1.7.1 Modules of Resource Management System

The basic modules of cloud resource managemerdrsyete [15]:
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Service Level Agreement (SLA) Management The SLA Management
module prepares a contract among the consumer ladcloud resource
supplier for services demanded by the consumer.cbméract comprises of
the asset requests of a consumer such as conwoegsing unit (CPU),
memory (storage space) and other architecturadesi a virtual machine
(VM). It also comprises QoS requests like task famound time, execution
time, cost of operating etc. In this agreementdbesumer is able to settle
with cloud resource supplier for amount of the Ifaes delivered by them.
This component interconnects with price manageroreefa contract is
prepared. After completing an agreement the consseras demands to the
scheduler.

Admission Controller - The demand prepared by the consumer through SLA
is authenticated dependent on the existence of migedaassets and other
limitations identified in the SLA. If the prereques cannot be fulfilled then
the demand is dismissed by the cloud resource geoviThis circumvents
provisioning of illegal tasks onto the cloud assets

Pricing - Pricing is estimated for dynamic tasks dependents utilization of
assets. The consumed assets cost and time is &¢hlaad priced to the
consumers in real time.

Task Scheduler- The task scheduler provides the demanded jobhen t
existing VM or provides a demanded VM on the PhgisMachine. In both
case there is a line to identify the importancehef job. At a time, only one
task is performed on a VM. The job of scheduldpiselect on which Physical
machine or Virtual machine the task has to be plexi For this motive, the
scheduler gives information of the datacenter sagtexisting CPU, storage
space (memory), bandwidth etc. and this conterdrntdkom a load balancer.
After execution of tasks lodge by the consumer pih@ing component is used
to make the bill for the assets utilized by the stoner and this is
interconnected to the consumer through the SLA g@ma&nt component.
Load Balancer - The load balancer is used to discover the uriiead and
over utilized physical resource or virtual resourde equilibriums the
workload between Virtual machines to overpowerdbsgets utilization. In this
method, the energy is preserved by utilizing assets
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1.7.2 Types of Resources

Within a computer system a resource is limited labdity and these resources are
any physical and virtual mode. Each device linke@ tcomputer system is an asset.
Each internal device module is an asset. Varioggcdd and physical assets are

discussedbelow [10]:

A. Physical Resources

Memory, peripheral devices and processor etc. lysipal assets. Physical resources
differ equally from processor to processor. Fotanse, a usual Personal Computer
system might have 640 K of memory storage space\Vdimchester disk drive of 20
MByte, one floppy diskette drive, only one keyboamdd only one video display
controller or device. A usual mainfransemputer has numerous parallel processors,
hundreds of disk drives, memory storage spacetiseinens of millions of bytes from,
hundreds of computer terminals, external storagdiume such as tapes, and other
important motive peripheral devices, and is linkeda worldwide network with
thousands of new homogeneous computers. Cloudcsepvoviders provide asset
provisioning strategies to customers, viz. longateon-demand and short-term
registration strategies. Outsourcing methods aitezed to abduct benefit of cloud
computing hardware platform for providing availdyiland scalability abilities to the
web requests installed on it; this would surelyvgtbe numeral of cloud customers
and hence raise the asset utilization of cloudsv Neveral important physical assets

are discussed below:

e Central Processing Unit (CPU)- It executes most of the execution inside a
computer system. The CPU utilization is the bgyesin cloud computing, which
refers to a computer system utilization of proaggsasset, or the amount of
workload controlled by a CPU. Real CPU utilizationcloud computing differs
depending on the quantity and type of controllechjgoting works. Assured jobs
need full CPU time, while others need less CPU tieeause of non-CPU asset
requests. Better CPU utilization makes it simplyd@vour great amounts of
execution power for batch process execution, datploetion, and high
operational performance computing requirements.

« Memory - The cloud computing architecture requests fofuatered computing

structure of the memory assets in the way of viralgects. Departed are the
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times when memory management was completed conguntfe static
approaches. As the cloud computing atmospherenardic and unstable, there is
a vital requirement to imprint the dynamic alloocatiof memory technology in the
cloud computing based network. The larger numbdnulifs in cloud computing
servers joined with the fast acceptance of viraadion techniques also generates
vast request for memory.

Storage - It is preservation of data stored on other sitesntained by a third
party. Instead of preserving data to computer'd deskette drive or other internal
data repository device, we preserve it to a didatebase. The Internet builds the
link between the system and the data repositorgu€lcomputing repository
systems usually dependent on hundreds of data iteposervers. Because
computers sometimes need management or repasr,egdgential to preserve the
similar data on a number of machines. Such proessfiown as redundancy.
Without duplicity or redundancy, a cloud computiegository system could not
guarantee customers that they could get their alatertain time. Most systems
preserve the similar information on servers thaizat distinct power sources.
Customers get their information even if single pos@urce fails. The two largest
matters about cloud computing repository are coersty and security of data.
Workstations - IT supervisors are observing a technology wliase PCs are be
categorized as workstations. Larger CPUs, quiclplgcs, and RAM up to 20
GB-these are devices that are layout to do a lointgfrnal processing. The
obstacle is to take benefit of cloud techniques &ndnces and usage of
workstations to take high-performance computing @{Rcapabilities to the
company consumer or other consumer linked to theerrdet with better
connection. It has been observed that the consuatepsire the better services
every time, accurate operational working of workietais very much demanded.
The higher configuration systems should be used @&stations so that they
tolerate the overloaded computer network. The gmobhere is to observe that
workstations work by itself, without human intefaot Over this, monitoring
network as a service offers by clouds.

Network elements- Handling lots of network components such as hulbgckes,
bridges etc. result in to unsustainable managepusts, demanding computerized
techniques for usual system management jobs. Thepurized techniques
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requirement to assign with large number of monigpmetwork areas of various
instructions of sizes greater than recent systehimsough this, clouds offer
communication between nodes as a service.

Sensors/actuators- Applications including Internet-connected eestisuch as
sensors, devices, has just given to increase t@dheept of clouds, which are
supported as big sized networks of distributed abjaiith accessible devices and

storage capacity.

B. Logical Resources

Logical resources are abstracted to gain provisiooatrol of physical resources. It

supports application development and effective camogation protocol. Logical

resources are important in cloud computing as fiedto

Operating system - It offers users the “logical” view and well supfed
environment for managing physical resources anchar@ésm along with policies
to control different objects and resources. Opegasiystem allows managing file,
device, performance, security and fault tolerantteys facilitates effective
utilization of resources.

Energy - The basic technique implemented to minimize oomgion of energy is
focusing the workload so to have minimum of swibghand physical nodes. This
method requires maintaining performance and powadetoff, as overall
application performance is degraded with workloadsolidation.

Network throughput/bandwidth - When building services over cloud there is
always concern of measuring the data throughpungbeieasured bits per second
of a network access or communication link. A trhvimethod to perform
measurement is sending a large file to anotheresysind calculates the time
being taken for transferring complete file or cogythe file. Network efficiency
is increased by improving throughput. Congestionpisvented by managing
bandwidth and protocol, usually by refusing andeating cell. Most critical
problem is bandwidth allocation and is concernedsuo€cessful integration
between services of different type.

Information security - End-users need to feel easiness when using wd clo
service that contains their processes, softwaredatd; there is need of highly
reliable services that provide assurance of awudtigb safety, privacy and
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protection. Hence there is need for considerinfpiht security issues, like non-
repudiation, authentication, integrity and datafcamtiality.

Delays - Even a small difference of data transfer creaigsificant change in
service, when the discussion is about data spetrditic, the user experience
along with cloud services, or the method to of éta8l cloud computing service
provider must make accurate choices to scale wipwn resources in data-centers
by taking into consideration other utility criteriike the interval in virtual
resource setup, migrating available processesyres@onsumption, etc.

APIs (Applications Programming Interfaces)- It acts as a communication link
between different software components through wffe protocols. It includes
different object classes, specification for rousindata structures and variables.
Different forms of specification for API exist lik€OSIX as international
standard, vendor documentation MS API, programmamguage libraries like
Java API.

Protocols - Different protocols include functionality for dee identification and
build communication with other along with formagirrules specifying data
packaging mechanism as they are transferred. Saelifeaent network protocols
are being developed in cloud environments for werigurposes. Various
examples of protocols discuss user identity managenprotocol (U-IDM
protocol) for cloud service providers and cloud eommg customers. It
authorizes and authenticates different customedgeoviders.

Network loads - Cloud applications present variable workloadser&fore it is
necessary to perform an analysis of cloud servicasabilities etc. to recognize
common problems, explore load balancing, patteand,approaches which could
potentially facilitate efficient resource managemesrid improve process

efficiency.

1.8 Resources Allocation

It is a procedure of allocating the existing resegrin a commercial and efficient

manner. It is the task of scheduling of the exgstiasources and existing activities

needed by those events while considering both ¢seurce obtainability and the

project time. It resolves such problem by permittihe resource providers to handle

the resources for each distinct demand of resource.
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Resource allocation [16] is a commercial and eifectway of allocating the
resources. Resource allocation is used to schélueileesources and existing activities
while considering both the resource accessibilitg ¢he project time. It solves the
problem of distinct demands of users for distiestources.

Resource Allocation Strategy (RAS) is a task fatrdbuting and utilizing limited
resources in the boundary of cloud computing emvitent to meet the requirements

of the cloud application.

1.8.1 Significance of Resource Allocation

By managing resource accurately, the resource cesnare utilized in an efficient
manner. Provisioning of resources solves this idguenanaging the resources for

every individual.

Resource Allocation Strategy (RAS) is the integmatof cloud resource provider
activities for making the use of cloud resourced alocation of scarce resources in

cloud platform so as to reach the needs of thedcéauvice application.

Points to avoid for optimal resource allocation:

 When two service applications on cloud attemptdoeas the same type of
resource at the same time which causes resourtentimm situation to occur.

* Problem of shortage of resources occurs in casestricted resources.

* Resource fragmentation occurs when there are prresburces.

* Qver-provisioning of computing resources occursmtie service application
gets additional resources than the demanded one.

* Under-provisioning of computing resources occursemvhthe service

application is allocated with less numbers of resesithan the demanded.

1.8.2 Auction Model and VCG Technique
* Auction Model — An auction model is defined as the technique inciwhi
service providers provide services in an onlinetiancand consumers bid on
services according to their requirements. The aoeswvith the maximum bid
wins the service. And eBay is the largest sitesThodel generally provides
best work for consumers who have a list that vargesl when the service
provider does not essence to retail at a fixedepwith the purpose to make

revenue. But sometimes this model is not benefitmalretailing services.
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There are several sites available which auctiomstedion and web designing
services etc. via freelancA.large number of people visit of this an auction
sites. These sites offered cloud services of corssim

VCG Technigue - Vickrey—Clarke-Groves (VCG) auction is an auction
which comprises of sealed-bid auction of varioumbers of entities. In this
technique, the bidding is done by users which subbilding value
mentioning the value of the item. During this prexé¢he bidder has no idea
about the bidding value quoted by other participaoit the auction. This
auction mechanism allocates the assets in an dptioséine. The optimal
method must be socially optimal as it demands tiee pvhich is equal to the
loss they have employed to other participants @hdigethem. This auction
technique provides bidders to quote the valid @e price value. It is possible
because of the optimal price quoting strategy. Tieshanism is the overview
of Vickrey auction for considering several itemsdime.

1.8.3 Advantages of Resource Allocation

Resource allocation is beneficial while utilizingpwd computing irrespective of

business market or organization size. Althougls limited as this technology is still

in evolving stage. The comparative perspectivedviatages and limiting factors of

allocating resources in cloud is given below:

A. Advantages

Resource allocation allows user to access the itbiggi services without

installing software. This facilitates developmemdahosting of services

through internet.

Accessing resources from anywhere irrespective exfgoaphical region is

another major benefit. The applications and datable to be accessed from
anywhere in the world, on any system.

No technical effort from user side is needed.

Resources of cloud are shared through internetdm aesource scarcity.
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1.9 Structure of Thesis

This thesis is structured in the following manner:

Chapter 2 — This chapter contains the literature survey Whicludes evolution of
resource allocation strategies in different clowmputing techniques. It has also
contains the work of many researchers in the afedood computing and resource

management.

Chapter 3 — This chapter explained the problem statemenoéfettives of proposed

work in the field of resource allocation in clouaheputing.

Chapter 4 — This chapter offers solution to the problem wahis explained in

previous Chapter by proposing an algorithm for vese allocation.

Chapter 5 — In this chapter implementation of the proposkgbrithm is discussed
via simulation tool CloudSim and Netbeans IDE. #lso includes experiment results

and comparison with the other present technique

Chapter 6 — This chapter includes the conclusion, summaugy fature scope of the

work proposed in this thesis.
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Chapter 2

Literature Survey

In this chapter different issues related to assediaesearch of resource allocation
methods of Grid and Cloud Computing are discussedbaief comparison between

the available methods has been done.

2.1 Resource Allocation Strategies

The tree diagram in Figure 2.1 has depicted thenamy of Resource Allocation
Strategies (RAS). Vinothinat al. [17] have discussed the RAS in cloud in the

following section.

» Execution Time - Several resource allocation mechanisms hasduted in
cloud. Jiyaniet al. [18] have considered actual job execution time pred
emptible arrangement for allocating the resourttdsas resolved the issue of
resource contention and increased utilization sbuece by using diverse
modes of renting computing resources. Majumdar [28% suggested that
calculating the implementation period for a jolaitough task for a cloud user
and errors are made very frequently. Melendez arsjuMdar [19] have
proposed a matchmaking strategy which was basethercriteria of any-
Schedule-ability for assigning jobs to unclear tees in diverse
environment.

* Policy — Shin and Akkan [21] have proposed a method iithvas centralized
customer and cloud resource management have dharntfmanagement of
users in scalable way, computing resources andniaf#on level safety
policy has projected a distributed customer anduaiized cloud resource
management for laaS by accumulating a new levadriagalled domain in
between the cloud user and the virtualized clowgbueces. Based on the
method of role based access control (RBAC), virttlald resources were
allocated to users through domain layer.

* Virtual Machine (VM) - The system possessed a set-up of virtual maghine
capable of live relocation across multi- domainrasfructure. A number of

research scholars have introduced efficient resoatocations for real time
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jobs on systems having multiple CPUs. In studiesedoy many researchers,
they have scheduled tasks on preset number of CBUet al. [22] have
described method to allocate virtualized cloud ueses amongst selfish VMs
in a not so cooperative environment. The non-cap&r environment
consists of the VMs concern basically about its opnofit. Stochastic
approximation approach is used to design and exa@ot performance.
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Figure 2.1 Resource Allocation Strategies in Cl@aagnputing

Gossip —Wuhib and Stadler [23have reported gossip-based protocol for
allocating the resources in big scale cloud envirent. It has performed a
main role within distributed middleware design fag clouds. The system
was designed as a dynamic set of nodes which mmsesthe cloud
environment. Every node in the cloud environmerd hadefinite processor
and memory capacity. Niyatet al. [24] have suggested Gossip based VM
management along with virtual machine allocation aost management.
Using this method of allocation, the organizaticosperated with each other

to share the available resources, thereby redheesost.
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» Utility Function — Gmachet al. [25] have proposed a method that manages
VMs in laaS by improving objective function like staninimization function,
cost performance function and achieving QoS objesti Zhuet al. [26] have
suggested an objective function which was defined aisefulness property
chosen dependent on units of implementation timember of QoS
parameters, goals achieved and profit etc. Someswvare there that has
dynamically assigned CPU resources to convene @@toves by primarily
allocating requirements to high priority serviceoligations. The authors have
not tried to get the most out of the objectives.erBffiore, Dorian and
Freisleben [27] have suggested a Utility baseduesoallotment for VMs
which uses live VM migration as a resource distitumechanism. This has
controlled the cost performance trade-off by aftg VM utilities.

» Hardware Resource Dependency Huet al. [28] have suggested Multiple
Job Optimization (MJO) to enhance the hardwareizatibn. Jobs were
categorized by physical-resource reliance. TheseGRU bound, Network
Input/output bound, Disk I/O bound and storage msmbound. MJO
scheduler has identified the kind of jobs and paralobs of unusual
categories. Resources were allocated based on thésgories. This system
has mainly focused only on CPU and I/O resource.

* Auction - Resource allocation in cloud by auction mechaniss introduced
by Lin in [29]. The suggested method was dependansealed-bid auction.
The resource supplier gathers all the consumeds and finds the resource
price. The resource was shared among the fitstighest bidders below the
cost of the (k+1)th highest bid value. This hasden@he cloud provider
decision rule easy and clear the allocation rulecdayverting the problem of
resource allocation into ordering problem.

» Service Application - Resource Allocation strategies have also sugdest
based on the nature of the cloud applications hyeflal. [31]. Huu and
Montagant [30] have proposed that allocation sgiage for virtualized
infrastructure are modeled for workflow based cloapplications where
resources are assigned using the workflow of thpdiegion. For applications
based on workflow, the application logic has inteted to generate an

execution schedule estimate. This has helped tke tosapproximate the
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accurate amount of resources that was used for reeclof the application.
Services group optimization, FIFO, Optimized andividaare the four
strategies which have modeled to allocate resowandsschedule computing
jobs.

SLA - The works related SLA consideration is still dise cloud. In order to
attain the SaaS provider's goal, a range of RASiquéar to SaaS layer in
cloud has introduced. With the appearance of SakBid applications are
moving away from personal computer based to netwdwkvered-hosted
services. Moreover, Lee [32] has described theeigguprofit driven cloud
service request task scheduling in cloud by takiig account the goals of
both communicating parties such as service prosidad cloud users. Chét
al. [33] have suggested that organizing the clouduess for SaaS tasks was
demanding for SaaS providers. Hence a frameworkefurce administration
for SaaS providers to proficiently manage the cleedvice levels of their
clients has contributed by Lei al. [33]. All the above described has primarily
focused on SaaS provider's profit and consideratdgreases wastage of

resource and SLA violations.

2.2 Existing Economic Models in Cloud Computing

2.2.1 Price Based model

Buyyaet al. [34] have proposed a design which has simulateddaneloped a
cloud asset pricing model. This design has satishiain basic constraints: the
dynamic characteristic of model to give better $attion guarantee of
Quality of Services (QoS) — from user perspective profitability constraint
— from cloud service provider perspective. Finahb&se theory and usage of
cloud assets as principal resource to capture ¢aé value of the cloud
computing commodities have implemented. The auth@ge studied the
results of four different metric which have intrega and guaranteed QoS and
price rate as follows: (a) Moore’s law dependesieasalue depreciation; (b)
new ubiquitous technology dependent volatility t@ge for catering price
change; (c) a different finance option price baseulel that combines above
two methods; (d) the age effect resources andedgsetiation. The authors

have presented that the cloud attributes drawm#m€e economic model and
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studied the result of cloud commodity pricing faffetent parameters, like
resource age, QoS and contract period.

Mihailesu and Teo [35] have presented a pricing maeism which was
appropriate for coherent client request compriseseveral resource. The
proposed technique strategy-proof dynamic stratexp/compared with fixed
cost mechanism. The number of effective requesssinvproved with the help
of dynamic pricing. The techniques of resourcecatmn have been discussed
for normal cloud and federated clouds. In dynamicipg techniques the
coherent clients supply and use a resource, whaghwhy this technique was
more appropriate for federated clouds. The utikmatof user was also
constant. This scheme was capable of making a taldretween the
completed requested and number of assigned resoulrased on market
scenario. The authors have proved that this scheanks better in case of
average customer welfare and it has raised thefib@feseller up to 200%.
Rate of effective has also risen up to 200%. Usiagh table of distributed
nature the authors have produced a peer-to-pe&orietand also it has
provisioned delivery of cloud resources and assgrtrasing this mechanism.
Wee [36] has learned the Spot Instance (Sl) cdsye@limazon Web Service
(AWS) in excess of one year time period. A few loé tcloud services has
constant price in AWS. All the services rented B/ & to its consumers based
on fixed rate before Sl. This was the reason wtey dathor has analyzed
content of AWS instances. More enhanced price vede attained for an
occurrence of service if the load on cloud is tfamsd from peak time to idle
time. The author description has proposed thatdise saving %age is 3.7% in
average case. But in 52.3% was saved when dynamingwas used instead
of fixed mechanism. This dynamic strategy has laedcby AWS in which
pricing was done dynamically. There exited no add#l cost in this approach
in which the cost of transfer was taken. Optimé&alkslity strategy has utilized
to manage the cloud resources when the cost wesas®d to its highest level.
Li et al. [37] have proposed an architecture which was d@atleud banking
model contained resource agency. From the globat pbview, it has offered
the guidance and analysis for each applicants,i@ fdetched up-to-date

repetitious algorithm has been specified, it hasme@red the previous usage
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proportion of the resource, and repetition has el prices continually,
have acquired the availability of assets next tirttee ending price to
consumers were computed. Experimentation displaymased on past
resources utilization, the pricing algorithm wasamwic in nature and has
provided benefit for provider and more helpful teegerve the benefits of
applicants of resources in the cloud.

Yanget al. [38] have presented a pricing strategy; biddinaepss has used to
calculate the autonomous pricing and quoting inciiihe value of resources
was fixed by the cloud service providers. And tleeision making approach
was used to set prices.

Chen and Yeh [39] have defined the market mecharapplication for
resource allocation in cloud computing services,ictvhneeded bridging
finance and relative technical challenges assatiatéh software agent.
Dynamic change in the resource availability witmei has required more
complicated treatment. Here author implemented ehar@sm for allocation
and rating mechanism with market based model feoure allocation in
cloud. Service providers and buyers have determthed charges and get
prices using k-pricing that sets transaction changividually for matched
service-buyer pair. These methods adaptively mastomer/service provider
constraints and requirements set by bundled sexvitbe authors have
defined the market-based method for cloud envirarimiemakes possible for
buyers to assign arbitrary services to varietyeise providers. The given
allocation method and pricing method have develomedsimulation
environment with software agent to analyze the psed model performance.
The basic experiment has shown that model exeqrtgserly. The authors
have focused on the trade exchange behavior, dlgeitia service provider
agent and buyer agent interaction. Market basedadehas shown better
promise to enhance pricing and resource allocatiRnesent mechanisms,
however, are inadequate to handle wide scale amatign with strategic
service providers and buyers who benefit by maaijng the mechanism.
Zhanget al. [40] have formularized the problem of allocatingwal machine
in clouds as a combinatorial auction base problaemh affered a mechanism

with group price for solving it, so the cloud prder expresses the discounted
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price of each variety of imported virtual machii@e authors have identified
the theoretical attributes of the proposed mecharatong with individual
rationality, truthfulness and individual rationglit Regressive simulation
results have presented that the method prosedsyedfatient allocation and
traceable computation while generating more valore doud providers s
compared to fixed price mechanism.

Li et al. [41] have proposed the group-auction dependenhadefor cloud
based market to effectively allocate resourcesetent market system, asset
providers offer assets as virtual machine. Endsupeovide their bids. The
system has given assistance to decide how a progideuld efficiently
allocate resources to users. Group action has rdoced the cost and
improved the sales volume for participation. Toideaesource allocation, the
optimization problem was defined as Distributed §€oaint Optimization
Issue, and a distributed message passing methoxksuma algorithm was
implemented by using group action formation gamseiarch for early optimal
solution within quadratic time complexity. In conmpive study, authors have
deployed the system in two scenarios. On groundacoéptance rate and
resource efficiency, the authors have comparedatgrithm with the random
algorithm and greedy algorithm. The important ggrants of this research
paper are as follows: (a) suggested a budget-bedamethodology dependent
on group-buying the cloud instance market. (b) Ubeddistributed algorithm

max-sum to search for optimally allocating resosarce

2.2.2 Auction Based Model

Wei et al. [42] have introduced an auction mechanism whicbased on
dynamic strategy to solve the problem of resousdkxcation by estimating
the ability in the cloud computing atmosphere. firatfering feature bears
when we employ second auction mechanism into tloeatlon problem. The
main focus of this feature is to help cloud servgeviders to increase
revenue. The authors also have proposed a Gaudistabution algorithm to

allocate the resources to the consumers in efticiay.

Prasacet al. [43] have talked about multiple resources obtarfrom various

cloud sellers contributing in bidding. This was queted by allocating

dynamic pricing for these multiple resources. Sith@eauthors have taken into
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account the number of resources to be obtained Yfamous cloud sellers in
an auction, the issue became one of the combiaatarictions. In the
Combinatorial Auction Branch on Bids model the angshhave first processed
the user demands, then have examined the auctirammounced a set of
sellers bidding for the auction as victors.

Zaman and Grouse [44] have designed an auctiordl@gg@oach for dynamic
VM provisioning and resource allocation that hassidered the user request,
when taking provisioning results. This mechanisma peoved truthful (i.e., a
consumer take advantage of its utility simply bgldang its correct valuation
for the demanded package of VMs). And has estimatex proposed
mechanism by implementing excessive simulation éxamnons utilizing real
amount of work traces. The experiments have showerbétter income for the
cloud service provider and enhance the utilizatibcloud resources.

Xing-wei et al. [45] have introduced the microeconomic and genetic
algorithms, and an enhanced periodical auction éwonk was built, and then
ribbon capability was used to define the storageacily for specific users.
The optimized resource allocation solution has beemnsued based on
inherited algorithm. Experimental results have shdwat the suggested model
is both effective and feasible, which has maximigeel vendor total trading
amounts as well as reduced the executing time wf&videtermination.

Wang et al. [46] have introduced definite microeconomic methodhese
methods were to solve the resource management eswlrce allocation
problem in the cloud atmosphere. By merging thecephof batch matching
into the reverse auction technique, the authore lpgeposed a reverse batch
matching auction technique. The approach of dopblelty and the tracking
down of service quality efficiently prohibit the istence of trading fraud
which was based on auction. There are three estimeabnditions as well as
the market effectiveness, consumer satisfactioncaradity of service which
was used as the optimization purposes and the deptiBle evolutionary
procedure was applied to find the solution of resewallocation in optimum
manner. The simulated results have shown thatpituposed mechanism is

both effective and feasible.
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Bonacquisteet al. [47] have proposed a present marketplace of asdetse
the request and the proposal of assets were cothpamaiction-based deals.
Particularly, the authors have observed at thikaetdrom the cloud provider
point of view, which has required an approach tdinogly assign their
unemployed computing capacity. And the authors halge suggested an
adaptive approach that, appropriately personalieetthe providers’ business
purpose, provides them to increase the revenugeimbtaining auctions point
of view. In addition, the effect of resource oviirig onto the utilization level
of data centers in cloud has been examined by n@dnrsad simulations.
Ozer and ozturan [48] have proposed a mathematiodel based on auction
for offering economically effective resources alton in these atmospheres.
This model has enhanced multi-unit unbiased auctimydel which was
combinatorial by presenting a fine price stratedyiclv outcomes improved
consumption of assets and hence increased reveanle on the application
field. This model has expressed via integer linmagramming. The authors
have proposed new five heuristic procedures basedata-heuristic methods.
And have presented a method called intelligent himg selection. The
routines of these algorithms are matched with aketable mixed integer
programming (MIP) resolved on produced test parareef he results offered
by the progressive algorithm are as effective as¢isults offered by the MIP
resolve for these test parameters.

Wang et al. [49] have proposed an auction based technique hichwthe
resources are time by time auctioned to house stsjué users. The authors
have focused on two important tasks of maximizingome and auction
reliability. This model has comprised allocationthwozls based on capacity,
which estimate the number of instances to be bi@, $pecific duration. And
also auction strategy, based on active paymentadettich corresponds to
the suggested allocation scheme. This model isdvaticording to two
dimensions and optimal if the demand is high. Addgally, by determining
definite optimization design, the complexity ofghmodel is reduced. Broad
simulation has shown that this model keeps tracknafket variations, it

generates better income than pricing on demand.
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YOU et al. [50] have proposed a mechanism to enhance uidizabf
resources in case of big sized data centers, wisicknown as RAS-M
(Resource allocation strategy) on the basis of staskenario. The authors
have first constructed the model of this approanhwhich a function is
designed based on quality of service parameters. bettanced state of this
model is described and optimality proved. The Sdcagpproach is GA-based
adjusting of cost price has been reported to hatfideissue of attaining
equilibrium level for this model. Simulation andpeximental analysis have
shown that the state of equilibrium is attainedisT8tate validates this model
and proves that this model is effective in natoradhieve its objectives.

Zhao et al. [51] have studied the online procedure of takingctian
mechanism according to allocation objectives. Tmkne behavior of auction
is in synchronization with asynchronous requestsclants. After wisely
describing truth situations under the online gajnewuction standard, the
authors have proved that reliability is assureé Ipyice-based assignment rule
and compensation rule. The reliability charactesshas truly transformed the
mechanism scheme problem into an online procedwdehproblem, with a
borderline pricing function for cloud resources \@siables fixed by cloud
providers for this auction. The authors have derithee minimal pricing utility
for the online procedure. The authors have alsowshthe inexpensive
proportion of the communal cost of our processantkadiction of the offline
VCG mechanism and of the cloud resource sharing afothis procedure in
contrast to that of the offline optimum auction.

Aida and Fujiwara [52] have proposed a marketatpato allocate services to
applicants efficiently. The mechanism has enabledrau (1) to order a
combination of cloud services for co-allocationgd amorkflows and (2) to
reserve current/future cloud services in a forwspdi market. The estimation
has shown that the methodology works well in prédatetting. And has
offered a marketing procedure for allocating sexsito subscribers efficiently.
This mechanism has allowed the users (1) to batmination of provided
services for co-allocation and workflows and (2)p@serve current/future
services in a present spot market. The analysispresented good results

proving that mechanism works in given probablersgtt

30|Page



Lan et al. [53] have discussed a method for allocating resssiusing multi-
unit uninterrupted double action mechanism andtiveapricing method.
Firstly, resource allocation strategy is constrdctsing continuous double
action model which includes three agents. Aftet tha existing double action
refined scoring algorithm, and has provided nevapeaters to find the pricing
algorithm which would be suitable in cloud. In eaclerval, cloud node
agents and user agents find their bidding valued demand values
respectively. This technique has taken into foauth lfair chances for users to
allocate resources along with supply of resourbesugh cloud nodes and
requirement of cloud nodes and users.

Bello and Wakil [54] have proposed concept of adnig flexibility in the
pricing models. It is done for SaaS users. Sevwesmlcases are implemented to
get the possible timings in the pricing scheme. diseounts were given to the
users on the basis of utilization of resources dopneiser. The concept has
given good performance in terms of pricing in cl@maputing.

Shanget al. [55] have studied the current cons in cloud maaket proposed a
pricing scheme which is based on double auctionndJshis strategy a
uniform cloud market has been developed. This idaa created a good
competitive scenario to other cloud service prongdé&ocus of this scheme
was on enhancing flexibility of pricing model.

Son et al. [56] has introduced a proposed model to resohe issue of
allocation of resources on remote location and datdres. It has solved the
issue of limited computing resources in cloudslaiso based on SLA. It also
focuses on assuring SLA in cloud computing.

Meng and Mihailescu [57] have proposed a pricerdeteng technique which
uses marginal bid. A technique called double anci® used to allocate
resources in cloud computing. This model has b##gibility, but there is no

analysis given to analyse the system’s performance.
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Chapter 3

Research Gap and Problem Statement

The previous chapter described various technigqueshahave been discussed in the
literature survey for resolving the resource altmsaproblem in grid computing and
cloud computing. Relied on literature survey, salegaps discovered in cloud
computing has been known in this chapter and tloblem statement is discussed

below. Thesis Objectives are also enlisted at tiukaf this chapter.

3.1 Gap Analysis

The literature survey in the previous chapter cxiesof various resource allocation
market based models. There are a number of gapsveied based on that literature

survey which are explained below:

« Maximum techniques are biased towards service geovBut these techniques
did not give benefits to service provider and comsu simultaneously in the
uncontrolled cloud market.

» [Existing resource allocation method is static iture Advance reservation of
resources was used in resource monitoring, bubtctiequests are dynamic in
nature and these requests cannot be controllethby siodels.

* Maximum cloud service provider companies have ws@dice model which is
based on fixed pricing to allocate the price oirtihesources. But in real market
space these fix price based models do not fit iaryesituation. Consumer
requests are uncertain and dynamic, but the nafuifeese models is static. So,
the resources are not used in an optimal way wkiphovided by the provider.

* Obtaining of resources was done manually. As tlaeeemany cloud service
providers, consumers have to go to all the seliererder to find out the
efficient model which is a very heavy task. Maximwrark in literature survey
has assumed single cloud service provider whallButfie necessities of clients.
So there is demand for scalable and automated ohéh@btaining resources.

« The work in using an auction based technique iradyn pricing and allocation

of market based takes into account the single ¢éypesources.
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« Auction based methods suggested in literature gutges not assume minimum

limitation on cloud service provider so as to fiilflients’ demands.

* In this manner, cloud service providers may fraadstimers and get increased

revenue by offering low scale services.

* Nowadays, in the literature, fines are compulsanttee cloud service provider

for not fulfilling devoted services to the client.

Now, all the previous models have its research igdpetween them. Table 3.1 has

shown requirements of different cloud providers #ralr clients. A literature survey

of the research in this area based on factors sfomers and the cloud service

providers is presented in table 3.2. The outloolklotid providers and the users in

several price based models is given in table 3aRinQ these properties into account

the table 3.2 is constructed.

Table 3.1 Different Perspectives of Providers and<timers of Cloud Computing

Provider’s point of view

Consumer’s point of view

Optimum Resource Utilization

Best cost and runningg

Increased benefit and revenues

Price cut and Reward

Minimization of cost problem

Consumer’s demand fulfillment based

QoS

DN

Table 3.2 Comparison between Different Economic &ed

Provider’s point

Consumer’s point

Author Economic Model _ _
of view of view
Commodity Market
Buyya [34] v v
Model
Mihailescu[35] Market Model X v
Wee [36] Real Time Pricing X
Yang [38] Bidding X 4
) Second Priced Auction
Wei [42] _ _ X v
Model Using Sealed Bid
Combinatorial Auction
Zaman [44] v X

Models
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Reverse Auction with
Wang [46] _ . X v
Batch Making Technique

English Combinatorial

Wang [45] . v v
Auction

Aida [52] Double Side Auction X L,

Model using K pricing
. Commodity Market

Walki [54] X 4
Model

Shang [55] Double Side Auction X L,
Model

Son [56] SLA Based Model v X

Mihailescu[57] VCG Based Model v 4

3.2 Problem Statement

Optimal allocation of resources is one of the masdl issue in cloud computing.
Cloud service providers should be providing resesirio allocate in efficient manner
otherwise, there could exist the issue of oveizatilon or under-utilization. In the
cloud market multiple providers are there who wiantetail their resources. Every
seller wants to retail resources to consumer ard gerease revenue. In this
situation, it becomes tough for consumers to sdlextperfect between the multiple
cloud service providers. And cloud providers tesethe consumer who needs more
resources which is also a major task. So the issue conclude a suitable cloud
service provider for every consumer who could fetaveral resources in minimum
feasible price with respect to his demands and &pdropriate consumer for cloud

service provider which gives importance to his teses mostly.

The framework should fulfill all the demands of samers at a specific time. It
should also carry out some minimum limitations e tloud service providers to
satisfy demands otherwise fines the cloud providko disrupts some conditions.
Thus, to outline, this thesis provides the bertefitloud providers as well as cloud

consumers with the help of resource allocationraigm which is market based.

The purpose of the thesis is to offer a way outaltwcation of resources issue in a

cloud environment via auction technique which isdzhon an economic model in the

34|Page



market based allocation of resource. The thesifilldulthe demands of cloud
consumers who need resources in an ordered wajnigh ftheir job within the
reasonable price they are presenting. It also atscresources in an optimal manner
of cloud suppliers who are rivalry among themselhbezause in cloud market space
multiple providers are there. Also cloud supplieent increase revenue and a pricing

technique is designed and fines the cloud providisrsipt indicated conditions.

3.3 Objectives

The objectives of this thesis are explained below:

. To study the current resource allocation methodsofatimum resource
allocation.

. To design an auction based algorithm to allocaseurces in an efficient
way.

. To estimate the performance of the proposed alguarit
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Chapter 4

Proposed Work

In the previous chapter the various objectivessgapl problem statement have been
described in this thesis. This chapter describes pitoposed method, solution of
problem statement and the architecture of the m®gavork. It also includes the
resource allocation algorithm based on the propasedkel.

4.1 Proposed M odel

The proposed work is merging the Reverse Auctioichvis an Auction Technique
and Vickrey-Clarke-Groves (VCG) mechanism which yies the resource
allocation scheme and payment method on a cloutgr Aliis process the provider
provides the resources to particular consumer hedconsumer can use the cloud

resources.

4.1.1 Architecture of Proposed M odel

There are the four components shown in figure ¥hithis architecture consumer
sends a request for the resource to resource tflnagaodule mentioning his service
requirements to the providers’ side. The cloud iserproviders send quotations for
that requested resources by the consumer to theuResAllocation Module (RAM).
RAM works as intermediate between the consumerspamdders which consists of
reverse auction technique. This is a form of auctio which job of consumer and
provider is reversed and VCG technique is usedloutate the payment of particular
resources availed by the cloud provider. RAM inggaa bidding process and call for
the bidding values from the providers. All the pdwers give their quotations to the
broker mentioning about their quoted bid value. Theker then checks which
provider has sufficient number of resources ancelold value for its resource. The
broker then sorts the list of bidding values givgnthe provider in ascending or
descending order and checks for the lowest bid gnadin The provider which has
lower bid value and has sufficient resources vadrt assigned to the consumer. After
completion of bidding process the provider providbs resources to particular
consumer. If the winner provider is unable to pdevrequested resource instance,

then some amount of fine or penalty will be imposadhat provider.
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Figure 4.1 Architecture of Proposed Model

The brief explanation of all the components of gneposed model is given
below:

Consumer - Consumers are the cloud users who need asséisfilotheir
prerequisite needed to finish the job. The clougtusre the users which have
their registered account with the available clowdvygers. The customer or
the end user request for a resource available ercltud provider, then the
authentication of this user is checked by the clpuovider. If the cloud
provider verifies that the user is a valid useentlthe access is given to him
else access denied.

Resource Allocation Module — This component comprises of the three
participants cloud user, broker and the cloud mlewi This module is
responsible for the selection of provider accordimghe bidding process. It
assigns a provider to particular user.

Cloud Service Provider - This component has resources such as storage
space (memory), applications, utility software,. ettt are available on the
cloud. Cloud provider requires selling these resesirto increase revenue.
When a broker sends message, then provider wi# fat in the bidding
process. If sufficient quantities of resourcesarailable on a cloud provider,
then it can quote prices for its resources. Theiges can take part in more
than one bidding processes given that it has serfficresources available.
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There is no limit on the number of bidding proctss provider can take part

in.
4.1.2 Resour ce Allocation Module (RAM)

This is the main component of proposed model whieps in allocating the
resources available on the cloud provider to thetaruers or cloud users. It consists
of main component called a broker as shown in &gu2 which communicates with
the users and the cloud providers. The main tagkeobroker is to select an optimal
cloud resource for the user. To select one cloogiger from the list, the broker uses
bidding process. The bidding process is accomgislsgng reverse auction in which
pricing is calculated using VCG strategy. Once fihiee has been decided then the
broker informs the cloud user which has requestedHte resource. In this reverse
auction is a category of auction in which suppk&d consumer role is reversed.
Consumer requests resources and supplier, usuallyfob offered resources to
consumer. The auction winner offers resources tswmers. The suggested model
comprises of multiple cloud providers and multiglensumers who need assets to
finish their job. The consumers lodge their nedessio the broker. There are various
types of assets existing on cloud providers. Affetting requests from consumers’
side, broker forward messages to cloud resourceiders who start bidding. The
whole auction process is managed and controlletthdoyproker. If sufficient resources
are available on a cloud provider, then it can tpk& in the auction process and

guote prices for its resources.

After completion of bidding which is given by praers, broker will start mapping
consumers and sellers after computing the lowasbtsbller and maximum resource
requesting consumer. If the lowest bid seller hafickeent resources that win the
auction and then he will be allocated first consutoeprovide resources. Otherwise,
examine for the next resource seller. But if thetian victor is not capable to fulfill
consumer necessity, then he will be fined by broker

The following scenario explains the process:

In proposed process, there are several cloud pFovidtho holds different type of
computational resources and they want to give tiesiources to consumers according

to consumer requirements.

38| Page



Broker Penalty for

Defaulter
Provider

User

Joll

Servers

Calculate Price

Y

: Selected
an i
e Provider
User //v Select Winner
;Sﬂ Allocate

T Resources

Figure 4.2 Architecture of Resource Allocation Mtedu

The main objective of cloud providers is to takél advantage of their resource
utilization and therefore increasing the profit psoviders through decreasing the
resource cost and a social benefit achieve angismanner increasing the efficiency
of the complete system.

Supposing there is a set of resource providereadll and re N who has a large

number of computing resources. Cloud resource g@ersi provide computing

resources to end users from the pool of differgpes$ of virtual machines (VM).

Considered, there are three types of VMs availableach cloud resource provider.
Small, medium and large are three different tygeghds.

Each VM differs in its memory (ms), CPU power (gnd storage capacity (sfjhe
capacity of these VMs is pointed out in the tabiehich is being taken according to

the real market scenario. And each type of VM amssigan id.

Table 4.1 Different Types of VMs

ID VM Type CPU Power Memory Storage
1 Large 40 GHz 32 27TB
2 Medium 20 GHz 16 1TB
3 Small 10 GHz 8 500 GB
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Following are the variables used in this process:

k - Particular id of the VM

Px - Property function of VM

Cp, mr, st - Different values for different type of VMs

Bi - Resource request issuedmpnsumer

Inst - Number of instances

K - Type of virtual machine requesgcthei™ user

vl - Corresponding value of the resosifoe the customer

Here, B; = {inst;, k, vi¥} (1)

For example, let there be a user who issues a seBue{3, 2, 10}.It means the user
has solicited for 3 instances of type 2 Mediumtype of VM and he has set the value
of the resources as 10 which is the maximum preéshready to pay. Based on the
demand of the user, the broker then initiates dibglprocess. After that he calls for
the bidding values from the providers who have mimn 3 instances of type 2 VMs.
The providers then give its bid values to the broideo acts as an intermediate entity
for bidding process. The provider who has quotemher price and has 3 instances of
type 2 virtual machines gets selected. If no suadvider is present, then user’'s
request gets discarded. If the provider does Hbll the job, a penalty is imposed on

the provider.

4.2 Execution Flow of the Proposed Model
The working of the proposed model is as follows:

Step 1 - All the users of cloud and the cloud ptevs gets them registered with
the broker.
Step 2 - The cloud users specify their requiremants send it to the broker.

The requirement involves his budget, time duratiand resource

specifications.

Step 3 - The broker collects all the data receiftesn cloud clients, and
informs all the cloud providers registered on thekbr about the user

requirements.
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Step 4 -

Step 5 -

Step 6 -
Step 7 -

Step 8 -

Step 9 -

Step 10 -

Step 11 -

Step 12 -

Step 13 -

The broker starts the bidding process setda time limit for the
auction procedure. All the providers have to qubar prices during
that span of time. Only those providers who bidrtlialues within the
time will be taken.

After getting the request from the brolkdirthe providers’ checks for
the available resources. If the provider has seffic amount of
resources, then it sends the bidding value to tiekeb for that
particular resource. Any provider with no resoureeailable at that

time will be removed from the list.
When the time is over, the broker stopsatiction.
Broker will sort the bid values receivezhi providers.

Now, the provider who has quoted lowest \mlue becomes the
winner of the auction. If any provider has lessember of resources
than requested, then it will search for anotherr usgh smaller

request.

The broker then computes the payment Her requested resource
using payment equation specified in VCG algorithma anforms the

user.

If the provider has more resources availahen it will compete for

another user.

Now the resource is allocated to the asdrthe utility of the selected

provider is calculated.

If the provider is not able to satisfg tisers need, then some amount
will be imposed on that provider as penalty amount.

The users whose requirements are ndfiedtiby the providers is

assigned another provider with enough number aiuress.

4.3 Resour ce Allocation

Resources are allocated based on auctioning mechaand payment for all the

resources are calculated using VCG mechanism. Tiwewnprocedure is explained

further in this chapter.
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Parameters used are mentioned as follows:

ti

Bi

Ui

X&y
by

Vi(bi, p)

Ci(bi, 1)

payment(b)

Represents user whietk2,.....n
Time taken by user
Unit storage cost of a storage node
Cost variable whe@=ct;
Value for each participant
Benefits of each participant
Utility of resources for a specific user
Resource allocation function
Provider number
Number of providers
Bidding variable by provider
Are some variable used for specifying user
Bid value specified for virtual machine k
Value for each participamtwith respect to bidding value
b and allocation functiop
Cost of the resource with respect to bidding véue
and allocation functiop
Value of a Virtual machine for user
Constant factor
Represent payment functigvhich calculates payment

with respect to bid value
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i . Value of resource allocation function when i is patticipating

4.3.1 Resour ce Allocation Strategy
Resources are allocated by the cloud provider wighhelp of VCG strategy. VCG

strategy executes in following manner:

1) A resource evaluation method is used which is sspreed by where | denotes
the user.
2) The objective of this strategy is to enhance trstesy efficiency and social benefit

of the proposed system. It is done by calculagiiy) as:

u*(b) = argmax Y; V; (b, 1) (2)
The equation (2) defines the allocation sgptef the mechanism.

3) Each user, after receiving the resources paysribe @qual to the loss he imposes

on others due to his presence
payment; (b) =max Y .; Vi(bj, 1) — Xj=i Vi(bj, 1) 3)

This rule is the essence of VCG mechanism andnitbeaimplemented according to
the resource allocation rule. Only through effestitruth revealing strategy, the
mechanism of VCG auction is meaningful. The thregnnproperties to be verified in
VCG strategy are incentive compatible, individualigtional, maximized social

welfare.

The main guiding ideology of the VCG based auctimechanism does not vary with
application. Hence, the Resource Allocation Stratly the defined model can be

expressed as:
p* (b) = argmax ¥; Vi(b;, )
= argmax Y,;(V — Cy(b;, 1)) (4)
= argmax (vl; —X; C;(b;, )
The valuev of a VM for the user is fixed. So the above equratian be modified as:
p* (b) = arg max (vl; — ¥,;C;(b;, W)

= argmin Y;;C;(b;, 1) (5)
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= argmin }; (b; X p;)

The allocation of VMs can only be done through idding value as the actual cost
value of the VM is a private function. The equati() shows thathe allocation

function tried to minimize the total cost of thessm. This mechanism tried to
allocate resources when the bidding value by resoprovider is less than or equal to
the user’'s assumed value,. ie< v. VMs which do not meet this criterion will not be

selected due to their higher value.

4.3.2 Winner Selection

When the broker requests all the cloud providerstii@ user’'s requirements, the
providers respond with the bidding value of theisaurces. After receiving all these
values, the broker sorts them in increasing ordiee provider who has quoted the
lowest value for the requested resource will becdet by the broker. The selected
provider is considered as the winner of the auctiamch then assigned to the cloud

user.

4.3.3 Payment Calculation

After selection of the winner, the broker calculates plagment for the requested
resource using a payment function defined by tulthiidding in VCG strategy.

The truthful bidding is described below:

The resource allocation function defined in equa(®) tried to reduce the total cost
of the system. But it is not necessary that thelibglvalueb; is truthful, which means
the bidders can quote false prices. Also, the Bystecost will never achieve
minimum value. So there is a method of incentivéhs a bidder always reveals truth
value. Payment function of the VCG mechanism imgets this method. The

payment function for different VMs can be expresasdollows:

payment; (b) = min ¥ ; Ci(by, pu_;) — ¥jxi Ci(by, u*) (6)

In the above equatiorpy = (M1, M2,... W) represents bidding of VMs by resource
provider andy.; is the allocation when VM is not participating in the allocation
mechanism. The utility of the profit that the resme provider gets when renting VM
is the difference between the total payments heives from the user and the cost of

running the VM. So his profit can be expressed as:

44 |Page



If the provider reveals truth value of the VM .ike= ¢;

U;(b) = payment; (b) — Ci(ct;, u*)

min ¥, G(bj, foi) — Xjwi G (bj, u*) = Culby, 1)

min ¥,;.; G(b;, p—;) — %;C; (b, 1) (7)

The above equation shows that when the resourogderoreveals truth value, the
actual profit is the difference between the prit¢he system when resource provider

i participates and it does not participate.

If the resource provider chooses to quote falsaevaf the VMi i.e. b # ¢ the profit
will be :
U; (b) = payment; (b) — C;(c;, 1*)

= min Y. G (b, i) = Xjei G (b, 1) = Ci(ci 1)
= minY;,; G (bj,u-;) — X;Ci(bj,u*) — (Cilcty, u*) — X:Ci(bj, 1)) (8)
The equation shows that profit that the providds dglerough false bidding is not the
actual profit and it is less than actual profit.
4.3.4 Penalty Estimation

Some amount as a penalty is imposed on the clouddar if it does not fulfill user’s
requirement as decided while allocation of resaircEhese are called defaulter
providers. The requests assigned to these provididrshen transferred to another
provider. The new provider will be taken as winmdrose price is denoted byeR

The price of the old one is denoted ky;.PrThe penalty Pequation is as follows:
Pf = (Phew — Poia) /Z?z_ll Biew = Poia 9

4.3.5 Utility Function

After allocating resources to the user, the pravidgdity is calculated using VCG
based allocation algorithm presented in section WtBity function is based on the
bidding value of the user i and value of the reseuallocation function. The utility

function is expressed as follows:

U;(b) = min ¥, C; (b, p—;) — % Cj(bj, ") (10)
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4.3.6 Sequence Diagram of Proposed M odel

Cloud Resource
user Broker .
Providers
Register Register
Request
Resources Send Message
Send Bids
Choose
inner and
Price
Inform User and
Close auction
Provider gets the User

Calculate
Provider
Utility

Penalty
Calculation

Figure 4.3 Sequence Diagram of Proposed Model
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4.4 Flow Chat for Proposed M oddl

"/ Start 7
s

Y

Users and Providers
Register for Auctioning

\ 4

Users Request for
Resources

Set Auction Timer

\ 4

Broker Sends Request
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Figure 4.4 Flow Chart for Proposed Model (a)
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Figure 4.5 Flow Chart for Proposed Model (b)
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4.5 Proposed VCG Based Resour ce Allocation of Virtual Machines

Input: User requedfinst ,k, vi) to broker
Output: Payment value and winner provider.

1. The user will submit his request to the broker.

2. The broker will announce the start of the auctiod &M typek to the
resource providers. Let there ar@roviders andN is the set of providers.
N={1,2,...n}

3. Cloud providers will send their bids &and a maximum number of VMs
max_vnof k type to the broker.

4. Sort the list of cloud provider in ascending ordecording to their bid

values.
5. fori=1toi=n
6 If(inst > max_vm || b> vl;)
7. Reject the provider
8 End If
9. End for

10. A cloud provider with lowest bid value wins the &an.
11.Calculate payment:

payment; (b) = minY; (b, u_;) — Ljxi Ci(bj, 1)
12. Calculate utility for winning seller:

Ui(b) = minY;.; C; (by, i) — X C;(bj, 1)

13. If(Ui(b)>0) then
14. Inform the winning resource provider and allocagsource according to

equation (4).
15.Else
16. Failure of the auction.
17.End if
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Chapter 5

| mplementation and Experimental Results

In this chapter, the employment of the proposedethah auction based algorithm to
allocate resources in an efficient way and evaltlageperformance of the proposed

algorithm.

5.1 Experimental Setup

For simulating this proposed work, a cloud simulasoused to create a virtual cloud
environment to get results and analysis. Simulagngironment lets us to create
cloud resources with different resource requiresi@md system configuration. The
following are the requirements for our proposed aetod

« CloudSim
e NetBeans IDE

511 CloudSim

CloudSim is a platform to generate a simulationiremment for cloud computing

framework. Following are mostly used the feature€GloudSim:

» Simulation of large and small scale data centersrenmachine.

* Able to create virtual machines, cloudlets, hostd ather cloud entities with
different configuration.

» Able to use Different scheduling policies, topoksjinetwork facilities.

* Able to implement different algorithm in a cloudv@onment.

5.1.2 NetBeans|DE

It is a platform which is utilized to generate saite applications. This platform
supports multiple languages C/C++, java, php andMHTetc. It also has various
plugins which is used for performing different ogtgons. There are several libraries
already implemented in NetBeans which can be usedebelopers to do complex
tasks really fast. Java is a platform independamguage which makes it widely used.
CloudSim is a java based tool, so integration ofBeans with CloudSim became

possible.
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5.2 Implementation of Proposed M odel

The model proposed in this thesis is implementedClaudSim and NetBeans
framework by extending the CloudSim examples ab&lan the toolkit. Firstly, some
number of virtual machines is created to be alkatdb the cloud users. Similarly,
different resources are created in CloudSim ancergidifferent configurations.
Variables are used to define the number of prosi@erd users. Different ranges of
resources are defined such that the bandwidthabtaifrom 200-1000 b/s etc. Table

5.1 shows the range of different type of resources.

Table 5.1 Range of Different Types of Resources

Sr. No. Types of Resource Range of Resource
1 oS Unix, Linux, Window?7,8,10
2 RAM [256 - 1024] MB
3 APIs Java, Android
4 CPU Core 2duo, i3, i5, i7
5 Storage 512 MB - 1TB
6 Network Bandwidth [120, 1000] b/s
7 MIPS [100 — 2000]

5.21 Interface

A small demo tool is created to show the result$ e@mnge in the behaviors of the
results. Figure 5.1 depicts the interface of tha tof the proposed model. Firstly,
Value of different parameters of the proposed werkntered. Figure 5.1 shows the
entered values. The number of user taken is 14,d¢urof provider are 7 and total
requested resource instances are 42 (total dialldquested). It shows 14 users and 7
providers have requested to participate in thei@ugtrocess.

After taking values from the users and provideng, model has generated a list of

user requests and available providers.
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Enter number of Users: 14
Enter number of Providers: 9

Total number of resource Instances |42

Type of User: @ Individual ) Business

| Allocate resource I

Figure 5.1 Interface of the Tool of Proposed Model

The model sorted them in ascending order of pridé® user selects the
lowest bid provider to do their task. Then the pevs are allotted different
users. Figure 5.2 shows winners of all the requefstigfferent users.

(&) R=tR=

User Name| Userid |Provider N..| Providerid|Resource ..|Numbero...

A uOAOD1 Google p1 VM 5

B uOAD2 Amazon p3 RAM 3

C uOAO03 Oracle p2 VM 7

D uOAD4 Amazon p3 RAM 3

E uOAO05 Microsoft p6 API 4

F uOAOD6 Google p1 OS 2

G uDA07 iWeb p8 oS 8

H uOAODS8 Amazon p3 Storage 2

I uOAD9 RackSapce |p10 Network B...|1

¥ uOAD010 Google p1 Storage 1

K uDAO011 Oracle P2 RAM 2

L uOAD12 Dimensio... \p4 API 1

M uOAO013 Amazon p3 Java API 1

N uDAO014 Microsoft p6 CPU 2
[meser | [ cancer

L -

Figure 5.2 Auction Winners

It also shows cloud user id, user name, winnerigesvid and its name, number of
instances. This figure 5.2 shows the allotted mers to different users. Some
providers are not available in the list becauseg ttid not have enough number of
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resources available with them at the time of anct®o their participation has been
canceled by the broker.

In figure 5.3, the payment of different users iscekated with respect to different
allotted providers and the number of instances périicular resource. The payment

is calculated using VCG strategy for different iases.

BROKER : Price Calculation

Userid |Provider N..| Provider id |Resource..| Number o... Price
u0AO01 Google p1 VM 5 Rs. 2500
u0A02 Amazon p3 RAM 3 Rs. 1800
uDA03 Oracle p2 VM 7 Rs. 4000
uOAO04 Amazon p3 RAM 3 Rs. 1800
u0DA05 Microsoft |p6 API 4 Rs. 4500
uOAO06 Google p1 os 2 Rs. 3500
uDA07 iWeb p8 os 8 Rs. 10000
uOAD8 Amazon p3 Storage 2 Rs. 4100
u0AO09 RackSapce |p10 Network ... |1 Rs. 1200
uDA010 Google p1 Storage 1 Rs. 2050
u0A011 Oracle P2 RAM 2 Rs. 1200
uDA012 Dimensio... |p4 API 1 Rs. 1125
uDA013 Amazon p3 Java API 1 Rs. 2300
uDAD14 Microsoft |p6 CPU 2 Rs. 3200

Figure 5.3 Price Calculation

5 [ESNEER ™)
. -
Broker : Utility
Provider Name Provider id Utility
Google p1 800
Amazon p3 1000
Oracle p2 600
Microsoft p6 1245
iWeb p8 1170
RackSapce p10 1400
Dimension Data p4 989
| swow | | crose
- B T 4

Figure 5.4 Utility of Providers
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In figure 5.4 the utility of different providers ishown. After every allocation of
resources of a particular provider, the utility reeses or decreases with respect to
reliability of the provider. The utility is a measuof resource usage by various cloud
users.

Broker : Penalty

Provider Name Providerid Penalty
Oracle p2 Rs. 10415
Microsoft p6 Rs. 1498
iWeb P8 Rs. 1278.6

SHOW CLOSE

Figure 5.5 Penalties of Providers

After that, the penalty of different providers slaulated if applicable. The penalty of
three providers for a particular request is shawfigure 5.5.

5.2.2 Experimental Results
In this segment the results with respect to diffeteser request, system configuration,

number of instances of a resource, capabilitigga@fiders is shown.

Test Case 1. Execution time with respect to number of resource instances for
fixed price model and VCG modd!.

In figure 5.6, the graph shows the variation of eexi®n time for different cloud
resources for VCG and fixed price model. When a vsguests for more number of
instances the execution time for model also in@gak this case VCG model takes
less time to provide results of auction than tkediprice model.
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Figure 5.6 Execution Time Comparison w.r.t. numifedResource Instances for
Fixed Price Model and VCG Model

Test Case 2: Cost (per unit) comparison with respect to number of resources for
fixed price model and VCG mode.

Above figure 5.7 shows that the cost (per unitculted by the proposed model
varies when a large number of resource instancesitered by the broker. VCG
model gives better per unit cost for increasinganees than the fixed price model.

400 —\
350 ~

=300 %
c
250

)
= 200 ~0—-VCG

8 150 —@—Fixed Price

50 100 150 200 250
Number of Resources

Figure 5.7 Cost (per unit) Comparison w.r.t. NumtieiResources for
Fixed Price Model and VCG Model
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Test Case 3: Cost (per unit) comparison with respect to service time for fixed

price model and VCG model.
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Figure 5.8 Cost (per unit) Comparison w.r.t Service

Time for Fixed Price Model and VCG Model

The above figure 5.8 shows the cost variation wébpect to service time of the

requested resource. When a user requests for arcesfor a longer period of time,

the cost per unit for that resource also increasks. graph shows that the cost per

unit increases slightly when the user needs taheseesource for a month or year.

Test Case 4. Utility comparison of provider for fixed price model and VCG

model.

1600

1400
SOV

g \/CG =g FixedPrice

~rn
LUV

'1AAA
v

onn
oUV

600
U

Provider Utility

~On

10 ~ o P cn 60 -0 an - 100
v <V SV &S0 2V v /0 oU =V oU

Number of iterations

Figure 5.9 Utility Comparison of Provider for Fixed
Price Model and VCG Model
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In this test case, the utility of different providecalculated by the VCG model is
compared with that of the fixed price model. Whéie tvCG model is used to
calculate pricing in an auction, the user paysdpgmal price. The users also get
benefited in this model. Thus, the utility of theoyder also increases. The graph

shows that the utility of the provider in VCG modslbetter than the fixed price
model.

Test Case 5: Price comparison between fixed price model and VCG based model
with respect to each user.

In the figure, the graph shows that the price paid bydbed users in VCG model is
less than that in case of the fixed price modeth&nfixed price model, the cost of all
the resources is fixed. But, in VCG model, price ftifferent user request is

calculated by considering some factors such as, tmaeber of instances, bidding
value, and resource allocation function.

VCG Fixed Price

200

195

190 —
185

180 ‘

175 i

170 I

165 V

160 ;

155
150

Resource Price

Pricing Model

Figure 5.10 Price Comparison between Fixed Pricdéo
and VCG Based Model w.r.t Each User
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5.2.3 Resaults of Different Factorsfor both Fixed Priceand VCG M odel

Table 5.2 Execution Time for Fixed Price Model &G Model

No. of Resource I nstances VCG Fixed Price
500 780 780
1000 1020 1080
1500 1325 1380
2000 1510 1575
2500 1675 1790
3000 1790 1850

Table 5.3 Cost w.r.t. Resources for Fixed Price 8a@thd VCG Model

No. of Resources VCG Fixed Price
50 375 400
100 325 360
150 300 330
200 275 290
250 235 265

Table 5.4 Cost w.r.t. Service time for ResourceHised Price and VCG Model

Service Time VCG Fixed Price
500 255 270
1000 280 300
1500 355 375
2000 390 425
2500 450 470
3000 490 510

Table 5.5 Provider Utility w.r.t. Number of Iteratis for Fixed Price and VCG Model

Utility VCG Fixed Price
10 50 20
20 200 110
30 300 200
40 400 290
50 500 390
60 850 590
70 950 790
80 1160 990
90 1370 1100
100 1550 1250
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Chapter 6

Conclusion and Future Scope

6.1 Conclusion

There are various problem occurs in cloud computing, but the most challenging issue
in cloud computing is how to alocate the resources. Many scholars have suggested
different type of methodologies to solve resource allocation problem. So the problem
with the fixed price model and resource allocation technique in the cloud is
considered. A VCG auction-based mechanism for better resource allocation on an
laaS layer of cloud is introduced. The mechanism tried to solve resource allocation
problem with payment calculation. A broker in the agorithm, based on VCG model,
chooses the best winner of the auction, according to the demands of the user and
budget mentioned by him. If the utility of the resource provider is greater than zero
resources are allocated to the user. The proposed mechanism fulfills properties of
incentive compatibility, individual rationality and maximizes social welfare. The main
target of the cloud service providers is to maximize the utilization of their resources
and thus maximizing the profit through minimizing the cost of the resources and
achieve a socia benefit and thereby maximizing the efficiency of the whole process.
The reverse auction technique has given benefits to both provider and the user. This
model is compared with fixed price model and has given a better performance in

terms of pricing and utility.

6.2 Thesis Contribution

* Inthisthesis, literature review of a number of existing economic models and
various gaps of existing model in resource allocation agorithms in Cloud
Computing has been studied.

* A new VGC agorithm has been introduced to solve resource allocation
problem which is based on an auction model. This algorithm has provided the
optimal resource alocation to users and benefits to both cloud resource
providers and users.

» For pricing of resources, dynamic pricing model is presented in this model.

» This algorithm is compared with the fixed price model. And results have
shown that VCG provides best results.
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6.3 Future Scope

In the future, we would like to add different parameters like service initiation
time, deadline and QoS parameters demanded by the user.

A subscription based pricing can be considered in which some concession is
given to the user if heiswilling to use the service for long duration of time.
The utility of provider and user can be compared using different models.

A different strategy can be formulated in which the pricing is calculated based

on the type of user i.e. individual user and business entity.
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Video Presentation

Video Presentation Link = https://youtu.be/_60yt9vRuqU
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