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ABSTRACT

Cloud Computing provides services to users through internet. Services can be offered
on demand by the Cloud providers through pay-as-you-go model. Three layers of
Cloud Computing offer different type of services according to requirements. The main
feature of Cloud is that it is scalable and can expand and contract anytime. Users need
not to invest in infrastructure. Other advantages of Cloud are performance, multi-

tenancy and unlimited storage space.

Currently Cloud Computing faces many challenges like fault tolerance, security and
resource allocation. Resource allocation is one of the key issues in Cloud
environment. Various authors have proposed many techniques for market based
resource allocation which considers current market scenarios in which trading of
resources take place. Buyers demand resources and seller sells resources. This
research work focus on developing efficient auction based resource allocation
technique taking into consideration market scenarios and developing dynamic pricing

model for on demand scenarios of resource allocation.

This algorithm has been proposed for resource allocation which allocates resources
based on auction model. It also calculates dynamic pricing which helps generating
revenue to the provider. Users pay lower price as compared to fixed priced model.
The algorithm is beneficial both for user and Cloud provider as there is double sided

competition. It is evaluated using CloudSim.
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Chapter 1

Introduction

This chapter describes about evolution of Cloud Computing, its characteristics, layers
and deployment models. Further, it describes the research issues in Cloud and also
organisation of thesis is presented at the end of the chapter.

1.1 Background

The term Cloud came from the telecommunication world when VPN (Virtual Private
Network) service was used for data communication.” Cloud Computing is a model for
convenient, on-demand network access to shared resources that can be used and then
released without much effort.” The growth of Cloud Computing is modifying the
organizations’ purchase and manages their computing resources and provides a
different model in which various IT activities including maintenance, backup,
security, data storage are provided by Cloud providers. It deals with data storage, data
access, computation and software where users do not know physical location of the
system that is providing the services.

Cloud Computing is the latest trend in the IT which leads to movement of data and
computational processes to large data centres from desktop and portable PCs. Now,
applications can be delivered as a service over the network which decreases overall
cost. The main motive of Cloud Computing is better utilization of distributed
resources to achieve higher throughput and solves problem of large scale
computation. End-user based on his requirements access different services without

actually knowing where the services are hosted and how services are being delivered.

1.2 Cloud Computing Evolution

In sixties J.C.R. Licklider had presented the idea of delivering computing resources
through the use of global network. The idea of global network came before the world
in the form of internet in 1969 which was actually a research project at Advanced
Research Projects Agency (ARPA) under the ministry of Defence, United State

(MoD, US). The internet was used in the beginning mainly for scientific and military
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applications. By the starting of the year 1988, internet became commercialised by
providing services like email and telnet. All the services provided by Cloud Service
Providers (CSP) are mainly provided through internet. Many experts believe that the
idea of Cloud Computing was the vision of American computer scientist John
McCarthy of MIT (Massachusetts Institute of Technology) that he presented in
sixties. According to him, “computation can be delivered as a public utility” [1]. In
the last sixty years, there have been many evolutions in the history of computers from
very large size computers in 1970s to small PCs in 1999. Then came the period of
distributed computing. In 2010 companies took an initiative to migrate from
centralised computing to distributed computing in which they started using compact
machines for computational purposes. This cost effective method of fulfilling
computational needs was called Cloud Computing. Through the use of Cloud

Computing, Computing-as-a-Service can be delivered by using internet [2][3].

Cloud Computing has evolved through various phases which involves Grid
Computing, Utility computing and Software-as-a-Service (SaaS) as shown in Figure
1.1. Grid Computing is the accumulation of different computing resources which are
distributed and heterogeneous resources collected from multiple sites with the purpose

of accomplishing a common task.

THE EVOLUTION TO CLOUD COMPUTING

* Solving large prodlems ¢ Ofering computing * Nitwork-based o Next-generation intemet
with paralied computing resources 23 a metered subgcnptions o computing
SEMNCE pphcations
¢ Made munstream by * Ned-generation data
Globus Akance ® |ntroduced in ate 19008 * [Zned momenturm cemers

in 2001

Figure 1.1: Evolution of Cloud Computing [4]
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But the limitation of Grid Computing is its limited scope of research work and
scientific applications [5]. Utility computing [6] is the providing metered services
based on the consumption of the users liking traditional electricity consumption. So it
can be said that Cloud has evolved from Utility and Grid Computing.

In 2010 third phase of the Cloud Computing “Software-as-a-Service” (SaaS) evolved
in which both data and application are stored on the server and by using internet, users
can connect themselves to the remote server. SaaS is only a part of Cloud services
[10]. Other services provided by Cloud Computing are Platform-as-a-Service (PaaS)
and Infrastructure-as-a-Service (laaS). There was no standard definition for Cloud
Computing, so National Institute of Standards and Technology (NIST) has proposed a
definition in 2011 which includes deployment models and essential characteristics of
Cloud. Figure 1.2 demonstrates aspects of Cloud Computing as proposed by NIST.

_.-==-| Elasticity TYPES Priva}
- Reliability \ /

Public
/- Viralisation ~ £ ATURES MODES — Mbrid .
;ﬂ - e

Cost Réducﬁon \

Easeofuse —— BENEFITS LOCALITY

™\ Distributed -

.. /
COMPARESTO STAKEHOLDERS
Service-oriented __— \ \\ Useis
Architecture
Internet of / \ AdRRess
Services Resellers

Grid Providers

Figure 1.2 Aspects of Cloud Computing [13]

1.2.1 Characteristics of Cloud Computing

Some important characteristics of Cloud Computing [7] [8] [9] are discussed below:
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Decreased Cost: One of the most important features of Cloud Computing is
pay-as-you go model. Users can pay according to their usage. Small business
entrepreneur can easily scale up their business by renting infrastructure from
Cloud providers without worrying about maintenance cost. They can get latest
technology and they need not to worry about updating softwares. All they
require is the internet connectivity to connect themselves to the remote server

and access the services.

Large Storage: In today’s time, very large amount of data is generated and it
is growing exponentially which has become a big challenge. Handling such a
large amount of data has many aspects such as analysing, security, storage,
maintenance of big data. Cloud Computing has offered its solution by offering
large storage space for data as dynamic scaling up of Cloud is possible and it

is even without affecting performance.

Flexibility: Cloud provides flexibility in accessing data as it provides a feature
of accessing data files anywhere anytime just by connecting with internet
through various devices like mobile phones, PCs, tablets etc. User’s data is
stored centrally which helps them in sharing of data among family and friends
and work with their colleagues in partnership. Storage space can be bought
from Cloud providers according to the needs of the users and they can buy any
more space if required, any time and can even relinquish space if not required

anymore.

Reliability: Cloud providers replicate the data of users so it offers reliability
by proving undisrupted services. There is no data loss and it tries to prevent
delay in services to the users as it replicates data on the servers specially used
for replication purposes. So data is also available even if some problem occurs

in any server.

Location Independence: Data stored by users on Cloud in stored on unknown
servers and their location is also unknown. But still data can be accessed by

users anywhere anytime through internet. Users are incognisant about the
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technical complexity of storing and retrieving data from the servers. Through
these features of Cloud Computing, user’s applications and data can be kept at
optimum locations that help in reducing access time, quick recovery of data
and greater level of security for the data.

1.2.2 Cloud Computing Services

Cloud Computing offers three level of services [7] as shown in Figure 1.3

Software-as-a-Service (SaaS): These services can be accessed over internet
by which user can run application as a web service by the use of web servers.
These services are be accessed anytime when required. Users only interact
with the simple interface provided by the Cloud provider through web browser
and get access to information. They no longer require investing in servers or
software license. Today in the market, there are many SaaS providers and
Google, Amazon and Salesforce are a few big giants providing Software as a

service. Google Daocs is an example of these kinds of services.

Platform-as-a-Service (PaaS): PaaS provides services which focus on
development of applications and providing computational resources online
which help developer in managing hardware or software. Users gain access to
platform where they can develop or modify applications. Complete life cycle
of development of applications is supported. Through PaaS design,
deployment, testing of applications becomes easy and cost effective. It
provides scalability and collaborative tools. Service providers provide storage,
n/w, operating system etc. Examples of PaaS providers are Google App

Engine and Amazon's AWS Elastic Beanstalk.

Infrastructure-as-a-Service (laaS): These services provide computer
infrastructure. Softwares, connections, servers and other computational
resources are provided as a service by Cloud providers. The main difference
between laaS and PaasS is level of the control on resources by the Cloud user.
They get almost full control to manage the resources in laaS. They can set all
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Figure 1.3 Service of Cloud Computing [14]

the parameters according to them like type of servers, configuration of
operating system etc. This type of service is mainly suitable for those
companies which have software packages available with them and now they
want to run them, so they put these softwares on Cloud. Examples of laaS are
GoGrid, Amazon Elastic Compute Cloud (EC2), Rackspace.

1.2.3 Deployment Models of Cloud Computing

Cloud services can be deployed by four different ways as shown in the Figure 1.4 [11]

[12].

Public Cloud: It is also known as external Cloud and it is the traditional way
of providing services and resources where everything is publically available
which is provided by third party and can be shared by all Cloud users via
internet. This deployment model mainly works on pay per use billing model.
A large number of nodes are present in public Cloud so that millions of user’s
demand can be met. The biggest advantages of public Cloud are scalability
and cost effectiveness. The availability for all users and resources and data
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sharing among the Cloud users jeopardise the security of data present in
Cloud. Google App Engine and Microsoft Azure are a few famous Public
Clouds.

Private Cloud: This Cloud is restricted within an organizational premise for
hosting of private applications and computational resources for the use of only
specific authorized users. This is for private use of the company simulating the
Cloud. As the access is limited for the authorised users only, it is more secure
Cloud. There is better control over the system resources like operating system
and storage due to which it becomes easily customizable. The cost of
infrastructure and maintenance is same as private Cloud but the difference lies
in scalability and sharing of costs. A few famous private Cloud service
providers are CloudBees, Amazon Virtual Private Clouds (Amazon VPC) and
Rackspace Private.

Community Cloud: Many organizations work together on some project or
research work. For this they can use the services of community Cloud which
can be shared among many organizations for specific interests. It is a
collective effort which helps in sharing of infrastructure among specific
community. It can be managed by third party or internal community and it is

composite form of different Private Cloud.

Hybrid Cloud: It is the accumulation of private Cloud platform with the
public Cloud provider. It is usually designed for single organization. The
independent infrastructures of public and private Cloud communicate with
each other over encrypted connection. The sensitive data need not to be
exposed to third party as it is stored on private Cloud and public Cloud is used
to render computational resources. VMware’s Vcare is an example of hybrid

Cloud.
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Service over the Internet
Utility Computing model
Uses OpEx
Multiple Tenan|

Community Cloud
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Resource portabilit

Figure 1.4: Deployment Models of Cloud Computing [12]

1.3 Research Issues in Cloud Computing

Cloud Computing is a service model which was actually introduced to render
computational resources over the internet and it has been accepted and used by the
industry. But still there are many open challenges [15][16][17][18][19][20] which
need to addressed so as to be fully adopted by the industry and to make this model

more secure, efficient, cost effective for user’s requirements.

e Virtual Machine Migration: Virtualization is the technique to create virtual
form of computing resources like physical servers, operating system, and
storage and network devices so that many operating systems can run on single
physical machine. It provides many advantages like resource sharing, fault
tolerance, cost efficiency, split bandwidth of network by combining
independent resources. Live migration is the migrating of a running machine
from one physical server to another so as to the system more fault tolerant and
to increase availability. If the load on a running machine is more, then Virtual
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Machine Migration is used to balance the load of the server. The main
research problem is how we can move complete running virtual machine from
source server to destination along with current state of memory transparently,
securely and without affecting availability of the server. Many Virtual
Machine Migration techniques exist that try to efficiently migrate OS from

one machine to another but none of the technique fully solves the purpose.

Energy Management: In recent years, due to rising demands for
computational power by web applications and scientific purposes, large scale
data centres are created which are consuming tremendous amount of electrical
power. A large amount of operation cost is spent on the power consumption.
So Energy management has become a big challenge for researchers. There is a
need for energy efficient techniques which could help in reduction of
operational cost and saving energy. Energy can be saved by consolidation of
Virtual Machines according to utilization of the resources, different virtual
network topologies. Energy efficient hardware and power aware job
scheduling are some of the few methods to attain energy efficient and green
Cloud.

Fault Tolerance and Scalability: The most fascinating characteristic of
Cloud is fault tolerance and on demand scalability. Cloud helps in scaling IT
infrastructure with a few minutes. So application should be designed
considering scalability along with load and performance. In this environment
it becomes necessary for applications to tolerate failure .A fault in hardware
and software must be handled carefully without delaying which is very
essential for providing reliable services. A survey by Gibson and Schroeder
[31] discloses that Cloud suffers a lot due to hardware failure. Thus it becomes
a big challenge for researchers to design highly scalable and fault tolerant

applications which can be managed easily.

Interoperability: To efficiently shift applications with the help of

autonomous agent from one Cloud to another for acquiring required
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performance and still maintaining transparency is an important research issue

for Cloud researchers.

Data Security: Users store their data in Cloud which is stored in the servers
present at some unknown location, may be some another country, due to
which data is affected both by laws of respective countries and Cloud
Provider’s policies [21]. Data needs to be protected from unauthorized access
while maintain the integrity of user’ data. So the challenge is developing

secured and trustable system for maintaining data security and integrity.

Resource Allocation: One of the key features of Cloud is infinite availability
of computing resources that can be made available on demand. Users rely on
infinite resource feeling as the Cloud attempts to deal with requirements of
users by resource allocation system in a flexible way. This flexibility helps in
statistical multiplexing of computing resources averting both over
provisioning and under provisioning of IT infrastructure. Moreover there is
necessity to deal with resource heterogeneity. The important feature of
resource allocation is the assurance that the requirements of all Cloud users are
satisfied. According to [57] resource allocation must restrict the degradation
of performance up to certain range. Allocation techniques should be aware of
status of every resource in distributed environment. And using this
information efficiently applies algorithms so as to allocate computing
resources in distributed environment. Users in Cloud can arrive and leave
anytime without prior knowledge about their requirements. So developing
efficient resource provisioning and allocation technique is one of the most

challenging issues to meet heterogeneous requirements of Cloud users.

1.4 Research Motivation

The demand of the future generation research work is to solve the challenge of

applications requiring high computational services. Cloud provides services to all

types of applications including smaller execution time or longer execution time. The

advantages of Cloud are no need to buy infrastructure as all resources are available on

demand. Cloud providers have finite set of resources but in user’s view there are
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infinite resources. These resources should be properly allocated among users in order
to earn more revenue. So, Resource Allocation is one of the most challenging issue in
Cloud. Most of the existing Resource allocation techniques are static that try to
allocate resources based on monitoring results and accordingly reservation of
resources is done. But the demand of resources is dynamic in nature in which users
enter or leave anytime they wish. These dynamic scenarios cannot be handled by
static approach. Resources should be allocated according to demand and supply
criteria. The prices of resources are also fixed or pay-as-you model is followed. But
for proper generation of revenue in dynamic environment of demand and supply,
dynamic model for pricing should be considered. These challenges need to be
considered in detailed for proper adoption of Cloud by complete industry. The aim of
the thesis is to present an auction based allocation algorithm that could allocate

resource dynamically using auction according to real market based scenario.

1.5 Organization of Thesis

The rest of the thesis is organised as follows:
Chapter 2 — This chapter of the thesis presents the literature survey of resource
allocation problem and detailed analysis of existing techniques in this area.

Chapter 3 — This chapter presents the gap analysis in the existing research work in the
area of resource allocation in Cloud Computing, problem statement is discussed and

objectives of thesis are presented.

Chapter 4 — In this chapter solution to the problem presented in Chapter 3 is presented
by proposing a new algorithm for resource allocation with the help of sequence

diagram and data flow diagram.
Chapter 5 — Implementation of the proposed algorithm with the description of

CloudSim and Netbeans is discussed in this chapter. Experiments results and

comparison with the existing techniques are described.
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Chapter 6 — This chapter concludes the complete work of the thesis and presents the

future research directions.
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Chapter 2
Literature Review

In this chapter various research issues associated with resource allocation
techniques in Grid and Cloud Computing have been discussed and detailed
comparison among the existing techniques has also been performed.

2.1 Resource Management

Resource management consists of resource discovery, monitoring and allocation
process as shown in Figure. 2.1. These processes controls physical resources like
disk space, memory, CPU cores and network bandwidth. Virtual form of these
resources is created and distributed among various virtual machines running
heterogeneous workloads. The key element in resource management is discovery
process. It consists of locating the appropriate resources that are requested by users
and required by applications [22]. It is handled by Cloud service provider. The
process is used by user broker to locate resources. Discovery process involves
complete description of available resources. Discovery of resources provides mean
for resource management system (RMS) to find resource’s state handled by it and

interoperated by other RMSs.

Resource | Resource | Resource
Monitoring Management Discovery
Y
Resource
Allocation

Figure 2.1 Elements of Resource Management.
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The processing of allocating available resources to the required application is known
as resource allocation [23]. Resources are allocated among users according to their
request and pay-per-use model. When resources are assigned to respective user,
dispatcher allocates the resources. According to [24], Resource monitoring is a tool
for handling and controlling computing infrastructure. To help decision making
process for resource allocation, resource monitoring renders information to both
application and platform. Whenever there is an event failure in Cloud, it monitors the
state of resources at all levels.

In the existing literature, there have been many techniques proposed for resource
management. Castillo Claris et al [25] deal with the issue of dynamic submission of
user’s task and satisfying application time requirements. These jobs must be
completed before deadline. Based on this, scheduling algorithm which is
heterogeneity aware is presented and computational geometry to apply techniques to
develop data structure is mentioned which helps in efficient management of resources
in advance. Vanmechelen et al have introduced a Resource Management System
(RMS) to trade CPU time for resource management by decentralized and centralized
algorithm [44]. In centralized algorithm there is a broker which negotiates with
resource provider as to satisfy user’s requirements within QoS parameters mentioned
by user. An auction is hosted by provider agent to sell his resources in decentralized
algorithm. Both these algorithms support deadline requirements.

J. Espadas et al. [35] mentions that during peak hour loads can be predicted but
during non peak hours computing resources are wasted as mostly resources are either
under provision or over provision. And there is a loss of revenue for Cloud provider.
Leased resources are controlled by users and provider only monitors resource usage.
So, there must exist an advisory system that could bridge the physical resource
monitoring and user’s application monitoring to avoid over provisioning. V.
Vinothina et al. [23] mentioned that over provisioning and resource contention must
be avoided for optimal allocation of resources. There should be a solution which
could satisfy all users’ requirements without starving Cloud providers’ capacity. The
proposed technique may be fit for infrastructure level as all computing resources are
managed by service provider. Kertesz and Kacsuk (2009) have introduced for grid
resource management three different strategies to increase grid interoperability and

presented their solution. Meta-brokering, the third approach presents the final solution
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by using broker information [45]. When meta-broker is freed by serving grid users,
final step will be considered for grid interoperability. R. Basmadjian et al. to save cost
of energy, introduced a power consumption model in Cloud environment based on
prediction [26]. A model to calculate power consumption of each component in data
centre is presented using prediction. This prediction model can be enhanced further to

provide benefit to user as well as inter Cloud provider.

2.2 Resource Allocation

Resource Allocation (RA) in Cloud environment is the process of allocating
computing resources to the Cloud users on demand over the internet. If resources are
not managed and allocated properly, there occurs the problem of resource starvation.
It generally happens due to over provision and under provisioning of Cloud resources
among users. The problem can be solved by resource provisioning which helps in
managing Cloud providers’ resources for every user module. Resource Allocation
Strategy (RAS) is the way of integrating activities of Cloud provider for efficiently
allocating scarce resources to satisfy the needs of Cloud users. It needs some prior
information like amount of resources, type of resources and time for which resources
are requested for efficiently allocating resources [23]. An optimal RA technique tries
to avoid resource contention which is accessing same resource simultaneously by
different applications, scarcity of resources when demand is more than supply, under
provisioning, over provisioning and resource fragmentation which is availability of

enough resources but at different location so cannot be allocated.

It is difficult for Cloud resource provider to predict the demands of users and
applications in advance. There is a constraint to complete the execution of task within
deadline and minimum cost. Thus there is a need of efficient RA technique in Cloud
environment which could take into consideration resource heterogeneity and limited
resources. Virtualization helps in sharing physical resources among many resource
users. Virtual machines are created by giving them different computing power and
they helps in making Cloud scalable .Scheduling algorithm is one of the ways to
optimally allocate resources such as CPU and memory. A single process runs in
uniprocessors. The task of the scheduler is to select which process to run among the

different process running in various scheduling queues [29]. Scheduling decides
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which task to be executed by the processor. Earlier researchers used first come first
serve (FCFS) [28] scheduling technique for allocation process. With time various
scheduling algorithms have been proposed considering different parameters in mind,
like in [27] [29] [30] gang scheduling for resource allocation while in [31] energy
aware algorithm has been discussed. In [27] by using virtual cluster a multi tier
allocation scheme is proposed. [31] proved that it helped in reduction of energy
consumption for Cloud environment by using technique of Dynamic Voltage Scaling.
In [30] waiting time has been improved due to increase of waiting time. There are
different conditions with lots of workload but it works only for single workload. M.
Stillwell et al. [27] analyzed resource allocation by utilizing virtual clusters. These
clusters run many tasks which are competing among themselves. They developed
algorithm for allocation of tasks for different nodes. Users have the choice to choose
algorithm to get best resources. For parallel task they equally allocated resources
among each task considering sequential job algorithm. They used pragmatic
formulation in dynamic workload for adaptation of resource allocation. The proposed
solution is swift to adapt changes and resource allocation process.

The authors “Do et al.” mentions that scheduling algorithms can be used for
implementation of resource allocation strategies for Cloud infrastructure provider. In
[32] there is a situation by using scheduling algorithm that a small task has wait for
long time for its turn to get access to CPU. This will result in unnecessary waiting for
shorter task and thus higher cost for the user. During prioritization of any task smaller
task should be combined in single workload for better utilization of CPU. Task
requiring bigger resources can be scheduled to another scheduler. Scheduler should
have the capability to automatically allocate resources so that workload can be run
faster. There are various ways to solve the resource allocation problem. In literature
different techniques have been discussed for allocation of available resources
considering different parameters and scenarios. These techniques are broadly

discussed in the following section.
2.2.1 Resource Allocation Techniques

Lately many resource allocation strategies have discussed in the literature for Cloud

and grid environment as now this technology has begun maturing. Various types of
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resource allocation schemes have been proposed and implemented in Cloud and grid

by the researchers. A few are discussed below.
e Topology Aware Resource Allocation (TARA)

Resources are allocated in laaS without actually knowingly requirements of the tasks
running on laaS. So more resources can be allocated to applications having fewer
requirements that affects performance of distributed data intensive applications. In
this way resources can be wasted. To solve this problem [33] have proposed an
architecture which is optimal for IaaS. This model considers ‘what if” criteria to help
laaS in taking decision for resource allocation. The architecture consists of a
prediction engine having lightweight simulator and a genetic algorithm for fast
searching. Prediction engine is actually responsible for allocation resources at laaS
level optimally. It iterates through all possible resources to find optimal set of
resources for any particular request. TARA uses genetic algorithm for searching.
Figure 2.2 shows the architecture of the TARA. But due to the size of laaS it is not
feasibly possible to iterate among all the available resources even with lightweight
prediction engine.

Objective Application | Available
Function Description Resources

‘\ — _.l/ -
. Prediction
En_gine ’
|

Resource
Allocation

I—-{ Run Application

Figure 2.2 Architecture of TARA [33]

e Dynamic Resource Allocation

In [34] for parallel data processing, a dynamic resource allocation technique known as
Nephele has been proposed which a framework is specially designed for Cloud. It is
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first processing framework which helps in dynamic allocating and de-allocating of
computing resources. Virtual Machines are assigned the task of processing job and
these are instantiated and dismissed automatically while execution of job. Nephele’s
architecture as shown in Figure 2.3 uses master worker pattern. Before submitting a
job, there must be a virtual machine (VM) started by the user which runs Job Manager
(JM). The Job Manager schedules the users’ job.

Public Network (Intemet)

Cloud

= Private / Virtualized Network

Ollll|lﬁl|0lululll||O|l|l|n||l||0nn|n

Figure 2.3: Architecture of Nepheles’ Framework [34]

It communicates with an interface of Cloud provider for initiation of VM. This
interface is known as Cloud controller. Job Manager helps in allocation and de-
allocation of VMs. Task Manger after getting tasks from Job Manager executes the

tasks and then informs the JM.

e Market based Resource Allocation

The main aim of resource management is to develop an agreement between resource
provider and resource user so that provider makes available resources required for
running the users task. Market based resource allocation presents pricing and money
as the means for coordinating between resource provider and user. Users need
resources for executing their task and resource providers need customers for selling
their resource as to gain profit. Both will have to search for their client. One way to
solve this problem is market based approach. In market based approach there is a

trading of resources in which selling and buying of resources is performed. Various
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economic models are used for trading of resources. So market based allocation can

also be considered as economic based resource allocation.

Pourebrahimi et al (2006) introduced allocation of CPU time trough market based
approach in central market of Grid. Whenever there is free node and some node
waiting for CPU time they can approach each other. User and provider use their local
knowledge to fulfil their requirements [46]. They have used continuous double
auction for helping selfish agents in taking their decision. The mechanism is evaluated
and was compared with other approaches like non market based. The results show that
market based resource allocation performs better and provides good efficiency for
resource utilization. Michal Feldman et al [47] use fixed budget allocation to check
the performance of distributed market. Users decide how they can divide their budget
for different machines according to their preferences. They try to maximize their
utility. In their approach they studied performance of distributed market based
strategy by utilizing both analytical and simulation method. Even high performance
level can be attained in worst case at Nash equilibrium for efficiency. The system
attains equilibrium for finite parallelism model with few exceptions as it uses best
response algorithm and greedy adjustment when users are large. It used price

anticipation method which works well for resource allocation.

Jacek Gomoluch et al. (2003), classified strategies as state based or model-based and
pre-emptive and non-emptive for market based allocation in Grid. They tried to find
out which strategy outperforms in round robin approach by proportional share
protocol or by continuous double auction. Simulation results are presented for model
for market, servers and clients. Various factors are studied like amount of load and
heterogeneity of resources. In 2001, Rajkumar Buyya et al [37] introduced resource
management for Grid environment as a complex process due to heterogeneous and
distributed nature of the resources. These resources are controlled and managed by
different owners, each having their own distinguished policies. They introduced a
framework known as Grid Architecture for Computational Economy (GRACE) which
by using middleware services offers new services for real world Grid. For trading of
resources, economic model is used and experimental results, on cost based scheduling
and deadline, are presented. Menasce and Casalicchio [49] introduced SLA based

resource allocation technique for grid environment. Applications are dividend into
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tasks and allocated assuring cost minimization and executing time based on agreed
upon SLA.

Linlin Wu et al [36] presented the problem that SaaS provider in Cloud environment
need resources to provide services to the users. They either get their own resources or
rent from laaS. So, they proposed algorithms that could minimise infrastructure cost
and guarantee minimum level of service as specified in SLA. Various QoS parameters
were taken into consideration for providing services. Three algorithms are presented,
that schedules SaaS customers’ request taken various QOS parameters into
consideration. Algorithms try to minimize the cost for both SaaS provider and user
and different algorithms are compared among themselves and results show that
ProfminVMminAvaiSpace outperforms all in Cloud.

There are two ways to allocate resources in economic model among the different
competing entities. One way to allocate resources is non pricing based economy
model and another is pricing model. The non pricing models [38] are mainly
cooperative mechanisms or game theory. Game theory is based on utilization and
optimization of individual entities [39]. But cooperative models consider global
optimization of all entities in distributed system. The distribution of economic model
is depicted in Figure 2.4. Price based models are categorized into two parts

Commodity market and Auction based models.

Economic Model

l |

Price Based Non Price Based
] A
Commodity Auction Based Game Cooperative
Market Theory

One-to- Many-to-
Many Many

Figure 2.4 Distribution of Economic Model
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Wolski et al [50] have considered the commaodity based resource allocation approach
in grid. Equilibrium price is used to allocate resources when demand and supply are
same. Auction model can be either one-to-many or many-to-many models. Pricing

based modes are further discussed in below section.

2.2.2 Pricing based Economic Models

In the literature of Cloud Computing, pricing of the Cloud resources has been
discussed but most of the models use pay per use pricing schemes. But according to
Harmon et al., pricing is an important issue to be considered by a firm for either new
IT services or placing existing services [52]. Weinhardt et al. [53] state that success of
Cloud services is only possible with appropriate pricing model. Paleologo (2004)
describes that pricing models like cost plus pricing models are not appropriate for on
demand services as there are changing requirements and other parameters like
uncertain demand and shortened duration of contract [54]. Sainio et al [55] argue that
earlier pricing approaches are quite operational but due to changing scenario and
unpredictable environment of demand and supply of services strategic planning for
pricing should be considered. Osterwalder (2004) argue that revenue models offers
pricing approach and strategic planning to operational planning. There are basically
three types of pricing approach for different Cloud services which are currently used
by different Cloud providers [56].

Table 2.1 summarises different pricing approaches used in Cloud environment. In
fixed pricing models prices do not vary according to different scenarios and do not
consider real market scenarios. Differential pricing models consider pricing according
to both customer and product features and other parameters like customer choice and
volume based but do not consider real market scenarios. Market pricing models offer

pricing according to real market scenarios.
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Table 2.1 Pricing Models [56]

Category Pricing Model Description
Customer pays according to his
Pay per use
usage.
Fixed Price Customers pay flat price to access

Subscription

the services.

Menu price

Fixed price mentioned in catalogues

Differential Pricing

Service based

Price is charged according to

service features.

Value based

Price is according to customer’s

value proportion.

Volume based

Price is charged for volume of

services consumed.

Market Pricing

Auction

Buyers bid in increasing price for

pricing.

Reverse Auction

Sellers bid in decreasing price

value.

Dynamic Market

Large number of buyers and sellers
are present which influence pricing

criteria.

Various Cloud providers have started using auction based pricing models for their

Cloud resources. Auction model introduces more revenue for providers and cheaper

prices for users. Prices vary according to increasing and decreasing demand. Like

Amazon Spot Instances have been introduced by Amazon Web services for selling

their unused capacity resources. As long as the customers’ price is more than spot

price, customer’s instance is running. Spot price is set based on current utilization of

data centres by Amazon (Amazon Web Services 2010).
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2.2.3 Auction based Models

Continuous Double Auction (CDA) has been investigated by Pourebrahimi et al. [46]
for resource allocation for grid computing. CDA is considered as one of the most
famous auction mechanisms and it is applied in electronic stock market. Bids by
participants can be submitted anytime when auction is going on. They argue that as
compared to non market based mechanism, market based approach performs better for
task utilization and resource allocation process. But the main drawback of this scheme
is that it does not consider resource allocation for multiple items, only single item or
resource allocation process has been considered. This approach was used for local
grid environment for allocating CPU time. Another resource allocation technique for
market based environment in grid is combinatorial double auction [51] was proposed
which brought revenue maximization and economy efficiency. This proposed method
had the advantage of monetary based approach and flexibility. A VCG based pricing
scheme for resources was introduced in 2009 for dynamic markets [42]. This model
was efficient in its approach as players in the auction had dominant strategy so that
they declare true value of their resources. In 2010 a method of marginal bid was
proposed to determine about the prices resources [42]. In this model to solve the
problem of resource allocation double auction was used. This framework had the
advantage of flexibility but the problem with the model was it did not thoroughly
analyse the performance of the system.

On the basis of combinatorial auction two mechanism were proposed in 2010;
Combinatorial Auction-Greedy (CA-GREEDY) and Combinatorial Auction-Linear
Programming (CA-LP) [40]. For achieving higher utilization of resources and revenue
CA-LP was a better option but its disadvantage is that it is limited to less number of
users. CA-GREEDY gave better results when motive is to maximise social welfare.
This approach restrained an auction to certain types of resources. In Cloud
environment a reverse auction with batch matching technique was proposed [41].
Improvement of service quality and user satisfaction was the main objective of the
presented model. This model taken into consideration user side only and it did not
discuss details of resources sufficiently to apply the model to realistic Cloud
environment. One more technique known as English combinatorial auction was
discussed by Wang et al. [41] for resource allocation problem in Cloud environment.
The price for resource trading was calculated by an English combinatorial auction
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technique, which tried to minimize the execution time for finding the winner and
maximize the profit of the resource provider. Paolo et al introduced procurement
auction in which market conditions are discussed and different strategies used by
Cloud provider for bidding are discussed. They used the model for selling unused

resources. Overbooking is used for increasing their revenue.

All the models discussed so far tries to optimally allocate resources but only a few
models consider real market scenarios and these models do not penalize providers if
they fail to provide resources after committing the customer. These models do not
provide QoS services according to real market scenarios in which multiple providers
are competing among themselves for providing services to users and users want

resources at a cost of as low as possible.
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Chapter 3

Problem Analysis

In the previous chapter, various techniques, provided in the literature for solving the
problem of resource allocation in Grid and Cloud have been discussed. This chapter
deals with the various gaps found in the literature and these are discussed below.

Objectives of the thesis are also presented in the end of the chapter.
3.1 Gap Analysis

Many market based models for resource allocation have been proposed in the
literature so far. A few have been discussed in previous chapter. But there exists many

gaps in literature which are discussed as below.

» Most of the techniques are biased towards provider. But none of the
techniques favour provider and customer simultaneously in unregulated
Cloud market.

» Current allocation of resources approach is static in nature. Resource
monitoring is used for advance reservation of resources. But user demands
are dynamic in nature which cannot be handled by static models.

» Most of the Cloud service providing companies use fixed price based
model for pricing of their resources. But these models do not fit in every
scenario of real market space. These models are static in nature but users’
demands are dynamic and unpredictable. This way their resources are not
utilised in an optimum way.

» Procurement of resources is done manually. As there are multiple Cloud
providers, users have to go through all the vendors in order to find the
most appropriate model which is very tedious work. Most of the work in
literature considers single Cloud provider who satisfy the requirements of
users. So there is need for automated and scalable technique for resource

procurement.
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» The work in market based allocation and dynamic pricing considers only
single type of resources while using auction based technique. Customers
often need resources in bundle of resources.

» Auction based techniques proposed in literature does not consider
minimum restriction on Cloud provider so as to fulfil users’ requirements

> In this way Cloud providers can cheat customers and earn more revenue
by providing lower level of services.

> Nowhere in the literature, have penalties been imposed on Cloud provider

for not satisfying committed services to the user.

3.2 Problem Statement

Optimal Resource allocation is one of the biggest challenges in Cloud environment.
Cloud providers have resources which should be efficiently allocated otherwise there
could occur the problem of under utilization or over utilization. Moreover there are
multiple providers in Cloud market space who want to sell resources. Each provider
wants to sell resources to users and earns maximum revenue. In this scenario, it
becomes difficult for users to choose the best among the Cloud providers. It is also
challenging for providers to choose the user who values the resources more. So the
problem is to determine an appropriate Cloud provider for each user who could sell
various resources in minimum possible amount according to his requirements and find
suitable customer for Cloud provider who values his resources at the most. The model
should satisfy all the requirements of users at a given point of time. It should also
impose some minimum restrictions on the Cloud providers to fulfil requirements
otherwise penalises the Cloud provider who violates the conditions. Thus, to
summarize, the current thesis deals with designing of relevant market based resource

allocation algorithm for the benefit of Cloud users as well as Cloud providers.

The aim of the thesis is to provide a solution for resource allocation problem in Cloud
environment by using auction technique of the economic model in market based
resource allocation scenario. The thesis satisfies the requirements of Cloud users who
want resources in order to complete their task within the budget they are advertising.
It also optimally allocates resources of Cloud provider’s who are competing among

themselves, as there are multiple providers in Cloud market space. Also providers
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want maximum revenue for which this thesis designed a pricing technique and

penalizes the Cloud providers violating specified conditions.

3.3 Objectives
The objectives of the thesis are discussed as:

I. To analyse the existing resource allocation techniques for optimum allocation of
resources.

ii. To develop an algorithm that could efficiently allocate resources of providers in
Cloud environment by using auction based technique of economic model.

iii. To evaluate the performance of proposed algorithm.
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Chapter 4
Proposed Algorithm

This chapter proposes an algorithm as a solution for problem described in earlier
chapter. The complete architecture for the proposed algorithm is presented including

sequence diagram and data flow diagram.
4.1 Design of the Proposed Algorithm

The solution for the problem of resource allocation as mentioned in previous chapter
is presented through the architecture of the proposed algorithm and data flow

diagram. The following section presents the architecture.
4.1.1 Architecture

The proposed algorithm “Procurement Double Auction for Resource Allocation”
(PDARA) in Cloud is depicted in Figure 4.1. In the proposed algorithm, the problem
of resource allocation is solved using auction based resource allocation technique and
by using dynamic pricing model for pricing of resources. Procurement auction which
is also known as reverse auction is a type of auction in which role of seller and buyer
is reversed. Buyer asks resources and seller usually bid for providing services to
users. The auction winner provides services to users. The proposed architecture
consists of multiple Cloud resource providers and multiple users who want resources
to complete their task. The users will submit their requirements to the auctioneer.
There are different types of resources available with Cloud resource providers. User
can demand any amount of resources of each particular type of resource in the form of
bundle. After receiving request, auctioneer will send messages to Cloud providers
who will then start bidding. They can only bid if they have enough resources for
bidding or if they have resources in overbooking. Overbooking means if Cloud
provider knows that till the completion of auction process, his resources will become
free from some another user who is currently using resources, he can go for current
auction process. After bidding by providers, he will start mapping users and providers
after calculating the lowest bid provider and highest resource demanding user. If

lowest bid provider has enough resources he will be assigned first user. Otherwise
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check for next resource provider. If the auction winner is unable to satisfy user

requirement he will be penalized.
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Figure 4.1 Architecture of Proposed Algorithm.
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4.1.2 Participants of Proposed Algorithm

i. User: This is the entity who wants resources to fulfil its requirement as it wants to
complete its task. It will go to auctioneer or broker for raising resource request in
which it will mention number of resources required of each type, time for resource
requirement and its budget. When user is assigned particular Cloud resource provider,
he will be informed. When requirements are fulfilled, user will pay the amount
calculated by the auctioneer.
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ii. Auctioneer or Broker: This entity is the centre of this complete auction process. It
is responsible for assigning particular resource provider to user. Auctioneer will
finalize the price required to be paid by the user. User will raise requirement their
request to auctioneer and it will send messages to Cloud resource providers for
bidding. The complete auction process will be controlled and managed by him.
Auctioneer is responsible for determining auction winners and informing them. If
Cloud provider is unable to complete user’s task after auction winning, he will be
penalised by auctioneer. Auctioneer will calculate penalty for Cloud resource provider

and then assign task to next provider.

iii. Cloud resource provider: This is the entity that has resources available with him.
Memory, CPU, disk, storage space etc all resources are available with it. Provider
wants to sell these resources as to gain maximum revenue. It searches for user as to
provider services. For this provider will participate in auction process when
auctioneer sends messages. If provider has enough resources it can participate and bid
for resources. If it wins the auction, will provide service to users and will earn profit.
But if after winning auction it is unable to provide service, it will be penalised.
Provider can participate in any number of auction processes according to his available
resources as there is no limit. But the only condition is that if it commits it will have
to provide service. Fig. 4.2 depicts the relationship between different participants of

the algorithm.
Auctioneer
Send
Request Message
Resources 3
Bid
Users Cloud
Provide resource
Resources pl‘O\’j ders

Figure 4.2 Relationship between entities
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4.1.3 PDARA Parameters

e Let there be N number of users and n represents user number, N =

e Consider M number of Cloud resource providers and m represents Cloud
resource provider number. M = {1,2,3..... m}.

e Total number of resource types are K and K = {1,2,3..... k}.

e Each user asks for different amount of each resource type. And every Cloud
provider has also different amount of each resource type.

e The user requirement  vector can be represented as
A, = {af,a},a}....a},t,, b, } Where t,, represents the time for which user
require resources on per hour basis and by, is the budget of the user.

e When Cloud resource provider will bid, he will advertise resources available
represented by vector R,, = {r{", 15" ,r3"....ry*} and price for each resource
type as B, = {p1", pz".p3"....PL }-

e Weight vector W of resources representing different weight for each resource

can be represented as W = {wy,ws....... wy }

Table 4.1 shows the complete list of parameters used in the algorithm model. In the
table various parameters used in algorithm model for calculating auction winner and

price calculation are described.

Table 4.1 Parameters of the Algorithm

Parameter Description
N Number of users
n User number
M Number of Cloud Resource Providers
m Provider Number
K Total number of different resources
A User requirement vector
R Quantities available with provider vector
P Provider bid price vector
t Time for which user require resources

Page | 31




b Budget of the user

Z Per resource bid value of user

Zt Time multiplied by per resource bid value
u Total bid of provider

M Per resource bid value of provider
wW Weighted vector of resources

w Weight of each resource

wit Weighted total of resources

Up Price paid by user

Pt Penalty

P, Price by ultimate winner provider
Pg Price by defaulter provider

4.1.4 Winner Determination

The user will request resources from auctioneer who will then go to Cloud resource
providers for bidding. After receiving bids from Cloud resource provider, auctioneer
will calculate winners of the auction. Auctioneer will first calculate weighted total of

resources requested by user which can be represented by wt as described in Eq. 1.

k
wt, = ) (a;w;) Eq.(1)
2

Then he will calculate per resource bid value of user as given by Eq. 2. Next per

Z, =— Eq. (2)

resource bid value will be multiplied by time for which user require resources as to
give more preference to user who require resources for longer time which will

ultimately generate profit for provider. Eq. 3 calculates it.
Z. =71, Xt, Eq. (3)

Page | 32




The users who require resources for more time will get higher value and the list will
be sorted in descending order. Maximum value user will come at first place. In the
same way, provider per resource bid density is calculated. And then list will be sorted
in ascending order.

M, = {F:L(pi)

In the sorted list, first Cloud provider is the lowest bidder in the auction. If he has

Eq. (4)

enough resources for first user, mapping will be done of first user and the
corresponding Cloud provider. But if not, then check for next Cloud provider. Iterate
through all providers until user’s requirements are satisfied. Same process will be

followed for all users. Price which user will have to pay is described in next section.
4.1.5 Price Calculation

The user is mapped to provider. Then user will have to pay price which is calculated
in Eq. 5.

b; 1

Upn=\ <+ My | X5 X t; X Xii(a) Eq. (5)
(Zizl(ai)xtn )

The total price calculate by auctioneer will be communicated to user which he will

have to pay at the end of completion of task to the particular provider. But if Cloud

provider after winning auction is unable to provider resources, he will have to pay

penalty which is described in next section.
4.1.6 Penalty Calculation

When Cloud provider after winning auction is unable to provider resources, he will
have to pay penalty which is proportional to every Cloud provider who is defaulter.
Suppose first and second Cloud providers are defaulter, user’s task will be assigned to
third Cloud provider. The proportional of the difference of defaulter Cloud provider’s
price (Pq) and the price asked by third Cloud provider which is ultimate winner (P,

will be divided proportionally between two Cloud providers as described in Eg. 6.

m—1

Pt = (Py = Pa)/ ) (By = Py Eq.(6)
i=1
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4.1.7 Execution Flow of the Algorithm

» Execution flow the proposed algorithm is as follows:

» All Cloud providers initially register themselves with the broker or
auctioneer so that in near future they can send bid in auction.

» Users at a given point of time send their requirements to the auctioneer. In
the requirement message, they advertise their budget and the time for which
require resources.

» The auctioneer will collect the list of all the users’ requirements and send the
messages to all registered providers for bidding.

» Auctioneer will set the timer. Providers who bids with in time limit will be
considered for current auction process.

» Cloud provider after receiving message from auctioneer will check his
resources. If he has enough resources or he used overbooking, he would bid
for each type of resource he has and will advertise the quantity of resources
available.

» Auctioneer after completing the time will stop the bidding process. After this
if any provider bids, he will not be considered for auction process.

» Auctioneer will start calculating process. First he will calculate weighted
total of requirements of each user according to Eq. 1. Then he will find per
resource bidding value as mentioned in Eq. 2.

» To give the preference to users who require resources for longer duration, the
above calculated value will be multiplied by time for which resources are
required (Eqg. 3).

» The users list prepared will be sorted in decreasing order. In this way user
who require resources for longer duration will be placed in the starting.

» In the similar way, using Eq. 4, per resource value will be calculated for
Cloud providers.

» The list will be sorted in increasing number as provider with minimum
bidding will come at the starting position.

» Mapping of users and Cloud providers will be done and is calculated using
Eq. 5. If first Cloud provider has enough available resources then first user

will be mapped with him otherwise check next provider.
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After satisfying the needs of one user if he is left with enough resources, he
will compete for next user otherwise will be removed from list.

In this all users’ requirements will be satisfied. Provider will initiate Virtual
Machine to fulfil user’s requirement.

If after winning the auction he is unable to fulfil user’s requirement, he will
be penalised according to Eq. 6 and user’s requirements will be fulfilled by
next provider.

When all the requirements of users are satisfied, auction process will be
closed. Fig. 4.3 shows the sequence diagram of the execution flow of the
PDARA algorithm.
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Figure 4.3 Sequence Diagram of the algorithm
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4.1.8 Data Flow Diagram

The data flow diagram of the algorithm is shown in Figure 4.4. The algorithm starts

with request of users for resources. Then auctioneer starts auction process. Cloud

providers bid for resources. After winning the auction, they complete user task by

starting VM. If provider is unable to complete the user task, even after winning the

auction, he will be penalized.
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4.2 Proposed Resource Allocation Algorithm

Procurement Double Auction Resource Allocation Algorithm (PDARA)
Input: RegisteredProvider_List

Output: Auction winners and price matrix

1. Seti,jtemp < O

2. Users request resources to auctioneer and inform their budget and time for
which resources are required.
3. Auctioneer set timer and send message for bidding to Cloud resource
providers.
4. Cloud resource providers will check their resources or check overbooking
resources.
a) If Enough resources available
Begin
Bid for current auction
Advertise total available resources
End
Else
Begin
Do not bid for current auction
End
5. Auctioneer sets off timer and close bidding process.
6. Find auction winners
a) Calculate per resource bid value for user according to Eq. 1 and Eq. 4.
b) Multiply time to per resource bid value for user according to Eqg. 3.
c) Sort the list of users in descending order and provider in ascending
order and map users and providers.
d) Setn « 1
e) fori =1to M
forj <« 1to k
if RIm][D < A[n](])
Begin
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i++;
break;
End
End for
temp <« i;
break;
End for
f)  Map n" user with temp provider.
g) Decrement provider resources
m « temp
forj <« 1to k
R[m][j] = R[m][j] — A[n][j]
End for
h) Setn <« n+ 1andgotostepe)
7. Calculate price according to Eqg. 5.
8. Inform Cloud resource provider about auction results.
9. Cloud resource provider will start completing user task
a) If resources not available
Begin
Inform auctioneer
Assign user task to next provider in the list and go to step 6(e)
Provider pay penalty according to Eq. 6
End

Else if
Begin
Start VM completion of task.
Complete user task and end VM.
User pay price.
End

10. Close auction process.
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Chapter 5
Implementation and Experimental Results

This chapter presents various tools used for Cloud environment setup. The proposed
algorithm has been implemented in the CloudSim simulator with the help of Netbeans
IDE.

5.1 Tools for Setting up Cloud Environment

The applications of Cloud have various requirements for configuration and
deployment. It is very difficult to check the performance of these applications on real
Cloud. For this purpose simulation tools are used such as CloudSim which helps in
evaluating different application without investing in the purchase of real time Cloud

infrastructure. The simulation tools have many advantages like:

e To test the application there is no need buy infrastructure and applications can
be tested repeatedly in controlled environment.
e Performance of the applications can be checked before actually deploying

these applications on the Cloud.

Applications can be tested on simulation environment for different workloads or by
using different resource leasing under provider’s side which is difficult to study on
real Cloud environment as it needs real services and resources for testing allocation
algorithms. If there is no such simulator, then the only way to test the evaluation of
algorithm is through theoretical study which does not presents real results. So these
tools are helpful in saving money as it decreases the cost of experimental study of
performance of the algorithms. Tools used for experimental setup are discussed as in

next section.
5.1.1 CloudSim

CloudSim is a tool for simulation of Cloud environment [43]. It is an extension of
GridSim as a layer that help in checking the performance of resource allocation
algorithms by simulation of virtualized datacenters. It has many advantages which are

as follows:
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e It helps in simulation and modelling of Cloud Computing infrastructure which
can be very large scale including datacenters on one physical machine.

e Platform is present in CloudSim for modelling allocation policies, datacenters.

e |t is flexible enough to shift from time and space shared physical nodes to

virtualized services.
5.1.2 Netbeans

Netbeans [58] is an software used for deployment of application in various languages.
It is an multi language tool which can be used for languages like C/C++, HTML,
Java, PHP etc. The Standard Document Kit (SDK) of Netbeans has tools for
depeloping applications in Java. It provides plug-in support for other languages by
extending the editor of Netbeans. There are various built in library classes for helping
Java developers and they need to code strating. CloudSim Simulation toolkit is Java

platform based so Netbeans SDK is helpful in creating simulated environment.
5.2 Implementation Details

The proposed auction based resource allocation algorithm has been implemented in
CloudSim toolkit by extending the framework of toolkit. The starting of algorithm of
auction process is depicted in Figure 5.1. Initially auction process asks for number of

user participants and Cloud providers participants in the auction.

PROCUREMENT &AUCTION PROCESS...

Enter No. of Users ]2757
Enter No. of Providers [10

Enter No. of different resources }30 |

‘ Continue...

Figure 5.1 Main page of Auction Process
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Four types of VM are created as to provide resources to users. Bundle of resources
can be provided to user by initiating different type of VMs. The attributes are set
according to CloudSim capability. Range of different parameters is set in CloudSim.
Four parameters are considers i.e. processor speed, memory size, storage and
bandwidth. The range of memory is [256, 512, 1024] MB, storage [2000, 10000] MB,
bandwidth [120, 1000] b/s and processor range is [220, 1000]. In Figure 5.2 creation
of VM is shown.

File Edit View Mavigate Source Refactor Run Debug Profile Team Tools Window Help
‘f_“] % E@ JJJ <gefault config> v ? Dgﬁ [> v @ v
Projects X‘Servioe: ‘file! ‘ = @ SimExampleL.java X@ SimExample? java X| o
2@yl sure | iy | [0 [0 1| QR RN P b R0 0
Er | fgevamples 67 TIvM T eters N
- org.coudbus.doudsim.examples — - o :
- org.cloudbus. doudsim.examples.network 68 long size = 10000; //image size (MB)
EE] org.ouchus. doudsim.examples.network.datac | £ int ram = 512; //vm memory (1\/_5)
E[:] 0rg.cloudbus. doudsim.examples. pawer . . _ .
Ea org.cloudbus. doudsim.examples.pawer planet 10 int mips = 1000;
EE] org.doudbus, doudsim.examples.power.random | 71 long bw = 1000;
E"@G“’Q‘S'“Mmmes 12 int pesNumber = 1; //number of cpus
E @ SimExample 1. java . -
L@ sneampe2ima 9 | String vmm = "Xen"; //UMM name
- | [agsources 74
-\ Ubraries 0o I
5 //create VMs
@y Simest & T
16 CondorVM[] vm = new CondorVM[vms];
11
78 for (int 1 = 0; 1 < vms; it++)
19 {
80 double ratio = 1.0;
81 wm[i] = new CondorVM(i, userId, mips * ratio, pesNumber, ram, bw, size, vmm,
82 new CloudletSchedulerSpaceShared());
83 list.add (vm[i]);
84 }
85
86 return list;
87
88
. e v
< > >

| BB |ms

== e rﬂ | 9 @m@ ik 00 @ u—g:-zzf;m

Figure 5.2 Creation of VM

5.2.1 Scenario

A scenario was created for testing of auction algorithm. In the scenario 25 users asked
for resources from the auctioneer and 10 Cloud providers attended the auction means
they bid for the current auction process. Figure 5.3 depicts the scenario for

participants of auction process.
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1
a

PROCUREMENT AUCTION PROCESS...

Enter No. of Users 25

Enter No. of Providers

Enter No. of different resourt

Enter per unit price for resource:1 for provider: 4
50] |

Figure 5.3 Auction Scenario

Different parameters of VM were setup so as user can ask resources in bundle form.
Four parameters are considered as mentioned earlier. Range of resources has also

been specified. Based on these VM parameters are set up as shown in Figure 5.4

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Windew Help Q- search (Cul+)
PP ES DO chre W F W D BB
Projects x| services | Files | = 5 <& x| M
&gsm_oid Source | History [[@ -0 |Q RGP el 0 0
& [ gexamples = = 7 T - B0
[ org.doudbus.cloudsim. examples 177 peListl.add(new Pe (0, new PeProvisionersSimple (mips))); // need to store Pe id an
[ org-doudbus.doudsim. examples.network 178 1.add 1 impl . R
5 org.doucbus.doudsm.exampies.network.datac pelistl.add(new Pe(l, new PeProvisionerSimple (mips)));
[ org.doudbus.doudsim examples. power 179
[ org.doudbus.doudsim.examples. power.planctia | 1 g s resciE = 0
[ org.cloudbus.cloudsim.examples. power.random N 4
£ [ gorg.workflowsim examples 181 int ram = 2048; //host memory (MB)
>--%5\mﬁﬁmdelﬁvs 182 long storage = 1000000; //host storage
[ smExample2.java 3 _ .
gsars 9 int bw = 10000;]
(& Lbraries 184 hostList.add(
& simTest 185 new Host (
186 hostId,
187 new RamProvisionerSimple (ram),
188 new BwProvisionersimple (bw),
189 storage,
190 peListl, =
191 [ new VmSchedulerSpaceShared(pelListl))); // This is our first machine
192 hostId++;
193
194 }
195
196 // 5. Create a DatacenterCharacteristics object that stores the
197 /7 properties of a data center: architecture, 05, list of
198 /7 Machines, allocation policy: time— or space-shared, time zone v
< > < >

| 183128 |INS

P I DI )

124

Figure 5.4 Setting VM parameters
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After starting of auction process, bidding density for providers and users is calculated.

Bid density is used to sort providers and users so that highest paying user and lowest

bidder can be mapped.

Q

cloud - NetBeans IDE 8.0.2

File Edit View Mavigate Source Refactor Run Debug Profile Team Tools Window Help

T"j E % % Isg) <defalt config> v ”ﬁ” “E‘j B B (D B

] - |

Q Search (Crl+1)

& | startpage x| [C1° Firstinterface java x@w mepjava X[ outp java X [] mappings.jeva_ |8 java X -
H e B AL LA M S T A R AR T ITIL T R —
3| 2 "
© | 268
269
@ | 270 result = MatMulti(userDemandR,weight,user);
#| 2
£ om
& 213 for(int i=0; icuser;i++)
| 2n {
8| 215 bidDensity[i]= (double)userBid[i]/ (double)resultlil:
L2 pidDensityTime.put (bidDensity[i]* userTime[i],1):
G o
8| 278
z | 279
% 280
281 for (int i=0;i<providerPrice.length;i++)
282 providerPrice(i] = 0;
283
284 for(int i=0;i<provider;i++)
285 1
286 for(int j=0;j<tResources;j+t)
287 {
288 providerPrice[i]+= price[il [3]:
289 }
230 ProviderDensity.put( providerPrice[i]/(double)totalAResources[i],i) s
291 3
292
293 TreeMap<Double, Integer> sortedSidDensity = new TreeMap<Double,Integer> (bidDensityTime);
294 TreeMap<Double, Integer> sortedPDensity = new TreeMap<Double,Integer> (bidDensityTime):
295
296 | v
1) Firstinterface 3 &) Putton 1ActionPerformed 3 x
& [ output

296:15 NS

Figure 5.5 Bid density calculations

5.3 Experimental Results

Allocation of provider resources among 25 users is shown in Figure 5.6. Provider 1

is able to allocate resources among 4 users. Similarly others are able to allocate

resources among multiple providers but provider 7 has failed in the auction so his

resources are not allocated to any user. This can occur due to either very high bidding

value or less number of resources available with him. The current auction process is

successful because the auction has been able to satisfy users’ requirements.
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Figure 5.6 Allocation of Resources

The price for various scenarios is calculated by using both fixed price mode and
dynamic price model using the proposed algorithm. And the results are depicted in the
Figure 5.7. The graph shows that as compared to fixed price model, in most of the
cases dynamic model provides benefit by lowering the total resource cost for the
users. In few cases results of fixed price model are better. This graph shows that

dynamic pricing model is beneficial as it is cost saving for user.
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Figure 5.7 Comparison of Price Paid by User

Figure 5.8 depicts the price bid by 4 providers for each resource type and the trade

price which is the price of actual selling of resource. Trade price is generally more

than bidding value of the provider to due which they earn more revenue in dynamic

price model.

0.8

B R1 Bid Price
M R2 Bid Price

[ R3 Bid Price
B R4 Bid Price
M Trade Price

Provider 1 Provider 2 Provider 3 Provider 4

Figure 5.8 Comparisons of Bid Price and Trade Price
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Chapter 6
Conclusion and Future Work

This chapter presents the conclusion of the work mentioned in this thesis and
discusses the future work so as to extend this work.

6.1 Conclusion

Resource allocation is one of the most challenging issues in Cloud Computing. Cloud
providers sell their resources through fixed price model by direct selling which are not
much efficient. In the literature, many researchers have proposed approaches to solve
the issue. But there exists many gaps in tradition algorithms. Even in unpredictable
and dynamic demand scenario, Cloud providers use fixed price model or pay-as- you
model which does not properly justifies the scenario. To solve resource allocation
problem, auction based algorithms offer advantages for both user and Cloud resource
provider. This algorithm helps to implement dynamic pricing model. Based on this
economic model, a new auction based algorithm has been presented in this thesis. The
algorithm efficiently allocates available resources of the Cloud provider and satisfies
the requirements of users. The price has been calculated dynamically and the
proposed algorithm is implemented in the CloudSim. The results of the proposed
algorithm show that the algorithm is beneficial for Cloud providers as they earn more
revenue and Cloud users for optimally satisfying their requirements and allocates

resources of Cloud providers.

6.2 Thesis Contribution

a) In this thesis, previous resource allocation algorithms have been analysed and
gaps in their work are discussed.

b) To solve the problem, a new Procurement Double Auction Resource
Allocation (PDARA) has been proposed, which is based on economic auction
model. This algorithm efficiently allocates resources of Cloud providers
among the users who require resources to complete their task.

¢) Dynamic pricing model is presented in the algorithm for pricing of resources.

d) The proposed algorithm is implemented in CloudSim simulator which proves

the efficiency of the algorithm which increases revenue of the Cloud provider.
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6.3 Future Scope

a) In the future business model for the auctioneer will be considered in order to
provide benefit to all participants of auction based market model of resource
allocation.

b) Discount based criteria for users demanding more resources or for longer time
will be taken into consideration for providing benefits to users who want more
resources and attract the customers for Cloud provider.

c) In the future experimental results of the algorithm can be compared with other

existing auction based models.
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