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Abstract

Cloud Computing is a large scale parallel and distributed computing architecture.
Services like virtualized machines, computing power, storage, and software etc. are offered
through Cloud Computing. On-demand/requested services are generally on the basis of
‘Pay-as-you-go’ model and Cloud service providers charge their consumers for the services
they use. Consumers should have a guarantee that the services they are paying for should
be delivered to them uninterrupted and this is ensured through Service Level Agreements
(SLAS) between the consumers and providers.

Masses around the globe associated with information technology are now realizing the
importance of Cloud Computing. Major problems associated with internet can be solved
through Cloud Computing. Efficient Pricing in Cloud Computing is an emerging issue in
this field. Smart Cloud is the solution for this problem, Smart Cloud provides a platform to
its peers which are consumers and providers. Smart Cloud uses a Time Dependent Pricing
(TDP) model which calculates the price of resources on the basis of its previous
consumption. TDP helps to provide a pricing technique which balances the requirements
among consumers and providers. This technique satisfies the needs of both consumers and

providers.

The focus of this research work is to provide an efficient pricing technique along with and
a scheduling policy which helps to satisfy the service provider and resource consumer. This
thesis presents a Smart Cloud which constitutes a framework that can distribute Cloud
resources over a communication network. In this model a Cloud Workload Management
System (CWMS) has been presented which is an interface between the service consumer
and the service provider. It clusters the Cloud resources using k-mean clustering algorithm.
A Time Dependent Pricing (TDP) model is used to calculate the price of resources. The
Cloud resource providers send resource pricing information from their records (database)
to Compromised Cost-Time Based (CCTB) scheduling policy located at the CWMS.
CCTB can observe and manage consumers’ resource requirements and schedules it at peak
and off-peak periods. Resources can be scheduled automatically or manually by CCTB
depending upon the pricing at various hours of the day thus ensuring minimum SLA

violations.
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Chapter 1

Introduction

The usage of internet has increased exponentially in the recent decades. The services
offered by the resource providers over the internet are the next big leap in the
communications field. One of the facilities of the internet is to provide remote execution
of the task on faraway distributed machines with the help of the internet, known as Cloud
Computing. This chapter focuses on the brief introduction of Cloud Computing by
examining different service models, deployment models, open challenges and application

areas. Motivation and the structure of the thesis are discussed at the end of this chapter.

1.1 Cloud Computing

Everyone in this universe needs a substantial alteration of their working area. As the time
passes quickly, within seven decades from the making of the very first digital computer,
ENIAC [1], people are breathing in the age of the Internet, and one cannot envisage one’s
life without Internet. As the network bandwidth is growing, the internet is becoming an
essential utility for day to day work. The internet provides its consumers, many facilities
(services) such as Emails, Banking Solutions, Social Networking, Stock exchange and E-
Business etc. By the existence of this emerging technology different researcher see Cloud
Computing as one of the new areas of utility computing environment. Cloud Computing
can trace its roots from Grid and Cluster Computing. All these can be a promising
paradigm to provide IT as a service to end user. But the task of these service providers is
not just to provide some attributes or capabilities towards the consumers, but also provide
these services in an efficient manner because this will be a business of more than a
trillion dollar business in the coming years. The main motive behind these computing
paradigms is to provide computing utilities to its consumers as a guaranteed Quality of
Service (QoS). The way of computing also changes with the changing technology, which

leads to the development of service-oriented computing.

To understand Cloud Computing there is a need to compare it with widely used

computing terminology such as Cluster Computing and Grid Computing. A large number
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of researchers define Clusters and Grid Computing in different ways. According
to Buyya et al. [2], Grid Computing is also a large-scale parallel and
distributed computing architecture in which consumers receive resources from
geographically service providers and allow to interact with them. As per Buyya et al. [2],
Cloud Computing is a large-scale architecture in which virtualized machines, multi-
tenancy, computing power, memory (storage), infrastructure for computing, software and
platforms are delivered on demand to external customers over an internet connected
medium in a business oriented environment. According to Pfister [3], a Cluster is a
distributed and parallel system, inside which several computers work as a stand-alone
single computing structure. From the definitions, it is clear that Cloud Computing
overlaps several features of these computing technologies so by this it is clear that Cloud
Computing can trace its roots from Grid and Cluster Computing which are well-known
utility computing paradigms. Grid Computing traces its root from Electric Grids where
they provide electricity as a metered service, by the implementation of the computing
Grids consumers are charged for the services they use as a Pay-as-you-go model. The
development of Supercomputers, Datacenters, Web 2.0, distributed system, Grids and
Cloud Computing [4], can be seen with the help of Figure 1.1 how they scale up. These
utility services come under in the distributed system, in this system computing machine
interacts with other machines, communicate and coordinate with each other via a
network. Each machine knows its work and performs the tasks given to it, even if a
machine needs some resources to compute that work, then that machine can demand for
resources over the network. Grid, Cluster and Cloud Computing are interconnected with
each other in many ways because Cloud is the terminology derived from the clusters and
grid, and all come into the category of distributed systems. Table 1.1 shows various

characteristics of Grid, Cluster and Cloud Computing.

Cloud Computing offers services to its consumers over the internet with the help of
infrastructure in their data centers. Cloud Computing is a large scale parallel and
distributed computing architecture that offers a variety of services to its consumers such
as virtualized machines, computing power, storage, and software etc. Cloud Computing
offers on-demand/requested services generally on the basis of ‘Pay-as-you-go’ model.

Cloud service providers charge their consumers for the services they use [5]. Consumers
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should have a guarantee that the services they are paying for should be delivered to them
uninterrupted. This is provided through SLAs (Service Level Agreements) between the

consumers and providers.

Application
Oriented
Service
Oriented
Scale
Figure 1.1: Overview of Utility Computing
Table 1.1: Different Characteristics of Grid, Cloud and Cluster Computing
Characteristics Grid Computing Cloud Computing Cluster Computing
Residents Servers and Clusters Service User and Servers Service User
Service SLA’s SLA’s Limited
Commitment
Resources Distributed Distributed or Centralized Centralized
Management
Resource Decentralized Centralized or Centralized
Allocation Decentralized
Privacy Public or Private key Each user with its VMs Old login Password Based
for Authentication Password
Application Scientific and Complex | Dynamically and multi- Business Oriented
Areas Computing Application tenant Web Services

Cloud Computing, mainly focuses on two trends from the puddle of information

technology — 1) IT Efficiency and 2) Swiftness of Business, from the areas of IT
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effectiveness, this approach should utilize the pricing techniques for contact
establishment between resource providers and its end side consumers. Area of
distributing computing provides its stakeholders to explore their business perspective, it
provides them the thought in their business and it is done by the actual owner of these
contracts. There is no need of any third party stakeholder [6]. From the business point of
view, there are many hurdles in this ever changing environment of Cloud Computing.
The economic aspect is a key factor in this area and pricing model techniques are very

crucial in generating revenue of stakeholder of various Cloud service providers.
1.2 Characteristics of Cloud Computing

Many researchers explain the essential characteristics of Cloud Computing, some of them
are discussed below [5] [9] [4] [8] [7]:

e Misconception of unlimited computing resource available on-demand- Cloud
Computing delivers an infinite number of computing resources to its consumer
on-demand over the internet. This service eases the working environment for
consumers. All the scheduling and provisioning work is automated and dynamic,
so there is no human interaction in scheduling and provisioning. Cloud
Computing provides a flexible and scalable environment, consumers can lend IT
resources and can customize their requirements.

e No capital cost to build Cloud Computing Services- Capital cost is the cost
associated with adaptation of a new service. For organization that wants to build
Cloud Computing there is no need of any initial investment. Before Cloud,
providers need to invest in a capital cost to establish computing services. This
feature of Cloud Computing helps small organizations to build new services and
grow their businesses.

e Pay-as-you-go- “Pay-as-you-go” is a model which is used by several SaaS
providers to provide services to their consumers. This model works on the
principle of ‘the more you consume, the more you have to pay’. This model
features Cloud Computing as utility computing. Several Cloud Computing

providers use this approach as a pricing technique including big giants of the IT
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industry like Google App Engine, Amazon and Microsoft Windows Azure [10]
[11] [12].

e Assurance for QoS- Service level agreement (SLA) provides the assurance of
quality with the help of algorithms associated to compensate any violation. This
agreement is signed by both service provider and service consumer. The user need
not to focus on the aspect of quality, any violation is compensated by the SLA.

These are the main characteristics associated to Cloud Computing.

1.3 Cloud Computing Applications
Cloud Computing applications and consumers are increasing day by day over the internet
due to its flexibility and scalability. Cloud Computing is now used by almost every
industry, whether big or small. The main reason why people are shifting towards Cloud
Computing is that there is no initial upfront commitment. Masses around the globe
associated with information technology are now realizing the importance of Cloud
Computing. Major problems associated with internet can be solved through Cloud
Computing.
The main reasons behind success of Cloud Computing are:

e Adoption of new technologies associated with service computing.

e Decreasing infrastructure cost, increasing features associated with computing, like

storage, computing power etc.

e Data size at the consumer side is very large and increasing exponentially.

This section presents some Cloud Computing applications on the basis of scientific and

productivity applications.
1.3.1 Scientific Applications

These types of applications requires high computation power and throughput.
Researchers in scientific field require very large amount of resources but for very short
span of time. Cloud Computing serves best deal for these type of applications. Below

some of successful applications of Cloud Computing in area have been discussed.
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1.3.2

ECG Analysis in the Cloud- Continuous monitoring of health is new buzz
word in the field of medicines. In this application Cloud is used to analyse
patients Electro Cardio Graph (ECG) and make prediction about any heart
diseases. An instrument is placed near to patient heart which continuously
monitor heart condition. Data from this instrument is received by mobile phone.
Mobile phone forwards this data to Cloud which analysia this data.

Satellite Image Processing- Spatial and Non-spatial data is collected by
satellites. This raw data requires very large amount of processing to make it
useful to Geographic Information System (GIS). A Cloud based application is
developed By Indian Space Research Organization (ISRO) to process these
images [52]. A Cloud based application was developed by ISRO to process these
images.

Productivity Applications

Productivity applications use Cloud Computing for some commonly used desktop

applications. Documents storage, office automation, website deployment like tasks can

be done with ease and effectively using Cloud. Below some of productivity applications

using Cloud Computing are :

Drop Box- Dropbox [53] is a file hosting service operated by Dropbox, Inc.,
that offers Cloud storage, file synchronizations, and client software. Dropbox
allows users to create a special folder on each of their computers, which
Dropbox then synchronizes so that it appears to be the same folder regardless
of which computer is used to view it.

RoboEarth- It is a European project led by the Eindhoven University of
Technology, Netherlands, to develop a WWW for robots, a giant database
where robots can share information about objects, environments, and tasks.
Researchers at ASORO (A-Star Social Robotics laboratory, Singapore) have
built a Cloud Computing infrastructure that allows robots to generate 3-D maps
of their environments much faster than they could with their on-

board computers [54].
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1.4 Cloud Computing Service Models

This section of the first chapter will discuss three service models or layers associated with
Cloud Computing. Cloud platform deals with its end user as a request-response model,
client (end user) sends a request (on demand service) to Cloud service provider and
depending on the service they are requested, provider responds to consumers with the
associated services model. Services model can be Software as a service, Platform as a
service, Infrastructure as a service, and Business Process as a Service [13]. These Models
contain several layers, each layer has its own specific work to be done. In this model, a
Client requests for a service and depending on that service Cloud architecture provides
those layers which are essential for that service. Cloud Computing used the internet as its
network, any user can access any service which a service provider provides from
anywhere. Figure 1.1 discusses various layers associated with the different Cloud Service
Model. The details of models are:

e Software as a Service (SaaS) - As the name suggests that software’s are used as
utility services; in this user provides an application which is runs on client site.
The user doesn’t know where the actual application is running but the user can
still store, deploy its data. Only need that a user should have a client interface that
can be any web browser or and a stable internet connection. The consumer need
not managed any of the internal structure of the Cloud Computing. Many Services
are offered as a SaaS by big giants of IT like Google, Microsoft, Amazon, Zoho
etc. [14].

e Platform as a Service (PaaS) - In this service, the model user provides a platform
to build their applications over the web. In this case there is a lot of reduction in
the development cost of the applications. In this service, users can develop and
deploy an application. Some researchers consider PaaS as a part of SaaS with
some fewer services than SaaS. In this compiler, operating system, office suites,
etc.is provided to end user as a service. The user needs to maintain its data and
application for access any platform provided as a service to end user. Several
development models are also available as a service like WAMP and LAMP
Model (AMP stands for Apache servers, Mysgl, PHP) and ‘W’ is for the windows
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environment and ‘L’ stands for Linux environment. Several PaaS are available in

the market these are Windows Azure, Google App Engine, OpenStack, Salesforce

etc. [14].

Application

Data

Runtime

Middleware

O/S

Virtualization

Servers

Storage

Networking

.
o

(‘

/

laaS

\\

Figure 1.2: Layers of Each Service Model

PaaS

SaaS

\

e Infrastructure as a Service (laaS) - As the name suggested in this computing

machine’s infrastructure is provided as a service to the consumer. With this

hardware, storage, network, processing power, servers and other computing

resources, etc. are provided as a service. This service model deals with the

virtualization because these resources are provided virtually to its end user.

Consumers did not know the exact location of these resources but can access them

from anywhere around the globe as an on-demand service. Various companies

provide laaS to consumers, which are AT&T, BlueLock, Joynet, Logicworks, HP

etc. [14].
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e Business Process as a Service (BPaaS) - Any business process which an
organization does if that is provided to its end user with the help of Cloud then
this is known as BPaaS. Several business processes like BPO, printing, payroll,
M-Commerce, E-Commerce, etc. Services provided by this model to its consumer
is on the basis of multi-tenancy in which only one server application is there and
several multiple clients (tenants) are served by that application. BPaaS comes
above the all other services provided by the Cloud architecture and BPaaS is
integrated service consuming from other Services. BPaaS provides by TCS,
Cognizant, and Wipro etc. [14].

These are the service models used in the Cloud Computing.
1.5 Cloud Computing Deployment Models

In this section, different deployment models used in Cloud Computing are studied. As
Cloud Computing is an emerging technology and it is found that about 81% businesses
are dealing with Cloud Computing either directly or build their business operation over
Cloud this study is conducted by KPMG [15]. Every business has their own need
depending upon the size, access and possession which tends to choose a different type of
Cloud environment. Cloud Computing is more than a technology. It offers various
services to its end consumers. Cloud Computing deals with various infrastructures
associated with Computing and it contains various layers associated with different service
models. To choose Cloud Computing as a business utility efficiently, each business
should know their requirements before moving to Cloud interface. Cloud
deployment/delivery model can be briefly classified into four categories. Figure 1.3

shows a pictorial representation of different Cloud deployment models.

e Public Cloud
e Private Cloud
e Community Cloud
e Hybrid Cloud
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e Public Cloud- It is a classical model which provides Cloud as an infrastructure,
platform, application/software, Information, business process as a service to the
common public with the help of internet. The services are provided as a metered
service by which pre investments are not required in these service models.
Services are provided by a third party vendor using the internet. Gmail, Google,
Facebook, is the example of public Clouds. Applications given by public Clouds
are online storage, blogs, online backup, data-intensive workloads etc. [16].

e Private Cloud- The Cloud infrastructure within an organization is managed by a
private organization for their employees. This service is used by a single
organization privately. This service works inside the firewall of an organization
and runs on its own website servers. Private Clouds are a centralized approach by
which security and resilience are better than public Cloud. Services given by
private Cloud are virtualization, multi-tenancy, security access and they are not
just organizing centric nowadays they consume their services for public Clouds
[16].

~

Private Cloud

Hybrid Cloud

Public Cloud

Community
Cloud

/

e Community Cloud- This Cloud Computing infrastructure is not just an

Figure 1.3: Different Deployment Model for Cloud Computing

organization-centric, in this many organizations having same fundamentals share
common Cloud Computing infrastructure. All organizations need not establish all
their resource essentials for computing, they can share their resources and
provide a better computing model. This is an expensive approach because
resources are more than the private Cloud and business growth is involved in
this. But this provides maximum security and policies for the services they are
offering [16].
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Hybrid Cloud- As the name is suggesting this approach provides you the fusion
of public and private Cloud Computing to solve some computing requirements.
In this end user can outsource the public/open services whereas business
applications can be processed with the help of private Clouds. This Cloud
structure faces the problem of load balancing in the field of computing
applications. There can be trusted or the untrusted environment as per the
demand of service. Elasticity is the most common attribute for hybrid Cloud

Computing. Secure data can be accessed by private Cloud Computing [16].

1.6 Cloud Computing Challenges

This section discusses the challenges and issues associated with Cloud Computing. Cloud

Computing [2] is a vast technology, which offeres on-demand service to its consumer and

this will affect the whole globe in the coming 20 years.

Some of these challenges are:

Fault Tolerance- With the advancement of Cloud Computing’s scalability, the
fault tolerance is an essential need in the development of next generation
computing models. Today’s fault tolerant algorithm works on the demand of
today’s workloads. Cloud customers increases exponentially this failure tolerate
algorithms will be outdated soon. There can be an internal factor or external factor
which leads to failure in the system. The challenge in this emerging area is to
design a fault tolerated system which should be easy to maintain.

Security and Privacy- Cloud Computing market is going to be a more than a
trillion dollar business in coming years. Security and privacy of user data is a big
concern in the growing of Cloud market. Cloud providers have the access to all
consumers’ data over a Cloud, so consumer hesitates to provide all the data. The
feature of accessing consumer's data from any geographical location, the privacy
of consumer is violated. Information security helps the consumer to keep their
useful data as a secret. But dealing with confidential data by the third party makes
consumer unsecure. Consumers’ information over the Cloud platform is in a

decrypted form, but the ability to access it from all virtual machines hosted on
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that platform makes it vulnerable. The trust also plays an important role in the
enhancement of Cloud Computing. Consumers’ have to choose which provider is
trustable and which is not. Numerous agreements are signed for any violation by
the service provider and consumer. But if the violations of security and privacy
hits and any illegal action are taken place against the consumer data, it is a
difficult task to find out, who is responsible for this in a virtualized environment.
The issues in this area is to provide a secure and trustable Cloud environment.
Scalability- Cloud Computing is having one of the attractive features which is on-
demand scalability of resources. This feature leads to some of the issues occurring
in the scalability of Cloud environment. This leads to vendor lock-in if the
interoperability is not provided to scalable Cloud Computing. Any working Cloud
should design with scalability in mind. The scalability algorithms running
nowadays will be outdated soon because the population of Cloud Consumers is
increasing exponentially. The issues in this area is to design a highly scalable
Cloud environment.

Load Balancing- Load balancing is an approach to balance the load among the
components of Cloud Computing. The need of this approach is to provide an
efficient environment in an emerging area which is enlarging day by day (Cloud
Computing). Load has to be spread uniformly among all the participating nodes;
the load can be from different perspectives like memory perspective, network
perspective, and processing power perspective. So to provide efficiency in the
computation of Cloud the emergence of load balancing approaches in the Cloud is
needed. The issue of load balancing among Cloud is new emerging area of
research in Cloud Computing. A centralized approach is not efficient in the
handling of load balancing of resources among the nodes of Cloud Computing
more decentralized approach is needed.

Pricing in Cloud Computing- Cloud Computing is an on-demand service
providing approach, so the consumer should have guaranteed that the services
they are paying for should be delivered to them uninterrupted. This is provided
through SLAs (Service Level Agreements) between the consumers and providers.

Some economic models in literature survey are consumer-centric whereas some
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are provider centric. The economy problem is the latest issue in the field of Cloud
Computing, to resolve this emerging challenge Cloud application should serve
both consumers and providers. Cloud Computing environment should be designed
to minimize the SLA violations.

e Green Computing- Cloud Computing deals with several Data centers to provide
the laas to its consumers. Data centers cannot be limited because as the number of
users is increasing rapidly, the information they are sharing on the internet needed
to be stored and for that large storage space is necessary. Although CPU is the
major energy consumption part of the computing system, but in case of data
centers concentration is moving towards memory management. In case of power
failures, big generators are used for providing power supply to the data centers.
The whole procedure consumes an ample amount of electricity being generated
all over the world. To work efficiently in the Cloud more green computing

approaches should be adopted.

There is a requirement to provide flexibility in pricing, rapid provisioning of resources,
green solutions with low carbon footprint, scalability, testability and stability over old-

style IT deployment models.

1.7 Research Motivation

With the ease of internet one can access any information from anywhere within a few
seconds, this technology consists of various data centers, their work is to provide content
to requested end user accurately and consistently. Cloud Computing uses this approach to
establish its architecture and it provides business application capabilities as a service to
end consumer that can be accessed over the internet. Cloud service providers charge their
consumers with ‘Pay-as-you-go’ Model i.e. the consumer has to pay for the services
he/she uses. Cloud Computing is an on-demand service, So consumers are guaranteed that
the services they are paying for get delivered to them uninterrupted. This is provided

through Service Level Agreements (SLAS).

Cloud provider provides the data and computing resources dynamically to the Cloud

users based on their requirements over the internet. It is a challenging task to maintain the
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required Quality of Service (QoS) to fulfill the expectations of Cloud consumers [17].
The complexity of management of resources in Clouds is increasing day by day, so an
efficient technique is required for management of resources. To solve this problem, there
should be a focus on provisioning before actual scheduling of resources. Resource
provisioning techniques help to improve the efficiency of computing resources in such a
way so as to reduce the execution time and cost while considering other QoS parameters

like availability, network bandwidth, serviceability and customer confidence level.

There are several challenges [18] in Cloud Computing. An efficient economic and pricing
model is the emerging challenge for an enterprise working in the field of Cloud
Computing. The motivation of this research work stems from the challenges in
management and an efficient utilization of the resources. In real life situations, there
are many constraints including (i) satisfying the QoS (ii) increasing service providers’
revenue (iii) minimizing the provider cost problem (iv) improving customer satisfaction.
To schedule the resources along with the QoS constraints is the main objective of this
research work. This leads to develop a pricing model using an economic model called the
Time Dependent Pricing (TDP) model. This thesis work aims to develop a Smart Cloud
Computing environment, which constitute a framework which is automated and can
distribute Cloud resources over a communication network that uses two-way
communication between service providers and consumers. Smart Cloud Computing
environment works on calculating prices of Cloud resources using TDP. Such approach
helps resource providers to practice a versatile pricing to increase their profits/revenues

by covering off-peak demand and executing a better Cloud resource consumption.

1.8 Organization of Thesis

Rest of the thesis is organized as follows:

Chapter 2 — This Chapter summarizes in detail the literature survey done to study
the concept of pricing technique in Cloud Computing, economic models of resources
in Cloud Computing and Various Secheduling Algorithm in Cloud Computing.
Chapter 3 — This Chapter focuses on gap analysis of this thesis. This chapter also

gives the problem statement.
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Chapter 4 — This chapter of thesis provides solution to the problem stated in previous
chapter by proposing the architecture, schematic framework model and explaining all
its component. Designing of system using UML diagram has also been presented.
Chapter 5 — This Chapter demonstrates proposed framework model by implementing
it using CloudSIM, MS Visual Studio. Result of experimental setup is shown.
Chapter 6 — This Chapter describes the conclusion, contribution of work done and

future research possible.
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Chapter 2

Literature Survey

In the previous chapter, Cloud Computing and its application areas followed by its
service models and deployment models have been introduced. The crucial challenge and
issue in the field of Cloud Computing is the pricing of resources between the service
provider and service consumer. Cloud Computing has two peers: resource providers and
resource consumers. Resource providers have a different aspect of cost minimization, i.e.
an increase in revenue and better utilization of resources. Resource consumers have
different aspects, i.e. better Quality of Service (QoS), more rewards and discount, no
SLA violations. Focusing on this new emerging challenges, this chapter discusses the
research work carried out in the field of pricing in Cloud Computing. In this chapter
firstly various research questions are discussed which help to analyze various research
papers and currently advised pricing models. After that, this chapter discusses state-of-
the-art in the pricing models between Cloud and Grid Computing.

2.1 Research Questions

This literature review consists of the present state of the art in the field of pricing in

Cloud Computing by proposing the answers to the various present research questions.

1. What is the current status of pricing models in Cloud Computing?

2. How to minimize the providers’ cost minimization problem?

3. Which economic model is identified in the existing pricing models?

4. How to overcome the issues of scheduling resources with efficient cost and
execution time?

5. Which pricing model does justice to its peers (i.e. service providers and service
consumers)?

6. How to validate the various economic models through different tools?

The literature review system started with definite research questions and after that the

search is followed by defining the specific keywords related to the research questions.

16 |Page



Table 2.1 specifies the keywords used to find the literature survey. Using these specific
keywords, the in-depth question of research was allowed to find issues in the pricing of

resources in Cloud and Grid Computing.

Table 2.1: Keywords

Keywords Synonyms
Cloud Computing Grid Computing, Utility Computing
Pricing Cost, SLA, Economic Model
Scheduling Provisioning

2.2 Existing Pricing Models in Cloud Computing

In this section of the literature review, various existing pricing models used by Cloud
Computing giants like Amazon, Google etc. are studied and then various existing pricing
models by different researchers are studied and their pros and cons are discussed.

There are several problems which providers, as well as consumers bear during the usage
of Cloud Computing as a utility service. Pricing of resources is one of the crucial issues
in the field of Cloud Computing. Several pricing models have been used by big giants of
Cloud Computing. “Pay-as-you-go” is a model which is used by several SaaS providers
to provide services to their consumers. This model works on the principle of ‘the more
you consume, the more you have to pay’. This model features Cloud Computing as utility
computing. Several Cloud Computing providers use this approach as a pricing model
which includes big giants of the IT industry like Google App Engine, Amazon, and
Microsoft Windows Azure [10] [11] [12]. This model makes Cloud Computing
environment very flexible because the cost is calculated on the basis of usage. vThunder
Pay-as-you-go Licensing Model provides various laaS providers to offer servers L4 and
L7 advanced networking tenant details and services like reporting, billing, license
management and metering [19]. The service it provides makes it elastic and flexible for
various Cloud Service Providers (CSP). Consumers can adopt vThunder with automated
licensing possibilities like Rental Billing Model (RBM), Utility Billing Model (UBM).
The working of RBM and UBM is shown in Table 2.2.

Subscription and Pay-as-you-go models are the pricing models used by various Cloud

Computing Service Providers. Table 2.2 explains the live example of how service is
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charged over the internet. Next section explains these pricing models in detail and

discusses their advantages and disadvantages to its peers (service provider and service

consumer).
Table 2.2: Difference between Different Pay-As-You-Go Business Models
RBM (Rental Billing Model) UBM (Utility Billing Model)
This model generates bills with a fixed This model generates bills based on consumption,
bandwidth, license for a given period of time say license per byte.
a month.
Bandwidth is fixed with some MBPS increments. Billing is based on actual data consumed.
Deterministic approach for billing. Non Deterministic approach for billing.

2.2.1 Pay-as you-go Pricing Model

Cloud service providers charge their consumers with ‘Pay-as-you-go’ Model by which
the consumer has to pay for the services he/she has used. Providers can make profits by
charging their customers for the usage of the service which they provide over the internet.
The pay-as-you-go model is a generic model and various 3rd party agents use this
approach to calculate the bill for various resources consumed. This approach is not
flexible for all CSP (for example vThunder is flexible for networking tenant and L4-7
advanced networking layers as a service). A model is needed which can be reusable and

is flexible to various CSPs.

Table 2.3: Study of Pay-as-you-go model in Cloud Computing

Pricing Model Pricing Scheme Justice Pros Cons
In this method This model is not Resources are Provider has to
Pay-As-You-Go authority to set justifiable to kept for the reserve resources
price is with the service consumer | consumers for a for a longer time
service provider. because he has to time period for | period and provider
pay more than which he/she cannot vary the
he/she consumed paid. prices as the need of
as in RBM time.

The pay-as-you-go model is used by various service providers. This pricing model is not
beneficial for the service providers. The service provider has to reserve the resources
even if the consumer is not consuming it. The service provider can’t increase the price of
resources even if the demand is rising for any of the resources. This will not help the
provider to minimize their cost problem. There is no provision to shift load of the

consumer to off-peak load periods.
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2.2.2  Subscription Pricing Model

A subscription is an arrangement by which something is received by regularly paying in
advance. In Cloud Computing consumers subscribe for various resources available over
the network. This approach is used with the Pay-as-you-go model. [11, 12, 13] have
commonly used this approach. Qun Zhou et al. [20] have developed CCOA (Cloud
Computing Open Architecture) in which they state the seven principles of Cloud
Computing. In 5th principle, the laaS providers have to manage all the subscription as
well as provisioning resources. This architecture leverages the providers to support
subscription. In their architecture, subscription of the Cloud is enabled by order creation

and offering a creation processes.

Table 2.4: Study of Subscription model in Cloud Computing

Pricing Model Pricing Scheme Justice Pros Cons
Subscription Pricing scheme can | Consumer may pay | Consumer has Provider has to
vary depending more or less to pay less if the pay more if the
upon subscription depending upon resources are resources are
but remains fit for subscription reserved and subscribed for
entire period. period. uses them long period.
extensively.

The subscription model has some advantages and disadvantages as well. Subscription
model causes a lock-in situation. Consumers have to pay more in the subscription model
even if they are not using any resources. This model also does not solve the problem of
cost minimization and neither allows the providers to maximize their revenue. There is no

scope for any rewards and discount in the existing pricing models.

2.2.3 State-of-the-art in Pricing Solutions
Some of the existing pricing models used and simulated by different researcher are
explained in this section.

e Buyya et al. [21] proposed a pricing model in which they design, simulate and
develop with two constraints in mind, i.e. providing dynamic flexibility in terms
of QoS for consumers’ perspective and profitability for the providers’ perspective.
Various Cloud resources which the vendors or providers providing they call it as
C3 (Cloud Compute Commodity). They manage C3 as assets and deploy using
three steps a) they model C3 model as a pricing problem option; b) QoS is the
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backbone for providing assets in an efficient manner; c) they calculate price using
approach of continuous time monitoring. They used this methodology to develop
and simulate the model with two forms, one from economics background BSM
(Black-Scholes-Merton) [22] [23] and the other from the technological evolution
of Moore’s Law [24]. Using models proposed in [22] [23] one can calculate a
closed form of a solution which is from European put and European call. In [21]
they used the approach to calculate the European call to calculate the pricing
model with an upper bound and lower bound. A price that is in between a lower
and upper bound would be beneficial for both user and provider. The result in
[21] shows various Cloud parameters like initial investment from providers, QoS,
Contract time, resource age and rate of depreciation with Cloud resources which
IS resource price generally.

Hao Li et al. [25] proposed a Cloud banking model’s architecture. In this
architecture, they simulated a 5 layer architecture in which all flexibility is
achieved in the middle layer which consists pricing strategy, information server,
and Cloud dictionary server. There are two layers for an agency which
communicates with providers (Cloud Service Agent), (Cloud Resource Agent)
and consumers (Resource Consumer Agency). Each Agent has its own task which
has to be maintained for the dynamic approach of price calculation. They
borrowed this idea from G Commerce [26] and proposed an economic approach
for pricing calculation. In this model, they provide a pricing algorithm by which
they calculate the cost/price say P from described task obtained from agents. Then
it sends this cost to various agents. In this approach three agents are used and
obtain the user information from various agencies and perform tasks of the user
and get the benefit.

Mihailescuet al. [27] generates the dynamic pricing approach for resources via a
third party component called as market-maker. The results they simulated were on
the basis of user welfare and successful requests. For the consumer welfare, they
simulate the results in a centralized market-maker where each consumer and
resource provider connects to a peer to peer network which can be achieved by

FreePastry [28] an open-source DHT network environment. The economic
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perspective in [27] is achieved for resources allocated via a third party Market-
Maker using Individual rationality. Using this each participant whether user or
provider acts as a rational participant and gains higher utility because they are
participating in the resource allocation method. Incentive Compatibility thus
ensures that each participant in this algorithm is truth-telling. Budget Balance
confirms that the total sum of all the payments made by the user is equal to the
payment received by the seller. Pareto Efficiency can be achieved for an
allocation as no improvement can be made by no participant better off without
making other participants a worse off. It simulates the results with dynamic
pricing which shows an increase in buyer’s welfare and average performance for
dynamic pricing is better than fixed pricing.

Mario et al. [29] present a genetic model for calculating the exercise price for the
Cloud Computing markets. The genetic algorithm they simulated; one of the
advantages of this is that it can easily build in the decentralized architecture.
When the genetic model is applied to price calculation, it implies to solve the
three issues in the calculation of accurate naive pricing function. Naive function
calculates the price in the actual system. The three issues are Define a
Chromosome, Evaluating the Chromosome, Selection and Reproduction of

Chromosome.

Sewook Wee [30] studied the SI (Spot Instance) launched by AWS (Amazon Web
Service) over a time period of one year. Some of the services are fixed price till
now in AWS. But before Sl every service that AWS leases to users are on the
basis of fixed price. So they studied the historical data of AWS instances. You can
achieve an even more optimised price for a service instance if the user shifts
his/her load from peak hours to fewer load hours. Wee’s study suggests that on an
average only 3.7% cost is saved whereas 52.3% cost is saved when you shift from
fixed pricing scheme to Dynamic pricing as AWS launches its dynamic pricing
for their instances on December 2009. No extra cost is calculated in this study like
the cost of transferring the loads. Ideal Reliability mechanism is used to handle

the resources when the price increases to maximum bid price.
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e Dhawas et al. [31] focuses on the security breach and outrage of user’s data over
the provider’s side. The secure model focus on the how a data backup is to be
maintained by other providers if any one of the providers goes unavailable or goes
bankrupt. The proposed model uses the linear programming problem to propose
the given secured cost model. They develop an economic destitution of user’s
data over several providers with the availability of data and secure storage take
place over several providers.

e Sururah et al. [32] proposed ideas about how flexibility in the pricing model
associated with Cloud Computing can be achieved for SaaS users. They
implement different use cases to understand the possible timings in the pricing
schemes in the Cloud Computing. The rewards given to the user on the basis of its

usage of Cloud are also discussed.

Table 2.5 explains the various existing pricing models proposed by various researchers.

Table 2.5: Study of various Existing Pricing Models used in Cloud Computing

Pricing Model Pricing Scheme Justice Pros Cons
A Novel Financial Pricing scheme is Beneficial for (i) It helps (i) It assumes the

Economic Model calculated on the both if the price providers to volatility (o) of

(C® basis of dynamic is in between the recover its market is
[21] usage with initial upper and lower investment constant which

investment and bound. before the is not true in
strike investment. age of real market

resources. scenario.

(i) QoS is (i) Cost of
provided to maintenance of
users. resources is not

included in the
investment
Pricing algorithm Pricing scheme is Beneficial for the | (i) It helps the (i) This pricing
for Cloud calculated in real provider, because provider to algorithm is
Computing time. Dynamic in it maximizes the increase fixed and can’t
Resources nature. revenue and revenue. adapt to the
[25] reduces the cost. rapid changes in

the demands.

(i) The amount of

revenue
increased by
service provider
is not explained
in this
approach.
Statics needed
to justify the
work.
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Dynamic resource

It uses the auction

It is beneficial

(i) Its simulated

(i) The results of

pricing on based concept which | for both the users result shows simulation
federated Cloud is dynamic in and the that it is shows that fixed
[27] nature. providers, better than pricing have a
because in this fixed pricing better result in
the price is approach and the case of over
generated by a increases the demand.
third party buyer’s (ii) The scalability
welfare up to is less for the
200%. high demand in
the market
A Genetic Model Pricing scheme is It is biased (i) Increasesthe |(i) It assumes that

for Pricing in calculated real time. towards the revenue. the participants
Cloud Computing Dynamic in nature. providers to (ii) Steady in in the markets
Markets increase its noises. are rational
[29] revenue, the (iii) Genetic which degrades
genetic approach algorithms this model.
simulated are easy to (ii) It assumes that
increase the implement. market is near
revenue. (iv) Flexible due about equal
to naive demand but
function. underperforms
in the very high
and low demand
of resources.
Debunking Real- Pricing is calculated | In this a historic | (i) In this (i) The additional
Time Pricing in on the RTP (Real data is studied incentive is cost saving
Cloud Computing Time Pricing). and that checks if not measured price can be
[30] the user shifts for users to achieved
their loads to shift loads through
cheaper hours. from peak to scheduler.

No extra cost is cheap hour. | (ii) Ideal Reliability
calculated in the | (ii)Shifting mechanism to
study like cost of favors the handle the

transferring the providers in resources when

loads. their resource the price
management. increased to
maximum bid
price.
A Secured Cost Each user has a The main focus | (i) The main (i) The dynamic
Effective Multi- specific number of | of the research is focus of this nature of the
Cloud Storage providers to choose | to overcome the model is to market is not
(SCMCS) a QoS provider. breach of privacy overcome the suggested in the
[31] Using this approach and outage of security given model.
they proposed a service of users' issues and (ii) Threats on
linear programming data. breach in Cloud market
assignment problem If any of the privacy are not

to solve the security
of user data and user
has to pay per unit
storage data.

service provider
goes bankrupt or
become
unavailable user
can able to
access his data to
other providers.

reports [33].
(ii) Secured cost
model
divides the
data among
the various
providers
within the
budget.

suggested in this
model.

(iii) A few
threats have
been discussed
in this model.
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Flexible pricing The authors focus The main focus |(i) The use cases | (i) In this study no
model for Cloud on the varying in this is towards and rewarding specific
services nature of pride in the user. approaches implementation
[32] Cloud Computing. Approaches and are the key in is done.
rewards are more the flexibility | (ii)Only a
user-centric in of pricing theoretical
this paper. strategy in the aspect of pricing
Main focus is on given Cloud is discussed in
improving the Computing. the pricing
pricing of SaaS model.
and PaaS.

Buyya et al. [34] discuss various pricing models for various resources (goods and

services) used for Grid Computing and Cloud Computing with economics perspective.

Following table 2.6 shows the complete perspective of these models.

Table 2.6: Study of various Economic Models

Economic Model for
Resources

Description

Bargaining Model

This class of models represents those models in which resource (Grid
or Cloud) providers and resource consumers discuss with each other
until they meet their aims and agree on a price.

Commodity Market Model

In this model, various pricing model can be used, the approach of this
model is ‘more you consume more you have to pay’. The price of
resources is calculated on the basis of consumption. Different pricing
model which comes under this class are- Flat fee, Subscription, Usage
Duration.

Posted Price Model

The model is similar to the commaodity market model but the
additional paradigm this model provides is known as advertising.
Providers attract their consumers through advertisements.

Auction Model

Auctioneer set the rules which are accepted by both providers and
consumers. Different consumers auction for the resources and
negotiate and agree on a final price.

Monopoly Oligopoly

This model shows the dominance of a Grid Service Provider (GSP).
GSP is the only provider of particular resource, service or protocols.
User have to restrict to the prices set by the GSP.-

Contract-Net model

In order to control the usage of services and resources, the model is
used for contracting between providers and consumers.

Bartering Model

This model works on the perspective hybrid Cloud, individual or
institutions create a computing environment and share their resources.

Bid Based Model

This model works on a bid value or a threshold value, which states the
amount of share customer had for various resources.

Some of the existing economic models used by various pricing models are explained in

following section.

e Guan et al. [35] simulated the double auction bidding mechanism to allocate the

resources and increase the revenue of a Cloud Service Provider (CSP). The

mechanism used in the approach is of truthfulness because they apply Second
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Auction Mechanism due to which dynamic resources increase as well. The main
focus of this approach is provider-centric to increase revenue.

Kento et al.[36] proposed a mechanism by which users can enable the current and
future services in the market which can be spot/forward market. Users can also
order a mixture of co-allocations and services of resources together. The authors
of this paper suggest and simulated a model from the aspect of future need of
Cloud Computing where thousands of customers bid for a suitable resource.
Shifeng et al. [37] study the recent flows in the Cloud market and propose a
double auction-based pricing scheme. With this approach, they first develop a
Cloud market which is uniform and provides a competitive nature to several
Cloud service providers. They focus on how a pricing scheme can be more
flexible in resource trading.

Yang et al. [38] provide an autonomous pricing calculation on the basis of
resource bidding and quoting in which the price of resources is fixed by the
providers. The simulated results show how this approach of pricing can be
concurrent with the partial equilibrium theory.

Pourebrahimi et al. [39] proposed a pricing model which is based on one of the
traditional pricing economic models. The authors simulate their pricing algorithm
on the continuous double auction mechanism. They simulate their result on the
grid environment with three aspects: A Balanced network, task intensive network,
resource intensive network.

Michael et al. [40] provides two types of pricing models in a combinatorial grid
where the scheduler provides the allocation of resources such as memory and
CPU time simultaneously. The types of pricing models are Shadow Pricing and
Scarcity Pricing. The pricing model used on the auction economic model which is
English Auction. The Shadow pricing based on the linear distribution of resource
whereas the Scarcity pricing overcome the problem associated with linear pricing
program.

Xiangang Zhao et al. [41] simulated a pricing model which is based on demand
prediction and task classification. As stochastic processes with a specific property

know as Markov Chain, by which the authors are able to predict the demand of
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resources. As grids are dynamic in nature so as the available resources in the grid
market and they are also stochastic in nature so the Markov Chain can be applied.
By the help of Markov Chain the prediction of demand/load of the given
resources can be done in the future and then a mechanism to adjust the prices of
the resources. As price and demand are mutually dependent on each other, the
pricing models which are considered for the profit of resource consumers as well
as load balancing of the available resources is to be applied. They also define the
tasks which are an exclusive task and shared task depending upon this they

provide two different pricing strategies.

Table 2.7 explains the pros and cons of existing economic models proposed by various

researchers.

Table 2.7: Study of various Existing Economic Models used in Cloud Computing

Pricing Model Pricing Justice Economic Pros Cons
Scheme Model
A Dynamic This Beneficial for Bidding  |(i) It helps (i) Asthe
Auction algorithm the providers methods providers to scale and
Mechanism develops a with the best which are improve its scope
[35] resource dynamically marginal revenue by increases
allocation allocated and sealed setting so there is
mechanism resources and bid. equilibrium in the need to
with double time efficient the tasks. make some
and efficient background (ii) The proposed changes to
allocation of computing. algorithm proposed
resources to used Gaussian approach.
the users. distribution.

A Pricing The goal of this Double (i) It helps both | (i) As the spot
Combinational scheme W- pricing model Sided parties as it is and forward
Double-Sided Mart is is to develop a Action a market are

Auction to develop after | well-organized | Model using combinational independent,
Resource the marketplace for | K pricing auction so if the
Allocation in architecture of Cloud scheme. each situation
Cloud U-Mart [42]. atmosphere. participant demands to
Computing W-Mart Benefit for the will be interact
[36] contrasts only users as they beneficial to between
two market can order as this auction. spot and
aspect which per their (ii) The deal is forward
is requirements. done when market,
spot/forward. both user and which is not
a service done in this
provider is pricing
satisfied. scheme.
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DABGPM They used a This approach Double (i) Double i) This
[37] double gives is more Sided auction model architecture
auction model | centric towards Auction supports both should
to provide a consumer, but Model. the user and follow in a
flexible it also helpful providers in competitive
pricing model | for providers. the pricing environment
in the Cloud scheme. where many
competitive (ii) This model providers
environment. makes it more compete for
flexible, more one or two
competitive in clients.
the market.
An Autonomous Pricing Beneficial for Bidding  |(i) It helps i) Itis not
Pricing Strategy scheme is the providers providers to scalable as
[38] fixed by the | due to decision recover its other pricing
service making revenue models.
providers, the approach. because tries  [ii) More
price is set on to achieve control of
the basis of partial price is in
decision equilibrium provider’s
making. theory. hand.
Market based Pricing Beneficial for Double (i) It helps i) It shows
Continuous scheme is the providers Auction Consumer and better result
double auction | calculated on | due to decision Approach providers an in the
resource pricing | the knowledge making with efficient simulated
algorithm of consumer approach. continuous resources environment
[39] and producer. aspect. utilization but real time
from both changing
aspects. factor is not
considered
in this.
Dynamic This approach | It is beneficial Double (i) It helps i) The
Resource is an agent for the user Auction allocation of approach
allocation with based. perspective as Approach resources and they
combinatorial Three agents | it provides two which is pricing of proposed in
Auction are proposed pricing English these which the
[40] which are calculation Auction resources in a shadow
Resource because some combinatorial approach of
agents, Task time it is very auction pricing
agents and expensive to environment becomes
Mediating calculate the of biding. very
Agents. shadow complex and
pricing. tedious.
Pricing Model The pricing This dynamic | Commodity ((i) This modelis [i) As Demand
with Task model used approach is Market simulated and Prices
Classification | Markov Chain | suitable for real Model over a grid are mutually
and Demand to predict the | time market of market but dependent
Prediction in uses of grid resources. result shows o)
Grid resources in This model this can be continuous
[41] grid. gives associated monitoring
fulfillment of with real is needed to
both the time system both factors
aspects of users as well. of resources.
as well as the
providers.
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2.3 Scheduling Policies

The resource scheduling techniques in distributed systems frequently have the objectives

of distributing the workload on resources and increasing their resource consumption but

reducing the time of workload execution. EXisting resource scheduling/provisioning

techniques have been presented in this section.

2.3.1 Resource Scheduling Techniques —without Quality of Service

Quiroz et al. [43] proposed a distributed approach to determine resource
scheduling of workload on innovativeness Clouds. To handle with erroneous
request for resource that causes over utilization of resources delivered by Cloud
workload request, their approach has revealed a design-based technique for
approximating the workload execution time specified. It is a scheduling
technique but the behaviour of a particular workload is not identified.

Nguyen Van et al. [44] addresses the issue of autonomic VM administration for
presenting Cloud services although improving an overall effectiveness function
that adds the functional charge of the Cloud provider and the workload level
SLAs. This approach tries to improve the efficiency of the running workloads
with an optimum functional charge for the Cloud provider and controls the
scaling of workloads executing automatically and effectively.

Silva et al. [45] offered a heuristic based mechanism for consuming lesser
amount of resources for execution of Cloud workload with fixed amount of
applications that better utilization and performance can be attained within a
predefined budget. Though, the nature of workloads coming is random and
dynamic; therefore prediction of an optimal number of resources required is
difficult to estimate along with the fulfilment of SLAs in desired deadline.

The scheduling policies used with QoS are discussed in next section.

2.3.2 Resource Scheduling Techniques —with Quality of Service

Lua et al. [46] proposed QoS based autonomous SLA model of violation-filtering

for laaS and PaaS applying a SLA appraising many ways & penalty architecture
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and presenting a resource scheduling mechanism to manage resource efficiently
without specifying the QoS parameters.

Wu et al. [47] proposed SLA based scheduling technique to reduce resource
price and SLA deviations. The management of customer requests, mapping them
with resources is defined along with the supervision of different types of
workloads by considering QoS such as execution time.

Li et al. [48] presented a virtual environment based framework for better
supervision of infrastructure which offers separation among workloads running
concurrently with similar resources and sanctions dynamic horizontal and
vertical scalability to realize Service Level Objectives. But it is difficult to
allocate resources efficiently due to variation of an execution time of different
workloads.

Chieu et al. [49] proposed a framework for dynamic workloads based on a
threshold number of dynamic periods for dynamic assigning and quickly
scheduling of virtual resources to users based on their QoS requirements.

Herbst et al. [50] described self-adaptive resource scheduling approach to finding
the appropriate predicting ways for a given perspective though the use of
decision tree. This approach considers QoS parameters like relative error and
SLA violation and minimizes both but does not consider execution time and
execution cost.

Qavami et al. [51] proposed a dynamic behaviour based resource scheduling
technique to assign an adequate number of resources to workloads. This
approach reduces the execution cost of resources only without considering

execution time.

2.4 Conclusion

Different pricing algorithms that are focused on the economic aspect and various

scheduling policies have been studied and reviewed in this chapter. The study is

classified into three categories existed pricing algorithms, proposed algorithms and

scheduling polices. It shows the economic models used in the pricing algorithms that help

to improve the providers’ cost minimization problem and QoS based scheduling policy
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helps to improve the service consumer satisfaction. Next chapter discusses the gaps found

in the literature and the objectives of this research work.
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Chapter 3

Research Gap and Problem Statement

The previous chapter explained the literature survey of various pricing techniques used
by various service providers and given by several researchers in the field of Cloud
Computing and Grid Computing. Based on the literature survey, various gaps in the
pricing techniques of Cloud Computing have been recognized in this chapter. In this
chapter, the problem statement of this thesis is discussed. Objectives of this thesis are

enlisted at the end of the chapter.
3.1Gap Analysis

As in the previous chapter, literature survey of various existing pricing techniques is
conducted, there are many gaps found on the basis of that literature survey. More than 70
percent pricing techniques are somewhat in favor of the consumer of Cloud Computing.
Existing literature reports that almost all pricing models are consumer oriented. Only a
few of them focus on maximization of providers’ revenue. None of the existing models
have considered the providers’ cost minimization problem which is the one of the most
challenging problem from the providers’ aspect. An efficient scheduling technique which
could minimize the execution time and the cost of resources is the need of the hour. All
the existing work focuses on the pricing aspect of the resources but none of the proposed

model is able to explain any scheduling policy in addition to pricing model.

The existing economic models help to improve consumers’ satisfaction levels. But in
these models there is no provision of shifting Cloud consumers’ workload to off-peak
periods where the availability of resources is more which helps the providers to maximize
their revenues by utilizing the off-peak resources. Each existing model has its own gap.
Table 3.1 shows various today’s needs or perspectives of Cloud providers and Cloud
consumers. Literature survey of existing pricing models based on these parameters of

consumers and providers has done in Table 3.2. In Table 3.2 providers’ and consumers’
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perspective in various pricing models has been mentioned. Table 3.2 is created using

these questions in mind suggested in Table 3.1.

Table 3.1: Different Perspectives of Consumers and Providers in Cloud Computing

Provider Perspective Consumer Perspective
Cost Minimization Problem Consumer satisfaction on the basis of QoS
Increase in profit and revenues Rewards and Discounts
Better Resource Utilization Efficient Cost and Execution Time

Table 3.2: Comparison between Different Pricing Economic Models

Pricing Model Economic Model Provider Consumer
Perspective Perspective
Buyya Commodity Market Model 4 4
[21]
Hao Li Cloud Banking Model v x
[25]
Mihailescu Market Model x v
[27]
Mario Naive Pricing Model v x
[29]
Sewook Real Time Pricing x v
[30]
Dhawas Posted Price Model x v
[31]
Sururah Commodity Market Model x v
[32]
Guan Second Priced Auction x 4
[35] Model Using Sealed Bid
Kento Double Side Auction x 4
[36] Model using K pricing
Shifeng Double Side Auction x 4
[37] Model
Yang Bidding x v
[38]
Pourebrahimi Double Auction Approach v x
[39] with continuous aspect
Michael Double Auction x v
[40] Approach(English Auction)
Xiangang Commaodity Market Model x v
[41]

Keeping these perspectives in mind, there is a need of a model which could satisfy both

provider’s and consumer’s needs.
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3.2 Problem Formulation

An efficient pricing model is a need for both service providers as well as for service
consumers. The main challenge is to develop a pricing algorithm which fulfills the
perspective of both consumers and providers that helps to maximize the revenue and is
able to solve the providers cost minimization problem. If the consumer can shift their
workload to the off-peak workload hours in advance; this facility will provide consumers
to earn rewards and discounts. After this, there is the need of an efficient scheduling
algorithm which will schedule the resources with minimum execution time and minimum

cost thus ensuring minimum SLA violations.

3.3 Objectives
The objectives of this thesis are

e To study the existing pricing models and scheduling techniques of Cloud
Computing.

e To develop a Day-ahead time dependent pricing technique which maximizes the
revenue of resource providers and minimizes the execution time and cost of the
resources, thereby providing rewards/discounts to the consumers.

e To Develop a Compromised Cost Based Scheduling Technique which could
minimize the execution time and cost of resources.

e To validate the developed model in Cloud environment.

3.4 Conclusion

Gap analysis always helps to find out the failings of different existing models. This
chapter of thesis makes the foundation of proposed thesis. This chapter focuses on the
needs of service providers and service consumers. Next chapter presents the proposed

solution.
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Chapter 4

Proposed Solution

The gaps and the various objectives of this thesis have been explained in previous
chapter. This chapter presents the architecture and model of the proposed system. In this
chapter the design of the proposed model will be discussed through UML diagrams. Also
in this chapter the architecture of the Day-ahead Pricing Model using Time Dependent
Pricing and CCTB Scheduling Technique has been proposed. Each component of the

architecture has been explained in detail.
4.1 Design of Proposed Solution through UML

The Unified Modeling Language (UML) is a standard language used by software
developers for writing software proposals. The advantage with using UML diagrams is
that it provides a view of the entire system functionalities. The UML is a very expressive
and useful language. This section of the thesis will explain the proposed solution using
UML diagrams.

4.1.1 Use Case Diagram

Use case diagrams show the overall behavior of the proposed day-ahead time dependent
pricing architecture, Use case diagrams show relationship among various actors and use
cases. Figure 4.1 shows the pictorial representation of the system. Actors in the use case
are Cloud Consumer, SLA_DB, CloudSim, Scheduler, QoS Metric_DB, Cloud Workload
Analyzer, Workload_DB, Workload resource Pool. All the use cases and actions are
connected to actors. Figure 4.1 shows the actual core of the day-ahead time dependent

pricing model.
4.1.2 Sequence Diagram

A sequence diagram is like an interaction diagram that emphasizes the structural
organization of the objects which send and receive messages. Graphically a sequence

diagram is a table that shows objects arranged along the X-axis and messages, ordering
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in increasing time along the Y-axis. Figure 4.2 shows the sequence diagram of the day-

ahead time dependent pricing model.
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Figure 4.1: Use Case Diagram of Proposed Approach
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Figure 4.2: Sequence Diagram of Proposed Approach

4.2 Day-ahead Pricing Model for Smart Cloud

The basic motivation behind smart Cloud Computing is to constitute a framework which
is automated and which can distribute Cloud resources over a network which uses two-
way communication between service providers and consumers. In this model a Cloud
Workload Management System (CWMS) has been used which acts as an interface
between the consumer and the service provider (who manages the customer’s resource
requirements and clusters the Cloud resources using the k-mean clustering algorithm).

This provides more support for demand response of resources using an economic
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model/technique called the Time Dependent Pricing (TDP) model. Smart Cloud
Computing environment works on the principle of calculating prices of Cloud resources
using TDP. The Cloud resource providers are required to send resource pricing
information from their records (database) to Compromised Cost-Time Based (CCTB)
scheduling policy is located at the CWMS interface. CCTB can observe and manage a
consumers’ resource requirement (automatically or manually) and schedule it at peak and
off-peak periods. Such an approach helps resource providers to use a versatile pricing
model to increase their profits/revenues by covering off-peak demands and executing

better Cloud resource consumption.
4.3 Day-ahead Time Dependent Pricing and CCTB Scheduling Technique

In this architecture, TDP which is a versatile economic model acts as a feedback loop
between the providers and the consumers as shown in Figure 4.3. The resource provider
observes the Cloud workload to evaluate the amount of demand that can be shifted; the
consumers’ response to these prices is scheduled by CCTB. This helps the provider to
refine the estimate to maximize revenue. The architecture of the proposed model is as
shown in the Figure 4.4. This architecture focuses on the providers cost minimization
problem and to improve the consumer satisfaction. In this systematic feedback loop the
architecture contains three layers, namely: consumer response, Cloud Workload
Management System and provider server.

Smart Cloud allow every consumer and Cloud service provider a two-way
communication, thus enabling the Cloud service provider to generate a time dependent
pricing technique using a feedback loop. This model charges a consumer more during
peak periods and lesser during off peak periods, which encourages consumers to
reschedule their workload to lesser traffic (off-peak) periods. This helps service providers
to practice a versatile pricing technique to increase their profits by covering off-peak
demand and minimizing the provider’s cost optimization problem. It also minimizes the
execution time in setting these prices by Compromised Cost-Time Based (CCTB)
scheduling. Shifting workload is a probabilistic function which tells consumers to shift

their workload.
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Figure 4.3: Schematic Behavior of Feedback Loop between the Resource Provider and Cloud Consumer

4.3.1 Cloud Consumer

This layer of architecture shows how consumer interacts with the model. This is a two
way communication model where the consumer interacts with the models and models

generate a response for the consumer.
4.3.2 Cloud Workload Management System

CWMS is an interface between the Service Providers and Resource Consumers. First the
consumers interact with Workload Management System (WMS) in the environment of
CWMS.

4.3.2.1  Workload Management System

The main task of the workload management system is that the Cloud service provider
provides the workloads associated with its smart Cloud Computing environment to its
requested consumer on the Cloud Workload Management Portal.
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Figure 4.4: Cloud Workload Management System using Time Dependent Pricing and CCTB Scheduling

CWMS uses the K-means algorithm for clustering the various workloads specified in
Table 4.1. Each workload has its own demand on the basis of QoS requirements which
cannot be assigned on the basis of a simple static provisioning technique. Hence a k-

means clustering algorithm which is proposed in [55] is used to cluster the associated
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workloads for this day-ahead pricing technique. “K-means” is a non-hierarchical

algorithm and in its initial step creates a number of clusters equivalent to the number of

population of workloads.

Table 4.1: Cloud Workload Categorization in WMS [55]

Workload
Category

Cloud Workloads in CWMS

QoS Parameters-Weights

Server Oriented
Workload

Hosting websites
(W1)

Storage efficiency-3
Network bandwidth-3
Availability-5

Technological Cloud Computing

Capacity of computing-5

(W2)
Endeavor software Security- 5
(W3) Auvailability-5

Confidence level of customer-3
Correctness-3

Computing performance testing

Capacity of computing-5

(W4)
online transaction oriented Security- 5
application Availability-3
(W5) Accessibility of internet-5
Usability-3
e-commerce Load of computing-5
(We) Customizability-3
Online financial services Security- 5
(WT7) Auvailability-3
Changeability-1
Integrity-5
Backup and storage services Reliability- 5

Workload

(W8) Persistence-3
Production application for Cloud Network bandwidth-2
(W9) Latency-3
Backup of data-4
Security-5
Project development and testing Self-service rate-4
Client Oriented (W10) Flexibility-4

Infrastructure service-1
Testing time-5

Graphics project

Network bandwidth-3

(W11) Latency-3
Visibility-4

Critical applications Availability-5
(W12) Usability-3

Serviceability-4

Mobile Oriented
Workload

Mobile services
(W13)

High Availability-3
Reliability-5
Portability-2
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Then it assigns weights on the basis of QoS associated with that workload on a scale from
1 to 5.The various types of workloads which are recognized by this thesis are hosting
websites, technological Cloud Computing, endeavor software, computing performance
testing, online transaction oriented application, e-commerce, online financial services,
backup and storage services, production application for Cloud, project development and
testing, graphics project, critical applications and mobile services [56]. Table 4.1
summarizes these Cloud workloads. This table also gives a unique identification to each
workload. Various Cloud workloads which a consumer can demand from the provider are
categorized on the basis of various QoS metrics. Metrics can be security related,
bandwidth need, computing capacity etc. Time dependent pricing is applied on the listed
workloads in Table 4.1. These workloads are listed in three categories on the basis of
QoS requirements. The three categories are: server oriented workloads, client oriented

workloads and mobile oriented workloads.

The weights associated with each Cloud workload are shown in Table 4.1. Singh et al.
enhanced these thirteen workloads associated with one or more QoS requirements from
the listed twenty-four [55]. The weights associated with each workload QoS parameter is
based on an average value assigned to that parameter in different research papers. WMS
manages these workload resources efficiently using k-means clustering algorithm and the
distance is calculated using the four values of seeds [57].The result is taken from the
tables given in [55]. The cluster formation is calculated using two iterations and these
thirteen workloads are classified into four seed clusters. After two iterations the number
of workloads remains same in each cluster. Singh et al. provided an efficient way of
clustering the given. It also contains SLA measurement which connects with Cloud
workload analyzer which measures any violation that may occur by the service provider

while managing workloads.
4.3.2.2 CCTB Scheduling

All the workloads are scheduled for the consumer using CCTB [55]. Information
regarding the workloads and its computational resources is sent to a workload allocation

agent. The QoS factor is also represented in scheduling of each workload. The
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fundamental success behind using CCTB scheduling policy is that it focuses on
minimizing the execution time and cost. The CCTB can schedule consumers’ resources
according to the negotiated cost and execution time because the prices are known to
providers one day in advance. Most techniques do not heed to day-ahead pricing and also
do not use TDP as a baseline for the economic model. The assumption of this work is that
user will have the same amount of workload as he had before the introduction of the TDP
technique. By the ease of TDP, the workload is shifted from one period to another and the
workload is not lost. This is also valid when scheduling is done through CCTB.
Subsequently, the workload is automatically made to schedule over a period on the basis

of a compromised cost and time based scheduling [55].
4.3.2.3 Provider Server

The main task of provider server is to calculate the prices of resources and schedule the
workload. A variable R is used to denote usage price that a Cloud service provider
charges from its consumers without TDP. The TDP can be used in the terms of
discount/reward to the usage price R. Discount (r;) for every hour i, i= 1, 2, ...,n where
n=24. The day-ahead pricing technique assists consumers to shift their workloads to
earlier or later period from the “actual period” of computing to get maximum rewards.
The maximum reward across all n period is taken as R, because resource providers never

charge negative prices from their customers.

There has been a trend of paradigm transition from the periods originally calculated by
shifting workload function pj(r,t), which calculates the probability of shifting each
consumer usage to a given time t, whereas r denotes the discount/reward in shifted
period. The shifting workload function may vary from consumer to consumer. The
subscript to shifting function j denotes consumer device parameterization. This function
assumes to increase in discount (in terms of shifting the load with the law of diminishing
marginal utility) and there has been a decrement in the time period (i.e. there is
preference for shifting workloads to off-peak periods by the consumer). As shifting

functions are probabilistic, it can normalize every shifting function over the entire days’
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time t if pj(R, t). Shifting of workload never exceeds the actual consumption ensured by

normalization.

This thesis assumes each hour of the day as one unit of time and the representation of
each hour period is done by i, where i equals to 7,2,3,4...,n. if a transition in consumption
of the consumer occurs from hour i to hour k; where k can be greater than i or less than i.
The total amount they shift is given by k — i hours, where k — i lies between [1, n] eg. It is
equivalent to k — i = g (mod n). There is congruency between q and k — i modulo n.
Consumers transfer their workload to next day’s hour K if i >k. With this the consumers
gets the opportunity to shift their workload to k hours before or after hour i. There are
some workloads which are never turned off. In this algorithm, it assumes a demand of
baseline w; in every hour i. This is the amount of workload which can never be shifted.
With this an optimized problem of Cloud Computing service provider has been
formulated.

Next, an expression of cost of discount/reward offered is formulated and later this will
express the formulation for consumer satisfying cost. Discounts/rewards are given by r1
2 I'nin each hour over a day. First, calculate shifted demand of workload from each
hour i into each hour k. Then the amount of workload needed by each consumer to be
calculated in the hour i, then multiply it by shifting probability. The overall sum for each

user is given by

> pi(e =i, (1)

JEW;

Wi which includes all group of consumers workloads initially (i.e. without having Time
Dependent Pricing) in hour i. ujis the total workload demanded by consumers’ device |
(this refers to heterogeneity at the consumer end, a consumer can have more than one
interface and can use more than one workload simultaneously). The total shifting of

workload into an hour i is given by

> bkl @

k#i jEW,
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The sum of all cost (discounted/rewarded) offered is given below

iriz Z I%'(ﬁ,“C —i|)uj +rw; (3)

i=1 k#i jEWy

In this section a method to calculate the cost of satisfying consumer demand is
introduced. Cloud service providers can categorize their servers into two categories:
base-load servers and on-demand servers. The based-load servers have a low operating
cost as compared to on-demand servers. Base-load servers have a higher capital cost than
operational cost and these servers run continuously to serve the Cloud consumers need,
whereas on-demand servers have a higher operational cost as compare to base-load
servers. In any given hour, if a consumer needs workload and the base-load server is not
able to fulfill the demand of consumers, then an on-demand server must fulfill the needs

of the consumer.

Cost

Base-load

v

Workload Capacity
Figure 4.5: Linear Cost Structure of on-demand and Base-load Servers

Linear type of behavior for different operational cost (slopes) has been modeled in this
algorithm for the cost of load servers. Usage charges and operational costs are taken into
consideration for calculating these incremental costs. Operational cost is assumed to be
uniform throughout the study while the usage cost is made to vary throughout.ci: denotes

the incremental cost of using an on-demand server without having base-load in hour i.
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The random variables are a type of incremental cost; to optimize the provider’s cost
problem, random variables values can be solve exogenously. The linearity of cost
structure of both servers’ on-demand and base-load servers) is shown in Figure 4.5; cio

shows the slope of base-load server workload handling cost.

Incremental cost and base-load workload handling capacity can vary from hour to hour.
So Cio and Ci1 show the workload handling capacities in respective base-load and on-
demand servers in hour i. The capacities taken here are the samples of random variables
taken from price independent (i.e. exogenous) distribution. These instances are applied to
the time-series algorithms like triple-exponential to calculate the capacities of base-load
and on demand servers on the basis of historical data. This prediction can help to
calculate the provider’s cost minimization if consumers demand exceeding the on-

demand and base-load servers.

The demand in each hour i is given below, using (1)

W, —Z Z pj(rkjlk —il)uj +Z z pj(rijlk —L'I)uj. (4)

k+i jeEW; k+#i jeWy,

The cost of satisfying consumers’ workload demand in respectively hour i is given by (5)

chz =D k=il + "> py(rlk =il - G| (5)

k+#i jJeEW; k#i jeWy,

Where [x]* shows the maximum of 0 and x. Combining (3) and (5) and expression for

providers cost minimization.

min n

Zrlz Z pj(rllk Ll)uj + rw; +chz i—z Z p]-(rk,lk —il)uj

i=1 k#i jEWg k+i \JEW;

+

+ Z pi(rilk —il)w; | — Ci, (6)

JEWg

s.t.r; 2 0,i =1,23,...,n (7)
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var.r;, i =1,2,3,...,n (8)

The equations (6-8) explain the service provider’s optimization problem with large
number of consumers and hours. As the shifting workload function and capacity vary
frequently, the prices of service provider’s cost minimization also vary. So, a dynamic

pricing algorithm that adapts to these changes is needed.
4.3.2.4  Proposed Algorithm

The algorithm which uses provider’s cost optimization problem is given below:

Algorithm 1: Calculating Day-Ahead Pricing- TDP

. Clustered every workload using k-means algorithm.
. Calculate the capacity of servers for next n hours.

. Solve steps (6-8), using the capacities computed in the earlier step to get optimal discount/reward.

A W N P

while the Cloud resource providers’ implements TDP
do

Evaluate for the upcoming n hours the capacities of servers.

o

6. Calculate steps (6-8) for estimating the discount for n hours in advance with the help of servers’
workload predicted and earlier calculated rewards/discount for the following n -1 hours.

7. ifitis hour n then

8. Compute shifting workload function method by equation (10).
9. endif
10. end while

By the help of this model, the different service provider sets up the time-dependent
pricing by predicting every hour’s capacity over the next day’s hour and prices. In the
initial stage, the provider sets the TDP (Time Dependent Pricing) for hour 1 of the first
day. The discount (reward and prices) on each day for each hour 1 to n, is computed prior
to the first hour. On the first day, at the end of hour 1, the provider calculates the
capacities of hour one on the next day. Calculations of the discount of hour 1 for day 2
are done by enhancing the expected cost from hour 2 of day one to hour 2 of day 2. These
calculations are done for as long as TDP runs for calculating the day-ahead discount.
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4.3.25  Shifting Workload Function Estimation

This function is used in algorithm, for applying this pricing algorithm, the provider needs
to calculate consumers’ shifting workload functions. This section uses a method to
calculate the same with a function using best-fit curves. Only aggregate data has been

used to calculating this function; it doesn’t track every individual usage in real time.

For calculation of shifting workload function, a function has been used, in which
consumers discount/reward amount increases but time decreases exponentially as:

py(r: t) = Cy )

r
(t+ 1)’

n

-
in
4

o
-

/
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Figure 4.6: Average Shifting Hours over Several Different VValues y under a Flat Rate Pricing

C,, is a normalization factor constant. yhas been used as tolerance index, it calculates
consumers’ willingness to shift its workload usage to after or before its original
operational hour. y is a changeable parameter, higher value y indicates more intolerant
consumer, the consumer which is less prepared to move his workload for extended hours
of the day. Figure 4.6 gives a clear understanding of different values of y with an average
period of shifting workload in a flat-rate pricing technique in the absence of TDP. In this
algorithm the main focus that shifting workload function is simply a mathematical
expression to its consumer performance, so this can be well calculated with functions like

equation (9).

This estimation algorithm is used to predict the individual y values for various different

consumers. For simplicity, all values of y are included for a given hour into single
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collective shifting workload function, by adding the all shifting workload functions for
each instance in the given hour, subjected to workload consumption by each instance

(device), in hour I, the collective shifting workload function is:

prt) = ) pyros;. (10)
JEW;
Where, §; denotes the workload usage because of instance j. From hour i to hour k, the

quantity of workload consumption delayed is noted as:
Qix = pi(re [k — iDW; —wy)

And also for a given set of rewards and hour shifted time, the shifting workload function
depends completely on the variables, y;& §;where y; is tolerance index. In this similar
tolerance index parameters are located together. As in (10) the similar index has become
one which is p;(r,t)d;. Note that Wi —wi is the usage demand shifted from hour i. Let S
show the difference between the usage demand Wi without using TDP and the usage
demand using TDP. Each Sican be expressed with collective shifting workload function:

Si = Z Qr,i — Qi

k#i

Each Si, where i 1,2,3,....n could be stated as a @ linear functions of S;. Starting from

S1, Sz to Sp1 these n linear equations can be calculated by Q12, Q23,Q34,....... , Qn-1n. FOr
every, i there is a value of k as stated in this calculation. This linear function is calculated
for every day at the providers end and stored in the dataset. Now the best fit algorithm is
applied to calculate the y; and §; which determine Qix and give the shifted workload
function. Non-linear least square method is used as the best fit algorithm in these

calculations. This algorithm can run offline, rather than in real time.
4.4 Conclusion

Day-ahead time dependent pricing model has been proposed in this chapter, which

minimizes the providers’ cost minimization problem, minimize the execution time,
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increase the revenue, provides rewards and discounts to the consumers. Next chapter

verifies the proposed algorithm through experimental results.
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Chapter 5

Implementation & Experimental Results

This chapter of the thesis focuses on the experimental setup, tools used to setup the
environment, and implementation of proposed architecture. Lastly the experimental
results of proposed architecture and comparison of the results with other existed
techniques. Results show that how this technique improves the execution time and

minimizes the cost of resources.
5.1Tools for Setting Cloud Environment

Cloud applications have different compositions, configuration and deployment
requirements. The tools being used to build the proposed Cloud architecture are

explained below.
5.1.1 CloudSim

CloudSim is a new, generalized and an extensible simulation toolkit enabling modeling,
simulation and experimentation of Cloud Computing systems and application services.
Researchers and industry based developers use CloudSim to focus upon specific issues
related to system design without any concern regarding low level details of Cloud based
infrastructure and services. It supports both behavior and system modeling of components
of Cloud system like virtual machines, datacenters and resource provisioning. Generic
application provisioning techniques can be easily extended and implemented using

CloudSim. Novel features offered by CloudSim are:

o Modeling and simulation support for Cloud Computing infrastructure,
including datacenters existing on single physical computing node.

o Self-contained platform for modeling datacenters, scheduling, service brokers
and allocation policies.

o Support for modeling and simulation of energy aware computational

resources.
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o Support for modeling and simulation of federated Clouds.

o Allows dynamic insertion of simulation elements.

o Support for modelling and simulation of massage passing applications and

data center network topologies.

o Support for user defined policies for host allocation to virtual machines.

Multi-layered design and architectural components are shown in Figure 5.1. The
simulation layer of CloudSim supports modeling and simulation of virtualized data center

environment on Cloud that includes management interfaces for memory, virtual machine,

bandwidth and storage.

User code
oo ogurati
Specification Scenario Requirements Configuration
Scheduling
Policy User or Data Center Broker
CloudSim
User -
Virtual
Interface Cloudlet Machine
Structures
VM Cloudlet VM
Services Execution Management
Cloud VM CcPU Memory Storage Bandwidth
Services Provisioning Allocation Allocation Allocation Allocation
Cloud Events Cloud
Resources Handling Sensor Coordinator Data Center
| Network Message delay
Network _ Tc;oln;; | Calculation
CloudSim core simulation engine

Figure 5.1: Layered CloudSim Architecture [58]

5.1.2 MS Visual Studio

Microsoft Visual Studio is an IDE from Microsoft. This tool is used to build the interface

between service provider and service consumer. Visual studio helps developer to choose
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from variety of programing languages. Microsoft Visual Studio 2010 is used for

developing interface between service provider and service consumers.
5.2 Implementation of Proposed Model

This section of this chapter deals the interface and implementation aspect of the proposed
architecture.

5.2.1 Interface

Cloud Workload Management System (CWMS) acts as an interface between the
consumer and the service provider which manages the customer’s resource requirements
and clusters the Cloud resources using the k-mean clustering algorithm. This leads to
more support for demand response of resources using an economic model called the Time
Dependent Pricing (TDP) model. Smart Cloud Computing environment works on
calculating prices of Cloud resources using TDP. The Cloud resource providers are
required to send resource pricing information from their records (database) to
Compromised Cost-Time Based (CCTB) scheduling policy located at the CWMS

interface.

'RESOURCE PROVIDEF SERVICE PROVAIDER

SERVICE PROVIDER LOGIN

I‘ USER NAME
' PASSTWORD

Figure 5.2: CWMS Portal Service Provider Login Page
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Service Provider can login to portal and can set different workloads to be available for
the smart Cloud. The various resources available in this portal are visible to various
consumers who are looking for a resource. Payment System is received after setting the

TDP and after that scheduler schedule the resources.

-
-
FILES UPLOAD SALES LOGOU?
PRICE
UPLOAD FILES
FILES
UPLOAD D 10
SALES
TITLE Xen Server
LOGOUT
FILE Choose file | 06853351 puf
VALIDITY 1 year
FEATURES virtualization
SERVICE COST 50
PRODUCT COST 450
& k”””m‘_ ] -li",l AD
—

Figure 5.3: Service Provider Setting up the Prices of Resources
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Figure 5.4: Various Resources Availability by Different Providers
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5.2.2 Experimental Results

The simulation of this model in CloudSim is done as Cloudlets. More than 3000 Cloud
workloads were used for these calculations [58]. While studying the feasibility of this
model a calculation for the execution time of workloads with or without using TDP is
prepared. Along with that a comparison of CCTB with other existing scheduling policies
will be done. Table IV shows the characteristics of resources that are used in the
experimental setup. The performance of this algorithm is done with around 3000
workloads and 50-250 Cloud Computing resources.

Table 5.1: CloudSim Parameters and their Values

Parameters Values

Number of resources 50-250

Number of Cloudlets (workloads) 3,000
Bandwidth 1,000-3,000 B/S

Size of Cloud workload 10,000+ (10-30%) MB
Number of PEs per machine 1

PE ratings 100-4,000 MIPS

Cost per Cloud workload $3-$5
Memory size 2,048-12,576 MB

To compare this scheduling approach with the existing scheduling algorithms:
Compromised Time Cost (CTC) [59] and Deadline and Budget Distribution-Cost Time
Optimization (DBD-CTO) [60] these steps are followed. The aggregate of shifting
workload function is taken as a sum of function, as in (9), where y = 0.5, 1, 1.5...... , 5

(shifting parameters are chosen collectively).

Test Case 1. Execution time and Cost comparison of Cloud workloads with or

without using TDP

The execution time for same Cloud workload and having same no. of resources is
calculated by CloudSim, TDP took 1,321 seconds whereas the flat rate pricing took 1,468

seconds. The execution time in TDP is less than the time taken by flat rate pricing. Figure
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5.7 shows the result of this evaluation. Figure 5.8 shows the cost structure of TDP and
flat rate pricing. It cost $195 using TDP whereas $238using flat rate pricing. The results

are calculated using the same number of resources and same workload.

2000 30

1500
200

1000

Execution Time (Sec)
Cost ($)

500

TatRate-Promg

TDP

Flat Rate Pricng
Figure 5.7: Execution Time Comparison of Same Figure 5.8: Cost Comparison of Same Workload
Workload and Same no. of Resources for and Same no. of Resources for Different Pricing
Different Pricing Schemes. Schemes.

Test Case 2: Execution Time and Cost comparison of Cloud workloads using TDP
with different Scheduling policies

Figure 5.9 and Figure 5.10 show the result using different scheduling policies with TDP.
Execution time and cost for the same number of workloads and same number of
resources are calculated differently using scheduling policies. The result shows that
CCTB improves the execution time and cost for different workloads. Each scheduling
algorithm works with homogenous Cloud workloads. These scheduling policies are
implemented in CloudSim using VMSchedular.java. Results show that CCTB scheduling
policy combined with TDP improves the execution time and cost of Cloud Computing,
which subsequently overcomes service providers’ cost minimization problem and helps

the provider to increase their revenue.

Test Case 3: Execution time for different number of resources and Cloud workloads

using three scheduling policies:

Outcome of increasing the resources while keeping the workload constant in CWMS is
shown in Figure 5.11.The outcome shows that as the resources increase the

corresponding time of execution decreases. CCTB performs better than other two
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scheduling policies. Figure 5.11 shows that as the resources increase, execution time
decreases in the same proportion in CTC and CCTB. The results of increasing the
workload at execution time are shown in Figure 5.12. Approximately 3,000 workloads
are used to show this result. As the outcome states that the execution time reduces using
the CCTB policy as compared to other scheduling policies. The average reduction time is
around 12-28%. The execution time generally increases with increase in number of
workloads. The Figure 5.12 results show that CCTB is a better approach than the other
two. Table 5.2 and Table 5.3 shows the outcome this results and the graph is plotted on

the basis of these results.
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Figure 5.9: Execution Time Comparison of Same Figure 5.10: Cost Comparison of Same
Workload and Same no. of Resources for Workload and Same no. of Resources for
Different Scheduling Policies. Different Scheduling Policies.

Test Case 4: Cost for different number of resources and Cloud workloads using

three scheduling policies

The cost for Cloud workload execution varies for every scheduling policy. Figure 5.13
shows the outcome that the cost of execution decreases with increase in the number of
resources. Figure 5.13 illustrates that CCTB scheduling policy consumes less cost for the
same number of resources as compared to other scheduling policies. Figure 5.14 shows
that the cost per workload increases as the Cloud workload increases for a given constant
number of resources. The existing scheduling policies seem to be expensive as compared
to the CCTB scheduling policy. The overall cost for handling such amount of Cloud
workload is less by using the CCTB scheduling policy as compared to CTC and DBO-

CTO. CCTB performs better with increase in the number of workloads. Table 5.4 and
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Table 5.5 shows the outcome this results and the graph is plotted on the basis of these

results.
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Table 5.2: Results of Various Resources w.r.t Execution Time Keeping Number of Cloud Workloads Constant

Tasks Execution Time(Sec)
No. of Resources CCTB CTC DBD-CTO
50 1205 1570 2060
100 980 1285 2205
150 715 1090 1165
200 627 815 1250
250 405 675 1270

Table 5.3: Results of Various Cloud Workloads w.r.t Execution Time Keeping Number of Resources Constant

Tasks Execution Time(Sec)
No. of Cloud Workloads CCTB CTC DBD-CTO

500 792 803 1068
1000 1056 1089 1374
1500 1394 1408 1587
2000 1586 1623 1864
2500 1706 1837 2157
3000 1813 1906 2375

Table 5.4: Results of Various Resources w.r.t Cost Keeping Number of Cloud Workloads Constant

Tasks Cost($)
No. of Resources CCTB CTC DBD-CTO
50 386 415 490
100 345 384 460
150 321 351 412
200 298 305 356
250 265 271 312

Table 5.5: Results of Various Cloud Workloads w.r.t Cost Keeping Number of Resources Constant

Tasks Cost($)
No. of Cloud Workloads CCTB CTC DBD-CTO

500 270 290 380
1000 300 320 460
1500 360 390 540
2000 405 430 610
2500 490 520 690
3000 585 630 780
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5.3 Conclusion

Simulation results of day-ahead time dependent pricing using CCTB scheduling prove
that this technique is efficient than other existing model. Comparative analysis shows that
this models helps provider to maximize their revenue. Setup tools for this architecture are

also discussed in this chapter. Next Chapter concludes the thesis.
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Chapter 6

Conclusion and Future Scope

This chapter concludes the research work presented in this thesis. At the end of this chapter
future research directions have been suggested which can be used to improve the providers’

cost minimization problem and can improve the scheduling approaches used.
6.1 Conclusion

This thesis works on the aspects of Smart Cloud Computing, which is designed, developed
and simulated in this thesis. It also introduces an economic model using time dependent
pricing with a day ahead constraint. The smart Cloud schedules their resources using
compromised cost and time scheduling for calculating the prices. This model shows the
consumers’ willingness to transfer their workloads to lower price off-peak hours. This
thesis expresses the need of providers’ cost minimization problem. The architecture of this
framework is a feedback loop between consumers and service providers with workload
management system and real time scheduling using CCTB. Results show that improved

prices help service provider to increase their revenue.
6.2 Thesis Contributions
Some of thesis contributions are:

e Extensive literature review of various existing pricing and economic models of
Cloud and Grid Computing has been presented.

e Developed a feedback loop architecture to solve the problem of providers’ cost
minimization problem.

e A compromised cost and time based scheduling technique is used to improve the
cost and execution time.

e This proposed model tries to increase the providers’ revenue and also provide QoS

to its consumers by offering rewards and discounts as well.
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e Designed architecture has been implemented using software such as CloudSim,
Visual Studio.

6.3 Future Scope

This study opens up the different areas in Cloud like scheduling, economic model,

automated scheduling. This work can be further extended as:

e The day ahead concept can lead towards hour ahead pricing in future.

e The consumer can choose from a variety of scheduling techniques instead of using
provider specific scheduling techniques which is CCTB in this thesis.

e In future, the proposed architecture can automate the scheduling with variety of
new scheduling algorithms.

e The concept of on-demand resource scheduling in Smart Cloud can be done in the

future.
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