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ABSTRACT

In the field of Information and Technology, Cloud Computing is a new trend which
provides various services demanded by users. It provides the services on the basis of “pay
as you use” model by providing virtualized resources with the help of internet. It has
various characteristics like scalability, muli-tenancy, high performance, etc. which makes

it capable to host applications related to business, social and scientific work.

The various fields of working with Cloud system are increasing day by day. But at
present there are many challenges related to energy management, server consolidation,

automated provisioning of services, Virtual resource migration, security, etc.

This research mainly focuses on the problem of scheduling the tasks in cloud computing.
The various existing scheduling techniques focusing on several parameters improving
QoS have been analyzed. They mainly focused on minimizing the time of execution and
are unaware of the utilization of resources. Thus a more efficient approach for scheduling
tasks is proposed to minimize the completion time and maximizing the utilization of
various available resources. The proposed approach has been validated with help

simulation.



TABLE OF CONTENT

(O 11 10 1 R i
ACKNOWIEAZEMENL....cuviniiniieiiiniiniierierntierierersntensesssssnssssssssssnsssssssnssnses I
ADSIFACE e cvitiniiuiiiiiiiiieiiiiieiittietiettetntetiesutttsasatessasasessssasessssnsasmmonees ii
Table of COMtENS....ciieiuiiieiuiiiieininiierareiieratersesasessesassssssnsessssnssssssmosons iv
List of Figures and Table......ccccuiiiiiiiiiiiiiiiiiiiieiieiiiiiinceececcnsensescessnsnmons vi
Chapter 1: INTrOdUCTION..........oiiiiiiiieee s 1
1.1 Cloud COMPULING.....ccoueiiiieieeie et 1
1.2 Cloud Service MOGEIS...........coeiiiiiiiieeee e 2
1.3 Cloud Computing Deployment Model............ccooeviiinininciiiiie 4
1.4 Characteristics of Cloud COMPULING........cccoririririinieiee e 5
1.5 Research Issues in Cloud Computing............c.oevviiiieiiniiiiiennen. 6
1.5.1 Energy management..........coueeueenueinianieianiaieanneaneanannn. 6
1.5.2 Server Consolidation..............cooeviiiiiiiiiiiiiiiiiieene. 6
1.5.3 Automated Service Provisioning................ooevviiiininninn 6
1.5.4 Virtual Machine Migration..............cccoooveiiiiiieiennenneennnn 6
1.5.5 Security ISSUES......oouirtiitiiiii i, 6
1.5.6 Workflow Management ISSU€S...........c.cooevuiieiiiiiiniininn.. 7
1.5.7 Traffic Management and AnalysiS..............cccevviiiiininnnn. 7
1.5.8 Novel Cloud Architecture.............c.oeoeiiiiiiiiiiiiinn. 7
1.6 Organization of the Thesis...........cooeviiiiiiiiiiiiiiii e 8
Chapter 2: Literature ReVIEW. ... iecciirensnensensensnecsenssecssecsssseessecsassseessessssssesssees 9
2.1 Workflow Scheduling ...........oooieeee e 9
2.2 Existing Scheduling Techniques..................coiiieviecceeceeccieeeeeen.. 10
2.3 SIMUIALOTS. . ..ttt 14
Chapter 3: Problem DesCription..........cccviiiiiiiiiie s 15
3.1 GAP ANAIYSIS ..o 15
3.2 Problem StatemMeNt........cccoviiiiiieee s 15



3.3 Problem Description..........oouiiiiiie i 16

i O IV, ottt ettt e 17

Chapter 4: Proposed SoIution.........ccceveiieiiuiiiiiiiiniiniiieiieiiiicieiinionscensonss 18
4.1 Proposed Scheduling Algorithm.................ooiiiiiiiiiiiiias 18

4.2 Description of Algorithm..............ccooiiiiiiii e 18

4.3 CONCIUSION. ...ttt et e e e e e e e 22

Chapter 5: Implementation and Results........ccovveiieiiiiniiaiieenerniiareecnssnsonnnn 23
5.1 Tools for Cloud Environment.............cocoieiiiiiiiiiiiiienen 23

5.1 L CIOUASIM. ...veti e 23

5.1 2 NetBeans. ...covviiie i e 25

5.2 RESUILS. ..t 25

5.3 CONCIUSION. ... uneiee e e 33

Chapter 6: Conclusion and Future WorK.......c.ccccoieiiiiiiiiiiiiiiiiiiiiiiiiiinine. 34
6.1 CONCIUSION. ... .uttit et e e e e e e e, 34

0.2 FULUIC SCOPC. .. utintieit ittt e, 34
RETEIENCES. ...ttt b e 35



LIST OF FIGURES AND TABLES

FIGURES:

Figure 1.1:
Figure 1.2:
Figure 1.3:
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4:
Figure 5.5:
Figure 5.6:
Figure 5.7:

Evolution of the Cloud Computing.............coovvviiiiiiiiiiiiiiiinen, 1
Cloud Service MOdelS. ...oooviiiii i, 3

Cloud Deployment Models............ccooviiiiiiiiiiiiiiiii e, 4

Layered CloudSim Architecture ...............ccccovvivivivievievieeiesieenn.. 24
Comparison of completion time and idle VMs incase 1.................... 26
Comparison of completion time and idle VMs incase 2.................... 28
Comparison of completion time and idle VMs incase 3.................... 30
Comparison of completion time and idle VMs incase 4 ................... 31
Completion tMe. ... ...ovuiet it 32
Idle VIMIS TIMe. ... 33

Vi



TABLES:
Table 2.1:
Table 3.1:
Table 3.2:
Table 3.3:
Table 4.1:
Table 4.2:
Table 4.3:
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 5.5:
Table 5.6:
Table 5.7:
Table 5.8:
Table 5.9:

Existing Scheduling Techniques/Approaches .................cccoevieninn... 10
Gaps in existing teChNIqUES.........oouiiiiii e 15
Job of 12 tasks with same execution time...............ccoeveveinininiiiennnnn, 16
VVMs allocation while tasks have same time.....................ooiiinn, 17
JOD OF 12 1aSKS ..veeeee e 18
Tasks scheduled...........ooooiiiiiiii 21
Status of 1dIe VIMIS. ..o 21
Job of 12 tasks with same time ..............oooiiiiiiiiii e, 25
RESUITS OF CASE L. .. vttt e, 26
Job of 12 tasks having differenttime..................cooiiiiiiiiiin, 27
RESUITS OF CASE 2 ...veeeii e 27
Job of 25 tasks having differenttime ... 28
Results 0f Case 3. ..o 29
Results 0f Case ... .ineiieii i 30
Completion time of various schedulers..................cooooiiiiiiin, 31
IdIe VIMIS TIMe. .. 32

vii



Chapter 1

Introduction

This chapter tells about the basics of the Cloud Computing, its evaluation and
background along with the characteristics and its various types. The various research
issues related to Cloud Computing have been discussed in this chapter and the structure

of this thesis is also given at the end of the chapter.

1.1 Cloud Computing

Cloud Computing [1] is a new paradigm which aims at deploying services with the help
of the internet and has become a significant technology trend nowadays. It is a model that
helps in providing better on-demand and convenient access to the shared computing
resource pool which can be provisioned rapidly and can be left with small effort. Figure
1.1 shows the evolution of cloud computing through various phases.
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Figurel.1: Evolution of the Cloud Computing [2]



According to National Institute of Standards and Technology (NIST) [3], Cloud
Computing is a model for enabling ubiquitous, convenient, on-demand network access to
a shared pool of configurable computing resources (e.g., networks, servers, storage,
applications, and services) that can be rapidly provisioned and released with minimal
management efforts or service provider’s interaction. The Cloud model mainly consists
of two elements i.e. a front-end and a back-end. The front-end and the back-end are
mainly connected via internet. The front end mainly consists of the client side computer,
the network of the enterprise, and the various applications used in accessing the cloud.
The back end which is the cloud provides the various resources like software application,
server, and database that create a cloud of the services [4]. The various advantages of
using Cloud Computing [5] are described below:

e Cloud services can be accessed easily using the internet.

e Highly economical for the users as there is less investment and running costs.

e Infrastructure and computational power is provided according to the demands

from the user.
e More resource utilization which helps in increasing flexibility and elasticity.

e Reduced maintenance and business risk expenses.

1.2 Service Models

There are mainly three basic service models of cloud computing: Infrastructure as a
Service (laaS), Platform as a Service (PaaS), and Software as a Service (SaaS) as shown
in the Figure 1.3. The different services are provided by the service providers or hosts at
backend and user is can only use the services without knowing the internal working of
the system.

e Infrastructure as a Service (laaS) - it refers to the delivery of ondemand
provisioning of infrastructural resources to the users. Users can request resources
according to their need and can return them after completion of their work. The
examples of laaS are Amazon EC2, GoGrid which provides the computational
and storage services. The advantages of laaS are ability to decrease or increase
the power according to demand, reduction in costs by providing hardware

services, more resource utilization powers [6].
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Figurel.2: Cloud Service Models [7]

e Platform as a service (PaaS) - it provides the various resources of the platform
layer which are used for developing, testing and operating the SaaS services. The
common examples of PaaS are application development engines like Microsoft
Windows Azure, Google App Engine, etc. The advantages of PaaS are users only
concentrate on coding and they use pay as use model for developing applications
[6].

e Software as a Service (SaaS) - it refers to providing the services on the demand
of users. Here multiple users can get services from a common source. The
common SaaS providers are Microsoft’s online share point, Salesforce etc. the
advantage of SaaS is that users do not have to buy the software but they can use

it on the cloud according to the charges on pay as you use basis [6].



1.3 Cloud Computing Deployment Model
There are mainly four types of deployment models in Cloud Computing as shown in the
figure 1.2 namely private, public, community and hybrid cloud [8].
e Private Cloud
In the private cloud, the computing resources are managed by a single enterprise.
It is generally deployed on the enterprise’s datacenter and managed by the internal

service provider. Its main advantage is that the security, compliance and quality of

&

service are under the control of single organization.

Hybrid Cloud

a0 (48

Public Cloud Private Cloud Community Cloud
* Elasticity * Total Control * Meets shared concerns
* Utility Pricing * Regulation
* Leverage Expertise * Flexibility

Figure 1.3 Cloud Deployment Models [9]

e Public Cloud
In the public cloud, the various services are provided by cloud provider to the
users where cloud provider has the full control on these clouds. Its main
advantage is that there is no initial capital investment on infrastructure and less
data transfer risk.

e Community Cloud
In community cloud, the various resources, infrastructures, policies and
requirements of one cloud are shared between different communities or
institutions. This is different from public cloud in the way they serves multiple

users and from private cloud that serves within in a particular enterprise. Its main

4



advantage is that it is economically scalable and the infrastructure can be
managed by a third party.

Hybrid Cloud

It is the combination of two or more clouds (public, private or community) and is
used by various organizations. It enables the organization to run state-steady
workflow in private cloud, and uses the public cloud for intensive computing
resources when peak workload occurs, and returns back to its default state. The
main advantages of using hybrid cloud are its more flexibility, security than other
cloud models. It provides on demand service expansion and compaction whenever

needed.

1.4 Characteristics of Cloud Computing

The various characteristics of the Cloud Computing model are [6] [10]:

Multi-tenancy - services owned by different providers are located on same
datacenters in the cloud environment.

Utility based pricing - Cloud Computing provides various services on the pay
per use pricing model. The pricing may vary from one service to another.
Dynamic resources provisioning - dynamic resource provisioning helps the
providers to provide resources on the current demand which lowers the operation
costs as compared to traditional models.

Self-organizing - as the service providers have the power to manage the
resources according to their needs so the situations of high resource demand can
be managed easily.

Shared resource pool - the infrastructure provider can dynamically provide
resources to different customers at same time by virtualization and multi-tenancy.
High availability - the services in cloud environment are available through
internet which helps the users to access the services at any place on devices such
as phones, tablets, netbooks etc.

Ubiquitous network access - the services provided by the provider available on

the network can be accessed by both the thin and thick clients.



e Increased storage — the cloud providers are also giving services for storing and
maintaining large amount of data, so that users can store their data at single

place.

1.5 Research Issues in Cloud Computing

The Cloud Computing is an emerging field having high impact and control on the IT
industry but still it is the initial phase and has many challenges in front of it. The various
issues in Cloud Computing are as follows [6] [11]:

1.5.1 Energy Management

The major issue in cloud environment is to reduce the energy consumption and make the
cloud more energy efficient. To make this happen the service providers must use energy
efficient scheduling and server consolidation so that resource wastage gets less [6].

1.5.2 Server Consolidation

It is a very effective way for increasing the resource utilization by consuming less energy.
The migration of live Virtual machines is done to consolidate the Virtual Machines on
different working servers onto a single server which results in energy saving [6].

1.5.3 Automated Service Provisioning

In cloud computing the service provider is capable of allocating and de-allocating
resources to the cloud for the meeting requirements, while dropping the operational cost.
This typically involves: construction of a model for application performance to predict
number of instances needed at each level for handling demands for satisfying QosS,
prediction of future demands using performance modeling, and the allocation of predicted
resources [6].

1.5.4 Virtual Machine Migration

It enables the highly robust and responsive provisioning in the data centers. It is done
using virtualization technique by balancing the across the data centers. Virtual Machine is
done with the help of migration techniques. The main issue is migration of the whole VM
in the current state from one server to another within a few milliseconds securely and
without any data loss [6].

1.5.5 Security Issues



The security issues in cloud computing are mainly related with availability of service and
the security of data [11].

Availability of service — the availability of services can be disturbed by Denial of Service
(DoS) attacks.

Data Security — the confidentiality and the auditability plays major role in securing data
in the cloud. Confidentiality can be achieved using cryptography to transfer data securely
and auditability is done to verify the originality of the data.

1.5.6. Workflow Management Issue

Workflow Management is also an important issue in Cloud Computing. The business
processes in an enterprise can be represented as a workflow. So the workflow can be
defined as the collection of coordinating tasks designed to do a well-defined business
process. The task innovation, execution, synchronization and flow of information are
managed by the workflow management. The workflow scheduling is the problem of
finding a better sequence of execution for the tasks in the workflow, i.e. the execution
obeying the constraints of the business logic of the workflow [12].

1.5.7 Traffic Management and Analysis

Traffic management and analysis of data is very important in data centers. Many
applications rely on the analysis of data for optimizing their customer experiences. There
are some challenges related to this:

Density of links — it is much higher than that of service providers, which creates problem
for existing methods.

Computations of hosts — the existing methods have the ability to compute traffic few
hundred hosts while a modular data centre can have thousands of servers [6].

1.5.8 Novel Cloud Architecture

The majority of commercial clouds get implemented in large data centers which are
operated in centralized form. Although this design achieved economic benefits but there
are some limitations like high energy usage and lot of initial investment for the
construction of data centers [6].



1.6 Organization of the Thesis

The thesis is organized as follows:

Chapter 2 - In this chapter the analysis of the existing scheduling techniques is done.
Chapter 3 - In this chapter the problem definition is described along the gap analysis of
existing algorithms.

Chapter 4 - In this chapter the solution for problem is given using proposed approach.
Chapter 5 - In this chapter the implementation details and experiment results are shown.

Chapter 6 - In this chapter the conclusion, contribution future work is discussed.



Chapter 2

Literature Review

This chapter discusses the study about the various existing scheduling algorithms and

existing simulators for the cloud environment.
2.1 Workflow Scheduling

Workflow Scheduling is the mapping and management of execution of tasks on shared

resources that may not be in direct control of the system. The various features of the

scheduling are:

The scalability, quality and performance of the system depend on the scheduling
architecture. The scheduling decisions for every task are done by one central
scheduler. In decentralized Approach there is no controller present for multiple
schedulers but the schedulers can communicate with each other. The scheduler
assigns the job to the various resources having minimum load. But in the
hierarchical approach a central manager is present which controls the execution
and assigns the tasks to schedulers at lower levels [13].

The scheduling decisions taken only on the basis of tasks are referred as the local
decisions whereas the scheduling decisions taken on the basis whole task are
referred as global decisions. The latter gives better results since the local takes
scheduling decision only one task.

Static and dynamic are two ways for transforming abstract workflow into
concrete. The concrete model gets generated before execution using available
information of the environment in the static. It is of two types user-directed and
simulation based. In user directed decisions of mapping and scheduling of
resources is done on the basis of knowledge of the user whereas in simulation
based the simulation of execution of tasks is done before the actual execution of
task. There are two approaches for dynamic scheme, i.e prediction based and just
in time based.

Scheduling strategies are of three types namely performance driven, trust driven

and market driven. In performance driven, the main motive is to achieve high



performance for QoS parameter. In market driven, the motive is to increase

availability, decrease allocation cost. In trust driven, focus is on the security and

scheduling of tasks is done on trust [13].

2.2 Existing Scheduling Techniques/Approaches

The various existing scheduling techniques for the cloud environment are shown in the

Table 2.1.
Table 2.1 : Existing Scheduling Techniques/Approaches
Author | Year Algorithm Parameters Method Tools
_ Schedules the
Multiple QoS _
Meng Xu ) ) task with _
2009 | with Multiple Makespan CloudSim
etal. [14] reducedcost
Workflow
Tranmitting Calculating the
S. Pandey
Best Resource and average
etal. [15] | 2010 ) _ _ JSwarm
Selection(BRS) | computing | computation and
cost transmission cost
X. Wang Look Ahead Reliability Based on
etal. [16] | 2011 Genetic and evaluation GridSim
Algorithm Makespan mechanism
Maps workflow
Cui Lin et SHEFT application on )
2011 ) Makespan CloudSim
al. [17] Algorithm number of
processor
Schedules the
smaller tasks on
) weak resources
El-Sayed Extended Max- Execution
2012 _ ] ] and larger on Java 6
etal. [18] Min Algorithm Time

faster helping in
reducing the

waiting time and
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execution time

Multi-objective Minimizes the
H. Fard et _
| [19] 2012 Workflow Makespan, optimal ASKALON
al.
Scheduling Cost ,Energy parameters
Analyticall
4 y Cloud
o represent the job .
S. Priority Job o environment
) ) priorities at )
Ghanbari | 2012 Scheduling Makespan o consists of 3
o objective level,
et al. [20] Criteria ) resources.
scheduling level
and job level
Calculate the
A Reliable request time and
' Scheduling acknowledge time
Delavar | 2012 o Makespan ] Java
Distributed in a shared mode
etal. [21] ) ) )
Technique for increasing
efficiency
o Modifying Max-
0. M. Heuristics based _ _
) ) Min algorithm
Elzeki et | 2012 | improved Max- | Makespan o Java
] using its
al. [ 22] Min
advantages
Assigns job level
Zhangjun ] _ Makespan, | and resource level
Hierarchical ) )
Wuetal. | 2013 _ Costand | scheduling known | SwinDeW-C
Scheduling o )
[23] Utilization | as task-to-service
scheduling.
Trust based _ Verifying
Y. Yang ) Security and o )
2013 Scheduling o probability CloudSim
etal. [24] ) reliability i
Algorithm of resource failure
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in transmission

process

Assigning tasks to

available
Cost Based resources in
D. kang et Heuristic sequence of VMs,
2014 ] Cost Openstack
al. [25] Scheduling and execute a
Approach single VM
instance in
parallel
Reduces the
ener
) DVFS gy.
C. Ming ) consumption
Technique for ) )
Wuetal. | 2014 Energy using dynamic -
Cloud
[26] voltage and
Datacenters ]
frequency scaling
(DVFS) technique
o Multi-objective Increases the
Xiaoli ]
Bi-level performance of
Wanget | 2014 ) Energy ) MapReduce
Programming servers taking
al. [27]

Model

into account

MengXu et al. [14] mainly worked on cost and makespan. In this work the mean time for

exection os all the tasks is calculated and scheduling is done according to task having

minimun variation in time and optimazation of cost.

Suraj Pandey et al. [15] presented an approach based on the particle swarn otimization

which take into account the parameters of cost of tranmitting and computing. The work

of this method is to calculate the average computing cost and average transmitting cost of

every task ,schedule according to minumum cost found.

12




X. Wang et al. [16] proposed a look ahead genetic algorithm for the optimization of
reliability and makespan in applications of workflow. It is optimization of a typical
genetic algo according to resource priority.

Cui Lin et al. [17] proposed SHEFT algorithm (Scalable Heterogeneous Earliest Finish
Time algorithm) for scheduling workflows in Cloud computing environment. It is
basically an extention HEFT algorithm, which was applied to map an application of
workflow to bounded number of processors.

El-Sayed et al. [18] presented an approach to overvome the limitations of existing
scheduling technique Max-Min. A modified Max- Min algorithm is applied considering
the advantages and covring up the disadvantages.

S. Ghanbari et al. [20] presented a priority based job scheduling, which considers the
makespan for scheduling in cloud bu using three level process of analytical hierachy. A.
Delawar et al. [21] presented approach reliable scheduling distributed. Its proper
evaluation is done and the results are compared with PPDD approach.

Zhangjun wu etal. [23] presents work on the basis of genetic, priority, PSO aprroaches
for scheduling on job and the reource level by taking in account the parameters like
makespan resource utilization, and costs.

Y. Yang et al. [24] presented the approach where scheduling is done by checking the
probability of the failure of resources while transmitting tasks.

D. kang et al. [25] proposed a novel approach for workflow scheduling which optimized
the cloud environment on the basis of period based pricing to overcome the limitations

of existing traditional workflow scheduling approaches on grid environment.

13



2.3 Simulators for Cloud Computing

In a cloud environment the evaluation of the workflows performance is a very difficult
task. There are number of simulation tools often used to calculate their performance. The
various available simulators are GridSim, CloudSim, EmuSim, etc.

GridSim [28] — it is used to perform simulation of the various heterogeneous resources
and the other functions of the grid computing like creation of new tasks, the mapping and
the managing of tasks and available resources. It can be used for the simulation of
techniques focused on time and cost.

CloudSim [29] — it extends the working of GridSim which can be used in Cloud
Computing environment consisting of cloud, Virtual Machines, etc. It mainly deals with
one workload but not suitable for the scheduling of the workflows where number of tasks
needs to get scheduled at same time.

EmuSim [30] — it gives the user’s ability to provide working behavior of the application
and information about the inputs. It automatically generates simulation model after

collecting the data about the performance of the application.

14



Chapter 3

Problem Description

In the previous chapter various scheduling techniques in Cloud Computing were
discussed. The objective of this chapter is to analyze the gaps found during the literature
survey of existing scheduling algorithms.

3.1 Gap Analysis

Based on the literature review in the previous chapter few problems in the existing
techniques are identified. These problems are basically due to ignorance of QoS

parameters as shown in the Table 3.1.

Table 3.1: Gaps in existing techniques

Author Year Ignored parameters
Meng Xu et al. [14] | 2009 QoS in multiple workflows having different structures
S. Ghanbari et al. o ]
2012 Priority is given before scheduling
[20]
A. Delawar et al. ]
211 2012 Time of acknowledgement and request
Trust scheduling only considering probability of failure with
Y.Yangetal. [24] | 2013 o
reliability
D. kang etal. [25] | 2014 Wastage of resources leads to extra cost

3.2 Problem statement

There are number of algorithms that can be compared on the basis of time for scheduling
but if we consider same execution time for all the tasks then the scheduling can be done
with the FCFS scheduler. So a new approach is proposed which will be helpful for such

conditions considering QoS parameter and for efficient utilization of resources.

15




3.3 Problem description
Consider the problem in which all the tasks have the same execution time (let time =T) as
shown in the Table 3.2

Table 3.2: Job of 12 tasks with same execution time

Parent task Child task
R 1,2,3
1 4
2 4
3 5,6,7
7 8,9
8 10,11,12

A job having 12 different tasks having same time which can be scheduled on 3 Virtual
Machines. The FCFS scheduling is implemented on this example. In the first iteration,
FCFS scheduler will schedule task 1,2 and 3 at the given three Virtual Machines
parallely, it will take T time to execute these three tasks. For second iteration, task 4,5
and 6 will be scheduled to the three virtual machines parallely, it will take T time to
execute these three tasks. But for the third iteration, there is only task7 is available for
execution because the tasks 8 and 9 cannot be executed at this time since their parent task
has to be executed before them. So it will again take another T time to complete task 7
only ,while 2 Vm’s remains idle. Similarly for forth iteration, one virtual machine
remains idle and again T time is consumed. Fifth iteration behaves like first schedule and
it will also take T time to complete the execution of the three tasks 10,11,12. So in this
manner resources are not utilized properly and a total of 5T time is required to complete
the whole execution. Table 3.3 shows the process of task execution and number of idle

machines

16



Table 3.3: VMs allocation while tasks have same time

Executable
Time VMs Execute Idle VMs
tasks
T 1,2,3 3 1,2,3 0
T 4,5,6,7 3 45,6 0
T 7 1 7 2
T 8,9 2 8,9 1
T 10,11,12 3 10,11,12 0

3.4 Objective

The main objective of the proposed technique is to efficiently schedule different type of
jobs so that overall completion time is reduced and proper utilization of available
resources is done which in turn will help in reducing energy consumption and the cost of

the idle resources.

17




Chapter 4

Proposed Solution

This chapter gives the solution to solve the problem stated in the previous chapter using
the proposed task scheduling technique. It also describes the design of the proposed
algorithm.

Firstly all the executable tasks come in the list which will be allocated to the virtual
machines for execution. After that the child tasks which became free were given to the

virtual machines.

4.1 Proposed Scheduling Algorithm

Steps of the approach

Stepl. Create parent child table

Step2. Sort parent child table in ascending order according to number of occurrences in
second column

Step3. Extract distinct values from first column keeping them in same order

Step4. Swap the values in the original order

Step5. Assign tasks to available VMs

4.2 Description of Algorithm

The scheduling process of the proposed algorithm is explained by taking an example for

scheduling 12 different tasks as shown in the figure 4.1.

Table 4.1 Job of 12 tasks

Parent task Child task
R 1,2,3
1 4
2 4
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3 56,7

7 8,9

8 10,11,12

The Table 4.1 clearly shows the example of job having 12 tasks. Process of first iteration
IS to create parent child table and after that sort parent child table according to occurrence
in the second column then after that we extract distinct values from the first column.
Basically the motive is which child has lesser parents those parents should execute first
then after that swap in the original list according to the order of the distinct values then
assign takes one by one to the idle VM.

Steps of the Approach.

Create parent child table
In first iteration taskl, task2, task3 will come in list
Stepl. Create parent child table

Parent Task | Child Task
1 4
2 4
3 5
3 6
3 7

Step2. After sorting second column according to less number of occurrences on top

Parent Task | Child Task

3 5
3 6
3 7
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Step3. Extract distinct values from first column keeping them in same order
Distinct values came out to be 3, 1, and 2

Step4. Swap the values in the original queue

Values became 3, 1, and 2

Step5. Assign 3to VM1, 1to VM2, 2 to VM3

In second iteration task4, task5, task6, task7 will come in queue

Stepl. Create parent child table

Parent Task | Child task
7 8
7 9

Step2. After sorting second column according

to number of occurrences

Parent Task | Child Task
7 8
7 9

Step3. Extract distinct values from first column keeping them in same order
Distinct values came to be 7

Step4. Swap the values in original queue

Values became 7,4,5,6

Step5. Assign 7 to VM1, 4 to VM2, and 5 to VM3

In third iteration task6, task8, task9 will come in list

Stepl. Create parent child table

Parent Task

Child Task

8

10
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8 11

8 12

Step2. After sorting second column according to less number of occurrences

Parent Task | Child Task

8 10
8 11
8 12

Step3. Extract distinct values from first column keeping them in same order
Distinct value came to be 8

Step4. Swap values in original queue

Values became 8, 6, and 9

Step5. Assign 8 to VM1, 6 to VM2 and 9 to VM3

In fourth iteration task10, task11, task12 will come in the list

Stepl. No parent child table

As there is no child present

Step2. Assign 10 to VM1, 11 to VM2, and 12 to VM3

Table 4.2 shows the allocation of available tasks to the given virtual machines when the
execution time is same for each and every task. So in this manner resources are utilized

properly and a total of 4T time is required to complete the execution of the job.

Table 4.2: Tasks scheduled

Scheduling Time
VM 1 VM 2 VM 3
Process consumed
Iterationl Taskl Task2 Task3 T
Iteration?2 Task7 Task4 Task5 T
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Iteration3

Task8

Task6

Task9

Iteration4

Task10

Task11

Task12

Table 4.3 shows the number of idle Virtual Machines which in the case of proposed

algorithm are zero. This table clearly shows the efficiency of new approach in reducing

the resource wastage.

Table 4.3: Status of Idle VMs

Time Executable tasks Used VMs Executed tasks Idle VMs
T 1,2,3 3 1,2,3 0
T 4,5,6,7 3 4,5,7 0
T 6,8,9 3 6,8,9 0
T 10,11,12 3 10,11,12 0

4.3 Conclusion

This chapter discussed the solution to solve the problem stated in the previous chapter

using the proposed task scheduling technique. It also describes the design of the proposed

algorithm. Next chapter discusses the implementation part and results.
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Chapter 5

Implementation and Results

This chapter discusses about the tools and techniques used for the setup of Cloud
environment. The proposed algorithm has been implemented using the CloudSim
simulators and the Netbeans IDE.

5.1 Tools for Cloud Environment
The different cloud applications require different types of configurations and deployment
methods. The performance of these scheduling applications on real cloud environment is
very challenging task. So its alternative is to create a simulation environment which can
help in evaluating the performance and scheduling of the applications is an easy way. The
main advantages of testing the applications in the simulation environment are:

= Simulation helps in understanding the working of system virtually

= No cost of infrastructure and services required for repeatedly testing the

applications
= Evaluation of an application can be done virtually before implementing it in real

cloud environment resulting in best results

The various tools used tools used for the evaluation of the proposed approach are as
follows:
5.1.1 CloudSim
CloudSim is a simulation toolkit which enables the modeling and simulation of the Cloud
Computing environment. It also supports the modeling of the various components of the
Cloud like data centers, various virtual machines (VMs). Its implementation techniques
can be extended according to the application needs very easily [29].
The main advantages of CloudSim are:
e It can support the modeling and simulating a large Cloud Computing
environment, including the components like data centers, various virtual machines
etc.

e |t contains platform for various services, provisioning and allocation policies
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e It has support for connecting the simulated system components

e |t takes minimum effort and time for implementing Cloud applications

e The developers can test the application performance in heterogeneous cloud

environments using minimum deployment and programming.

CloudSim architecture

The figure 5.1 shows the architecture of the CloudSim software framework and its
various components. The simulation layer provides the functions of modeling and
simulation of the virtualized cloud based data centers environment having dedicates
interface for managing the various VMs, memory and storage, etc.[29].

User code
Simulation Cloud User Application
Specification Scenari Require merts Corfiguration
Scheduling User o Deta Cortor Brok
Policy seror Uata LenterBroker
CloudSim
User .
Virtual
Interface Chudkt Machine
Structures
M Chudkt Vi
Services Execution Management
Cloud VM CPU Memory Storage Bandwidth
Sarvices | [_Provisibning Alloction Allocation Albcation Allocation
Cloud Everts Cloud
Resources Haridling Senscr Coordinator Data Center
Network Message delay
Network Topology Calculation
CloudSim core simulation engine

Figure 5.1: Layered CloudSim Architecture [29 ]
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5.1.2 Netbeans

Netbeans [31] is a software development environment that can support multiple
languages such as C/C++, Java, HTML, PHP, etc. In the Netbeans Integrated
Development Kit (IDE) includes java development tool for the developers, it has
extensible editor that helps in plug-in support for many other languages as well. The
platform provides many built in library classes so there is less need for user to start from

scratch.
5.3 Results

The implementation results have been compared with the existing scheduling algorithms
like FCFS, Min-Min, Max-Min, and MCT with the proposed algorithm.

Casel. Job of 12 tasks of same time on 3 VMs
In casel an example of a job of 12 tasks having same execution time using 3 virtual

machines is shown in the Table 5.1.

Table 5.1: Job of 12 tasks with same time

Parent Task/Child Task
R 10,11,12
1,2 4
3 5,6,7
7 8,9
8 10,11,12

Table 5.2 shows the completion time of various schedulers, number of idle virtual

machines and their idle time of case 1.
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Table 5.2: Results of case 1

Approach Completion Time Idle VMs Idle Time
FCFS 46.19 2 30
MIN- MIN 46.19 2 30
MAX-MIN 46.19 2 30
PROPOSED 39.19 0 0

50

45 -

30 - | FCFS

75 B MIN- MIN

= MAX-MIN

15 | m PROPOSED

10 -

Completion Time Idle VMs

Figure 5.2: Comparison of completion time and idle VMs in case 1

Figure 5.2 shows completion time and idle VMs in case. It is clear from the figure that
the completion time of the proposed approach is much less than the existing approaches
and there is no idle VM.

26



Case2. Job of 12 tasks having different time on 3 VMs

In case2 an example of a job of 12 tasks having different execution time using 3 virtual

machines is shown in the Table 5.3.

Table 5.3: Job of 12 tasks having different time

Parent Task | Child Task
R 10,11,12
1,2 4
3 5,6,7
7 8,9
8 10,11,12

Table 5.4 shows the completion time of various schedulers, number of idle virtual

machines and their idle time of case 2.

Table 5.4: Results of case 2

Approach Completion Time Idle VMs Idle Time
FCFS 47.19 2 8
MIN- MIN 47.19 2 8
MAX-MIN 47.19 2 8
PROPOSED 45.19 0 5
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Figure 5.3: Comparison of completion time and idle VMs in case 2

Figure 5.3 shows completion time and idle VMs in case 2. It is clear from the figure that
the completion time of the proposed approach is much less than the existing approaches
and there is no idle VM.

Case3. Job of 25 tasks having different time on 5 VMs
In case3 an example of a job of 25 tasks having different execution times using 3 virtual

machines is shown in the Table 5.5.

Table 5.5: Job of 25 tasks having different time

Parent Task Child Task

R 01234
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5,6,8,16

1 5,6,7,9,11,12,17

2 8,10,18

3 7,11,12,13,19

4 12,13,20
5,6,7,8,9,10,11,12,13 14

14 15

15 16,17,18,19,20

16,17,18,19,20 21

21 22

22 23

23 24

Table 5.6 shows the completion time of various schedulers, number of idle virtual

machines and their idle time of case 3.

Table 5.6: Results of case 3

Approach Completion Time Idle VMs Idle Time
FCFS 57.20 5 57.6
MIN- MIN 57.46 5 58.7
MAX-MIN 57.26 5 57.9
PROPOSED 57.20 5 57.6
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Figure 5.4: Comparison of completion time and idle VMs in case 3

Figure 5.4 shows completion time and idle VMs in case 3. It is clear from the figure that

the completion time of the proposed approach is equal to FCFS approach.
Case4. Job of 50 tasks having different time on 5 VMs

Table 5.2 shows the completion time of various schedulers, number of idle virtual

machines and their idle time of case 4.
Table 5.7: Results of case 4

Approach Completion Time Idle VMs Idle Time
FCFS 129.82 5 137
MIN- MIN 133.09 5 156
MAX-MIN 129.97 5 157
PROPOSED 129.82 4 136

30




140

120 -

60 -

40 -

20 -

Completion Time

Idle VMs

m FCFS

B MIN- MIN
B MAX-MIN
m PROPOSED

Figure 5.5: Comparison of completion time and idle VMs in case 4

The experimental results of the proposed scheduling approach are compared with existing

scheduling algorithms described above using tables and graphs.

Table 5.8 shows the comparison of completion time of various algorithms. The

completion time of different examples are recorded and it is clear that the completion

time using proposed approach is either coming less than other approaches or nearly equal

to the best completion time of existing algorithms.

Table 5.8: Completion time of various schedulers

EXAMPLE FCFS MIN-MIN MAX-MIN PROPOSED
Casel 46.19 46.19 46.19 39.19
Case2 47.19 47.19 47.19 45.19
Case3 57.20 57.46 57.26 57.20
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Case4

129.82

133.09

129.97

129.82

Figure 5.6 shows the comparison of completion time of existing techniques with the

proposed technique.
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m FCFS
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B MAX-MIN
m PROPOSED

Case4

Figure 5.6: Completion time

Table 5.9 shows the comparison of the idle time of the various Virtual Machines while

the execution of various tasks of the job.

It is clear from the data in the table that in

maximum cases the idle time of various VMs using proposed technique is either less than

existing algorithms or nearly equal to the existing best scheduling technique.

Table 5.9: Idle VMs time

EXAMPLE FCFS MIN-MIN MAX-MIN PROPOSED
Casel 30 30 30 0
Case2 8 8 8 5
Case3 S571.7 58.7 57.9 S51.7
Case4 137 156 157 136
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Figure 5.7: Idle VMs time
Figure 5.7 shows the time in which the Virtual Machines remain idle. li is clearly visible

that the proposed approach is much efficient in reducing the idle time of the VMs.

5.4 Conclusion

This chapter discussed the implementation part and the results were represented in tabular
and graphical form. Next chapter discusses the conclusion and future work.
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Chapter 6

Conclusion and Future Work

This chapter summarizes the research work presented in previous chapters and also
discusses its future scope.

6.1 Conclusion

The significance of this work is that it focuses on the resource utilization whereas the
existing scheduling algorithms focused generally on time but not on proper resource
utilization. The various gaps in the existing schedulers in cloud computing have been
analyzed, on the basis of those gaps a more efficient scheduling approach is proposed.
The proposed approach is proved to be quite effective to optimally use all the resources.
The implementation of the proposed approach is done in simulation environment. The
experimental results have shown that the proposed algorithm reduces the resource
wastage and helps in efficient resource utilization.

6.2 Future Scope

At present the proposed approach is implemented in a simulated environment but in
future the work can be tested on the real cloud environment. This approach is designed to
reduce the wastage of resources but in future this technique can be extended by
considering more QoS parameters.
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