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Cloud computing is a platform in which it provides services, information and 

software over the Internet. The essential role of cloud computing is enabling 

sharing of resources on-demand over the network (e.g. servers, applications, 

storage, services and database) to the end-users that are distributed 

geographically. Task scheduling is a significant function in the cloud 

computing that plays a vital role to raise the rate of efficiency and the 

performance of the system. Task scheduling is considered as an NP-complete 

problem. However, the heterogeneity of resources in the cloud environment 

put the scheduling in a critical issue. Furthermore, heuristic algorithms do not 

have the required level of efficiency to optimize the scheduling and the 

performance in this environment. Thus, this study focuses on optimizing the 
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hybrid meta-heuristic (genetic algorithm along with DE algorithm that 

minimizes the completion time and enhances the performance of the task 

scheduling. The results will be compared with a three heuristic algorithms. 

The performance evaluation in this work is a statically analysis that used in 

an experimental comparison. The expected result of this study is optimizing 

the overall of completion time and enhancing resource efficiency. 

 

 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

vi 
 

 

1 APPROVAL FORM 

 

This thesis was submitted to the Senate of University Putra Malaysia and has 

been accepted as fulfilment of the requirement for the degree of Master of 

Computer science. The members of the Supervisory Committee were as 

follows: 

 

 

Mohd. Noor Derahman, Mr 

Faculty of computer science and IT technology  

University Putra Malaysia  

(Supervisor)                                                                                          

 

Nor Asila Wati Abdul Hamid, PhD 

Faculty of computer science and IT technology  

University Putra Malaysia  

(Assessor)                                                                                          

  

Abu Bakar Md. Sultan, PhD 

Dean                                      

School of Graduate Studies   

University Putra Malaysia     

Date:                                      

                                  



© C
OPYRIG

HT U
PM

vii 
 

2 DECLARATION 

Declaration by a graduate student  

I hereby confirm that: 

 This thesis is my original work; 

 Quotations, illustrations and citations have been duly referenced; 

 This thesis has not been submitted previously or concurrently for any 

other 

Degree at any other institutions; 

 Intellectual property from the thesis and copyright of thesis are fully-

owned by University Putra Malaysia, as according to the University 

Putra Malaysia. (Research) Rules 2012; 

 Written permission must be obtained from supervisor and the office 

of Deputy Vice-Chancellor (Research and Innovation) before thesis 

is published (in the form of written, printed or in electronic form) 

including books, journals, modules, proceedings, popular writings, 

seminar papers, manuscripts, posters, reports, lecture notes, learning 

modules or any other materials as stated in the University Putra 

Malaysia (Research) Rules 2012; 

 There is no plagiarism or data falsification/fabrication in the thesis, 

and scholarly integrity is upheld as according to the University Putra 

Malaysia (Graduate Studies) Rules 2003(Revision 2012-2013) and 

the University Putra Malaysia (Research) Rules 2012. The thesis has 

undergone plagiarism detection software. 

Signature: _______________________ Date: _______________________ 

Name and Matric No.: Faten Ameen Saif Mohammed (GS48308) 



© C
OPYRIG

HT U
PM

viii 
 

3 ACKNOWLEDGEMENT 

 

Firstly, all praises and gratitude go to the almighty Allah, whose favors are 

never ending for me, He is the one to give me all the abundances in my life 

to be become the person that I am today. After Allah, and what He has given 

me during my lifetime, I should not forget to mention those whom Allah put 

in my way to help me and support me. This thesis would not be completed 

without the help and supervision of my beloved supervisor Mr. Mohammed 

Noor Derahman, who provided me with support, time, encouragement, 

unending guidance, and productive discussion.  

I would like to thank eternally my father who was the backbone for me and 

thank him for his encouragement, support, help, and his spiritual and 

substantial support to continue and complete my master journey. My step 

mother who deserves to be my mother my best friend for what she did to 

support me. My sisters and my brothers deeply thanks from my heart for 

sharing my happiness and sadness moments. Khaled AL-Madani, I cloud not 

find the suitable words to express my grateful for what you did and the 

situations that prove I have gained real brother. 

Even more, MR. Yousef AL-Omran my teacher and who believes on me and 

has predicted my future. Thanks for your continuously supporting, and 

encouraging me specially when I break down in the weakness. My success is 

your success. Thanks from the bottom of my heart. 

No doubt that they deserve all my thanks because they are the reason for me 

to be here today. In the end, May Allah bless my mother's spirit, wellbeing 

and in the end the highest level of Jannah. 



© C
OPYRIG

HT U
PM

ix 
 

 

4 DEDICATION 

 

I am dedicating this thesis to my family and all my friends. Starting with the 

utmost gratitude to my father who never failed to give me all types of support. 

My sisters and my brothers who never forget to support me all along.  

I likewise dedicate this thesis to many of my friends who always had been by 

my side whenever I needed them. I will not forget what was given to me by 

them either morally or physically, especially my brother Awadh Bajaher for 

his cooperation since I have studied in the faculty.  

Even more, Dr.Ali Aljuboori for empowering me to get a hand on my paper 

and improve my work on CloudSim for helping me understand the algorithm 

details in spite of his busyness with his work. 

 

Thanks to all of you  

Thank you for being a huge part of this work  

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 
 

 

5 List of Abbreviations 

 

VM                  Virtual Machine 

DCB                               Data Center Broker 

MIP                                Million Instruction per Second 

Bw                                  Bandwidth 

QoS                                 Quality of Service 

VMs                                Virtual Machines 

MI                                   Million Instruction  

CIS                                  Cloud Information Service 

DC                                   Data Center 

GA-DE                            Genetic algorithm & Differential Evolution 

DAG                                Directed acyclic graph 

HEFT                               Heterogeneous Earliest Finish Time 

EST                                  Earliest Start Time 

EFT                                  Earliest Finish Time 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xi 
 

6 List of figures 

 

 

 

 

 

 

Figure page 

3.1 Cloudsim structure and entities 12 

3.2: The Cybershake workflow 14 

 3.3: The Cybershake workflow   14 

3.4: The montage workflow   15 

4.1: The proposed simple directed acyclic graph 21 

4.2: Flowchart of the proposed algorithm 22 

4.3: the crossover operator 24 

4.4: the mutation operator 25 

5.1: Bar graph representing the make-span for various task 29 

5.2: Bar graph representing the  make-span  on various scientific 

workflows on GA-DE 

30 



© C
OPYRIG

HT U
PM

xii 
 

7 List of Tables 

 

 

Page  Table 

7 Table 2.1: scheduling objectives 

17 Table 7.1: Simulation Parameters 

23 Table 4.1: Task priorities 

27 Table 5.1: The Result of Total Executed Jobs 

29 Table 5.2: The Result of Total Executed scientific workflows on GA-DE 

 

  

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

 

Table of Contents 

COPYRIGHT .................................................................................. iiii 

Abstract ............................................................................................ iv  

APPROVAL FORM ......................................................................... vi 

DECLARATION ............................................................................. vii 

ACKNOWLEDGEMENT ........................................................... viviii 

List of Abbreviations ......................................................................... x 

List of Figures .................................................................................. xi 

List of Tables .................................................................................... xi 

1 INTRODUCTION .......................................................................... 1 

1.1 Background ..................................................................... 1 

1.2 Problem Statement ........................................................... 3 

1.3 Objective of Research ...................................................... 3 

1.4 Scope of Research ............................................................ 3 

1.5 Thesis Organization ......................................................... 4 

2 LITERATURE REVIEW ................................................................ 5 

2.1 Introducation .................................................................... 5 

2.2 Task Scheduling ............................................................... 5 

2.3 Task scheduling algorithm ................................................ 5 



© C
OPYRIG

HT U
PM

 
 

2.3.1 Heuristic algorithm ............................................... 7 

2.3.     Meta-Heuristic algorithm ....................................... 8 

2.3.3 Hybrid strategy  .................................................... 9 

3 METHODOLOGY ........................................................................ 11 

3.1 Introduction ................................................................... 11 

3.2 The CloudSim Model ..................................................... 11 

3.2.1 Cloud Information Service (CIS) ........................ 11 

3.2.2 Data center (DC) ................................................ 11 

3.2.3 The Datacenter Broker (DCB) ............................. 12 

3.2.4 Host  ................................................................... 12 

3.2.5 Virtual machine (VM) ........................................ 12 

3.2.6 Cloudlet ............................................................. 12 

3.2.8 CloudSim model: ................................................ 12 

3.3 The Workflow ................................................................ 13 

         3.3.1 Business Workflow……………………………….….13 

         3.3.2Scientific Workflows …………………………….…..13 

    3.3.2.1 Cybershake Workflow………………………….13 

    3.3.2.2 Montage Workflow ......................................... 14 

     3.3.2.3 Epigenomics Workflow .................................. 15 

3.4 Discrete Event Simulation (DES).................................... 15  

3.5 Datasets ......................................................................... 16 



© C
OPYRIG

HT U
PM

 
 

                   3.5.1 The parameters used……….………… ……...……...17 

                   3.5.2 Workload……………………………………..………17 

4 IMPLEMENTATION ................................................................... 18 

4.1 Introduction ................................................................... 18 

4.2 implementation of the GA-DE algorithm ............................ 18 

                   4.2.1 HEFT-Upward Rank .............................................. 18 

                     4.2.2HEFT-Downward Rank………………....………….….19    

          4.2.3HEFT-LevelRank ……………………………….           19 

4.2.4Genetic Algorithm-Differential Evolution Method   20 

4.2.4.1Production of initial population  ........................... 22 

                4.2.4.2Make-span..................................................... 23 

                            4.2.4.3Fitness Function……..…………………..……….23 

                            4.2.4.4Selection Operator ……………………..………..23 

                            4.2.4.5Crossover Operator ………………………...…...24 

                            4.2.4.6Mutation Operator ……………………………...25 

                            4.2.4.7Termination Conditions ……………….…….….25 

         4.3 The Performance Evaluation …………..……………………26 

5 RESULTS AND DISCUSSION ..................................................... 27 

5.1 Introduction ................................................................... 27 

5.2 Success Rate .................................................................. 27 

          5.3 Evaluate the performance of GA-DE……………………….29 



© C
OPYRIG

HT U
PM

 
 

CONCLUSION ................................................................................. 31 

References ........................................................................................ 32 

6 Appendix A .................................................................................. 34 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

1 
 

 

CHAPTER 1 

8 INTRODUCTION  

1.1 Background 

Cloud computing is a new technology that facilitates sharing resources to the 

end user over the Internet. The core function of the cloud computing is the 

scheduling which it mapping tasks to proper resources in polynomial time 

with maintaining the desired quality of service (QoS) that is the total 

achievement of service performance that defines the level satisfaction of the 

service-user . Scheduling is considered as an NP-complete problem especially 

in the large or complex task. This type of problem needs an approximate 

solution with the existing of the constraints to optimize the objectives of the 

scheduling (Bhowmik,2017) (e.g. Reduce the completion time, minimize the 

communication cost, maximize the throughput, decrease the energy 

consumption, fault tolerance , resources utilization, deadline , Laxity , load 

balancing and tardiness). Generally, there are two common classification 

algorithms for scheduling the task in the heterogeneous resources in the cloud 

system (Gupta & Garg, 2017): Heuristic algorithms that provides solution 

almost optimal solution (e.g. Minimum completion time MCP, HEFT, 

Graham algorithm, POP etc.) And Meta-Heuristic that gain the popularity to 

solve NP-hard problem and provides good solution with less effort of 

computational that make it proper for large or complex task (e.g. Ant colony 

optimization, Genetic algorithm, Particle Swarm optimization, Honeybee 

etc.) Unfortunately, the heterogeneous resources in the cloud environment 

have made a challenge for scheduling the tasks and it has become more 
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complicated.  The common heuristic and meta-heuristic don do not have the 

required efficiency to schedule the task in this environment.  The critical issue 

attracts the attention of the researchers to propose several hybrid Meta-

Heuristic to find an optimal solution that enhances the performance of the 

system. This method has become the recent trend that gathers two or more of 

the meta-heuristic algorithm to utilize the strength of them that leads to 

provide a better optimal solution. 

   The work in this study refers to discuss the issue of task scheduling in 

heterogeneous resources in cloud computing. The proposed we evaluate the 

hybrid meta-heuristic method (genetic algorithm along with DE algorithm) 

by using the scientific workflow as a data set. After implementing phase the 

proposed algorithm compared with the Genetic algorithm to investigate the 

effectiveness rate. 

The rest of the work consists of subsections, problem statement, objectives 

and scope of the work. While the main sections, the literature review, 

methodology, implementation, results and analysis and conclusion.  
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1.2Problem Statement 

The heterogeneous cloud environment does not obtain the satisfying solution 

for task scheduling by utilizing the traditional heuristic and meta-heuristic 

algorithms specifically with the large-scale or complex task.  

The researcher employs the methods to improve and achieve better results by 

proposing a hybrid meta-heuristic to provide a maximum rate of efficiency 

and approximate optimal solution. However, the existing study has not used 

the standard dataset to verify the effectiveness of the algorithm performance. 

In this study, we evaluate the performance of the proposed algorithm (hybrid 

meta-heuristic) by using the scientific workflow as a data set. 

1.3 Objective of Research 

Evaluate the performance effectiveness of the proposed algorithm (GA-DE) 

to obtain the minimum make-span for task scheduling in the heterogeneous 

cloud environment by using the scientific workflows (Cybershake, Montage, 

and Epigenomics). 

1.4 Scope of Research 

The current focus of the study is the case of task scheduling in heterogeneous 

cloud computing. Even more, evaluate the effectiveness of hybrid meta-

heuristic (genetic algorithm along with DE algorithm) by comparing with 

other heuristics algorithms. Furthermore, the evaluation will be implemented 

using a discrete event cloud simulator based on the CloudSim framework for 

modeling and cloud computing simulation. 
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1.5 Thesis Organization  

The thesis is organized as the following: 

Chapter 1, Introduction that elaborates the cloud computing environment, 

task scheduling and the summary of work. 

Chapter 2, the literature review focuses on explaining more about the cloud 

and task scheduling algorithm. Also, it includes a critically reviewed related 

work to this study. 

Chapter 3, The methodology illustrated more about the definition of the 

problem, the algorithm, the method used, the parameters and workloads 

included as well as the simulator used. 

Chapter 4, Implementation which shows how algorithms works, how this 

study simulation is performed and the experimentation executed. 

Chapter 5, Results and Discussion illustrates the results of the simulation done 

in Chapter 4 as well as analyzing it.  

In chapter 6, the conclusion includes a summary of the whole work.  
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