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Abstract: Cloud computing as an emerging technology attracts different scholars and organizations to explore
its benefits. It brings together huge data resources from different geographical locations. Cloud resources are
shared to achieve coherence and economic computing resource utilization. To this end, efficient and effective
resource management is needed to utilize fully and to realize the efficiency of the resources in place. A Random
Make Genetic Optimizer (RMGO) for Job Scheduling and Load Balancing is a technique proposed in this
research to ensure a better system performance and functionalities. This technique (RMGO) ensures resource
load balancing in Cloud Computing Environment at a basic level i.e. Virtual Machine (VM) level to achieve the
required Quality of Service (QoS) such as better response time and system throughput. The metrics of
performance in Cloud Computing such as bandwidth, Million Instructions per Second (MIPS) and RAM size
are taken into consideration. The RMGO was formed by integrating three classical scheduling techniques
namely Min – Min, Max – Min and Suffrage with Genetic Algorithm (GA). The three techniques are
interchangeably used in RMGO to find the lowest possible completion time for each job into the cloud and
assigned to appropriate VM thereby applying GA as an optimizer to balance the loads between available
resources so that none of the resources are underutilized or over-utilized. The performance of RMGO was
compared and assessed with each of the three classical techniques individually (Min-Min, Max-Min and
Suffrage) in addition to the default scheduling technique, First Come First Serve (FCFS). It was shown that the
RMGO outperformed the three integrated techniques by at least 50% and 60% in response time and load
balancing respectively. Hence the RMGO is suitable to be implemented for managing the Cloud Computing
resources.
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INTRODUCTION reducing risk of data loss, reducing cost of software and

Cloud Computing as an emerging technology, cost of outsourcing. Cloud Computing provides data
attracts different scholars to carry their research on and it backup thereby reducing risk of data loss and hazard in
brings together huge data resources [1]. Cloud Computing addition to increasing access to scarce IT talent especially
environment is heterogeneous and it has resources and for maintenance [4]. Despite of the benefits and
systems  that  are geographically distributed. Cloud expectations cloud computing can offer, it has some gray
Computing is a platform for development, applications areas that need to be improved. This is true considering
and hardware capabilities delivered as services by a third the heterogeneous nature of cloud computing resources
party to its subscribers [2, 3]. Cloud Computing can also that are geographically distributed. In addition, the
be referred to as a platform for providing resources and distributed resources such as storage devices, data
capabilities of IT services via the internet by cloud sources and computing power are interconnected as a
providers (e.g. applications, development platforms, single entity of resources and can be accessed by the
infrastructure etc) [2]. Advantages of cloud computing are users across the globe [2, 5]. Data sources that come as a
numerous to mention, but few among them include part of cloud computing need to be managed efficiently in

hardware, reducing cost of IT equipment and reducing
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order to provide on demand services as required. machines. Cloud data management can improve load
Resources maintenance become necessary in cloud balancing of servers, response time, availability and
environment considering the challenges and demands throughput. It was shown that the RMGO outperformed
from the users which include high reliability, availability, the three integrated techniques by at least 50% and 60%
fairness of services and need for better performance over in response time and load balancing respectively. Hence
the internet. the RMGO is suitable to be implemented for managing the

This research identifies jobs scheduling and load Cloud Computing resources.
balancing as the areas to pay attention as a step forward
in resource management. The primary goal of jobs Related Works: In this section, several research papers
scheduling and resource load balancing is to promote in the field of Cloud Computing resource management are
large scale parallel use of the cloud facilities, reducing reviewed with the aims of bridging the gap between what
time complexity, allowing fair access to resources by all was addressed in the researches and the identified lapses
cloud users and providing optimal turnaround for all and weakness to be filled in. [6] is a research paper where
users, optimizing of resource usage, minimizing response an algorithm was proposed consisting of Suffrage
time and increasing the system throughput among the coupled with Genetic Algorithm (GA), the objective of the
available resources. To this end, this research proposed research is to minimize the makespan of the job(s). The
Random Make Genetic Optimizer (RMGO) as an algorithm proposed algorithm used the capabilities of Suffrage
that can enhance job scheduling and resource load algorithm and GA as integral entity for scheduling, based
balancing. The RMGO has two main phases of execution on minimum network delay with priority on minimum
which are job scheduling phase and load balancing phase. completion time and scheduling multiple jobs on multiple
In job scheduling phase, three classical scheduling machines. However, there was no consideration given to
techniques namely Min-Min, Max-Min and Suffrage are load balancing issue in the research.
integrated and used as a stack for finding the minimum The research was also conducted with the aim of
makespan (completion time) of each given job and allocate addressing load balancing problems in Virtual Machine
same to the appropriate Virtual Machine (VM) for (VM) resources scheduling [7]. A strategy was proposed
execution. While in load balancing phase the output of for load balancing of VM resources based on Genetic
scheduling phase is used as input for Genetic Algorithm Algorithm which adopts a strategy that computes ahead
(GA) that is used in this regard for load balancing. The of the influence of scheduling on the system after
RMGO is simulated using CloudSim simulator for its deployment, thereby selecting the least-effective solution.
applicability and performance, the results are compared The strategy to some extent addressed the problems of
with default scheduling technique (First Come First Serve) load balancing and high migration cost after VM is
which is used in the simulator and three integrated scheduled. However, this strategy is not very effective in
techniques used (Min-Min, Max-Min and Suffrage). The term of job scheduling. 
components setup were applied at data center level with In another research [8] an algorithm was proposed
available information of that particular data center from using two conventional task scheduling algorithm based
Cloud Information Service (CIS) or at either physical on Min-Min and Max-Min algorithms that use certain
machine level in a particular data center or at virtual heuristics to select between the two conventional
machine level within the physical machine. Our focused algorithms so that the overall makespan is minimized. The
on this research will be job scheduling at virtual machine tasks are scheduled on machines in either space shared or
level because it is at this level that the jobs are executed. time shared manner and the results were compared with
Nevertheless, our task is to achieve quality of service by First Come First Serve (FCFS) scheduling. The fact is, this
proper scheduling of a job to an appropriate machine that research concentrates on having a minimum makespan,
has the shortest completion time. Three traditional consideration was not given to load balancing issues.
scheduling techniques are employed namely Min-Min, Moreover, another research was conducted for
Max-Min and Suffrage to compare the completion time of scheduling in cloud computing environment [9]. A
the job(s) when allocated. The one that produced the generalized priority algorithm was proposed for efficient
shortest completion time among the three different execution and the result was compared with First Come
techniques will be selected for encoding as parameters of First Serve (FCFS) and Round Robin Scheduling. When
genetic algorithm. The purpose of using GA is to attained tested in CloudSim toolkit the result shows that it gives
load balancing among the available resources and to better performance compared to the other traditional
avoid under utilization and over utilization of some of the scheduling algorithms.
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Table 1: Recent advances in cloud computing resource management

Author / Year Method / Technique RT TP LB Strength

Goyal T. and The researcher proposed the used of × × The algorithm minimizes minimum completion
Agrawal A., 2013, [6] Suffrage coupled with Genetic Algorithm time for a given task(s).

Gu J., Hu J., Zhao T. and The genetic algorithm was proposed × This strategy is able to solve the problem of
Sun G., 2012, [7] in order to address the problems of load load imbalance and high migration cost 

balancing and high migration cost.

Katyal M. & The proposed algorithm is using two × × The algorithm in this research ensures that the jobs
Mishra A. 2014, [8] conventional task scheduling algorithm are executed with smaller delays to minimize the

based on min-min and max-min overall makespan 
conventional scheduling techniques

Agarwal A. & Jain S. 2014 [9] The proposed algorithm i.e. Generalized × × The proposed algorithm was found to be better
Priority Algorithm is ranking in performance than FCFS and Round Robin
(prioritized) the virtual machines
according to their MIPS and the
cloudlets according to their sizes.

Huang C., Guan C., Chen H., A resource dispatched mechanism is × × The proposed optimization system can estimate
Wang Y., Chang S., Li C. & proposed in this research using the number of resource utilization according to
Wang C., 2013, [10] Genetic Algorithm based on Support Service Level Agreement (SLA) more accurately

Vector Regression (SVR) for and efficiently there by utilizing the information for
reallocation of resources. resource allocation.

Rawat S. S. & A scheduling strategy for effective × The proposed prototype strategy is believed to
Bindal U., 2013, [11] load balancing using genetic improve load balancing and reduce migration cost

algorithm is proposed

Dasgupta K., Mandal B., This research paper proposed a × The proposed algorithm in this research
Dutta P., Mondal J.K. And novel load balancing strategy outperformed the existing approaches like FCFS,
Dam S., 2013, [12] using genetic algorithm. Round Robin (RR) and Stochastic Hill Climbing

(SHC) algorithms in term of load balancing.

Khan D. H., Kapgate D., & This paper reviewed some of the × × × This research focusses on reviewing the algorithms 
Prasad P. S., 2013, [13]. algorithms and techniques suggested and techniques based on renewable energy source 

for virtual machine management and and parameters like bandwidth and latency delay.
discussed their impact in regards
to various performance matrices.

Kruekaew B. & This research proposed the used of × The ABC Optimation algorithm is able to
Kimpan W, 2014, [14]. Artificial Bee Colony (ABC) for effectively utilize the increase system resources and

Virtual Machine Scheduling reduce makespan and results shows that it out
Management in Cloud Computing performed FCFS, Long Job First and Short Job
Environment. First techniques.

Kaur S. & Verma Amandeep, A Meta-Heuristic based scheduling × × The proposed algorithm exhibits a good performance
2012, [15] algorithm is proposed by merging under the heavy loads.

two existing techniques with genetic
algorithm i.e. Shortest Cloudlet
Fastest Processor (SCFP) and
Longest Cloudlet Fastest
Processor (LCFP).

Mehdi N. A., Mamat A., An algorithm is proposed that can × × The proposed algorithm increase the mapping time 
Ibrahim H. & Subramanian find a fast mapping for task scheduling by using the througput as objective function.
K. S., 2011, [16]. using genetic algorithm.

Mahmoud A. A. et al. [17] RMGO technique is proposed that The RMGO enhance job scheduling and load
integrate 3 classical technique and balancing thereby increasing QoS and system
GA to enhance job scheduling and throughput
load balancing.
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Meanwhile, research in [10] proposed a resource service. Simulation results show that the proposed in the
dispatched mechanism using Genetic Algorithm based on algorithm increase the mapping time by using the
Support Vector Regression (SVR) for reallocation of throughput as objective function. 
resources. The objective of the research is to design a All the papers that were reviewed in this research are
sub-optimal resources allocation system in cloud shown in Table 1 can be categorized by three different
computing environment to accomplish tasks with lowest parameters namely response time (RT), throughput (TP)
cost available. The proposed optimization system can and load balancing (LB). They exhibit some similarities in
estimate the number of resource utilization according to aims and objectives with our research work. Despite the
Service Level Agreement (SLA) more accurately. achievements of reviewed articles still there are needs for

In addition, a research in [11] proposed a strategy for improvements as not only proper job scheduling can
effective load balancing using Genetic Algorithm with the enhance the management of resources also load
aim of facilitating load balancing and reducing migration balancing. Load balancing alone also can not address the
cost. Meanwhile in [12] a novel load balancing strategy issue of enhancing resource management. In this research
based on genetic algorithm was proposed with the thrives the proposed algorithm is composed of the techniques
in addressing issues of load balancing in cloud that can improve the job scheduling and enhance load
infrastructure and minimizing makespan of a given task. balancing. Having a harmonized algorithm that can inherit
When this algorithm was tested the results shows that it all the features of the reviewed algorithms and their
outperformed the existing approaches such as FCFS, function but in different and enhanced manner.
Round Robin (RR) and Stochastic Hill Climbing (SHC).

Research in [13] is a review of some algorithms MATERIALS AND METHODS
suggested in some research works on Virtual Machine
Management. The paper examines the impact of all the The proposed algorithm (RMGO) in this research
algorithms reviewed with regards to various performance focusses on job scheduling and load balancing of the
matrices and provides an overview of their impact on the available virtual machines. As shown in Fig. 1, the
latest approach in the field of VM management. The algorithm has three phases of execution. In phase 1, as
research focuses its review on renewable energy and shown in Fig. 2, the incoming jobs are tabled as a stack
parameters such as bandwidth and latency. mapped with it makespan on each available VM. In phase

In another research paper, [14] proposed the used of 2, the jobs will be scheduled using one of the three
Artificial Bee Colony (ABC) for VM scheduling classical techniques Min-Min shown in Fig. 3, Max-Min
management in cloud computing environment. The shown in Fig. 4 and Suffrage shown in Fig. 5, which has
research was aimed to propose an algorithm that would the least execution time and in phase 3 Genetic Algorithm
enhance the performance of cloud tasks scheduling, is used for load balancing.
increasing the makespan and performance of resource
utilization. The results of a simulation using CloudSim
tools shows that ABC algorithm performed significantly
in changing the environment, load balancing and
makespan of data processing.

Furthermore, [15] proposed a meta-heuristic based
scheduling algorithm by merging two existing techniques
i.e. Shortest Cloudlet Fastest Processor (SCFP) and
Longest Cloudlet Fastest Processor (LCFP) with GA. The
aim of this research is to propose an algorithm that will
minimize execution time and execution cost of a given task
in cloud computing environment. The simulation results
show that the proposed algorithm exhibit a good
performance under heavy loads. 

Moreover, in [16] an algorithm is proposed that can
find a fast mapping for tasks scheduling using genetic
algorithm. The research was aimed to propose an
algorithm to improve system performance and quality of Fig. 1: Description of the RMGO
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Fig. 2: Flowchart of the RMGO of Phase 1
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Fig. 3: Flowchart of Min-Min Algorithm

Fig. 4: Flowchart of Max-Min Algorithm
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Fig. 5: Flowchart of Suffrage Algorithm

Fig. 6: Simulation Setup
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RESULTS AND DISCUSSSION FCFS algorithm. The RMGO outperformed each of the

In  this  section,  we   simulate   the  RMGO in Fig. 6.
algorithms  as  well  as  other  algorithms for the purpose The results show that in each of the different
of comparative studies. The simulations of the RMGO parameters FCFS is outperformed by the other techniques
consists  of  parameters’  setting  as  shown in Table 1. which were also outperformed by the RMGO as indicated
The objectives of the RMGO are accomplished as in Fig. 6. The results show that in all the techniques with
presented here, which is to enhance job scheduling and the exception of the RMGO, the VMs with smallest MIPS
resource load balancing using Genetic Algorithm. The are over utilized and are having the highest execution time
performance of each individual technique involved is but in RMGO the reverse is the case and this has
presented  and  was  compared  with  the  RMGO  and  the significantly increased the response time of the RMGO.

individual technique and the FCFS algorithm as presented

Table 1: Parameters Setting For Cloudsim Simulator

Component Type Parameter Value

Datacenter Number of Data center 1
Number of Hosts 1
Scheduling Policy Space-Shared

Datacenter Broker Number of Datacenter Broker 1
VMs Number of Vms 4

Number of Processing Element (PE) 1
MIPS of PE 2000
MIPS of VMS
- VM 1 200
- VM 2 300
- VM 3 400
- VM 4 500
VM RAM size 2048MB
VM Scheduling Policy Space-Shared
Bandwidth 10000

Cloudlet Number of Cloudlets 10
- CL 1 5200
- CL 2 3000
- CL 3 2000
- CL 4 7000
- CL 5 6800
- CL 6 6600
- CL 7 5800
- CL 8 5400
- CL 9 5000
- CL 10 4800

Cloudlet Scheduler Policy Space-Shared
CPU Utilisation Model Full Utilisation of CPU
RAM Utilisation Model Full Utilisation of RAM
Bandwidth Utilisation Model Full Utilisation of Bandwidth

Table 2: Performance Summary for Each Technique

S/N Technique Response Time Load Balancing

1. Min – Min 50% 65%
2. Max – Min 50% 55%
3. Suffrage 25% 20%
4. RMGO 58% 85%
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Fig. 7: Results of the Three Algorithms with FCFS and 4. Kart, R., P. Goldstein and R. Yanosky, Cloud
RMGO Computing in Higher Education.

CONCLUSION and Implementations. Journal of Computing and IT,

There are many research conducted in the areas of 6. Goyal, T. and A. Agrawal, 2013. Host Scheduling
cloud jobs scheduling and load balancing, but none of the Algorithm using Genetic Algorithm in Cloud
research uses the three integrated Min-Min, Max-Min, Environment. International Journal of Research in
Suffrage and GA. The reason for this integration is Engineering & Technology, 1(1): 7-12.
because each technique might likely outperform each 7. Gu, J., J. Hu, T. Zhao and G. Sun, 2012. A New
other at a given period of time. Considering the Resource Scheduling Strategy Based on Genetic
uniqueness and capability of each technique depending Algorithm Cloud Computing Environment. Journal of
on the nature and size of the jobs (tasks) submitted to the Computers, 7(1): 42-52.
system. The proposed algorithm in this research can 8. Katyal, M. and A. Mishra, 2014. Application of
enhance jobs scheduling by producing the minimum Selective Algorithm for Effective Resource
execution time in the first phase of the algorithm. When Provisioning in Cloud Computing Environment.
the result is used as input into genetic algorithm, it will International Journal on Cloud Computing: Services
balance the loads using a fitness function. The impact of and Architecture (IJCCSA), 4(1).
this algorithm cannot be over emphasized considering the 9. Agarwal, A. and S. Jain, 2014. Efficient Optimal
requirement of proper resource management in cloud Algorithm of Task Scheduling in Cloud Computing
computing environment in which this research has laid it Environment. International Journal of Computer
priority. The fitness function used in the proposed Trends and Technology (IJCTT), 9(7): 344-349.
algorithm is to enhance load balancing among the virtual 10. Huang, C., C. Guan, H.  Chen,  Y.  Wang,  S.  Chang,
machines. Hence the RMGO is suitable to be implemented C. Li and C. Wang, 2013. An Adaptive Resource
for managing the Cloud Computing resources. Management Scheme in Cloud Computing.
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