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Abstract 

Cloud computing is an emerging computing paradigm that allows pervasive access to 

shared resources and high level services over the Internet. As most of the companies are 

switching their network onto cloud, it is affecting the overall performance of cloud 

infrastructure in terms of task scheduling and load balancing. Scheduling the tasks 

efficiently reduces processing time, helps achieving better utilization of resources and 

hence provides profits to service providers. Though a lot of work has already been done 

in this field, yet the scope of betterment exists in terms of embedding the multiple 

objectives to enhance the performance. This research focuses on prioritizing tasks in such 

a way that the virtual machines can best utilise the resources and reduce turn-around 

time. The approach works on multi-objectives, i.e., time frames and job type such that the 

job with high computation should be assigned to VMs with high processing speed and 

communication-intensive jobs to VMs with high bandwidth. 
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1. Introduction 

Cloud Computing is one of the latest technologies that has been considered in itself as 

the future of distributed on-demand computational work [1, 2]. This environment 

facilitates customers by providing services to them in a distant virtual platform by 

charging on a pay-per use basis. It provides an effective, economical, optimized platform 

as far as time and cost is concerned for the variety of businesses and services which are 

Internet-enabled. User can access the desired files at any terminal if it is Internet-enabled 

as well as one can utilise all the applications without deploying them [3]. It facilitates 

efficient approach for the deployment and scaling oriented applications [4]. This 

paradigm is based upon the architecture which follows the client-server model, 

comprising of front-end and back-end terminals networked together. A “Cloud” is the 

convergence of parallel and distributed system comprising number of inter-connected and 

virtualized nodes provisioned dynamically as well as described in the terms of computing 

resources based on service-level agreements which are established through negotiation 

between the consumers and service providers [5,16]. Cloud computing paradigm provides 

three types of services to the users based upon Infrastructure, Platform and Software, 

IaaS, PaaS and SaaS, respectively. As numerous facilities have been provided by the 
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Cloud Computing, henceforth; it has become the promising technology for the IT 

Companies as cost incurred is also less as far as cloud services are concerned in 

comparison to the installed services otherwise [6]. 

In Cloud Computing, virtualization is the backbone for improving the efficiency and 

optimization of cost along with the inspection and monitoring of all the nodes effectively 

and in parallel manner. Although it is the key factor yet it too has its limitations in the 

form of assigning large number of tasks to the available resources for distributed 

computing. Numerous factors can lead to the node in one of the two states, overloaded 

and underload. As such reasons for the same could be many; such as addition of new 

nodes over time, change in the needs and priorities of users, disrupted allocation of 

available resources to different tasks in hand, and occurrence of failure in the overloaded 

nodes [7-10]. 

For such reasons, the concept of scheduling is used to well utilize the resources. 

Scheduling aims at distributing the given load or tasks among different available 

resources by utilizing it to the maximum extent; eventually resulting in the reduced 

execution time [11]. The process of task scheduling can be done in two ways: Static task 

scheduling and Dynamic Task Scheduling [12]. The term static refers to allocating all the 

resources and data before initiating the actual manipulations whereas the dynamic 

scheduling signifies allocation for the task or job in hand is not done already rather it is 

done on the fly and information is not available in the beginning [13]. In this case, 

complexity gets increased due to dynamic nature of the problem. 

For overpowering the described problem, Load Balancing is the key concept which can 

be merged with the task scheduling to enhance the efficiency and effectiveness of the 

system. Load balancing comes into the effect ensuring the transparency of services 

regardless of the cloud location as well as physical implementation [10]. In the past years, 

various authors have diverted their focus to this area of load balancing and significant 

amount of work has already been done and many algorithms have been designed [14-22]. 

This paper aims at balancing the load while scheduling the tasks dynamically to make 

optimized use of available resources. The rest of the paper is structured as follows: 

Section 2 explains the related researches briefly and presents the analysis of scheduling 

schemes. Section 3 presents the methodologies utilized in the paper. Section 4 provides 

the experimental results and their discussions. Section 5 concludes the research. 

 

2. Literature Review 

In Cloud Computing framework, Scheduling and Load Balancing plays an essential 

role to enhance the efficiency and optimizing various resources by providing quality of 

service (QoS) guarantees. The concept of Load Balancing helps overcome an issue of 

overutilization and underutilization of virtual nodes resulting in minimized cost and 

response time and increased throughput [15, 23, 24]. The focus of this section is not to 

propose methodologies to fix the problems and issues of cloud computing but to have an 

in-depth study of existing work and techniques designed by various researchers to target 

the problem. 

An active monitoring Load Balancer Algorithm was proposed based upon maintaining 

the database of all the virtual machines of how many requests have been allocated to all 

the VMs individually [24]. When new job arrived, the database was used to find the 

Virtual Machine which was least loaded and hence the new job was assigned to respective 

Virtual Machine. 

Modified throttled algorithm was designed for balancing the load by distributing 

upcoming requests among different virtual machines [15]. Cloud Analyst simulator was 

used for calculating the performance and efficiency. 

An algorithm for Virtual Machine Assignment was proposed [30], which further 

helped distributing all the coming requests to available virtual machines in an effective 
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manner. The proposed algorithm focussed to well- utilize the Virtual Machines or 

resources in comparison to already existing approaches for load balancing. CloudSim 

Simulator was used for the manipulations. 

New Time Optimizing Probabilistic Load Balancing Algorithm was derived, targeting 

the load management and reduction of response time by fetching the resources based on 

better past history and least completion time [28]. 

The concept of burden adjustment in distributed computing environment was elaborated 

with the help of disseminated approach [25]. Few existing strategies for burden 

adjustment had also been discussed considering various parameters like adaptability, 

execution, asset usage, adaptation to non-critical failure, acquainted overhead.  

Dynamic load management algorithm was derived which targeted the load distribution 

among available virtual machines uniformly and efficiently. Various parameters such as 

data processing time and response time were considered for measuring the performance of 

proposed approach [29]. 

The load balancing mechanism using ant colony optimization (ACO) was presented for 

balancing the work of job assignment in a dynamic manner. Two strategies, forward-

backward ant mechanism and max-min rules were used in the proposed approach [10]. 

The technique focussed not only the computing time but also the network performance for 

medium and heavily loaded machines. 

In order to optimize the performance of cloud storage by combining de-duplication and 

access point selection optimization techniques, a new data center management 

architecture named, INS (Index Name Server) was investigated [26]. Various other 

parameters were also embedded, like IP information and busy level index, resulting in 

attaining load balancing and avoidance of congestion problem. 

Three different approaches based upon Honeybee Foraging Behaviour, Biased Random 

Sampling and Active Clustering were proposed to resolve an issue of load balancing and 

thus, provided three different distributed solutions. As job assignment to specific servers 

cannot be centralized, therefore, an effective distribution solution was required to 

overcome the complexity and scalability issues of the system [14]. 

From the literature review, it can be seen that many researchers have focussed on the 

domain of balancing the load. Various algorithms have been proposed for the distribution 

of the jobs or tasks to the Virtual Machines. Many other algorithms [5, 19, 27] have also 

been discussed in the previous researches. Though a lot of work has been done in the 

field, yet the concept of global queues is still untouched. This paper aims at balancing the 

load by handling the upcoming requests at global and local level resulting in optimized 

results and precise approach. 
 

3. Proposed Model and Architecture 

The proposed architecture targets the load balancing by assigning the new jobs in such 

a manner that it avoids the over-utilization and under-utilization of virtual machines so 

that the trade-off between the cost and performance can be made efficiently. Figure.1 

illustrates and presents the proposed model and rest of the section describes the 

components and execution phase of the model presented. 

 

3.1 Pre-execution Phase 

The discussion and description of actual execution demands some pre-requisites in 

terms of what components should be tuned into before starting the executable phase. 

i) Classification of Virtual Machines: This component is responsible for describing the 

configuration of Virtual Machine based on the previous historic data available in 

context with that virtual node. Virtual machines are classified in accordance with the 

upcoming jobs in the queue. Virtual machines cluster the jobs on the basis of MIPS 

and Bandwidth and hence, there are two categories: communication oriented virtual 

http://www.sersc.org/journals/IJGDC/


International Journal of Grid and Distributed Computing 

Vol. 11, No. 11 (2018) 

 

 

4   Copyright ⓒ 2018 SERSC Australia 

machines depending upon the bandwidth requirement and computation oriented virtual 

machines which are based upon the processing speed, i.e. MIPS. Identifying similar 

type of jobs and assigning it to the node respective to the category reduces the time 

and effort required to provide services to the new task.  

ii) Job Type: Whenever new job arrives, it is beneficial if the nature of job can be 

predicted because in such case, resources can be allocated in accordance with it. There 

are numerous factors which should be considered for the upcoming jobs such as 

quality, processing speed, bandwidth, CPU time, memory requirements and length of 

the upcoming tasks. Based on such parameters, two categories have been defined-

communication intensive tasks and computation based tasks. Computation based tasks 

considers the processing speed i.e., Million Instructions per Second (MIPS) and 

communication intensive tasks takes bandwidth into consideration. Once the upcoming 

task is categorized, it is forwarded to the Local Queues for further processing. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Proposed System Architecture for Task Scheduling 

3.2. Implementation Phase 

The proposed model targets the utilization of resources by sharing the jobs into 

available Virtual Machines. This approach focuses on balancing the load by making the 

use of feedback mechanism on the basis of time frames and job types, which is discussed 

in detailed in the rest of the section. It comprises of the following components: 

i) Meta-scheduler: Categorization of new tasks is the focus of meta-scheduler. 

ii) Local Scheduler: It further divides the task on the basis of min-min algorithm. 
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iii) Global Queue: It comprises of all the upcoming tasks. 

iv) Local Queue: It has a collection of tasks specific to the type of Virtual Node it has 

been connected to. 

All these components are inter-connected as depicted in the Figure 1. The 

manipulation, addition and deletion of tasks is done in co-ordination and synchronized 

manner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

User submits the task along with the desired parameters on the priority basis, namely 

quality of service, processing speed, bandwidth etc. As soon as new task arrives, it is 

added into a global queue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Global Queue consists of all the upcoming tasks to be processed. Besides the Global 

Queue, it has been assigned a meta-scheduler which retrieves the new task and allocates 

Algorithm-TaskSchedule(): Assignment of Tasks in Optimum Fashion to available Virtual 

Machines 

Input: RunningTask(), MIPS, Virtual Machines(vmi), Local Queue(lqi), Global Queue(gqi), 

NewTask() 

Output: Tasks Scheduled in an optimized and efficient manner. 

BEGIN      

Initialise all Local Queues and Global Queues to empty. 

     Logically categorize VMs on the basis of MIPS and Bandwidth. 

     For upcoming newtask() in global queue do 

              Check criticality of newtask() 

              If task-criticality(bandwidth)> task-criticality(MIPS) 

              Update local scheduler of VMs with High Bandwidth 

              Call LoadBalance() 

              Else 

              Update local scheduler of VMs with High MIPS          

              Call LoadBalance() 

For RunningTask() of VMs do 

         Select the NewTask() from Local Queue (lqi) based on Min-min algorithm and assign it to 

VM for execution. 

     For each RunningTask() do 

         vmi.update() 

          lqi.update() 

         gqi.update() 

     task() killed 

END 

Algorithm-LoadBalance(): Assignment of new task to the Virtual Machine which has lesser 

load  

Input: Virtual Machines(vmi), remaining processing time (tpi), NewTask() 

Output: Task Assigned to VM satisfying the Load Balancing property. 

BEGIN  

For each Virtual machine vmi 

  Check remaining processing time tpi to complete the assigned tasks. 

  Min=infinity 

  For i=1 to n 

           If tpi<min 

           Min=tpi 

Assign the NewTask() to VM with minimum remaining processing time, min 

END 
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the task to the local queues based upon the nature and priority of virtual machines, that is, 

if VM has high computation power then submit computational intensive job to 

corresponding VM Local Queue and if it requires high bandwidth then submit the 

upcoming job to local queue corresponding to high bandwidth Virtual Machine. 

After the filtering of tasks to the respective queues on the basis of priority and job type, 

next is the challenge of prioritizing the tasks in local queues. For such purpose, Local 

Scheduler comes into role while applying min-min heuristic onto the TaskList and all the 

tasks are mapped to the respective Virtual Machines. 

Besides allocating the tasks to the Local Queues, meta scheduler also performs the load 

balancing by using the principle of feedback, that is, it takes the feedback from local 

scheduler and predict the availability time of different Virtual Machines. While assigning 

the new task to any of the Virtual Machines, database of Virtual Machines is formed 

comprising of number of existing tasks and total time duration required to perform the 

assigned tasks. New task is assigned to the VM having less number of tasks and lesser 

completion time, that is, lesser remaining processing time, to balance the load. 

 

4. Experimental Setup 

The proposed approach has been implemented in simulator environment i.e., CloudSim 

to simulate the task scheduling algorithm and hence, to verify the efficiency of the 

proposed work. The experimental environment is setup with the configurations as 

described: OS: Windows 7; CPU: Processor 3.20GHZ; Memory: 8G. DataCenterBroker 

Class has been included in the CloudSim platform for simulating the experiment. As the 

end user quality is the key factor, therefore, for such reasons, CloudSim has been used as 

a simulator because otherwise it would become a difficult task to experiment a new 

technique in real cloud environment. Results have been derived and are depicted in the 

figures below. 

In order to perform the comparisons and check the efficiency of proposed approach, 

results obtained are compared with the existing approaches namely, FCFS, SJF, min-min 

approaches [17, 18] on the basis of two parameters makespan time and resource 

utilization. 

Table 1. Parameters for Virtual Machines 

 

 

 

 

 

 

 

 

 

Every single algorithm considered runs 10 times to remove the impact of random 

factors on the evaluated result and eventually, average value calculated is considered as 

the basis for comparison. 

Simulation has been done on six heterogeneous virtual machines (having varying 

bandwidth and processing speed) by running for more than three hours (approximate 10 

times) on varying number of tasks (task range 10 to 50) along with different length 

cloudlet to yield the final results. 

Table 2 comprises task parameters in which 10 tasks of random length, which are 

independent of each-other, are generated with specified range. 

Initially, 10 tasks on 6 Virtual machines are taken into consideration which are 

gradually increased to 20, 30 and so on uptil 50 of random length and makespan time of 

VM Id 

VM 

MIPS Size Memory 

No. of 

CPU VMM 

0 1000 1000 512 1 Xen 

1 580 1000 1024 1 Xen 

2 700 1000 512 1 Xen 

3 550 1000 1024 1 Xen 

4 400 1000 256 1 Xen 

5 250 1000 1024 1 Xen 
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virtual machines as well as resource utilization ratio is evaluated and compared with the 

existing techniques. Three different results are fetched to prove the efficiency of proposed 

approach. Results shown in Figure 2 assure that proposed algorithm is performing better 

in comparison to existing algorithms. In Figure 2, x-axis represents the number of tasks in 

increasing order and y axis represents the calculated makespan time of task using the 

proposed algorithm. As the general tendency is to have minimum makespan time in order 

to achieve optimized results; the Figure 2 is depicting the same as the makespan for 

varying values of tasks is lowest in comparison to the existing approaches. 

Table 2. Task Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 Resource Utilization Ratio 

Expression to calculate Resource utilization ratio is: 

Resource Utilization Ratio=mean-time/makespan  ∗ 100        (1) 

where mean-time = ∑ Time taken by resource (VMj) to finish all the allocated jobs where 

j = {1, 2, 3 ...n}, the valid range of Resource Utilization Ratio lies between 0 to 1, where 1 

signifies 100% resource utilization and 0 depicts resource is in ideal condition. Resource 

Utilization Ratio has been calculated with the help of proposed algorithm using the 

Equation (1) and results are compared with the existing approaches as shown in Figure 3. 

Consider the Table 1 and Table 2 for finding the resource utilization of available cloud 

resources form proposed algorithm and others algorithms. Resource utilization is 

supposed to be high, if results so obtained are optimum. The proposed approach has 

successfully increased the ratio of resources utilized, when compared with the exiting 

techniques. 

 

 

Cloudlet Id Length No. of CPU 

0 89424 1 

1 32273 1 

2 345002 1 

3 388452 1 

4 251227 1 

5 65833 1 

6 311431 1 

7 234568 1 

8 35677 1 

9 15820 1 
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Figure 2. Makespan Comparison Chart 

Table 3. Makespan Time for Varying Number of Tasks 

 

 

Figure.3 Resource Utilization Ratio Comparison Chart 
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    Number of 

Tasks 

Approach 

10 Tasks 20 

Tasks 

30 
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40 
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FCFS 699 805 895 1498 1602 

SJF 590 765 815 1187 1390 

Min-Min 760 602 689 988 1154 

Proposed 

Approach 

510 546 607 897 1096 
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Table 4. Resource Utilization Ratio for Varying Number of Tasks 

 

Calculated results of Resource Utilization Ratio from the proposed algorithm shows 

that proposed algorithm utilizes the cloud resources 79.04% better than FCFS, and43.51% 

better than SJF, and 7.73% better than min-min algorithm. 

 

5. Conclusion and Future Scope 

The Experimental result of Proposed Algorithm has led to some important conclusions. 

The research explored and considered more than one factors such as job type, time frames 

for existing tasks in Virtual Machines resulted in better utilization of resources in 

comparison to conventional approaches. Availability of Virtual Machines and length of 

tasks have been considered for the Load Balancing by using the feedback mechanism. 
Experimental results also show that the proposed task scheduling mechanism provided 

better performance in terms of execution time, computation cost, communication cost, 

and bandwidth and CPU utilization when compared with existing task scheduling 

approaches. 

The proposed work may be elaborated and extended in future to enhance the 

performance and efficiency. Currently, the non-preemptive scheduling is considered. In 

order to aim and cover other domains as well, pre-emptive scheduling may be considered. 
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