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Abstract 

Cloud Computing is a business model that based on “pay as you go” principle. It is used 

to provide the IT services to the user in the flexible and dynamic manner with minimal 

management effort. The most important feature of the Cloud Computing is the ability to 

dynamically schedule the application on the best resource according to the load. According 

to the work in this paper, a task schedule on the Cloud environment has been proposed. 

The principle of the proposed algorithm is to allocate the incoming task on the best resource 

during the runtime of some tasks based on measuring the current situation of each resource 

with respect to its availability level according to its processing power, cost, and the number 

of running tasks to know its fitness to receive the incoming task, then choosing the best one 

to the incoming task. To evaluate the performance of the proposed algorithm, a 

comparative study has been done between this proposed algorithm, Round Ribbon (RR) 

algorithm, and Minimum Completion Time (MCT) algorithm. The experimental results 

show that the proposed algorithm outperforms the RR, and MCT algorithms by reducing 

make-span and the cost of the running tasks. 

 

Keywords: Cloud Computing; Dynamic Task scheduling; Service Request; Service 

Provider; Cloud Pricing 

 

1. Introduction 

Virtualization is considered the core of the Cloud Computing which hides the 

heterogeneity of the resources by introducing its services in the form of shared pool of 

configurable resources called Virtual Machines (VMs) [1].The main principle of the Cloud 

Computing is to deliver different IT services to the customers which meet their 

requirements [2].  

In order to service a user request, the service provider needs either to pay new hardware 

resources or to rent it from the resource provider. According to the Cloud Computing, the 

service provider hires resources from the resource provider and introduces the required 

resources in the form of Virtual Machine (VM) instances which meet the consumers’ 

requirements. The resource provider is responsible for allocating the VMs on the physical 

server. When a user submits a task to the Cloud, it passes through the following steps to be 

scheduled on the VMs (see Figure 1): 

 Resource discovering and filtering- Datacenter Broker discovers the resources 

present in the Cloud and collects status information related to them. 

 Resource selection - Target resource is selected based on certain parameters of task 

and resource. This is considered deciding stage. 

 Task submission -Task is submitted to the selected resource. 
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The load balance is considered one of the main principles of the optimized scheduling 

[3]. 

 

 

Figure 1. Scheduling in the Cloud[3] 

There are two types of task scheduling in the Cloud Computing; static task scheduling, 

and dynamic task scheduling. Static scheduling allows for pre-fetching the required data 

and pipelining all the scheduling parameters at the beginning. Static scheduling imposes 

less runtime overhead. In case of dynamic scheduling, the information of the job 

components/task is not known beforehand. Thus, the execution time of the task may not be 

known and the allocation of tasks is done on the fly [4]. The proposed algorithm is focused 

on how dynamically schedule the new incoming tasks during the execution of other tasks 

by choosing the best available resource (i.e., VM). This will be done by calculating the 

availability level of all VMs and allocating the incoming task to the most available one. 

The remainder of the paper is organized as follows. In Section 2, the related work is 

illustrated followed by the fundamental of the proposed task-scheduling algorithm in 

Section 3. In Section 4, the performance evaluation of the proposed algorithm via Cloudsim 

simulator and the comparative study are discussed. Finally, in Section 5, conclude the 

contributions and point out the future work. 

 

2. Related Work 

A greedy task scheduling based on the priority undertaken for its computation has been 

existed [5]. According to this algorithm, the deadline-based tasks are prioritized based on 

task deadline. The tasks with shorter deadline are executed first. So, the tasks are sorted in 

ascending order according to its priority, and the highest priority tasks are executed first. 

Greedy algorithm is suitable for dynamic heterogeneous resource environment connected 

to the scheduler through homogeneous communication environment [6]. R. K. Sharma, et 

al., [3] have proposed a dynamic optimization algorithm for task scheduling in Cloud 

Computing with resource utilization. The experimental results satisfy the requirements of 

both the users and the service providers through efficient schedule and priority 

reassignment. Liang Ma1, et al., [7] have proposed a dynamic task scheduling in Cloud 

Computing based on greedy strategy. The experimental results show that the algorithm can 

dynamically allocate VMs to reach load balance rate and rapidly finish executing tasks by 

greedy strategy.  

On the other hand, Round-Robin (RR) is a simple scheduling algorithm, based on time 

membership between jobs in circular queue without precedence, so, it is simple and easy to 

implement. But, each node is selected with a time slice in which it has to execute its task. 
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This algorithm simply allocates the job in round robin manner. The benefit of this algorithm 

is that no work has to wait for another one to be completed as on FCFS basis [8]. The main 

drawback of the RR algorithm is that the load on different machines has not considered. 

This drawback has been overcome in the proposed algorithm. According to the MCT 

algorithm, tasks are assigned to VMs such that the incoming task is scheduled to the VM 

with the highest speed. Therefore, the MCT algorithm focuses only on the speed of VMs 

[9]. 

 

3. The Proposed Task Scheduling Algorithm 

According to the work in this paper, a new dynamic task-scheduling algorithm on the 

Cloud Computing environment has been proposed. The main idea of the proposed 

algorithm is how to allocate new coming tasks on the existed resources while some existed 

tasks are running. The proposed algorithm is based on our static task scheduling algorithm 

[10]. The principles of the proposed algorithm can be summarized in the following steps:- 

1- Scheduling the existed tasks (current tasks) by calculating the total processing power 

of the available resources (i.e., VMs), and the total requested processing power by the 

users’ tasks, calculating the power factor of each VM (the ratio of its processing power 

to the total processing power of all VMs), then searching the users’ tasks to find a task 

or a group of tasks that their processing power near to the power factor of each VM 

[10]. 

2- When a task is coming during the runtime (dynamic tasks) of the existed tasks, it is 

scheduled using the following steps:- 

 

a) Calculate the power factor (PF) of each VMi which is equal to the ratio between 

the MIPS of the VMi and the MIPS of the worst VM (i.e., the VM which contains 

only single CPU (core)) by using the following equation: 

𝑷𝑭_𝑽𝑴𝒊 =  
𝑴𝑰𝑷𝑺𝒊

𝑴𝑰𝑷𝑺__𝒔
                                                                                   (1) 

Where, MIPS_s is the processing power of the worst VM. 

 

b) Calculate the availability level (AVL) of all existed resources (i.e., VMs) by using 

the following equation: 

 𝑨𝑽𝑳_𝑽𝑴𝒊 =  
#𝑪𝑷𝑼𝒔_𝑽𝑴𝒊

𝑽𝑴𝒊_𝒄𝒐𝒔𝒕
∗ 𝑷𝑭_𝑽𝑴𝒊 − # 𝒓𝒖𝒏𝒏𝒊𝒏𝒈 𝒕𝒂𝒔𝒌𝒔 𝒐𝒏 𝑽𝑴𝒊                        (2) 

Where #𝐂𝐏𝐔𝐬_𝐕𝐌𝐢 is the number of CPUs (cores) in the VM. For example, the number 

of cores for each VM and its price according to Amazon EC2 and Google price models  are 

represented in Table [1] and Table [2] respectively [11][12]. 

By increasing #𝐂𝐏𝐔𝐬_𝐕𝐌𝐢 and the power ratio of the VM, the availability level of the 

VM is increased, but when the cost of the VMi  and the number of running tasks on the 

VM increase, the availability level of the VM is decreased. 

Table 1. Amazon EC2 Instance Types and Price [11] 

Instance Type VM_type1 VM_type2 VM_type3 

CPU 4 7 20 

Price($/hour) 0.34 0.5 .64 
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Table 2. Google Cloud Instance Types and Price [12] 

Machine type VCPUs Price($/HOUR) 

n1-highmem-2 2 $0.126 

n1-highmem-4 4 $0.252 

n1-highmem-8 8 $0.504 

n1-highmem-16 16 $1.008 

n1-highmem-32 32 $2.016 

c) Sort the resources (VMs) in descending order according to their AVL. 

d) Test AVL level of the VMs if it is acceptable according to QoS requirements (e.g., 

execution time and cost).  

e) If the suitable VM is existed, allocate the task to it. Otherwise, create a new VM, 

and allocate the task on it. 

f) Calculate the execution time of the task on each VM by using the following 

equation: 

𝑻𝒂𝒔𝒌(𝒋)_𝑬𝑻 =  
𝒕𝒂𝒔𝒌(𝒋)_𝑴𝑰

𝑽𝑴(𝒊)_𝑴𝑰𝑷𝑺 
                                                                            (3) 

g) Calculate the cost of each task by using the following equation[13]: 

     Cloudlet (j)_cost = VMi_price* 𝑻𝒂𝒔𝒌(𝒋)_𝑬𝑻                                                (4) 

The pseudo code of the proposed algorithm is as follows: 

 

Input:  

         Number n of current cloudlets (i.e., tasks). 

         Number of dynamic cloudlets coming at random time during the execution of the 

existed cloudlets 

         Number of VMs (i.e., resources). 

Output:  

             Mapping Scheme for the requested existed tasks (cloudlets) on the available 

resources (VMs) and allocate the dynamic cloudlet to the best VM by considering 

the load on all VMs. 

 

         Firstly schedule the existed tasks[10] 

         Schedule the dynamic tasks coming during the runtime of the existed tasks. 

         Calculate the power factor of all VMs with respect to the worst one. 

 

 for i=1 to m do 

     calculate the power factor of each VM 

            𝑷𝑭_𝑉𝑀𝑖 =  
𝑀𝐼𝑃𝑆𝑖

𝑀𝐼𝑃𝑆_𝑠
 

     Calculate the availability level (AVL)of all existed resources (VMs) 

AVL_VMi =  
#CPUs_VMi

the cost of the VMi
∗ PF_𝑉𝑀𝑖 − # 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑡𝑎𝑠𝑘𝑠 𝑜𝑛 𝑉𝑀𝑖 

 

  Sorting the resources (VMs) in descending order according to their AVL. 

  if AVL is satisfied Then allocate the task 

  Else create new VM satisfy it. 

  Calculate the time and cost for the task execution. 
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4. Performance Evaluation 

The proposed task scheduling algorithm is slightly different from the default dynamic 

task scheduling algorithms, which mainly based on queuing the incoming tasks for a slice 

of time, then scheduling them as if they were static task scheduling, and repeat this sequence 

in periodic manner. Generally, our proposed algorithm is considered semi-dynamic 

schedule, where the incoming tasks will be scheduled to execute during the runtime of the 

static tasks. So, there is no waiting list (i.e., queue) for the incoming task, but live 

scheduling is done to define the proper available resource for receiving new task. 

According to the proposed algorithm, our static task scheduling algorithm which has 

been existed is applied first [10]. If a new task is coming during the runtime of the scheduled 

tasks, it will be scheduled. 

To evaluate the performance of the proposed algorithm, a comparative study has been 

done between the proposed algorithm, Round Ribbon (RR) algorithm, and Minimum 

Completion Time (MCT) algorithm by considering two performance parameters; total 

execution time, and the cost of scheduling. 

 

4.1. Experimental Environment 

The proposed task scheduling algorithm has been written by java programming language 

using eclipse program in Intel(R) Core(TM) 2 Duo CPU in 2.10 GHZ of processor and 4.00 

GB of RAM, through the CloudSim simulator. On the other hands, CloudSim is an 

extensible simulation toolkit that enables modeling and simulation of Cloud Computing 

systems and application provisioning environments. The CloudSim toolkit supports the 

Clouds components such as data centers, virtual machines (VMs), and resource 

provisioning policies. On the other hand, the Cloudsim implements generic application 

provisioning techniques that can be extended easily with limited efforts [14]. 

According to the implementation using Cloudsim, the VMs are considered the cloud 

resources and Cloudlets as tasks/jobs. The make-span of different algorithms has been 

measured by considering varying the cloudlets while VMs are fixed, as well as, varying 

VMs.  Cloudlets were generated from a standard formatted workload of a High performance 

computing center called HPC2N in Sweden as a benchmark. According to this benchmark, 

Each row in the workload represents a cloudlet where the first column is the id of the 

cloudlet, the fourth column is the length of the cloudlet (i.e., the runtime value multiplied 

by the rating which is defined as 1 MI in CloudSim), and the eighth column represents the 

number of the requested processing elements [15]. 

The calculation of the cost has been done using price models of Amazon EC2, and 

Google Clouds (see Table[1] and Table[2]) [11], [12].  

 

4.2. Experimental Results 

Two parameters have been used to measure the performance of the proposed semi-

dynamic task scheduling algorithms; execution time of the tasks, and the cost of execution. 

Execution time is the summation of execution time of all tasks, and the total cost is the 

summation of the cost of all tasks on the available resources. 

The proposed algorithm has been implemented into two versions; Proposed_1 and 

Proposed_2. According to Proposed_1 version, creating new VM is not considered, while 

Proposed_2 version considers initiating new VM. 
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4.2.1. The Evaluation Results Using Proposed_1 

 

Execution Time Results 

The execution time of any cloudlet is calculated using equation (3). First, the execution 

time will be evaluated using Amazon EC2 price model [11], and then it is evaluated using 

Google price model [12]. 

Using Amazon EC2 Price Model: 

The experimental results of our proposed algorithm, RR, and MCT algorithms are 

presented in Figures 2, and 3, using different VMs, as well as, different cloudlets 

(jobs/tasks). According to the experimental results in Figure 2 with considering 5 VMs, it 

is found that the performance of our proposed algorithm outperforms RR, and MCT 

algorithms with respect to the total execution time (i.e., makespan) by 42.4 %, and 75.5 % 

respectively. The overall performance of the proposed algorithm (i.e., average 

improvement) is 59.1 % relative to the RR, and MCT algorithms. 

 

 

Figure 2. Total Execution Time by Considering 5 VMs (EC2) 

According to the experimental results in Figure 3 with considering 10 VMs, it is found 

that the performance of our proposed algorithm outperforms RR, and MCT algorithms with 

respect to the total execution time (i.e., makespan) by by 56.4 %, and 38.6 % respectively. 

The overall performance of the proposed algorithm (i.e., average improvement) is 47.5 % 

relative to the RR, and MCT algorithms. 
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Figure 3. Total Execution Time by Considering 10 VMs (EC2) 

Using Google Price Model: 

The experimental results of our proposed algorithm, the RR algorithm, and MCT 

algorithm are presented in Figures 4, and 5, using different VMs, as well as, different 

cloudlets (jobs/tasks). According to the experimental results in Figure 4 with considering 5 

VMs, it is found that the performance of our proposed algorithm outperforms RR, and MCT 

algorithms with respect to the total execution time (i.e., makespan) by 82.7 %, and 84 % 

respectively. The overall performance of the proposed algorithm (i.e., average 

improvement) is 83.3 % relative to the RR, and MCT algorithms. 

 

 

Figure 4. Total Execution Time by Considering 5 VMs (Google) 

According to the experimental results in Figure 5 with considering 10 VMs, it is found 

that the performance of our proposed algorithm outperforms RR, and MCT algorithms with 

respect to the total execution time (i.e., makespan) by 81.4 %, and 41.2 % respectively. The 

overall performance of the proposed algorithm (i.e., average improvement) is 61.3 % 

relative to the RR, and MCT algorithms. 
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Figure 5. Total Execution Time by Considering 10 VMs (Google) 

Generally, by calculating the average make_span of the proposed algorithm, RR, and 

MCT algorthms, it is found that the proposed algorithm outperforms RR, and MCT 

algorithms by  

65.6 %, and 59.9 % respectively. And the overall make_span of the proposed algorithm is 

62.7 % relative to RR, and MCT algorithms. 

EXECUTION COST 

The cost of executing a cloudlet on a VM is calculated using equation (4). First, the price 

will be evaluated using Amazon EC2 price model [11], and then it is evaluated using 

Google price model [12]. The used unit is cent (¢)= .01 dollar($). 

 

Using EC2 Price Model: 

According to the used VM_type to run a cloudlet, and the running time of this cloudlet, 

the cost of this cloudlet can be calculated [10]. 

According to the experimental results in Figure 6 with considering 5 VMs, it is found 

that the performance of the proposed algorithm outperforms RR, and MCT algorithms with 

respect to the total cost (¢) by 28.65 %, and 77.15 % respectively. The overall performance 

of the proposed algorithm (i.e., average improvement) is 52.9 % relative to the RR, and 

MCT algorithms. 
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Figure 6. The Cost by Considering 5 VMs (EC2) 

According to the experimental results in Figure 7 with considering 10 VMs, it is found 

that the performance of the proposed algorithm outperforms RR, and MCT algorithms with 

respect to the total cost(¢) by 60.7 %, and 64.4 %  respectively. The overall performance of 

the proposed algorithm (i.e., average improvement) is 62.55 % relative to the RR, and MCT 

algorithms. 

 

 

Figure 7. The Cost by Considering 10 VMs (EC2) 

Using Google Price Model: 

According to the experimental results in Figure 8 with considering 5 VMs, it is found 

that the performance of the proposed algorithm outperforms RR, and MCT algorithms with 

respect to the total cost(¢) by 48.6 %, and 86.87 % respectively. The overall performance 

of the proposed algorithm (i.e., average improvement) is 67.74 % relative to the RR, and 

MCT algorithms. 
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Figure 8. The Cost by Considering 5 VMs (Google) 

According to the experimental results in Figure 9 with considering 10 VMs, it is found 

that the performance of the proposed algorithm outperforms RR, and MCT algorithms with 

respect to the total cost (¢) by 0.2 %, and 47.14 % respectively. The overall performance of 

the proposed algorithm (i.e., average improvement) is 23.67 % relative to the RR, and MCT 

algorithms. 

 

 

Figure 9. The Cost by Considering 10 VMs (Google) 

Generally, by calculating the average cost of the proposed algorithm, RR, and MCT 

algorthms, it is found that the proposed algorithm outperforms RR, and MCT by 34.5 %, 

and 68.89 % respectively. And the overall cost of the proposed algorithm is minimize by 

51.7 % relative to RR, and MCT algorithms. 
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In the following section, the different between the two versions of the proposed 

algorithm (i.e., creating or not creating new VM) and how it will affect the performance of 

the proposed algorithm will be investigated. 

 

Execution Time 

Figure 10 represents the implementation results Propose_1 (i.e., no creation new VM) 

and Propose_2 (i.e., considering creation new VM) with considering 5 VMs. According to 

the results, it is found that the performance of Proposed_2 algorithm outperforms 

Proposed_1 algorithm with respect to the total execution time by 92.26 %. 

 

 

Figure 10. The Total Execution Time by Considering 5 VMs (EC2) 

According to the experimental results in Figure 11 with considering 10 VMs, it is found 

that the performance of Proposed_2 version outperforms Proposed_1 version with respect 

to the total execution time by 81.77 %. 

 

 

Figure 11. The Total Execution Time by Considering 10 VMs (EC2) 
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Using Google Price Model: 

According to the results shown in Figure 12 with considering 5 VMs, it is found that the 

performance of Proposed_2 algorithm outperforms Proposed_1 algorithm with respect to 

the total execution time by 34.79 %. 

 

 

Figure 12. The Total Execution Time by Considering 5 VMs (Google) 

According to the results shown in Figure 13 with considering 10 VMs, it is found that 

the performance of Proposed_2 algorithm outperforms Proposed_1 algorithm with respect 

to the total execution time by 20.74 %. 

 

 

Figure 13. The Total Execution Time by Considering 10 VMs (Google) 

Generally, by calculating the average of the total execution time of Proposed_2 version, 

and proposed_1 version of our proposed algorithm, it is found that Proposed_2 version 

outperforms Proposed_1 version by 57.39 %. 

 

 

0

20

40

60

80

100

120

140

10 20 50 100

TI
M

E 
   

(S
EC

) 

NUMBER OF  CLOUDLETS

PROP_1 PROP_2

0

20

40

60

80

100

120

140

160

10 20 50 100

TI
M

E 
   

(S
EC

) 

NUMBER OF  CLOUDLETS

PROP_1 PROP_2



International Journal of Grid and Distributed Computing 

Vol. 10, No. 8 (2017) 

 

 

Copyright ⓒ 2017 SERSC Australia   33 

Execution Cost using Amazon EC2 

According to the experimental results in Figure 15 with considering 5 VMs, it is found 

that the performance of Proposed_2 version outperforms Proposed_1 version with respect 

to the total cost by 98.99 %. 

 

 

Figure 15. The cost by Considering 5 VMs (EC2) 

According to the experimental results in Figure 16 with considering 10 VMs, it is found 

that the performance of Proposed_2 version outperforms proposed_1 version with respect 

to the total cost by 93.2 %. 

 

 

Figure 16. The Cost by Considering 10 VMs (EC2) 
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Using Google 

According to the experimental results in Figure 17 with considering 5 VMs, it is found 

that the performance of Proposed_2 version outperforms proposed_1 version with respect 

to the total cost by 59.6 %. 

 

 

Figure 17. The Cost by Considering 5VM (Google) 

According to the experimental results in Figure 18 with considering 10 VMs, it is found 

that the performance of Proposed_2 version outperforms proposed_1 version with respect 

to the total cost by 36.74 %. 

 

 

Figure 18. The Cost by Considering 10 VM (Google) 
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5. Conclusion and Future Work 

Task scheduling is one of the main issues in the Cloud Computing. Dynamic task 

scheduling is considered an important issue for saving the time and decreasing the cost. In 

this paper, a new semi-dynamic task scheduling algorithm has been proposed for the Cloud 

Computing environment. The main idea of the proposed algorithm is that continuous 

monitoring the availability level of the existed resources (VMs) according to its processing 

power, cost, the number of running tasks on it, and allocating the incoming task to the most 

available one. To evaluate the performance of the proposed algorithm, a comparative study 

has been done among the proposed algorithm, RR, and MCT algorithms with respect to the 

total execution time (i.e., make-span), and the cost of execution using Amazon EC2, and 

Google pricing models. The proposed algorithm has been implemented into two versions; 

Propose_1 and Propose_2. According to Propose_1 version, creating new VM is not 

considered, but creating new VM is considered in Propose_2 version. The experimental 

results of Propose_1 version of our proposed algorithm prove the efficiency of the proposed 

algorithm with respect to the RR and MCT algorithms by minimizing make-span by 62.7 

%. In addition, the cost is decreased by 51.7 %. According to Propose_2 version of our 

proposed algorithm, if the availability level of the highest available VM is under the 

required QoS of the incoming task (i.e., time and cost), a new VM will be created during 

the run time. By comparing the Proposed_2 and Proposed_1 versions, the experimental 

results show that Proposed_2 version outperforms Proposed_1 with respect to total 

execution time and total cost by 57.39 %, and by 72.13 % respectively. The new proposed 

algorithm could be further extended by considering dependent tasks. 
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