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ABSTRACT  

Cloud computing enables the network access everywhere to a shared pool of configurable computing 

resources and provides various services for the resource allocation like computation, storage in 

virtualization. The task scheduling and resources utilization are the key challenges in the cloud 

environment. Scheduling allocate different types of job in the resources. Scheduling is decided based on 

the response of the Quality of Services (Qos). Quality of Service is the guaranteed service, which handles 

the different task in the job allocation. For that reason, in order to schedule the demanding data, numerous 

heuristic algorithms has been recommended such as Ant Colony Optimization Algorithms (ACO), 

Particle Swarm Optimization (PSO), Artificial Bee Colony Algorithms (ABC), and Genetic Algorithms 

(GA) to solve the resources utilization and task scheduling. It is proposed to use Bat algorithm, which 

provide an efficient scheduling mechanism that will increase the efficiency and performance of the 

system by minimize the execution time and deadline. The performance of the proposed approach was 

compared with heuristic algorithms and the results obtained have been presented. 
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INTRODUCTION 

 

Cloud computing is an upcoming emerging trend in distributed computing that facilities software 

applications, platform, and hardware infrastructure as a services. In cloud environment, the established 

role of service provider is divided into infrastructure providers and service providers. Cloud service 

provider provides the service based on the adapted Service Level Agreements (SLA) and users feedback 

is defined as a Quality of services (Qos).Enterprises can get their applications up and running faster while 

IT resources are managed by the cloud service providers. The cloud users are not aware of the location of 

neither the cloud infrastructure nor where the data is stored. There is an increasing demand for the 

deployment of different applications that are data-intensive, require elasticity of resources and provide for 

pay-per-use cost model. 

Cloud computing services allow users to hire computing resources in the form of Virtual Machines (VMs) 

from large-scale data centers operated by service providers [2]. Most cloud service providers use machine 

virtualization to provide flexible and cost effective resource sharing. Consumers will be able to access 

applications and data from cloud anywhere in the world on demand [3].It is difficult to physically assign 

tasks to computing resources in clouds because hundreds of thousands of virtual machines (VMs) are 

used [4]. So, efficient algorithms is needed for task scheduling in the cloud environment with the 

objective of putting unused resource (virtual machines) cycles to work while distributing the load among 

them. A good task scheduler should adapt its scheduling strategy to the changing environment and the 

types of tasks [5, 6]. As such, users can flexibly scale up and down the computing infrastructure 

according to the application‟s quality of service (QoS) demands and the users‟ budgets [5]. 

Scheduling maps and manages the execution of inter-dependent tasks on the distributed resources. The 

demand for scheduling is to achieve high performance computing with a suitable allocation of resources 

for each job to satisfy the objective functions imposed by consumers.  In order to improve the cloud 

performance, resources must be properly assigned with minimum overhead time and the load must be 

equally distributed on the physical machines. Proper VM scheduling can also reduce the number of 

migration that will increase the overall performance of the system. 

A workflow is formed from a set of tasks the application is executed using cloud. Workflow processing 

requires tasks to be executed based on their control and data dependencies. Workflow can generally 

represent as a Directed Acyclic Graph (DAG), defined by tuple G (T, E), where T is the set of n tasks {t0, 

t1,…………,tn} and E is the set of edges, represent the dependencies. If (ti ,tj) where ti is the entry node of 
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tj and tj is the child of ti. 

Figure 1 shows the dependencies among the different tasks in the workflow, numbered from T0 to Task 0 

is the entry task it has no parent node. Task 9 is the exit node it has a parent node. T0 is the parent of child 

tasks T1, T2, T3. T1 is the parent of child tasks T4. T2 and T3 is the parent of child task T5. T4 is parent 

of child tasks T6, T7. T5 is parent of child tasks T7 and T8. T6, T7, T8 are the parent of the child tasks 

T9. We use VM= {VM1, VM2, VM3, …,VMm} to indicate the set of virtual machines users leased, m 

represents the number of these virtual machines. MIPSi denotes the processing speed of VMi, where 

MIPS represent millions of instructions per second. 

 

Figure 1, Sample Workflow 

Workflow scheduling is the assignment of the application tasks to the different VMs for execution. The 

scheduling process maps and manages the execution of the inter-dependent tasks on the distributed 

resources. Task scheduling and resources utilization are the challenging issues as a resources usage had to 

be maximizing without affecting the services provided by cloud. 

This paper is organized as follows. Section 2 presents a related work. Section 3 presents a proposed 

workflow task scheduling algorithm. Section 4 presents an experiments and result analysis. Section 5 

presents conclusion. 

 

RELATED WORK 

An optimization technique is widely used to schedule the task in the effective way. While scheduling the 

task it will consider the QoS parameters like reliability, availability, Deadlines, priority, execution time, 

execution cost to fulfill the needs of the user. Meta-heuristic optimization algorithm such as GA, PSO, 

ACO and ABC are used to provide a good optimal solution under different constraints. 

Jayadivya S K and Mary Saira Bhanu S.(2012) introduced Qos based Workflow Scheduling Algorithm 

(QWS) to schedule many workflows based on user given QoS parameters. Scheduling these workflows to 
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get better success rate becomes a challenging issue in cloud computing as there are many workflows with 

different QoS (Quality of Service) parameters. 

Palanikkumar D et al (2012) proposed an Intelligent Water Drops (IWD) algorithm to select most suitable 

service from a set of candidate services. Computation of QoS is more important in service selection. It is 

based on the processes that happen in the natural river system. The actions and reactions that take place 

between the water drops are also considered. IWD is used as an effective way to find optimal solution for 

fast convergence and minimized execution time but could not consider more than 50 services for 

computational overhead. 

Pardeep Kumar and Amandeep Verma (2012) used genetic algorithm to schedule the tasks which will 

allocate resources to user‟s requests, so that the tasks can be completed in a minimum time. This method 

can be adapted in existing cloud computing systems only for decreasing makespan and better resource 

utilization.  

PaulRani A and Gomaty Nayagam M.(2013) has proposed Multiple QoS Constrained Scheduling 

Strategy of Multi-Workflows(MQMCE) algorithm to schedule the services based on more than one QoS 

requirement such as time and cost. It evaluates performance for various test cases with different number 

of workflows and different set of QoS parameters for each workflow.  

Arabi E. keshk et al (2014) introduced Modified ACO for load balancing (MACOLB) algorithm to 

balance the system load while trying to minimizing the makespan of a given tasks and allocating 

incoming jobs to the virtual machine. This algorithm minimizes the entire load of system and takes less 

time to complete the tasks. This algorithm can be extended with improvements to handle precedence 

between tasks and costs of resources.  

Pritibahen Sumanbhai Patel (2014) proposed genetic algorithm for multi-objective job scheduler thatwill 

provide efficient utilization of resources by completing tasks in a minimum time. It considers makespan 

and flow time to find nearly optimal solution.  

Shagufta Khanand Niresh Sharmal (2014), introduces a load-balancing algorithm using Ant Colony 

Optimization (ACO) and to balance the entire system load while trying to maximize and minimize 

different factor constraints. This technique is efficient to finding the overloaded node in less time and 

balances the node with efficiency and maximum utilization of resources.  

Akanksha Tripathi and Sandeep Raghuwanshi (2015)proposed Modified Load Balance ACO algorithm, 

which is used to resolve problem of load balancing in cloud environment and to optimize the makespan. 
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This cannot minimize the execution cost and different constraints. 

Jemina Priyadarsini Rand Arockiam L(2015) proposed an Improved Particle Swarm optimization (IPSO) 

algorithm to achieve optimal solution with global & fast violation rate and improve the efficiency. This 

technique produces better performance in resource utilization, minimize the makespan and improve 

solution.  

Vidhya M. and Sadhasivam N. (2015) discussed Parallel particle swarm optimization algorithm to find 

the optimal mapping of tasks which minimizes the job completion time. It reduces the execution time of 

tasks in cloud. Hence the present work focuses on Task Scheduling Using Meta-Heuristic Optimization 

Techniques in Cloud Environment. The objective of this work is to improve the quality of services using 

optimization techniques. Minimization of execution time (Makespan) and deadline for a given task. Task 

scheduling isdone in cloud environment by using Bat algorithm to increase the efficiency and refinement 

of optimization. 

WORK FLOW MODEL 

Workflow has several numbers of tasks and managing the overall workflow is considered complex. 

Workflow scheduling is one of the challenging issues in cloud computing which is aimed at complete 

execution of workflows by considering their QoS requirements. Workflow scheduling deals with the NP- 

Problem and many heuristic and meta-heuristic methods has been proposed.  

Workflow can generally represent as a Directed Acyclic Graph (DAG), defined by tuple G (T, E), where 

T is the set of n tasks {t0, t1,…………,tn} and E is the set of edges, represent the dependencies. If (ti ,tj) 

where ti is the entry node of tj and tj is the child of ti. A task with no children is exit task and task with no 

parent is entry task.  Only one entry node is possible as well as only one exit node is possible. The initial 

node will not have any parent node. They have a different task to form a workflow and every task 

depending on another task. The scheduling is done according to the number of tasks. The shortest path as 

well as the weightage is handled to provide a solution. Workflow requires tasks to be executed based on 

their control and data dependencies. 

 

Figure 2 depicts the basic structure of a set of workflows which consists of ten tasks, labeled from T1 to 

T10. It shows the dependencies among the different tasks depicted as a workflow graph G. 
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Figure 2, Sample DAG 

 

The workflows can be described as a Directed Acyclic Graph (DAG) G= (T, E). In this model: the set of 

nodes T= {T1, T2, T3… Tn} represents the workflow tasks; the set of edges E= {(Ti, Tj) |Ti, Tj∈T} 

represents precedence constraints between two tasks in the workflow. If task Ti has a directed edge 

pointing to task Tj, Ti is called the parent task of Tj and Tj is called the child task of Ti. In this case Tj can 

only be executed until it is entire parent tasks have been completed [16]. For example, it can be seen from 

the figure 1, that the parent task T0 is executed before child tasks T4 and T6. The output of parent node 

acts as an input to child node. Task T0 is the entry node while task T10 is the exit node. Task T10 is the 

last task that is executed after the completion of tasks T5 and T7.  

Task Scheduling Model  

The proposed work looks for the optimized results using Bat Algorithm for scheduling the task. It is 

based on the intelligent behavior of swarm algorithm. It is used to provide an optimal solution which 

minimizes the execution time and completes the task before its deadline. 
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Figure 3, Task Scheduling Model 

As shown in the user gives an input job and the job is scheduled to provide an optimal solution by using 

meta-heuristic techniques based on optimization algorithm. The Bat Algorithm is used to minimize the 

execution time and deadline. The task should maintain their dependencies even they change or be same 

from user to user.The input of the task is represented by the Directed Acyclic Graph (DAG) and it has the 

number of task with it and it is denoted as T. The data transmission time between the tasks is represented 

along the edges. They have an Entry-Exit Relationship. The child node depends on parent node without 

the output of the parent node the child node will not get the input for its execution. 

 

Bat Algorithm is applied to schedule the task to achieve the optimistic schedule. It is the population based 

algorithm on the behaviour of bats. The solution to the problem is represented by the bat position. Bat 

algorithm is based on the  behavior of swarm-intelligent  algorithm and meta- heuristic techniques. It 

provide an optimum solution to complex data and it is compared with other algorithm.Bat algorithm 

consists of three phases (i) Scheduling job with the constraints (ii) Echolocation of Bats (iii)  Random 

frequency and emit pulse. In Scheduling job with executiontime and deadline to obtain different 

scheduling by changing its position of the task in the schedule.The task should be  maintained the 

dependency while sorting the task. The process is repeated until position update process is completed. 

The best scheduling is done to produce an optimal solution and improve the efficiency of the task and its 
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performance. In an Echolocation of Bats, it depend on the behavior of the bat and many micro bats having 

amazing echolocation and it is highly sophisticated sound of hearing. It is sonar systems, which use to 

detect food, prevent obstacles and locate bats. This signals bounce back if they hit the data.  It able to 

interpret the signals to see if the object is large or small and if it is moving toward or away from them. 

They determine the size of an object and how they travel faster and split the task in a second. It helps to 

solve the multi-objective is used to solve the task with its sum of the weighted task. It even helps to 

improve the efficiency based on the finding prey and avoid obstacles. It is very flexible to solve the wide 

range of the task in N-levels. The number of schedule will be handled with greater probabilities on 

different machine are scheduled in the appropriate machine. According to this, it will detect of all 

scheduled task to produce an effective outcome. They use a random phase to get an optimized result.  

In this effective random frequency, the velocity can automatically adjust the wavelength (or frequency) of 

their emitted pulses and adjust the rate pulse is to be the more optimistic scheduling with minimization of 

execution time and within the deadline. 

 

Scheduling Using BAT Algorithm

For scheduling workflow tasks on cloud resources, a new meta-heuristic method called the BAT 

algorithm is applied. It is based on the echolocation behavior of the virtual bats. This behavior of 

echolocation can be formulated in a way that it associates with the objective function, which is to 

beoptimized. The algorithm is based on the following rules: 1. in order to sense the distance, bats use their 

echolocation behavior. 2. Bats fly with certain velocity vi at position xi. They emit pulse whose frequency 

is adjusted automatically and the rate of the emitted pulse r [0, 1] is adjusted depending on the distance of 

the bat from its target. 3. Loudness of bats varies from a large value L0 to a minimum value Lmin. 

Table 1 

Pseudo-Code of the BAT Algorithm 

1:Initialize the bat population xi and vi (1,2,3…….,n) 

2:Initialize frequencies fi, pulse rates ri and loudness Li 

3:While (t < Max number of iterations) 

4:Generate new solution by adjusting frequency 

5:Update the velocities location/solutions using the following equations 

6:fi = f_min + ( f_max –f_min) rand 

7:vi
s+1 

=  vi
s
 + (xi

s
 – x*)fi 
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8:xi
s+1 

=  xi
s
+ vi

s+1 

9:If(rand > ri) 

10:Select a solution among the best solution 

11:Generate local solution among the selected best solution 

12:End If 

13:Generate a new solution by flying randomly 

14:If (rand < Li & f(xi) < f(x*)) 

15:Accept the new solution 

16:Increase ri and reduce Li,using constants β and r according to    

following equations 

17:Li
s+1 = 

β Li
s 

18:ri
s+1 

= ri
0 
[1 – exp(-rs)]

 

19:Rank the bats and find the current best x* 

20:EndWhile 

The pseudo-code of the BAT algorithm is given in table 1. The BAT algorithm has not yet been explored 

for scheduling purposes in clouds but due to certain amazing features that it exhibits like frequency 

tuning, capability of the sound pulse emitted by them when it bounces back from the prey or the 

surrounding objects. As the bat approaches near its prey, it reduces the loudness of their echo and 

increases the rate of the sound pulse. For the problem of scheduling workflows in cloud environment, a 

bat individual represents the task to virtual machine mapping for each task in the workflow, according to 

the echolocation behavior of the virtual bats. This property enables them to detect the position of their 

prey. Frequency modulated signals are used for echolocation. Bats listen to automatically zooming into 

the regions where optimal solution lies and parameter control, it can prove to be a promising algorithm for 

scheduling cloud resource.

Estimated Completion Time (ECT)  

The Bat algorithm has been designed to schedule workflows while looking at optimization of multiple 

criteria of job execution time, deadline and VM load balance. 

For a given set of „n‟ tasks, the execution time is computed using Equation (3.1). 

Eij = Length i / Mips j (3.1) 

where Length i denotes the number of instructions of the corresponding task tiand processor speed of 

VMs. 
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The scheduling process is explained assuming three VMs (VM1, VM2, VM3) and 11 tasks (t1, t2, 

t3, ….t11). The user requests or tasks are executed by the VMs.  It is assumed that one VM would execute 

one task at any point in time. Hence, the tasks are assigned such that two tasks are not scheduled to the 

same VM at the same time.  To start with, the tasks are assigned in the order of user requests to the VMs 

on a FIFO basis. Tasks are stored in the process queue, which is defined as R and can be represented as: 

 

1 1 4 7 10

2 2 5 8 11

3 3 6 9

VM t t t t

R VM t t t t

VM t t t

    
 

     
    

    (3.2) 

 

Each task is associated with a quantum value which indicates the time quanta required to complete the 

job. Quantum values are selected randomly in the range of 100-1000 MIPS to complete the task.  The 

execution time of task ti is defined as the amount of time taken by Virtual Machine VMj to execute ti 

given that VMj has no load assigned to it and is calculated using Equation (3.1). Table 2 shows the 

execution time of tasks in ms on three virtual machines.

 

Table 2: 

Expected execution time of tasks on three VMs 

VMs/ 

Tasks 

VM1 VM2 VM3 Average 

Execution 

Time 

t1 3 5 1 3 

t2 2 3 1 2 

t3 3 5 1 3 

t4 2 3 1 2 

t5 2 3 1 2 

t6 2 3 1 2 

t7 2 3 1 2 

t8 4 6 2 4 

t9 3 5 1 3 

t10 2 3 1 2 

t11 5 7 3 5 

 

Tasks can be assigned for execution based on the task dependency as given in Figure 2. As per R, tasks 

t1, t2, t3 are assigned and executed simultaneously on VM1, VM2 and VM3. VM3 completes task t3 in 
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one time quanta, while VM1 and VM2 take 3 time quanta to complete their respective tasks. Task t4 can 

be assigned to VM1 only when task t1 is completed. Similarly, task t5 can be assigned to VM2 on 

completion of their dependent task t1.  Likewise, task t6 can be assigned to VM3 only on completion of 

tasks t1 and t3. Even though, VM3 completes task t3, it has to wait for the completion of task t1. So it 

would be idle and waiting till task t1 is completed. In this manner, the tasks are assigned and the fitness 

computation for this initial population is shown in Table 3. 

 

Table 3  

Schedule according to execution time 

 

Tasks / 
Machines 

VM1 VM2 VM3 

1 T1 T2 T3 

2 T1 T2 NULL 

3 T1 T2 NULL 

4 T4 T5 T6 

5 T4 T5 T9 

6 T7 T5 NULL 

7 T7 NULL NULL7 

8 T8 T10 NULL 

9 T8 T10 NULL 

10 T8 T10 NULL 

11 T8 T11 NULL 

12 NULL T11 NULL 

13 NULL T11 NULL 

14 NULL T11 NULL 

15 NULL T11 NULL 

16 NULL T11 NULL 

17 NULL T11 NULL 

 

It can be noted that 17 iterations are required to complete all the tasks. However, the VMs are not 

optimized as the VMs are idle for different periods of time as seen from Table 3.   

Path Assignment 

The paths are defined for scheduling the tasks on the different VMs and this process is explained using 

the following pseudo code: Path assignment receives an ordered list of tasks as input and scheduled the 

tasks on various VMs, which can finish each task before its latest finish. It begins with tend and follows 

back the parents until it reaches topen.  
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Table 4 

Path Assignment Algorithm 

1          procedurepath_assign(graph G) 

2                      While(t has an unassigned parent) do 

3                                  path←null,  ti←t 

4                                              For each (unassigned parent of ti)do 

5                                                          Parent(ti)= max(EF(tp) + DT(p, i)) 

6                                              end for 

7                      end while 

8                      return path 

9          end procedure 

  

Receives an ordered list of tasks as input and schedules the tasks on the average service which can finish 

each task before its latest finish. It begins with tend and follows back the parents until it reaches topen. 

Algorithm 1 shows pseudo code for assigning possible path for the given job. The path assignment is 

done for all unassigned parents. Initially it starts with last task tend and backtrack to find its parent task 

whose earliest finish and data transmission time (EF(tp) + DT(p, i)) should be maximum. This is repeated 

till it reaches the topen and all task have assigned parents. Then, the paths are scheduled to the available 

virtual machines. 

The tasks are stored in the process queue, defined by R and are represented as: 

 

              VM1                       

              VM2 

 

              VM3 

 

Figure 5, Schedule according to Path assignment 

 

Hence VM1 will execute tasks t2, t4, t7 and t11, VM2 will execute t3, t6, t10 and t9, VM3 will execute 
t1, t5 and t8. 

 

The Bat algorithm is now applied to the obtained task schedule.Bat algorithm consists of three phases (i) 

Scheduling job with the constraints (ii) Echolocation of Bats (iii)  Random frequency and emit pulse. The 

task should be  maintained the dependency while sorting the task. The process is repeated until position 

update process is completed. The best scheduling is done to produce an optimal solution and improve the 

T2 T4 T7 T11 

T3 T6 T10 T9 

T1 T5 T8 
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efficiency of the task and its performance. 

In order to obtain an effective scheduling procedure, the three phases of Bat algorithm is first applied for 

the R given in (3.2) 

 

 

 

 

2 4 7 11

3 6 10 9

1 5 8 

 

The position update process is done based on Equation (3.2) to get better processing order of the tasks so 

as to improve the resource optimization. 

Table 5 

Schedule according to the deadline constrained 

 

Tasks/ 

Machines 

VM1 VM2 VM3 

1 T2 T1 T3 

2 T2 T1 NULL 

3 T4 T1 T6 

4 T4 T1 NULL 

5 T7 T1 NULL 

6 T7 T5 NULL 

7 T11 T5 T10 

8 T11 T5 T9 

9 T11 T8 NULL 

10 T11 T8 NULL 

11 T11 T8 NULL 

12 NULL T8 NULL 

13 NULL T8 NULL 

14 NULL T8 NULL 

 

It can be noted that 14iterations are required to complete all the task requests.  Even though the machines 

are idle for different periods of time, there is still as improvement over the initial process.  

Deadline Constrained 

The objective of the proposed model is to schedule the workflows in the cloud environment within the 

deadline constraint. Deadline is defined as the latest time by which all the tasks should be completed. 

Hence, the tasks have to be appropriately assigned and completed to meet the required deadline. If the job 
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does not complete within the prescribed deadline, there is the possibility of the job being suspended or 

terminated.In the proposed model, Earliest Start (ES), Earliest Finish (EF), Latest Start(LS), Latest 

Finish(LF) and Execution Time(ET) of the task was used to compute overall deadline of the application.  

To compute deadline, the maximum of the Earliest Finish Times at the End Task (tend) is first computed 

by considering all tasks that end there. In a similar manner, maximum EF is calculated for all tasks, 

moving sequentially backwards from the End Task (tend) till the Start Task (topen) is reached. For each 

task ti, the Earliest Start (ES) is defined as: 

ES(topen)=0------------------------------ (3.3) 

Es (ti)=     Max        (ES (tp) + AET (tp) + DT (p, i)) ------------------------------ (3.4) 

tp€ti’s parents 

 

Where AET (ti) is Average Execution time of task ti, ET (topen) and EF (tend) is zero. DT (p, i) is the data 

transmission time from parent node (p) to current node (i). Accordingly, the Earliest finish of an 

unscheduled task ti, EF (ti), is defined as follows: 

 

EF (ti) = (ES (ti) + AET (ti) --------------------------------------- (3.5) 

 

Also, we define the Latest Finish (LF),Latest Finish (LF) is the latest time at which the tasks complete its 

work before the deadline D. The Earliest finish of the last task tend, which is defined as,

LF (tend) = EF (tend) ------------------------------------- (3.6) 

LF (ti) =     Max        (LF (tc) - AET (tc) - DT (i, c)) ----------------------------------- (3.7) 

tc€ti’s childrens  

 

Where DT (i, c) the data transmission time from the current node (i) to child node (c), AET ( tc) is  

Average Execution time of task tc. 

 Calculate Latest Start (LS). Latest Start (LS) of the task ti  is computed as the difference of execution 

time of the task ti and Latest finish of the task ti is shown below in equation (3.8). 

LS (ti) = (LF (ti) – AET (ti) ) --------------------------------------------------------(3.8) 

 

Deadline is defined as the latest time by which all the tasks should be completed. Hence, the tasks have to 

be appropriately assigned and completed to meet the requirements deadline. If the job does not completed 

within the prescribed deadline, there is the possibility of the job being suspended or terminated.  
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The ES, EF, LF and LS computed for all tasks for the sample DAG is shown in Table 6. 

Table 6 

Start And Finish Task Table On The Sample Workflow 

 T1 T2 

 
T3 T4 T5 T6 T7 T8 T9 T10 T11 

ES 0 

 

0 0 0 5 6 7 12 11 10 12 

EF 3 
 

2 3 2 7 8 9 16 14 12 17 

LS 1 

 

0 3 4 6 9 7 13 14 15 12 

LF 4 
 

2 6 6 8 11 9 17 17 17 17 

The Deadline (D) is computed as the maximum of the Earliest Finish Times at the End Task (tend) using 

Equation (3.9). 

 D = EF (tend)              (3.9) 

Here Deadline (D) is 17, which is Earliest Finish (tend). 

It can be noted that fitness value obtained using Bat Algorithm is 14 which is within the deadline 

constraint of 17. 

 

EXPERIMENT AND RESULT ANALYSIS 

 

The performance of the proposed model was analyzed for the sample DAG and simulated using cloudsim 

tool. CloudSim provides a generalized and extensible simulation framework that enables seamless 

modeling, simulation, and experimentation of emerging cloud computing infrastructures and application 

services. The CloudSim toolkit supports both system and behavior modeling of Cloud system components 

such as data centers, virtual machines (VMs) and resource provisioning policies.  

The performance of the proposed model was compared with the GAand ACO algorithms.  It should be 

noted that each of the above methods look at optimizing different criteria. It should also be noted that 

above methods look only at a single criteria unlike the Bat algorithm which looks at optimization of 

completion time together with deadline.  To enable performance comparison, GA and ACO methods have 

been applied in the optimization phase of the scheduling methodology. 

  

The performance evaluation is carried out using three VMs and user requests randomly arranged from a 
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set of 50 tasks. The length of the task ranged from 1000 MI (Million Instructions) to 20000 MI. The 

experiment is repeated for different sets of tasks. The average fitness values obtained for Bat Algorithm, 

GA, ACO and PSO is shown in Table 6. 

 

Table 6  

Comparison of Average Fitness Value for Makespan and Deadline 

Method 

 

Fitness Values For Different 

Task Counts 

11 30 50 

GA 15 35 61 

ACO 16 33 58 

FIFO 17 36 65 

BAT 14 27 39 

Deadline 17 32 44 

 

It can be seen from the table, that for all methods, the fitness value increases with increase of task count. 

The same values can be expressed as a graph shown in Figure 5.2. 

 

 

Figure 6 Comparison of Fitness Value 

The experimental results indicate that, Bat Algorithm achieves better performance in terms of job 

completion time minimization without affecting the task dependencies. 
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CONCLUSION 

 

The performance results show that Bat Algorithm has the optimum utilization of VMs and also a better 

fitness value for the QoS criteria. Considering the same count of 50 tasks, there is a reduction of 10 % in 

time when compared with GA, a reduction of 6 % as compared with ACO.  It can be observed that Bat 

algorithm has minimum completion time within the deadline constraint which outperforms over the 

existing algorithms by 5% which consider only single criteria.   

The workflow scheduling methodology proposed in this paper can be effectively used in emerging 

services of SaaS and XaaS models of cloud computing.  Services running in the cloud can be scheduled to 

effectively meet the SLA terms and conditions with respect to multiple criteria, like, execution time, cost 

etc. 
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