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Abstract: The usage of cloud computing and its resources for the 
execution of scientific workflow is a rapidly increasing demand.  
The Scientific applications are generally large in scale; even a 
single scientific workflow includes more number of complex tasks. 
Execution of these tasks can be made successful only by deploying 
it in the cloud virtual machines, because only cloud environment 
can only provide very large number of computing assets.  In cloud, 
every processing resource is given as Virtual Machine.  Any 
scientific workflow deployed in the cloud needs large number of 
virtual machines so; huge amount of computational energy is 
spent by the virtual machines to execute multifaceted scientific 
workflows.  Hence there arises the need to utilize the cloud 
resources in an energy efficient way. Also, if the virtual machines 
are planned to schedule in an energy efficient manner there is an 
increase of makepsan of the workflow which is going to be an 
important parameter for completing the workflow within the 
deadline. So, the need for executing scientific workflows in energy 
efficient way with reduced makespan becomes a major issue 
among the researchers.  It also becomes very challenging task to 
executing a scientific workflow in within the given deadline of a 
task in the given workflow. To address these issues, a new Energy 
Aware workflow scheduling algorithm is proposed and designed 
with improved makespan for the execution of different scientific 
applications in cloud environment. 

Keywords: Workflow, Scientific Application, Task Scheduling, 
Virtual Machines; Power Utilization, Energy Efficiency, Task 
assignment, Task migration, makespan, Genetic Algorithm, 
Fitness Function. 

I. INTRODUCTION 

Cloud is an on-demand service provider of computing 
system resources, which includes storage, computing servers, 
databases, software and networking that are distributed and 
accessed through internet.  Virtualization is the most 
important concept in cloud computing which shares the 
physical instance of any cloud asset to multiple users. 
Virtualization of computing servers can run large number of 
tasks assigned to it from time to time. The tasks can range 
from simple to very complex tasks like executing scientific 
workflows in the virtual machine.  A scientific workflow is a 
Directed acyclic graph which is popularly known as DAG, in 
which the nodes are called tasks and edges are called 
dependencies among tasks. The main important property of 
scientific workflow is that it manages the task dependencies 
and dataflow of any scientific application.  
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A single workflow consists of large number of tasks and 

each task performs a specific function of given scientific 
application with a final goal. 

Every Scientific workflow has two types of deadline viz.  
overall deadline and sub-deadline. Overall deadline is the 
time taken to complete all the tasks in a given workflow and 
sub-deadline is the deadline assigned for a each individual 
task in a workflow. 
     The enormous usage of computing servers and data 
centers for the execution of scientific workflows leads to 
increase in the amount of energy consumption of virtual 
machines which becomes major issue needs to be address by 
the cloud researchers. Hence, utilizing the cloud computing 
assets in more energy efficient way has become more 
important issue for the researchers to focus in the field of 
deploying scientific workflows in cloud. Also, when the 
workflow scheduling algorithm schedules the task to the 
virtual machine in energy efficient manner, there is a vast 
increase in the makepsan of the workflow which is an 
important parameter for completing the workflow within the 
deadline. So, reducing the makespan is an important thing for 
the successful execution of workflow. To address these 
issues, a new Energy Aware workflow scheduling algorithm 
is proposed and designed with improved makespan for the 
execution of different scientific applications in cloud 
environment. 

This paper is organized with the following sections.  In 
Section 2, few important energy efficient scheduling 
algorithms that are commonly used for the execution of 
scientific workflows in cloud are discussed in brief.  The 
energy model of cloud computing, equations pertaining to 
energy consumption of a virtual machines are discussed in 
Section 3. Section 4 proposes a new Energy Aware 
Workflow Scheduling algorithm and it is discussed in detail. 
Section 5, discusses about the simulation and results of the 
work done and Section 6 concludes the paper with the future 
extension of the work. 

II.  RELATED WORKS 

This section briefly discusses about most important 
energy efficient scheduling algorithms for executing 
scientific workflows in cloud and also the algorithms related 
to makespan improvisation.  Xiaolong Xu et.al proposed a 
resource allocation algorithm called EnReal [1] to reduce the 
energy consumption of different kind’s workflows.  In this 
algorithm, the cloud virtual machines are used dynamically 
whenever the need arises for execution of scientific 
workflow.  
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The main advantage of this work is that most part of the 
algorithm works on reducing the energy consumption which 
incorporate the base level energy consumption of any 
Physical  

 
Machine, the energy spent by all idle Virtual Machines, 

the energy spent by all idle physical machines and the data 
transfer between the processes.  

Zhuo Tang et.al. proposed a new workflow scheduling 
algorithm called DEWTS [2] (DVFS Energy efficient 
Workflow Task Scheduling).  This algorithm executes the 
workflow task in the cloud with DVFS enabled. The main 
idea behind this algorithm is to merge the idle virtual 
machine processors to recover the slack time. After some 
iteration of merges all the slack times are turned to be a useful 
one.  DEWTS algorithm makes use of HEFT algorithm for 
task mapping onto the virtual machines.  The test simulation 
result proves that DEWTS has considerably reduced the 
average power utilization by up to 46.5% for different 
applications. 

Huangke Chen et.al. developed energy efficient online 
scheduling Algorithm called ENOS [3] for scheduling real 
time workflows in the cloud. The author has proposed three 
policies to scale up and scale down the cloud computing 
resources. These policies can integrated into ENOS to 
balance weighted square frequencies of hosts. 

Khadija Bousselmi et.al. proposed a scheduling scheme 
called Workflow Partitioning for Energy Minimization 
(WPEM) [4] and for the execution of scientific workflows the 
Cat Swarm Optimization (CSO) algorithm is used.  The 
proposed algorithm reduces the overall energy consumption 
of workflow and also reduces the energy spent in data 
transfer that occurs in parallel to the execution of tasks.  This 
algorithm makes use of the schedule generated by the CSO 
algorithm for the created partitions in such a way to set limit 
for the total energy utilization of the workflow and its 
execution time. The experimental outcomes demonstrate that 
their proposed algorithm has decreased the energy utilization 
with the tested workflows. 

In [5] an energy efficient task scheduling algorithm is 
proposed. This algorithm uses frequency scaling technique to 
execute the workflow within a given deadline. The frequency 
of processor is found out by using the ESFS (Stepwise 
Frequency Scaling) algorithm to execute a task on given 
virtual machine. The main advantage of this algorithm is that 
it completes the execution of all the tasks within the given 
deadline.  The algorithm constantly changes the processor 
frequency for each task in so that the total energy utilization 
is reduced. The simulation results of this algorithm is 
compared with HEFT and ESS algorithm and proved that the 
proposed algorithm comparatively reduces the energy 
consumption when compared to other two algorithms. 

In [6] the author proposed a Pareto-based workflow 
scheduling algorithm which is multi-targeted. It is the 
extension of well-known best in class heuristic algorithms 
that are most capable of computing a set of tradeoffs most 
constructive solution for energy efficiency and makespan. 
This approach depends on experimental models which 
catches the real behavior of energy consumption in 
heterogeneous parallel framework. 

In this section we will discuss about various workflow 
scheduling algorithm to improve the makespan of the 
workflow proposed by many researchers. 

Ali S. A. Al-Haboobi presented an improved Max-Min 
algorithm [7].  This algorithm effectively minimizes the 
makespan of workflow and to increase the resource 
utilization. The experimental result shows that the proposed 
algorithm outperforms the existing Max-min algorithm.  

Yang Cui, Zhang Xiaoqing proposed a workflow 
Scheduling optimization algorithm using Genetic Algorithm 
[8]. The proposed algorithm reduces the execution cost of the 
workflow under the deadline and budget constraint.  

Ahmad M. Manasrah and Hanan Ba Ali proposed a 
Hybrid GA-PSO [9] algorithm for task allocation to the 
virtual machines efficiently. The experimental result shows 
that the proposed algorithm outperforms the existing Genetic 
Algorithm and PSO algorithm.  

Zong-Gan Chen and et al. proposed a Genetic Algorithm 
approach[10] for a cost-minimization and deadline 
constrained workflow scheduling model on cloud computing. 
Also a dynamic objective strategy is proposed to let the 
Genetic Algorithm to optimize the execution time of the 
workflow. 

Li Liu, Miao Zhang and et al. presented a co evolutionary 
genetic algorithm [11] to scientific workflow scheduling in 
cloud. In this approach the crossover and mutation 
probability to speed up the convergence of the optimal 
solution. 

Israel Casas, Javid Taheri and et al. proposed an enhanced 
Genetic Algorithm [12] to improve the makespan of the 
workflow scheduling in cloud. This algorithm reduces the 
makespan between 11 to 85 per cent when compared to 
existing algorithms. 

III. ENERGY MODEL OF CLOUD 

Cloud offers different types of virtual machines viz. 
, , …  with different computing 

performance , ,...  calculated in MIPS. So, the power 
consumed P by any virtual machine will differ according to 
the computing performance. This is given by the equation 1 
and it implies that if a virtual machine has more computing 
performance then it consumes more CPU power.  

 
If      > then >                                             

(1) 
 
The energy consumption of any virtual machine is of two 
type’s dynamic and static energy consumption.  Dynamic 

state energy consumption is denoted as   and idle state 
energy consumption is denoted as . So, the power 
consumption of any virtual machine  is calculated by the 
equation 2. 
 
             =  *                                                      (2) 
 
Here,  is the voltage level and  is the frequency of 
execution of any virtual machine . The energy 
consumption of the virtual machine is defined as the product 
of power consumption of virtual machine and time. So, the 
dynamic energy consumption in a given time (t) is given by 
the equation 3 and the static energy is given by the equation 
4. 
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               =  *                                               (3) 
 
Where  denotes task execution time. 
 
              =  *                                              (4) 
 
 
 
Using the equation 3 and equation 4, total energy consumed 
by a virtual machine is calculated by the equation 5. 

 
  E ( ) =  +                                    (5) 

 
The total energy computed in equation 5 is used to calculate 
the Power Utility (PU) of a virtual machine, which is 
discussed in next section. 

IV. PROPOSED WORK 

This section introduces the proposed algorithm called 
Energy Aware Workflow Scheduling with task migration.  
This algorithm comprised of two modules: 1) Energy Aware 
VM Allocation 2) Task Scheduling using modified Genetic 
algorithm. In the first module, the optimal virtual machine is 
found for each task using the Power Utility (PU) model. In 
the second module, the workflow tasks are scheduled in the 
optimal virtual machines using the modified Genetic 
Algorithm. 

A. Energy Aware VM Allocation 

      This algorithm is based on the concept called Power 
Utility(PU) of a virtual machine. Power Utility of the virtual 
machine can be  defined as the ratio of workload to the total 
energy consumption of task  on virtual machine  and it 
is calculated by the equation 6. All the tasks in the workflow 
are assigned to avirtual machine based on the Power Utility 
model. 

        PU ( ) =                                           (6) 

 
Where  denotes the workload of virtual machine. 
Once after calculating the Power Utility, a set consisting of 
Power Utility is formed for each task and it is denoted by 
PU ( ) and it is represented by the equation 7. This set holds 
all the values of power utilities if a particular task is executed 
in various virtual machines.   
PU( ) = {pu( ),  pu( ), pu( ),………, pu( )}       (7) 
The power utilities in the set are arranged in descending 
order. The first value in the set denotes the ideal power utility 
factor to execute task  in the first virtual machine and the 
virtual machine selected is made as an optimal virtual 
machine and it is denoted by . 
Figure 1 illustrates the diagrammatic representation of Task 
allocation model. This model consists of two main modules 
called Power Utilization set module and Task assignment 
module. The Power Utilization Set Module takes two inputs, 
viz. Set consisting of list of virtual machines and a task set.  
The detailed functionality of the two modules is discussed 
below. 

B. Task Allocation Scheme 

After completing the formation of Power Utility set, the 
task allocation is done using the following steps 
Step 1: If a task  can be finished within the given deadline, 
then assign task  to the optimal virtual machine . This 
means task  is allocated to . 
Step 2: If the selected virtual machine is already allocated to 
some other task .  Form a new task set called sub-optimal 
task set and add the unallocated task into it. 
Step 3:  Take task from the sub-optimal set of tasks one by 
one, find the next ideal power utility and map the task new 
optimal virtual machine . 
 

 
Fig.1. Task Allocation Model 

C. Algorithm 

     The workflows of various scientific applications are 
maintained as a DAX file.  DAX file is the description of 
workflow in conceptual way, all the information related to 
the tasks and dependencies among the tasks are represented 
in XML format.  At first the DAX file is parsed using the 
XML parser to retrieve the task list, overall deadline and 
sub-deadline of tasks. The algorithm takes as input the DAX 
file, Virtual machine list VM_LIST and set of all tasks 
TASK_SET as generated by DAX parser. 
 
Algorithm: Energy Aware Workflow Scheduling Algorithm 
 
Inputs:  1.   DAX File  
              2.   VM_LIST 
 
String daxFile = “<…/<DAXFile.xml>” 
int k = <no. of Virtual Machines> 
vmlist0 = createVM(k) // Create the list of virtual machines 
VM_LIST = {vmlist0} 
TASK_SET = daxParser (daxFile) 
int noOfTasks = getSize(TASK_SET) // get the no. of tasks 
in the task set 
for each in the TASK_SET do  
    PU ( )  =    / E ( )      
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    //Arrive power Utility Set for each task 
    for each in theTASK_SET do 
       PU( ) = {pu( ),  pu( ), pu( ), ……… , pu( )}                            
    end for  
    for each element in PU(tk)  
       SORT (PU( ))  
    end for  
       for each task in the TASK_SET do 
          for each element in PU( ) 
             if (free(pu( ))  

                 ← pu( )    
                 ←   
              end if 
           end for 
        end for 
    end for 
for each in the TASK_SET do 
    if (Deadline ( ) < Deadline ( )  &&  
                                                E ( ) ≤ E ( ) + E ( ))                                                                                      
           ← merge ( , )    
           ←  
           Update (  , )    
       end if 
end for 
wfEngine.submitJob(VM_LIST, noOfTasks, TASK_SET, 
PU); 
 

D. Task Scheduling using modified Genetic Algorithm 

The main purpose of selecting Genetic Algorithm for this 
kind of scheduling problem when compared to other 
evolutionary algorithms has the following reasons.  Genetic 
Algorithm Have Crossover and mutation but in algorithms 
like PSO each particle adjusts its flying according to its own 
experience and others experience. GA will have an individual 
objective function and it will not compare its value with other 
individuals. In PSO there is no creation and deletion of 
individuals. But in GA we can create new individual. In PSO 
there is a more chance of local minima or local maxima 
preferred by the particles. GA will guarantee global optimal 
solution. Moreover GA is the well suited technique for 
workflow scheduling as it creates new individual with 
improved fitness values. 

The Cloud provider should make sure the optimal 
scheduling of workflow tasks in cloud to assure with 
improved throughput and correct use of resources. Above all 
the most important metric to be taken care by the cloud 
provider is to execute the workflow tasks in the cloud 
resources with minimum makespan. In this paper, we 
propose a variant of genetic algorithm to optimize the 
workflow flow schedule to improve the makespan of the 
given scientific workflow. This section maps the 
conventional Genetic Algorithm to the workflow scheduling 
problem and discusses the steps involved in it. 

E. Initial Population 

The initial population is the set of all virtual machines that 
is to be used to execute the given workflow.  Each virtual 
machine with its allocated tasks is treated as a single gene. 
Likewise ‘n’ number of genes will be present in a given 

population. Every individual in population is represented as a 
chromosome to make suitable for genetic operations. The 
individuals are selected from the initial population and 

operations like selection and crossover are applied on the 
selected individuals to form the next generation. The figure 
below gives the pictorial representation of genes in the 
population is shown in the figure 2. Each Virtual Machine 
and the tasks executed it in are encoded in binary bit. 
Example VM3: T4, T8, T9 (0110 -> 0100, 1000, 1001) 

 

 
Fig. 2. Representation of Genes 

F.  Fitness Function 
A Fitness function is a type of objective function to 

check whether an optimal solution of a given problem is 
attained or not. It is also used to measure of the dominance of 
an individual with the other individuals in the population. 
Also, the performance of any individual in the population is 
compared with other individuals using Fitness function. 
Therefore, the individuals will keep on survive to next 
generation or die in the current generation is decided based 
on the fitness or function value.  The main objective of using 
genetic algorithm for workflow scheduling is to minimize the 
makespan of workflow. The fitness function f(n) is as given 
in equation 8. 

 
f(n) = makespan=  max ( CTmax (VMj))                                         
(8) 
 
Where, j ϵ VM, j = 1, 2, 3, …..,m 
 
  f(n) is the fitness value of nth iteration of the algorithm. The 
completion time of any task in a virtual machine is calculated 
by the equation 9. 
 
CTmax = Ci/PSj                                                                    (9) 
 
Where, C  i is the computation complexity of task Ti and PSj 
is the processing speed of the virtual machine VMj.  CTmax is 
computed for the all the chromosomes and the maximum 
value of all the CTmax gives the makespan. 

G. Selection 

Selection is the mechanism where the individual genomes 
for selected from the population for further genetic 
operations like crossover or mutation.  

The selection process is based on the fitness function 
evaluated for each individual. The selection operation is very 
important guiding factor of Genetic Algorithm for its 
performance.   
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In Genetic Algorithm not all the generated chromosomes 
are passed to next iteration. Instead, the chromosomes 
evaluated using the tournament selection function; the 
winning chromosomes are selected as best chromosomes for 
next iteration.  The main reason behind using tournament 
selection method is to avoid larger population size. Two 
individuals are chosen at random from the population, these 
two individuals are selected as a parent.  

 A random number is chosen if r > k, where k is parameter 
based on CTmax value. The remaining individuals which are 
not selected are returned to the original population because 
there might be chance for those getting selected in next 
iteration. Figure 3 shows the two chromosomes which are 
selected for the crossover operation. 

 
Fig. 3. Selected Chromosomes for Crossover 

H. Crossover 

In the proposed algorithm, a modified approach of 
crossover has been used when compared to the original 
crossover. Figure 4 and Figure 5 shows the parent 
chromosomes and off-spring chromosomes respectively. The 
crossover point is chosen randomly and the bytes after the 
crossover points are swapped.   After the crossover process 
two new chromosomes are generated called offspring’s.  

 

 
Fig. 4. Parent chromosomes during crossover 

 

 
 

Fig. 5. Produced Offspring’s 
 

I. Algorithm 

Initialization and Selection 

 
Algorithm: Initialization, Selection 

 
Input: Virtual Machine and task mapping matrix.             
Output:Sbest 
 
init_population = randomize (vm_task[][]) //initialize 
population 
set tSize = n // tournament size 
set tm[] = 0; // tournament array 
for i = 0 to tSize 
     id = Math.random() * chromosome.size() 
     tm[i] = get_chromosome(id) 
end for 
for i = 0 to n 
chromosome.fitness[i] =  tm[i].getFitness() 
end for 
return fitness chromosomes 
 
The virtual machines with the corresponding task(s) are 
considered as an initial population. The fitness value for all 
the chromosomes in the initial population is calculated first. 
Now, using the fitness value two chromosomes are selected 
as the parent chromosomes that need to be given as an input 
for the crossover function. 
Crossover 
 
Algorithm: Crossover 
 
Input: two chromosomes  
Output: offspring chromosomes  
 
// Choose the Crossover point 
p = Math.random(chromosome.length) 
for i = 0 to p 
    // make the copy of parent1 
offspring_chromosome1 = chromosome1 
    // swap the bytes after crossover point to child1 
offspring_chromosome1[i] = chromosome2[i]  
end for 
for i = 0 to p 
    // make the copy of parent2 
offspring_chromosome2 = chromosome2 
    // swap the bytes after crossover point to child2 
offspring_chromosome2[i] = chromosome2[i]  
end for 
addToPopulation(offspring_chromosome1, 
offspring_chromosome2) 
 
The crossover function gets the parent chromosomes as input, 
computes the chromosome length and randomly chooses the 
crossover point. After choosing the crossover point it will 
swap the bytes after the crossover point to from child 1 and 
child 2. After the creation of children chromosome, add both 
the parent as well as the children chromosomes to the 
population and make it as new population.  
Normally, the parent chromosomes will be discarded from 
the population after the creation of off-springs. But, in the 
workflow scheduling, the parent chromosomes are again 
added to the population along with its off-spring 
chromosomes. This is because in certain times the children 
chromosome in the new population will not give better fitness 
value when compared to its 
parents.  

http://www.ijeat.org/
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This scenario is applicable only to workflow scheduling kind 
of problems. 

J. Variations in the original genetic algorithm 

The proposed Genetic Algorithm for the workflow 
scheduling has introduced a set of modifications which are 
more beneficial obtaining optimal solution faster for the 
problem of workflow scheduling in the cloud.  
The tournament selection process is used instead of roulette 
wheel. The chromosomes which are not chosen in the 
tournament selection method are added to the new population 
because they might get selected in  the next selection 
process.    The proposed crossover produces four children and 
the sub populations are added into old populations. 

V. SIMULATION, RESULTS AND DISCUSSION 

The effectiveness of the proposed work is proved by 
simulating the Energy Aware Workflow Scheduling 
Algorithm using the well-known simulator called 
WorkFlowSim. WorkFlowSim is the extension of existing 
cloudSim simulator which provides higher layer workflow 
management. The simulator supports all the packages and 
corresponding DAX files to simulate different kinds of 
scientific workflows. A new package for the proposed 
algorithm has been created and uses the existing scientific 
workflows like Montage, LIGO, SIPHT, Cybershake and 
Epigenomics to prove the results. The simulation results are 
plotted as presented in the Figure 6 and Figure 7. 

 
Fig. 6. Comparison of Energy consumption of various 

workflows 

 
Fig. 7. Comparison of makespan of workflows 

The energy consumption of the proposed work for various 
workflows is compared with the existing well known 
algorithms and graph is plotted as shown in figure 6. The 
graph shows that proposed algorithm perform better in terms 
of energy consumption when compared to other well known 
algorithms.  Similarly the makespan of various workflows is 
compared with the existing algorithms as shown in figure 7. 
From the graph it is proved that the proposed algorithm has 

lesser makespan when compared to other competitive 
algorithms. Further we are focusing the research work to 
reduce the energy consumption further by combining the 
load-balancing factors. 

VI. CONCLUSIONS 

This paper focuses the issues of higher energy consumption 
by the cloud virtual machines during the execution of 
different type’s scientific workflow application. The 
prevalent algorithms related to energy efficient task 
scheduling in the literature are studied to develop a better 
scheduling algorithm named Energy Aware Workflow 
Scheduling using Modified Genetic Algorithm. This 
algorithm consists of two modules: 1) Energy Aware VM 
Allocation 2) Task Scheduling using modified Genetic 
Algorithm. In the first module, the optimal virtual machine is 
found for each task using the Power Utility (PU) model. The 
second module is used to optimize the virtual machine 
allocation to reduce the makespan of the workflow. The 
proposed algorithm is simulated using WorkFlowSim and 
results proved that the proposed algorithm perform well in 
terms of total energy consumption and makespan of 
workflow. 
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