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ABSTRACT 

Workflow has reduced the complexity of scientific applications. Other than Grid and Cluster, Cloud Computing is an 

ideal platform for an efficient workflow deployment. But due to its dynamic variation in VMs, many challenges come 

across it. Quality of Service (QoS) in terms of cost and execution time is a key issue in workflow scheduling. In this 

paper, the authors have proposed a scheduler that is inspired by PSO (particle swarm optimization) and works on a given 

deadline neglecting its constraint. The technique used is the meta-heuristic approach and results have been simulated in 

Cloud Sim and experimental results show better performance of the proposed method as compared to other state –of-art-

algorithms.  
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1. INTRODUCTION 

Scientific workflow can be understood as a set of large-scale scientific experiments, which are executed using 

distributed platforms. Workflows play a vital role in setting up the objectives for scientists of various areas. Thus, 

workflow gives a programming platform to develop applications with platform independence [1]. 

Services like SGI Cap [2] provide a programming interface that can be used by the scientific community 

for creating scientific gateways. 

Technologies like Cloud Computing provide ease for the smooth functioning of these scientific 

applications. A cloud environment consists of three architectural layers named as Software as a Service(SaaS), Plat 

form as a Service (PaaS), and Infrastructure as a Service(IaaS). In specific terms, IaaS layer provides the low-cost 

workflow deployment infrastructure and also provides access to the cluster of Virtual Machines (VM) that can be 

used on pay-per-use basis. Resource provisioning for the end user in Cloud computing is done by elasticity of IaaS 

Cloud as elasticity increases the effectiveness of the Cloud. D Chui et al [5] illustrated that resource provisioning 

performance is evaluated by the satisfaction factor of Cloud user. This satisfaction can also be affected by the turn 

around time.  

Cloud Computing provides various advantages for workflow deployment as compared to any other 

computing environment. Some of the advantages are as follows: 

 During execution time, Cloud resources for workflow can be changed dynamically. 
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 Service requests decide the allocation of resources to a specific workflow. 

 Efficient scheduling algorithms assign optimum computing resources at the beginning of workflow execution.  

The components used in the deployment of the workflow environment are depicted in Figure 1.  

Figure 1 shows a Workflow executes by combining the relevant computational resources required for the execution 

of a single task. The output given by one process is assigned as input for another process and so on. Some examples of 

scientific workflows are Cyber shake [3], which classifies the threat of earthquakes and is popularly used by California State 

in US.LIGO [4], is another workflow, used by Epigenomic for analyzing gravitational waves. 

Several large scale scientific workflow algorithms have been proposed for the IaaS Cloud Computing platform. 

Study of these algorithms reveals that resource provisioning methods have to still develop the best allocation technique for 

workflow scheduling.  

P Vinothiya lakshmi et al [6] proposed the QoS clustering method with the Auction technique using the E-MCA 

technique. They proposed two techniques i) Measuring QoS for resource allocation ii) Double sided enhanced combinative 

auction technique for efficient dynamic resource provisioning. The results show that these techniques are attaining minimum 

execution time and cost with multiple QoS parameters. 

In this paper, the authors have surveyed various state-of-the-art scheduling techniques for workflow resource 

provisioning system and proposed a model for efficient dynamic resource provisioning considering factors like elasticity, 

resource-abundance, and QoS in terms of cost and execution time. 

The paper is distributed into various sections. Section 1 contains the introduction followed by section 2 which 

provides the background by discussing the related works. Then section 3 outlines the proposed work along with the problem 

definition and then evaluation of the proposed work with the help of experimental results. Finally, section 4 concludes the 

papers and provides the future scope of this research work. 

 
Figure 1: A High-Level View of a Cloud Workflow Execution Environment. 

 

2. BACKGROUND  

NIST [1] defines Cloud as an on-demand network access for providing computing resources like network servers, storage, and 

application to multiple users simultaneously. As defined by NIST, Cloud Computing architecture is formed by three layers (IaaS, 

PaaS, and SaaS). IaaS Cloud layer is the bottom layer of the Cloud framework and it is required to deploy the workflows.  

Workflow can be defined as a business process modelling tool. A scientific workflow is used to solve difficult 
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scientific tasks. In these workflows, various scientific theories are proved by simulating the experiments. A Scientific 

workflow solves n tasks where 1st task generates three outputs, let’s say x,y,z. Tasks x,y,z cannot process until the 1st task 

has completed its execution and so on. 

Figure 2 shows scientific workflow distributes each complex computational problem into various sub-problems and 

solves them independently. Montage workflow [8] has introduced an astronomy application that generates manual mosaics 

of the sky from the set of input images. Astronomers generate a mixed image of a sky region which can be measured by 

different wavelengths. Workflow scheduling is considered as NP-hard problem; so, optimum results cannot be generated[13].  

Several workflow algorithms aim to perform under minimum execution time but the cost of IaaS utilized resources 

is always neglected. Buyya et al [10] proposed a PSO technique to maintain the cost of workflow under a definite deadline. 

Kaur et al [9] proposed a hybrid genetic algorithm that uses the PEFT scheduler to minimize the cost to maintain the execution 

time under the given deadline. Maria Carla et al [10] proposed a scheduling framework that handles the performance of the 

Infrastructure of the Cloud. 

Ananthi et al [20] proposed a method for reducing the estimated cost and increasing the execution time of the 

workflow. They have proposed a Jobra engine and extended the controller algorithm. Wechen et al [11] have proposed a 

meta-heuristic technique that has been applied on parallel application working in a scientific workflow to schedule a group 

of tasks in a dynamic environment [11]. 

Abrishami et al [21] proposed a partial critical path method for workflows working on a single workflow instance 

in IaaS. Based on the heuristic scheduling they tried to minimize the execution cost.  

After surveying various state-of-art algorithms for workflow it has been observed that the researchers have always 

neglected the factor of elasticity in Cloud and considered a static set of VM for execution which can be smoothly applied to 

Grid or Clusters. 

 
Figure 2: Sample Montage V2 Workflow [7]. 

 

3. PROPOSED WORK 

This research work proposes a scheduling method that works on meta- heuristic technique so that within a deadline it should 

reduce the workflow execution time. The workflow uses the Cloud Computing environment and performs the Resource 
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allocation strategy and VM mapping. In earlier research in this field, workflows were deployed on Grid Computing 

environment and cluster computing environment, which was applicable in the scheduling phase. Cluster and Grid contain a 

static group of computing resources which makes it easier to schedule these workflows [12]. 

Cloud Computing paradigm as a group of VMs, challenges the platform for workflow scheduling. Scheduling in 

VMs varies in terms of execution time. So, workflow, when deployed over Cloud environment may affect the performance 

and also the application may miss the deadline.  

The authors in this paper have proposed a method called PSO-HOM (particle swarm optimization for homogenous 

environment) that is based on the fundamentals of PSO (particle swarm optimization). It works like a cluster of particles 

moving through a medium and interacting with each other to find the best search path. This method works better in terms of 

execution time than other related algorithms. This method also times itself in the same parameters.  

In this proposed Work, both scheduling and resource allocation are combined and defined as an optimum solution 

for workflow management. PSO solves these problems and maps the resources. After mapping, the algorithm should give 

higher accuracy meeting the deadline at a low cost. 

3.1. Problem Definition 

Scheduling algorithms and resource allocation methods may have different purpose. The proposed work is applicable to 

scheduling a workflow on the Infrastructure layer to minimize the total execution cost before the deadline. A scheduler S 

=(V, M, TEC, TET) is a set of computing resources where TEC (eq.1) is total execution cost and TET (eq.2) is total execution 

time. V= V1, V2, V3…..Vn is a set of VM's that are used during resource allocation. Each Vi is shown as VMvi with an 

estimated start time STvi and end time ETvi.  

Task ti scheduled on resource rj within starting time STir and end time ETti 

TEC= ∑ CvMn X[LETri −
LSTri

E
]

𝑅

1=1
(1) 

TET=MAXIMUM {ETti:tiET} (2) 

Scheduler must work to provide minimum TEC and TET should not cross the workflow deadline. 

 
Figure 3: Schedule Generated for the Workflow. 

 

3.2. Proposed Approach 

In this work, firstly PSO method is used for defining the goodness of a computing resource (particles). It uses a fitness 



Scheduling Scientific Workflow on Cloud Using Meta-Heuristic Static Scheduling Algorithm                                                          6057 

 
www.tjprc.org                                                           SCOPUS Indexed Journal                                                                  editor@tjprc.org 

function for the evaluation. But PSO does not work well for optimization problem within constrained value due to the 

heterogeneous features of the VMs. In this work, the authors have proposed a PSO-HOM method to handle constrained 

optimization problems, which considers the homogenous environment in which single type of VMs should be considered. 

Firstly, two solutions for workflow check for their fitness by using the fitness function. The one with better fitness will be 

selected for workflow scheduling. Secondly, if any other solution is feasible then that will be selected. Thirdly, if both are 

infeasible then the one with a smaller constraint value will be selected. 

Algorithm–Scheduler Generator 

Step 1: define SCHEDULER_GENERATOR (T,Rinitial,pos[T]) 

Step 2: V=null 

Step 3: M=null 

Step 4: TEC=0 

Step 5: TET=0 

Step 6: Compute Exe.Time [T]X Rinitial 

Step 7: Compute Transfer time [T] X[T] 

Step 8: while j=0 to [Total time]-1 

Step 9: tj=T[j] 

Step 10: rpos[j] =Rinitial (pos[j]) 

Step 11: if ti has no parents 

Step 12: STti=STrpos[i] 

Step 13: else 

Step 14: STti =MAXIMUM (ETtp:tp£parent(ti)),STrpos[i]) 

Step 15: end if 

Step 16: exe (Execution Time[j] pos[j]) 

Step 17: for each child tc of ti parents do 

Step 18: if tc (child is mapped to resource rj 

Step 19: transfer resource =transfer time[j] 

Step 20: end for 

Step 21: PTtipos[j]=execution time+ transfer 

Step 22: ETti=PTti+ STti 

Step 23: mti=(ti,rpos[i],STti,ETti) 

Step 24: M=M U Mti 
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Step 25: if rpos[i] £ R then 

Step 26: STr=MAXIMUM (STti,boottime) 

Step 27: R=RU {rpos[i]} 

Step 28: end for 

Step 29: calculate TEC ( eqn 1) 

Step 30: calculate TET ( eqn 2) 

Step 31: S= (V, M, TEC, TET) 

Step 32: end for 

3.3. Result Analysis 

The performance of the proposed method has been evaluated using workflow simulation tool CloudSim[14]. Two workflows 

of different fields have been considered in this paper: Montage and Cybershake. These structures have different 

computational features. Montage requires less CPU processing on the other hand Cybershake consumes more memory to 

process [15]. 

Here the workflow environment uses two algorithms. IaaS Cloud Partial Critical Path (IC-PCP)[16] and SCS[17] 

algorithms have been considered as base algorithms to evaluate the proposed work. IC-PCP helps to schedule a single type 

of workflow for minimizing the execution cost. While SCP[17] works dynamically to schedule the set of workflows. It 

groups similar tasks and considers it as one. Yu et al[18] have proposed a deadline constraint which has been used as a 

parameter in the workflow environment. Two different deadline constraints have been used in this work. Deadline is 

evaluated and the values lie between slower and faster runtime. Here the selection is done by the scheduler and it first 

schedules the workflow with slower execution time and then schedules the minimum cost VM from the Cloud. Secondly, it 

selects the workflow with fastest execution time for scheduling the minimum cost VM.  

The scheduler used for VM selection (particles) with n tasks is having different parameters. The result calculation 

for average workflow execution is done 10 times for each value. 

3.4. Performance Evaluation 

The dotted line on each panel in Figure 4 is showing the deadline value in a given interval of time. For montage workflow, 

IC-PCP fails to achieve the deadline value in Q1 (first quadrant) by IC-PCP is very high than the deadline whereas Cyber 

shake IC-PCP shows the best performance at deadline value. PSO generates the fastest schedule in a deadline. In both cases, 

PSO-HOMworkflow is making a large variation. 
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Figure 4: Deadline Meeting of Each Workflow with Their Interval. 

 

3.5. Cost Evaluation 

For our two well-known workflows we have shown our average execution cost in figure 3.2. Mean has been shown and the 

algorithm should be able to show the cost-efficient scheduling neglecting the expense of long execution time. We have shown 

cost comparison among those methods which meet a particular deadline constraint.  

In Montage workflow IC-PCP execution cost shows lower value in all 4 deadline intervals, PSO generates the 

lowest cost on deadline interval 1. Our method PSO-HOM is showing the lowest cost in deadline interval 2. From the results, 

it is clear that PSO based methods are performing better as compare with SCS and IC-PCP. Cost generated by all the 

algorithms is different from each other while comparing expensive and cheapest one. 

  
Figure 5: Mean (Ms) and Mean Cost (USD) For Each Workflow under A Deadline Constraint. 

 

4. CONCLUSIONS AND SCOPE OF FUTURE WORKS 

This paper depicts the execution of resource provisioning algorithm on scientific workflow at IaaS layer on Cloud. The 

objective was to reduce the execution cost under a deadline constraint by the user that has been solved by implementing a 

PSO based algorithm. The proposed work associates with IaaS Cloud characteristics like pay-as-per-use and elasticity of 

resources in a dynamic manner. This paper also proposes the performance evaluation under VM provisioning delays. The 

simulation has been conducted of two well-known workflows (Montage and Cyber shake) and the proposed method was 

performed well under the existing algorithms. As in this work, the authors have tested the proposed method with IC-PCP 

and SCP, so, the future work will be the scalability of workflow in terms of the number of tasks as large scale VM 

provisioning delays may not perform well when deployed under the real Cloud Computing environment. 
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