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Abstract—The execution of the workload using the Web Service Composition (WSC) in 

the heterogeneous cloud is a difficult task. The current real-time workload needs a dynamic 

method for the allocation of the resources for the different tasks and their sub-tasks with a 

good Quality-of-Service (QoS) requirement. Existing methods mainly focused on reducing 

the execution time and cost of the workload, which leads to an increase in energy and latency 

of the execution of the given workload. To overcome the problems of the existing algorithms 

this paper presents an Efficient Re-planning (ERP) Algorithm to execute the large number 

of scientific workloads in a heterogeneous cloud network. This paper presents an algorithm 

to increase the reliability and availability in the WSC for a dynamic workload. It also 

minimizes the energy consumption for the execution of the workload. The experimental 

results have been tested using the Montage Workflow. The results show that ERP-WSC 

model is more reliable and efficient when compared with the existing QL-HEFT Algorithm. 

Keywords—Availability, Heterogeneous cloud server, Multi-objective parameter, Re-

planning, Resource provisioning, Scheduling, Utilization. 

I.  INTRODUCTION 

As the Internet was introduced, the communication of the people and the process of sharing the 

data among various people has been changed. Lately, the development in the web-services is 

considered as an administration based computational framework. The best instance of the web-

services is the cloud computing framework which has a significant part in the communication 

industry. The cloud services provide various services to its users such as providing the storage for 

storing the information or for the computation of the information for the proper execution of 

different kinds of workflows. Hence, the presentation of the web-services has changed the process 
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of communication. The execution of the workflow is a very challenging task as there are many 

dependencies between the sub-tasks. Usually, the whole process of the workflow is denoted using 

the Directed Acyclic Graph (DAG) in which the hubs denote the sub-task and the edge of the graph 

denotes the dependency among the different sub-task.  

The processing of the workflow has been broadly used for processing large information having 

a large amount of scientific workflow. The cloud datacenter deploys various applications for the 

computation and execution of these scientific workflows. The execution of these scientific 

workflow is usually processed in the grid environment which has a high cost to provide the best 

performance. Hence, the scientific workflow execution in the cloud provides many advantages. As 

the cloud provides more advantages, many grid based workflow providers like ASKALON and 

Pegasus have begun to support workflow execution in the cloud environment. For the execution of 

the workflow the cloud provides various virtual computing nodes for its clients. The client can 

utilize n number of cloud nodes for the execution of the workflow in a scalable manner [1]. Usually, 

the nodes are provided to the clients on the basis of the Service Level Agreements (SLAs). The 

SLAs describe various agreements between the service provider and the clients to meet a desired 

Quality-of-Service (QoS). The clients have to pay the amount of the subscription depending on the 

SLA and QoS requirements they need. Hence, it is a very difficult task to find appropriate resources 

for the execution of the workflow in a multi-processing system.   

The traditional Web Service Composition (WSC) technique allows the users to submit the 

workflow having constraints directly to the cloud. In the cloud platform, it checks and notifies its 

scheduler to search an appropriate web-service and its settings for the execution of the workload 

according to the respected QoS. The scheduler has the ability to allocate the resources to the 

workload dynamically or statically. In the literature survey given below in the next section, the 

WSC method has the ability to reduce the makespan using more improved resources. Though, the 

execution of the workload must be completed in a given deadline with less energy consumption and 

should follow the norms of green computing. The traditional WCS methods main focus was to 

minimize the energy consumption. These methods do not have any reliability assurance for their 

method. To address the problem of the reliability in the workload web composition environment, 

an Efficient Re-planning (ERP) Algorithm for improving the reliability under dynamic workload 

has been proposed in the heterogeneous cloud environment. 

The contributions of the work are as follows:  

 Performing the WSC automatic based on the proposed model. 

 Overcome single service by proposed model to satisfy complex user requests.  

 Provide a searching algorithm for scheduling the workload of the Web services keeps 

updating the availability.  

 Improve the QoS parameter in terms of availability and reliability. 



This paper is described as follow. In the section II, a survey on various research has been done. 

In section III, the method of executing the Efficient Re-planning (ERP) Algorithm has been 

presented. In the section IV, the ERP model has been compared with the existing QL-HEFT 

Algorithm and finally in section V, the conclusion is given along with the future work about how 

the ERP Algorithm can be improved. 

II.  RELATED WORK 

This section discuss various recent workload resource composition technique adopting cloud 

and heterogeneous computing platform. In [2], they have addressed the issue for the designation of 

the virtual processing machines depending on the QoS requirement and for the minimization of the 

cost of the workflow. To resolve this issue, they have used dynamic and practical VM 

configurations with the Nash Equilibrium. In [3], a genetic algorithm for scheduling the trade-offs 

to obtain an effective load balance and to reduce the processing time has been proposed. In both [2] 

and [3], they have not considered any method to reduce the utilization of the energy for a given task 

in Direct Acyclic Graph applications. This leads to an increase in the cost for the execution of the 

workload. In [4], to reduce the effectiveness of the energy, execution and to properly handle the 

data for the execution of the Bigdata computational system, a parallel computational method for the 

enhancement of the user QoS requirements and SLA necessities, a model has been proposed. 

As the computing process in the cloud provides computation of the workload in a dispersed way, 

these clouds are heterogeneous because they can provide large amounts of storage for the workload 

execution [5]. The methods used in the heterogeneous cloud environment utilize more energy and 

the cost of these methods is very high [6].  In [7], they have examined a super personal computer 

which utilizes more energy to run the virtual machines for the computation of different kinds of 

workloads. The execution of the DAG tasks in a cloud environment is selected according to the 

various tasks and their task dependency [8], [9], [10]. Many methods have been proposed to reduce 

the energy and to satisfy the SLA necessity both at the same time for a given task [11], [12]. When 

the heterogeneous clouds are upgraded, the selection process of the task in the DAG applications 

also rise according to the needs. 

In [13], a review has been done on the goals to achieve an effective and better scheduling 

algorithm. There are many goals which are to be considered while developing an efficient 

scheduling algorithm for a workflow scheduling problem such as load balancing, security, 

reliability, energy, SLA, makespan and cost. To attain these goals different algorithms and methods 

have been classified according to the heuristic, meta-heuristic and hybrid approaches. This review 

has been done considering the strategy and scheduling objective of the given algorithm. The 

drawbacks and challenges of the different algorithms have been proposed in this review. In [14], a 

method has been proposed for the challenges of the multi- cloud systems. This method first 

constructs the fault tolerant workflow scheduling framework, which helps to reduce the cost and 

improve the execution reliability. After this, the reliability of the executed task and hazard rate are 

analysed using the Weibull distribution. For the integration of the billing mechanism provided by 

the cloud providers is formulated using the linear programming problem. After this, the DAG task 



cost efficiency is defined and a FCWS algorithm is proposed which minimizes the cost of the 

application and time ensuring the reliability. In [15], this presents the principles, standards, and 

models for the energy aware cloud computing. This paper describes the needs and necessities of the 

users in the cloud environment. It also gives a review of the energy, reliability, cost and the 

performance of the machines in the cloud data centres. 

In [16], a scheduling algorithm for both the deadline of the workflow and for the overall 

scheduling length has been proposed. The overall scheduling algorithm tries to achieve a high 

performance for the overall scheduling length. For the deadline of the workflow, the algorithm 

assigns higher priority workflows to the appropriate machine for the computation. By combining 

both these algorithms, a trade-off scheduling algorithm is given which can execute the high priority 

workflows in a given deadline for the best performance of the model. In [17], a model to reduce the 

cost and improve the performance of the response time in the multimedia mobile cloud for the 

workload scheduling and prefetching has been proposed. This model uses different parameters such 

as the virtual machine processing speed, utilization of the pre fetcher and the arrival rate of the user 

request to reduce the cost and response time of the model to provide a good performance. The 

results show that, as the transmission of data increases the cost also increases simultaneously. In 

[18], an approach for the job scheduling in private clouds for a proper usage of the resources by the 

workload has been proposed. This approach uses a neural network to ensure that the tasks of the 

workload are being computed in a given deadline specified by the user. They have concluded that 

using this approach the cost and the response time can be reduced in the given cluster which in turn 

gives a high quality of service (QoS) in the public cloud for the user. 

In [19], an algorithm EPM has been proposed for the selection of the most appropriate processor 

which can do an effective cloud computation operation, turning off the processor using the 

algorithm to save energy. Another algorithm QEPM has been proposed to minimize the complexity 

of the computation of the EPM algorithm. The results come to a conclusion that both the algorithms 

help to minimize the consumption of the energy when compared with the existing schemes. In [20], 

an effective scheduling algorithm, CEAS, for the reduction of the cost and energy consumption in 

a cloud environment has been proposed. The algorithm comprises five steps. In the first step, a 

virtual machine algorithm is used to select the tasks and allocate them to the different virtual 

machines for the execution process. This reduces the cost as the workload on each processor is 

reduced and the tasks are performed in a given deadline. In the second and third step, the different 

executed outputs of the tasks are merged to reduce the energy and cost consumption. As after the 

execution of each task assigned to the virtual machines, the virtual machines are in idle condition. 

Hence in the fourth step, the virtual machine reuse policy is used to use the idle virtual machines. 

In the final step, the method of the slack time reclamation is used to save the consumption of energy 

using the ideal virtual machines. Using the time-complexity parameter the performance of each step 

has been analysed.  The major limitation of existing web service provisioning are when resource 

requirement is varying dynamically in nature produce poor result [22]; fails to bring good trade-

offs between reducing energy consumption and performance prerequisite [23], [24]. An effective 



replanning strategy is needed to assures good QoS with SLA guarantee in executing dynamically 

varying QoS of workload applications in cloud computing environment.  

III. EFFECTIVE REPLANNING WEB SERVICE COMPOSITION ALGORITHM FOR WORKLOAD 

SCHEDULING IN HETEROGENEOUS CLOUD ENVIRONMENT   

This section presents an effective web service provisioning through efficient replanning 

algorithm for scheduling workload in heterogeneous cloud computing environment. First, workload 

execution model is presented. Second, presents system and energy model used for executing 

scientific workload. Third, resource provisioning constraint and scheduling metrics to reduce 

energy dissipation and utilize resource more efficiently for workload execution is presented. 

Finally, a novel replanning algorithm is presented to provide highly reliable web service 

composition for work dynamically varying QoS of workload applications.  

A. Workload Model 

The workload can be depicted using the following equation.  𝑋 = {𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑛}, (1) 

The 𝑥𝑗(𝑗 = 1,2, … 𝑛) addresses the 𝑗𝑡ℎ workload. The workload of 𝑥𝑗 can be represented using 

the given equation 𝑥𝑗 = {𝑏𝑗 , 𝑒𝑗 , 𝐻𝑗}, (2) 

In Equation (2), the 𝑏𝑗 represents the workload arriving period, 𝑒𝑗 depicts the deadline period of 

the workload and 𝐻𝑗 represents the structure of the workload. As the workload have different 

structures, they can be represented using the DAG by the following equation 𝐻𝑗 = (𝑈𝑗 , 𝐹𝑗) (3) 

In Equation (3), the 𝑈𝑗 describes the different set of tasks in the workload 𝑥𝑗 and is represented 

using the following equation 𝑈𝑗 = {𝑢1𝑗 , 𝑢2𝑗 , … , 𝑢|𝑈𝑗|𝑗 } (4) 

In Equation (3), the 𝐹𝑗 describes the dependencies of the data among the workload 𝑥𝑗 and is 

represented using the following equation 𝐹𝑗 ⊆ 𝑈𝑗 × 𝑈𝑗 (5) 

The edge 𝑓𝑞𝑘𝑗 ∈ 𝐹𝑗 of the Directed Acyclic Graph represents the initial stage of the given task 𝑢𝑘𝑗   

which depends on the output of the data of the current task 𝑢𝑞𝑗 . Hence, 𝑢𝑞𝑗  is known as the upcoming 

task and 𝑢𝑞𝑗  represents the earlier task.      



B. System and energy consumption model for workload execution on heterogeneous cloud 

environment: 

The advanced heterogeneous cloud environment is made up of large number of dynamic physical 

machines 𝐼 and is represented using the equation 𝐼 = {𝐼1, 𝐼2, 𝐼3, … , 𝐼𝑜}, (6) 

In Equation (6), the 𝑜 represents the amount of physical machine existing in a heterogeneous 

cloud environment. For a given respective machine 𝐼𝑙 ∈ 𝐼, it can be expressed using the following 

equation 𝐼𝑙 = {𝑠𝑡𝑙, 𝑛𝑙 , 𝑞𝑙↑, 𝑜𝑙 , (𝑔𝑙, 𝑤𝑙), 𝑉𝑙}, (7) 

In Equation (7), the 𝑠𝑡𝑙 represents the size of the storage, 𝑛𝑙 denotes the capacity of the memory, 𝑞𝑙↑ represents high level of energy, 𝑜𝑙 represents the capacity of the bandwidth, (𝑔𝑙, 𝑤𝑙) represents 

the level of frequency and voltage and 𝑉𝑙 denotes the VM present in the physical machine. The 

frequency and voltage of the physical machine 𝐼𝑙 can be represented using the following equation 

    (𝑔𝑙, 𝑤𝑙) = {(𝑔𝑙1, 𝑤𝑙1), (𝑔𝑙2, 𝑤𝑙2), … , (𝑔𝑙↑, 𝑤𝑙↑)} (8) 

Also, the VM present in the physical machine 𝐼𝑙 is depicted using the following equation  𝑉𝑙 = {𝑣𝑙,1, 𝑣𝑙,2, … , 𝑣𝑙,|𝑉𝑘|} (9) 

Moreover, each VM in the physical machine is represented using the following equation 𝑣𝑙,𝑚 = {𝑔𝑙,𝑚, 𝑛𝑙,𝑚, 𝑠𝑡𝑙,𝑚} (10) 

In Equation (10), 𝑔𝑙,𝑚 portrays the level of frequency in the VM, 𝑛𝑙,𝑚 depicts the capacity of 

memory in the VM, and 𝑠𝑡𝑙,𝑚 represents the size of the storage in the VM.  

Here the equipment asset can be divided between virtual machine and can move between various 

physical machines. The hardware resources can be used between the VM and can travel among 

different physical machines. 

Let the consumption of static energy be 𝑡𝑙 and let the maximum energy of a given physical 

machine 𝑖𝑙 be 𝑞𝑙↑. The consumption of the energy executing the workload on physical machine 𝑖𝑙 
can be denoted using the following expression 𝐼𝑙 = 𝑡𝑙 ∗ 𝑞𝑙↑ ∗ 𝑧𝑙𝑢 + (1 − 𝑡𝑙) ∗ 𝑞𝑙↑(𝑔𝑙↑)3 ∗ (𝑔𝑙)3, (10) 

In Equation (10), 𝑧𝑙𝑢 ∈ {1,0} explains if the physical machine 𝑖𝑙 is in the active state or not for a 

given time 𝑢. The frequency of the CPU at a particular time period 𝑢 is represented using 𝑔𝑙. The 

maximum frequency of the CPU at time 𝑢 is represented using 𝑔𝑙↑. From all these attributes the 

consumption of energy of a given physical machine 𝑜 at different intervals of time can be calculated 

using the given equation 



ℰ = ∑ ∫ (𝑡𝑙 ∗ 𝑞𝑙↑ ∗ 𝑧𝑙𝑢 + (1 − 𝑡𝑙) ∗ 𝑞𝑙↑(𝑔𝑙↑)3 ∗ (𝑔𝑙)3) 𝑑𝑡yt
xt

𝑜
𝑗=1 , (11) 

In Equation (11), 𝑔𝑙 and 𝑧𝑙𝑢 change with time, hence it is a time dependent function. Other 

parameter in the Equation (11) don’t change with time, hence the nature of these parameters is 

static.   

 
Figure 1: Efficient Re-planning Algorithm Workflow. 

 

C. Workload task scheduling web service composition metric modelling: 

Let the mapping association between the different task 𝑢𝑘𝑗 , and virtual machine 𝑣𝑙,𝑚 on physical 

machine 𝑖𝑙 be represented using 𝑦𝑘,𝑙𝑚𝑗
. The mapping association 𝑦𝑘,𝑙𝑚𝑗

  can tend to 0 when 𝑢𝑘𝑗  is 

mapping to the VM 𝑣𝑙,𝑚, else it will tend to 1. The given statement can be represented using the 

given equation 𝑦𝑘,𝑙𝑚𝑗 = {0, 𝑖𝑓 𝑢𝑘𝑗  is not mapped to 𝑣𝑙,𝑚1,                                         otherwise., (12) 



The dependency of the data among the tasks having different workflows and workload have to 

overcome the problem of resource provisioning constraints. It can be done using the following 

equation  𝑔𝑢𝑞,𝑙𝑚𝑗 + 𝑢𝑢𝑞𝑘𝑗 ≤ 𝑠𝑡𝑘,𝑙𝑚𝑗 ,   ∀𝑓𝑞𝑘𝑗 ∈ 𝐹𝑗  (13) 

In Equation (13), the completion period of the workload is represented using 𝑔𝑢𝑞,𝑙𝑚𝑗
. The time 

consumed for the transmitting of the task from 𝑢𝑞 and 𝑢𝑗  is represented using 𝑢𝑢𝑞𝑘𝑗
. When the 

execution of the task is completed in the time 𝑥𝑗 with respect to the virtual machine, then the 

determined time required for the execution of the task is given using the following equation 𝑔𝑢𝑗 = max𝑢𝑘𝑗 ∈𝑈𝑗{𝑔𝑢𝑘,𝑙𝑚𝑗 }. (14) 

When the resources are provisioned to the model then the tasks should meet the deadline 

condition. For this the given equation is used 𝑔𝑢𝑗 ≤ 𝑒𝑗 ,   ∀𝑥𝑗 ∈ 𝑋. (15) 

As there are less resources in the physical machine, it restricts the more consumption of virtual 

machines. Hence, this problem makes a difficult task for the resource provisioning. The constraints 

are defined using the following equation 

𝑔𝑙↑ − ∑ 𝑔𝑙,𝑚 ≥ 0,|𝑉𝑙|
𝑚=1    ∀𝑖𝑙 ∈ 𝐼; (16) 

𝑛𝑙 − ∑ 𝑛𝑙,𝑚 ≥ 0,|𝑉𝑙|
𝑚=1    ∀𝑖𝑙 ∈ 𝐼. (17) 

This model satisfies all the constraints which are defined in the Equation (13), (15), (16) and 

(17) to reduce the consumption of energy in the provisioning of the resources so that it can reduce 

the execution time of the scientific workload. This can be represented using the following equation 

Min ∑ ∫ (𝑡𝑙 ∗ 𝑞𝑙↑ ∗ 𝑧𝑙𝑢 + (1 − 𝑡𝑙) ∗ 𝑞𝑙↑(𝑔𝑙↑)3 ∗ (𝑔𝑙𝑒)3)yt
xt

𝑜
𝑙=1 𝑑𝑡. (18) 

In Equation (18), the size of the physical machine is represented using 𝑜, xt is the starting time 

for the execution of the workload and yt is the end-time for the execution of the workload.  

Moreover, this model allocates the resources efficiently using the following equation  

Max (∑ ∑ 𝑐𝑝𝑢𝑘𝑗 ∗ 𝒯𝑘𝑗|𝑈𝑗|
𝑘=1

𝑛
𝑗=1 ) (∑ 𝑔𝑙↑ ∗ 𝒜𝑙𝑜

𝑙=1 )⁄ , (19) 



In Equation (19), the size of the workload 𝑋 is defined using 𝑛, the size of the task in the 

workload  𝑥𝑗 is represented using|𝑈𝑗|. The frequency pre-requisite of the CPU 𝑢𝑘𝑗  is represented 

using 𝑐𝑝𝑢𝑘𝑗 . The execution time required to execute all the tasks in the workload is represented 

using 𝒯𝑘𝑗
. Physical machine in the heterogeneous cloud is represented using 𝑜, the active time of 

the physical machine 𝑖𝑙 is represented using 𝒜𝑙. The Efficient Re-planning Algorithm method to 

schedule the large number of scientific workloads in a heterogeneous cloud network is given in 

Figure 1. 

D. Replanning algorithm for webservice composition in dynmamic real-time environment: 

Prior to performing scheduling of workflow execution, it is import to plan the order in which 

they are to be executed. In modelling an effective re-planning strategy here the recent start time 𝑟𝑢𝑘𝑗  

of every workload task are defined, which are later used for ranking task executions of workloads. 

The 𝑟𝑢𝑘𝑗  of each task 𝑢𝑘𝑗  are described as recent time, prior to which 𝑢𝑘𝑗  must be initialized; if failed, 

the completion time 𝑔𝑢𝑘𝑗  of workload 𝑥𝑗 might induces certain delay and miss the deadline 

prerequisite. The task 𝑢𝑘𝑗  recent start time 𝑟𝑢𝑘𝑗  are estimated using following equation 

𝑟(𝑢𝑘𝑗 ) = { 𝑒𝑗 − 𝑑𝑢𝑘𝑗 ,   𝑖𝑓𝑠𝑢𝑐𝑐(𝑢𝑘𝑗 ) = ∅min𝑢𝑠𝑟∈(𝑢𝑘𝑗 ){(𝑟𝑢𝑠𝑗) − 𝑢𝑢𝑘𝑠𝑗 − 𝑑𝑢𝑘𝑗 },   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. (20) 

where 𝑠𝑢𝑐𝑐(𝑢𝑘𝑗 ) defines entire task, that includes forthcoming task of 𝑢𝑘𝑗 . Therefore, the 

workload task 𝑢𝑘𝑗 ’s recent completion time 𝑟𝑔𝑢𝑘𝑗  is computed using following equation 𝑟𝑔𝑢𝑘𝑗 = 𝑟𝑢𝑘𝑗 + 𝑑𝑢𝑘𝑗 . (21) 

As the task in different workload defines certain preference limits, significant amount of idle 

time slots will be present in virtual machines during execution of workload applications. Further, 

an important things to be noted there is no data dependency among different workload. Thus, 

effective scheduling task from different workload in simultaneous manner will significantly aid in 

reducing the idle time of respective virtual machine aiding system utilization performance.  

Let consider a task 𝑢𝑘𝑗  and 𝑢𝑘′𝑗
 shares same virtual machine 𝑉𝑙𝑚 and time taken for completing 𝑢𝑘𝑗  is lesser than the initializing time of task 𝑢𝑘′𝑗

 that is 𝑔𝑢𝑘,𝑙𝑚𝑗 < 𝑔𝑢𝑘′,𝑙𝑚𝑗
. Let consider that the 

initialization time 𝑖𝑢𝑞,𝑙𝑚𝑗′
 of 𝑢𝑞𝑗′

in respective workload 𝑥𝑗′  be lesser in comparison with initialization 

time 𝑖𝑢𝑘′,𝑙𝑚𝑗
 of 𝑢𝑘′𝑗

 with respect to virtual machine 𝑉𝑙𝑚, that is  𝑖𝑢𝑞,𝑙𝑚𝑗′ < 𝑖𝑢𝑘′,𝑙𝑚𝑗
. If 𝑢𝑞𝑗′

 assures 

below equation 𝑚𝑎𝑥 {𝑔𝑢𝑘,𝑙𝑚𝑗 , 𝑖𝑢𝑞,𝑙𝑚𝑗′ } + 𝑓𝑢𝑞,𝑙𝑚𝑗′ ≤ 𝑖𝑢𝑘′,𝑙𝑚𝑗 , (22) 



Then, assigning task 𝑢𝑞𝑗′
 among 𝑢𝑘𝑗  and 𝑢𝑘′𝑗

 results in reduction of idle time slot of virtual 

machine 𝑉𝑙𝑚. The above assumption can be proved through following Lemma 1. Let 𝜔1 represent 

the idle time slot among 𝑢𝑘𝑗  and 𝑢𝑘′𝑗
with respect to particular virtual machine 𝑉𝑙𝑚 and is computed 

using following equation 𝜔1 = 𝑖𝑢𝑘′,𝑙𝑚𝑗 , −𝑔𝑢𝑘,𝑙𝑚𝑗
 (23) 

If task 𝑢𝑞𝑗′
 are assigned among 𝑢𝑘𝑗  and 𝑢𝑘′𝑗

, the updated idle time slot 𝜔2 among 𝑢𝑘𝑗  and 𝑢𝑘′𝑗
 is 

computed as follows 𝜔2 = 𝑖𝑢𝑘′,𝑙𝑚𝑗 , −𝑔𝑢𝑘,𝑙𝑚𝑗 − 𝑓𝑢𝑞,𝑙𝑚𝑗′
 (24) 

The above equation guarantees the reduction of idle time slot of respective virtual machine 𝑉𝑙𝑚.  

The above mentioned Lemma 1 shows task from workloads put forth on same virtual and 

executed simultaneous will aid in reducing idle time slots of virtual machine and thereby using 

resource more efficiently. The ERP-WSC model is aimed at reducing energy dissipation of active 

physical machine with resource constraint and meet application deadline with scaling up/down the 

resource through following Lemma 2.   

Let 𝐼𝑏 defines set of active physical machines which is expressed as follows 𝐼𝑏 = {𝑖1, 𝑖2, … , 𝑖|𝐼𝑏|} (25) 

 And the overall processing capability of physical machine is fixed and is expressed as follows 

𝐺 = ∑ 𝑔𝑙|𝐼𝑏|
𝑙=1  

(26) 

where 𝑔𝑙 represent physical machine frequencies 𝑖𝑙 ∈ 𝐼𝑏. The overall energy consumption of 

physical machines 𝐼𝑏 is computed using following equation 

𝐸 = ∑ 𝑞𝑙|𝐼𝑏|
𝑙 , (27) 

The above equation will be minimum provided if it satisfies following constraint 𝑐1𝑔12 = 𝑐2𝑔22 = ⋯ = 𝑑|𝐼𝑏|𝑔|𝐼𝑏|2 , (28) 

where 𝑑𝑙 is static in nature with respect to physical machine 𝑖𝑙, 1 ≤ 𝑙 ≤ |𝐼𝑏| and is computed using 

following equation 𝑑𝑙 = (1 − 𝑡𝑙). 𝑞𝑙↑(𝑔𝑙↑)3  
(29) 

Using Eq. (10), the energy 𝑞𝑙 of active physical machine 𝑖𝑙 is computed as follows 



𝑞𝑙 = 𝑡𝑙 ∗ 𝑞𝑙↑ ∗ 𝑧𝑙𝑢 + (1 − 𝑡𝑙) ∗ 𝑞𝑙↑(𝑔𝑙↑)3 ∗ (𝑔𝑙)3 
(30) 

The above equation is rewritten as follows 𝑞𝑙 = 𝑡𝑙 ∗ 𝑞𝑙↑ + 𝑑𝑘 ∗ (𝑔𝑙𝑒)3 (31) 

In assuring the energy consumption is minimized, here the 𝑑𝑘 ∗ 𝑔𝑙2 is kept balanced among 

different active physical machines in heterogeneous cloud environment. In this work we presented 

an effective re-planning scheme for execution of workload in dynamic manner considering real-

time workload execution deadline prerequisite. The ERP-WSC model optimize the virtual machines 

and active physical machine meeting application deadline and minimize energy consumption. 

However, in existing web service composition for workload execution schedule task immediately 

to corresponding physical machines or virtual machines. On the other side, the ERP-WSC just 

assign task that are ready to be executed with respected virtual machines. Further, the remaining 

task are kept in the queue and their scheduling decision are optimized (i.e., re-planned) for using 

energy and resource more efficiently. 

Algorithm 1. Effective re-planning algorithm for web service composition. 

Step 1.  Start 

Step 2.  𝑄𝑢𝑒𝑢𝑒 ← ∅; 

Step 3.  ∀ workload 𝑥𝑗 arrival do 

Step 4.     Stop the non-executed scheduling decisions; 

Step 5.     Collect the status and inform to available virtual machines;  

Step 6.     Compute 𝑟𝑢𝑘𝑗  for every task of workload using Eq. (20); 

Step 7.     Add complete task of workload 𝑥𝑗 into 𝑄𝑢𝑒𝑢𝑒; 

Step 8.     While 𝑄𝑢𝑒𝑢𝑒 composed of unscheduled tasks do 

Step 9.        ℛ ← obtain task from 𝑄𝑢𝑒𝑢𝑒 that are ready; 

Step 10.       Arrange ℛ in ascending order (i.e., increasing) with respect to 𝑟𝑢𝑘𝑗 ; 

Step 11.       ∀ 𝑢𝑘𝑗 ∈ ℛ do 

Step 12.          𝐶ℎ𝑜𝑠𝑒𝑉𝑀 ← ∅; 𝑚𝑖𝑛𝒲 ← ∞; 

Step 13.          𝒞𝑉𝑀𝑠 ← all virtual machines satisfying 𝑔𝑙,𝑚 > 𝑐𝑝𝑢𝑘𝑗 ;         

Step 14.          ∀ 𝑣𝑙,𝑚 ∈ 𝒞𝑉𝑀𝑠 do 

Step 15.             Compute resource wastage 𝒲𝑘,𝑙,𝑚𝑗
 of 𝑢𝑘𝑗  and completion time 𝑔𝑢𝑘,𝑙,𝑚𝑗

 on 𝑣𝑙,𝑚; 



Step 16.             If  𝑔𝑢𝑘,𝑙,𝑚𝑗 ≤ 𝑟𝑢𝑘𝑗 < 𝑚𝑖𝑛𝒲 then 

Step 17.                𝐶ℎ𝑜𝑠𝑒𝑉𝑀 ← 𝑣𝑙,𝑚;  𝑚𝑖𝑛𝒲 ← 𝒲𝑘,𝑙,𝑚𝑗
; 

Step 18.          If 𝐶ℎ𝑜𝑠𝑒𝑉𝑀 == ∅ then 

Step 19.             𝐶ℎ𝑜𝑠𝑒𝑛𝑉𝑀 ← 𝑅𝑒𝑠↑; 
Step 20.          Schedule task 𝑢𝑘𝑗  to 𝐶ℎ𝑜𝑠𝑒𝑉𝑀; 

Step 21. Stop.  

The ERP-WSC algorithm for workload execution is given in Algorithm 1. The ERP-WSC works 

dynamically according to workload arrival i.e., once arrival of new task and waiting task in 𝑄𝑢𝑒𝑢𝑒 

are scheduled as shown in Line 3. The previous decision include mapping of waiting task in 𝑄𝑢𝑒𝑢𝑒 

with respect to virtual machine considering resource provisioning are all stopped as shown in Line 

4. Then, the scheduling status are updated to available virtual machines as shown in Line 5. Prior 

to adding into Queue as shown in Line 7, every task collects 𝑟𝑢𝑘𝑗  as shown in Line 6. In reducing 

energy consumption and improving resource utilization task are scheduled considering multi-

objective parameter in hybrid manner see line 8 to 20. As shown in Line 5 and 6, in each iteration 

task that are ready from different workload in 𝑄𝑢𝑒𝑢𝑒 are chosen and arranged in ascending order. 

For preserving energy, ∀ 𝑢𝑘𝑗 , the virtual machine that assures workload resource prerequisite are 

selected, see line 13 and also make sure it is within 𝑟𝑢𝑘𝑗  and with less 𝒲𝑘,𝑙,𝑚𝑗
 (i.e., resource wastage) 

see line 14-17. If no ideal virtual machine are identified see line 18, he we scale up the resource by 

adding new virtual machine see line 19. Further, when task is completed there exist few idle virtual 

machine; in such case we scale down the resource; thus, energy can saved. The adoption of 

dynamically scaling up and down the resource according to workload task requirement aid in 

achieving better performance such as reduction in time, power, and energy consumption 

considering both smaller and larger workloads when using ERP-WSC. 

IV. RESULT AND ANNALYSIS 

In this section, the experimental results are discussed with respect to the Montage Workflow. 

This section provides a comparison between the existing QL-HEFT algorithm [21] with our method 

Efficient Re-planning Algorithm (ERP). Further, a theoretical comparison is made with other 

existing methods such as GRP-HEFT [25] and MOWOS [26]. The montage workflow is given is 

the Figure 2. In this workflow, each node denotes a level of action in the workflow. The first level 

is for single actions. All the other levels have different actions which are performed in each node. 

All the nodes in the Montage workflow have the same code which executes the different input data. 

The action in the level one mProject exploits the code which is given as an input which provides us 

an output using the mDiffFit. In the mDiffFit level it creates a table to differentiate between the 

parameters. The third level MConcatFit uses the code to aggregates and generate different actions 

to be performed. The fourth level mBigModel, performs a set of modifications for each input data 

so that it can fit in the model using the parameters table. This level is known as data partitioning. 



The fifth level, mBackground, discards any background data interrupting in the mBackground code. 

The sixth level, mImgtbl code uses the header data to create a set of files and the table. In the last 

level, the pipeline is done. This level brings all the data from the previous levels and uniformly fits 

the data in the table which was created in the above levels. All the executions have been done in 

CloudSim Simulator. 

 

Figure 2. Montage workflow [21]. 

A. Total time taken to complete workload tasks: 

In this section the total simulation time for 40 physical machines and 60 physical machines has 

been done on both the algorithms using the Montage_100 workflow and 10, 15, 20 and 25 virtual 

machines. In Figure 3, the simulation time for the execution of the whole workload takes very less 

time when compared with the results of the QL-HEFT. In Figure 4, the size of the physical machines 

has been increased by 20 physical machines and the results show similar time for execution of the 

workload. 



 

Figure 3: Total Simulation Time using 40 physical machines using Montage Workflow. 

 

 
Figure 4: Total Simulation Time using 60 physical machines using Montage Workflow. 

B. Power sum: 

In this section the total power sum for 40 physical machines and 60 physical machines has been 

done on both the algorithms using the Montage_100 workflow and 10, 15, 20 and 25 virtual 

machines. In Figure 5, the power sum for the execution of the large scientific workloads in the 

heterogeneous cloud environment consumes less power when compared with the existing QL-

HEFT algorithm. Similarly, in figure 6, when the physical machines were increased by 20 similar 

results have been attained. Similarly, the ERP algorithm has performed better in terms of power 

sum when compared with the existing QL-HEFT algorithm. 
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Figure 5: Power Sum for 40 physical machines using Montage Workflow. 

 

 
Figure 6: Power Sum for 60 physical machines using Montage Workflow 

 

C. Power Average: 

In this section the total power average for 40 physical machines and 60 physical machines has 

been done on both the algorithms using the Montage_100 workflow and 10, 15, 20 and 25 virtual 

machines. In Figure 7, the ERP algorithm performs slightly better than the existing QL-HEFT 

algorithm by reducing the power average of the model. Likewise, in Figure 8 the results show less 

average when compared with the QL-HEFT algorithm. Similarly, In Figure 8, the ERP algorithm 

has performed better in terms of power average when compared with the existing QL-HEFT 

algorithm. 
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Figure 7: Power Average for 40 physical machines using Montage Workflow. 

 

 
Figure 8: Power Average for 60 physical machines using Montage Workflow. 

D. Overall Energy Consumption: 

In this section the overall energy consumption for 40 physical machines and 60 physical 

machines has been done on both the algorithms using the Montage_100 workflow and 10, 15, 20 

and 25 virtual machines. In figure 9, the energy consumption has been decreased by 80 percent 

when compared with the existing QL-HEFT algorithm. Also, in Figure 10 the results show a 

decrease in overall energy consumption using the ERP algorithm. 
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Figure 9: Overall Energy Consumption for 40 physical machines using Montage Workflow. 

 

Figure 10: Overall Energy Consumption for 60 physical machines using Montage Workflow.  

V. CONCLUSION 

In this paper, a examination on various existing Web Service Composition method in a 

heterogeneous cloud framework has been done. Identified the research challenges in meeting 

application deadline prerequisite and energy minimization for using cloud resource. In this paper, 

we present an Efficient Re-planning Algorithm for the reliability and availability of the resource in 

a heterogeneous cloud. This model has taken less time to execute large scientific workloads and the 

consumption of the energy is less. As this algorithm consumes less energy, the cost of the resources 

in the cloud can be reduced using this algorithm. This algorithm shows better results when 
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compared with the existing method and provides us less time for execution of the workloads. Future 

work could be to improve the Efficient Re-planning Algorithm by testing on other workflows like 

Inspiral, Cybershake and other workflows; alongside, testing the model considering multiple 

workflows together.  

 

“Funding: This study is not funded by anyone.” 

Conflict of Interest 

The authors declare that they have no conflict of interest. 

Authors Contribution 

Dr S.F. Rodd and Professor Kavita conceived the original idea. This was also discussed with Dr 

Piyush Kumar Pareek. Eventually all authors discussed and agreed with the main focus and ideas 

of this paper. The first proof reading was done by the guide Dr S.F. Rodd and suggested some 

improvements while considering the simulation tool and the data sets. The implementation part 

using the Montage workflow was carried out by the research scholar. Before considering the 

Montage as a workflow the implementation was checked with the Inspiral workload and further 

changes were made as per the directions of guide. The main text of the paper was written by Prof 

Kavita and further some improvements were suggested by the guide. The experiments were carried 

out as per the suggestions provided by Dr S.G. Totad and the suggestions were informed during the 

review process which is carried out for every six months. 

 

REFERENCES 

[1] M. Armbrust et al., B. Martens, M. Walterbusch, and F. Teuteberg, “Costing of cloud 
computing services: A total cost of ownership approach,” in 45th Hawaii Int. Conf. Syst. Sci. 
IEEE, 2012, pp. 1563–1572. 

[2] Davideadami, Stafano Giordano, Michele Pagano, Simone Roma,”A Virtual Machine 
Migration in a cloud data center scenario: An Experimental Analysis,” IEEE ICC 2013. 

[3] K.Dasgupta, BrototiMandal, ParamarthaDutta, Jyotsna Kumar Mondal, Santanu Dam, “A 
Genetic Algorithm based load balancing strategy for cloud computing ,”in Elsevier 2013. 

[4] J. R. Doppa, R. G. Kim, M. Isakov, M. A. Kinsy, H. Kwon and T. Krishna, "Adaptive 

manycore architectures for big data computing: Special session paper," 2017 Eleventh 

IEEE/ACM International Symposium on Networks-on-Chip (NOCS), Seoul, pp. 1-8, 21017. 

[5] G. Xie, G. Zeng, R. Li and K. Li, "Energy-Aware Processor Merging Algorithms for Deadline 

Constrained Parallel Applications in Heterogeneous Cloud Computing," in IEEE Transactions 

on Sustainable Computing, vol. 2, no. 2, pp. 62-75, 2017. 



[6] Z. Li, J. Ge, H. Hu, W. Song, H. Hu and B. Luo, "Cost and Energy Aware Scheduling 

Algorithm for Scientific Workflows with Deadline Constraint in Clouds," in IEEE 

Transactions on Services Computing, vol. 11, no. 4, pp. 713-726, 2018. 

[7] K. Li, “Power and performance management for parallel computations in clouds and data 

centers,” J. Comput. Syst. Sci., vol. 82, no. 2, pp. 174–190, 2016. 

[8] H. Arabnejad and J. G. Barbosa, “List scheduling algorithm for heterogeneous systems by an 
optimistic cost table,” IEEE Trans. Parallel Distrib. Syst., vol. 25, no. 3, pp. 682–694, 2014. 

[9] Z. Tang, L. Qi, Z. Cheng, K. Li, S. U. Khan, and K. Li, “An energy efficient task scheduling 
algorithm in DVFS-enabled cloud environment,” J Grid Comput., vol. 14, no. 1, pp. 55–74, 

2016. 

[10] G. Xie, L. Liu, L. Yang, and R. Li, “Scheduling trade-off of dynamic multiple parallel 

workflows on heterogeneous distributed computing systems,” Concurrency Comput.-Parctice 

Exp., vol. 29, no. 8, pp. 1–18, 2017. 

[11] G. Zeng, Y. Matsubara, H. Tomiyama, and H. Takada, “Energyaware task migration for 
multiprocessor real-time systems,” Future Gen. Comput. Syst., vol. 56, pp. 220–228, 2016. 

[12] K. Li, “Scheduling precedence constrained tasks with reduced processor energy on 
multiprocessor computers,” IEEE Trans. Comput., vol. 61, no. 12, pp. 1668–1681, Dec. 2012. 

[13] Muhammad Usman Sana, Zhanli Li, “Efficiency aware scheduling techniques in cloud 
computing: a descriptive literature review,” PeerJ Computer Science, Vol. 7, pp: 1-37, 

https://doi.org/10.7717/peerj-cs.509. 

[14] Xiaoyong Tang, “Reliability-Aware Cost-Efficient Scientific Workflows Scheduling Strategy 

on Multi-Cloud Systems,” IEEE Transactions on Cloud Computing, pp:1-1, 2021, doi: 

10.1109/TCC.2021.3057422. 

[15] Ali Vafamehr, “Energy-aware Cloud Computing,” The Electricity Journal, Vol. 31, Issue. 2, 

pp: 1-13, 2018, DOI:10.1016/j.tej.2018.01.009 

[16] Guoqi Xie, Liangjiao Liu, Liu Yang, Li Renfa, “Scheduling Tradeoff of Dynamic Multiple 
Parallel Workflows on Heterogeneous Distributed Computing Systems,” Concurrency and 
Computation Practice and Experience, Vol. 29, Issue. 2, pp:1-18, 2017, DOI:10.1002/cpe.3782 

[17] Kaveh Khorramnejad, Lilatul Ferdouse, Ling Guan, Alagan Anpalagan, “Performance of 
integrated workload scheduling and pre-fetching in multimedia mobile cloud computing,” 
Journal of Cloud Computing: Advances, Systems and Applications, Vol. 7, Issue. 1, 2018, 

doi:10.1186/s13677-018-0115-6.  

[18] Li Chunlin, Tang Jianhang, Luo Youlong, “Hybrid Cloud Adaptive Scheduling Strategy for 
Heterogeneous Workloads,” J Grid Computing, Vol. 17, 419–446 (2019). 

https://doi.org/10.1007/s10723-019-09481-3. 

[19] Guoqi Xie, Gang Zeng, Renfa Li, Keqin Li, “Energy-Aware Processor Merging Algorithms 

for Deadline Constrained Parallel Applications in Heterogeneous Cloud Computing,” IEEE 



Transactions on Sustainable Computing, Vol, 2, Issuse. 2, pp:62-75, 2017, doi: 

10.1109/TSUSC.2017.2705183 

[20] Zhongjin L, Jidong Ge, Haiyang Hu, Wei Song, Hao Hu, Bin Luo, “Cost and Energy Aware 
Scheduling Algorithm for Scientific Workflows with Deadline Constraint in Clouds,” IEEE 

Transactions on Services Computing, Vol. 11, Issue. 4, pp:713-726, 2015, doi: 

10.1109/TSC.2015.2466545 

[21] Zhao Tong, Xiaomei, Hongjian Chen, Jing Mei, Hong Liu, “QL-HEFT: a novel machine 

lerning scheduling scheme based on cloud computing environment,” Neural Computing and 

Applications, pp:1-18, 2019, https://doi.org/10.1007/s00521-019-04118-8. 

[22] Muhammad Usman Sana and Zhanli Li, “Efficiency aware scheduling techniques in cloud 

computing: a descriptive literature review,” PeerJ Computer Science,pp:1-37,2021 

[23] Rambabu Medara, Ravi Shankar Singh, Amit, “Energy-aware workflow task scheduling in 

clouds with virtual machine consolidation using discrete water wave optimization,”Simulation 
Modelling Practice and Theory,2021 

[24] Neelima, P., Reddy, A.R.M. An efficient load balancing system using adaptive dragonfly 

algorithm in cloud computing. Cluster Comput 23, 2891–2899 (2020). 

[25] H. R. Faragardi, M. R. Saleh Sedghpour, S. Fazliahmadi, T. Fahringer and N. Rasouli, "GRP-

HEFT: A Budget-Constrained Resource Provisioning Scheme for Workflow Scheduling in 

IaaS Clouds," in IEEE Transactions on Parallel and Distributed Systems, vol. 31, no. 6, pp. 

1239-1254, 1 June 2020, doi: 10.1109/TPDS.2019.2961098. 

[26] Konjaang, J.K., Xu, L. Multi-objective workflow optimization strategy (MOWOS) for cloud 

computing. J Cloud Comp 10, 11 (2021). https://doi.org/10.1186/s13677-020-00219-1. 

 

BIBILOGRAPHY 

 

Kavita D. Hanabaratti was born in Karnataka, India, in 1979. She received the B.E. degree in 

Computer Science & Engineering from the University of KUD, in the year 2001 and M. Tech in 

Computer Science and engineering from the Gogte Institute of Technology (GIT) Belagavi 

India, in 2011.From 2002 to 2004 she served as a lecturer in SDM Engineering College 

Dharwad. She is currently working as an Assistant Professor in the department of Computer 

Science and Engineering in Gogte Institute of Technology Belagavi since from 2007. Her current 

research interests include Autonomic Computing, Machine learning and Artificial Intelligence. 

She is a Life Member of the Indian Society for Technical Education (ISTE). 

  

https://doi.org/10.1007/s00521-019-04118-8


 

Dr. Sunil F. Rodd was born in Karnataka, India, in 1968. He received the B.E. degree in 

Computer Science & engineering from KREC(NITK) Surathkal from Mangalore University in 

1990. and M. Tech in Computer Science and engineering from the IIT Bombay in 1995 and 

Ph.D. from Graphic Era University, Graphic Era Deemed University in 2014. Joined Gogte 

Institute of Technology as lecturer in the year 1991 and ever since he is working in GIT. At 

present he is working as Professor in the department of computer science and engineering. He 

has worked as Coordinator Computer Center at GIT for one and half years. Sir has guided over 

80 UG projects and 8 PG projects and 4 industry sponsored projects. He has published 18 papers 

in various national and international journals and conferences. 

 


