
JOURNAL OF APPLIED SCIENCES RESEARCH 
 

ISSN: 1819-544X                                                                                                                                                            Published BY AENSI  Publication 
EISSN: 1816-157X                                                                                                                                                        http://www.aensiweb.com/JASR 

2016 March; 12(3): pages 50-53                                                                                                       Open Access Journal                                                                                                                                                     

To Cite This Article: S. Jeyalakshmi and Dr. N. Sankarram., Scheduling Algorithms for Cloud Computing Environments and Research 

Issues, 2016. Journal of Applied Sciences Research. 12(3); Pages: 50-53 
 

Scheduling Algorithms for Cloud Computing 
Environments and Research Issues 
 
1S. Jeyalakshmi and 2Dr. N. Sankarram 

 
1Department of IT, Valliammai Engineering College, India 
2Department of CSE, RMK College of Engineering and Technology, India.  

 

Received 2 February 2016; Accepted 29 February 2016; Published 25 March 2016 
 

Address For Correspondence: 
S. Jeyalakshmi, Department of IT, Valliammai Engineering College, India 
E-mail: jeyamugaesh@yahoo.co.in 

 
Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 

ABSTRACT 
Cloud computing combines features of cluster computing and grid computing with the help of 
virtualization. Cloud computing provides different types of resources like hardware and software as 
services via internet. It provides scalable, network-centric, infrastructure, platforms, and applications as 
on-demand services that are billed by consumption. An important view is Efficient management and 
utilization of systems. Cloud computing implementations offer seemingly infinite pooled computing 
resource over the network and come close to the idea of utility computing: outsourcing all the hardware 
and getting charged for what is used. The service is accessible via web browser or web services API (no 
need for installation) efficient task scheduling mechanism can meet users’ requirements, and improve 
the resource utilization, thereby enhancing the overall performance of the cloud computing 
environment. In this paper we have considered workflow scheduling and parallel jobs scheduling 
algorithms and conducted comparative analysis of both the scheduling algorithms. Here Tasks require 
minimum completion time, better performance and total cost of execution is considered. 
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INTRODUCTION 

 

 The four main entities of cloud are Cloud User, Broker, Virtual Machines and Physical Machines [1]. The 

customers who can submit their service requests from anywhere in the world are the Cloud users. A cloud data 

center consists of physical machines. Virtual machines are created on the top of physical machines using 

virtualization. Broker is responsible for allocating cloud resources to user’s applications and acts as an 

intermediator between users and datacenters. It assigns virtual machines to user’s applications by making use a 

scheduling algorithm and SLA (Service Level Agreements). The scheduling algorithms provide benefit to both, 

the cloud user as well as the service provider. Numbers of authors have done work in the area of workflow and 

parallel jobs scheduling algorithms. The scheduling algorithms can be heuristic or meta-heuristic in nature. The 

heuristic algorithms are priority based and mainly problem centric. The developer can use his own experience to 

assign priority to applications and cloud resources. Meta-heuristic scheduling algorithms are the ones which do 

not need human interaction and provide general solution to workflow applications. These algorithms are 

applicable to wider range of workflow applications but the heuristic scheduling algorithms are fit for only 

specific applications. 

 

II. Workflow Scheduling: 

 Services are decomposed into components, called jobs. The logical sequence of the jobs of an application is 
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commonly represented by a directed acyclic graph (DAG), called a workflow. The jobs of a workflow are 

represented by the nodes and their data dependencies are represented by arcs. So workflow scheduling finds a 

correct sequences of task execution which obeys the business constraint. After the submission of workflow by a 

user, a broker or a cloud scheduler runs the scheduling algorithm to start the decision making process. It decides 

which resources will be used, and also which part of the workflow will run in each cloud provider. The input for 

the scheduling algorithm are DAG and the information about the target system. The DAG represents the 

workflow of jobs and their dependencies. The information about the target system includes the processing 

capacity of the resources and the network link capacities. This information is obtained from a resource 

information repository in the private cloud. With this information provided the scheduling algorithm is capable 

of estimating the workflow makespan and its execution costs. The scheduler runs when a workflow is submitted 

for execution, and the necessary resources are allocated on demand to run the workflow. Scheduling algorithms 

can be distinguished by their main characteristics, such as: target system, optimization criteria, multicore 

awareness, on-demand resources etc. The challenging tasks of workflow scheduling in a cloud environment are 

a) it is difficult to predict which resources will be available at the time of actual execution of the jobs, b) if the 

access rights of jobs change dynamically, it is difficult to apply access control enforcement, c) if the structure of 

workflow graph changes dynamically with time, d) there can be many users competing for common resources 

and decisions must be made in possible shortest time and e) if there are multiple distributed schedulers. 

 

The sample workflow DAG is given below: 

 

 
 

III. Workflow Scheduling Algorithms: 

 The algorithms considered to schedule workflows are First Come First Serve (FCFS), Min-min, Max-min, 

Genetic algorithms, Ant Colony Optimization, Partial Critical Path (PCP) algorithm and Particle Swarm 

Optimization Algorithm (PSO). 

 

3.1. First Come First Serve (FCFS): 

 In this algorithm, tasks are compared on the basis of their arrival time and the task which comes first in the 

ready queue is served first. Advantage of this algorithm is its simplicity and fast execution behavior. But the 

main disadvantage of this algorithm is that sometimes due to the execution of a longer job, which comes in the 

queue first, small jobs have to wait for its completion. Due to this problem the waiting time of tasks increased 

and overall performance of the workflow execution decreases. 

 

3.2. Min-min: 

 In this algorithm, small task is executed first so that large task delays for long time. Algorithm begins with 

by sorting the set of all unmapped tasks in increasing order of their completion time. Then the tasks having the 

minimum completion is scheduled from the unmapped task set and the mapped task has been removed from 

unmapped task list, and the process repeats until all the tasks of unmapped list is mapped to the corresponding 

available resources. 

 

3.3. Max-min: 

 In this algorithm, large task is executed first so that small task delays for long time. This algorithm is very 

similar to Min-min algorithm, instead of sorting the task in the increasing order of completion time. This 

algorithms sorts the tasks in decreasing order of their completion time. Then the task with the overall maximum 

completion time is selected from this task list and scheduled to the corresponding available resource. Then the 

scheduled task has been removed from unmapped task set and the process repeats until all tasks of unmapped 

list is mapped. 
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3.4. Ant Colony optimization Algorithms: 

 In this algorithm, Pheromone and heuristic information is used to guide the search direction of ants to solve 

bi-criteria problem. One out of each heuristic type and pheromone type are used by each ant in each iteration. 

Workflow scheduling is done efficiently using ACO (Ant Colony Optimization) to complete before the 

deadline. 

3.5. Genetic Algorithms: 

 In this algorithm, a genetic algorithm is used to schedule the workflow applications within the deadline 

specified by the user. Using Genetic algorithm high-quality solution can be derived from large search space in 

polynomial time by the use of evolution principle. Target is on heterogeneous and reservation based service-

oriented environment to deal with deadline constrained optimization problems. 

 

3.6. Particle Swarm Optimization (PSO) algorithms: 

 This algorithm Schedules workflow applications by taking into account the data transmission and 

computation cost. Workloads are also distributed with minimal cost. PSO (Particle Swarm optimization) gives 

best results in terms of cost and workload when compared with BRS (Balance Resource selection) algorithm. 

 

3.7. Partial Critical Path (PCP) algorithms: 

 PCP is of two types: IC_PCP (IaaS Cloud Partial Critical Path) is executed in one phase and IC-PCPD2 

(Infrastructure as a Service cloud partial critical path with deadline distribution) is computed in two phases such 

as deadline distribution and planning. These two algorithms enable scheduling of larger workflows efficiently as 

they possess polynomial time complexity. Executes the workflows in minimum time within the user specified 

deadline. 

 

IV.Parallel Scheduling: 

 The utilization of nodes that run parallel jobs is reduced by the following factors: 1. A parallel job often 

requires a certain number of nodes to run. If the number of available nodes cannot satisfy the requirement of an 

incoming job, these nodes may remain idle, 2. A process in a parallel job may frequently wait for the data from 

other processes. During waiting, the utilization of the node is low. The most basic batch scheduling algorithm 

for parallel jobs is first come first serve (FCFS). FCFS may cause node fragmentation and methods such as 

backfilling and Gang scheduling were proposed to improve it. However, they do not target on the utilization 

degradation caused by parallelization itself. The parallel jobs we deal with have the following characteristics: 1. 

The job execution time is unknown. 2. Saving and restoring the state of a job is relatively cheap with checkpoint 

support. The CPU usage of the processes of a job can be estimated either during design phase. The priority-

based consolidation method for scheduling this type of parallel jobs improves the utilization of servers 

allocated to these jobs and preserves the FCFS order of jobs when available resources satisfy the needs of these 

jobs. The computing capacity of each physical node is partitioned into two tiers, namely foreground VM (with 

high CPU priority) and background VM (with low CPU priority) by pinning two VMs to the node. They can 

simultaneously process different jobs. The background job can therefore use the underutilized computing 

capacity whenever the foreground job cannot fully use it. This method supports backfilling in such a two-tier 

setting. Backfilling technique addresses node utilization, but it requires each job to specify its maximum 

execution time so that only jobs that will not delay the start of the job at the head of the queue are backfilled. 

However, backfilling does not deal with low resource utilization due to parallel jobs themselves. Gang 

scheduling allows resource sharing among multiple parallel jobs. The computing capacity of a node is divided 

into time slices for sharing among the processes of jobs. The gang scheduling algorithm manages to make all the 

processes of a job progress together. Processes of parallel jobs share the computing capacity of a node equally in 

common gang scheduling algorithms. This improves the utilization to a certain degree, but is likely to stretch the 

execution time of individual jobs. There is attempt to integrate backfilling and gang scheduling which intends to 

improve utilization caused by node fragmentation. 

 

V.Scheduling Algorithms for Parallel Jods: 

 The basic scheduling algorithm where workload consolidation strategies included is Conservative 

Migration supported BackFilling (CMBF) which is backfill based. The algorithm assumes that the state of a job 

can be saved and restored; therefore, the scheduler is able to suspend a job and resume it on other nodes in a 

later time. To avoid starving a pre-empted job, CMBF uses the following policy: A pre-empted job is scheduled 

to run whenever it sees the total number of nodes that are either idle or occupied by jobs with a later arrival time 

is equal or greater than the number of nodes it needs. When the number of jobs in the queue is large, the cost can 

be high. To address this problem we have a simplified CMBF algorithm called AMBF (Aggressive Migration 

Supported BackFilling ). Different to CMBF, AMBF only tracks backfilling jobs for the job at the head of the 

queue and allows the head-of queue job to preempt other jobs. The rest of jobs in the queue are not allowed to 

preempt jobs, in another word, they can only be dispatched to idle nodes. Conservative Migration and 
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Consolidation supported BackFilling (CMCBF), is based on the policy used in CMBF. It allows jobs to run in 

background VMs simultaneously with those foreground VMs to improve node utilization. CMCBF faces similar 

problem as CMBF when tracking backfilling jobs for each job. To reduce the cost, we also simplify the process 

in a way similar to AMBF by only keeping the backfilling job list for the job at the head of the queue. We call 

the modified algorithm AMCBF (Aggressive Migration and Consolidation supported BackFilling ). CMCBF 

improves the node utilization by allowing jobs to run in background. AMBF and AMCBF slightly relax the 

dispatching order of CMBF and CMCBF by preventing none head-of-the-queue jobs from preempting. If we 

effectively partition the computing capacity of a data center node into k-tiers, which may further improve the 

node utilization and responsiveness for parallel workload in the cloud. 

 

VI.Conclusions: 

 Workflows have been gaining the main focus in scheduling by moving it from Grid computing to Cloud 

computing. In this paper, we surveyed various existing workflow scheduling algorithms and parallel jobs 

scheduling algorithms on the basis of nature of scheduling algorithm, type of algorithm, objective criteria and 

the environment to which the scheduling algorithm was applied. From the literature reviewed, it is clear that lot 

of work has already been in the area of workflow scheduling but still there are many areas which require further 

attention e.g. there is a need to explore energy efficient genetic algorithm for workflow application whereas cost 

and deadline constraints have already been addressed using genetic algorithms. Minimizing Makespan is one of 

the objectives in scheduling algorithm. But still there are only limited algorithms that are used generally to 

automate workflows with deadlines as its criterion such as Ant Colony Optimizations, Genetic algorithms, 

Particle swarm Optimization (PSO), Partial Critical Path (PCP) algorithms and so there is an urge to explore 

new algorithms in the near future which aims to satisfy the Quality of Service (QoS) of the user, such as cost 

minimization within the particular time limit (deadline) specified by the user. These algorithms still can be 

improved by considering multiple objective functions, fault tolerance. Because after a job is submitted to the 

resource, if the resource becomes unavailable it may affect the makespan and cost of execution. For parallel jobs 

scheduling , if we effectively partition the computing capacity of a data center node into k-tiers, which may 

further improve the node utilization and responsiveness for parallel workload in the cloud. 
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