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Abstract 
The Cloud Computing environment has brought unprecedented 
computing capacity. Taking advantage of this complex 
infrastructure requires efficient middleware to support the 
execution of various distributed applications, comprising of a 
complex set of subtasks, for optimal performance. This presents 
the challenge of resource allocation and scheduling these 
subtasks in shared heterogeneous systems. In order to maximize 
resources utilization, many scheduling algorithms were 
introduced, analyzed and implemented. In this paper we study 
different scheduling algorithms widely used in the cloud. 
Keywords: Cloud Computing, Scheduling, Distributed System, 
Task Scheduling 

1. Introduction

NIST consolidated and defines cloud computing as: “a 
model for enabling convenient, on-demand network access 
to a shared pool of configurable computing resources (e.g., 
network, servers, storage, applications, and services) that 
can be rapidly provisioned and released with minimal 
management effort or service provider interaction”. Cloud 
computing has emerged as a new paradigm leveraging 
distributed computing in delivering infrastructure, platform, 
and software as services. These services are made 
available to the customers or consumers based on 
subscription in a pay-as-you-go model. The main 
characteristics of Cloud are  

1. On-demand self-service
2. Broad network access
3. Resource pooling
4. Rapid elasticity
5. Measured service.

Cloud computing allows user by dynamically provisioning 
requisite number of compute resources at specified 
locations as and when required. Also, vendors allow 
applications to choose the storage locations to host their 
data at global locations. 

In order to effectively and efficiently schedule the 
tasks and data of applications onto cloud computing 
environments, schedulers have different policies that vary 
according to different objectives like minimize total 

execution time, minimize total cost of execution, balance 
the load on resources used along with meeting the deadline 
constraints of the application.  

Fig.1: Cloud Computing 

This technology is still in its early stages and the primary 
areas of focus include: 

1. Resource Management
2. Task Scheduling
3. Power Management
4. Security
5. Standardization
6. Bandwidth & Latency
7. Legal Considerations

Task scheduling and provision of resources have been the 
concerns since the evolution of cloud computing. 

In this paper, we focus on different scheduling 
algorithms in cloud that spread the load on processors and 
maximize their utilization while minimizing the total 
execution time of the task. The main purpose is to schedule 
tasks to the resources in accordance with time, which 
involves finding appropriate sequence in which jobs can be 
executed under various constraints. 
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2. Purpose of Scheduling 

Cloud computing has recently received a wide attention as 
an approach for delivering Info and Communication 
Technologies (ICT) services as a utility. In the mechanism 
of providing these services it is necessary to improve the 
utilization of data center resources which are operating in 
most dynamic workload environments. In a single data 
center generally hundreds and thousands of virtual servers 
run at any instance of time, hosting of many tasks at the 
same time on the cloud system keeps receiving the batches 
of task requests. During this context we have to notice, out 
many powered on servers only few target servers, which 
can fulfil a batch of incoming tasks.  Therefore task 
scheduling is an issue that influences the performance of 
cloud service provider. Scheduling is a mechanism to 
determine which task to be executed on a resource and in 
which order. The primary concerns before solving the 
problems using the techniques of scheduling have to 
address these: 

• Fair resource allocation – Scheduling is done so 
that allocation of resources is done in fair 
manners.  

• QOS – Resources and jobs are scheduled in such 
a way so that quality of services is achieved.  

• Resource utilization - It is the degree to which the 
resources of the system are utilized. A good 
scheduling algorithm provides maximum resource 
utilization.  

• Energy consumption – It is the degree to which 
the resources of system are consumed. A good 
scheduling algorithm saves energy consumption 

 
Scheduling in cloud computing involves three steps 
a) Discover a resource 
b) Select a target resource (Decision stage). 
c) Assigning a task to a target resource 
 

 
Fig.2 Cloud Server 

The objective of scheduling is to utilize the resources 
along with managing the load between the resources to 
execute in minimum time. 

3. Scheduling Mechanisms 

This section describes various scheduling algorithms that 
are currently implemented in cloud. The motivation to all 
these traditional and heuristics scheduling algorithms is to 
ensure proper utilization of resources.  
 
Shortest Job Scheduling [1]: this scheme is implemented 
on multiple clouds in both the under load and the over load 
conditions with request from the user with certain 
parameters defined such as arrival, process time, deadline 
and the input output requirement of the processes. Here the 
scheduling of the processes is performed with respect to 
the memory requirements.  
Algorithm: 
for i = 0 to i < main queue-size 

if taski+1 length < taski length then 
add taski+1 in front of taski in the queue 

end if 
if main queue-size = 0 then  

taski last in the main queue 
end if  

end for 
 
Preemptable Shortest Job Next Scheduling Algorithm [2]: 
This algorithm is run on a private cloud. This employs pre-
emption technique of Round-Robin algorithm combined 
with Shortest Process Next to obtain cost benefits and 
improve the response time and execution time. 
 
Optimized Activity Based Costing Algorithm [3]: 
Proposed an Activity based costing a mechanism which 
evaluates every task separately to give the cost. It is 
decided based on the   space and time taken by every 
activity of every task and resources. Activity based costing 
is a way to measure both cost of the object and its 
performance. It helps to solve the problems like poor cost 
control and also starvation. 
 
Improved Cost-Based Algorithm for Task Scheduling [4]: 
Proposed an improved cost-based scheduling algorithm by 
grouping the tasks according to the processing capabilities 
of available resources and make appropriate mapping tasks 
to resources in cloud. The strategy is for cloud 
environment where there may be no relation between the 
overhead application and the way different tasks cause 
overhead cost of resources. This scheduling algorithm 
measures both cost of the resource and computational 
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performance, and it also improves the 
computation/communication ratio. 
 
Min-Min Scheduling Algorithm [5]: In this paper an 
improved load balanced algorithm is introduced on a base 
of Min-min algorithm taking in to account priority given 
by the user in order to minimize the make span and 
maximize the utilization of resource. 
 
Scheduling algorithm based on QoS [6]: Proposed an 
algorithm that takes in to account quality of service. It 
computes the tasks priority based on different attributes of 
tasks and after that apply sorting on tasks onto a service 
which can further complete the tasks. 
 
Ant Colony Optimization [7]:  Ant colony optimization is 
to simulate the foraging behaviour of ant colonies. Ants 
generally form a group and search for food during which 
they use a pheromone (chemical) to communicate with 
each other.  
 
GASA (Grid Advance Reservation API) is a subsystem of 
Globus project. It provides a mechanism for resource 
reservation so that applications can receive a certain level 
of service from a resource. 
 
Condor system [8] provides a match making mechanism to 
allocate resources with ClassAds (Classified 
Advertisements). 
 
 Legion System also supports resource reservation. It 
focuses on providing basic mechanisms for building 
application level scheduling algorithms rather than 
construct scheduling algorithm itself. A simple random 
selection policy is provided as the default scheduling 
mechanism.  
 
The scheduling algorithm Sun Grid Engine [9] offers a 
scheduling policy for distributed jobs that allow priority to 
be assigned to users or groups. It also contains a model of 
deadline for job execution. However, in this system, 
deadlines are defined in terms of start time of the job.  
 
A Compromised-Time-Cost Scheduling Algorithm [10]: 
Presents a novel Compromised-Time-Cost scheduling 
which considers the characteristics of cloud to 
accommodate instance-intensive cost-constrained 
workflows by compromising execution time and cost with 
user input enabled on the go. The simulation results 
demonstrated show that Compromised-Time-Cost 
algorithm achieves lower cost than others while meeting 
the user-designated deadline or reduce the mean execution 
time.  

 
A Particle Swarm Optimization based Heuristic for 
Scheduling Workflow Applications [11]: Presents a 
particle swarm optimization that is based on heuristics to 
schedule applications taking in to account computation 
cost and data transmission cost to cloud resources. It can 
used for workflow applications by varying its computation 
and communication costs. The experimental result have 
shown that it can achieve cost savings and better 
distribution of workload onto resources.  
 
Resource-Aware-Scheduling algorithm (RASA) [10]: a 
new task scheduling algorithm RASA is composed of two 
scheduling algorithms Max-Min and Min-Min. RASA uses 
the benefits of both Max-Min and Min-Min algorithms. 
RASA doesn’t consider the deadline of each task, arrival 
rate of the tasks, cost of the task execution on each 
resource and cost of the communication. The experimental 
results show that RASA performs better than the existing 
scheduling algorithms in large scale distributed systems.  
 
Innovative Transaction Intensive Cost-Constraint 
Scheduling Algorithm [12]: A scheduling algorithm that 
takes in to account cost and time. The simulation results 
demonstrated by the author show that this algorithm can 
achieve lower cost than others while satisfying the user 
designated deadlines.  
 
Scalable Heterogeneous Earliest-Finish-Time Algorithm 
(SHEFT) [13]: SHEFT workflow scheduling algorithm 
schedules a workflow elastically in Cloud environment. 
The experimental results of SHEFT show that it 
outperforms several workflow scheduling algorithms in 
optimizing workflow execution time. It also enables 
resources to scale elastically at runtime.  
 
Multiple QoS Constrained Scheduling Strategy for Multi-
Workflows (MQMW) [14]: Takes in to account multiple 
workflows and multiple QoS parameters. This scheduling 
strategy has increased the access rate by minimizing the 
make span and cost of workflows on cloud platform. 

4. Comparison 

The following table compares various scheduling 
algorithms based on different parameters and environment. 

Table -1: Comparison of Scheduling Algorithms 
Sched
uling 
Algori
thm 

Scheduli
ng 
Paratem
eters 

Objec
tive 

Tool Schedu
ling 
Factor 

Enviro
nment 
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Shorte
st Job 
schedu
ling 

Arrival 
time, 
process 
time, 
deadline 
and I/O 
requireme
nt 

Effecti
ve 
resour
ce 
allocat
ion 
under 
define
d 
param
eters 

MA
TLA
B 

Group 
task 

Cloud 
environ
ment 

Priorit
y 
Shorte
st Job 
Next 

Cost and 
time 

Effecti
ve and 
fast 
execut
ion of 
task 

Priv
ate 
clou
d 

Group 
task 

Cloud 
environ
ment 

Optimi
zed 
ABC 
Algori
thm 

Cost, 
profit and 
priority 

Measu
re the 
cost 
and 
perfor
mance 
more 
accura
tely 

Sim
Grid 

Array 
of task 

Cloud 
Environ
ment 

Impro
ved 
Cost 
Based 
algorit
hm 

Cost and 
task 
grouping 

Minim
izing 
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cost 
and 
compl
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time 

Clo
udsi
m 

Group 
task 
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Priorit
y 
Guide
d Min- 
Min 
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ling 
Algori
thm 

Makespa
n 

To 
promi
sed 
the 
guaran
tee 
regard
ed the 
provid
ed 
resour
ces. 

MA
TLA
B 

Indepe
ndent 
Task 

Cloud 
Environ
ment 

Ant 
Algori
thm 

Pheromo
ne 
updating 
rule 

Enhan
ce the 
perfor
mance 
of 
basic 
ACO 

Clo
udsi
m 

Indepe
ndent 
task 

Cloud 
environ
ment 

5. Conclusion 

Scheduling is an important activity in cloud computing 
environment. This paper presented various scheduling 

algorithms in Cloud. The appropriate scheduling technique 
with respect to the mechanisms discussed seemed to be 
heuristic technique.  
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