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Abstract
Cloud computing is an internet based network system in which a 
large number of scalable computing resources are made available 
as a service over the internet to users. The resources connected 
over larger geographical areas physical must be efficiently utilized. 
However, as the cloud computing environment is growing in 
number and kinds of services being provided, the need of efficient 
load balancing and scheduling is also significantly increasing. The 
task scheduling and resource management are closely related to the 
efficiency of the whole cloud computing facilities. Scheduling the 
available resources under clouding computing environment is an 
important issue because of the high scalability and heterogeneity 
of computing resources. Different factors which influence the 
efficiency of cloud computing scheduling algorithms include 
throughput, latency, turnaround, response time, fairness etc. In 
this research paper, various issues related to resource-scheduling 
algorithm are identified and analyzed. Various parameters like 
cost, time, and energy utilization etc. have been identified. On the 
basis of these parameters, the efficiencies of different scheduling 
algorithms have been studied in relation to load balance. This 
study shall help to identify the relevant and significant parameters 
for load balancing scheduling techniques in cloud computing that 
become the basis for further research work in this domain.
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I. Introduction
Cloud computing is Internet-based computing, whereby shared 
resources, software and information are provided to computers and 
other devices on-demand, like a public utility. Cloud computing 
is a technology that uses the internet and central remote servers 
to maintain data and applications. A cloud consists of several 
elements such as clients, datacenter and distributed servers. As 
the cloud computing is growing faster in use by the business 
and industry so need of efficient resource scheduling and load 
balancing is required. Cloud computing is also defined as where 
dynamic and heterogeneous systems are necessary to provide on-
demand resources or services. Dynamic load balancing is handled 
by replicating instances of the specific middleware platform for 
Web services. These issues lie in the establishment of an effective 
load balancing and scheduling algorithm. Many of the algorithms 
for load balancing and scheduling in cloud computing have been 
proposed. Some of those algorithms have been overviewed in this 
paper and issues related to it have been studied. Some algorithms 
are based on cost effectiveness whereas other can be effective for 
energy utilization or time etc.
The objective of this paper is to undertake the comprehensive 
survey of scheduling and load balancing algorithms. There are 
differ domains of CC algorithms with respect to time, cost, 
optimum utilization, workflow, energy etc.  Few algorithms from 
different domains have been discussed as per issues resolved.

II. Background

A. Scheduling and Load Balancing in Cloud Computing
Scheduling algorithm is the method by which threads, processes or 
data flows are given access to system resources (e.g. VM, processor 
time, communications bandwidth). The process of scheduling is 
very significant in the CC environment for efficiently using the 
distributed resources. Job scheduling system is a hot and one of 
core research areas in Cloud and Grid Computing. It plays almost 
role in Cloud and Grid Computing [1].
Load balancing is the process of distributing the load among 
various nodes of a distributed system to improve both resource 
utilization and job response time while also avoiding a situation 
where some of the nodes are heavily loaded while other nodes are 
idle or doing very little work. Load balancing is a relatively new 
technique that facilitates networks and resources by providing a 
maximum throughput with minimum response time [2]. 
Virtual machine enables the abstraction of an OS and Application 
running on it from the hardware. The interior hardware infrastructure 
services interrelated to the Clouds are modeled in the simulator 
by a Datacenter element for handling service requests. These 
requests are application elements sandboxed within VMs, which 
need to be allocated a share of processing power on Datacenter’s 
host components. Datacenter object manages the data center 
management activities such as VM creation and destruction and 
does the routing of user requests received from User Bases via 
the Internet to the VMs. 
Various issues related to scheduling and load balancing are cost, 
total time to finish task, response time, efficient utilization, energy, 
fair utilization etc and depending on which various algorithms 
have been proposed by various researches. While related to whole 
cloud computing efficiency the goal of scheduling algorithm 
in distributed system have to spread the load efficiently to all 
the virtual machines. The virtual machines should be properly 
scheduled and loaded to get the efficient utilization and also 
minimum task execution time.
Resource allocation and scheduling of resources has been an 
important topic in the fields of networking, parallel, distributed 
computing and cloud computing. Many researchers have proposed 
various algorithms for allocating, scheduling and scaling the 
resources efficiently in the cloud like , first come first serve, hybrid 
heuristic, back tracking, match making, task duplication, genetic 
algorithm , loss and gain, min-min max min, ant colony, round 
robin, simulated annealing, workflow algorithms etc. Various 
modified scheduling algorithms like Improved Genetic Algorithm, 
Modified ant colony optimization, Extended Min-Min have also 
been   proposed by researchers.
Energy-efficient (Green) resource allocation policies and 
scheduling algorithms for cloud computing are proposed. The 
algorithm uses the prediction in making turning off/on the number 
of running servers/hosts in order to eliminate the idle power 
consumption.
In the following sections we have tried to explore the algorithms 
and various issues resolved. 
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III. Survey of Scheduling and load balancing Algori-
thms 
The efficiency of task scheduling has a direct impact on the 
performance of the entire cloud environment; many heuristic 
scheduling algorithms were used to optimize it. Scheduling in 
cloud computing environment is performed at various levels like 
workflow, VM level, task level etc. 
The Performance of the scheduling algorithms can be calculated 
based on different parameters like deadline constraint, CPU load, 
CPU power usage, remaining time of the task etc.  
A detailed description of few selected algorithms is given below. 
Few algorithms (FCFS, round robin, min-min max min, ant colony, 
genetic etc.) are founder algorithms which have been used from 
an era where as recently few new algorithms have been proposed 
which are based on improvement on existing algorithms.

A. First-Come-First-Serve (FCFS) 
FCFS for parallel processing and is aiming at the resource with the 
smallest waiting queue time and is selected for the incoming task. 
The CloudSim toolkit supports First Come First Serve (FCFS) 
scheduling strategy for internal scheduling of jobs. Allocation of 
application-specific VMs to Hosts in a Cloud-based data center is 
the responsibility of the Virtual Machine provisioner component. 
The default policy implemented by the VM provisioner is a 
straightforward policy that allocates a VM to the Host in First-
Come-First-Serve (FCFS) basis [3].The disadvantages of FCFS 
is that it is non preemptive. The issue related to this algorithm is  
shortest task which are at the back of the queue have to wait for 
the long task at the front to finish .Its turnaround and response 
is quite low.

B. Round Robin
Round Robin (RR) algorithm focuses on the fairness. RR uses 
the ring as its queue to store jobs. Each job in a queue has the 
same execution time and it will be executed in turn. If a job can’t 
be completed during its turn, it will be stored back to the queue 
waiting for the next turn. The advantage of RR algorithm is that 
each job will be executed in turn and they don’t have to be waited 
for the previous one to get completed. But if the load is found to 
be heavy, RR will be taking a very long time to complete all the 
jobs. The CloudSim toolkit supports RR scheduling strategy for 
internal scheduling of jobs [3].

C. Genetic Algorithm
 Genetic algorithms are stochastic search algorithms based on 
the mechanism of natural selection strategy. It starts with a set of 
initial solution, called initial population, and will generate new 
solution using genetic operators. The advantage of this technique 
is it can handle a large searching space, applicable to complex 
objective function and can avoid trapping by local optimum 
solution. Authors have developed   a genetic algorithm, which 
provide a cost-based multi QoS scheduling in cloud [4]. 

D. Compromised Time Cost Scheduling Algorithm
Ke lui et al. proposed an innovative instance-intensive cost-
constraint cloud workflow scheduling algorithm named CTC 
(compromised-time-cost) which takes cost and time as the main 
concerns with user intervention on the fly enabled and incorporates 
the characteristics of cloud computing. The simulation has 
demonstrated that the CTC algorithm can achieve lower cost 
than others while meeting the user-designated deadline or reduce 
the mean execution time than others within the user-designated 

execution cost [5]. 

 E. Profit-Driven Service Request Scheduling 
Authors have presented two sets of profit-driven service request 
scheduling algorithms. These algorithms are devised incorporating 
a pricing model using Process Sharing (PS) and two allowable 
delay metrics based on service and application .Authors have 
demonstrated the efficiency of consumer applications with 
interdependent services. The evaluation of the algorithm was done 
on the basis of maximum profit and utilization [6]. 

F. Green Scheduling Algorithm 
A Green Scheduling Algorithm which makes use of a neural 
network based predictor for energy savings in Cloud computing. 
The predictor is exploited to predict future load demand based 
on collected historical demand. The algorithm uses the prediction 
in making turning off/on decisions to minimize the number of 
running servers. The issue related to power consumption has been 
solved by the researcher. Green cloud simulators have been used 
by the researches to find the better results [7-8].  

G. Workflow Scheduling
Workflow scheduling is a kind of global task scheduling as 
it focuses on mapping and managing the execution of inter-
dependent tasks on shared resources that are not directly under 
its control. Workflow management includes five dimensions: time, 
cost, fidelity, reliability and security. 
 The proposed algorithms are implemented on real time cloud which 
is developed using Microsoft .Net Technologies. The algorithms 
are compared with each other on the basis of parameters like Total 
execution time, Execution time for algorithm, estimated execution 
time. The aim of the algorithms is to optimize the make span, 
which is defined as the maximum time taken for the completion 
of all the tasks in a given application [9-10].
We have tried to compare various selected algorithms related 
to issues handled and limitations as depicted in table 1. Some 
algorithms satisfy time factor where as other cost. Some considers 
the profit where as other considers entire workflow problem. Cloud 
is growing fast so the problem of optimized power consumption 
is there. Researchers have also been working in this area of green 
cloud.

H. Ant Colony 
Ant colony algorithm  is probabilistic technique for solving 
computational problems which can be reduced to finding good 
paths through graphs. Zehua et. al. proposed a load balancing 
mechanism based on ant colony and complex network theory 
in open cloud computing federation [11]. Ratan Mishra et al. 
proposed an effective load balancing algorithm using Ant colony 
optimization technique to maximize or minimize different 
performance parameters like CPU load, Memory capacity, delay 
or network load for the clouds of different sizes [12].

I. Match Making
The Match making algorithm, first those hosts that do not meet the 
VM requirements and do not have enough resources (available CPU 
and memory) to run the VM are filtered out. Meta-scheduler   tries 
to match the incoming job requests with the resource information 
it stored and forward the job to the matched resource for execution. 
It finds and filters the resources which do not qualify and sort it 
and retrieve [13].
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Table 1: Comparison of Selected Algorithms based on Various Issues and Limitations

No. Algorithm Brief Introduction About Paper Issues handled Limitation

1.
First come first 
serve

FCFS for parallel processing and is aiming at 
the resource with the smallest waiting queue 
time and is selected for the incoming task

First cum first basis 
that is first priority

Non -  preemptive. The 
limitation related to this 
algorithm is  shortest task 
which are at the back of 
the queue have to wait for 
the long task at the front to 
finish

2. Round Robin

RR uses the ring as its queue to store jobs. 
Each job in a queue has the same execution 
time and it will be executed in turn. If a job 
can’t be completed during its turn, it will be 
stored back to the queue waiting for the next 
turn.

Fairness In heavy load longer time 
execution

3. Genetic Algorithm
Genetic algorithms are stochastic search 
algorithms based on the mechanism of natural 
selection strategy

A cost-based multi 
QoS scheduling Time ,fairness

4.
Profit-driven 
Service Request 
Scheduling

These algorithms are devised incorporating a 
pricing model using process sharing (PS) and 
two allowable delay metrics based on service 
and application .

Maximum profit 
and utilization

User satisfaction ,Qualiy of 
service ,response rate

5.
Green Scheduling 
Algorithm

A Green Scheduling Algorithm which makes 
use of a neural network based predictor for 
energy savings in Cloud computing

Power consumption 
have been solved by 
the researcher

Proper security 
management

6
Workflow 
Scheduling

scheduling algorithm in which they considered 
cost-constrained workflows by compromising 
execution time and cost with user input

Execution time and 
cost

Quality of service not 
considered

7

Scheduling 
algorithms, 
based on Time 
management

The aim of the algorithms is to optimize the 
makespan, which is defined as the maximum 
time taken for the completion of all the tasks in 
a given application.

Task Completion 
time

No preemptive jobs

8. Ant Colony

Ant colony algorithm is 
a probabilistic technique for solving 
computational problems which can be reduced 
to finding good paths through graphs

Shortest path may produce redundant
states in the graph

9. Match making

The Match making algorithm, first those hosts 
that do not meet the VM requirements and do 
not have enough resources (available CPU and 
memory) to run the VM are filtered out.

Dynamically 
discover and invoke Complex

IV. Conclusion and Future Work
Cloud technologies rapidly, there is a need to study and analyze the 
benefits of the technology and how best to apply the technology 
to large-scaled applications. Efficient task scheduling mechanism 
can meet users’ requirements, and improve the resource utilization, 
thereby enhancing the overall performance of the cloud computing 
environment. Considering the tremendously large scale of the 
computing resource for cloud computing, it is necessary that the 
cost of task executions should be taken into consideration during the 
resource management. But considering the real time environment 
execution time should be taken in to consideration.
Scheduling and load balancing the available resources under 
clouding computing environment is an important issue because 

of the high scalability and heterogeneity of computing resources. 
Various scheduling algorithms have been proposed by different 
authors considering various parameters like cost, time, energy, 
workflow etc. There are various issues which have been resolved. 
But still we have certain limitations also of the scheduling 
algorithms proposed by researchers. It may resolve one issue but 
can have limitation further. It may satisfy one parameter while not 
considering the other important factors or parameters to implement 
and compare various algorithms on Cloud environment using 
simulator and open source cloud.
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