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Abstract-Infrastructure as a Service (IaaS) is one the 

most important features offered by cloud computing 
technology. IaaS allows virtualization of hardware in 

the datacenter which leads the way to creation of 

multiple VM instances on a single physical machine. 

The concept of virtualization results in better and more 

efficient resource utilization which in turn leads to a 

better Return on Investment. The prime metric for 

evaluating the efficiency of the scheduling algorithms 
are VM Migration and Placement techniques. The VMs 

are migrated from the underutilized hosts and that host 

is deactivated to reduce the power consumption. In this 

study, we have critically analyzed various scheduling 

algorithms by taking in account various performance 

evaluation metrics like SLA violation, power 

consumption, MIPS executed, etc. We examine the 

performance of these various algorithms on CloudSim, 

a cloud computing environment simulation kit. 

Simulation results demonstrate that our proposed 

techniques outperform the default VM Placement 

algorithm designed in CloudSim. 
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1.  Introduction 
 

Cloud computing is the commonly known in the 
industries for its scalable on demand, virtualized 

resources over the internet. It makes it possible to 

access anything you wish to access from anywhere – 

the cornerstone of the idea behind the internet. Where 

this study comes critical is where this technology can 

become more efficient so that the infrastructure cost 

behind it can be reduced significantly. 
Cloud computing technology has given rise to 

problems regarding the continuity and support of multi 

- scale datacenters consisting of thousands of nodes that 

consume notable amount of electricity. As per reports  

Of NRDC (Natural Resources Defense Council) the 

data centers in United States of America used 91 billion 

KWH (Kilo Watt Hours)
[13]

 of energy consumption in 

2013, and it is estimated to reach around 139 billion of  

 

 

 

 

 

ilowatt hours by 2020 which is a 53 % increase 

compared to today’s consumption. 
In various reports, it was noted that a meagre 12 % - 15 

% of the total electricity is consumed in data center to 

provide power to the servers. The incompetent use of 

the cloud resources results in such large scale power 

wastage. Accruing to the lack of a dynamic capacity of 

power range of servers, it has been seen that, even idle 

servers consume about 70 % of their peak power. So, 
from power consumption perspective, idle serves is 

extremely inefficient. 

To address this problem, the most efficient solution is 

virtualization. In virtualization, every physical server 

can generate multiple occurrences of virtual machines 

on it, where each virtual machine is uniquely outlined 

by a virtual hardware and software package on behalf 

of the physical server. When virtualization is achieved, 

a scheduler is put in place to effectively manage the 

utilization of resources based on the tasks that the VM 

is supposed to handle. 

This scheduler is responsible for ordering the jobs in a 

manner where a tandem is drawn between improving 
the Quality of Service (QoS) and maintaining the 

efficiency and fairness with the jobs itself. Hence, 

performance evaluation of scheduling algorithms is 

critical in realizing large scale distributed systems. In 

spite of the various algorithm proposed for the cloud, 

there isn’t an analysis, critical one at that, which results 

in a unified platform to draw comparisons amongst 
these algorithms. Drawing parallels to these algorithms 

in Infrastructure as a Service (IaaS) of cloud computing 

from different viewpoints is fragment that needs to be 

addressed. There are various sources which offer 

scheduling algorithms, some of these propositions are 

specific to serving jobs in cloud environment and some 

are custom made for that itself. 
This comparative study intends to analyze and 

investigate 6 job resource scheduling algorithms 

executed in the cloud environment, namely, Round 

Robin, Greedy Algorithm, Genetic Algorithm, Priority 

Based Task Scheduling Algorithm, Ant Colony 

Optimization and Honey Bee Optimization Algorithm 

with respect to their of their capacity to offer optimum 

service for the tasks and assure fairness amongst the 

jobs served. 

The basic concept of virtual machine scheduling is 

explained by the architecture diagram in Figure 1. 
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2.  Challenges In Load Balancing 
 

A.  Overhead Associated 

Overhead due to movement of tasks, inter process 

communication, overhead should be reduced so that 

load balancing algorithm works well.  

B.  Throughput 

It is the number of tasks executed in fixed interval of 

time.  

C.  Performance 

Performance can be defined as efficiency of the 

system, and it must be improved.  

D.  Resource utilization 

This is used to test the utilization of resources. This 

should be maximum for an efficient load balancing 

algorithm.  

E.  Scalability 

The quality of service should be same if the number of 

users increases. More the number of nodes can be 

added without affecting the service.  

F.  Response time 

This can be defined as the amount of time taken to 

react by a load balancing algorithm in a distributed 
system. For better performance, this parameter should 

be reduced.  

G.  Fault tolerance 

In spite of the node failure, the ability of a system to 

perform uniform load balancing.  

 

3.  Analysis Of Algorithms 

 

A. Round Robin Algorithm 

A single virtual machine is assigned to every physical 

machine in circular order depending on the size of the 

fixed time to execute. The round robin algorithm used 

in cloud environment follows a similar concept used in 

operating system process scheduling. The algorithm 

schedules the processing in an order, it assigns virtual 
machines to the first node. Once a VM is allocated to 

the first node, it assigns the next VM to the following 

node. The process goes on until all the nodes have been 

allocated at least one VM. Once the allocation cycle is 

completed, the scheduler returns to the first node to 

repeat the whole cycle. The Round Robin algorithm is 

a preemptive process scheduling algorithm which 
mainly concentrates on distributing the load and 

resource utilization to all physical machines in a fair 

and equal order. Hence, the algorithm moves on the 

next node by using context switching as it does not 

wait for one node to be exhausted of resources before 

moving on to the next to save states of preempted 

processes 
[1]

. 

The advantages that round robin algorithm possesses 

are as follows 
[2]

: 

Round Robin algorithm enables in the fast and 

continuous execution and results into lower cost as the 

VMs are prioritized per their costs. There is fairness as 

every task gets equal share of the resources  

It employs a time-sharing concept, giving each job a 

time slot or quantum. The limitations, on the other 

hand, are described as follows: 
The round robin algorithm ignores the overload or 

under load factor of the host machines. Some nodes are 

thickly loaded whereas some are moderately loaded.  

Higher turnaround time, time between submission of a 

process and its completion. The data center utilizes 

more power which is directly proportional to the 

number of physical machines used.  
When processes are implemented completely the 

algorithm continues execution of the resumed process. 

This is also known as context switch which leads to 

wastage of time, resources and scheduler overload.  

 

B.  Greedy Algorithm 
 

The  greedy  algorithm,  as  its  name  suggests  looks  

for physical machines with adequate resources for 

running a virtual machine and uses the first such 

machine it comes across. The first VM request is also 

allocated for the same machine selected by the 

algorithm. All the subsequent virtual machine requests 
are allocated to the same node chosen by the greedy 

algorithm until all of the node’s resources are 

completely exhausted [3]. This means that the greedy 

algorithm depletes a node before it goes on to the next 

node. Its advantages, are: 

It makes the best possible choice that is available at that 

moment. It focuses on local optimal solutions in the 
hope they lead to globally optimal solutions. It does not 

regard the choices it has madebefore or will in the 

future. The disadvantages would be limited to: 

Due to its voracious nature it fails to present fairness 

among the resources that are available to be used. It 

also compromises on the quality of service 

requirements because of amalgamating several types of 
virtual machines in the same physical machine. 

Consumption of minimal resources is a shortcoming of 

this algorithm as it ends more resources as compared to 

other algorithms.  

 

C.  Genetic Algorithm 
 

Genetic algorithm is majorly used to create solutions to  

problems of optimization and search which are heavily 

derived from bio inspired operators such as mutation, 

crossover and selection. In this algorithm, a set of 

individuals, creatures and phenotypes which are known 

as candidate solutions is modified in search of better 
solutions in an iterative fashion. Every modified 
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candidate solution has a specific set of properties which  

are represented by its chromosomes or genotypes, these 

properties are amended and reworked. Overall, the 

solutions are depicted in the form of binary strings of 

0s and 1s. Apart from binary representation other 

encodings are also possible [4]. The following steps 

need to be followed in genetic algorithm 

a. Initialization  

b. fitness functionality  

c. selection  
d. crossover  

e. mutation  

The evaluation of the candidates is repeated until the 

optimal/ best solution is found. Advantages of this 

algorithm are: 

It solves problems with multiple solutions.  

It can easily be transferred to existing simulations and 
models. Limitation, on the other hand, is that the 

genetic algorithm works well in dynamic environment 

with centralized load balancing but it is not suitable for 

dynamic environments like cloud where the load varies 

from time to time as the various users are connected to 

the cloud and demand for different types of services 

and every service need to be serviced by minimizing 

time with optimum number of resources, so the 

centralized server may not balance the load efficiently, 

especially in huge computing such as cloud the 

distributed load balancing will give optimum results 
[5]

. 

 

D. Dynamic Priority Based Scheduling Algorithm 

The dynamic priority based scheduling algorithm 

considers the load factor of resources to prevent 

overloading. All in all, the non-responsive nodes are 

turned off. This actions results in power saving by a 

significant margin. It can achieve higher processor 

utilization, and it can also adapt to a dynamic 

environment where task parameters are unknown 
[6]

. 

Advantages of the same are listed below: 
The implementation of this algorithm based on the 

concept of priority is relatively easy. It can be 

implemented without the knowledge about the release 

times and execution times of the jobs. It has the added 

advantage of ensuring a small run time overhead by 

maintaining a separate queue or prioritized ready jobs.  
The disadvantages are: 

Th priority algorithm fails to manage several cases due 

to failure of nodes. To add to that, both the uptime and 

downtime are not measured here. It ollows a non-

deterministic timing behavior in case of priority driven 

systems. Soetimes it is very difficult to verify all the 

scheduled jobs in the priority driven system as the job 

parameters vary drastically.  

 

E.  Ant Colony Optimization Algorithm 

The  premise  of  Ant  Colony  Optimization (ACO)  

[7]  is simulation of the foraging tendencies of the ant 

colonies. When a group of ants tries to search for food, 

they utilize a very special type of chemical - 

pheromone to communicate with each other. Initially 

they start off by searching for their food in a random 

fashion. But, when an ant finds a path it leaves a trace 

of the pheromones for other ants to follow the same. 

An ant follows the trail of others to the source by 

sensing the trail of pheromones. This collective process 

of leave a trail and following a trail is the typical 

behavior of ants which forms the fundamental 

governing policy for ACO. However, despite it having 
many nature-like advantages, the disadvantages [8] are: 

Recruitment Strategies (methods used to communicate 

previous search experiences to other members of the 

colony) are indirect. Exploration may not be sufficient, 

as it may not take into consideration all the available 

processes. It is not adaptive in nature, it cannot work 

for different models. Its convergence is guaranteed but 
time to convergence is uncertain. Coding is not 

straightforward, it might require intensive research 

before coding It is prone to falling in the local optimal 

solution.  

 

4.  Proposed Work 
 

We would like to take a more nature inspired approach 

towards virtual machine scheduling in a cloud 

environment. It is already a known fact how different 

users send simultaneous requests which demands 

varied computing capacities. Dedicating the capacity, 

similar to cloud resources, to various users is 
undesirable. To add to that, we know that cloud 

resources are heterogeneous, independent and dynamic. 

Hence, resources properties are temporal and they 

change. Cloud performance efficiency is highly 

dependent on scheduling method because cloud 

environment is dynamic, independent and 

heterogeneous, and the space of tasks is complicated. 
For example, the cloud system involves scheduling of a 

server and three cloud nodes of VM= {VM1, VM2, 

VM3}. In cloud system, we consider S= {VM1, VM2, 

VM3}. As it has been already said, the number of cloud 

node is equal to the number of schedulers. Bees involve 

three groups in bee colony algorithm. They involve 

employed bees, supervision. They involve employed 
bees, supervisory bees and scout bees. The bee staying 

in dancing area to make decision and select the food 

source is called explorer bee. The bee going toward 

predetermined food source is called employed bee, 

while the bee performing random search is called scout 

bee. 

A swarm of honey bees, or the colony itself, can be 

extended to large distances in search of sources of food. 

Upon finding the above, the bees harvest the pollen out 

of the sources. A tiny fraction of the swarm is 

dedicated to look at surrounding environment in search 

of new sources of pollen/nectar. Upon coming across a 

source, scout bees go in the field to assess the quality of 
the find. When they return to the hive, the food 
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harvested is collected by scouts. Within the hive an 

area – called “dance floor”, is occupied by the bees in 

order to perform a waggle dance for finding a very high 

quality food. Through the waggle dance a scout bee 

furloughs the position of the food to idle spectators to 

help the using of the source of food. Here the duration 

of the dance is per scout’s self-rating and evaluation of 

the food source. In order to harvest the best rated 

sources, more forager are brought into the scenario. 

When the dance is done, the scouts come back to the 
original source to see if there’s more food; till the time 

food is deemed profitable, food sources will be 

informed by the scout bees upon their return to the 

hive. Forager bees, who were recruited lately may 

waggle dance too, which will increase the recruitment 

process for the highly profitable sources. This auto 

catalytic process will go on to find the most fruitful 
sources [9]. 

The algorithm checks periodically load on each virtual 

machine and migration or transfer of load takes place 

per the following approach. This algorithm identifies 

the highly loaded VM and finds the less loaded VM, 

the loads are distributed evenly, the response time 

minimizes and resource utilization increases. The task 

can be considered as a bee and it is searching for a less 

loaded VM (food source), when it finds the suitable 

VM assignment of task to VM takes place, and the next 

task also tries to assign to the same VM, this 

assignment continues until the load on the VM reaches 

threshold value. Once the threshold value is reached, 
the search starts to find another less loaded VM and the 

task is redirected to that VM[10]. 

When we consider dynamic load balancing algorithms, 

there exists a rather consistent variation in the 

workload. In this decision-making system, there is only 

one central decider. This is done so that one other node 

except the main node is in view of the total system. 
Otherwise, if the central node fails, the entire system 

collapses making it unreliable. Also, organization 

decision maker in which the entire system doesn’t work 

in groups. However, making decision without 

considering all aspects of load results in the global 

optimization which leads to a major collapse. Amongst 

other, the major advantages of the algorithm is efficient 
load addition mechanism, excited distribution decision 

making, migration selection model and a full zip file 

migration algorithm for a bigger load balancer [11]. 

The Honey Bee Algorithm can be implemented on the 

basis of the proposed architecture for a cloud 

environment as shown in the below figure 1. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure. 1 
 

The performance of various algorithms when compared 
on the basis of various parameters is depicted in the 

following table. The comparison points out the 

advantages of Honey Bee Algorithm and justifies its 

superiority over other when applied to virtual machine 

scheduling in cloud computing. 

 

Table 1 

 

Algorithm CPU 

Through

put 

Turnarou

nd 

Waitin

g 

 

Engagemen

t  Time Time 

Round Robin Low Low High High 

     

Greedy Low Medium High 

Mediu

m 

     

Genetic Medium Low Medium High 

     

Dynamic 

Priority Medium Low High High 

     

ACO High Medium Low 

Mediu

m 

     

Honey Bee High High Medium Low 

     

 

We also propose a performance metric to analyze the 

Service Level Agreement (SLA) violation by various 

datacenter users: 

A.  SLATH (SLA violation per active host) is the 

percentage of time active host experiences 100 % 

utilization of CPU and the second one is PDM 
(performance degradation due to migrations)  

 

 

 

N = host count 
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Tsi= aggregate time that host i has experienced 

full CPU utilization that resulted into SLA 

violation 

Tai = aggregate time that host i is active for the 

serving virtual machines. 

B.  PDM (Performance Migrations Due To 

Degradation) 

 

 

 
M = count of VMs 

Cdj = approximated time taken by VMj until 

performance degradation due to migrations. (Default 

value is set at 10% of CPU utilization in MIPS during 

all migrations of VM j) 

Crj = aggregate CPU capacity requested by VM j 

 

5.  Future Work 
 

Future work concerns deeper analysis of algorithms, 

several parameters and new proposals to try different 

methods to obtain optimum results. The paper has 

mainly been focused on an intensive comparison of 

different scheduling algorithms that can be 

implemented to obtain efficient virtual machine 

scheduling.The next step in this research would be to 

statistically test these algorithms against each other to 

draw out a practical comparison identifying the most 

optimized method based on various parameters. So, our 

future work will involve a more statistical approach to 
the research which will help us to a more coherent 

understanding of the algorithm analysis. We propose to 

simulate the various scheduling algorithms based on 

different situations and cloud models to obtain the 

desired results. New schemes of scheduling will be 

tested in an open source cloud environment by 

simulating a set of Physical Machines and a set of data 
centers and results will be compared. 

 

6.  Conclusion 
 

In this study, various scheduling algorithms are studied 

with the perspective of several metrics. In order to 

improve the resource scheduling in cloud computing a 
wide range of algorithms have been tried and tested by 

researchers. Scheduling is one of the most vital tasks in 

the cloud computing atmosphere. Our study analyzes 

the basic concept of several algorithms with their 

respective advantages and disadvantages. In the end a 

more efficient and practical approach towards VM 

scheduling is proposed through the implementation of 

the Honey Bee Algorithm is more adaptable as it 

provides a widely-scattered problem solving scope for 

combinatorial and NP- hard problems. Nature inspired 

load balancing and scheduling improves the total 

output of the process as well as the priority based 

balancing reduces the time a cloudlet task must wait on 
a queue of the VM. Our future work will emphasize on 

reflecting that the nature inspired algorithm stands 

good against other techniques without adding any 

additional overheads. 
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