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Cloud computing has recently become popular due to the maturity of related technologies such as
network devices, software applications and hardware capacities. Resources in these systems can be
widely distributed and the scale of resources involved can range from several servers to an entire data
center. In Cloud Computing Load balancing has a great role. To allocate and balance the load of the
resources among the various components and nodes load balancing is required. Load balancing aims to
optimize resource use, maximize throughput, minimize response time, and avoid overload of any single
resource. In the paper, we have studied and implemented three algorithm using Java Programming and
simulate the algorithms on CloudSim. The Main contribution of CloudSim is to provide a holistic
software framework for modeling Cloud computing environments and performance testing application
services. And, we have proved that our proposed algorithm Vector Dot gives the better results as
compared to Active clustering and Join Idle queue. We analyzed the results on the basis of different
performance parameters such as Response time, Execution time and Energy consumption.
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I.

INTRODUCTION

Cloud computing presents a delivery model for IT services based on internet and provides a scalable
service to easily consume over the internet on an as-needed basis. A major feature is cloud service is
that data processed on clouds are often outsourced, leading to number of issues related to accountability
including the handling of personally identifiable information. Cloud computing, a framework for
enabling convenient, and on-demand network access to a shared pool of computing resources, is
emerging as a new paradigm of large-scale distributed computing. It has widely been adopted by the
industry, though there are many existing issues like Load Balancing, Virtual Machine Migration, Server
Consolidation, Energy Management, etc. that are not fully addressed. In case of Cloud computing
services can be used from diverse and wide spread resources, rather than remote servers or local
machines. There is no standard definition of Cloud computing. Generally it consists of a bunc*h of
distributed servers known as masters, providing demanded services and resources to different clients
known as clients in a network with scalability and reliability of datacenter. The distributed computers
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provide on-demand services. Services may be of software resources (e.g. Software as a Service, SaaS)
or physical resources (e.g. Platform as a Service, PaaS) or hardware/infrastructure (e.g. Hardware as a
Service, HaaS or Infrastructure as a Service, IaaS). AmazonEC2 (Amazon Elastic Compute Cloud) is an
example of cloud computing services [2]. Some research aims to improve resource utilization while
others aim to reduce energy consumption. The goals of both are to reduce costs for data centers. Due to
the large size of many data centers, the financial savings are substantial.
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A. CLOUD COMPUTING APPLICATION ARCHITECTURE
As we know that cloud computing is the shift of computing to a host of hardware infrastructure that is
distributed in the cloud. The commodity hardware infrastructure consists of the various low cost data
servers that are connected to the system and provide their storage and processing and other computing
resources to the application. Cloud computing involves running applications on virtual servers that are
allocated on this distributed hardware infrastructure available in the cloud. These virtual servers are made
in such a way that the different service level agreements and reliability issues are met. There may be
multiple instances of the same virtual server accessing the different parts of the hardware infrastructure
available. This is to make sure that there are multiple copies of the applications which are ready to take
over on another one’s failure. The virtual server distributes the processing between the infrastructure and
the computing is done and the result returned.

Fig 1. Cloud Computing Application Architecture

There will be a workload distribution management system, also known as the grid engine, for managing
the different requests coming to the virtual servers. This engine will take care of the creation of multiple
copies and also the preservation of integrity of the data that is stored in the infrastructure. This will also
adjust itself such that even on heavier load, the processing is completed as per the requirements. The
different workload management systems are hidden from the users. For the user, the processing is done
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and the result is obtained. There is no question of where it was done and how it was done. The users are
billed based on the usage of the system - as said before - the commodity is now cycles and bytes. The
billing is usually on the basis of usage per CPU per hour or GB data transfer per hour.

B. LOAD BALANCING ON CLOUD COMPUTING

R
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Load balancing in large distributed server systems is a complex optimization problem of critical
importance in cloud systems and data centers. Load balancing algorithms are classified as static and
dynamic algorithms. Static algorithms are mostly suitable for homogeneous and stable environments and
can produce very good results in these environments. However, they are usually not flexible and cannot
match the dynamic changes to the attributes during the execution time. Dynamic algorithms are more
flexible and take into consideration different types of attributes in the system both prior to and during runtime [2]. These algorithms can adapt to changes and provide better results in heterogeneous and dynamic
environments. However, as the distribution attributes become more complex and dynamic. As a result
some of these algorithms could become inefficient and cause more overhead than necessary resulting in
an overall degradation of the services performance.
C. TYPES OF LOAD BALANCING ALGORITHMS
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Depending on who initiated the process, load balancing algorithms can be of three catagories as given in
[4]:
 Sender Initiated: If the load balancing algorithm is initialized by the sender.
 Receiver Initiated: If the load balancing algorithm is initiated by the receive
 Symmetric: It is the combination of both sender initiated and receiver initiated Depending on the
current state of the system, load balancing algorithms can be divided into 2 catagories as given in
[4]:
 Static: It doesn’t depend on the current state of the system. Prior knowledge of the system is
needed.
 Dynamic: Decisions on load balancing are based on current state of the system. No prior
knowledge is needed. So it is better than static approach.

D. Goals of Load balancing

As given in [4], the goals of load balancing are :
 To improve the performance substantially

 To have a backup plan in case the system fails even partially
 To maintain the system stability
 To accommodate future modification in the system

II.

RELATED WORK

Dr. Vijay Laxmi et al. [1] in 2014 presented a load balancing is essential for efficient operations in
distributed environments. As Cloud Computing is growing rapidly and clients are demanding more
services and better results, load balancing for the Cloud has become a very interesting and important
research area. Load balancing ensures that all the processor in the system or every node in the network
does approximately the equal amount of work at any instant of time. Our objective is to implement an
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effective load balancing algorithm for balancing the load on cloud. In this thesis, we have studied and
implemented three algorithm using Java Programming and simulate the algorithms on CloudSim.
Saeed Javanmardi et al.[2] in 2014 presented a hybrid job scheduling approach, which considers the
load balancing of the system and reduces total execution time and execution cost. We try to modify the
standard Genetic algorithm and to reduce the iteration of creating population with the aid of fuzzy theory.
The main goal of this research is to assign the jobs to the resources with considering the VM MIPS and
length of jobs. The new algorithm assigns the jobs to the resources with considering the job length and
resources capacities.

G

Tom Guérout et al. [3] in 2014 discussed analysis of studies on Clouds modeling, Clouds scheduling,
and actual SLAs of SaaS providers. Based on these analyses, they proposed a Cloud architecture
modeling that includes the DVFS, but especially a modeling of Clouds Quality of Service parameters.
This list contains definitions, measurable and reusable metrics for non-functional parameters. The defined
QoS metrics are measurable and reusable in any scheduling approach for Clouds. The use of these QoS
models is done through the performance analysis of three scheduling approaches considering four QoS
parameters.
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Bernardetta Addis et al. [4] in 2014 proposed a new optimization framework for the management of the
energy usage in an integrated system for Cloud services that includes both service centers and
communication networks for accessing and interconnecting them. The optimization framework considers
a PaaS scenario where VMs serving an application can be allocated to a set of SCs geographically
distributed and traffic load coming from different world regions can be assigned to VMs in order to
optimize the energy cost and minimize CO2 emissions. Numerical results, on a set of randomly generated
instances and a case study representative of a large Cloud provider, shows that the availability of green
energy have a big impact on optimal energy management policies and that the contribution of the network
is far from being negligible.
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B.Sujana et al. [7] in 2013 presented a cloud computing presents a delivery model for IT services based
on internet and provide a scalable service to easily consume over the internet on an as-needed basis. A
major feature is cloud service is that data processed on clouds are often outsourced, leading to number of
issues related to accountability including the handling of personally identifiable information. Dealing with
“single cloud” providers is predicted to become less popular with customers due to risks of service
availability failure and the possibility of malicious insiders in the single cloud.

III.

RESEARCH PROBLEM

In a cloud environment, there may be any number of host machines and each host machine has differentdifferent load due to virtual machines as per the client’s demand. The load of a host machine may be of
various types such as CPU load, Memory load, Storage load and Network related load etc. If the load of
any host machine exceeds its capacity then it affects its efficiency. In runtime, any client application
service may change their resource (CPU, RAM, Storage and Bandwidth etc.) demand and this causes the
host system to be imbalanced. If this imbalanced situation occurs due to overloading then system is
balanced using load balancing techniques by distributing the extra workload to the whole clouds host
heaving light loads. This helps to improve the overall performance of the cloud system. In the paper, we

are proposing the Vector Dot method to balance the load on the cloud and compared it with the
existing load balancing methods such as active clustering and join idle queue. The main
objective of the research is balance the load on cloud and consumes less energy as compared to
previous, on the cloud by using proposed method. Also we have to prove that our proposed
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technique is more efficient for load balancing and energy consumption on cloud as compared to
previous.
A. Metrics for Load Balancing In Clouds

Various metrics will be considered in load balancing techniques in cloud computing
are discussed below
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.O

R

G

 Throughput is used to calculate the no. of tasks whose execution has been completed. It should
be high to improve the performance of the system.
 Overhead Associated determines the amount of overhead involved while implementing a loadbalancing algorithm. It is composed of overhead due to movement of tasks, inter-processor and
inter-process communication. This should be minimized so that a load balancing technique can
work efficiently.
 Fault Tolerance is the ability of an algorithm to perform uniform load balancing in spite of
arbitrary node or link failure. The load balancing should be a good fault-tolerant technique.
 Response Time is the amount of time taken to respond by a particular load balancing algorithm
in a distributed system. This parameter should be minimized.
 Resource Utilization is used to check the utilization of re-sources. It should be optimized for an
efficient load balancing.
 Scalability is the ability of an algorithm to perform load balancing for a system with any finite
number of nodes. This metric should be improved.
 Performance is used to check the efficiency of the system. This has to be improved at a
reasonable cost, e.g., reduce task response time while keeping acceptable delays.

RESEARCH OBEJECTIVES

C

The Objective of the proposed work is to balance the load and energy efficient using Dynamic load
balancing model for cloud computing architecture.
The Objectives of the research work are:

IJ
T

 To optimize the performance of cloud computing architecture.
 To implement proposed method using java programming and simulate on cloud

computing environment using CloudSim toolkit.
 To compare the Vector Dot with exiting load balancing techniques such as Active
Clustering and Join- Idle queue for energy efficiency.
 To Analyze the behavior of research work using following parameters Energy Efficient Metric
 Execution time
 Response time
 Resource utilization
 Fault Tolerance
 Scalability
 Throughput
 To Evaluate the performance and behavior of proposed Vector Dot dynamic load
balancing technique by comparing it with existing load balancing methods such as JoinIdle queue and Active Clustering.
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V.

STEPS TO IMPLEMENT THE RESEARCH WORK

A. Setup server_config.xml

In this research work we are using five servers having their different IDs, names, IP address,
speed and RAM. The number of jobs can be increased or wane as per the requirement. As by
increasing the number of jobs the speed of server has to be increased so that it cannot affect the
overall performance of the system. The parameters of job are id, requestType, arrival Time and
length. The arrival time should be in increasing order.
B. Initialize the Tomcat Server for project execution

G

To run the project on server Tomcat Server should be initialized. The Tomcat server is available
in different versions. In this Research work Tomcat v6.0 server is configured. The steps for
configure Tomcat v6.0 Server on Eclipse interface is following as:
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a) Right click on project and then click on run on server.

Fig. 2. project execution screen.

C. Simulation Results using Tomcat Server
D. When all algorithm are selected for load balancing, simulation results are as depicted in
fig.3.
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VI.

RESULT ANALYSIS

R

Fig. 3 Simulation results of Vector Dot, Join idle and Active Clustering

A. Output Tables

.O

In the result analysis, we have different output tables and graphical charts to compare the proposed
method with other techniques.
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The output tables shows the values for different parameters like throughput, response
time,execution time and energy consumption when a particular technique is used for dynamic
load balancing with the distinct number of jobs. The different tables are drawn for three dynamic
load balancing techniques and then for a particular number of jobs these are compared and the
experimental results show that our proposed model gives the best results in terms of energy
consumption, execution time, response time and throughput. All three algorithms are
implemented and compared on CloudSim tool for energy efficiency and load balancing. Table 1
depicts the result of different parameters for five jobs. During the comparison, Vector dot
technique is counted as best model for producing the good results according to the user
requirements.
Table 1. Different algorithms are compared for 5 Jobs.
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Table 2 depicts the result of different parameters for six jobs.

IJ
T

Table 3. Depicts the result of different parameters for eleven jobs.
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All three algorithms are compared for energy efficiency and load balancing. The results show that Vector
dot technique is the better because which consumes less energy and all the tasks are executed in less time
with no delay. It concluded that Vector dot is best in the energy efficient technique in cloud computing.

B. GRAPHICAL CHARTS:
Graphical charts shows the comparison between different techniques based on distinct number of
jobs considering discrete parameters like energy consumption, response time and execution time.

G

Fig.4 reveals the information about the energy consumption of datacenter and the results show
that Vector Dot technique consumed less energy as compared to Active Clustering and Join idle
queue. Therfore our proposed model is best in case of energy efficient.
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Fig. 4 Energy consumption comparison based on distinct number of jobs.
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Response time is the time taken to respond by a particular load balancing algorithm in a
distributed system. The response time is calculated by varying the number of jobs. Fig.5 depicts
that the response time is minimum in case of Vector Dot technique.
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Fig. 5 Response Time comparison based on distinct number of jobs.
Execution time is estimated by calculating the total number of jobs executed within a fixed span
of time. Fig.6 shows the execution time taken by three techniques for distinct number of jobs.
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After implementation results show that the execution time of Vector Dot is less as compared to
Active clustering and Join Idle queue.
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Fig. 6 Execution time comparison based on distinct number of jobs
VII. CONLUSIONS AND FUTURE SCOPE
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In recent years, energy efficiency has emerged as one of the most important design requirements
for modern computing systems, ranging from single servers to data centers and Clouds, as they
continue to consume enormous amounts of electrical power. Apart from high operating costs
incurred by computing resources, this leads to significant emissions of CO2 into the
environment. For example, currently, IT infrastructures contribute about 2% of the total CO2
footprints. Unless energy-efficient techniques and algorithms to manage computing resources are
developed, its contribution in the world’s energy consumption and CO2 emissions is expected to
rapidly grow. It has been shown that proper load balancing of computing resources can lead to a
significant reduction of the energy consumption by a system, while still meeting the performance
requirements. A relaxation of the performance constraints usually results in a further decrease of
the energy consumption. Load balancing that is required to distribute the excess dynamic local
workload evenly to all the nodes in the whole Cloud to achieve a high user satisfaction and
resource utilization ratio.
In the research work we have proposed and implemented a Vector Dot on cloud environment
using CloudSim Toolkit. And compared it with the Active Clustering and Join Idle queue. The
results show that proposed technique is much better than the existing load balancing methods in
terms of Response time, Execution Time, and Throughput. We also concluded that Vector Dot
technique consumes less energy than Central Load Balancer.
FUTURE WORK
Cloud Computing is a vast concept and energy efficiency plays a very important role in case of
Clouds. There is a huge scope of improvement in this area. We have implemented only two
dynamic load balancing algorithms. But there are still other approaches that can be applied to
balance the load and energy consumption in clouds. The performance of the given algorithms
can also be increased by varying different parameters. We can also move our research work on
any Private Cloud for the Security and further enhancements.
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