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Abstract 

Cloud computing involves virtualization, distributed computing, networking, software and 

web services. A cloud consists of several elements such as clients, datacenter and 

distributed servers. This research issues intending to study the establishment of an effective 

and efficient load balancing algorithm. 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 avoiding a situation where some of the nodes are heavily loaded 

while other nodes are idle or doing very little work. Load balancing is one of the main 

challenges in cloud computing which is required to distribute the workload evenly across 

all the nodes. Load is a measure of the amount of work that a computation system performs 

which can be classified as CPU load, network load, memory capacity and storage capacity. 

It helps to achieve a high user satisfaction and resource utilization ratio by ensuring an 

efficient and fair allocation of every computing resource in cloud environment. 

The objective of the thesis is to propose efficient load balancing algorithm for efficient 

utilization of resource in cloud computing environment and to compare the performance of 

proposed algorithms with well-known load balancing algorithms.  The newly proposed 

algorithm consider size of cloudlet, expected completion time of tasks by virtual machine 

and runtime properties virtual machines to map’s the incoming request to virtual machine 

in impartially and efficiently. Proposing a virtual machine load balancing algorithm that 

aims to improve the average response time and average processing time of the system in 

the cloud environment. 

The experiments is carried out using CloudAnalyst simulator to analyze the performance 

of proposed algorithm with Round-robin, Throttled and Ant-colony optimization load 

balancing algorithms and the result show the proposed algorithm have optimized response 

time and datacenter processing time.   

Key words: Cloud computing, Load balancing, Virtual machines, Round-robin, 

CloudAnalyst, Minimum completion time, Resource utilization and Enhanced weighted 

round robin 
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1. Chapter 1: Introduction 

1.1 Background of the Study 

A set of new technologies that have come along that, along with the need for more efficient 

and inexpensive computing, has enabled on-demand systems like the Cloud. Cloud 

computing is an on demand service in which shared resources, information, software and 

other devices are provided according to the clients requirement at specific time [1]. Also 

we can say cloud computing is a service delivery framework letting users to share resources 

hardware, software or application service can be enabled on demand of the consumers. 

Cloud Computing adjusts to the changing demands of the users and also saves them from 

investing huge amounts in purchasing of hardware, software or even in infrastructure.  

So cloud computing differentiated or distinguished by its property of that resources are 

virtual and boundless and details of the physical system on which software run are hidden 

or abstracted from the user. Also, cloud has more massive computing resource without the 

need of more money. Need only to pay for using the service.  

The availability of advance processors and communication technology has resulted the use 

of interconnected, multiple hosts instead of single high-speed processor which incurs cloud 

computing. Recently, public cloud is made available as a pay per usage model while private 

cloud can be built with the infrastructure of the organization itself. The service provided 

by the public cloud is known as utility computing. As benefit, users can access this service 

“anytime, anywhere”, share data and collaborate more easily, and keep data safely in the 

infrastructure. Although there are risks involved with releasing data onto third party servers 

without having the full control of it. 

In cloud computing environment, there are randomly arrival of tasks CPU service time 

requirements can load a specific resources heavily, while the other resources are idle or are 

less loaded. Therefor the cloud environment need something that can balancing this task to 

different processors or CPU rather than sharing the tasks. Load balancing is the process of 

distributing workloads across multiple computing resources [2]. Cloud load balancing 

reduces costs associated with data management systems and maximizes availability of 
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resources. So for efficient resource utilization or load balancing among different processor 

in cloud environment there must be some parameter to evaluate load balancing techniques 

to get better resource distribution over user demand. There are numerus techniques or 

algorithm for balancing load in cloud environment. This algorithms or load balancer 

decides the migration of task from a heavily loaded virtual machine to an idle virtual 

machine or least loaded virtual machine, whenever it finds an idle virtual machine or least 

loaded virtual machine by utilizing the resources current status information. In performing 

load balancing both static and dynamic algorithms is used. Static algorithms are mostly 

suitable for homogeneous and stable environments and can produce very good results in 

cloud environments and dynamic algorithm are can adapt to changes and provide better 

results in heterogeneous and dynamic environments [1]. 

Cloud computing is a relatively growing technology that can provide enormous 

advantages, both strategic and operational [2]. It is being feted by the IT industry as the 

next (potential) revolution to change how the internet and information systems operate and 

are used by the world at large [3]. In fact, the future of computing lies in cloud computing, 

whose major goal is reducing the cost of IT services while increasing processing 

throughput, reliability, availability, and flexibility and decreasing processing time [4].The 

delivery of computing capabilities as a service has an implication for organizations to focus 

more on cloud computing so that they can focus on other values without having to worry 

about the hardware infrastructure, software development, and maintenance issues. 

Load balancing helps to attain a high customer satisfaction and resource utilization ratio, 

consequently improving the overall performance and resource utility of the system. It 

additionally prevents problems of the system which may occur due to load imbalance. Load 

balancing techniques in clouds, consider various parameters such as performance, response 

time, scalability, throughput, resource utilization, fault tolerance, migration time and 

associated overhead.  

Different load balancing algorithms both static and dynamic techniques are studied, 

analyzed and proposed. Offer an overview of these algorithms and discuss with their 

properties. In addition, compare those algorithms based on the following different 
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properties or simulating different properties like: the number of attributes or the user 

request taken into consideration, the overall network load or load measurement, 

performance measurement, time series etc.  Finally, selecting the optimal algorithm from 

proposed load balancing algorithm for balancing load fairly in cloud computing 

environment. 

1.2  Motivation of the Study  

Cloud computing now becomes the major concern of most software engineer’s, which has 

high computation jobs. Currently, the technology strives to satisfy large computational 

requirements through well-equipped and distributed computing systems rather than using 

standalone high capacity servers. Moreover, cloud provides resources as a service on 

demand base. This makes it handy for the customers and showed a radical change on the 

trend of the computing industry.  

Cloud computing is a vast concept. Many of the algorithms for load balancing in cloud 

computing have been proposed. Some of those algorithms are reviewed in this thesis. 

The performance of various algorithms have been studied and compared. Hence, this 

research given a great emphasis to the load balancing algorithm. Obviously, striving to 

solve the load balancing problem in the cloud computing environment and delivering an 

efficient load balancing algorithm as a result does not only boost the performance of the 

cloud but also the satisfaction of customers who are the major entities in the cloud. This is 

because, improving the load balancing techniques can make performance improves the 

overall cloud performance and the better cloud performance the higher service level 

agreement between the customer and cloud vendor. On the other hand, the findings of this 

research work have a great impact for the upcoming efforts to solve the load balancing 

problem in cloud computing environment. Components considered and implemented in 

this research work could be adopted to overcome gaps observed in other domains which 

have balancing load problem. Hence, would say this is the secondary reason to conduct 

this research work.  
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The non-trivial impact of load balancing algorithm in sharing or balancing load on different 

processor are studied. That means vendors can choose easily the efficient algorithm for 

better resource utilization in designing whether software as a service, platform as a service 

and infrastructure as service. This is other reason for launching this thesis.  

1.3 Statement of Problems 

As the number of cloud service provider increases, because of high computation services 

providers has to improve their services by improving utilization of its resource. Utilization 

of resource related to improving fair allocation of incoming request across given virtual 

machine and response time of user request. Among a way to improve resource utilization 

is by providing efficient resource utilizer virtual machine load balancing algorithms. Load 

balancing is method of sharing load of the network to all virtual machines fairly. This 

distribution give minimum response time of total tasks. To achieve this many load 

balancing algorithms have been implemented. The most commonly used load balancing 

algorithms are round-robin, throttled and ant-colony load balancing algorithms. Existing 

algorithms are not hundred percent efficient so they have some drawback’s and need to 

identify this draw back of the algorithms. So for this well-known load balancing algorithm 

need to make them more efficient.  

Round-robin algorithm is one most common static algorithms, it distributes incoming 

request in cyclic order to virtual machines [15]. Incoming requests is assigned to virtual 

machine in cyclic manner. Because of this, most of request have to wait more time addition 

to execution time.   

Throttled load balancing checks the status of the virtual machine before assigning tasks 

[17]. At start all virtual machine is exist in idle state. On receiving task, the throttled load 

balancer search for the virtual machine among idle state virtual machine. If there are idle 

virtual machine, then the load balancer assign the task to virtual machine. But if all virtual 

machine are occupied the task has to wait until current task has to finished. It leads to in 

efficient usage of resource. Similarly in ant-colony algorithm waste time by searching next 

or candidate node to assign the tasks [22]. Therefor for existing algorithms there is need to 

designing efficient load balancing algorithm.  
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Proposed algorithms aimed overcome weakness existing algorithms, taken in to 

consideration the load of the network, processing power of the virtual machine, working 

load of each virtual machine, the expected task completion time of the virtual machines 

and the size of the cloudlets or the request coming from the users to allocate incoming 

request to appropriate virtual machine. Improve existing load balancing by employing an 

existing algorithm as well as by analyzing the preexisting components of algorithms for 

the cloud. This research proposed algorithm that make allocation of incoming request to 

virtual machines based on the load of the network, processing power of the virtual machine, 

the working load of each virtual machine and the size of the cloudlets or the request coming 

from the users. In addition, by considering the complexity of the different cloud computing 

environment, made performance measurement on both existing algorithms and proposed 

algorithms ended select load balancing algorithm with high utilization of resource.  

1.4 Research Questions 

The research aimed to answer the following questions. 

• Can efficient load balancing algorithm solve problem of inefficient resource 

utilization and high response time of cloud environment? 

• Can efficient load balancing algorithm make cloud environment service faster?  

1.5 Objectives 

1.5.1 General Objective  

The general objective of this research is to investigate and propose new load balancing 

algorithm which is efficient in resource utilization of cloud computing environment.  

1.5.2 Specific Objectives 

The specific objective of this research are: 

 Design new enhanced and hybrid load balancing algorithm. 

 Proposing new enhanced and hybrid load balancing algorithm to minimize the 

response time and datacenter processing time of the algorithm.  
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 Optimize the performance of virtual machines using the combination of static and 

dynamic load balancing algorithm, that effectively predicting the underutilized 

virtual machines and avoiding the overload on the virtual machines. 

 Recognize and recommend future research directions for further investigation on 

load balancing area of cloud computing environment. 

1.6  Scope of the Study 

The main objective of this study is to explore different load balancing algorithm for 

efficient utilization of resource in cloud computing environment. There are many algorithm 

that are implemented, but among those algorithm three algorithms are selected to compare 

with the proposed algorithm which are Round Robin, Ant-Colony Optimization and the 

Throttled Load Balancing Algorithm. 

Research work give emphasis on closest datacenter server broker policy and load balancing 

algorithms are partially developed under datacenter that means it does not consider request 

type and routing between the datacenter and client. Beside this, does not address issues 

related to securing cloudlets in cloud.   

1.7 Application of Results 

The result of this research work could exhibit a radical improvement on performance and 

resource utilization in cloud computing. The proposed load balancing algorithms have 

better response time and data center processing time. Because of this, it easier to choose 

load balancing algorithm for efficient usage of resource. Conducting researches on areas 

such as scheduling algorithm and load balancing algorithm, are among the immediate 

beneficiaries of the results of this research work.  

It identified the efficient algorithm for balancing load of jobs among different node of cloud 

environment. Whether the cloud service model is SaaS, IaaS, and PaaS. Cloud sector will 

make an informed decision in the selecting of load balancing algorithm for efficient 

allocation of resource and with less response time. The factors identified are aimed at 

providing the necessary considerations to be undertaken, be it the developers need to 

consider in their preliminary investigations of load balcing algorithms cloud computing 



7 
 

adoption. Moreover the proposed algorithm had better response time and effective resource 

utilization. So that it is very beneficiary to any cloud service provider as well as end users. 

Additionally, review of literature show that most of the research regarding cloud computing 

focus on the surveying of those algorithms. Therefore, this study was filled this gap by 

investigating the parameters for efficient usage of resource and by improving the drawback 

of those algorithms. It also clearly compared those algorithms based on different 

performance parameters, with their respective advantage, disadvantage and draw backs. 

Finally the solution to improve the drawback of the algorithm is implemented. 

1.8 Thesis Organization  

The thesis is organized in to six major Chapters. This section gives an overview on the 

contents of each chapter. 

Chapter one gives introduction to the study. It consists of background of the study, 

statement of problem, specific and general objective of the research. Additionally, 

significance of the study and methodology of the study had been discussed. Chapter two 

gives theoretical framework on cloud computing in general and load balancing algorithms 

in particular. Furthermore, cloud computing and its characteristics, enabling technologies 

for the cloud were discussed briefly. Service delivery models Infrastructure as a Services 

(IaaS), Platform as a Services (PaaS) and Software as a Service (SaaS) had been discussed 

concisely. Various features of load balancing along with their classification are also 

discussed in this Chapter. Critical literature review had been discussed and research gap is 

also identified. 

In chapter three, a detailed research methodology is covered, including a detailed 

presentation steps to carry out to design algorithms and implementation of algorithms using 

CloudAnalyst cloud simulator.  

The fourth chapter is about proposed algorithm so as to solve the problem stated in chapter 

one.  
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Chapter five is all about experimentations, the exploration of factors, statistical analysis, 

and the results of the study along with the critical analysis of the result along with result 

from cloud simulator tool. 

 The final chapter, chapter six sum up the research findings reached and suggests 

recommendations and future research directions to be conducted latter in load balancing 

algorithm of cloud environment.  
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2 Chapter 2: Literature Review 

2.1 Introduction  

Detail of literature review of some related work regarding to the load balancing algorithm 

had been discussed along with reviews of different literatures that are related to the 

objective of this research. The literatures covered the basic concept of cloud computing, 

definition of cloud computing, architecture, deployment models, and service of model. 

Future of load balancing in cloud computing with respect to its classification were 

discussed.   

2.2 Cloud Computing  

According to the NIST (National Institute of Standard and Technology) cloud computing 

is a model for enabling ubiquitous, convenient, on-demand network access to a shared pool 

of configurable computing resources (e.g., networks, servers, storage, applications, and 

services) that can be rapidly provisioned and released with minimal management effort or 

service provider interaction [5].Cloud Computing refers to both the applications delivered 

as services over the internet and the hardware and systems software in the datacenters that 

provide those services. This cloud model is composed of five essential characteristics, three 

service models, and four deployment models. 

 Cloud computing is on-demand self-service in which a consumer can unilaterally 

provision computing capabilities, such as server time and network storage, as needed 

automatically without requiring human interaction with each service provider.  It has 

capabilities of being available over the network and accessed through standard mechanisms 

that promote use by heterogeneous thin or thick client platforms (e.g., mobile phones, 

tablets, laptops, and workstations).  

With the rapid development of processing and storage technologies and the success of the 

Internet, computing resources have become cheaper, more powerful and more ubiquitously 

available than ever before. This technological trend has enabled the realization of a new 

computing mode called cloud computing, in which resources (e.g., CPU and storage) are 

provided as general utilities that can be leased and released by users through the Internet 

in an on-demand fashion [6].  
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Cloud computing influences virtualization technology to achieve the goal of providing 

computing resources as a utility. It shares certain aspects with grid computing and 

autonomic computing but differs from them in other aspects. Therefore, it offers unique 

benefits and imposes distinctive challenges to meet its requirements. Challenge like load 

balancing of task on the processor. The cloud computing structure allows access to 

information as long as an electronic device has access to the web. This allows employees 

to work remotely. Cost-effective means of vitalizing and making use of resources more 

effectively and vast range of cloud computing applications like virtual private servers, web 

hosting, data servers, fail-over services, etc. 

2.3 Service Delivery Model of Cloud Computing  

A cloud delivery model represents a specific, pre-packaged combination of IT resources 

offered by a cloud provider. Three common cloud delivery models have become widely 

established and formalized: 

2.3.1 Software as a Service (SaaS) 

The capability provided to the consumer is to use the provider’s applications running on a 

cloud infrastructure. The applications are accessible from various client devices through 

either a thin client interface, such as a web browser (e.g. Web-based email), or a program 

interface. The consumer does not manage or control the underlying cloud infrastructure 

including network, servers, operating systems, storage, or even individual application 

capabilities, with the possible exception of limited user specific application configuration 

settings [5]. Also referred to as “Software on demand,” this service model involves 

outsourcing the infrastructure, platform, and software/applications. Typically, these 

services are available to the customer for a fee, pay-as-you go, or a no charge model. 

2.3.2 Platform as a Service (PaaS) 

The capability provided to the consumer is to deploy onto the cloud infrastructure 

consumer-created or acquired applications created using programming languages, libraries, 

services, and tools supported by the provider. The consumer does not manage or control 

the underlying cloud infrastructure including network, servers, operating systems, or 
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storage, but has control over the deployed applications and possibly configuration settings 

for the application-hosting environment [5]. A service model that involves outsourcing the 

basic infrastructure and platform (Windows, UNIX).PaaS facilitates deploying 

applications without the cost and complexity of buying and managing the underlying 

hardware and software where the applications are hosted.  

2.3.3 Infrastructure as a Service (IaaS) 

The capability provided to the consumer is to provision processing, storage, networks, and 

other fundamental computing resources where the consumer is able to deploy and run 

arbitrary software, which can include operating systems and applications. The consumer 

does not manage or control the underlying cloud infrastructure but has control over 

operating systems, storage, and deployed applications and possibly limited control of select 

networking components (e.g. Host  firewalls) [5].A service model that involves 

outsourcing the basic infrastructure used to support operations: including storage, 

hardware, servers, and networking components. Service provider owns the infrastructure 

equipment and is responsible for housing, running, and maintaining it. The customer 

typically pays on a per-use basic.  

        

Figure 2.1: Service Delivery Model of Cloud Computing Adopted From [6] 
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2.4 Cloud Computing Deployment Models 

Deployment models can be defined as the different ways in which the cloud can be 

organized. These models are fully user centric, that is, these depend on users’ requirement 

and convenience. A user selects a model based on his or her requirement and needs. 

Basically, there are four types of deployment models in the cloud: private, community, 

public and hybrid.  

The private cloud is the most basic deployment model that can be deployed by a single 

organization for its personal use. It is not shared by other organizations, and it is not 

allowed for public use. The private cloud is to serve the people of an organization. It may 

be owned, managed, and operated by the organization, a third party, or some combination 

of them, and it may exist on or off premises [7]. It is typically private to the organization 

but can be managed by the organization or any other third party. These type of cloud can 

be deployed using Open source tools such as Openstack [8], Eucalyptus [9]. 

Community cloud, which is an extension of the private cloud. Here, the cloud is shared by 

more than one organizations. The community cloud is established for a common cause. 

The cause can be anything, but usually it leads to mutual benefits among the participating 

organizations. It may be owned, managed, and operated by one or more of the organizations 

in the community, a third party, or some combination of them, and it may exist on or off 

premises [7]. Here, a private cloud is shared between several organizations. Either the 

organizations or a single organization may collectively maintain the cloud. 

Public cloud, which is the opposite of the private cloud. This cloud allows access from any 

place in the world and is open to the public. This cloud is biggest in size among all other 

deployment models. The public cloud model is one of the most popular deployment 

models. The public cloud service provider charges the users on an hourly basis and serve 

the users according to the Service-Level Agreements (SLAs). According to NIST, the 

public cloud is the cloud infrastructure that is provisioned for open use by the general 

public. It may be owned, managed, and operated by a business, academic, or government 

organization, or some combination of them [7].  
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The last deployment model is the hybrid cloud, which is a combination of other 

deployments. Usually, it consists of the private and public clouds combined. Several 

properties of the private cloud are used with the properties of the public cloud. According 

to NIST, the hybrid cloud can be defined as the cloud infrastructure that is a composition 

of two or more distinct cloud infrastructures (private, community, or public) that remain 

unique entities but are bound together by standardized or proprietary technology that 

enables data and application portability [7]. 

2.5 Virtualization and Cloud Computing  

There are a lot of technology that enables cloud computing as technology. Virtualization is 

among them and other like distributed file system. Virtualization as the name indicates that: 

in operating system it is the use of software to allow a piece of hardware to run multiple 

operating system images at the same time. The technology got its start on mainframes 

decades ago, allowing administrators to avoid wasting expensive processing power.  

Virtualization is the key component of cloud computing for providing the computing and 

storage services. Virtualization in computing is creation of virtual (not real) of virtual 

something such as hardware, software, platform or an operating system or a storage or a 

network device. In a virtualized environment IT enterprise has to manage many changes as 

the changes occur more quickly in virtual environment than in a physical environment. 

Because of virtualization clouds are scalable and agile [10]. Implementing virtualization in 

cloud computing have many advantage. Among them some are listed below. 

 Make much easier to manage the cloud computing resources environment. It will 

abstract the internal works. It abstracts and isolates the underlying hardware, and 

networking resources in a single hosting environment. 

 The main challenge of cloud computing is the security issue. In virtualization the 

security of cloud computing is enhanced or protected healthy. protecting both the 

integrity on guest virtual machine and cloud components virtualized machines can 

be scaled up or down on demand and can provide reliability. 

 Virtualization make significantly, likely to share resource, highly utilized pooled 

resource and work load isolation. 
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 The recent trends in virtualization are consolidation of data centers thus reducing 

the managing cost [10]. 

 Lower costs and extended life of the technology, which has made it a popular option 

with small- to medium-sized businesses [11]. 

To adopt virtualization there have been an approaches. This technology includes full 

virtualization, para virtualization, and hardware assisted virtualization.  

In cloud computing space/ memory is virtually allocated to the users in the servers which 

requires a host (platform) on which hypervisor (software which interacts with the 

hardware) runs [12]. The virtualization model is consisting of cloud users, service models, 

virtualized models and its host software and as well as their hardware. Virtualization 

software makes it possible to run multiple operating systems and multiple applications on 

the same server at the same time. The figure 2.2 below show the architecture of 

virtualization in cloud computing. 

 

Figure 2.2: Virtual Machines of Cloud Computing Adopted From [13] 

As show in Figure 2.2 the VM technology allows multiple VM to run in a single physical 

machine using the Virtual Machine Monitor (VMM) or Hypervisor. Hypervisors are 

software tools used to create the VMs, and they produce the virtualization of various 

hardware resources such as CPU, storage, and networking devices [11].  
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In detail the architecture of virtualization have four parts that are  

 Cloud Client: consists of computer hardware and/or computer software that relies 

on cloud computing for application delivery, or that is specifically designed for 

delivery of cloud services and that, in either case, is essentially useless without it. 

 Service Models: consists of the three service models namely SaaS (Software as a 

Service), PaaS (Platform as a Service), and IaaS (Infrastructure as a Service). 

 Virtualized Layer and Host OS: A host operating system is the primary operating 

system installed on a cloud server. On the other hand, the virtual layer helps to 

subsume virtual operating systems that may operate within the host OS. When 

virtual operating systems are required to deal with computer resources in different 

ways, one or more virtual operating systems are installed within the host operating 

system, allowing the operating systems to function simultaneously. 

 The Hardware Layer: consists of computer hardware and/or computer software 

products that are specifically designed for the delivery of cloud services, including 

multi-core processors, cloud-specific operating systems and combined offerings 

2.6 Literature Review on Related Works  

This topic is begins with an over view of load balancing, illustration of current load 

balancing algorithm reviewed by a brief description of various contribution related to our 

current research works. Finally, the common gaps of the reviewed works as well as the 

way this thesis fills those gaps had been described briefly. 

2.6.1 Overview of Load Balancing  

Load balancing is one of the core and challenging theoretic issues in cloud computing 

environment [13]. As network task or job increase or the load among the processor is higher 

there must be way to make the load in the virtual machine works equally. Load balancing 

is used to distributing a larger processing load to smaller processing virtual machine for 

improving the overall performance of system. In this environment load balancing is 

required to distribute the active local load consistently between all the virtual machine. 

Making work load balanced across all virtual machine of cloud environment helps in fair 
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allocation of computing resource to achieve a high user satisfaction and suitable resource 

utilization. High resource utilization and proper load balancing helps in minimizing 

resource consumption or resource utilization.  

The main motto of load balancing in cloud computing environment is user satisfaction. 

Load balancing is a method such that it assigns the workload fairly among all the available 

nodes which are present in the system. As the number of user’s as well as their demands 

increased day by day, the clouds should provide the services to the customers with their at 

most satisfaction. 

The main idea of load balancing algorithm is making use of available resource in efficient 

that means, indorsing no node is over loaded or under loaded. Load balancing enables as 

scalability and reduce time take to response for one task. Making load balancing algorithm 

more efficient do every virtual machine in cloud system does the same load of work. The 

main advantage of load balancing algorithm is that to map the jobs which are set forth to 

the cloud field to the unoccupied resources so that the overall response time is improved 

as well as it provides efficient resource utilization, that means the response time become 

much less.  

The task are unpredictable when they are arrived. The randomness is due to the changing 

behavior of the cloud. So that, the load balancing algorithm allocating the load dynamically 

among the nodes in order to satisfy the user requirements and to provide maximum 

resource utilization by classifying the overall available load to distinct virtual machine.  

2.7 Load Balancer  

A load balancer is a means that distributes network or application traffic across a cluster of 

servers [14]. Deploying load balancer in system can increases responsiveness and increases 

availability of cloud computing. The load balancer is located between the client and the 

server farm accepting incoming network and application traffic and distributing the traffic 

across multiple backend servers using various methods. Load balancer in cloud computing 

environment can balance the load of a machine by dynamically shifting the workload local 

to the machine to remote nodes or machines which are less utilized.  
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Load balancer have the responsibility to make the work load among the node of processors 

is distributed evenly. It identifies any of the virtual machines as overloaded, load balancer 

have the responsibility to migrates the tasks from the over loaded virtual machine to an 

under loaded or ideally under loaded virtual machines. The incoming task from different 

users are provided in to different user interface. Then the task manger performing the task 

checking works. It checks or identifies the task length and the priority. 

The virtual machine has an incoming task queue, and the tasks allocated to each virtual 

machines is available in the incoming task queue [15]. The main job of the resource 

manager is to calculate the weight of task for the virtual machines by using various 

information. The parameter like the processing capacity of virtual machines, number of 

tasks in each virtual machine incoming task queue and the time required to complete the 

task of each priority. Finally, whenever the balancer receives an incoming request the 

weight of the virtual machine is calculated. Then, fined the suitable virtual machine for the 

incoming requests. The load on each VM is also measured to ensure it is not overloaded. 

If any VM is overloaded, then the job in the queue is moved to the under-loaded VM. In 

case of job migration, the load balancer considers the priority of the task to be migrated to 

identify which VM is under-loaded and has the least number of tasks of equal or higher 

priorities [15] . 

Based on virtual machine allocation dynamicity, load balancing algorithms for VM 

allocation can be classified as static or dynamic [11]. Static: Algorithms in this class are 

also noted as offline algorithms, in which the VMs information are required to be known 

in advance. In general the static algorithms have better overall performance than dynamic 

algorithms. 

Though, demands are varying over time in actual clouds environment. Thus, static resource 

allocation algorithms become unable to maintain the requirements of dynamic VM 

allocation. Dynamic: Algorithms in this class are also noted as online algorithms, in which 

VMs are dynamically allocated according to the loads at each time interval. The load 

information of VM is not obtained until it comes into the scheduling stage. These 

algorithms could dynamically configure the VM placement combining with VM migration 
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technique. From the two type of algorithms, dynamic algorithms have better ratio of 

performance. 

2.8 Literature Review of Some Related Works 

The performance of cloud computing environment is relies on the load balancing concept. 

For this reasons many researcher proposes new load balancing algorithm.  

According to [16] Round-robin Algorithm designed to allocate task to the next virtual 

machine in round robin fashion. First virtual machine is selected randomly, then select the 

next virtual machine in circular fashion. The data center controller assigned the task to 

virtual machine randomly from the available virtual machine and us new request is coming 

data center controller without considering the resource capabilities, priority, and the length 

of the tasks assigned the request to the virtual machine circularly.so that, high priority and 

the length of tasks become make the algorithm end with high response time and high 

resource consumptions [17]. 

This algorithm most of the time used for network communication and operating system 

load balancing. It works in a round robin fashion distributes load based on the round robin 

algorithm. The algorithm is simple and each incoming process is divided equally between 

the nodes of the processor. Each incoming jobs to the node of the processor is assigned to 

new processor [18].  The initial point of round robin load balancing algorithms is from the 

principle of time scheduling. The schedule maintain table called virtual machine allocation 

table which store or maintain the list of available virtual machines. Based on rotational or 

circular methods is assigns tasks received through the datacenter controller to a list of 

virtual machines. Scheduler initializes the current virtual machines variable with the id of 

the first virtual machine. It maps the received task with that VM whose id is stored in 

current virtual machines variable. If value of current virtual machines is equal to id of last 

VM then it first initializes current virtual machines with the id of first and do the mapping 

otherwise it directly maps received task with that VM whose id is stored in current virtual 

machine variable .The allocation of tasks are performed on the processor independent of 

the remote controller processor. This algorithm forwards the incoming request to the next 

server in its list. Round robin algorithm treats all server equally regardless of the number 
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of incoming connection or response time of each server experiencing. The work 

distribution between processors equal but the job processing time for different processor 

are not the same [18].   

According to [17] Weighted Round-robin Load Balancing Algorithm consider the 

resource capability of the virtual machines. Based on the weight of the virtual machine the 

algorithm assigned the request to virtual machine. Based on the weightage given to the 

virtual machine assign the higher number of tasks to virtual machine with high weight 

virtual machine. But it failed to consider the length of the tasks or cloudlet to select the 

appropriate virtual machine. 

According [19] Throttled Load Balancing Algorithm make certain pre-defined number 

of requests are allocated to single virtual machine at any given time. The question is what 

happen if more than one request is allocated? By checking the available virtual machine at 

a datacenter, if there are more request groups are exist than the number available virtual 

machine in the datacenter it immediately allocate the incoming  request in queue basis until 

next virtual machine is ready to be allocated or until the virtual machine available. The 

throttled load balancing algorithm is methods which finds the appropriate virtual machine 

for assigning a particular tasks. The job manager have a list of all virtual machine, using 

indexed list, it allows the desire task or request to the appropriate virtual machine.  If a job 

is well suited for a particular virtual machine then the requested task, is then it assign to 

the appropriate virtual machine 

The algorithm have the application table. This table store the ID and status of all virtual 

machine. The status of virtual machines are stats in: idle and occupied states. At start all 

virtual machine is exist in idle state. On receiving a task, the throttled load balancer search 

for the virtual machine among the idle state machines. If there are idle virtual machine, 

then the balancer assign the task to the virtual machine. But if all virtual machines are 

occupied then the task has to wait until current task has to finish [20]. 

According to [21] Equally Spread Current Execution (ESCE) load balancing Algorithm 

works according to the spread spectrum approach. It makes all virtual machine to have 

equals loads. This load balancing method maintains an index virtual machine with a 
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number of requests currently assigned to virtual machine. As new request arrive or 

completion tasks, active task count corresponding to the virtual machine in virtual machine 

allocation table will be updated. Initially all active task count of each virtual machine is 

zero. On the arrival of new request Equally Spread Current Execution (ESCE) load 

balancing Algorithm finds the virtual machine whose active task count is least. If more 

than one virtual machine on virtual machine least is active, the virtual machine has been 

identified first is selected for allocation of the request. The overhead regarding to finding 

or scanning the of VM allocation table to identify the least active count during task 

assignment 

According [17] Improved Weighted Round-robin Load Balancing Algorithm allocates 

the request to the virtual machines based on the virtual machines property like its 

processing capacity, load on the virtual machine and the length of arrived request with its 

priority.  The algorithm considers the initial placement (static aspects), dynamic scheduler 

(run time placement), and migration of load balancer at run time, task dependent scheduler 

and resource monitor. The first step of the algorithm is to identify the undecided execution 

time of each virtual machine by collecting the pending execution length from executing, 

waiting and stopped list. Based the result of the pending execution time of each virtual 

machine the algorithm arranges the virtual machine lists. Place the virtual machines based 

on the least pending execution time to the highest pending execution time and group it, in 

case two virtual machines fall in the same pending length. This map should contain pending 

execution time as key and its associated virtual machine as a value. Then it assigned the 

incoming request to the virtual machines with least pending execution time in the virtual 

machines and its processing capacity. This always makes the loads evenly distributed 

across all the virtual machines at the end of each task’s completion and thus removes any 

idle time in the virtual machines. 

According to [22] discussed about Max Min Load Balancing Algorithm. This algorithm 

consider all-out execution time and least completion time. The maximum execution time 

has high priority to assigned or allocate the incoming request to the virtual machine than 

minimum completion time. Then the Max Min load balancing approach sort the incoming 

task or cloudlets in there descending order of their size.  Then data center controller choose 



21 
 

the request which holds the maximum execution time. After this virtual machine having 

least compilation time is selected for task assignment. The completion time of virtual 

machines based on the virtual machine capacity and number of task in the queue.  

According to [23] Min-Min load Balancing Algorithm is based the idea of assigned the 

request with minimum completion time. It has two steps, the first step is to calculate the 

completion time of each task in the each resource and store it in the hash table. In second 

step, request with minimum expected completion time is selected and assigned to the 

corresponding virtual machine and the selected request is removed from the hash table. 

Until the last request in has table get mapped the process repeats itself. 

According to [24] Hybrid Load Balancing Algorithm is implemented by taking the 

advantage Random and Greedy algorithm. It accepts the characteristics of randomization 

and greedy to make the algorithms efficient to shelter the limitation of both algorithms. 

The algorithm considers the current virtual machine information. 

In the first step VMs is distribute over hosts according to the host qualifications. The largest 

number of virtual machines is located at the most qualified host depending on the Hosts' 

CPU capacity. In the second step of the algorithm used a new index table to record the 

current loads for each virtual machine. And which used to check the current loads for 

virtual machine at each iteration, the algorithm read the value of virtual machine load from 

the index table; when the data center controller receives a request from the users, it sends 

the request to the hybrid load balancer. The hybrid algorithm will select virtual machines 

randomly, and then it will choose the current load for each selected virtual machine. Then 

it will choose a virtual machine that have least virtual machine current loads and return the 

virtual machine id to Data center controller. The Data center controller will assign the load 

to the selected virtual machine and update the value of selected virtual machine in the index 

table of current loads. Finally when the virtual machine finishes processing the cloudlet, it 

will inform the data center controller to updating its current load value. 

According to [25] Ant-Colony Optimization Algorithm is instigated from the life of ants. 

The algorithm see how ants find the shortest path in their journey. The deposition of 

pheromone and the ant move is approximately at the same speed and at the same rate. And 
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that pheromone attracts another ants to move on same path. So, more ants move on same 

path have higher concentration of pheromone and the evaporation rate is very low on 

shorter path, that’s why ants chooses the shorter path. Ant deposits the pheromones during 

their movement for other ants to select next node. The intensity of pheromones can vary 

on the bases of certain factors like distance of food, quality of food etc. When the job gets 

successful the pheromones is updated. Each ant build their own individual result set and it 

is later on built into a complete solution. The ant continuously updates a single result set 

rather than updating their own result set. By the ant pheromones trials, the solution set is 

continuously updated. The movements of these ants independently update a solution set. 

For fast convergence, we employ two diverse ants in search of the slave nodes. At the same 

time, we leverage max-min rules to trigger ant generation, so as to improve the efficiency 

of the algorithm [26]. After periodically checking the cloud platform, if there are 

overloaded or under loaded nodes, only then ants are generated. To find target node: 

According to searching rules, the ant is looking for the target nodes which meet the 

conditions of load balancing in its surrounding area. Candidate node is the other name for 

target node for load balancing 

To find the next candidate node, the Ant-Colony Algorithm use two main rules the rule of 

min-max rule. The first rule the maximum, a forward ant is generated from a slave node 

when the load in this node is greater than a certain threshold. It indicates that the node has 

been running close to or beyond its maximum load, which needs to dispense the tasks to 

idle nodes so as to achieve optimal resource utilization. Minimum value trigger rule, a 

forward ant is generated from a slave node when the load in this node is smaller than a 

certain threshold. It denotes that the node is running in the light load state, which can accept 

a range of new tasks, to share its resource to the overload nodes. To explore both load 

allocation efficiency and network performance, two critical issues must be addressed. First, 

pheromone initialization should be reasonable in the cloud computing environment, to 

satisfy the desired quality [27]. Second, the pheromone update has to meet the dynamic 

demand of the workload variability, with the aim of accelerating the convergence [27]. In 

dynamic load balancing algorithm allocation of resource are change dynamically or the 

resource allocation are not the same. Because of dynamic property the initial measurement 
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of the pheromone contains the formula for calculation of the CPU capability, external 

storage, input output interface, internal storage and bandwidth [26].   

In Ant-Colony algorithm, there is rule of maximum and minimums discussed above. So, 

first set the upper limit for the parameter like CPU capability, external storage, input output 

interface, internal storage and bandwidth. Remember, when the parameter exceeds the 

maximum or upper limit Ant-Colony algorithm, choose the limit value instead of the actual 

value.  

After the initialization the next step is to update the current pheromone value. To update 

the current pheromone values for the slave node affected by three main factors [27]. These 

factors are pheromone evaporation, update by task and incentive for successful tasks. 

Pheromone evaporation according to [27], the pheromone in the node is decreasing over 

time due to evaporation. We use the local update strategy to modify the pheromone on 

slave nodes where the pheromone is not zero. Pheromone evaporation by new task, the 

capability of a slave node is changed when a new task is allocated to this node. After 

receiving new tasks, the capability of this slave node decreases because of the resources 

being consumed. The capability of a slave node is also changing when a new task is 

performing as time goes by. The capability of this slave node increases owing to the 

releasing of resources. The capability of a slave node is changed when a new task is 

allocated to this node. After receiving new tasks, the capability of this slave node decreases 

because of the resources being consumed. The ants constantly move in the forward 

direction in the network coming across overloaded node or under the loaded node. If an ant 

encounters an overloaded node in its movement, then it will move back to under loaded 

node which was previously encountered. It check if the node is still underload or not and 

if in finds it still under loaded, then it will redistribute the work to under loaded node. The 

vice-versa is also possible. Ant colony load balancing algorithm have the following steps 

or step by step procedure of the algorithm how it works. 

2.8. Summary  

This chapter had reviewed literatures on cloud computing and supportive technologies. 

Moreover, the major characteristics and architecture of the cloud, enabling technologies, 
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and various models of cloud computing environment are presented. Finally the research 

gaps are presented us follows. Basically the performance measure of the algorithm is 

concentrated on the following point’s scalability, response time, fault tolerance, point of 

failure, overhead due to movement of task and inter-processes communication, throughput, 

performance and resource utilization are the main problems need efficient algorithm for 

better cloud services. Most cloud load balancing algorithms are designed in a way they 

exhibit either better resource utilization and good load management or smaller execution 

time.  

Existing load balancing algorithm are works efficiently but they are not consider the 

parameters like the load of the network, processing power of virtual machine, expected 

task completion time, working load of each virtual machine and size of the cloudlets or the 

request coming from the users in allocation of incoming request to virtual machines. That 

means existing algorithm have a problem on fair distribution and effective resource 

utilization. Because this response time is high and utilization of resource are not efficient. 

Many of incoming requests have to wait on the queue for execution and this is leads to high 

cost of operation in addition to high data center processing time proposed algorithm had 

been aimed to reduce such problems on the existing load balancing algorithm. Because 

dynamicity of proposed algorithm’s it checks the current status of the process to give 

decision. 

No algorithm is fully perfect or not hundred percent efficient. So that, this research make 

an improvement on the existing algorithm. Load balancing algorithm that could not be 

affected by the existing tradeoff between resource utilization, execution time, and load 

management. 
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3. Chapter 3: Methodology 

3.1 Overview  

Chapter three discussed about methodologies and techniques used to conduct the research 

for accomplishment and achievement of its objective. The following methods applied in 

the course of the research.  

First literature review had been conducted. The research works that have been done with 

the intention of studding and analyzing, finally identifying optimized algorithm for cloud 

computing environment is evaluated. Furthermore, elicitation as well as analyses of the 

gaps that are not covered by the corresponding research works had been performed. Some 

related works regarding to load balancing algorithms are reviewed.   

3.2 Design and Modeling 

The gaps identified in various literatures and related works along with the proposed 

solution to solve these problems used to conceive and implement a new load balancing 

algorithm. Then proposed different algorithm which can solve the problem of existing 

algorithms.  

Designing of the proposed algorithm is showed by using flow chart and writing pseudo 

code of the proposed algorithms.  

3.3 Prototype Development  

To develop the prototype various document processing, data analysis and model designing 

tools had been used to compile the document Moreover, Eclipse IDE with Java 

programming language had been used to develop the simulation. Specifically, had been 

used Cloud Analyst simulation toolkit for simulation of cloud environment and evaluate 

the performance of the load balancing algorithms. During the evaluation the first thing had 

done is understand the CloudAnalyst simulator. It include understand it frame work, class 

architecture and test sample load balancing algorithm. 
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3.3.1 Programming Language  

Java programming language had been used for the implementation of the proposed 

algorithm. The architecture of cloud analyst is suitable for java programming [28]. Beside 

that java programming language have notable features of it is object oriented, platform 

independent, simple, secure, portable, distributed, dynamic and rebuts. 

3.3.2 Experiment Requirements 

As the start, Microsoft Windows operating system is required so the investigator could 

install JAVA which is one of the requirement as well. That's to say, that NetBeans or 

Eclipse are also required since that the Cloud Analyst is 100% based on Java. Cloud 

simulator is required, like CloudSim or CloudAnalyst, but it is already mentioned in this 

research paper used CloudAnalyst as Cloud Simulator. 

3.4 CloudAnalyst  

CloudAnalyst simulator had been selected for this research. The main reason for selecting 

this simulator is because of the simulator can able to study the behavior of large scaled 

application on the internet [28]. CloudAnalyst is simulation toolkit in which a cloudSim 

based graphical user interface tool used for modelling and examination of large scale cloud 

computing environment. Java programming language is used for implementing virtual 

machine load balancing algorithms. CloudAnalyst more over will able us to execute the 

simulation repeatedly with the modification to the parameter quickly  

3.4.1 CloudAnalyst Features   

Cloud analyst simulation tool kit has been selected for this research paper because of the 

following unique features [28]. 

1. Ability to define simulation with high degree of configurability and flexibility. It 

is important to alter and change parameters easily and quickly and rewrite the 

simulation. CloudAnalyst provides modelers with a high degree of control over 

the experiment option for network delays, datacenter, available BW etc. 

2.  Cloud Analyst provides modelers with a high degree of control over the 

experiment options for network delays, data center, available bandwidth etc.   

3. Ease of use: The tool kit have easy to use the graphical user interface. 
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4. Graphical output: The tool kit is important to print the output in the form of graph 

table and charts. It is highly desired to summarize the simulation output. Can able 

to made comparison of related parameters. 

5. Repeatability: The same experiments with the same parameters should produce 

similar result each time the simulation is executed. Beside this simulation become 

random sequence of events instead of experimental simulation. 

6. Ease of extension: Simulation tool kit need to evolve continues rather than 

program that is written once and for all then used continuously. 

3.4.2 CloudAnalyst Design  

CloudAnalyst simulation tool kit is built on the top of the cloudSim tool kit, by extending 

the CloudSim tool kit functionality with the introduction concept that model internet and 

internet application behaviors. CloudSim is a framework used to simulate the clod 

computing environment and its services. This framework support modelling and simulation 

of large scale cloud computing environment, including datacenter, computing nodes, 

virtual machines, resource provision and virtual machine provisioning and power 

management [11].  

 

Figure 3.1: Architecture of CloudAnalyst 

Using cloudSim simulation took kit can able to make activities performed in data center. 

Using CloudSim in datacenter can simulate the hardware definition in terms of physical 

machine composed of the processor, storage device, memory and internal bandwidth. Also 

can simulate virtual machine specification, creation and destruction, execute the user 

request or programs. So CloudAnalyst directly used all this features of cloudSim. 
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3.4.3 CloudAnalyst Main Component 

The first component of CloudAnalyst is Region, in CloudAnalyst simulation toolkit have 

six regions, based on the six continent on the world. The other main entities are like 

UserBase and DataCenter belong to one of these regions. This regions in geographical 

alignment used to maintain the level of realistic simplicity for the large scale simulation 

being attempted on this simulator.  Internet in this simulator is the abstraction of real world 

internet. Additionally it contains only the important features for simulation. Across all six 

regions the network introduces the network traffic by having data transfer delay and 

transmition latency. 

ServiceBroker is another basic component of a CloudAnalyst which controls the traffic 

routing between UserBasess and DataCenter and decided which DataCenter should receive 

the request from the UsersBase. This UserBase groups all user in one single unit and main 

function is to generate traffic for the simulation. A single UserBase may represent 

thousands of users but is configured as a single unit and the traffic generated in 

simultaneous bursts representative of the size of the UserBase. The modeler may choose 

to use a UserBase to represent a single user, but ideally a UserBase should be used to 

represent a larger number of users for the efficiency of simulation. 

The other main component of cloud analyst is the InternetCloudlet. It is groping of the user 

request. Number of user request are pushed in to single InternetCloudlet which are 

configurable in CloudAnalyst. InternetCloudlet carries information of user request like the 

size of request execution command, size of input and output file and the number of the 

requests. 

A single DataCenterController is mapped in to a single CloudSim. DataCenter object and 

manages the DataCenter management activities such as VM creation and destruction and 

does the routing of user requests received from UsersBases via the Internet to the VMs. It 

can also be viewed as the front used by CloudAnalyst to access the heart of CloudSim 

toolkit functionality. 
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Finally, DataCenterController uses a virtual machine load balancer to determine which 

virtual machine should be assigned the next Cloudlet for processing. The following figure 

4.2 summaries the main component of the cloud analyst simulator. 

 

Figure 3.2: CloudAnalyst Main Component Domain 

3.4.4 CloudAnalyst Simulation Output 

Cloud Analyst simulator print as a result the following statically measured outputs [28]. 

 Response time of the simulated application. 

 Usage pattern of the application. 

 A time taken by the data center to service the user request. 

 The cost of the operation.  

3.5 Implementation 

For implementing the proposed load balancing algorithm using the CloudAnalyst 

simulator, the first step is to find a class where to insert the proposed algorithm. 

CloudAnalyst have to be imported to Java Development Tools, for this research the Eclipse 

IDE development tools is used. Imports all simulation class of CloudAnalyst to Eclipse 
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development tool.  After that by adding new algorithm in cloud analyst, can test and 

implement using java programming language.  

Round Robin LoadBalancer 

Throttled LoadBalncer 

Enhanced Weighted Round Robin 
LoadBalancer

Randomized Minimum Completion 
Time LoadBalancer

Hybrid LoadBalancer

Ant-Colony Optimizer 
LoadBalancer 

GetNextAvailableVirtualMachine()

Virtual Machine Load Balancer 
<Abstract Class>

Virtual Machine Allocation: Map 

 

Figure 3.3: CloudAnalyst where new Algorithm is introduced 

Virtual machine allocation main function is to allocate to the host of data center. It provide 

the way to bind CloudLets to the virtual machine or perform the mapping. The new inserted 

load balancing algorithm has to inherit all property of the VmLoadBalancer () class. All 

sub-class of the package CloudAnalyst will inherit its property. In the VmLoadBalancer 

there is an important method called GetNextAvilableVm, which can returns the selected 

virtual machine by its ID. VmLoadBalancer provides a basic load balancing statistic 

collection that can be used by implementing classes. The implementing classes should call 

Allocated virtual machine.  

abstract public int getNextAvailableVm(); 

protected void allocatedVm(int currVm){ 

Integer currCount = vmAllocationCounts.get(currVm); 

if (currCount == null){ 
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Based on the proposed algorithm systems change this methods properties and return virtual 

machine Id.  After implementing the proposed algorithm the next step is to set up the 

simulation configuration detail. 

3.6 Experimental Setup 

When CloudAnalyst simulator is started, main screen is displayed. In the main screen of 

simulator main control panel’s option is understood.  This control panels are configuration 

simulation, define internet characteristic and run simulation. Also, in the main screen the 

six region is understood. Figure 3.4: below show the main screen of the CloudAnalyst 

simulator. At the start it has been loaded with the default simulation. 

 

Figure 3.4: Cloud Analyst Default 

 

 

currCount = 0;} 

vmAllocationCounts.put(currVm, currCount + 1); 
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3.6.1 Simulation Setup 

The following are the steps to carry out to perform simulation. 

1. Define UserBasess  

A UserBase models is a group of users that is considered as a single unit in the simulation 

and its main responsibility to generate traffic for the simulation. Using UserBase entities, 

can able to define the users of the application, their geographic distribution around the globe, 

and other properties such as the number of users, the frequency of usage and the pattern of 

usage such as peak hours.  

2. Define DataCenters  

Using the DataCenters tab of the configuration screen, can define the DataCenters to be 

used in the simulation. This can able to define all the hardware and accounting aspects of 

the DataCenters here. 

3. Allocate Virtual Machines for the application in Datacenters  

Once the DataCenters had been created, need to allocate virtual machines in them for the 

simulation using the main tab of the configurations screen. A DataCenter defined in step 2 

above does not included in the simulation unless it is allocated in this step. Then allocate 

multiple types of virtual machines in the same DataCenter during this step. 

4. Review and adjust the advanced parameters in the advanced tab of the 

configuration screen. 

5. Review and adjust the network latency and bandwidth matrices on the Internet 

characteristics screen 

3.6.2 Configuration Simulation 

In configurations simulation tap the main configuration, data center configuration and 

advance panels are understored. The man configuration tap are understood in figure 3.5: 

below. 
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Figure 3.5:  CloudAnalyst Main Configuration 

The first tap is to adjust the simulation duration. Then to define the UsersBases. The 

UsersBases is table listing out all users bases in the simulation. The configurable fields are 

Name, Region, Request per User, Data Size per Request, Peak Hours Start and Ends, 

Average Peak Users and Average Off-Peak Users. Along with this add and remove buttons 

are used to add nor remove users. 

The third configuration option is to set up application deployment configuration. This tap 

lists the virtual machine allocated for application of all data center. Beside list virtual 

machine, details of virtual machine fields are stated. The fields are 

1. Data Center – This is a drop down listing the names of data centers created in the 

DataCenter tab. 

2. Number of VMs – How many VMs to be allocated to the application from the 

selected data center 

3. Image Size – a single VM image size in bytes 

4. Memory – amount of memory available to a single VM 
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5. BW – amount of bandwidth available to a single VM. 

Finally, the fourth tap is the server broker policy. The server broker policy allow us to 

select the policy that decide which data center should receive traffic defined in the user 

base. The three server broker policies are  

1. Closest data center: Data center with minimum network latency from a specific 

user base sent all the request from the user base. 

2. Optimize response time : This policy will perform the balance load between data 

center when one data center is over-loaded   

3. Reconfigure Dynamically: It is an experimental service broker policy for peak 

load sharing. The load is been shared by allocating virtual machines to the data 

centers according to the best processing time as compared with the current 

processing time. 

3.6.3 Data Center Configuration  

It allows us to configure the datacenter. Based on the Name Region, Architecture , 

Operating System , Virtual Machine Monitor (VMM), Cost per VM Hour , Cost per 1Mb 

Memory Hour , Storage cost per Gb , Data Transfer cost per Gb , Number of servers 

parameter fields 

At a time selecting a data center from this table a second table will appear below it shows 

the details of the server machines in the data center. The parameters for each machine can 

be given according to the available fields. The data center configuration is understood in 

figure below. 
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Figure 3.6: Configuration Simulation – Data Center Configuration 

3.6.4 Advanced Tap 

Advanced tap contains important parameters applied to the entire simulation. In this tap 

four panels are understood. This panels are  

1. User grouping factor in UserBase: It is equivalent to the number of 

simultaneous user from single DataCenter. This parameter tells the simulator how 

many users should be treated as a single bundle for traffic generation. 

2. Request grouping factor in DataCenter: It is equivalent to the number of 

simultaneous request single application server instant can support. Request 

grouping factor in DataCenter tells the simulator how many requests should be 

treated as a single unit for processing. 

3. Executable instruction length (in bytes): This is the main parameter that affects 

the execution length of a request.  

4. Load balancing policy: The load balancing policy used by all DataCenters in 

allocating requests to VMs.  
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Figure 3.7: Configuration Simulation: Advanced Tab 

Available policies are: Round Robin, Equally Spread Current Execution and Throttled. 

Additionally the proposed algorithm are added to this panels. Finally, adjusting Internet 

characteristics. Internet characteristics can be used to set the Internet latency and bandwidth 

parameters. It presents two matrices for these two categories, the delay matrix and 

bandwidth matrix. 

3.6.5 Running Simulation  

Run simulation panel allow to run the simulation from the control panel. Simulation screen 

shows simple animation showing which user bases sending message to which data center. 
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Figure 3.8: Result Shown After Running Simulation 

3.6.6 Result Screen  

After running simulation and completing simulation can see the result. Main response times 

will be displayed on the simulation panel next to each user base. The results screen list out 

the data collected from the simulation. This includes: 

1. Overall response time summary (for all the user bases). 

2. Response time by UserBase in tabular format. 

3. Response time by UserBase in graphical format broken down into the 24 

hours of the day. 

4. Request servicing time by each DataCenter in tabular format. 

5. Request servicing time by DataCenter in graphical format broken down 

into 24 hours of the day. 

6. DataCenter loading (number of requests serviced) in graphical format 

broken down in to 24 hours of the day. 

7. Cost details. 
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3.7 Testing and Evaluation  

Different load balancing algorithm had been tested on CloudAnalyst simulator to 

investigate the performance under fair allocation of resource and evenness of cloud 

environment. Testing had been made on static and dynamic algorithm of load balancing 

and their performance had been evaluated in terms of its goals and contributions. To do 

this, some evaluation criteria and techniques are considered then compared to the proposed 

algorithm with other different load balancing algorithms after the design and development 

process by using different scale factors. Evaluate the performance by giving the same data 

set for all algorithm and efficient algorithm had been selected. Those criteria are response 

time, data center processing time and resource utilization. Finally, the results attained from 

the experiment are discussed, identified and suggested as a solution. 

Ended, recommendation and future works were directed for further study. 
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4. Chapter 4:  Proposed Algorithm 

4.1 Proposed Load Balancing Algorithms  

During the process of this research three algorithms were proposed and based on their 

performance the best algorithm is selected. These proposed algorithms are namely 

Enhanced Weighted Round-Robin, Randomized Minimum Completion Time and Hybrid 

(hybrid of Throttled and Minimum Completion Time) algorithms. 

4.1.1 Enhanced Weighted Round Robin (EWRR) Load Balancing Algorithm  

ERR is an improvement of Round-robin Algorithm. An unpremeditated Round Robin 

Algorithm was proposed that improvements weighted robin algorithms to the next level by 

handling the unevenness of virtual machine loads in the network.  The main drawback of 

Round Robin Load Balancing Algorithm were did not take in consideration of any size of 

the users requests to assign the appropriate virtual machine to the incoming request.. It only 

decide the next virtual machine simply by using the rotational decision. This proposed 

process of the weighted Round Robin Algorithm considers the load of VMs, along with 

the processing capacity and length of the task, to decide which VM should be allocated 

with the next task to be executed. The Enhanced Weighted Round Robin Algorithm has 

the static algorithm to assign the virtual machines to the appropriate virtual machines based 

on the processing capacity of the virtual machines. The dynamic loads balancing part or at 

run time, additionally uses the load on each of the VMs along with the information of the 

capacity of virtual machines to decide the allocation of the task to the appropriate virtual 

machines. Sometime at run time of system, tasks may take more or longer time of execution 

than the initially expected time due to execution of or more cycle on same program by 

means of complicated run time data [17]. Load balancer is responsible to identify 

overloaded or unutilized and under loaded or underutilized virtual machines each time a 

task completed in any of the virtual machines [17]. 

If there is all virtual machines are busy, then the load balancer will not take any task 

migration among the virtual machines. If it finds the idle virtual machine, it will moves the 

task from the over loaded virtual machines to unutilized virtual. The load balancer examine 
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virtual machines load on the completion of any of the task on any virtual machine. It never 

analyses virtual machines load independently at a time to avoid the overhead on the virtual 

machine [17]. 

Enhanced Weighted Round Robin a load balancing algorithm decide the allocation of task 

or mapping of incoming request to appropriate VM based on the waiting time of the task. 

First step of this algorithm is to identify the waiting time of the tasks. Waiting time is 

calculated based on the length of an incoming task. The length of cloudlet of each task is 

mapped in hash table.  

 

        Waiting Time  =  L(i)*T(i)  

N

i=0

                                                                             ( 4.1 )  

Where  

N= Number of CloudLet 

L= Length of CloudLet 

T= Execution time of VM   

i = Integer number starting from 0 

The waiting time of each virtual machine is calculated by adding the product of the length 

of CloudLet by the execution time .This equation used to calculate the waiting time of the 

virtual machine when it receives the request of length L. The execution time is calculated 

based on CloudLet size. To calculate the execution time of the income task is calculated 

by dividing size of CloudLet by the virtual machine capacity.  

Execution  Time  =   
S

VMp  
                                                                          ( 4.2 )  

Where 

S=CloudLet Size 

VMp= Virtual Machines Power  

 S is measured in MI (Million Instructions) and Virtual Machine Capacity is measured on 

MIPS (million instruction per seconds). 
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The migration of the task from over-loaded virtual machine to the under-loaded virtual 

machine until it below threshold value on the overloaded is drops. So the difference is µ. 

The under-loaded virtual machines accepts the load from the weighed down VM until the 

load on the VM exceeds the threshold and the difference is α. The migration of task from 

the overloaded VM is carried out until its load is less than the threshold. Here the 

underloads virtual machine can only accept load or task up to threshold value, thus this can 

avoid being overloaded. From this can understand or implies that the amount of task or 

load that can be transferred from ideally under-loaded virtual machines should be in range 

of µ and α. 

Load balancer make ready by gathering the waiting time of task from each of the created 

virtual machines. Mapping is done by getting a task from virtual machines with higher 

waiting time and then recognizes the best suitable virtual machine to execute of the task in 

all the virtual machine lists and assigning the incoming task to the identified virtual 

machines based on the waiting time.  

Load balancing is accomplished by rearranging the order so based on the load of the virtual 

machine calculate the waiting time. The steps by step procedure to implement the algorithm 

is shown below. 

Table 4.1: Java Code of EWRR Algorithms 

package cloudsim.ext.datacenter; 
import java.util.Collections; 
import java.util.HashMap; 
import java.util.Iterator; 
import java.util.Map; 
import cloudsim.ext.Constants; 
import cloudsim.ext.event.CloudSimEvent; 
import cloudsim.ext.event.CloudSimEventListener; 
import cloudsim.ext.event.CloudSimEvents; 
public class EWRR extends VmLoadBalancer implements CloudSimEventListener { 
 private int vmId = -1; 
 private Map<Integer, Integer> Minimumcompletiontime; 
 private Map< Integer, Integer>Cloudletlenght; 
 private Map< Integer, Integer>Cloudletcount; 
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 private Map< Integer, Integer>VMwaits; 
 private Map<Integer, VirtualMachineState> vmStatesList; 
 public EWRR(DatacenterController dcb){ 
  dcb.addCloudSimEventListener(this); 
  this.vmStatesList = dcb.getVmStatesList(); 
  this.Minimumecomplitiontime = Collections.synchronizedMap(new 
HashMap<Integer, Integer>()); 
  this.Cloudletlenght = Collections.synchronizedMap(new 
HashMap<Integer, Integer>()); 
  this.VMwaits = Collections.synchronizedMap(new HashMap<Integer, 
Integer>()); 
  this.Cloudletcount = Collections.synchronizedMap(new 
HashMap<Integer, Integer>());} 
/** 
  * @return The VM id of a VM so that the number of active tasks on each 
VM is kept 
  *    evenly distributed among the VMs. 
  */ 
 @Override 
 public int getNextAvailableVm(){ 
   vmId++; 
  int i,j; 
  long AssignedTask =0; 
  long WT; 
  long PWT = 0; 
  if (vmId >= vmStatesList.size()){ 
    
   for (i=0; i<=vmStatesList.size(); i++) 
   { 
    AssignedTask= 0; 
    for (j=0; j<=Cloudletcount.size(); j++) 
    { 
      
      AssignedTask = AssignedTask + 
Cloudletcount.size(); 
      
     
   } 
    WT=  AssignedTask/  vmStatesList.size(); 
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  if (i==0){ 
   WT=PWT; 
   vmId = 0;} else  
  { if (  WT< PWT) { 
    WT=PWT; 
    vmId = i; 
     
   } }}} 
  allocatedVm(vmId); 
   
  return vmId;} 
  
public void cloudSimEventFired(CloudSimEvent e) { 
  if (e.getId() == 
CloudSimEvents.EVENT_CLOUDLET_ALLOCATED_TO_VM){ 
   int vmId = (Integer) 
e.getParameter(Constants.PARAM_VM_ID); 
   vmStatesList.put(vmId, VirtualMachineState.BUSY); 
  } else if (e.getId() == 
CloudSimEvents.EVENT_VM_FINISHED_CLOUDLET){ 
   int vmId = (Integer) 
e.getParameter(Constants.PARAM_VM_ID); 
   vmStatesList.put(vmId, VirtualMachineState.AVAILABLE); 
  } }} 

Enhanced Weighted Round Robin Load Balancing Algorithm uses the waiting time of the 

virtual machine to assign the weight to the virtual machines. Based on the waiting time, 

the virtual machine with lower waiting time assigned more weight and for less waiting time 

of virtual machine assignee less weight. Indeed, the virtual machine assigned more weight 

will assigned more task than the other virtual machines. 
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Start
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 Assign Weight For Each VMs Based On Waiting Time 
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End
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Request From UserBase

Calculate the Execution Time and Waiting Time 

Figure 4.1: Flow chart of EWRR Algorithm                    

4.1.2 Randomized Minimum Completion Time (RMCT) 

The minimum completion time load balancing algorithm is performed by using the first 

serve manner [29]. The virtual machine which has less completion time will assigned the 

first request. Completion time of the virtual machine is based on the performance power of 

the virtual machine and the number of task in virtual machine queue [29]. In the beginning 

the minimum completion time is equal with the power of the virtual machine. Then, for 
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assignment of task the load balancer access the virtual machine allocation table. The 

Minimum Completion Time algorithm store the VMs ID, number of task, completion time 

of virtual machines and virtual machine power in allocation table. Completion time of 

virtual machine is calculated by dividing number of task by virtual machine powers. 

Minimum completion time load balancer maintain the VM allocation table to stores the 

virtual machine id, virtual machine power, number of tasks in queue and completion time 

of that virtual machine. But Minimum Completion Time algorithm have high response time 

because of centralized in nature. In order to make Minimum Completion Time algorithm 

more efficient it is better to add perception of randomness. Randomized algorithm the 

request is assigned randomly. By having advantages of both algorithm it can performs 

better.Randomized minimum completion algorithm first select two virtual machine 

randomly from the given virtual machine list then choose the virtual machine which has 

minimum completion time of request currently allocated to VM.  

Table 4.2: Java Code of RMCT Algorithm 

{ 
Populate the virtual machine allocation table; 
// minimum completion time    and the virtual machine allocation table 
While (task received by RMCT scheduler) 
For (int i= 0 ; i< VMcount.size(); i++) 
Random r = new random (); 
Temp1 = r.nextint (VMlist.size()); 
Temp2 = r.nextint (VMlist.size()); 
Virtualmachine VM1=vm1.getVMbyid(temp1); 
Virtualmachine VM2=vm2.getVMbyid(temp2); 
Completiontime1= VM1.get(completion time); 
Completiontime2= VM2.get(completion time); 
For (int thisVM: Minimum completion time keyset()) 
{ 
If (Completiontime1 < Completiontime2){ 
Completiontime1 = Minimum completion time.get(thisVMid); 
Completiontime1 =current count; 
VMID = thisVMid;} 
Else 
Completiontime2 =  Minimum completion time.get(thisVMid); 
Completiontime1 =current count; 
VMID = thisVMid;}} 
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AllocatedVm(VMID); 
Return VMID;} 
If (any virtual machine has completed the assigned task) then{ 
Update the VM allocation table by decrementing the no of tasks}} 

 

Figure 4.2: Flow Chart of RMCT Algorithm 
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This proposed algorithm is performed like first randomly the load balancer choice the 

virtual machines. Then the load balancer check the completion time virtual machines, 

assign the request to VM that have less completion time. When the load balancer select 

virtual machine, in case if the selected virtual machine has equal completion time then the 

first assigned virtual machine is selected. Then the datacenter controller send the request 

to the virtual machine identified by the virtual machine ID. Finally, when the virtual 

machine finishes the given request, it informs to the datacenter controller then the load 

balancer update current count of the virtual machine. 

4.1.3 Hybrid Load Balancing Algorithm 

The final proposed load balancing algorithm is the hybrid algorithm. It takes the advantage 

of both Throttled and Minimum Completion Time load balancing algorithm. The algorithm 

consider the current virtual machine information to achieve the objective. 

Minimum completion time load balancing algorithm is dynamic in nature and it consider 

the virtual machine capacity and the length of the queue.  This algorithm put in to 

consideration the completion time of the virtual machine. So that, based on completion 

time parameter, the algorithm select the virtual machine with least completion time.  This 

can make the response time of the algorithm short.  

After the minimum completion time is known, the request is assigned to the selected virtual 

machine by the datacenter controller. All this performed if only the size hash table or index 

size is less than the virtual machine state list.  This means if the size of index list less than 

the virtual machine state list, the load balancer decide to assign the request to minimum 

completion time of virtual machine from the index list. But, if the index list size is less or 

equal with the virtual machine state list this means all virtual machine is loaded with 

request. So using the throttled load balancing algorithm can find the available virtual 

machine based on the state virtual machine (busy or available). This can help MCT to 

achieve less response time. 

In throttled load balancing algorithm virtual machines have two state, idle or occupied. 

When the request has received, the algorithm find the idle virtual machine and assign the 

task to the virtual machine. If all virtual machine is occupied it inserts the incoming request 
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to queue. So by having the advantage of both algorithm the hybrid algorithm is created, the 

step by step procedure of the algorithm is us follows. 

Table 4.3: Java Code of Hybrid Algorithm 

 
public int getNextAvailableVm(){ 
int vmId = -1; 
//If all available vms are not allocated, allocated the new ones 
if (Minimumecomplitiontime.size() < vmStatesList.size()) 
{ 
for (int availableVmId : vmStatesList.keySet()) 
{ 
if (!Minimumecomplitiontime.containsKey(availableVmId)) 
{ 
vmId = availableVmId; 
break; 
}}}  
else 
 { 
if (vmStatesList.size() > 0) 
{ 
int temp 
for(Iterator<Integer>itr=vmStatesList.keySet().iterator(); itr.hasNext();){ 
temp = itr.next(); 
VirtualMachineState state = vmStatesList.get(temp); 
if (state.equals(VirtualMachineState.AVAILABLE)){ 
vmId = temp; 
break;} 
}}} 
allocatedVm(vmId); 
return vmId; 
} public void cloudSimEventFired(CloudSimEvent e) { 
if (e.getId() == CloudSimEvents.EVENT_CLOUDLET_ALLOCATED_TO_VM){ 
int vmId = (Integer) e.getParameter(Constants.PARAM_VM_ID); 
 
Integer currCount = Minimumecomplitiontime.remove(vmId); 
if (currCount == null){ 
currCount = 1; 
} else { 
currCount++; 
} 
Minimumecomplitiontime.put(vmId, currCount); 
} else if (e.getId() == CloudSimEvents.EVENT_VM_FINISHED_CLOUDLET){ 
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int vmId = (Integer) e.getParameter(Constants.PARAM_VM_ID); 
Integer currCount = Minimumecomplitiontime.remove(vmId); 
if (currCount != null){ 
currCount--; 
Minimumecomplitiontime.put(vmId, currCount)z}}} 
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Figure 4.3: Flow chart of Hybrid load balancing algorithm 
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5. Chapter 5: Experiment’s, Result and Discussion 

5.1 Introduction 

The simulation of the load balancing algorithm had to be simulated in large application of 

the cloud environment. Because of this the data set to be simulated must be large 

application to see the effect of load balancing algorithm performance. One of well know 

large application system in the internet is Amazon E2 [30]. Amazon is a large application 

that is used to perform the simulation in CloudAnalyst. So, chapter five of the research 

emphasis on the experiment carried out to study the behavior of six load balancing 

algorithms under six different cases to determine the effect of the number and location of 

DataCenter with their architecture. The simulation is run or take placed six times for 

Enhanced Weighted Round-Robin, Randomized Minimum Completion Time, Hybrid, 

Ant-colony, Round-Robin and Throttled algorithms.  

To carry out the simulation the following step is followed. 

1. Define the time or the duration of the simulation run time. 

2. Based on the data of the large application define the UserBase characteristic’s. 

3. Based on the data of the large application define the DataCenter characteristic’s. 

4. Allocate the virtual machine for the application in each DataCenter. 

5. From the load balancing algorithm select the algorithm going to be simulated, 

6. Review and adjust the internet characteristics based on the network bandwidth 

matrix and network latency. 

The experiment, assumes an approach with the current cloud service provider service costs 

such as Amazon EC2. This can affect the performance that can be generated by the virtual 

machine and the level of satisfaction of the customer.       
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Table 5.1: Cost Assumption 

Cost per 1 Gb of Data Transfer (from/to Internet) $0.11 

Cost VM per hour (1024Mb and 100MIPS)  $0.11 

Memory Cost  $0.05 

Storage Cost  $0.1 

Based on the geographical location of the user table shows the assumption of the user 

usage. 

Table 5.2: Assumption of Scale of User Usage of the Application [32] 

Region Cloud Analyst Region Id Users (in millions) 

North America  0 70 

South America  1 50 

Europe 2 50 

Asia 3 80 

Oceania 4 20 

Africa 5 30 

Virtual machines memory size used to host applications within the experiment is 100MB. 

Also, they have 10MB of available bandwidth and 1GB of RAM memory and simulated 

hosts have Linux operating system, x86 architecture and virtual machine monitor Xen. 

Those Machines have 100GB of storage and 2 GB of RAM. In addition, the policy that 

used to schedule resources to VMs is a time-shared policy. Table 5.3 displays the data on 

each user base and time that the user is active or accessing the cloud server simultaneously 

based on the geographical region of the users.          
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Table 5.3: User Base Data [32] 

User 

base 

Reg

ion 

Time 

Zone 

Peak Hour 

(GMT) 

Online User 

Simultaneously (Peak 

Hours) 

Online User Simultaneously 

(Off-Peak Hours) 

UB1 0 GMT-6:00 14:00-16:00 500,000 50,000 

UB2 1 GMT-4:00 16:00-18:00 200,000 20,000 

UB3 2 GMT+1:0 21:00-23:00 400,000 40,000 

UB4 3 GMT+6:0 02:00-04:00 250,000 25,000 

UB5 4 GMT+2:0 22:00-24:00 150,000 15,000 

UB6 5 GMT+10: 10:00-12:00 180,000 18,000 

The algorithmic performance measure is performed: experiment are carried out using 

different data inputs starting from simple to big data’s. 

5.2 Experimentation’s  

In the experiments, the effect of proposed load balancing algorithm with the existing load 

balancing algorithm is examined.  

5.2.1 Experiment 1 

The experiments had been carried out using different scenarios. In each scenarios the 

performance measure is recorded and evaluated by the response time and the data 

processing request time. By changing the number and distribution of DataCenter with 

respect to the virtual machine. Experiment 1 uses homogenous environment for the input 

data for simulation. Homogenous means the same number of request and the same data 

size of the request is used for all UserBase in each region. 

A. Scenario 1 

In scenarios 1 of the experiment cloud analyst had been configured using 1 data center with 

25 virtual machines (with 1024Mb of memory in each virtual machine running on physical 

processors capable of speeds of 100MIPS ) to handle 1000 user requests or cloudlets with 

each 1000 byte of data from each user base in different region. On average 50 minutes is 
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used to run the simulation. For making it simple only the 25 percent of the average user is 

configured in the simulation. 

Table 5.4: Scenarios 1 User Base Configuration 

Name Region Request Per 

User (Per 

Hour) 

Data Size Per 

Request 

(Bytes) 

Peak 

Hour  

(GMT) 

Average 

Peak User 

Average 

Off-Peak 

User 

UB1 0 200 1000 03-09 125,000 12,500 

UB2 1 200 1000 03-09 50,000 5,000 

UB3 2 200 1000 03-09 40,000 10,000 

UB4 3 200 1000 03-09 100,000 6,500 

UB5 4 200 1000 03-09 37,500 3,750 

UB6 5 200 1000 03-09 45,000 4,500 

Scenarios 1 had been applied only to single DataCenter in region 0. The DataCenter 

configuration tab is configured with 1 DataCenter and 50 virtual machines, image size as 

10000, 10000 capacity of memories VM-Bandwidth of 1000.  

B. Result 1  

Scenario one has been done six times for each virtual load balancing algorithm. Scenario 

one is used to check the response time of the load balancing algorithm with the DataCenter 

processing time in small size user request. 

Table 5.5: Result 1 Response time of Scenario 1 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 266.17 39.14 645.64 

Throttled  266.17 39.90 645.64 

ACO 266.13  39.90  645.64 

EWRR 266.13  39.14  645.64 

RMCT 266.14  39.14  645.64 

Hybrid  268.26  39.14  645.64 
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Using the above setup the simulation is reputedly performed for the Enhanced Weighted 

Round-robin, Round-robin, Randomized Minimum Completion Time, Hybrid, Throttled 

and Anti-Colony virtual load balancing algorithm. Based on setup carried out in scenario 

1 the following result has been gained. Summarized in the table 5.5 and table 5.6.          

 

Figure 5.1: Flow chart of Hybrid load balancing algorithm 

Figure 5.1 show the result in graphical display of overall response time of proposed 

algorithm with the existing load balancing algorithm. 

Table 5.6: Result 1 Data Center Processing time Scenario 1 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 0.82 0.07 1.39 

Throttled  0.82 0.07 1.39 

ACO 0.84  0.07  3.13  

EWRR 0.82  0.07  1.39  

RMCT 0.82  0.07  2.26  

Hybrid  2.86 0.07 15.07 
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Figure 5.2: Result 1 DataCenter Processing Time 

C. Discussion  

It has been found that for the small number of users all approaches have almost identical 

behavior on all parameter. The result showed that all load balancing algorithms almost 

have equal response time and data center processing time except the hybrid load balancing 

algorithm, which have highest response time compared to other load balancing algorithms. 

Enhanced Weighted Round-Robin load balancing algorithm and the Randomized 

Minimum Completion time have less response time and DataCenter processing time as 

compared to other virtual load balancing algorithms. 

The main reason for the Enhanced Weighted Round Robin load balancing algorithm to 

have better response time and data center processing time than other load balancing 

algorithm is because of when the DataCenter controller assign the incoming request from 

the user to virtual machine it considering the static and dynamic nature of the environment, 

that means: to migrate tasks from over load VMs to the under loaded VMs uses waiting 

time of the VMs as main factor. This properties of the algorithm make it more efficient in 

homogenous cloud environment.  

Further the Randomized Minimum Completion Time load balancing algorithm have less 

response time and DataCenter processing time compared to other load balancing algorithm. 
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The main reason behind the RMCT load balancing algorithm is, it is dynamic in nature and 

considers the node capacity as well as queue length for task for mapping VM and simple 

to implement in small scale cloud environment. RMCT is the hybrid of randomized and 

minimum completion time, it takes the advantage of both algorithm. In scenario 1 for small 

scale cloud environment RMCT is efficient algorithm for balancing load among the 

processor of cloud computing environment.  

Hybrid algorithm have maximum response time. The reason for this is that in throttled load 

balancing algorithm is centralized in nature and waiting time is larger. This is because of 

it uses only one scheduler and does not consider the size of the task and VM capacity to 

balance load.  The round robin and ant-colony optimizer is suitable for small scale and 

static environment.  

D. Scenarios 2 

In scenarios 2 of the experiment cloud analyst has been configured using 2 data center with 

each having 25 virtual machines (with 1024Mb of memory in each virtual machine running 

on physical processors capable of speeds of 100MIPS ) to handle 900 user requests or 

cloudlets with each 2000 byte of data from each user base in different region. On average 

1 hour is used to run the simulation. For making it simple only the 25 percent of the average 

user is configured in the simulation. 
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Table 5.7: Scenarios 2 User base configuration 

Na

me 

Re

gio

n 

Request Per 

User (Per 

Hour) 

Data Size Per 

Request 

(Bytes) 

Peak 

Hour  

(GMT) 

Average 

Peak User 

Average 

Off-Peak 

User 

UB

1 

0 900 2000 03-09 125,000 12,500 

UB

2 

1 900 2000 03-09 50,000 5,000 

UB

3 

2 900 2000 03-09 40,000 10,000 

UB

4 

3 900 2000 03-09 100,000 6,500 

UB

5 

4 900 2000 03-09 37,500 3,750 

UB

6 

5 900 2000 03-09 45,000 4,500 

Scenarios 2  has been applied to two data center in region 0 and region 1.The DataCenter 

is configured us 25 virtual machines, image size as 10000, 10000 capacity of memories 

and 1000 BW.  

E. Result 2  

Scenario two is intended to measure the response time of the load balancing algorithm with 

the DataCenter processing time as the size of the request is increased. Additionally, by 

increasing the DataCenter numbers in to two in region zero and region one. This can able 

to measure the performance of the proposed load balancing algorithm as the size of user 

request is increased. Using the above setup of data the following result is gained. 

Summarized in the table 5.8 and table 5.9 
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Table 5.8: Result 2 Overall Response Time of Scenario 2 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 287.14  50.38  649.31 

Throttled  335.57  48.27  1392.88 

ACO 287.76  53.93  646.12 

EWRR 285.15  45.17  726.92 

RMCT 285.07  45.17  726.92 

Hybrid  2697.92  53.87  3041.00 

  

 

Figure 5.3: Result 1 DataCenter Processing Time 
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Table 5.9: Result 2 Datacenter Processing Time of Scenario 2  

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 6.03  0.32  26.36 

Throttled  56.71  0.13  790.14 

ACO 7.43  0.63  35.99 

EWRR 5.74  0.13  47.98 

RMCT 5.61  0.13  39.64 

Hybrid  2423.96  0.67  2500.31 

 

 

Figure 5.4: Result 2 Datacenter processing time of Scenario 2 

F. Discussion  

Due to no consideration of the size of cloudlet or user request size, number of task in queue 

and the dynamic nature of VMs or the capacity of the virtual machines in Round Robin, 
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time and data center processing time is also increased. 
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But, in Enhanced Weighted Round-robin and Randomized Minimum Completion Time 

load balancing algorithm have better response time. In RMCT algorithm, VM allocation 

table stores virtual machine power, number of tasks in queue and completion time of that 

virtual machine for mapping of request to virtual machines. Second scenario aim is to check 

the performance of the algorithm by increasing the size of the request form the user. In 

general for homogenous large scale cloud environment the RMCT is better.  

5.2.2 Experiment 2 

Experiment 2 uses heterogeneous environment, heterogeneous means the request come 

from user are located in different of region 0, region 1, region 2, region 3, region 4 and 

region 5 there, request per user per hour and data size per request are inconstant.  

A. Scenarios 3 

The purpose of scenario three is to measure the performance of proposed algorithms in 

heterogeneous environment. The experiment cloud analyst is configured using 2 

DataCenter with 25 virtual machines (with 1024Mb of memory in each virtual machine 

running on physical processors capable of speeds of 100MIPS ) to handle inconstant 

request per user and data size per request user from each UserBase in different region. On 

average 1 hour is used to run the simulation. For making it simple only the 25 percent of 

the average user is configured in the simulation.                 

Table 5.10: Scenarios 3 User base configuration 

Na

me 

Re

gio

n 

Request Per 

User (Per 

Hour) 

Data Size Per 

Request (Bytes) 

Peak 

Hour  

(GMT) 

Average 

Peak User 

Average 

Off-Peak 

User 

UB1 0 60 1500 03-09 125,000 12,500 

UB2 1 60 400 03-09 50,000 5,000 

UB3 2 1000 1500 03-09 40,000 10,000 

UB4 3 2000 1001 03-09 100,000 6,500 

UB5 4 60800 100 03-09 37,500 3,750 

UB6 5 100 1000 03-09 45,000 4,500 
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Scenario 3 is applied two data center in region 0 and region 1. The data center (DC1 and 

DC2) is configured us 25 virtual machines for both region 0 and region 1, image size as 

10000, 512 capacity of memories and 1000 BW.  DC 1 is configured in the region 0 and 

DC 2 is configured in region 1. The first data center will process request from the UB1, 

UB3, UB4, UB5, UB6 and second data center has been processed requests from the UB2.  

B. Result 3  

Using scenario 3 configuration the following result is gained and summarized in table 11 

and table 12  

Table 5.11: Result 3 Overall Response Time of Scenario 3 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 492.36  42.17  709.97 

Throttled  528.97  45.02  931.20 

ACO 499.53  44.31  772.68 

EWRR 491.62  41.92  690.63 

RMCT 491.54  41.66  703.18 

Hybrid  1376.05  42.49  1825.60 
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Figure 5.5: Result 3 Overall Response Time of Scenario 3 

Table 5.12: Result 3 Data Center Processing Time of Scenario 3 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 2.02  0.07  66.60 

Throttled  8.31  0.07  254.39 

ACO 20.82  0.29  81.68 

EWRR 0.77  0.05  11.46 

RMCT 2.01  0.06  66.44 

Hybrid  1098.08  0.35  1260.51 
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Figure 5.6: Result 3 Overall Response Time of Scenario 3 

C. Discussion  

The Enhanced Weighted Round-robin algorithm have faster completion time and less data 

center processing time in the heterogonous jobs or request from the users than any other 
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time and data center processing time than other VM load balancing algorithm. Additionally 

the dynamic nature EWRR algorithm of calculating the waiting time of the VM to assign 

weighted to each virtual machine. Scenario three is carried to measures the response time 

and data center processing time concerning to variable sized request from different region, 
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and datacenter processing time is because of EWRR calculate the length of the task to 

balanced load among the processors. RMCT did not consider the size of the request to 

balance load among different processors. 

Furthermore, the main intention of EWRR algorithm is that as the load balancer find any 

virtual machine complete its jobs, load balancer find highly loaded virtual machine and 

migrate the task to any other ideally under loaded virtual machine based on the weight 

calculated. This property of EWRR algorithm help to have less response time and data 

center processing time. Generally, for heterogonous tasks size cloud environment EWRR 

algorithm performs efficient than RR, RMCT, Throttled, ACO and Hybrid load balancing 

algorithm.  

D. Scenario 4 

Experiment 2 scenario 4 objective is to measure the overall response time and data center 

processing time of the proposed and existing load balancing algorithm in more complex 

and large scale cloud environment. Configuration of the cloud analyst in these scenario is 

based on heterogeneous resource or virtual machines and heterogeneous task. As the 

number of the VM and task are varied the performance of load balancing algorithm and 

compilation time to process tasks is tainted. For this reason the following configuration set 

up is carried out to measure response time and datacenter processing time off both existing 

and proposed load balancing algorithms. In scenarios 4 of the experiment cloud analyst is 

configured using 4 data center each with heterogeneous virtual machines (with 1024Mb of 

memory in each virtual machine running on physical processors capable of speeds of 

100MIPS )to handle inconstant request per user and data size per request user from each 

user base in different region.  
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Table 5.13: UserBase configuration for scenario 4 

Name Region Request Per 

User (Per 

Hour) 

Data Size Per 

Request 

(Bytes) 

Peak 

Hour  

(GMT) 

Average 

Peak User 

Average 

Off-Peak 

User 

UB1 0 1500 1050 03-09 125,000 12,500 

UB2 1 6000 1003 03-09 50,000 5,000 

UB3 2 600 1500 03-09 40,000 10,000 

UB4 3 1500 1000 03-09 100,000 6,500 

UB5 4 2000 200 03-09 37,500 3,750 

UB6 5 100 800 03-09 45,000 4,500 

On average 1hour and 50 minute is used to run the simulation. For making it simple only 

the 25 percent of the average user is configured in the simulation. Scenario 4 is applied 

four data center DC1, DC2, DC3 and DC4 in region 0, region 2, region 1 and region 5 

respectively. Each data center are configured us image size 10000, 512 MB capacity of 

memories and 1000 BW. DC1 will process request from UB 1 and configured with 25 

virtual machine. DC 2 also configure with 50 virtual machines to process request from UB 

3, UB4 and UB5.The third data center (DC3) is configured with 10 virtual machine to 

process task requested from UB 2. Finally, the four datacenter (DC 4) is configured with 

30 virtual machine to process or to process a task requested from UB 6 found in region 6. 

E. Result  

Using scenario 3 configuration the following result is gained from cloud Analyst and 

summarized in table 5.14 and 5.15.  
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Table 5.14: Result 4 Overall Response Time of Scenario 4 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 120.89  41.76  404.47 

Throttled  159.89  42.43  1080.35 

ACO 127.56  41.66  380.20 

EWRR 120.69  42.44  404.47 

RMCT 120.85  41.62  398.27 

Hybrid  798.93  41.79  3888.53 

 

 

Figure 5.7: Result 4 Overall Response Time of Scenario 4 
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Table 5.15: Scenario 4 Datacenter Processing Time Scenario 4 

Algorithms Average (Ms) Minimum (Ms) Maximum (Ms) 

RR 4.66  0.13  28.39 

Throttled  44.04  0.12  915.54 

ACO 7.24  0.13  27.61 

EWRR 4.65  0.13  28.39 

RMCT 4.42  0.13  25.86 

Hybrid  685.24  0.26  3558.69 

 

 

Figure 5.8: Result 4 Datacenter Processing Time of Scenario 4 
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F. Discussion 

Similarly the result above shows that the performance of the Enhanced Weighted Round 

Robin and the Randomized  Minimum Completion time takes better response time and 

DataCenter processing time than other four virtual machine load balancing algorithm. 

Experiment 2 scenario 4 is performed to measure the performance of the VMs load 

balancing algorithm as the complexity of the cloud environment increase, by making more 

distributed and heterogeneous properties of both the resource and the VMs in each data 

center. 

Efficiency of EWRR load balancing algorithm also increase as the number of the request 

is large and heterogonous, similarly for the RMCT. Amazon EC2 is big cloud computing 

which processes big data for computing, so that the EWRR and RMCT more efficient for 

this cloud environment. The main reason for the efficiency of EWRR algorithm is because 

of the static and dynamic nature of the algorithm. Static behavior of the algorithm consider 

in addition to resource capability and requested task or cloudlet list EWRR algorithm 

consider the length of the request along with the natural VMs capacity, to assign a job for 

virtual machines. Additionally at runtime the algorithm migrates task from the over loaded 

VM to the ideally under loaded VM based on the weight assigned for the virtual machines. 

Response time and data center processing time in RMCT algorithm also improved than the 

existing algorithm. Moreover, Round-Robin algorithm has the problem of mapping. That 

means at time of new request or cloudlet arrive without consideration of size of the cloudlet 

nor the processing capacity of the virtual machines, as well as the current load of the 

processors the algorithm assigned incoming request to the virtual machine to be processed. 

For homogenous and heterogeneous environment Round-Robin algorithm make list of 

virtual machines on rotation basis and assign task in rotation base. This property of the 

algorithm make it to take more response time and data center processing.  

With the throttled algorithm the main challenge is it does not consider the size of the 

cloudlet and natural capacity of virtual machines while making the mapping of VM to the 

incoming request. A virtual machine can execute only one task and another task can be 

allocated only when the current task has finished, this property of the algorithm increase 
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the waiting time of the virtual machine. Throttled algorithm is not suitable for distributed 

cloud environment. Similarly ant-colony optimizer algorithm is not suitable for big data 

and heterogeneous environment, but a little suitable for small and dynamic type of cloud 

environment. The main challenge in ant-colony optimizer load balancing algorithm is in 

case of ant generation as the size of the request increase and distributed in heterogeneous 

environment it wastes time by searching for candidate nodes.  Finally, Hybrid of Minimum 

Completion Time and Throttled load balancing algorithm will not performed as 

premeditated.  

5.3 Experiment 3 

Experiment 3 of the experiment evaluates the resource utilization of all load balancing. 

To realize the difference one data set is used for the experiment. 

5.3.1 UserBase Configuration  

Table 5.16: User Base Configuration 

Name Regi

on 

Request Per 

User (Per 

Hour) 

Data Size Per 

Request 

(Bytes) 

Peak 

Hour  

(GMT) 

Average 

Peak User 

Average 

Off-Peak 

User 

UB1 2 600 1000 3 9 50000 

 

5.3.2 Data Center Configuration 

Three Data Center is used with 50 VMs in each data center and 150 Physical HW Units all 

of them have the same number of processors and the same processor speed. Table 20 

present the Data Center configurations while Table 21 shows the configuration of the 

Physical Hardware of the Data Center. 

Table 5.17: Data Center Configuration 

Data Center # VM Image Size Memory BW 

DC1 10 10000 512 1000 
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5.3.3 Result  

The incoming request from user base is assign for the available VM as followed. 

Table 5.18: VM allocation Count 

List of VM RR Throttled EWRR RMCT Hybrid 

VM0 143025 354994 143025 313589 715114 

VM1 143025 171092 143025 161125 2 

VM2 143024 102289 143024 117382 2 

VM3 143023 53850 143024 71742 2 

VM4 143022 32897 143024 51284 2 

 

 

 

Figure 5.9: VM allocation Count 
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5.3.4 Discussion  

Third part of experiment is performed to investigate the resource utilization of load 

balancing algorithms. RR, EWRR, RMCT, Throttled and Hybrid, algorithms were tested 

and on Round-robin and Enhanced Weighted Round-robin algorithm utilize the resource 

fairly. This will lead to the efficient and better resource utilized load balancing algorithm. 

The main objective of the research is designing of load balancing algorithm with efficient 

utilization of resource. That means algorithms is developed for efficient and fair allocation 

of incoming request to virtual machines.  And from these experiment the Enhanced 

Weighted Round-robin algorithm is highly efficient and fair load balancing algorithm for 

cloud computing environment.  

5.4 Summary  

In chapter five of the research the detail experimentation, result and result discussion had 

been offered. The experiment show that Enhanced Weighted Round-Robin, Minimum 

Completion Time, Round-Robin, Ant-Colony Optimizer, Throttled and Hybrid VMs load 

balancing algorithm performance comparison grounded on experiment 1( scenario 1 and 

scenario 2)  and experiment 2 (scenario 1 and scenario 2). The main comparison factor for 

the experiment where the overall processing time and datacenter processing time of load 

balancing algorithms. In experiment 1 tried to analysis the performance of algorithm in 

homogenous cloud environment through scenario 1 in small scale cloud environment and 

scenario 2 through big data cloud environment. In experiment 2 tried to analysis the 

performance of the algorithm through heterogeneous cloud environment. In the first 

experiment the randomized minimum completion time has less response time and 

datacenter processing time, which means RMCT is more efficient than other algorithms in 

homogenous. In second experiment enhanced weighted round robin algorithm load 

balancing algorithm is highly efficient.  Finally experiment three aimed to measure fair 

allocation of incoming request to virtual machines by counting the number of requests 

assigned to each virtual machine. From these EWRR algorithm were fairly utilize resources 

in cloud environment. 
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6 Chapter 6: Conclusion and Future Works 

6.1 Conclusion  

Load balancing algorithm has been proposed to handle and be able to solve the problem 

faced in cloud environment to one step to forthcoming. On existing load balancing 

algorithms due to no concern of task size or length of cloudlet, number task in queue and 

estimated completion time of the virtual machines, allocating of request to virtual machine 

used up more data execution times. As the data processing time increases, the jobs used up 

more resource and storage space. This led to high cost to make load among the different 

processor or node of cloud environment.  

Enhanced Weighted Round-robin load balancing algorithm by considering the size of the 

incoming request with VMs power to assign weight to each virtual machines, allocate task 

for highest weighted VM from available virtual machines.  

Randomized Minimum Completion time load balancing algorithm which takes the 

advantage of randomness and minimum completion time load balancing algorithm. The 

random algorithm select virtual machine randomly for allocation and minimum completion 

time select virtual machine with least completion time from the allocation table.  

To analysis the proposed algorithm Cloud analyst in combination with Eclipse IDE has 

been used. Based on experiment 1 and experiment 2 different cloud environment is used 

as input for the experiments. The main metric for the performance assessments is overall 

response time and datacenter processing time has been used, finally the proposed algorithm 

is compared with well-known load balancing algorithms: round robin algorithm, throttled 

and ant-colony optimizer algorithms. Using experiment 1 and experiment 2 try to compare 

and recognize the performance of proposed algorithm to existing algorithm using response 

time and datacenter processing time. 

The first viewpoint of the experiment is to test the performance of the algorithm 

homogenous environment with small data and big data cloud environment of Amazon EC2. 

The result show all algorithm work nearly have equal response time and data center 

processing time for small scale sized user request. But, randomized minimum completion 
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time and enhanced weighted round robin load balancing algorithm have less response and 

data center processing time than other algorithms. As the size of request increased the 

performance of algorithm degraded except randomized minimum completion time. In both 

scenarios randomized minimum completion time have least response time and data center 

processing time than other five load balancing algorithm.  

In the second experiment try to examine the performance of algorithm in heterogeneous 

resource like virtual machine and heterogeneous input (variable sized user request) from 

different regions of the world. Using heterogeneous environment all algorithm is tested in 

two scenarios. In the second experiment enhanced weighted round robin algorithm have 

minimum response time. This is due to the fair allocation resource (migrations of tasks 

from overloaded virtual machine to under loaded virtual machines) and efficiency of the 

algorithm.   

The efficiency of weighted round robin algorithm increased as the cloud input become 

heterogeneous user request with heterogeneous/homogeneous resource. Weighted Round 

Robin load balancing algorithm reduces idle time of the virtual machine by migrating tasks 

from the overloaded virtual machine to suitable virtual machine based on the weighted 

given to the virtual machines. The final experiment tests the efficiency of algorithms in 

terms of allocation of incoming request to virtual machines. 

Finally, this research paper aimed to minimize the response time and datacenter processing 

time of load balancing algorithms by considering the minimum completion time of virtual 

machine and using size of incoming request or task size with static property virtual 

machines as main factor to assign weight to virtual machine.     

To conclude on this research that the Minimum Completion Time had effective resource 

utilization and efficient than other well-known load balancing algorithm in homogenous 

cloud environment. Correspondingly, Enhanced Weighted Round-robin load balancing 

algorithm ensured least response time which had effective resource utilization and efficient 

than other well-known load balancing algorithm in heterogeneous cloud environment. 
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6.2 Future work  

As part of future enhancement and recommendation is suggested to be done in future are: 

 In the Enhanced Weighted Round-robin load balancing algorithm while migrates 

task from ideally overloaded virtual machines to under loaded virtual machine did 

not ensured transfer of the current status of the tasks between the virtual machines. 

So that, to have less response time and datacenter processing time it is better to 

transfer the status of tasks between virtual machine.  

 For the minimum completion time load balancing algorithm it is better have to 

consider the size of the tasks in addition. 

 For both minimum completion time and Enhanced Weighted Round-robin load 

balancing algorithm it is suitable to add the perception ability of handling tasks with 

priority.  
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