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ABSTRACT : Cloud computing is an expanding area in research and industry today, which involves
virtualization, distributed computing, internet, software and web services. A cloud consists of several elements
such as clients, data centers and distributed servers, internet and it includes fault tolerance, high availability,
effectiveness, scalability, flexibility, reduced overhead for users, reduced cost of ownership, on demand services
and etc. The services of cloud computing are becoming ubiquitous, and serve as the primary source of
computing power for different applications like enterprises and personal computing applications. In this paper
we introduced the novel load balancing algorithm using fuzzy logic in cloud computing, in which load balancing
is a core and challenging issue in Cloud Computing. The processor speed and assigned load of Virtual Machine
(VM) are used to balance the load in cloud computing through fuzzy logic.
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I. INTRODUCTION
Cloud computing [1][2] is an emerging commercial infrastructure and internet based cost-efficient
computing paradigm in which information can be accessed from a web browser by customers for their
requirement. It is a modality of computing characterized by on-demand availability of resources in a dynamic
and scalable fashion, where the resource is used to represent infrastructure, platforms, software, services, or
storage. It promises to eliminate the need for maintaining expensive computing facilities by companies and
institutes alike. Cloud computing in a generally term is defined for anything that involves delivering hosted
services over the Internet. It is based on the concept of shared computational, storage, network and application
resources provided by a third party.
There are different kinds of clouds can be developed like private, public, and hybrid clouds [2]. In the
private cloud the infrastructure is operated solely for an organization and managed by the organization or a third
party and it may be exists on-premise or off-premise. In other words a public cloud sells services to anyone on
the Internet and its infrastructures are made available to the public and are owned by an organization selling
cloud services. A private cloud is a proprietary network or a data center that supplies hosted services to a limited
number of people or group of people. When a service provider uses public cloud resources to create their private
cloud, the result is called a virtual private cloud. The cloud infrastructures are shared by several organizations
and supports a specific community that has shared concerns and it may be managed by the organizations or a
third party and may be existed on-premise or off-premise. A hybrid cloud is a cloud computing environment
which is combining the benefit of different types of cloud. An organization provides and manages some
resources in-house and has others provided externally in hybrid cloud. Ideally, the hybrid cloud approach allows
a business to take advantage of the scalability, efficiency, flexibility and cost-effectiveness.
The cloud provider is responsible to make the needed resources available on-demand to the cloud users
and to manage its resources in an efficient way, so that the user needs can be meet [2]. The cloud computing is a
model for enabling convenient, flexible, reliable on-demand network access to a shared pool of configurable
computing resources, that can be rapidly provisioned and released with minimal management effort, which
promotes availability and is composed of important characteristics like on-demand self-service, broad network
access, resource pooling, rapid elasticity, measured services and efficiency and scalability; multi layered service
abstraction like software as a service (SaaS), Platform as a service (PaaS) and infrastructure as a service (IaaS);
and deployment models like private cloud, public cloud and hybrid cloud [2]-[4].
In the SaaS cloud model, the capability provided to the consumer is to use the provider’s applications
running on a cloud infrastructure and the applications are accessible from various client devices through a web
browser. The consumer does not manage the underlying cloud infrastructure including network, servers, storage,
operating systems and application capabilities, with the possible exception of limited user-specific application
configuration settings. The vendor supplies the hardware infrastructure, the software product and interacts with
the user through a front-end portal for the cloud users. The services can be anything from Web-based email to
inventory control and database processing. The end-user is free to use the service from anywhere as the service
provider hosts both the application and the data.
PaaS in the cloud computing environment is defined as a set of software and product development tools
hosted on the provider's infrastructure. Developers create applications on the provider's platform over the
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Internet. The capability provided to the consumer is to deploy onto the cloud infrastructure consumer-created or
consumer-acquired applications created using programming languages and tools supported by the provider. It
has control over the deployed applications and possibly application hosting environment configurations. But the
consumer does not manage the underlying cloud infrastructure. PaaS providers may use APIs, website portals or
gateway software installed on the customer's computer.
IaaS in cloud computing aim at the hardware level and make the provisioning of customer resources
such as servers, storage, connections and related tools. Building an IT infrastructure to provide IT services can
be quite complex and companies are able to scale up or down their resources depending on the current
workloads within minutes. The Data Center entity manages a number of host entities and the hosts are assigned
to one or more virtual machine (VMs) based on a VM allocation policy that should be defined by the Cloud
service provider. In IaaS cloud architecture, it is generally not known how the virtual machine will be used.
The capability provided to the consumer is to provision processing, server, storage, networks, and etc.
It has control over operating systems, storage, deployed applications. The consumer is able to deploy and run
arbitrary software, which can include operating systems and applications, but they does not manage the
underlying cloud infrastructure. In the enterprise, cloud computing allows a company to pay for only as much
capacity as is needed.
The rest of the paper is started with related work in section II, followed by load balancing in section III.
Proposed work discussed in section IV and results are observed in section V. Finally conclusion is discussed in
section VI.

II. RELATED WORKS
The authors in the paper [4] explores the concept of cloud computing, its advantages and disadvantages
and describes several existing cloud computing platforms and discuss the results of quantitative experiments
carried out using PlanetLab, a cloud computing platform as well. A two-phase scheduling algorithm under a
three-level cloud computing network is a scheduling algorithm combines OLB (Opportunistic Load Balancing)
and LBMM (Load Balance Min-Min) scheduling algorithms that can utilize more better executing efficiency
and maintain the load balancing of system[6].
In [3] the authors propose to find the best EFFICIENT cloud resource by Co-operative Power aware
Scheduled Load Balancing solution to the Cloud load balancing problem. The authors designed the algorithm
using the inherent efficiency of the centralized approach, energy efficient and the fault-tolerant nature of the
distributed environment like Cloud
PALB [7], maintains the state of all compute nodes, and based on utilization percentages, decides the
number of compute nodes that should be operating. It presents a load balancing approach to IaaS cloud
architectures based on power as per local cloud computing architectures and it provides adequate availability to
compute node resources while decreasing the overall power consumed by the local cloud.
Companies and institutions emphasize on cloud computing service and its application for the storage
and analysis of very-large images, which has been implemented using multiple distributed and collaborative
agents. A distinctive goal of this work is that data operations are adapted for working in a distributed mode by
using diﬀerent sub-images that can be stored and processed separately by diﬀerent agents in the system,
facilitating processing very-large images in a parallel manner [8].
In clouds, load balancing, as a method, is applied across different data centers to ensure the network
availability by minimizing use of computer hardware, software failures and mitigating recourse limitations,
where the availability of cloud systems is one of the main concerns of cloud computing [9]. In [10] the authors
analyze the performance of cloud computing services for scientific computing workloads and quantify the
presence in real scientific computing workloads of Many-Task Computing (MTC) users that, of users who
employ loosely coupled applications comprises many tasks to achieve their scientific goals. They also perform
an empirical evaluation of the performance of four commercial cloud computing services.

III. LOAD BALANCING
Load balancing is a process of reassigning the total load to the individual nodes of the collective system
to the facilitate networks and resources to improve the response time of the job with maximum throughput in the
system [13]. The important things in said load balancing are estimation of load, comparison of load, stability of
different system, performance of system, interaction between the nodes, nature of work to be transferred,
selecting of nodes and many other ones to consider while developing such algorithm [14] . To improve the
performance substantially, backup plan in case the system fails even partially, maintain the system stability,
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accommodate future modification in the system are main goal of load balancing. Two main categories of load
balancing algorithms are available; they are named as static and dynamic.
Static load balancing algorithms is an algorithm, which divide the traffic equivalently as round robin
between available servers in which, the traffic on the servers will be disdained easily and consequently it will
make the situation more imperfectly. It needs prior knowledge of the System. The weighted round robin another
version of the round robin load is also defined to improve the critical challenges associated with round robin and
each server has been assigned a weight. As per the highest weight they received more connections [15].
In dynamic load balancing the previous state or behavior of the system does not consider and it
depends on the present state or behavior of the system. Decisions on load balancing are based on current state of
the system with no prior knowledge. So it is better than static approach load balancing approach. Dynamic load
balancing algorithms designated suitable weights on servers and by searching in whole network a lightest server
preferred to balance the traffic. However, selecting an appropriate server needed real time communication with
the networks, which leads extra traffic added on system [15].
Load balancing in the cloud computing based on standard load balancing but differs from classical
thinking on load-balancing architecture and implementation by using commodity servers to perform the load
balancing, which provides for new opportunities and economies of scale as well as presenting its own unique set
of challenges. The load balancers served to promote availability of cloud resources and to promote performance
[16]. In complex and large systems, there is a need for load balancing to simplify it in a cloud computing
enviornment.
IV. PROPOSED WORK
A. A Fuzzy-based load balancing
In this paper we designed a new load balancing algorithm based on round robin in Virtual Machine
(VM) environment of cloud computing in order to achieve better response time and processing time. The load
balancing algorithm is done before it reaches the processing servers the job is scheduled based on various
parameters like processor speed and assigned load of Virtual Machine (VM) and etc. It maintains the
information in each VM and numbers of request currently allocated to VM of the system. It identify the least
loaded machine, when a request come to allocate and it identified the first one if there are more than one least
loaded machine. We tried to implement the new load balancing technique based on Fuzzy logic. Where the
fuzzy logic is natural like language through which one can formulate their problem.
The advantages of fuzzy logic are easy to understand, flexible, tolerant of imprecise data and can model
nonlinear functions of arbitrary complexity, and is used to approximate functions and can be used to model any
continuous function or system [17][18]. Fuzzy inference is the process of formulating the mapping from a given
input to an output using fuzzy logic and the mapping provides a basis from which decisions can be made, or
patterns recognized.
In our proposed work, the fuzzifier performs the fuzzification process that converts two types of input
data like processor speed and assigned load of Virtual Machine (VM) and one output like balanced load which
are needed in the inference system. In our proposed work, we considered the processor speed and load in virtual
machine as two input parameters to make the better value to balance the load in cloud using fuzzy logic. These
parameters are taking as inputs to the fuzzifier, which are used to measure the balanced load as the output.

Fig-1: Membership input function of Processor Speed
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Fig.-2: Membership input function of Assigned Load

Fig.- 3: Membership output function of Balanced Load

Fig.-4: Use base rules
We used Fuzzy Inference System (FIS) to simulate human decision making based on the fuzzy control
rules and the related input linguistic parameters. The low-high inference method is used to associate the outputs
of the inferential rules [19][20]. Using the rule-based structure of fuzzy logic, a series of IF-THEN rules are
defined for the output response given the input conditions, in which the rule is composed of a set of linguistic
control rules and the accompanying control goals in the system. In our proposed work, there are 12 possible
logical-product output response conclusions as shown in Fig.-4.
The Defuzzification is the process of conversion of fuzzy output set into a single number and the
method used for the defuzzification is smallest of minimum (SOM). The aggregate of a fuzzy set includes a
range of output values and be defuzzified in order to resolve a single output value from the fuzzy set.
Defuzzifier adopts the aggregated linguistic values from the inferred fuzzy control action and generates a nonfuzzy control output, which represents the balanced load adapted to load conditions. The defuzzification method
is employed to compute the membership function for the aggregated output [19][20].
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The algorithm-1 is described to maintain the load in VM of cloud computing as follows.
Algorithm-1
Begin
Connect_to_resource()
L1
If (resource found)
Begin
Calculate connection_string()
Select fuzzy_connection()
Return resource to requester
End
Else
Begin
If (Anymore resource available)
Choose_next_resource()
Go to L1
Else
Exit
End
End
The proposed algorithm starts with request a connection to resource. It tests for availability of resource.
It Calculate the connection strength if the resource found. Then select the connection, which is used to access
the resource as per processor speed and load in virtual machine using fuzzy logic.
B. Experiment setup and parameter
Cloudsim[2] is a cloud simulator toolkit that enables modeling and simulation of Cloud computing
systems and application provisioning environments. It supports both system and behavior modeling of Cloud
system components such as data centers, virtual machines (VMs) and resource provisioning policies. Using the
parameters mentioned in the table-1 of virtual machine and data centre, we have examined on cloudsim-3.0 a
cloud computing simulator and evaluate the performance of proposed work using Average Response time, Data
Center processing time.
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V. RESULTS
In the result phase the main focus is to show the result, as the proposed load balancer Fuzzy based
Round Robin (FRR) performs well, when comparing to the Round Robin Load Balancer by considering all
instruction length per request. We have simulated the result by exploiting 25 machines, 5 numbers of processors
per machine, and hundreds of jobs with the parameters mentioned as table-1.
We present some experimental results of the performance increase in the implemented service by
minimize the data centre processing time and overall response time. Benefits of using fuzzy logic on round
robin policy of load balancing are shown. Fig.-5 shows the data centre processing times are minimized with
respect to all instruction length per request for Fuzzy based Round Robin (FRR) load balancer as compared to
conventional Round Robin (RR) load balancer. We observed the efficiency of proposed load balancer FRR in
terms of overall response time from Fig-6. It decreases the overall response time in all respect of data centre
processing times as compared to RR. From these figure we observed that the FRR is better than RR, which is
our objective.

Fig-5: Data Centre Processing Time vs. Instruction Length per Request

Fig6: Overall Response Time vs. Instruction Length per Request
VI. CONCLUSION
With the development of cloud computing as a paradigm in which scientific computing can done
exclusively on resources leased only when needed as per users requirement from big data centers are faced with
a new platform option. So, the initial target of clouds needs the scientific load balancing technique in the cloud
computing environment. In this paper we proposed the new efficient load balancing technique using fuzzy logic
based on Round Robin (RR) load balancing technique to obtain measurable improvements in resource
utilization and availability of cloud-computing environment. The network structure or topology also required to
take into consideration, when creating the logical rules for the load balancer. Two parameters named as the
processor speed and assigned load of Virtual Machine (VM) of the system are jointly used to evaluate the
balanced load on data centers of cloud computing environment through fuzzy logic. The results obtained with
performance evaluation can balance the load with decreases the processing time as well as improvement of
overall response time, which are leads to maximum use of resources. So, the obtained result shows the proposed
Load Balancing algorithms (FRR) perform better than Round Robin (RR) Load balancer and it can be more
appropriate in real life application efficient and effectively.
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