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Abstract— Cloud computing has revolutioned the ICT industry by enabling on-demand provisioning of computing resources. 
An organization can either outsource its computational needs to the cloud avoiding high up-front investments in a private 
computing infrastructure and consequent maintenance costs, or implement a private cloud data center to improve the resource 
management and provisioning processes. The global energy consumption of IT equipment is steadily rising and produces an 
increasing portion of global energy production. Currently, data centers consume about 1.5% of global electricity production, 
whereby their total energy usage has almost tripled between 2000 and 2010.The increasing demand of computational power, 
especially in current cloud computing environments, is an important reason for the rising number of running computers as well 
as increasing energy consumption.  
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I. INTRODUCTION 
 
In recent year, cloud computing has become a popular 
computing paradigm for hosting and delivering 
services over the Internet. The adoption and 
deployment of cloud computing platforms have many 
attractive benefits, such as reliability, quality of 
service and robustness. To the consumer, the cloud 
appears to be infinite, and the consumer can purchase 
as much or as little computing power as they need. 
From a provider’s perspective, the key issue is to 
maximize profits by minimizing the operational costs. 
In this regard, power management in cloud data 
centers is becoming a crucial issue since it dominates 
the operational costs. Moreover, power consumption 
in large-scale computer systems like clouds also raises 
many other serious issues including the emission of 
carbon dioxide and system reliability. Procedure for 
Paper Submission 
 
II. ENERGY CONSUMPTION IN DATA 

CENTERS  
 
Reducing energy consumption is a critical step in 
lowering data center operating costs for various data 
centers. As such, with the growing popularity of cloud 
computing, it is necessary to examine various methods 
by which energy consumption in cloud environments 
can be reduced. 
Although, the Data centers adopt the best practices in 
design, operation and maintenance to achieve 
operational excellence, they have to adopt some 
technologies like virtualization to save energy.  Now, 
the data centers are Looking for solutions that are 
more intelligent, in order to achieve energy efficiency 
and manage the resources. Virtualization in Data 
center offers various benefits like increased resource 

utilization, decreased power and cooling 
consumption, faster provisioning, and saving in space 
requirements. The proposal covers the energy saving 
opportunities through adoption of virtualization of 
servers & network component. 
Nowadays Cloud Computing is utilized in almost all 
fields like Medical, Education, Entertainment, 
business etc.  In particular, cloud computing-based 
solutions should be considered for applications that 
require the agility, scale-out, and ability to integrate 
and analyze massive data that cloud computing can 
provide. Examples of such applications include: big 
data analysis and all-source intelligence integration; 
processing, exploitation, and dissemination of data 
gathered through intelligence, surveillance and 
reconnaissance; large scale modeling and simulation; 
open source data collection, storage, and assessment; 
and advanced decision support systems. 
As reported by the Open Compute Project, Facebook’s 
Oregon data center achieves a Power Usage 
Effectiveness of 1.08, which means that 93 percent of 
the data center’s energy consumption are consumed by 
the computing resources. Therefore, now it is 
important to focus on the resource management aspect 
ie., ensuring that the computing resources are 
efficiently utilized to serve applications so that energy 
can be consumed optimally. Recently, the problem of 
energy consumption by data centers is addressed by 
many researchers. Xiaoying Wang, Zhihui Du and 
Yinong Chen (2012) investigated adaptive model free 
approaches for resource allocation and energy 
management under time varying workloads and 
heterogeneous multi-tier appplications. The objective 
of their research is to guarantee the summarized 
revenue of the resource provider while saving energy 
and operational cost. 
Zhen xiao, Weijia Song and Qi Chen (2013) suggested 
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an approach that uses virtualization technology to 
allocate data center resources based on the application 
demands and support green computing by optimizing 
the number of servers in use. Also, they developed a 
set of heuristics that prevent overload in the system 
effectively while saving energy. 
It is well known that the scope for energy conservation 
in India is enormous. There are huge gains to be made 
by upgrading technology, equipment and appliances 
in a wide range of sectors.  The service sector has been 
experiencing a significant growth in India and major 
part of this is attributable to the IT sector. High tech 
facilities in this sector are making it one of the fastest 
growing energy use sectors.  
According to a survey conducted by Central Electricity 
Authority of India and by the report of Energy 
Statistics 2011( under Ministry of Statistics and 
Programme Implementation),  the power consumption 
of Industry is indicated as 45.52% of total energy 
share. Although net consumption of data centers in 
India has yet to be quantified, the IT-heavy nature of 
the country’s economy suggests relative data center 
consumption in India may contribute much among all 
sectors. 
The resource utilization and QoS is explained by the 
fact that server overload cause resource shortage and 
performance degradation of applications. Anton 
Beloglazov and Rajkumar Buyaa(2013) proposed a 
novel approach to manage the overloaded hosts that 
optimally solves the problem of post overload 
detection by maximizing the mean inter migration 
time under the specified QoS. The objective of the 
proposal is that minimizing energy consumption and 
maximizes the QoS delivered by the system which 
form an energy-performance tradeoff. 
Google, Salesforce, IBM, Microsoft, and Oracle have 
begun to establish new data centers for hosting cloud 
computing applications in various locations around 
the world to provide redundancy and ensure reliability 
in case of site failures. Due to the gain of carbon 
dioxide pollution in our environment, rising energy 
costs and future high-growth IT market, approaches 
are needed to improve energy efficiency of the entire 
IT. Some methods, e.g effective reuse of waste heat, 
correct dimensioning of IT components and 
employing energy-efficient hardware are state of the 
art. 
As part of energy efficiency initiative in Indian data 
centers, Confederation of Indian Industry (CII) has 
published energy efficiency guidelines & Best 
practices to be adopted in Indian data Centers which 
was supported by Bureau of Energy Efficiency (BEE0, 
Ministry of Power, and Government of India. Among 
several energy saving technologies, the adoption of 
effective server virtualization techniques would 
improve the power saving potential of the data centers 
by 40%. 

With effective load prediction algorithms, we can 
proactively prevent server overloading   situation and 
also it minimizes unnecessary migrations due to 
temporary load fluctuation. Based on the prediction 
algorithms, the resource optimization is done with the 
Genetic algorithms and the system will proceed the 
adjustment strategies according to the real-time 
demand of virtual machines. Once a new request of 
VM arrives, the system will run genetic algorithm to 
adjust the overall allocation of the resources.    
   
III. EXISTING LOAD BALANCING 

TECHNIQUES IN CLOUDS 
 
Following load balancing techniques are currently 
prevalent in clouds VectorDot- A. Singh et al. 
proposed a novel load balancing algorithm called 
VectorDot. It handles the hierarchical com-plexity of 
the data-center and multidimensionality of resource 
loads across servers, network switches, and storage in 
an agile data center that has integrated server and 
storage virtu- alization technologies. VectorDot uses 
dot product to distin-guish nodes based on the item 
requirements and helps in removing overloads on 
servers, switches and storage nodes. 
CARTON- R.  Stanojevic et al. proposed a  
mechanism CARTON for cloud control that unifies 
the use of LB and DRL. LB (Load Balancing) is used 
to equally distribute the jobs to different servers so that 
the associated costs can be mini-mized and DRL 
(Distributed Rate Limiting) is used to make sure that 
the resources are distributed in a way to keep a fair 
resource allocation. DRL also adapts to server 
capacities for the dynamic workloads so that 
performance levels at all serv-ers are equal. With very 
low computation and communication overhead, this 
algorithm is simple and easy to implement.  
Compare and Balance- Y. Zhao et al. [3] addressed the 
prob-lem of intra-cloud load balancing amongst 
physical hosts by adaptive live migration of virtual 
machines. A load balancing model is designed and 
implemented to reduce virtual ma-chines’ migration 
time by shared storage, to balance load amongst 
servers according to their processor or IO usage, etc. 
and to keep virtual machines’ zero-downtime in the 
process. A distributed load balancing algorithm 
COMPARE AND BAL-ANCE is also proposed that is 
based on sampling and reaches equilibrium very fast. 
This algorithm assures that the migration of VMs is 
always from high-cost physical hosts to low-cost host 
but assumes that each physical host has enough 
memory which is a weak assumption.  
Event-driven- V. Nae et al. presented an event-driven 
load balancing algorithm for real-time Massively 
Multiplayer Online Games (MMOG). This algorithm 
after receiving capacity events as input, analyzes its 
components in context of the resources and the global 
state of the game session, thereby generating the game 
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session load balancing actions. It is ca-pable of scaling 
up and down a game session on multiple resources 
according to the variable user load but has occa-sional 
QoS breaches.  
Scheduling strategy on LB of VM resources - J. Hu et 
al.  
proposed a scheduling strategy on load balancing of 
VM resources that uses historical data and current 
state of the system. This strategy achieves the best load 
balancing and reduced dynamic migration by using a 
genetic algorithm. It helps in resolving the issue of 
load imbalance and high cost of migration thus 
achieving better resource utilization.  
CLBVM- A. Bhadani et al. proposed a Central Load 
Bal-ancing Policy for Virtual Machines (CLBVM) 
that balances the load evenly in a distributed virtual 
machine/cloud computing environment. This policy 
improves the overall performance of the system but 
does not consider the systems that are fault-tolerant.  
LBVS- H. Liu et al. proposed a load balancing virtual 
stor-age strategy (LBVS) that provides a large scale 
net data stor-age model and Storage as a Service 
model based on Cloud Storage. Storage virtualization 
is achieved using an architec-ture that is three-layered 
and load balancing is achieved using two load 
balancing modules. It helps in improving the 
efficien-cy of concurrent access by using replica 
balancing further reducing the response time and 
enhancing the capacity of disaster recovery. This 
strategy also helps in improving the use rate of storage 
resource, flexibility and robustness of the system.  
Nidhi Jain Kansal and Inderveer Chana Task 
Scheduling based on LB- Y. Fang et al. [8] discussed a 
two-level task scheduling mechanism based on load 
balanc-ing to meet dynamic requirements of users and 
obtain high resource utilization. It achieves load 
balancing by first map-ping tasks to virtual machines 
and then virtual machines to host resources thereby 
improving the task response time, resource utilization 
and overall performance of the cloud com-puting 
environment.  
Honeybee Foraging Behavior- M. Randles et al. 
Investi-gated a decentralized honeybee-based load 
balancing tech-nique that is a nature-inspired 
algorithm for self-organization. It achieves global 
load balancing through local server actions. 
Performance of the system is enhanced with increased 
sys-tem diversity but throughput is not increased with 
an increase in system size. It is best suited for the 
conditions where the diverse population of service 
types is required.  
Biased Random Sampling- M. Randles et al. [9] 
investigated a distributed and scalable load balancing 
approach that uses random sampling of the system 
domain to achieve self-organization thus balancing 
the load across all nodes of the system. The 
performance of the system is improved with high and 
similar population of resources thus resulting in an 

in-creased throughput by effectively utilizing the 
increased sys-tem resources. It is degraded with an 
increase in population diversity.  
Active Clustering- M. Randles et al. [9] investigated a 
self-aggregation load balancing technique that is a 
self-aggregation algorithm to optimize job 
assignments by con-necting similar services using 
local re-wiring. The performance of the system is 
enhanced with high resources thereby in-creasing the 
throughput by using these resources effectively. It is 
degraded with an increase in system diversity.  
ACCLB- Z. Zhang et al. [10] proposed a load 
balancing mech-anism based on ant colony and 
complex network theory (ACCLB) in an open cloud 
computing federation. It uses small-world and 
scale-free characteristics of a complex network to 
achieve better load balancing. This technique 
overcomes heterogeneity, is adaptive to dynamic 
environments, is excel-lent in fault tolerance and has 
good scalability hence helps in improving the 
performance of the system.  
(OLB + LBMM)- S.-C. Wang et al. [11] proposed a 
two-phase scheduling algorithm that combines OLB 
(Opportunistic Load Balancing) and LBMM (Load 
Balance Min-Min) scheduling algorithms to utilize 
better executing efficiency and maintain the load 
balancing of the system. OLB scheduling algorithm, 
keeps every node in working state to achieve the goal 
of load balance and LBMM scheduling algorithm is 
utilized to mini-mize the execution time of each task 
on the node thereby minimizing the overall 
completion time. This combined ap-proach hence 
helps in an efficient utilization of resources and 
enhances the work efficiency.  
Ecentralized content aware- H. Mehta et al. proposed 
a new content aware load balancing policy named as 
work-load and client aware policy (WCAP). It uses a 
parameter named as USP to specify the unique and 
special property of the requests as well as computing 
nodes. USP helps the scheduler to decide the best 
suitable node for processing the requests. This strategy 
is implemented in a decentralized manner with low 
overhead. By using the content information to narrow 
down the search, it improves the searching 
perfor-mance overall performance of the system. It 
also helps in reducing the idle time of the computing 
nodes hence improv-ing their utilization. 
Server-based LB for Internet distributed services- A. 
M. Nakai et al. [13] proposed a new server-based load 
balancing policy for web servers which are distributed 
all over the world. It helps in reducing the service 
response times by using a protocol that limits the 
redirection of requests to the closest remote servers 
without overloading them. A middleware is described 
to implement this protocol. It also uses a heuristic to 
help web servers to endure overloads.  
Join-Idle-Queue- Y. Lua et al. [14] proposed a 
Join-Idle-Queue load balancing algorithm for 
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dynamically scalable web services. This algorithm 
provides large-scale load balancing with distributed 
dispatchers by, first load balancing idle pro-cessors 
across dispatchers for the availability of idle 
proces-sors at each dispatcher and then, assigning jobs 
to processors to reduce average queue length at each 
processor. By remov-ing the load balancing work from 
the critical path of request processing, it effectively 
reduces the system load, incurs no communication 
overhead at job arrivals and does not increase actual 
response time.  
Lock-free multiprocessing solution for LB- X. Liu et 
al. [15] proposed a lock-free multiprocessing load 
balancing solution that avoids the use of shared 
memory in contrast to other multiprocessing load 
balancing solutions which use shared memory and 
lock to maintain a user session. It is achieved by 
modifying Linux kernel. This solution helps in 
improving the overall performance of load balancer in 
a multi-core environ-ment by running multiple 
load-balancing processes in one load balancer. 
Table I shows the existing load balancing techniques 
in cloud computing. This review identifies the 
techniques, their environ-ment and description 
according to what has been stated in each of the 
selected papers. 
 
IV. METRICS FOR LOAD BALANCING IN 

CLOUDS 
 
Various metrics considered in existing load balancing 
techniques in cloud computing are discussed below 
Throughput is used to calculate the no. of tasks whose 
exe-cution has been completed. It should be high to 
improve the performance of the system.  
Overhead Associated determines the amount of 
overhead involved while implementing a 
load-balancing algorithm. It is composed of overhead 
due to movement of tasks, inter-processor and 
inter-process communication. This should be 
minimized so that a load balancing technique can 
work efficiently.  
Fault Tolerance is the ability of an algorithm to 
perform uni-form load balancing in spite of arbitrary 
node or link failure. The load balancing should be a 
good fault-tolerant technique.  
Migration time is the time to migrate the jobs or 
resources from one node to other. It should be 
minimized in order to enhance the performance of the 
system.  
Response Time is the amount of time taken to respond 
by a particular load balancing algorithm in a 
distributed system. This parameter should be 
minimized. 
Scalability is the ability of an algorithm to perform 
load balancing for a system with any finite number of 
nodes. This metric should be improved. 
Performance is used to check the efficiency of the 

system. 
This has to be improved at a reasonable cost, e.g., 
reduce 
 
V. PROPOSED SYSTEM 
 
In the proposed system, an efficient resource 
allocation system is suggested to avoid overload in the 
system while minimizing the number of servers used 
to save energy. The concept of skewness can be used to 
quantify the unevenness in the utilizations of multiple 
resources on the server. By optimizing this measure, 
the utilization of servers can be improved in the face of 
multidimensional resource constraints. A load 
prediction algorithm can be employed to capture the 
future usage accurately. Prediction of workload can be 
done based on the past external behaviors of virtual 
machines without migrating the existing virtual 
machines. This algorithm can be executed 
periodically to evaluate the resource allocation status 
based on the predicted future resource demands of 
VMs. To estimate the resource requirements of the 
application to remind the system to create or collect 
the VMs in accordance with the real Internet situation, 
an effective regression algorithm can be used. The 
proposal suggests the use of a time series predictor 
called Support Vector Regression (SVR). This SVR 
nonlinearly maps the input space into a high 
dimensional feature space using an appropriate kernel 
representation.   
 A server as a hot spot can be defined if the utilization 
of any of its resources is above a hot threshold. This 
indicates that the server is overloaded and hence some 
VMs running on it should be migrated away. The 
temperature of a hot spot is also defined as the square 
sum of its resource utilization beyond the hot 
threshold. It reflects its degree of overload. If a server 
is not a hot spot, its temperature is zero. A server may 
be turned into cold spot if the utilizations of all its 
resources are below a cold threshold. This indicates 
that the server is mostly idle and a potential candidate 
to turn off to save energy. However, this can be done 
only when the average resource utilization of all 
actively used servers in the system is below a green 
computing threshold. A server is actively used if it has 
at least one VM running. Otherwise, it is inactive. 
Finally, a warm threshold is defined to be a level of 
resource utilization that is sufficiently high to justify 
having the server running but not so high as to risk 
becoming a hot spot in the face of temporary 
fluctuation of application resource demands. Also, 
different types of resources can have different 
thresholds. For example, the hot thresholds for CPU 
and memory resources can be fixed as 90 and 80 
percent, respectively. Thus a server is a hot spot if 
either its CPU usage is above 90 percent or its memory 
usage is above 80 percent. The servers are listed in the 
decreasing order of hot spot temperature. For each 
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server, the decision should be made on which of its 
VMs should be migrated away. The objective is to 
migrate away the VM that can reduce the server’s 
temperature the most. In case of ties, the VM whose 
removal can reduce the skewness of the server the 
most can be selected. The proposal aims to eliminate 
all hot spots if possible. Otherwise, keep their 
temperature as low as possible. 
When the resource utilization of active servers is too 
low, some of them can be turned off to save energy. 
The challenge here is to reduce the number of active 
servers during low load without sacrificing 
performance either now or in the future so that 
oscillation in the system may be avoided. When a new 
request for a virtual machine arrives, an AI based 
resource dispatch technique may be adopted to 
determine the reallocation of resources. This 
techniques would help to achieve an effective 
configuration via reaching an agreement between the 
utilization of resources within physical machines 
monitored by physical machine monitor and service 
level agreements (SLA) between virtual machine 
operator and a cloud service provider. 
 
VI. RESULTS AND DISCUSSIONS 
 
The goal of this study was to determine whether the 
literature on load balancing techniques in cloud 
computing provides a uniform and rigorous base. The 
papers were initially obtained in a broad search in four 
databases covering relevant journals, conference and 
workshop proceedings. Then an extensive systematic 
selection process was carried out to identify papers 
describing load balancing techniques in cloud 
computing. The results presented here thus give a 
good picture of the existing load balancing techniques 
in cloud computing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 
In the present scenario, there is a need to develop an 
energy-efficient load balancing technique that can 
improve the performance of cloud computing by 
balancing the workload across all the nodes in the 
cloud along with maximum resource utilization, in 
turn reducing energy consumption and carbon 
emission to an extent which will help to achieve Green 
computing. 
 
A prediction mechanism is designed to estimate the 
number of resource utilization according to the SLA of 
each process and the resources are redistributed based 
on the current status of all virtual machines installed 
in physical machines. Based on the new scheme, our 
proposed system can fully utilize hardware resources 
and maintain desirable performance in the cloud 
environment. 
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