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Abstract
Cloud computing is a currentbuzzword in the market. It is an 
emerging technology now a days which focus onthe distributed 
database system which generally concern with the unavailability 
of the global clock as well as a shared memory and is totally 
correlated with internet as a service.
Central issue behind cloud is an effective load balancing technique. 
Load balancing is one of the main challenges in cloud computing 
which is required to distribute the dynamic workload across 
multiple nodes to improve both resource utilization as well 
as job response time while avoiding the situation where some 
nodes are heavily loaded and some nodes are in idle position. So 
we distribute the workloads across multiple computer clusters, 
network links, Central Processing Unit or other resources. The 
availability of a Virtual Machine in cloud is one major concern 
of cloud computing. So if we focus on the virtual servers then 
to manage the resource allocation process in virtual machines 
plays a vital role.
The aim of this paper is to discuss the concept of cloud computing 
as well as the energy consumption while using this service 
and to increase the performance matrix of the system. Energy 
consumption is used for the energy-efficient load balancing. We 
will further discuss the techniques used in load balancing.
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I. Introduction
Cloud computing is emerging as a new paradigm of a large scale 
distributed computing.It is a type of computing that relies on 
sharing computing resources rather than having local servers or 
devices to handle our own applications. It is a future of next 
generation computing that provides all the applications associated 
with its virtual servers to the client. It has the capability to harness 
the power of internet and Wide Area Network (WAN) to use the 
resources available in the clouds. It is an on demand service in 
which a client requests for several resources as per the need. All 
the components in clouds are geographically scattered because it 
uses the concept of distributed system. Cloud is generally used as 
an internet because internet is a main term associate with it.
Due to the exponential growth of clouds many big companies are 
adopting this technology as their future. So as this technology is 
expanded day by day and this expansion has caused the dramatic 
increase in energy use and harm the environment in terms of 
carbon footprints
There is a situation when the system hangs up or it seems that 
the all the processes are in the blocking state. So it might be the 
situation of deadlock where all the processes are waiting for the 
resources held by the other resources.
Load balancing is one of the central issues while using cloud 
computing as a service. It is an approach in which we have to 
manage all the resources used by a particular client as well as the 

serverfor having high throughput and least response time. The real 
time example of load balancing is the use of any website. While 
using any website a user thinks that only he is using that particular 
website but the server as well as the virtual servers manages the 
whole workload in between several clients that all will have an 
equal access to the website and no one will be overloaded or 
under loaded. If we will not balance the load then we may face 
the problem of timeouts, response delay, long processing time.
The solution involves making use of duplicate servers to make 
the website available by balancing the network traffic. So overall 
we have to maintain the system stability. 
There are mainly three components in the cloud:

Client1. 
Datacenters2. 
Distributed servers3. 

These three components make up a cloud computing solution 
effective.

II. Load Balancing
Load balancing is relatively a new technique that facilitates 
networks and resources by providing maximum throughput with 
minimum response time. It is a field of computer networking 
in which we mainly concern with distributing workloads 
across multiple computer components like CPU, disk drives 
etc. Distributed processing and communication activity evenly 
shared within a computer network so that no single device is 
overwhelmed. This is mainly important in networks where it is 
difficult to predict the no. of requests going to the servers at a 
single instance of time. If this condition occurs in the server side 
than the load balancers in the server manages all the requests 
going through them and distributes the load across multiple virtual 
servers for being a sequential communication.
This process is mainly important to improve the performance 
of the system. Workload mainly refers to the processing time 
required to execute all the tasks assigned to a machine. A load 
balancing algorithm is dynamic in nature and does not considered 
the previous state of the system. Hardware and software load 
balancers have variety of special features like Distributed denial 
of service, Asymmetric load, Priority activation etc.
The tasks within a server are distributed within several load 
balancing clusters. Same types of tasks are assigned within a 
same cluster. To distribute the user requests to several nodes, 
a load balancer is useful. The load balancer always checks the 
performance of each and every node. The assignment of next 
user request depends on the performance of the node. Better the 
estimated performance of node means more the requests. If any 
of the nodes will fail then the whole the system will not fail. Load 
balancers will recognize the failure of the node. As the application 
demand increases, new servers can be easily added to the resource 
pool and the load balancer will immediately begin sending traffic 
to the new server. One of the most common applications of load 
balancing is to provide a single internet service from multiple 
servers, sometimes known as server farm.
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The most important thing to consider while developing a load 
balancing algorithm is to estimate the load, comparison between 
nodes, performance of the system, selecting the node etc. If we will 
manage all the above parameters, we can develop a proper load 
balancing algorithm in which we will not have the interference 
in between any two nodes. We will discuss the load balancing 
algorithms in the next section.

III. Need of Load Balancing in Cloud Computing
As we have mentioned above how the Load Balancing Cluster 
works and how load balancer manages the workload in the servers. 
So we may say that Load balancing is a key to successful cloud-
based architecture. In cloud, load balancers distribute the whole 
dynamic workload over all the nodes acting currently. Load 
balancing is so much important in cloud computing to have a 
backup plan in case system fails even partially and to maintain the 
system stability. If we are building any software component the 
distribution of the work among various nodes is a common thing 
so if we have to modify our software component, load balancing 
is one of the most useful applications there. So to accommodate 
future modification in the system it plays a vital role.
Load balancing is also important to achieve green computing. 
Here are mainly two factors that influence it as:

A. Decrease Energy Consumption
When it comes to load balancing, load balancers distribute the 
dynamic workload across multiple nodes. So not a single node is 
overheating, hence energy consumption is reduced.

B. Reducing Carbon Emission
Carbon emission is directly proportional to the energy consumption. 
As the energy consumption will reduce, the carbon emission will 
also reduce gradually.

IV. Classification of Load Balancing Algorithm
On the basis of initiation of the process load balancing algorithms 
are classified as under:

Sender initiated: •	 This type of algorithm is initiated by 
the sender. It means that the distribution is initiated by an 
overloaded node.
Receiver initiated: •	 Receiver sends a request to acknowledge 
a sender. This type of algorithm is initiated by a receiver and 
distribution is initiated by a lightly loaded nodes.
Symmetric: •	 It includes feature of both sender and receiver 
initiated.

On the basis of current state of the system there are two types of 
load balancing algorithms.

A. Static Load Balancing
Static load balancing algorithm does not depend on the current 
state of the system. But we should have the prior knowledge of 
the system. This algorithm divides the load equivalently between 
the server nodes. In this approach the work is assigned to the child 
processes from the parent process and the parent will measure 
the performance matrix of the child systems independently. The 
child process will perform the work and return the result to the 
parent process.
This algorithm has a drawback that if the task is assigned to any 
process then that task can’t be shifted from one node to another 
to balance the load.

B. Dynamic Load Balancing
Dynamic load balancing algorithm depends on the current state of 
the system but no prior knowledge is required. It is most widely 
used and better than static load balancing.
Dynamic load balancing can be done in two different systems:

Distributed• 
Non- distributed• 

In distributed system load balancing algorithm is executed by all 
the acting nodes and shares the workload among each other to 
balance the load.Distributed approach contains entities to make 
decision on a predefined set of nodes. It avoids the bottleneck of 
collecting state information and reacts faster. Distributed load 
balancing algorithm has main advantage over others that it shares 
data or communication in between all the nodes. So if any one 
node will fail in between the communication then whole process 
will not be discarded.
The interaction among two nodes takes the following two forms: 
cooperative and non-cooperative.
In cooperative one distributed entities cooperate with each other. 
One node is directly proportional to other one that’s why these 
algorithms are more complex and involve large overhead. On the 
other side in non-cooperative algorithm each site works and makes 
scheduling decisions independently from other entities.
In non-distributed system load balancing algorithm is only one 
node initiate the load balancing algorithm so it is also called as a 
centralized system. Only single node is responsible for balancing 
the load of whole system. This approach collects information 
to server node and makes assignment decision so having lower 
fault-tolerance.

Issues in designing Load-balancing algorithms:
There are several policies for dynamic load balancing algorithms 
as:

Load Estimation policy-1. This policy is for measuring the 
work done and load by a single processor.
Process transfer policy- 2. This policy is for transferring the 
load from a local node to a remote node.
Location policy- 3. To reduce the workload of any overloaded 
node the algorithm choose the location of less loaded node, 
this policy is used.
Selection policy- 4. This policy is for the nodes currently taking 
part in exchanging the load in between.
State information exchange policy- 5. To determine which 
process will exchange the load to which process comes under 
this policy.
Priority assignment policy- 6. Which process in between local 
and remote will execute first is determined by this policy.
Migration limiting policy- 7. This policy determines the total 
number of times a process can migrate from one machine 
to another.

On the basis of all the above policies we may determine an 
efficient load balancing algorithm. We may easily balance the 
load in between several processes. There are several components 
in a dynamic load balancing algorithm. In the diagram below we 
may see the interaction between components.
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Fig. 1: Interaction Among Components of a Dynamic Load Balancing Algorithm

V. Distributed Load Balancing Algorithm for Clouds
In distributed system we have a very complex system in which to balance the loads will also be an excellent job. We will have to 
manage the nodes in such a way that whole load should be balanced. There are some algorithms to manage the loads: honeybee 
foraging algorithm,a biased random sampling and Active clustering algorithm.

A. Honeybee Foraging Algorithm
This is an optimization algorithm and based on the decision making behavior of honey bees. The behavior of honey bees is to find 
and reap the food. There are two types of bees Forging bees that collects food from the source and the Scout bees that are navigators. 
Forging bees use a waggle dance to communicate with each other. The display of the dance gives the idea of quality, distance and 
direction of the flower patch. Scout bees then follows the forging bees if the patch is still good and then began to reap it. So this 
whole process will continue till optimal solution is found.

Fig. 2: Server Allocation in Honey Bee Technique
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In case of load balancing in cloud honey bee algorithm is described 
in above diagram. Serveracts as a bee, web applications are flower 
patches, an advert board is used to simulate a waggle dance and 
each server is either a forager or a scout. Advert board is where 
servers may place advertising.
All the servers are grouped under virtual servers and all virtual 
servers have their own queue in which the requests are placed. 
When a server executes a requested process, it calculates the profit. 
A server compares the profit with the colony profit and measures 
its profit. If this profit is high then server stays in the virtual 
server otherwise server returns to the scout behavior. This process 
continues until load is balanced properly.

B. Biased Random Sampling
A sampling method is called biased if it systematically favors some 
outcomes over others. Sampling bias sometimes called systematic 
bias.Here servers are treated as a node. We have to connect all 
the nodes and construct a virtual graph that represents the load 
on a server.
Here are two conditions while executing a job.

Whenever a node executes a job, it deletes an incoming edge. 1. 
It means the decrement in availability of free resource.
Whenever a job executed properly, the node creates an 2. 
incoming edge. It means increment in availability of free 
resource.

After completion of a job, an edge is created from the initiating 
node to the node which was executing the job.This load balancing 
is decentralized so we may use this scheme in cloud computing. 
At the end we will find a directed graph and measure the load.

C. Active Clustering
The Active Clustering framework proposes methods which 
can perform hierarchical clustering of some items based on a 
small subset of pairwise similarities.As the name suggests active 
clustering means that we have to fix the node of same types in the 
same cluster. We have to work on these clusters as:

A node initiates the process and selects the matchmaker node 1. 
from its neighbor that should not be of same type.
Matchmaker node then forms a connection with neighbor of 2. 
the initial node that should be of same type.
Matchmaker node at last detached a connection with the 3. 
initial one.

This is how active clustering works.

VI. Solution for Load Balancing in Cloud
One of the main solutions for load balancing is the use of cloud 
load balancers. If we get out from load balancers, we have a 
technique called Ant Colony Optimization which provides us an 
optimal solution as:

A. Ant Colony Optimization
Generally the Behavior of an ant is unsuspicious. They can’t bear 
lot of workload at a single instance of time. When it comes to 
the group of ants, they perform a complicated task with a great 
reliability and consistency. This is self-organization rather than 
learning, ant shave to cope with a phenomenon that looks very 
much like overtraining in reinforcement learning techniques.

Fig. 3: Ant Colony Optimization

This social behavior of ant is studied by many scientists. Scientists 
conclude that this behavior may be used as an optimization problem 
in many big applications. By using this approach we mayfind the 
shortest path in between two nodes and hence reduce the loads in 
each node in the system.

VII. Metrics for Load Balancing in Cloud
In cloud computing, load balancing is required to distribute the 
workload across several nodes. There are some parameters in 
existing load balancing techniques as follows:

Throughput- 1. It is used to calculate the no. of task executed 
during the session. Throughput of any node should be high.
Overhead Associated- 2. It determines the amount of 
overhead (inter-process communication) produced during 
implementation of load balancing algorithm.
Fault tolerance-3. It means how much fault an algorithm can 
bear without failure of any site. Load balancing should be a 
good fault tolerance technique.
Migration time- 4. It is a time to transfer a job from one 
node to another. This time should me minimum for better 
performance.
Response time- 5. It is the minimum amount of time taken 
to respond by a particular load balancing algorithm in a 
distributed system.
Resource Utilization-6. It checks for the resources currently 
hold or used by any node. A good load balancing algorithm 
utilizes more resources.
Scalability- 7. It determines what the requirements are and how 
much we can scale our algorithm.
Performance- 8. How our system performs after applying 
load balancing algorithms. We measure total efficiency of 
the system.

These all are the performance matrices. If we will go through all 
the possible parameters then we will get an optimized system 
with high performance.
Besides these we have two main metrics for better energy 
efficiency. These are:

Energy Consumption• 
Carbon Emission• 

Existing load balancing algorithms are compared based on above 
matrices in below table:
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Metrics Honeybee
Foraging

Biased 
random 
sampling

Active 
Clustering

Throughout No No No

Overhead No Yes Yes

Fault Tolerance No No No
Migration Time No No Yes
Response Time No No No
Resource Utilization Yes Yes Yes
Scalability No No No
Performance No Yes No

Fig. 4: Comparison of Existing Load Balancing Techniques

VIII. Conclusion & Future Work
Cloud computing is one of the business aspect now a days. The 
future of the work is definitely in the cloud. Load balancing plays 
a vital role in cloud. The purpose of the paper is to enhance the 
load balancing techniques in the field of cloud. It is mainly used 
for high user satisfaction and resource utilization. In this paper 
we defined the solution for load balancing algorithm as an Ant 
Colony Optimization in which we have seen how to use an 
optimization algorithm to achieve best solution. In distributed 
database system load balancing is the central issue to manage all 
the nodes evenly.
If we come to future work, we have defined only two algorithms 
for load balancing. Energy management is a vast field in load 
balancing. To utilize the energy consumption and carbon emission 
is really a good job in clouds. So we may develop an energy 
efficient algorithm to balance the load in cloud.
Eucalyptus is a technique generally used for managing load 
balancing algorithms. This technique does not account for power 
consumption when applying its default load balancing techniques.
Researchers can proceed to include implementation of cloud load 
balancing with eucalyptus in their future researches.
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