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ABSTRACT 
Today cloud computing has become an emerging and dynamic style of computing over internet. It has many advantages and 
has so far held its promise to eradicate the need of setting up of costly IT-based computing infrastructures. However it also has 
some crucial issues such as load management, security and fault tolerance to be resolved in order to improve reliability of 
cloud environment. This paper focus on the load balancing issue in cloud computing. Many methods to resolve this load 
balancing problem has been proposed such as Particle Swarm Optimization, Hash method, Ant Colony optimization, Pareto 
Distribution, Genetic algorithms and several scheduling based algorithms. In this paper we are proposing two algorithms to 
provide efficient load balancing in a multiple cloud environment. Both the proposed method have been implemented using 
Windows Azure Framework. 
Keywords: Cloud Computing, Load Balancing, Window Azure Framework. 

1. INTRODUCTION 
Cloud Computing is a catchword in today’s IT industry and is becoming the primary source of computing power for 
both organizational and personal computing. Cloud computing has been the major area of research for the last few 
years and it has immensely excelled to serve as a way to increase capacity and/or add new services without the need for 
setting up of costly infrastructures or licensing new software. One other major advantage of cloud computing is that it 
hides the complexity of IT technology from front end users and to some extent developers [1]. Some of its other 
advantages of include reduced hardware and maintenance cost, easy worldwide accessibility, flexibility, scalability, 
device and user-location independent and the highly automated process. 
There are dozens of different definitions for Cloud Computing and there seems to be no consensus on what a Cloud is. 
Some of these definitions are:  
“A large-scale distributed computing paradigm that is driven by economies of scale, in which a pool of abstracted 
virtualized, dynamically-scalable, managed computing power, storage, platforms, and services are delivered on 
demand to external customers over the Internet.” - Foster et al. [2] 
“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.” - National Institute of 
Standards and Technology (NIST) [3] 
“A style of computing where massively scalable IT-related capabilities are provided as a service across the internet 
to multiple external customers using internet technologies." Gartner [4] 
Cloud computing can be considered to consist of a three layered model architecture depending on the different types of 
services offered, as in Figure 1 [5].  

1.1 Infrastructure as a Service (IaaS) 
IaaS is the lowest layer and refers to the operating system and its virtualization. Different users will be allocated with 
dedicated CPU and memory virtually depending upon their accountability. 

1.2 Platform as a Service (PaaS) 
PaaS is the middle layer and refers to the programming models & environment, execution method, database, and web 
server. 

1.3 Software as a Service (SaaS) 
SaaS is the topmost layer and is the most important from user’s perspective. It features a complete application offered 
as service on demand. This where the cloud providers install and operate application softwares in the cloud. The cloud 
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users can access these softwares from cloud clients and are prevented from directly accessing infrastructure of the cloud 
and platform on which the application is running i.e., the users here would only be accessing the software online and 
storing the data back in the cloud eradicating the need of locally installing application on user's machine, thus 
lessening burden for software maintenance on the customer. This attribute offers ease of maintenance and support for 
various levels of user accountability [6]. 

 
Figure 1: Cloud Layered Model 

Irrespective of three layered service model of the cloud, cloud services can be deployed in four different ways 
considering the requirements of the customer as: 

A]. Public Cloud: Multiple customers and/or enterprises work on the cloud infrastructure at the same time, which is 
often managed by a third party. Users through the internet can easily and dynamically provision resources from an off-
site service provider. This check for the wastage of resources as the user pays for whatever they use. 

B]. Private Cloud: Only a specific customer can avail the cloud infrastructure, which is managed by the organization 
itself or third party service provider. This type of cloud achieves the concept of virtualization of machines, and is thus a 
proprietary network 

C]. Community cloud: In such a cloud the infrastructure is shared by several organizations for a common cause and 
is often managed by them or a third party service provider. 

D]. Hybrid Cloud: It is the composition of two or more cloud deployment models, hence the name hybrid. The 
models used here are linked in ways that do not affect each other. 
 
The rest of the paper is organized as follows: section 2 gives the categorization of load balancing algorithms on the 
basis of the current state, who initiated the process and the policies they implement. Section 3 gives the literature 
survey and discusses key features of dynamic load balancing algorithms. Section 4 gives the proposed load balancing 
algorithms and section 5 gives the results of the proposed method, finally section 6 gives the conclusion of this work. 

2. TYPES OF LOAD BALANCING ALGORITHMS 
Load balancing is the method of reallocating the work load among nodes of the cloud to improve both the resource 
consumption and the job response time. Depending on the current state of the system, load balancing algorithms can be 
divided into two categories as given in [7]: 
Static: In static load balancing algorithms the performance of the processors is determined at the beginning of 
execution and no dynamic information is used. In other words these algorithms don’t depend on the current state of the 
system. Prior knowledge of the system is needed. One major drawback of static load balancing algorithms is that in 
certain cases the complete required information may not be available at the allocation time and thus an assigned 
process to a node cannot be changed during process execution to make changes in the system load leading to process 
being left incomplete i.e., static algorithms are non-preemptive. Round Robin Algorithm, Randomized Algorithm, 
Rate-monotonic, Central Manager Algorithm, etc are some of the common examples of static load balancing 
algorithms. 
Dynamic: In Dynamic load balancing (DLB) algorithms decisions on load balancing are made at runtime. No prior 
knowledge is needed. Unlike static algorithms, dynamic algorithms buffer the processes in the queue on the main node 
and allocated dynamically upon requests from remote nodes. Earliest-deadline-first (EDF), least-laxity-first (LLF), 
FPZL and DPZL are some of the examples of dynamic load balancing algorithms. 
 
Whereas depending on who initiated the process, load balancing algorithms can be categorized as [7]: 
Sender Initiated: If the load balancing algorithm is initialised by the sender. In SI algorithms, a heavily loaded node 
initiates the load balancing process by requesting their present load information from other nodes and then assigning 
the current task to the lightly loaded nodes. Thus SI algorithms facilitate process migration from a heavily loaded node 
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to a lightly loaded node. The sender-initiated algorithms perform better at low to moderate system loads since at these 
loads, the probability of finding a lightly-loaded node is higher. 
Receiver Initiated: If the load balancing algorithm is initiated by the receiver. Here lightly-loaded nodes look for 
heavily-loaded nodes from which work may be received. At high system loads, the receiver initiated policy performs 
better since it is much easier to find a heavily-loaded node.    
Symmetric: Both sender-initiated and receiver-initiated algorithms work extremely well at different system load 
conditions thus a combination of both the techniques can be advantageous. Symmetric initiated algorithms are 
combination of both sender initiated and receiver initiated. 
Periodically Exchanged (PE): In the PE algorithms, nodes periodically exchange their load information and use the 
load information of last period as the reference to make Process transfer decisions for the current period. When a new 
process comes, a node checks whether its current load level is too high. If so, it randomly selects a number of nodes, up 
to a preset limit, whose last period load level are low enough, and polls them one by one. The new process is transferred 
to the first node whose current load level is low enough. If no such node existed, the job is processed locally [8]. 
 
Load balancing algorithms can also be categorized and defined by the policies they implementation as [9]:  
Information policy: specifies what workload information to be collected, when it is to be collected and from where. 
Triggering policy: determines the appropriate period to start a load balancing operation.  
Resource type policy: classifies a resource as server or receiver of tasks according to its availability status.  
Location policy: uses the results of the resource type policy to find a suitable partner for a server or receiver.  
Selection policy: defines the tasks that should be migrated from overloaded resources (source) to most idle resources 
(receiver). 

3. LITERATURE SURVEY 
Since dynamic load balancing can produce a better performance as it makes load balancing decisions based on the 
current load of the system, we will focus our attention on dynamic load balancing algorithms in this research. Dynamic 
load balancing can be carried out in two different schemes: distributed and nondistributed. 
In a distributed scheme, all nodes in the system execute the dynamic load balancing algorithm and share the 
responsibility of load balancing. The interaction among nodes to achieve load balancing can be cooperative where 
nodes work together to achieve a global objective or non-cooperative where each node works independently toward a 
local goal. Thus distributed dynamic load balancing algorithms tend to generate more overhead due to large number of 
messages being exchanged between the nodes in  
order to make its load balancing decisions. An advantage     Majority of dynamic load balancing algorithms proposed in 
the literature are distributed, which is of greater advantage when each node is given the maximum chance to act alone 
or to interact with as few nodes as possible. However most proposed dynamic load balancing algorithms require full 
interaction among nodes of the distributed system. Hence, a distributed dynamic load balancing algorithms that call for 
minimum interaction among nodes is needed. Some common examples of distributed dynamic load balancing 
algorithms are presented in [10], [11] and [12]. 
In a non-distributed scheme, the responsibility of load balancing is either taken on by a single central node or some 
nodes but never with all nodes. Non-distributed based dynamic load balancing can take two forms: centralized and 
semi-distributed. In a centralized form the central node is solely responsible for load balancing of the whole distributed 
system and the other nodes in the distributed system react with the central node but not with each other. Examples of 
centralized non-distributed load balancing algorithms is presented in [13] [14].  In a semi-distributed form nodes of the 
distributed system are segmented into clusters and load balancing within each cluster is centralized. Whereas load 
balancing of the whole distributed system is achieved through the cooperation of the central nodes of each cluster. I. 
Ahmed and A. Ghafoor in their work [15] have presented an efficient Semi-Distributed Load Balancing algorithm. 
Centralized dynamic load balancing employs less overheads and requires fewer messages since other nodes in the 
system do not interact with each other, hence is mostly preferred over semi-distributed schemes. 
Sandeep Sharma, Sarabjit Singh, and Meenakshi Sharma in their work [16] have presented a comparison of different 
load balancing algorithms as shown in table I below. Table II gives comparison of some dynamic load balancing 
algorithms [17].  

TABLE I:  Comparison of load balancing algorithms 
 

Parameters Round Round Robin  Random Local 
Queue 

Central 
Queue 

Central 
Manager 

Threshol
d 

Overload Rejection  No No Yes Yes No No 
Fault Tolerant No No Yes Yes Yes No 

Forecasting Accuracy Large Large Small Small Large Large 
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Centralized/ 
Decentralized D D D C C D 

Dynamic/ Static S S D D S S 
Cooperative No No Yes Yes Yes No 

Resource Utilization No No Yes No No No 
Process Migration No No Yes No No No 

 
TABLE II:  Comparison of load balancing algorithms [17] 

 
Algorithm CPU Overhead Throughput Turnaround time Response time 

First In First Out Low Low High Low 
Shortest Job First Medium High Medium Medium 

Priority based scheduling Medium Low High High 
Round-robin scheduling High Medium Medium High 

Deficit Round Robin High High Medium High 
Earliest Deadline First High High Medium High 

Multilevel Queue scheduling High High Medium Medium 
FPZL High High High High 

 

4. PROPOSED LOAD BALANCING METHODS 
The important things to reflect on while developing any load balancing algorithm are: estimation and comparison of 
load, stability and performance of system, interaction between the nodes, nature of work, selection of nodes, etc. In this 
work we have implemented two load balancing algorithm using Window Azure Framework. To understand these load 
balancing algorithm let us consider an example of a cloud with five servers as shown in figure 2, where we assume that 
each request from the client is send to any of the servers using central node or central server 
 

 
Figure 2: Load Balancing in a Cloud System. 

 In this first proposed load balancing algorithm, consider that a new client request is received at the central 
server. Now the central server asks each of the servers in the cloud with their real time load. On receiving them 
the central server assigns this new request to the server with minimum load. In case of a tie it randomly assigns 
the request to any of the servers. This load balancing algorithm is a dynamic and extremely efficient, but 
requires for each new request the real time load to be calculated and estimated to the central server, which 
increases some overhead on the system.  

 In the second proposed load balancing algorithm, when a new request is received at the central server it asks for 
the real time load to each of the servers in the cloud. It then waits for the N requests to come hereafter. The value 
of this window size ‘N’ can be changed as per the requirement of the system. After waiting for the N new 
requests, the central node distributes these requests equally among all the servers in the cloud depending upon 
their load values. Now consider the example that the window size is 100 and real time load of the server S1, S2, 
S3 and S4 after receiving the 100th new request are 30, 15, 25 and 20 respectively. So these 100 new request are 
distributed equally among these servers such that server S1 get ((1-0.3)*100) %, S2 gets ((1-0.15)*100) %, 
server S3 gets ((1-0.25)*100) % and S4 gets ((1-0.2)*100) % of these requests. This load balancing algorithm is 
a more efficient one as it requires less computation at each server end as compared to previous one. 
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5. RESULTS 
Figure 3(a) and (b) below shows the results of the first load balancing algorithm, in which the central server assigns 
this new request to the server with minimum load.  As in figure 3(a) the central server assigns the new request server 2 
as it has the minimum load of 22 among the five servers in the cloud. Similarly in figure 3(b) the central server assigns 
the new request server 5 as it has the minimum load of 122. 

 
Figure 3(a): Cloud environment with five servers                 Figure 3(b): Server 1 in the cloud under normal operation 

 
Figure 4(a): Cloud environment with five servers                 Figure 4(b): Server 1 in the cloud under normal operation 

 
Figure 4(a) and (b) shows the results for the proposed second load balancing algorithm, in the central node asks for the 
current load to the which after waiting for the N new requests, the central node distributes these requests equally among 
all the servers in the cloud depending upon their load values. Table III below shows comparison of proposed 
algorithms. Both the proposed methods are dynamic ones, however the first algorithm is based on centralized 
distributed scheme, whereas the second is based on centralized non-distributed scheme. As seen from the table the 
second algorithm thus has a low CPU overload due to minimum messages being exchanged among the nodes and has 
higher throughput. 

TABLE III:  Comparison of proposed algorithms [17] 

Algorithm CPU Overhead Throughput Turnaround time Response time 
Proposed Algorithm I Medium Low Medium Low 
Proposed Algorithm II Low High Medium Low 

6. CONCLUSIONS 
In this paper, two dynamic algorithms of load balancing has been proposed and implemented using Windows Azure 
Framework. The results show that both the algorithms are efficient and dynamic. The proposed algorithm II has 
comparatively low CPU overhead as it’s based on centralized non-distributed scheme and employs minimum messages 
being exchanged among the nodes and further has higher throughput. 
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