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I. Introduction
The demand for high performance computing continues to increase 
every day. With the availability of high speed networks, a large 
number of geographically distributed computational elements 
(CEs) (or computational systems (CSs)) can be interconnected and 
effectively utilized in order to achieve performance that may not be 
ordinarily attainable on a single CE or single CS. The distributed 
computing environment of this type demands for consideration of 
heterogeneities in computational and communication resources. 
In a distributed environment, an incoming workload has to be 
efficiently allocated to these CEs or CSs so that no single CE 
or CS is overburdened, while other remains idle. Further, tasks 
migration from high (overloaded) to low (moderately overloaded) 
area in a network may alleviate to some extent the network traffic 
congestion problem. Workstation or System clusters are being 
recognized as the most promising computing resource of the 
near future. A large-size cluster, consisting of locally connected 
workstations, has power comparable to a supercomputer, at a 
fraction of the cost. Distributing the total computational load 
across available processors is referred to as load-balancing.
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II. Related Work
Effective load-balancing of a cluster of CEs in a distributed 
computing system relies on accurate knowledge of the state of 
the individual CE. This knowledge is used to judiciously assign 
incoming computational tasks to appropriate CE, according to 
some load-balancing policy. In large scale distributed computing 
systems in which the CEs are physically or virtually distant from 
each other, there are a number of inherent time-delay factors that 
can seriously alter the expected performance of load-balancing 
policies that do not account for such delays. One of such time 
delay is the computational limitation of individual CEs. It basically 
arises from the communication limitations between the CEs. These 
include delays in transferring loads amongst CEs or CSs and delays 
in the communication between them. 
There has been extensive research in the development of load-
balancing policies. Some of the existing approaches assume 
constant performance of the network while others assume 
deterministic (which can be monitored or observed in a finite time) 
communication and transfer delay. The load-balancing schemes 
designed under such assumptions ignore randomness in delay.
In order to accurately model load-balancing problems, several 
features of the parallel computation environment to be captured 
are as follows:-

The workload processing at each CE (i.e., queue size) ; • 
The relative performances of the CE ;• 
The computational requirements of each workload • 
component; 
The delays and bandwidth constraints of CEs and network • 
components involved in the exchange of workloads, and 
The delays imposed by CEs and the network on the exchange • 

of measurements and information.

A. Need for Load Balancing
A distributed system will have a number of processors working 
independently with each other. Some of them are linked by 
communication channel while others are not. Each processor is 
equipped with an initial load, which represents an amount of work 
to be performed, and may have different processing capacity. 
Therefore, in order to minimize the time needed to perform all 
tasks, the workload has to be evenly distributed amongst all 
processors based on their processing speed. This is why the need 
for load-balancing aroused.
If all communication links are of infinite bandwidth, the load 
distribution would suffer from no delay. But this does not represent 
real distributed environments. In any real world scenario for 
distributed systems, the channels are of finite bandwidth and 
the processing units may be physically distant from each other. 
Therefore, load-balancing is also a decision making process of 
whether to allow tasks migration or not.
Another major issue related to load-balancing is that a computing 
job may not arbitrarily divide itself which in turn leads to certain 
constraints in dividing tasks. Each job consists of several smaller 
tasks and each of those tasks can have different execution times. 
Also, the load on each processor as well as on the network can 
vary from time to time based on the workload brought about by 
the users. The processor capacity may be different from each other 
in architecture, operation system, CPU speed, memory size, and 
available disk space. The load-balancing problem also needs to 
consider “fault-tolerance” and “fault-recovery”. 
Keeping all the issues mentioned above related to load balancing in 
mind, load balancing can be generalized into four basic steps:-
Monitoring processor load and state; 
Exchanging load and state information between processors; 
Calculating the new work distribution;  
Actual data movement. 

B. Load Balancing Techniques
Several types of load-balancing strategies(see fig. 1)are available 
but they all could be implemented on the same pattern since 
they share the same basic steps described above. In static load 
balancing (also known as “deterministic scheduling) [2] , a given 
job is assigned to a fixed processor or node. In this strategy the 
information about all characteristics of the job known in advance. 
Load balancing decisions are made at the compile time. Every time 
the system is restarted, the same binding task-processor (allocation 
of a task to the same processor) is used without considering changes 
that may occur during the system’s lifetime. Static load balancing 
[3], schemes use apriori knowledge of the statistical information 
about the system. The performance of the processors is determined 
at the beginning of the execution. Static load balancing algorithms 
are non-preemptive in nature.
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Fig. 1: Various Load Balancing Techniques

The dynamic load balancing [3] takes into account that the system 
parameters may not be known beforehand and therefore using a 
fixed or static scheme eventually produce poor results. In dynamic 
load balancing, workload is distributed among the processors at 
runtime. A dynamic strategy is usually executed several times and 
may reassign a previously scheduled job to a new node based on 
the current dynamics of the system environment. Dynamic load 
balancing algorithms use current or recent load information when 
making distribution of the load decision [2]. The dynamic load 
balancing techniques can further be categorized as distributed 
and centralized. 
In distributed scheduling, the state information is distributed 
among the nodes that are responsible in managing their own 
resources or allocating tasks residing in their queues to other 
processors. In some cases, the scheme allows idle processors to 
assign tasks to themselves at runtime by accessing a shared global 
queue. All the nodes participate in load balancing decision making. 
Failures occurring at a particular node will remain localized and 
may not affect the global operation of the system. Centralized 
policies store global information at a central location and use this 
information to make scheduling decisions using the computing 
and storage resources of one or more processors. Here, only one 
node acts as a central  manager or a master node [2]. This scheme 
is best suited for systems where an individual processor’s state 
information can be easily collected by a central station at little 
cost (in terms of communication), and new jobs arriving at this 
centralized location are then redirected or sent to subsequent 
nodes. The main disadvantage of centralized approach is that it 
has a single point of failure.
Local and global load-balancing falls under the distributed scheme 
because the centralized scheme should always act globally. In local 
load balancing scheduling, each processor polls other processors 
in its neighborhood and uses this local information to decide upon 
a load transfer. This local neighborhood is usually denoted as the 
“migration space”. The main objective is to minimize remote 
communication and efficiently balance the load on the processors 
[3]. In global balancing scheme, global information of all or part 
of the system is used to initiate the load-balancing. This scheme 
requires a considerable amount of information to be exchanged 
in the system which may affect its scalability.
Within the scope of distributed dynamic load balancing, global 
scheduling can be further distinguished involving the level of 

cooperation between the different parts of the system. In the 
non-cooperative scheme, each node has autonomy over its own 
resource scheduling i.e. decisions are made independently of the 
rest of the system and therefore the node may migrate or allocate 
tasks based on local performance. In cooperative scheduling, 
processes work together toward a common system wide global 
balance. Scheduling decisions are made after considering their 
effects on some global effective measures [3].
Adaptive and non-adaptive schemes falls under the category of 
the dynamic load-balancing policies. In an adaptive scheme, 
scheduled decisions take into consideration past and current 
system performance and are affected by previous decisions or 
changes in the environment.  Adaptive schemes considers the 
present as well as past environment to scale itself so that the 
decisions are effective and efficient. If one (or more parameters) 
does not correlate to the program performance, it is weighted 
less next time. In the non-adaptive scheme, parameters used in 
scheduling remain the same regardless of system’s past behavior 
i.e. it considers only the present state of the system. Non-adaptive 
is a policy that always weighs its inputs the same regardless of the 
history (past) of the system behavior [2,3]. A dynamic solution 
takes environmental inputs into account when making its load 
balancing decision, whereas an adaptive solution (which is also 
dynamic) takes environmental stimuli into account to modify the 
scheduling policy itself.
In the classification mentioned below, the jobs or tasks to be 
scheduled are considered. In one-time, assignment of a task may be 
dynamically done but once it is scheduled to a given processor, it 
can never be rescheduled to another one. Whereas in the dynamic 
reassignment process, jobs can migrate from one node to another 
even after the initial placement is made.
Based on the initiation of the process, load balancing algorithms 
can be divided mainly into three categories i.e. Sender Initiated, 
Receiver Initiated and Symmetrically Initiated. In sender-initiated 
algorithms, the overloaded nodes transfer one or more of their tasks 
to several under loaded nodes. In receiver-initiated schemes, under 
loaded nodes request tasks to be sent to them from nodes with 
higher loads. In the symmetric approach, both the under loaded 
as well as the overloaded nodes may initiate load transfers.
Next section presents the proposed work.

III. Proposed Work
In this paper, the proposed work gives the idea of how Dynamic 
and Centralized load balancing can be applied in a real time. A 
centralized server is used to control the overall load balancing 
process. In the proposed technique, there is a centralized server 
which contains the set of files which are requested by the large 
number of users and there is a database which keeps track of the 
requests and decides which file server will service the request for 
a particular user. The centralized server is connected with File 
Servers containing the same set of files which the centralized server 
possesses. For simplicity, one can assume that the centralized server 
and the connected computers acting as File Servers contribute to 
what we can call as “Supercomputer”. Instead of processing the 
request coming from the users, the centralized server will forward 
the requests to the companion computers depending on the value 
of service request status count as maintained by the database. The 
centralized server will act as a guard whose task is just to send the 
request to the file server having the minimum service status count 
as stated by the database maintained. In general, the requests will 
be processed in a circular fashion. The main task of service status 
count is to forward the request to the file server (part of centralized 
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server) having the minimum service status count. 
The algorithm for the proposed technique is as follows:- Let the 
centralized server has 10,000 files stored on it. At a particular 
instant of time, 2,000 users concurrently request to access these 
files. In general case, the centralized server gets loaded with 
requests and gets jammed resulting in crashing of the Server. In 
order to overcome this problem, there will be some other nodes 
which will contain the same set of files. If there are 2,000 requests 
at a particular instant of time, then this centralized server will 
distribute the requests to the nodes available so that all the requests 
are processed in a timely fashion.

IV. Implementation and Results

Fig. 2:

This illustrates the various snapshots and graph that helps to 
visualize the load balancing system in a graphical manner.  

Fig. 3: Shows the File Download Screen Visible to all the Users 
Requesting the Files

It shows the list of files and download link, clicking on which 
shows the File Download Location and Respective file download 
link.

Fig. 3: Shows the File Server Load Balancing Status for all the 
Connected Nodes. Here four nodes are connected to the File 
Server. Status contains the Server location and Load/Request 
count status for all the four nodes.

Fig. 4: Shows the Database Table Showing the Nodes as Server_
Name and Nodes Address as Server_ip and Load/Request Count 
Status as Rcount

A. Algorithm
Let CS denote the centralized server and Si  denote the ith server 
serving the request.
Step 1 The CS listen for Client Requests. 
Step 2 If Request Comes Check the Load count for each 
Server.
Step 3 Forward the Client Request to the File Server having 
lowest Load Count.
Step 4 Increment the Load count of that File Server.
Step 5 Go to Step 1.

V. Conclusion
The prototype being developed shows how load balancing takes 
place in a centralized and dynamic scenario. If there is only one 
centralized server then it will take more time to service the request. 
On the other hand, one can connect a large number of nodes 
(computers) to the centralized server which too contain the same 
set of files and the user request is serviced in a timely fashion. 
Load balancing is an effective mechanism to be used, if there 
are large number of requests so that the users get serviced in a 
finite time.
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