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ABSTRACT

Distributed system is the set of processing and computing elements (computer systems) connected over a communication medium. All
computer systems have their own operating system, memory and processor. The jobs are executed concurrently on every computing
systems in grid environment but some of the computing systems are heavily loaded and some are lightly loaded that cause a serious
problem in terms of performance, communication delay and network latency. Lots of load balancing techniques in grid environment are
suggested but all have some limitations. This paper discusses the basic concepts of load balancing in grid environment with their

advantages and limitations along with future scope.
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1. INTRODUCTION
Distributed computing system have a large number of
nodes or a collection of various nodes which are
connected within a communication network and utilize
the workload effectively among all the nodes. Higher
performance can be achieved with the help of effective
utilization of the workload among the various nodes in the
network.
All the nodes connected within a communication network
works like a single node [1-3]. In the initial level every
node have its own processing capabilities and speed and
each node also initiates the load balancing on its own. To
improve the load balancing and to make the task faster the
workload should be evenly distributed to all nodes which
are connected with each other in the grid computing
architecture having their different processing capabilities.
For this a uniform load balancing algorithm is required
that can distribute workload evenly across the nodes. In
grid computing architecture the load information coming
from the different users which are connected in grid
system are collected using Grid Load Management
Tool(GLMT) which selects the resource according to the
requested information[4-5]. GLMT s used to decide
which resources are assigned to which task [6-7].
The load balancing system can be classified with the help
of following points [8]:
1. Each node in grid system is monitored and managed.
2. In case of node failure share the information about
resources and load so that the jobs are easily migrated
from the other nodes.
3. Dynamically calculate the new load.
4. The current state of workload and other information
are updated in real-time.
Grid computing[9] environment involves computing and
processing resources and information system which are
distributed everywhere and create a single point of
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contact. Grids are basically used for managing the
workload among nodes to achieve better performance and
higher utilization of resources. Managing the work load
requires task scheduling and resource allocation. The
main focus is to minimize the response time of a
particular node and this will happen when the loads are
evenly distributed on every node. There are various forms
of load balancing algorithms which are discussed below:

Sharing the workload: In workload sharing there are
two types of node one is busy and other is idle. The loads
are shared with the idle node while the busy are already
loaded.

Balancing the workload: In workload balancing the
workloads are equally distributed among the nodes. There
are various nodes in grid environment, some of them are
lightly loaded and some of them are heavily loaded. In
that case the workloads are transferred from heavily
loaded to lightly loaded node for equal distribution of the
workload [3] [7].

Levelling the workload: There should be no congestion
on resources during the process of load distribution.

2. GRID COMPUTING ARCHITECTURE

In a grid computing architecture there are various groups
consisting of several nodes. Each group have a lot of
computing nodes connected via Local Area
Network(LAN) connected to one switch. All these
switches are connected to main switch via Wide Area
Network(WAN). The groups are known as clusters as
they form a mini cluster having some computing nodes.
The basic concept of grid architecture is shown below
which shows that how the nodes are connected with other
nodes and switches.
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In Figure 1 there are two parts in each group or cluster:
the lower level and the upper level. The lower level are
leafs or computing nodes which are connected to the
switches. The upper level are the root node which are the
switches in the group or cluster. They behave like a group
manager and have responsibility to balance the load
among the nodes.
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Fig 1: Architecture of Grid computing architecture

In this architecture there are two types of groups: one is
inter group and other is intra group which are connected
via a WAN. In intra group the group manager has the
responsibility to balance the load among the nodes. The
group manager calculates the workload of all the nodes
and sends this information to other manager of the
groups. If in case the group manager is not capable to
balance the load among the nodes then at global level the
load is balanced.

In inter group the grid finds out the working nodes and
then start the load balancing. The group manager of inter
group are responsible for load balancing among the nodes
of different groups. Group manager send the information
of workload to the respective group manager of intra
group so that the distribution will be easy and also takes
information of all the working nodes from their group
manager.

3. CHARACTERISTICS OF GRID SYSTEM

There are various characteristics of a grid system
discussed as follows:

1. Large grid size: A grid size may be quite large [10].

2. Geographical distribution: Resources may be
located in different locations.

3. Sharing of Resources: In a grid environment the
resources of other organization are used by the
different users of different organizations. For cost
reduction, to promote the efficiency non local
resources can be used.

4. Multiple administrations: Each cluster have their
own security and administrative polices. Resources
can be used with the help of these policies. Different
administration of heterogeneous clusters use the
resources of other domain so in this case security is
the major concern because security becomes more
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complex with different policies of different
administrative domains.

5. Resource coordination: Resources are coordinated
properly to aggregate computing capabilities [11].

4. CHALLENGES OF GRID SYSTEM

Various different hardware are used to create the grid and
apart from this it is not possible for one person to manage
these resources. To manage these resources effectively
various different system administrators of different
companies are used [12]. There are various challenges in
grid computing some are listed below:

1. Standards are not clear: Various standards are
used but same standards are not used by all the grid.
All the operating systems use different standards [13-
15]. In grid computing it is not possible to use
different operating system in the same time at the
same machine just because of different standards
[16].

2. Debate on what is grid and what is not: The
definition and the scope of grid computing is
continuously changed so there is a lot of debate on
grid computing [17-19].

3. Difficulty in Grid Application Development: The
developments of grid applications are very difficult
and expensive. The interfaces are designed according
to the case with the help of computer scientists. Some
scientists are not familiar with the parallel
programming concept.

4. Limited Area & Applications: Grid computing has
limited area and scope. For scientific applications
more clusters can satisfy the application
requirements. A specially designed super computer is
required for special applications [20-21].

5. Lack of grid enabled software: Lots of effortis
required to make a grid enabled software. Sometimes
it is very difficult to reuse the software over grid
environment.

6. Sharing of Resources between Various Types of
Services: Different grid applications uses different
grid platforms so it’s very difficult to share resources
among the various platforms.

7. Management and Administration more
challenging: ~ For any successful grid project
management and administration also play an
important role. Huge resources and services are
distributed over the grid environment. It is a major
challenge to manage and monitor all the resources
and services distributed over the large geographical
area [22].

5. NOTABLE TECHNIQUES FOR LOAD
BALANCING IN GRID COMPUTING
SYSTEM
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A. Intra group vs. Inter group load balancing

Patni JC et al [23] suggested that Grid computing is the
set of group’s nodes from multiple administrative
domains. In grid computing the two major key aspects are
resource  management and workload information
management which provides a better service to grid
environment users. There are various challenges in grid
computing such as independency of resources, different
type of load conditions, processing capabilities of the
nodes overloading at computing nodes, resources are not
properly utilized, large amount of computing nodes,
nature of resources etc. To handle all these challenges in
any kind of grid structure a distributed load balancing
algorithm is proposed.

This proposed algorithm is further classified into two

steps:

1. Execution time of the job is reduced.

2. Reduce the communication cost between two nodes
when jobs are migrated in a grid architecture.

In this algorithm initially at the local level the loads are

primarily balanced to reduce the communication cost.

The Proposed Load Balancing Grid Algorithm-

Input: A set of jobs J={J1,J2,Js,....,0n} with their
execution times in same ordering as E={E1,E»,Es,.....En}.
Also given is the set of processors P={P1,P2,Ps,....Pn}
among a interprocessor  network  of  nodes
N={N1,Na,.....Nm}.

Output: An ordering schedule S such that the
communication cost between two nodes is reduced when
jobs are migrated in a grid architecture.

Assumptions: The algorithm proposes four functions-

1. Network_Toplogy(Nodes)-Initializes a communication
topology among the nodes

2. Topological_Sort(A)- A is a list. A topological sort
arranges the elements in a linear ordering or Direct
Acyclic Graph based on an ordering relation.

3. add_node(first_node,second_node,Network)- places the
two nodes in relative positions as defined by the network
topology N.

4. BROADCAST(W)- broadcast a network instance to all
nodes in the network.

GRID_ORDERING(J,E,P,N)

1. for all nodes Nin the network
do initialize Network_Topology(N)
endfor

2. whileJ is not Empty
T<&Toplogical_sort(J1,J2,J3,....,dn)
assignT in a priority queue Q
whileQ is not empty
W<&dequeue(T)

X<dequeue(T)

for all processorsi= 1 to n-1

doin parallel

C[i] €add_node(W,X,N)

for any two nodes Ny and N;
L<compute_latency(Nk ,Ni)
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computeLmin€ min(L)
BROADCAST Luin for all i

endfor
end for

SEBROADCAST(Ly,Lo,Ls...Lna)
endwhile
endwhile
3. The set S is the required ordering schedule.
Analysis: The cost of computing the load balancing in the
distributed environment will depend on the sorting cost
Sof jobs and the propagationlatency cost C of the network
divided among the processors operating in parallel and
the cost of broadcasting information via messages in a
distributed environment.

Advantages:

1. In grid computing environment the response time of
the submitted jobs gets reduced.

2. Due to the job migration from one node to another
the communication cost between two nodes are
reduced.

Limitations:

1. Time specific approach: Each node sends workload
information to other only in their own time limit.

2. Locally Initiated Approach: In this approach
without informing the grid manager the nodes having
higher load shares load to other nodes having lower
load.

B. Develop integrated grid computing using power
application- Karajan Workflow

Khannak R Al et al [24] proposed that a Distributed
power system must ensure the power source is working in
the desired allocated parameters. The parameters must
work in the current power load and check must be
enforced at regular time intervals. In non-real time system
it gives some limitations such as failure of power system
and increase and decrease of power supply. In this paper
Grid computing is used for this type of distributed power
system. The resources of grid computing is used in real
time load balancing in distributed power system.

Advantages:

1. Heterogeneous method is used.

2. Integration of grid computing in power industries are
technically and financially feasible.

3. Any changes depends on the employee’s acceptance.

Limitations:
1. More processing time

C. Extenics based load balancing mechanism (ELBM)

Tao Der-Fu et al. suggested thatin a distributed system,
load balancing [26] is the major issue just because of the
system performance. To overcome this issue various load
balancing algorithms are introduced. All the algorithms
have some pros and cons. Four dynamic load balancing
policies [27] are introduced named as ELBM (Extenics
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based load balancing mechanism) for transfering the load
from one node to another load instead of using fixed
threshold value, create an adaptive threshold [28-29]value
to determine whether the new job [30-31] is migrated
from one node to another or not. The adaptive threshold
value is calculated by relative function of average
response time.

Apart from this policy, by-pass transfer method is used. In
by-pass transfer method any job that needs to migrate can
directly be transferred to the designated node instead of
central node first. Due to this the communication [32]
cost is reduced. To reduce the job arrival failure [33], a
template queue is added at the mater node, to make the
system more reliable. After simulation, the comparison of
proposed mechanism with other algorithms such as RT
and ALBCII algorithm gives a conclusion that the
proposed mechanism evaluate better system performance
as compared to others.

Advantages:

1. Reduced the communication cost

2. Make system more reliable.

3. Better performance achieved with this proposed
mechanism.

Limitations:
1. Itisa static method approach.

6. CONCLUSION

This paper discusses about the load balancing in grid
computing environment. This paper begins with the grid
computing architecture the basic concepts, characteristics
and their challenges. The overview of all the load
balancing techniques/ algorithms in grid environment are
discussed. Various proposed algorithms and techniques
for load balancing in grid environment are discussed with
their advantages, disadvantages along with their future
scope.

A proposed algorithm for dynamic balancing of load in
grid environment is suggested. The overall conclusion of
this paper is that real time load balancing in grid
computing system is better as compared to static load
balancing approach. Memory based load balancing in grid
structure play an important role in future.
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