REVIEW PAPERS

REPORT ON HIERARCHIAL LOAD BALANCING TECHNIQUE
IN GRID ENVIRONMENT

NEERAJ RATHORE *

INDERVEER CHANA **

* PhD Scholar, Thapar University.
** Associate Professor in Computer Science and Engineering Department, Thapar University, Patiala.

ABSTRACT

Grid computing offers the network with large scale computing resources. Load balancing is effective for balancing the
load of large scale heterogeneous grid resources that are typically owned by different organizations. Not all the

techniques provide the same benefits for users in utilizing the resources in a quick response time. Similarly, the profit

earned by resource providers Qlso differs for different Load balancing fechnique. We surveyed the Load Balancing and
Job Migration technique used in grid computing since its inception until 2013. The author discussed their advantages

and disadvantages and analyze their suitability for usage in a dynamic grid environment. To the best of our knowledge,

no such survey has been conducted in the literature up fo now. A comparative study of some of them along with their
pitfalls in case of huge distributed environment, like Grid, is discussed in this paper. The author also proposed efficient

hierarchial Load Balancing algorithm fo close all the existing gaps.

Keywords: Grid Computing, Grid Sim, Architecture, Load Balancing, Communication Overhead.

INTRODUCTION

The explosion of the internet, the computational power of
servers PCs, GPUs and high-speed computer network give
an idea of a grid of computational resources [3]. Grid is a
vast distributed system that may span many continents.
Grid is a huge system that means o build a network of
computational resources spreading around the globe
and to utilize each small resource that are flexible and
combines globally distributed computers and
information systems for creatfing a universal source of
computing power and information [1, 2]. Sharing
resources among organizational and institutional
boundaries need an infrastructure to coordinate resource
of boundaries within so-called virtual organizations. Such
infrastructure should offer an easy management for the
formation of virtual organizations, sharing resources,
discovering services and consuming services. Due to
uneven ftask arrival patterns and unequal computing
capacities and capabilities, the computers in one grid
site may be heavily loaded while others in a different grid
site may be lightly loaded or even idle. It is therefore,
desirable to fransfer some jobs from the heavily loaded
computers to the idle or lightly loaded ones in the grid

environment aiming to efficient utilization of the grid
resources, improve the response time, maximal utilization
of available resources and minimize the average job
response time. This characteristic of Grid makes Load
Balancing one of the critical features of Grid infrastructure.
There are a number of factors, which can affect the grid
application performance like load balancing,
heterogeneity of resources and resource sharing in the
Grid environment. This paper, focus on Dynamic
Distributed Load Balancing and fried to present the
impacts of Load Balancing on grid application
performance and infroduced the problem of balancing
theload among the participantinthe Grid.

A Grid can offer a resource balancing effect by
scheduling and load balancing of grid jobs at machines
with low ufilization. A proper load balancing across the
grid can lead to improve overall system performance
and a lower turnaround time for individual jobs. This is a
very crucial concern in distriouted environment, to assign
fairjobs to resources. The main goalis to distribute the jobs
among processors to maximize throughput, maintain
stability, and resource utilization. This is achieved by
proper load balancing techniques. Load balancing is
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done basically to provide the following benefits. The basic
steps forload balancing [ 10, 11] are depictedinFigure 1.

¢ Load balancing reduces mean job response fime
underjob transfer overnead.

e« Load balancing increases the performance of each
hostand.

« Smalljobswill not suffer from starvation.

The taxonomy of Grid load balancing [11] is broadly
categorized as Classes, Policies/Mechanism, Algorithms,
Strategies, Processes, and Challenges as shown in Figure

2 from the top to the bottom; this structure can be
identified as what follows this paper. Entire load balancing
techniques are compared and an opfimal load
balancing techniques for Grids is proposed on the basis of
best finding fechnique. The rest of the paper is organized
as follows. Section, presents literature survey in which

some definitions and concepts, policies and

o N Loed Snchromzaton Xt N
s Yo 2L N Rl =
G| st _~

Figure 1. Basic load balancing steps
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comparisons are discussed. A comparison of different
Load balancing techniques is Shown in Section 2. Section
3 exhibits proposed model of free based approach and
Section concludes the paper.

1. Classification of Dynamic Load Balancing

Load balancing can be broadly categorized as Classes,
Policies/Mechanism, Algorithms, Strategies, Processes,
and Challenges etc. The problem of Load balancing
came into the limelight as soon as the concept of
multiprocessor as well as multi computation system
architecture was proposed. Today, the modern era of
computfing is mostly dominated by high Speed
processors with incredible processing power, advanced
system architecture, complex storage hierarchy, lightning
fast network services and powerful application supports,
but the problem of load balancing has not been
comprehensively solved yet. Various load balancing
algorithms have been proposed in the last twenty years or
so. The organization of the different load balancing
schemes is shown in Figure 2 from the top to the bottom;
this structure can be identified as what followed.

Local balancing is the assignment of processor time
quantum to task asitis done by every traditional operating
system. Global balancing, on the other hand, is the
process of deciding where to execute a task in a
multicomputer environment. Global balancing can be
implemented using a centralized approach, or it may be
distributed among various processing elements. Global
balancing methods, are further classified into two major
groups: Stafic Load Balancing and Dynamic Load
Balancing [124] [110] [111]. In Distributed Scheme,
Dynamic load balancing algorithm is executed by all
nodes in the system and the responsibility of load
balancing is shared among them. Distributed load
balancing can take two forms: cooperative and non-
cooperative. In Non-Distributed Scheme, the responsibility
of load balancing is either taken on by a single or some
nodes, but never with all nodes. It can take two forms:
centralized and semi distributed. On Semi-distributed,
nodes of the distributed system are segmented info
clusters. Load balancing within each cluster is centralized;
a central node is nominated to take charge of load

balancing within this cluster. While in centralized, the
cenfral node is only responsible for load balancing of the
whole distributed system.

There has been an extensive research inthe development
of the appropriate load balancing policy. The policy issue
is the set of choices that are made to balance the load
(which tasks should be executed remotely and where).
The mechanism [118] issue carries out the physical
facilities to be used for remote task execution and
provides any information required by the policies. Figure
2, illustrates a suitable decomposition with each leaf
representing a distinct component of a load distribution
scheme. The emphasis is about the components of the
policy and the provision of information to the policy [116-
119]. Sender/Receiver/Symmetrically/Random initiated
balancing is the part of fransfer policy. Transfer Load
Balancing is commonly used to start the load balancing
activity, the time a new job arrives or is created on a node
and the fime a finished job departs from a node. This
aspect mainly deals with allocation of nodes to jobs. To
Sender-initiated, load distributing activity is initiated by an
overloaded node (sender) trying to send a task to an
under load node (receiver). It is convenient for remote
invocation strategies. In Receiver-initiated Algorithms,
load distributing activity is initiated fromm an under load
node (receiver), which fries to get a task from an
overloaded node (sender). In Symmetrically Initioted
Algorithms, combine the advantages of these two by
requiring both senders and receivers to look for
appropriate sites. A Random Policy chooses the
destination node randomly from all nodes in a distributed
system. This simple strategy can result in a significant
performance improvement.

A load balancing mechanism is used to harness the
computational power of the grid. Such mechanism
attempt to balance the load with the result of maximizing
resource utilization and optimizing performance. Two
mechanisms are used for that which is given below: Load
metric mechanism is the characteristic used to describe
the load on a resource. This determines the type of
information that makes a load index (queue CPU length,
memory size) and the way such information is
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communicated to other loaders (broadcasting, focused
addressing, polling)
mechanism identifies the method by which information,

and Load communication

such as the load on a resource, is communicated
between the resource and the load distribution policy and
mechanisms. The load communication policy can also
include the communication between cooperating
distriouted policies.

To date, there has been a number of exiting initial efforts at
developing
environments. It is often difficult to make comparisons

load balancing systems for grid
between distinct efforts because each load balancing is
usually developed for a particular system environment or
particularly greedy application with different assumptions
and constraints. The author attempt to outline the
methodologies adopted and ideas behind the popular
like Agent Based, Cluster/
Scheduling Based,
Heterogeneous, Hybrid, Adaptive, Cognitive etc shownin

load balancing system
Hierarchy (Tree based),
Table 2. The comparisons of few loads balancing
Technigue are given belowinTable 1.

Next classification, Load balancing strategies, try to
distribute the workload uniformly across all computersin a

grid. Load balancing can be done without measuring the
current load to avoid the overhead and ftemporary
balancing. Many loads-balancing strategies dynamically
react to load imbalances by comparing a load metric to
athreshold and transferring workloads to other computers
if the threshold is exceeded. Other load balancing
strateqies use workload priorities and characteristics of the
workload to do load balancing. Collecting workload
characteristics in advance can decrease the mean
response time of batches of requests. It can be classified
into many categories like Hierarchical, De-clustering, Al
technologies, Layered Strategy, Scheduling strategy etc.

The load balancing processed can be defined in three
the
Zomaya ET. Al [123], describe that the location rule

roles: location, distribution and selection rules.
determines which resource domain will be includedin the
balancing operation. The domain may be local, i.e.
inside the node, or global, i.e. between different nodes.
The distribution rule establishes the redistribution of the
workload among available resources in the domain, while
the selection rule decides whether the load balancing

operation can be performed preemptive ornot.

Load Balancing Phases [113][114] is categorized into five

LB Technique  Prediction Based Agent Based Approach

Supportive Node

Recitation (Policy and Recent Neighbour

/ Parameters  Approach Approach Strategy) Based Approach
Environment Heterogeneous Distributed heterogeneous Distributed Heterogeneous Centralized and sender Distributed Heterogeneous
(Centralized p2pP Initiate
Load Manager)
Aim Effective resources Self Adaptive, Avoiding Reduces communication Reduce response time Reduce communication
utilization & reduce large amount of data delay using supporting delay
average job response  transfer and find under nodes
time loaded nodes more quickly
Strength Better resource Migrate load on the basis Minimum traffic due tfo Based On Load balancing Load index as a decision
utilization of state information exchange  attached central node at  Policy factor for scheduling fasks
and location policy each cluster
Criteria Selected task basis of  Load estimates based on Primary and centralized  Information, friggering Total Execution Time,
|/O-intensive, CPU- the job queue length and approach and Selection Policies Communication Delay,
intensive and memory job arival rates No. of Task and No. of cluster
intensive
Compose in (1) Predictor (1) Job scheduler Provide support while (1)Information policy (1) Grid level
Module/ (2) Selector (2) Communication layer migrating load in (2) Triggering policy (2) Cluster level
Matrices (3) Scheduler (3) Resource managers individual node pool (3) Selection Policy (3) Leaf nodes
Behavior Clustgr Based Analyzed by varying the Performance criteria is Based on CPU Load Index based on CPU
Queuing model . . ) ) PP
number of jobs in a nest load index & queue- consumption and Utilization, Queue length
length Queue Length and Communication delay.
Gap Need to evaluate in Number of nodes increases Complexity in Resources submit & Performance degradation
large scale cluster in a nest will cause fo implementation withdrawn in any movement  in nesting of cluster
increase the complexity (Affect performance)
of program
Table 1. Comparisons of Load balancing Techniques
24 i-manager’s Journal on Information Technology, Vol. 2 ¢ No. 4 « September - November 2013
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Type

Techniques

Agent Based
Dynamic
Distributed
heterogeneous
Network

Cluster/
Hierarchal
Based load
Balancing

Genetic
algorithm
for job
scheduling
(GA)

Scheduling
Algorithm

Azin & Simone et. al. [54]: Ant colony optimization
Qingai et. al. [55]: Approximate Optimization
Jasma et. al. [56]: Decentralized Recent Neighbor (RN) LBA

Yuan Rao et. al. [57]: On-board routing schemes
Safa Khalouli et. al. [58]: NP Hard

Leandro dos et. al. [569]: Evolution algorithms
M.H. Afshar et. al.[60]: Ant Colony optimization

Al-Dahoud et. al. [61]: Ant Colony Optimization (ACO)
Liang Bai et. al. [62]: Multiple Ant Colony optimization

Husna Jamal et. al. [63]: Focused on local pheromone
trail update & trail limit

Antony Lidya Therasa. S et. al. [64]: Dynamic Adaptation
of Checkpoints and Fault folerance

Biagio Cosenza, et. al. [65]: Agent Based (i.e., between
neighbor workers)

Yong Hee Kim et. al. [66]: Reflecting Agent Workload

and Multi-Agent System

Magdy Saeb et. al. [67]: Based on agent lifetime on the
algorithm & the variance of the workload over the cluster
Ana et. al. [68]: Diffusion algorithm Searching unbalanced
domains

K. Saruladha et. al. [69]: It explores and find the under
load nodes more quickly

Sotirious et. al. [70]: Non-content aware load balancing
algorithm

PENG et.al. [71]: Proximity-aware fashion

Robson et. al. [72]: Local and cluster monitoring mechanisms
Deepti et. al. [73]: Cluster & non cluster based LBA

Hung-Chang et. al. [74]: Novel load balancing algorithm
with virtual servers

Ghada F et. al. [75]: Direct Acyclic Graph (DAG) based
P K. Suri et. al. [76]: Intra and inter cluster (grid) load balancing

Weiwei lin et. al. [77]: Combine use of centralized &
distributed hierarchical method

Somayeh Abdi et. al. [78]: Hierarchical Replication Strategy
with Job Scheduling & Data Replication Mechanism
Malarvizhi Nandagopal et. al. [79]: Hierarchical Status
Information Exchange Scheduling

Malarvizhi Nandagopal et. al. [80]: Sender Initiated
Decentralized Dynamic LBA

Gengbin Zheng et. al. [81]: Periodic and hierarchical LBA
Bin Wang et. al. [82]: P2P System (Distributed Hash Table)

Robson E. De Grande et. al. [83]: High Level Architecture
(HLA) based

Xiao Qin et. al. [84]: Dynamic communication-aware load
balancing scheme

Dongliang Zhang et. al. [85]: Based on BST (Adaptive balancing)
Chang Hui et. al. [86]: Deferred shading parallel rendering
applications

Azzedine Boukerche et. al. [87]: DLB for HLA-Based
Cheng-Jia Lai et. al. [88]: Randomized algorithm based on
High-performance queuing method

Abhinav Bhatele et. al. [89]: Dynamic Topology Aware LBA
Thein et. al. [90]: Decentralized dynamic load balancing
Ching-jung et. al. [91]: Tree based/ Mapping/load-balancing
methods

Xiao Qin et. al. [92]: Effective I/O-aware load-balancing
schemes

Shoukat Ali et. al. [93]: On-Load machine Balance schemes
Chao-Chin Wu et. al. [94]: Fault-tolerance mechanisms with
check pointing and the job replication

Wanneng Shu et. al. [95]: Min-min chromosome genetic
algorithm (MCGA) with GA.

Salahuddin et.al. [56]: Central scheduler with effective
threshold policy and high scalability.

P V. Prasad et. al. [96]: Network reconfiguration distribution

system
Wenmin et.al. [97]: Load-balancing dynamic scheduling

(LBDS) algorithm
Jie Chang et. al. [98]: Polling scheduling dynamic load
balancing algorithm

Minglong et. al.[99]: State balancing policy & Fault
Tolerance in Video on Demand(VOD)

Youngjoon et. al. [100]: Self scheduling for data centric
load balancing

P Visalakshi et. al. [101]: Hybrid Parficle Swarm Optimization
T.RV. Anandharajan et. al. [102]: job scheduling and job
selection algorithm

Hemant et. al. [103]: Usage service based approach to
data access, integration & resource registration.

Jaehwan Lee et. al. [104]: PUSH and PULL job migration

for P2P desktop grids

Zhengping Qian et. al. [105]: Deadlock Detection &
resolving algorithm

Mohsen Moradi et.al. [106]: Time Optimizing Probabilistic LBA

Yajun Li et. al. [107]: FCFS with GA algorithms
Moammed et. al. [108]: Annotated sequential program

Shakti Mishra et. al. [109]: Prioritizing processes

Hybrid load
Balancing

Table 2. Comparisons of Dynamic Load
Balancing in Different Environments

! Level-0 Grid Broker

Figure 3. Hierarchical Load Balancing Model

parts, which is Profitability Determination, Work Transfer
Vector Calculation, Task Selection, Task Migration etc.

Grid is a system of high diversity, which is rendered by
various applications, middleware components and
resources. Schoft [115] generalize a load balancing
Information

process in the grid into three stages:

collection is the basis for providing curent state
information of the resources. It should be performed
during the whole course of the system running. Resource
Selection is performed in two steps. In the first step, the
initial filtering is done with the goal of identifying a list of
authorized resources that are available to a given
application. In the second step, those resources are
aggregated into small collection such that each
collectionis expectedto provide performance desired by
the given application. Tasks mapping: The third phase

involves mapping the given set of tasks onto a set of
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aggregated resources including both the computational
resources and network resources. Various heuristics may
be used to reach a near-optimal solution. The effort of
mMapping in conjunction of resource selection produces a
set of candidate submission. Once the set of candidate
submission is ready; the balancer starts to select the best
submission subject to the performance goal, based on
the mechanisms provided by the performance model.

In grid environment unique characteristics make the
design of load balancing algorithm more challenging as
below like Load State, Random Job Pattern, Horizon of
Load Balancing, Resource Reguirement, Resourc e
utilization, Performance, Scalability, Decentralization,
Heterogeneity [116], Computation data Separation,
Resource Selection, Dynamic Behaviour, Application
Diversity, Response Time, Task scale, Throughput,
Adaptability [58], Stability, Task Scheduling,
Independence etfc. [112]. This needto be resolved.

In Figure 2, the author compared between few important
terms like Adaptive vs. nonadaptive, one-time
assignment vs. dynamic re-assignment, local and global

load balancing, centralized vs decentralized.

In adaptive scheme, one (or more parameters) do not
correlate to the program performance, it is weighted less
next fime. On the other hand parameters used in
balancing remain the same regardless of the system's
past behaviour in the non-adaptive scheme. Onetime
assignment vs. dynamic reassignment, in this
classification, balanced entities on considered. The one-
fime assignment of a task may be done dynamically, but
once it is scheduled to a given Resource, it can never be
migrated to another one. On the other hand, in the
dynamic reassignment process, jobs can be migrated
from one node to another even after the initial placement
is made. A negative aspect of this scheme is that tasks
may endlessly circulate about the system without making
much progress. Local and Global Load Balancing, falls
under the distributed scheme for a centralized scheme
should always act globally. In a local load balancing,
each resource polls other resources in its neighbournood
and uses this local information to decide on a load
fransfer. This local neighbourhood is usually denoted as
the migration space. The primary objective is to minimize

Load Balancing/ Graph based Tree based Agent Based Learning Based
Parameters
Architecture Centralized Decentralized Decentralized Centralized
Communication Overhead Medium Medium Medium Low
Response Time High Medium Medium Low
Resource Utilization NA Medium Medium Medium
Load Balance Medium Medium Medium High
Examples Improved Spectral Bisection Hierarchical Tree Based Strategy Performance- Driven Multi state Q-leaming
Algorithm (ISBA) , (LBSTRG), Refinement Tree based Task Scheduler (PDTS), Approach (MSQL),
Repartitioning Hyper graph Partitioning Method (REFTREE), Messor System (MESSOR), Machine Leaming
Model (RHM), Diffusion Based Cluster Aware random Stealing Self Organizing Agents Approach (ML)
Graph Partitioning Methods Algorithm (CRS) (SOA)
(DIBAP)
Table 3. Comparison between Load balancing Technique [56]
Parameters Round Robin and Local Queue Central Queue Central Manager Threshold
Randomized Algorithms
Environment Static and Dynamic and Dynamic and Centralized Static and Centralized Static and Decentralized

Decentralized Decentralized

Load Monitoring  Round Robin fashion By Local and global

By Local and Central

Through Central Through Distributed

By Manager Load Manager Load Manager Manager Only processes
Synchronization  Each processor Randomly send Remote Communication between Inferprocess Each Process creates
maintains messages by load Local and Central communication a private copy of the
report of all resources manager Load Manager between Remote system's load through
Processors remote messages
Rebalancing Round Robin Automatic Load FIFO Tree mechanism (parent Using Local and Global
balancing children balancing ) remote process
Job Migration Randomly find under- To find out Under load To find out the Process in While Dynamic Activity After checking the Load

loaded node using
round robin fashion

node in the ready Queue  the process Request Queue

created by different host
in the cluster

Limit of the process in
the pool

Table 4. Comparative Load Balancing Algorithms [48-53]
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remote communication as well as effectively balance
the load on the resources. However, in a global balancing
scheme,

Considerable amount of information to be exchanged in
the system mayy affect its scalability. Here, Centralized and
Decentralized Load Balancing algorithm is now
compared on the basis of a few parameters.

In fraditional distributed systems, grid architecture has the
following properties that characterize like Heterogeneity,
Scalability, Adaptability, Hierarchical, Independent etc.
These properties make the load balancing problem more
complex than traditional parallel and distributed systems,
which offer hommogeneity and stability of their resources.
Also, intferconnected networks on grids have very
disparate performances and tasks submitted to the
system can be very diversified and irregular. These various
observations show that it is very difficult to define a load
balancing system which canintegrate all these factors.

2. Comparisons of Load Balancing Techniques

After comparing existing load balancing techniques, we
have used our proposed algorithm. Table 3. easily shows
that Tree based and Agent based Load balancing

technique is better than others. So, tree based technique
is used in the proposed work. Table 4 shows comparitive
load balancing algorithm.

3. Proposed Load Balancing Model

On the basis of above comparisons, we have proposed
Grid architecture for load balancing depicted through
Figure 3.

Poisson process has been used for random job arrival with
arandom computation length. Considering that the jobs
are sequenced, mutually independent with the arrival
rate, it can be executed on any site. Furthermore, the site
should have to meet the job demand for computing
resource and the amount of data transmitted. Each
processor can only execute one job at a time and
execution of a job cannot be interrupted or moved 1o
another process during execution. This model has been
divided into three levels: Level-0 Broker, Level-1 Resource,
and Level-2 Machine Level. These entities can have
customized characteristics. When a new Gridlet arrives at
amachine, it may go under lightly loaded, lightly loaded,
overloaded and normal loaded resources by load
calculation being computed at each node. In order to
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compute the mean job response time analysis one Grid
Broker (GB) section as a simplified Grid model has been
considered. Grid Broker is the top manager of a Grid
environment, which is responsible for maintaining the
overall Grid activities of scheduling and rescheduling. It
acquires the information of the work load from Grid
resources and sends the tasks to resources for
optimization of load. Resource that comes next to Grid
Broker in the hierarchy, are connected through internet.
The resource manager is responsible to maintain the
scheduling and load balancing of its machines and it also
sends an event fo the Grid broker during overload. The
machine is a Processing Entity (PE) manager, responsible
for task scheduling and load balancing of its PEs
connected with various resources via LAN. Processing
Entity (PE) manager also sends an event to resource during
overload. PE"s next to machines are mainly responsible
for calculating workload and threshold values for load
balancing, jolb migration and passes the load information
upwards to machines via buses. Gridlet is considered as a
load and assigned to any of the PE's according to their
capability (i.e. Computational speed, queue length,
etc.). The proposed hierarchical based Load Balancing
tfechnique in a heterogeneous Grid environment,
assumed the heterogeneity in terms of processing
capabilityand the same is applicable to the PEs.

4. System Methodology

Grid topology and Grid mapping into a tree-based model
has been shown by Figure 4 with some application and
sequence diagram design. The interaction of each site by
computing nodes in a network is given through the
following steps: (i) In the network each site may contain
multiple machines and each machine may have asingle
or multiple processing elements (PEs). Grid scheduler is a
software component that runs on each site. It manages
the system related information (i.e. CPU ufilization,
remaining CPU capability, remaining memory etc.)
computing nodes and sites in order to join the Grid,
provide resources, receives jobs from Grid clients, assigns
them to the processors in the Grid system. (i) It provides
back up to the jobs and discovers the candidate set of
nearest site based on the job requirements, resource

characteristics and sends the list to load balancing
decision maker. (i) Decision maker decides on the basis
of the minimum Grid site, whether the job required an
execution at the local site or remote site and transfers the
job accordingly. (iv) Job dispatcher ships the jobs and
check site availability to the fault detector and monitors
the state of sites. (v) If site failure or system degradation
occurs, the fault detects or sends a failure message to
fault manager. If the fault manager receives a failure
message, it reschedules the job using a primary backup
approach[1285].

In this system, sites play the role of assisting the execution
of jobs. When any site is in anidle state and can provide its
resource, a join message and related hardware
information will be transmitted to the Grid scheduler of the
nearest neighbour site. When it can no longer provide its
resource, it will fransmit an exit message to the Grid
scheduler of the nearest neighbour site. The Grid
scheduler uses a derived threshold to effectively select
appropriate sites. This threshold is based on the load and
demands for resource needed to execute the job and will
evaluate the sitesin the system.

This paper proposes a hierarchical load balancing
technique, a strong point of dynamic load balancing
method over static load balancing. In static load
balancing state, when a job has to be executed, it will be
assigned to an appropriate site. The minimum
requirement of job's needs for sites is considered as the
threshold for the table of effective sites. Sites passing this
threshold are called effective sites. As a grid is composed
of sites with different performances, the execution time of
a job on each site is also different. In dynamic load
balancing state, the system will adjust dynamically until it
reaches a balance. In a grid environment, effectiveness
of sites varies with time. Thus, the assignment of jolbbs must
be adjusted dynamically in accordance with the variation
of the site status.

Conclusion

These challenges pose significant obstacles on the
problem of designing an efficient and effective load
balancing system for Grid environments. Some problem
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resulting from the above is not solved successfully yet and
still open research issues. As a result, the new load
balancing framework must be developed for Grid, which
should reflect the unique characteristics of grid systems.
Figure 3 demonstrates the significance of Load Balancing
models in grid computing. The papers are presented in
descending order of years so that the reader can easily
perceive recent works on Load Balancing models in Table
2. It can be seen from the table that the Hierarchical/ Tree
based are the most widely proposed modelsin the grid.

After the extensive literature survey, various research gaps
come into the picture of the current research work in the
area of grid computing and load balancing. Load
balancing in grid environment is significantly
complicated by the unique characteristics of grids. The
reason can be found by going through the assumption
underlying traditional system such that:

e All resource resides within a single administrative
domain.

« TJo provide a single system image, the balancer
conftrols all of the resources.

e Theresource poolisinvariant.

o Contention caused by an incoming application can
be managed by the balancer according to some
polices, so thatitsimpact on the performance that the site
can provide to each application can be well predicted.

« Computation and their data reside in the same site or
data staging are a highly predictable process, usually
from a predetermined source to a predetermined
destination which can be viewed as a constant
overhead.

In this paper, a dynamic, distributed tree based load
balancing approach for a Grid has been proposed,
wherein machines and resources, in addition fo the grid
broker, also participate in the load balancing operations.
The outcome is reduced communication overhead and
reduced response time, as the amount of information
passed to the upper level entities is typically limited due to
the local load balancing performed at lower levels in the
hierarchy. The idle fime of processing entities also
decreases, asload balancing is effected much faster.
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