
An E�cient Dynamic and
Decentralized Load Balancing

Technique for Grid

A thesis submitted

for the award of the degree of

DOCTOR OF PHILOSOPHY

by

Neeraj Kumar Rathore

(950903007)

under the guidance of

Dr. Inderveer Chana

Associate Professor

Computer Science and Engineering Department

Thapar University, Patiala -147004

Computer Science and Engineering Department

Thapar University, Patiala � 147004, INDIA

November, 2014





Abstract ii

Abstract

Grid computing has recently become one of the most important research topics in the

�eld of computing. The Grid paradigm has gained popularity due to its capability to

o�er easier access to geographically distributed resources operating across multiple ad-

ministrative domains. The grid environment is considered as a combination of dynamic,

heterogeneous and shared resources in order to provide faster and reliable access to the

Grid resources. For e�cient resource management in Grid, the resource overloading must

be prevented which can be obtained by proper Load Balancing and Job Migration mech-

anisms. In this scenario, dynamic and decentralized Load Balancing considers all the

factors pertaining to the characteristics of the Grid computing environment. Dynamic

load-balancing algorithms attempt to use the run-time state information to make more

informative decisions in sharing the system load and in decentralization, algorithm is

executed by all nodes in the system and the responsibility of Load Balancing is shared

among all the nodes in the same pool. For this purpose, in this research work, an exten-

sive survey of the existing Load Balancing and Job Migration techniques has been done.

A detailed classi�cation & gap analysis of the existing techniques is presented based on

di�erent parameters. A Job Migration and Job Migration approach has been proposed

and designed to ful�ll all the existing gaps.

The issue of Load Balancing in a Grid has been addressed while maintaining the resource

utilization and response time for dynamic and decentralized Grid environment. Here,

a hierarchical Load Balancing technique has been analyzed based on variable threshold

value. The load is divided into di�erent categories, like, lightly loaded, under-lightly

loaded, overloaded, and normally loaded. A threshold value, which can be found out

using load deviation, is responsible for transferring the task and �ow of workload infor-

mation. In order to improve response time and to increase throughput of the Grid, a

random policy has been introduced to reduce the resource allocation capacity etc. Pois-

sion process has been used for random job arrival and then load calculation has been

done for assigning job to the appropriate Processing Entity (PE) for balancing the load

in the pool. After balancing the load, it comes into the normally loaded pool, then Job

Migration process is executed.

In Job migration a process running on a Load Balancing resource is redeployed on another

one in a way that the migration does not cause any change in the process execution. It

means the process is temporarily suspended and later resumed on a new resource. For

transferring the job from overloaded node to the underloaded node, the Job Migration
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system has also been proposed. Here, once the job known as Gridlet is submitted to a

resource pool, job queue allocates the PE and starts the Job Migration. If any of the

nodes, on which the job processes fail, Local Job Migration Scheduler suspends the job

execution and tries to restart it on a new node in the same pool, else switches the job into

other resource pool based on the availability of the under loaded node. Grid Information

System periodically monitors the status of the job. If it detects that the job has been in

the restart state for a long period, it tries to �nd a new resource pool to which the job

can be migrated. Job migration can be achieved by following three procedures. Firstly,

Job Migration with check-pointing, Checkpointing needs the small chunks of data to be

migrated at the speci�c time requiring that data to be ready to get migrated. Application

instance data on queues and failed events in the source node can be handled through

checkpoining process. Next, Job Migration with scheduling, transfers the data on the

basis of time and space. At last, Job Migration with replication requires migrating all

the applications (such as code, database etc.)at the same time, from the source node to

the destination node. So, for this, it needs all the applications on the source node to be

ready to get migrated. For above techniques, Job Migration selection policy has been

proposed for selecting one of the above techniques. Each of the above techniques has

been executed according to its speci�c condition at run time.

To understand Job Migration with replication, a case study �Load Balancing and Job

Migration in Social Grid Environment� has been considered further. In the case study,

fault tolerance and Quality of Services (QoS) scheduling using Hash Table Functionality

in Social Grid Computing has been proposed. Social Grid Computing is a computing

model that includes devices to support user mobility. It connects with social networks

to re�ect real world user relationships, and therefore provides and shares Grid services

directly among the members of a social network. Here, Hash Table Functionality (HTF)

uses as the underlying Social Grid Computing (SGC) to logically manage the locations

of the devices. Fault tolerance and QoS scheduling consist of four sub-scheduling algo-

rithms: malicious-user �ltering, Grid service delivery, QoS provisioning, and replication

and load-balancing. Under the proposed scheduling, a device is used as a resource for

providing Grid services, faults caused by user mobility or other reasons are tolerated

and user requirements for QoS are considered. Simulation of scheduling is done, both

with and without HTF. The experimantal results show that the proposed scheduling

algorithm minimizes Grid service execution time, �nish time and improves reliability

reducing the Grid service error rate.

The performance of the proposed model, algorithms and techniques have been rigorously

examined over the GridSim simulator using various parameters, such as response time,

resource allocation e�ciency, etc. Experimental results prove the superiority of the

proposed techniques over the existing techniques.
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Chapter 1. Introduction 1

Chapter 1

Introduction

Distributed Computing Environment, like Grid, became popular due to growth of the In-

ternet, and the emergence of low-cost solutions for end-user computing devices. Grid

supports sharing and coordinated use of geographically distributed and multi-owner re-

sources independently from their physical types and locations. Grid is a hardware and

software infrastructure that provides dependable, consistent, pervasive and inexpensive

access to high-end computational capabilities.

The outburst of the Internet, along with the increase in the computational power of the

servers and emergence of high speed computer networks has given the power to Grid to

share the computational resources. Grid is a vastly distributed enormous system that

builds a global network of computational resources and may span many continents. The

use of each small resource is �exible that combines computer resources and information

systems for creating a ubiquitous source of computational power. Sharing resources be-

tween organizational and institutional boundaries needs an infrastructure to coordinate

the resources across the boundaries, called the Virtual Organizations

This chapter provides a high level view of the thesis. It discusses the fundamental concept

of the Grid technology, its evolution, architecture and key areas along with the major

issues. It further provides the motivation to propose Load Balancing and Job Migration

models & algorithms for Grid systems. It culminates with discussion of the organization

of the rest of the thesis along with its contributions.

Rev: �revision�, November 12, 2014 1 �source�le�



Chapter 1. Introduction 2

1.1 Grid Computing: An Overview

"Grid is a type of parallel and distributed system that enables the sharing, selection

and aggregation of geographically distributed resources dynamically at run time depend-

ing on their availability, capability, performance, cost, Quality-of-Service requirement"

-Rajkumar Buyya[1].

Grid Computing enables VO to share geographically distributed resources as they pursue

common goals, assuming the absence of central location, central control, omniscience,

and an existing trust relationship.

Figure 1.1: Simpli�ed Grid View

In other words:

(i) Grid is a service for sharing computer power and data storage capacity over the

Internet and Intranet.

(ii) Grid is beyond simple communication between computers but it aims ultimately

to turn the global network of computer into one vast computational resource.

(iii) Grid is used to coordinate resources which are not subjected to centralized control.

(iv) Grid uses standard, open, general-purpose protocols and interfaces.

(v) Grid delivers nontrivial Qualities of Service.

Grid Computing [2] resources have enhanced the performance of computers and reduced

their costs. This availability of low cost powerful computers coupled with the popularity
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Table 1.1: Historical Background of the Grid [2]

S.No. Technology Year

1 Networked Operating Systems 1979-81
2 Distributed Operating Systems 1988-91
3 Heterogeneous Computing 1993-94
4 Parallel and Distributed Computing 1995-96
5 The Grid 1998

of the Internet and high-speed networks has led the computing environment to be mapped

from distributed to Grid environments as shown in Figure 1.1. Moreover, in recent times,

rapid advances in networking, hardware and middleware technologies are facilitating the

development and deployment of complex applications, such as large-scale distribution,

collaborative scienti�c simulation, analysis of experiments in elementary particle physics,

distributed mission training, etc. These predominantly collaborative applications are

characterized by their very high demand for computing, storage and network bandwidth

requirements, which can be ful�lled by Grid Computing. Recent researches on computing

architectures have allowed the emergence of a new computing paradigm known as Grid

Computing [3].

1.1.1 History of Grid

The theory behind "Grid Computing" is not to buy more resources but to borrow the

power of the computational resources you need from where it's not being used. Grid has

been around in one form or other throughout the history of computing as shown in Table

1.1. There is a certain amount of "reinventing the wheel" going on in developing the Grid.

However, each time the wheel is reinvented , it is reinvented in a much more powerful

form, because computer processors, memories and networks improve at an exponential

rate. Due to the huge improvements of the underlying hardware (typically more than

a factor of 100x every decade), it is fair to say that reinvented wheels are qualitatively

di�erent solutions, not just small improvements on their predecessor.

1.1.2 Grid Architecture

The last decade has seen a considerable increase in commodity computer and network

performance, mainly as a result of faster hardware and more sophisticated software.

The Architecture (presented in Figure 1.2) of a Global Grid has to be established on the

following principles:

� Employ a common network infrastructure
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� Transport any tra�c type

� Integration of various transport media

� Adaptation to changes

� Provide Quality of Service

The architecture of the Grid is often described in terms of �layers� as shown in Figure 1.2,

each providing a speci�c function. In general, the higher layer is user-centric, whereas

the lower layers are more hardware-centric [4].

Figure 1.2: Grid Architecture [4]

(i) Network Layer: At the bottom is the Network Layer, which assures the connectivity

for the resources in the Grid. On the top of it lies the Resource Layer, made

up of the actual resources that are part of the Grid, such as computers, storage

systems, electronic data catalogues, and even sensors, such as telescopes or other

instruments, which can be connected directly to the network.

(ii) Middleware Layer: The Middleware Layer provides the tools that enable the var-

ious elements (servers, storage, networks, etc.) to participate in a uni�ed Grid

environment. The Middleware layer can be thought of as the intelligence that

brings the various elements together.

(iii) Tool Layer: The Tool Layer is made up of tools that assure connectivity between

Middleware and applications. It deals with several languages using a set of libraries

to integrate the requests either from lower or higher layers.
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(iv) Application Layer: It is the highest layer of the architecture that includes all dif-

ferent user applications. In this layer, Grid user will �see� and most of the time

interacts through their browser. This layered structure can be de�ned in other

ways. For example, the term fabric is often used for all the physical infrastruc-

ture of the Grid, including computers and the communication network. Within

the Middleware layer, distinctions can be made between a layer of resource and

connectivity protocols, and a higher layer of collective services. However, in all

schemes, the Applications Layer remains the topmost layer.

1.1.3 Grid Standards

There are many standards involved in building a Grid Architecture, which form the

basic building block that allow applications to execute service requests. In this section,

prevalent open Grid standards used for implementing Grid are discussed which are as

follows [5]:

� Web Services: Grid Services, de�ned by OGSA, is an extension of web services.

So, Grid service can leverage the available Web Service speci�cations. Web Service

based on:

(i) Extensible Markup Language (XML)is the basis of web services that is used

to store and transport the data.

(ii) Simple Object Access Protocol (SOAP) is an XML based, platform inde-

pendent protocol providing simple and relatively light weight mechanism for

exchanging structured information in the implementation of web services in

Grid.

(iii) Web Service Description Language (WSDL) [6] is an XML based language,

used for describing the model of web services.

(iv) Universal Description, Discovery, and Integration (UDDI) [7] is a key mem-

ber of the web services stack and de�nes the ways in which web services are

published and discovered across the network. It is approved by the organiza-

tion for the Advancement of Structured Information Standard (OASIS) as a

standard for service registries in the context of SOA.

� Open Grid Service Architecture (OGSA): OGSA represents an evolution towards

a Grid system architecture based on web services concepts and technologies. The

Global Grid Forum (GGF) has embraced the OGSA as the blueprint for standards-

based Grid Computing. OGSA [8] is a Service-Oriented Architecture (SOA) that

addresses the need for standardization by de�ning a set of core capabilities and

Neeraj Kumar Rathore 5 Thapar University, Patiala



Chapter 1. Introduction 6

behaviors to address the key concerns in Grid systems. OGSA provides services

such as resource discovery, resource provisioning, resource management, data man-

agement, information services and security.

� Open Grid Services Infrastructure (OGSI): OGSI [9] de�nes mechanisms for cre-

ating, managing, and exchanging information among entities called Grid services.

OGSI provides the features that are needed for the implementation of the Grid ser-

vices. It also provides the facility of Web Service Description Language (WSDL)

that de�nes Grid services.

� Web Service Resource Framework (WSRF): WSRF [10] is the de-facto standard

for modeling and accessing resources using web services.

� Open Grid Service Architecture-Data Access and Integration (OGSA-DAI): OGSA-

DAI [8] project allows data resources to be federated and accessed via web services

on the web or within Grids. With the help of these web services, data can be

queried, updated, transformed and combined by di�erent methods.

After discussing the Grid essentials such as History of Grid, Evolution, Type of Grid,

VO, Grid Architecture, its characteristics and standards, the next section will focus on

the key challenges of this area.

1.1.4 Concept of Virtual Organizations

The concept of a Virtual Organization (VO) is the key to Grid Computing. It is de�ned

as a dynamic set of individuals and/or institutions de�ned around a set of resource-

sharing rules and conditions. All VOs share some commonality among them, including

common concerns and requirements, but may vary in size, scope, duration, sociology,

and structure. The members of any VO negotiate on resource sharing based on the rules

and conditions de�ned in order to share the resources from the thereby automatically

constructed resource pool. Assigning users, resources, and organizations from di�erent

domains across multiple, worldwide geographic territories to a VO are one of the funda-

mental technical challenges in Grid Computing. This complexity includes the de�nitions

of the resource discovery mechanism, resource sharing methods, rules and conditions

by which following can be achieved, security federation and/or delegation, and access

controls among the participants of the VO [11]. This challenge is both complex and

complicated across several dimensions.

It undeniably creates the illusion of a simple large and powerful self-managing virtual

computer, which gives the opportunity to use and reach heterogeneous systems sharing

massive resources as shown in Figure 1.3.
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Figure 1.3: Grid Member submits a Task to the Grid via the Grid Interface

1.1.5 Grid Characteristics

In todays' complex world, computers have become extremely powerful and they become

enough capable to run more complex problems, but still there are many areas left [12].

Grid Computing o�ers seamless access to distributed data and collaborative distributed

environments, for running computationally intensive applications. Computing power

available to any organization can thus be increased by using the idle periods of computing

resources [13] [14]. Some of the characteristics of Grids are:

(i) Parallel CPU Capacity: The common attribute among such uses"medical �elds,�nnancial

modeling, oil exploration, motion picture animation etc." are that the applications

have been written to use algorithms that can be partitioned into independently

running parts.

(ii) Collaboration of Virtual Resources: In the past, Grid Computing promised this

collaboration and achieved it to some extent. Grid computing takes these capa-

bilities to an even wider audience, while o�ering important standards that enable

very heterogeneous systems to work together to form the image of a large virtual

computing system o�ering a variety of virtual resources. The users of the grid can

be organized dynamically into a number of virtual organizations each with di�er-

ent policy requirements. These VO can then share their resources collectively as a

larger grid [13].

(iii) Access to Additional Resources: In addition to CPU and storage resources, a grid

can provide access to increased quantities of other resources and to special equip-

ment, software, licenses, and other services. The additional resources can be pro-

vided in additional numbers and/or capacity. For example, if a user needs to
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increase his total bandwidth to the internet to implement a data mining search en-

gine, the work can be split among grid machines that have independent connections

to the internet [14].

(iv) Reliability: Grid provides reliability in terms of failure at one location, while the

other parts of the grid are not likely to be a�ected. Grid Management software can

automatically or manually resubmit jobs most of the times to other machines on

the grid when a failure is detected. In critical, real-time situations, multiple copies

of the important jobs can be run on di�erent machines throughout the Grid. Their

results can be checked for any kind of inconsistency, such as computer failures,

data corruption, or tampering; thus o�ering much more reliability.

(v) Resource Balancing: For Grid application, the Grid can o�er a resource balancing

e�ect by scheduling Grid jobs on machines with low utilization. This feature can

prove invaluable for handling occasional peak loads of activity in parts of a larger

organization.

(vi) Heterogeneity: A Grid hosts both software and hardware resources that can be

extremely diverse ranging from data, �les, software components or programs to

sensors, scienti�c instruments, display devices, personal digital organizers, com-

puters, super-computers and networks. A Grid involves a variety of resources that

are heterogeneous in nature and might span several administrative domains across

wide geographical distances. Resources are owned and managed by di�erent, po-

tentially mutually suspicious organizations and individuals that likely have di�erent

security policies and practices [13].

(vii) Scalability: It is a desirable property of a system, a network or a process, which

indicates its ability to either handle growing amounts of work in a graceful manner,

or to be readily enlarged. A Grid might grow from few resources to the millions.

This raises the problem of potential performance degradation as Grid`s size in-

creases. Consequently, applications that require large number of geographically

located resources must be designed to be extremely latency tolerant.

(viii) Dynamicity or Adaptability: In a Grid, a resource failure is the rule, not the

exception. As in a Grid there are numerous resources, the probability of some

resource failing is naturally very high. The resource managers or applications must

modify their behavior dynamically so as to extract the maximum performance from

the available resources and services [14].

(ix) Resource Coordination: Resources in a Grid must be coordinated in order to pro-

vide aggregated computing capabilities.
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(x) Reliable Access: A Grid must assure the delivery of services under established

Quality of Service (QoS) requirements. The need for reliable service is elementary

since administrators require assurances that they will receive expected, continuous

and often high levels of performance.

1.1.6 Grid Applications

A Grid Application is a collection of work items to solve a certain problem or to achieve

desired results using a Grid infrastructure. For example, Grids generally support dif-

ferent kinds of applications, ranging from High Performance Computing (HPC) to High

Throughput Computing (HTC). Grids evolved to comply with the computing needs of

high performance scienti�c applications. As a result, much of the driving force and assis-

tance for Grids is provided by the academia. A Grid application can be the simulation

of business scenarios, like stock market development, that requires a large amount of

data as well as a high demand for computing resources in order to calculate and handle

the large number of variables and their e�ects. In other words, a Grid Application may

consist of a number of jobs that together ful�ll the whole task [1].

Grid is utilized in a number of areas including:

� Molecular Modelling for Drug Design

� Neuro Science Brain Activity Analysis

� Cellular Microphysiology

� High Energy Physics and the Grid Network (HEP Grid)

� Access Grid

� Globus Applications

� The International Grid (iGrid) and many more

Other applications like LHC Computing Grid (LCG), The Large Hadron Collider pro-

duces roughly 15 petabytes (15 million gigabytes) of data annually enough to parallelize

more than 1.7 million dual-layer DVDs a year. Thousands of scientists around the world

at CERN, the European Organization for Nuclear Research want to access and ana-

lyze this data, so CERN organized LCG project by collaborating with institutions in 34

di�erent countries to operate a distributed computing and data storage infrastructure.

Similarly other applications like Enabling Grid for E-science (EGEE), SETI@home, etc

require huge amount of power, usually over a short period of time. Grid provides the
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required computation power through the sharing of computational resources. Apart from

these, Life sciences, Biology, Aerospace, Earth sciences and E-commerce are other grand

challenge applications of Grid computing [15].

1.2 Grid Challenges

There are many challenges in Grid Environment, some of the key challenges are discussed

below [16] [17] [18] [19] [20] [21] [22]:

(i) Adaptability: Adaptability refers to handle all the unexpected system activities [22].

It also provides a decision-making procedure to control these modi�cations, for

example to increase the load distribution e�ort in the case of a wide load imbalance

or to reduce it when the load of all nodes is so heavy or so light that no improvement

can be achieved by such e�ort [20].

Adaptability can be classi�ed into two categories:

In the �rst category the adaptability is included within the basic structure of the

algorithm (infomation, transfer, and negotiation).

In the second approach, for making a scheduling algorithm adaptive to the system

dynamic characteristics and workload conditions, the algorithm needs to dynam-

ically assess the system environment and adjust the global scheduling strategy

accordingly.

(ii) Scalability: As the number of nodes in the Grid grows and the range of workload

�uctuations increases, scalability problems can arise. In order to cope with the

communication and scheduling overhead resulting from the increased load distri-

bution e�ort, a number of principles are to be observed during the design of these

algorithms to make them more scalable:

� Symmetry: All nodes in the system should be allowed to play an equal role.

� Customer-server protocols: Each customer-server interaction should involve

at most two nodes (one-to-one).

� Partiality:Every decision should be based on information from a bounded

subset of the other nodes.

� Use randomness: The set of nodes with which a node interacts is chosen at

random.
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(iii) Resource Heterogeneity: Grid Computing solves massive computational problems

by making use of unused resources of a largely heterogeneous collection of comput-

ers in a distributed infrastructure. A heterogeneous computational grid mainly has

two categories of resources: First networks, which used to interconnect these com-

putational resources. Second, computational resources may have di�erent hardware

and software [22].

(iv) Information Freshness: It is based on a hierarchical scheme that devises a set of

nodes, each one hosting an Index Service. Each Index Service maintains a database

on current resource availability for a group of grid nodes. Index Services can be

also aggregated in higher-level Index Services, using a hierarchical approach typical

of information repositories for widely distributed systems (such as the Internet do-

main name system). Even though it has been proved that hierarchical approaches

are well suited to e�ciently manage huge quantities of information in large dis-

tributed systems, the MDS approach su�ers from a key problem: since resource

information is advertised from grid nodes to index services, and then forwarded

up in the hierarchy, inconsistences due to propagation latencies are possible, be-

tween the real information present in a grid node and the relevant copy stored in

the repositories. As a result, matchmaking is performed using data that cannot

be real. The communication overhead involved in capturing the load information

of sites before making a dispatching decision can be a major issue negating the

advantages of Job Migration.

(v) Decision Making Structure: Decision-making Structure used to implement the dif-

ferent components. This structure can be centralized, hierarchical, decentralized,

or a hybrid form. The centrally based algorithms such as Central su�er from the

reliability problem due to a potential central point of failure and the potential

bottleneck of the central node. To deal with the autonomous nature of the nodes

in a distributed system, fully decentralized properties are needed. Most of the

algorithms considered in this review fall under the decentralized category.

(vi) Load Redistribution: Di�erent objectives can be pursued when performing a load

redistribution within a distributed system.

� Load Sharing is used when the objective is to keep all the nodes busy.

� Load Balancing is used when the objective is not only to keep the nodes busy

but also to attempt an equalization of the load over all the nodes.

� When the nodes are privately owned and their sharing is allowed only with

the approval of the owner we use the term restricted sharing.
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The computing power is sharable only during a speci�c period of time based on

the discretion of the node owners. A �ner objective is the type of load imbalance

that the algorithm attempts to resolve. For a steady state imbalance the jobs are

transferred between the nodes so that the arrival rates approach the mean arrival

rate. Transient imbalance is resolved by assigning each new job to the node with

the least number of jobs.

(vii) Resource Selection: Resource selection in grid environment is di�cult due to the

large no of resources, which are dynamically being joining grid and some are leaving

the grid due to machine failure or connection problem. That's why the cost data

staging is high in a grid environment. Data staging cost is most prominent obstacle

in grid environment or a main problem in designing the e�cient and most e�ective

Load Balancing system in Grid Environment [22].

Another issue related to Load Balancing is that a computing job may not be arbi-

trarily divisible leading to certain constraints in dividing tasks. Each job consists

of several tasks and each of those tasks can have di�erent execution times. Also,

the load on each resource as well as on the network can vary from time to time

based on the workload brought about by the users. The resource capacity may be

di�erent from each other in architecture operation system, CPU speed, memory

size and available disk space [20].

(viii) Dynamic Behavior: In Grid environment, there are more and more problems due

to the heterogeneity of resources. Any time any resource may be available and

can be unavailable due to machine failure or connection problems. This dynamic

behavior always gives headache to the user of Grid environment.

(ix) Resource Non-Dedication: In this challenge, resource may join the many Grid

systems simultaneously. A contention arises there when requests from many users

come there. So due to resource non dedication resource usage contention is the

major issue in Grid environment.

(x) Application Diversity: In Grid environment, there is di�erent types of users having

di�erent type of applications and have di�erent requirements. For example, some

applications may have set of dependent jobs, other may have independent jobs, and

on other side some application requires sequential execution. Keeping all aspects

of jobs in mind, designing a general purpose Load Balancing system is extremely

di�cult [19].

After discussing the challenges in Grid Environment, the next section will focus on the

research motivation in Load Balancing and Job Migration.
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1.3 Grid Load Balancing and Job Migration : The Research

Motivation

Load balancing is a key research area in Grid. The research topic of Grid Load Balanc-

ing is still developing. Many Load Balancing systems have been proposed and reported

but these systems have several limitations. Hence, with the development and popularity

of Grid computing, much e�ort is required to enable Grid computing to be real plat-

form for delivering high performance services. Some of the challenges of Load Balancing

algorithms and Job Migration are very closely tied to the applications that use migra-

tion. After extensive background analysis of Load Balancing following gaps have been

identi�ed, which have been summarized as follows:

� Most of the existing Load balancing algorithms work on decentralized approach

which is better than centralized approach, but still faces problems like scalabil-

ity, information gathering overhead etc and is prone to failures which need to be

addressed [23] [24] [25].

� Dynamic Load balancing policy performs very competitively in heterogeneous Grids.

This policy uses an e�ective mechanism for state information exchange, which sig-

ni�cantly reduces the communication overhead but still it has issues like random

behaviour, complexity etc. which need to be addressed [26].

� There is a need to achieve a greater overall improvement in system performance at

a reasonable cost, e.g., reduce task response time while keeping acceptable delays,

using fault tolerance under partial failure in the system [27].

� The complex, heterogeneous and dynamic nature of Grid systems presents new

challenges in Load Balancing such as response time, resource allocation capacity

etc [28].

� When an application is migrated through Load Balancing and executed in large

scale distributed environment there may be bugs that manifest now that might not

have become apparent in small scale con�guration. Detecting and debugging errors

in such large-scale distributed deployment is quite challenging. Further migration

distance can also introduce errors [29].

� When a node is about to shutdown, the system can migrate the jobs which are

running on it to another node, thereby enabling the jobs to go to completion,

either on the destination node or on the source node by migrating it back [29].

� In Grid Job Migration, it's not an easy task to migrate task to overloaded to

underloaded resources. There is no facility of accessing the resources by calling an
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intermediate agent. Moreover, the Job Migration algorithms need to have better

response time and hit ratio in comparison to any other conventional algorithms

available [31].

� Migrating task on a set of heterogeneous and dynamically changing resources is

itself a complex problem that requires sophisticated Job Migration techniques that

take into account multiple-optimization criteria [19].

� It is expected that local jobs will be assigned higher priority and would be better

served on the local resources but this needs to be incorporated in the scheduling

technique during migration of resources [19].

� Due to the dynamic nature and an uncertainty of Grid computing system behavior,

Load Balancing depends crucially on the selection of appropriate subset of the

available resources [32].

� Job Migration can be used to migrate a distant process closer to the data "neigh-

bour node" that it is processing, thereby ensuring it spends most of its time doing

useful work [27].

� Existing Techniques lack in the e�ciency of Job Migration for the load barrier pol-

icy and the minimal job turnaround time policy, requires worthy policy to support

[30].

� Existing checkpointing lacks in providing check pointing for parallel-node jobs, and

the realization of inter-cluster Grid migration [33].

Due to the above said limitations, this research work focuses on the design and develop-

ment of dynamic and decentralized LB & JM technique in Grid. The next section will

focus on thesis organization.

1.4 Thesis Contributions

This Thesis contributes in the following ways:

� A detailed analysis of the work done in the area of Grid Load Balancing and Job

Migration has been done along with a detailed study of scheduling algorithms.

� Load Balancing threshold parameters have been used for three level Load Balancing

model for equal workload distribution and fast response time.
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� The Load Balancing problem has been formulated in the form of an optimization

problem. A new dynamic, hierarchical Load Balancing algorithm based on variable

threshold value has been proposed and implemented.

� The Job Migration model with decision based Job Migration policies has been

designed.

� The Job Migration policies have been proposed for achieving fault tolerance also.

JM can be done via check-pointing, scheduling and replication. For choosing one

of the three techniques, JM policy has been proposed that takes decision at the

time of migration of the load.

� A case study of JM with replication algorithm has been proposed and validated in

the Social Grid Computing environment.

� The performance of the Load Balancing algorithms is evaluated using GridSim

toolkit based on response time, resource allocation capacity etc.

� The simulation results clearly demonstrate that the proposed algorithm outper-

forms the existing Load Balancing algorithms in all respects such as e�ect of

resource allocation capacity, response time, Grid service execution time, service

reliability, error rate, makespan, complexity etc.

1.5 Thesis Organization

The work reported in the thesis is organized in six more chapters. The details are given

below:

Chapter 2 presents a literature survey on Load Balancing and Job Migration techniques.

A taxonomy of Grid Load Balancing components, policies, strategies, attributes, algo-

rithm's types, classi�cation and hierarchical approach for Load Balancing have been

presented. A detailed description and comparison of the existing Grid Load Balancing

algorithm in di�erent environments has been included. The analysis of Job Migration

techniques for di�erent environments, Job Migration steps, policies and features has also

been discussed. Various existing methods to tolerate faults and support QoS for users

in many computing environments, system environment have been depicted. The chapter

�nally concludes with the Problem Formulation. Chapter 2 is partially derived from:

(i) N Rathore and I Chana, �Load Balancing and Job Migration Algorithm : A Survey

of Recent Trends�, Wireless Personal Communication, Springer Publication, ISSN

print 0929-6212, IF - 0.979, DOI-10.1007/s11277-014-1975-9, July 2014.
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(ii) Neeraj Kumar Rathore and Inderveer Chana, �Report on Hierarchal Load Balanc-

ing Technique in Grid Environment�, International journal of scienti�c and inno-

vative technology, i-manager's Journal on Information Technology, Vol. 2, No. 4,

ISSN Print: 2277-5110, pp-21-35, Sep - Nov 2013.

(iii) N Rathore and I Chana, �A Cogitative Analysis of Load Balancing Technique

with Job Migration in Grid Environment�, World Congress on Information and

Communication Technology (WICT), Mumbai, IEEE proceedings paper, ISBN -

978-1-4673-0127-5 pp- 77-82, December 2011

Chapter 3 presents design of hierarchal Load Balancing framework based on Variable

threshold value. In order to overcome the scalability, response time and resource alloca-

tion e�ciency, a dynamic threshold value with random policy has been used at each level

in proposed technique to achieve the desired goal. Details about the proposed algorithm

are discussed in this chapter. Chapter 3 derives from:

(i) N Rathore and I Chana, �Variable Threshold Based Hierarchical Load Balancing

Technique in Grid�, Engineering with computers, Springer publication, ISSN: 0177-

0667 (print version), DOI-10.1007/s00366-014-0364-z ,IF- 1.088, June 2014.

(ii) N Rathore and I Chana, �Load Balancing and Job Migration Algorithm : A Survey

of Recent Trends�, Wireless Personal Communication, Springer Publication, ISSN

print 0929-6212, IF - 0.979, DOI-10.1007/s11277-014-1975-9 ,July 2014.

(iii) N Rathore and I Chana, "A Sender Initiate Based Hierarchical Load Balancing

Technique for Grid Using Variable Threshold Value", in International conference

IEEE-ISPC, ISBN- 978-1-4673-6188-0, pp.1-6, 26-28 Sept. 2013.

Chapter 4 present design of Job Migration (JM) model based on JM decision policy. For

Job Migration model, decision making JM policies have been proposed for achieving fault

tolerant Job Migration. JM can be made via check-pointing, scheduling and replication of

techniques. For choosing one of the three available techniques, JM policy takes decision

at the time of migration of the load. The algorithms Chapter 4 derives from:

(i) N Rathore and I Chana, "A Sender Initiate Based Hierarchical Load Balancing

Technique for Grid Using Variable Threshold Value", in International conference

IEEE-ISPC, ISBN- 978-1-4673-6188-0, pp.1-6, 26-28 Sept. 2013.

(ii) Neeraj Kumar Rathore and Inderveer Chana, �An E�cient Hierarchical Load Bal-

ancing Technique for Grid� in 29th M.P. Young Scientist congress, Bhopal, M.P.,

pp. 55, Feb 28, 2014.
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(iii) N Rathore and I Chana, "Job Migration policies for Load Balancing algorithms

in Grid Computing", Journal of Grid Computing, SCI indexed, Print ISSN: 1570-

7873, Impact Factor: 1.667, June 2014. (Communicated)

Chapter 5 explained the deployment of the model. The experimental results have been

illustrated with the help of test cases. Further, the model has been validated by perform-

ing system model and also compared with the existing systems. Validation of the Load

Balancing model has been done through variable threshold based dynamic Load Bal-

ancing algorithm with random policy for better response time, communication overhead

and resource allocation e�ciency, etc. wherein resources, machines and the Grid broker

participates in the Load Balancing operations. The JM Model has been veri�ed with JM

policy to achieve fault tolerance for supporting LB. JM decision has been chosen at the

time of migration according to scenario. This approach actually minimizes the searching

time to �nd out the receiver machine in order to transfer the Gridlets. A rigorous ex-

amination of the proposed algorithm on the GridSim simulator has been carried out in

order to judge the e�ectiveness of the algorithm. This chapter provides the design and

implementation details of the proposed algorithms. Chapter 5 derives from:

(i) N Rathore and I Chana, �Variable Threshold Based Hierarchical Load Balancing

Technique in Grid�, Engineering with computers, Springer publication, ISSN: 0177-

0667 (print version), DOI-10.1007/s00366-014-0364-z ,IF- 1.088, June 2014.

(ii) N Rathore and I Chana, "A Sender Initiate Based Hierarchical Load Balancing

Technique for Grid Using Variable Threshold Value" in International conference

IEEE-ISPC, ISBN- 978-1-4673-6188-0, pp.1-6, 26-28 Sept. 2013.

(iii) N Rathore and I Chana, "Job Migration policies for Load Balancing algorithms

in Grid Computing", Journal of Grid Computing, SCI indexed, Print ISSN: 1570-

7873, Impact Factor: 1.667, June 2014. (Communicated)

(iv) N Rathore and Inderveer Chana, �Performance of Load Balancing Algorithm in

Complex Networks�, Wireless Personal Communication, Springer Publication, SCI

indexed, ISSN print 0929-6212,impact factor -0.979, July 2014 (Communicated)

Chapter 6 describes the case study based on Fault tolerance with replication algorithm

has been proposed to support device users and share Grid services directly between

users and provide fault tolerance based QoS to users in the SGC. To demonstrate the

usability of the proposed scheduling algorithm, its implementation and validation has

been performed using scheduling with and without HTF. The simulation results shows

that by using all the four algorithms results have been improved. Therefore, the proposed
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scheduling algorithms can be applied to improve execution time and reliability in a wide

range of computing environments that provide shared services. In addition, to conduct

a wider variety of experiments to study various QoS metrics and additional factors in

the SGC and will apply this fault tolerance QoS scheduling algorithm to real world

environments can also be done. Chapter 6 derives from:

(i) N Rathore and I Chana, �Load Balancing and Job Migration Algorithm : A Survey

of Recent Trends�, Wireless Personal Communication, Springer Publication, ISSN

print 0929-6212, IF - 0.979, DOI-10.1007/s11277-014-1975-9 ,July 2014.

(ii) N Rathore and I Chana, �Job Migration with Fault Tolerance and QoS Scheduling

using Hash Table Functionality in Social Grid Computing�, Journal of Intelligent

& Fuzzy Systems, IOS Press publication, ISSN print 1064-1246, ISSN online 1875-

8967, DOI- 10.3233/IFS-141243 , IF- 0.936, June 2014.

(iii) N Rathore and I Chana, �Job Migration policies for Load Balancing algorithms

in Grid Computing�, Chiang Mai Journal of Sciences, SCI indexed, Print ISSN:

0125-2526, Impact Factor: 0.516, June 2014. (Communicated)

Chapter 7 �nally concludes the thesis and discusses the future scope of the work.
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Chapter 2

Literature Survey

The previous chapter provides a high level view of the thesis. It discusses the fundamental

concept of the Grid technology, its evolution, architecture and key areas along with the

major issues. It further provides the motivation to propose resource provisioning and

scheduling framework for Grid systems. It culminates with discussion of the organization

of the rest of the thesis along with its contributions.

In grid environment, tasks can be submitted at any host and the random arrival of tasks

in such an environment can cause some hosts to be heavily loaded while others are idle

or lightly loaded. Therefore, in such an environment, load imbalance can potentially

be reduced by appropriate migration of the tasks from heavily loaded systems to idle or

lightly loaded systems. Load Balancing with Job Migration are key Grid services. Load

Balancing is e�ective for balancing the load of large scale heterogeneous Grid resources

that are typically owned by di�erent organizations. Job Migration is an important aspect

of executing a parallel program in the Grid. It is a special event when a process running on

a Load Balancing resource is redeployed on another one in a way that the migration does

not cause any change in the process execution. The essential objective of Load Balancing

primarily consists of optimizing the average response time of applications, which often

means maintaining the workload proportionally equivalent on the entire resources of a

system.

This chapter discusses the classi�cation and comparison of the di�erent Load Balancing

and Job Migration schemes. A Load Balancing taxonomy is presented to facilitate a better

understanding of Load Balancing and Job Migration in Grid environment. Further, a

survey of dynamic Load Balancing and Job Migration mechanisms has been presented. A

detailed classi�cation has also been included based on di�erent parameters which depend

on the analysis of the existing techniques . The last section highlights the adoption of

Load Balancing and Job Migration techniques, limitation of the existing approaches and

�nally lists down the objectives as problem formulation of the thesis.
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2.1 Load Balancing in Grid

E�cient 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

distributed environment like Grid, to assign fair jobs to resources. The main goal is to

distribute the jobs among processors to maximize throughput, maintain stability, and

resource utilization. This is achieved by proper Load Balancing techniques. The basic

steps [17] for Load Balancing are shown in Figure 2.1.

Figure 2.1: Load Balancing Steps

(i) Load Monitoring: Monitoring resource load and state.

(ii) Synchronization: Exchanging load and state information between resources.

(iii) Re-balancing Criteria: Calculating the new work distribution and making work

moment decision.

(iv) Job Migration (Actual data movement): It needs, when a system decides to export

a process

The problem of Load Balancing came into the limelight as soon as the concept of multi-

processor as well as multi computation system architecture were documented. Today, the

modern era of computing 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.

Load Balancing algorithms vary in their complexity where complexity is measured by

the amount of communication used to approximate the least loaded node. The most

signi�cant parameter of the system is the cost of transferring a job from one node to

another [35]. Following terms are often used interchangeably but can also have distinct

meaning, which is given as follows:

� Load: The ratio of number of processes in ready state to the performance, if the

performances of servers are the same.

� Load Sharing: This is the coarsest form of load distribution. Load may only be

placed on ideal resources and can be viewed as binary (either idle or busy).
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� Load Balancing: Balance criteria of the workload present on every resource in the

system and workload should be in equal degree.

� Load Leveling: load leveling introduces a third term to describe the middle ground

between the two extremes of load sharing and Load Balancing. It seeks to avoid

congestion on any resources by utilizing idle resources.

Next section discusses the taxonomy of Load Balancing in Grid Environment.

2.2 Load Balancing Taxonomy

Various Load Balancing algorithms have been proposed in the last twenty years or so.

The taxonomy of the di�erent existing LB schemes is shown in the literature in Figure

2.2 & the details are discussed in the subsequent sub-sections.

2.2.1 Scheduling for Balancing of Load

At the top level, the Load Balancing algorithm is divided into local and global scheduling.

(i) Local and Global Scheduling: Local balancing (LB) [36] is the assignment of pro-

cessor time quantum to task as it is done by every traditional operating system.In a

local Load Balancing, each resource polls other resources in its neighbourhood and

uses this local information to decide on a load transfer. This local neighbourhood

is usually denoted as the migration space. The primary objective is to minimize

remote communication as well as e�ectively balance of the load on the resources.

Global balancing, on the other hand, is the process of deciding the location to exe-

cute a task in a multicomputer environment. Global balancing can be implemented

using a centralized approach, or it may be distributed among various processing

elements.

In a global balancing scheme [36] [37], 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 a�ect its scalability.

Global Scheduling further classi�ed into two major groups: Static Load Balancing

and Dynamic Load Balancing.

(ii) Static Scheduling and Dynamic Scheduling: Dynamic Algorithms [38] balances the

load at the time of the arrival of each job by a continuous assessment of the system

load in real time environment of a �xed policy. LB could be done statically "At

compile-time" and dynamically "At run-time".
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Figure 2.2: Load Balancing Taxonomy
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(iii) Optimal and Suboptimal Scheduling: Static scheduling can be divided into optimal

scheduling "Related information about the job and the resource is known by the

job-scheduler and optimal allocation decisions can be calculated within a feasible

period of time" and suboptimal scheduling "If these problems are not feasible

computational and/or some related information is unknown, suboptimal allocation

is adopted". Suboptimal static scheduling is divided into two parts: Approximate

and Heuristic.

� In approximate scheduling, the algorithm will terminate when it �nds a "good

solution" instead of searching the entire solution space.

� Heuristic scheduling uses the most naturalistic assumptions about the appli-

cations and resources to make a "reasonable solution" that is not restricted

by the assumptions, nor evaluated by an objective function.

(iv) Distributed and Non-Distributed /Centralized

Dynamic scheduling can be further bifurcated into distributed and non-distributed

(centralized) scheduling.

� In Distributed Scheme [39], Dynamic Load Balancing algorithm is executed

by all nodes in the system and the responsibility of Load Balancing is shared

among them. It can take two forms: Cooperative "Multiple resources will

work together to make dynamic and distributed job-scheduling decisions to-

ward a common goal" and Non-cooperative scheduling "Each resource works

alone making job-scheduling decisions".

� In Non-Distributed Scheme, the responsibility of LB is either taken single

or shared by some nodes. In other words,all the decisions can be made at a

centralized place at the user/resource management level. It can be categorized

into centralized and semi distributed.

� Semi-distributed, nodes of the distributed system are segmented into clus-

ters. 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 central node is only responsible for Load Balancing of

the whole distributed system [40].

� Centralized node work as a load Balancing decision maker, which dis-

tributes jobs to di�erent processing nodes. The centralized policies have

the advantages of easy information collection about job arrivals and de-

partures, and natural implementation that employs the server-client model

of distributed processing and performance and reliability bottleneck due

to the possible heavy load on the centralized job load-balancing decision

maker are major drawbacks.
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2.2.2 Load Balancing Process

In general, a Load Balancing process in the grid includes three stages:

(i) Information Collection: Information collection is the basis for providing current

state information of the resources [41]. It should be performed during the whole

course of the system running.

(ii) Resource Selection: Resource Selection is accomplished in two steps. First step,

the initial �ltering 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 collection is expected to provide

performance desired by the given application.

(iii) Tasks Mapping: The third phase involves mapping the given set of tasks onto a

set of aggregated resources including both the computational resources and net-

work resources. Various heuristics may be used to reach a near-optimal solution.

The e�ort of mapping in conjunction of resource selection produces a set of can-

didate submission. Once the set of candidate submission is ready; the balancer

starts to selects the best submission subject to the performance goal, based on the

mechanisms provided by the performance model.

2.2.3 Load Balancing Approches

Till date, there have been a number of e�orts at developing Load Balancing systems

for grid environments. It is often di�cult to make comparisons between distinct e�orts

because each Load Balancing approach is usually developed for a particular system en-

vironment or particularly greedy application with di�erent assumptions and constraints.

The comparison [42] of popular Load Balancing techniques like Agent Based, Prediction

Based, Supportive Node Based, Recitation Based, Neighbour Based are shown in Table

2.1.
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Table 2.1: Comparison of Load Balancing Techniques

LB Tech-

nique /

Parameters

Prediction

Based Ap-

proach

Agent Based

Approach

Supportive

Node Ap-

proach

Recitation

(Policy and

Strategy)

Based

Recent

Neighbour

Approach

Environment Heterogeneous

(Centralized

Load Man-

ager)

Distributed het-

erogeneous P2P

Distributed

Heteroge-

neous

Centralized

and sender

Initiate

Distributed

Heteroge-

neous

Aim E�ective

resources

utilization

and reduce

average job

response time

Self Adaptive,

Avoiding large

amount of data

transfer and �nd

under loaded

nodes more

quickly

Reduces com-

munication

delay using

supporting

nodes

Reduce re-

sponse time

Reduce com-

munication

delay

Strength Better re-

source utiliza-

tion

Migrate load

on the basis of

state information

exchange and

location policy

Minimum

tra�c due to

attached cen-

tral node at

each cluster

Based On

Load Balanc-

ing Policy

Load index

as a decision

factor for

scheduling

tasks

Criteria Selected task

basis of I/O-

intensive,

CPU-

intensive

and memory

intensive

Load estimates

based on the job

queue length and

job arrival rates

Primary and

centralized

approach

Information,

triggering

and Selection

Policies

Total Execu-

tion Time,

Communica-

tion Delay,

No. of Task

and No. of

cluster

Compose in

Module/-

Matrices

Predictor, Se-

lector, Sched-

uler

Job Scheduler,

Communication

layer, Resource

managers

Provide sup-

port while

migrating

load in indi-

vidual node

pool

Information,

Triggering,

Selection

Grid,Cluster,

Leaf nodes

Behavior Cluster Based

Queuing

model

Analyzed by

varying the num-

ber of jobs in a

nest

Performance

criteria is

load index

and queue-

length

Based on

CPU con-

sumption and

Queue Length

Load Index

based on CPU

Utilization,

Queue length

and Com-

munication

delay

Gap Need to eval-

uate in large

scale cluster

Number of nodes

increases in a

nest will cause

to increase the

complexity of

program

Complexity

in implemen-

tation

Resources

submit and

withdrawn

in any move-

ment (A�ect

performance)

Performance

degradation

in nesting of

cluster
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2.2.4 Load Balancing Algorithms

On the basis of Load Balancing parameters, such as environment, load monitoring, syn-

chronization etc. Di�erent Load Balancing algorithms [17] [18] [36] [42] are compared in

Table 2.2.

Table 2.2: Comparisons of Load Balancing Algorithms

Algorithms

/Parame-

ters

Round

Robin and

Random-

ized Algo-

rithms

Local Queue Central

Queue

Central

Manager

Threshold

Environment Static and De-

centralized

Dynamic and

Decentralized

Dynamic and

Centralized

Static and

Centralized

Static and De-

centralized

Load Moni-

toring

Round Robin

fashion By

Manager

By Local and

global Load

Manager

By Local and

Central Load

Manager

Through Cen-

tral Manager

Only

Through Dis-

tributed pro-

cesses

Synchron-

ization

Each proces-

sor maintain

report of all

resource

Randomly

send Remote

messages by

load manager

Communi-

cation be-

tween Local

and Cen-

tral Load

Manager

Inter process

communica-

tion between

Remote Pro-

cessors

Each Pro-

cess create

private copy

of system`s

load through

remote mes-

sages

Rebalancing

Criteria

Round Robin Automatic

Load Balanc-

ing

FIFO Tree mecha-

nism (parent

children

balancing )

Using Local

and Global

remote pro-

cess

Job Migra-

tion

Randomly

�nd under-

loaded node

using round

robin fashion

To �nd out

Under loaded

node in the

ready Queue

To �nd out

the Process

in the pro-

cess Request

Queue

While Dy-

namic Activ-

ity created by

di�erent host

in cluster

After check-

ing the Load

Limit of the

process in the

pool

2.2.4.1 Some more Generic Algorithm used for Load Balancing in Grid

Architecture

(i) Min-Min Algorithm: Min-min is a simple algorithm which can be implemented

easily. It provides a reduction in make span and maximum resource utilization.

For all unmapped tasks, Min-min algorithm �rst calculates the Expected Time to

Computed (ETC) in available machines. The task having the least ETC or Min-

imum Completion Time (MCT) is chosen �rst and assigned to the corresponding

machine. The newly mapped task is removed from the set of unmapped tasks and

the process repeats until all tasks are mapped.
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In Min-Max approach [36], the shorter jobs get executed �rst while the longer

jobs need to wait for long and hence many machines may stay idle. In Max-Min

heuristic, this drawback has been addressed by making an e�ective Load Balancing.

Here, the longest job gets executed �rst and hence other shorter job can also be

executed parallel in other machines. So resource utilization is performed in an

e�ective way in the Max- Min algorithm.

(ii) Bidding: Bidding [43] is a sender-initiated non-preemptive algorithm. The loaded

node (based on threshold crossing) requests bids from neighbours or all nodes (i.e.

Through broadcast). The bids (i.e. Current load) are sent by underloaded nodes.

The node with the winning bid (i.e. Shortest load) is selected and will receive a

transferred job. If no appropriate bids arrive within a time, then extend the request

for further bids in the network or process locally.

(iii) Global (Centralized Control): In Global (centralized control), one host is desig-

nated as the load information centre, which assembles the load of all the hosts in

a load vector and broadcasts the local vector to all the hosts every second. The

placement policy is as follows: send new job to the host with the lowest load. If

there is more than one host with the lowest value, select one arbitrarily [33].

(iv) Central (Centralized Control): The load information centre acts both as the load

information centre and the central scheduler for all the processing elements. Such a

distinguished agent requires less overheads making the algorithm more scalable [49].

(v) Reserve: It is a receiver-initiated algorithm based on job reservation. When a job

arrives, it is sent to the node that made the most recent reservation. If the load

falls below threshold, all reservations are cancelled.

(vi) Global Avg: Each node maintains a value for the network average load and strives

to keep its own load within a pre-de�ned acceptable range. If the load is not within

the acceptable range, then it attempts to �nd a transfer partner by broadcasting

its conditions and waits for a reply within a reasonable time. If no complemen-

tary partner can be found, it updates the global average load by the amount and

broadcasts the new average value of the other nodes otherwise it migrates an ad-

vantageous process with a complementary partner.

(vii) Drafting: Drafting is a receiver-initiated preemptive algorithm based on a drafting

strategy. Each node maintains a load table of candidate processors from among

its neighbours, but instead of using numerical values to describe the load of a

node, three states are used: Low state when the node can accept remote processes,

Normal state when no transfer in either direction is desirable and Heavy state when

the node needs help from other nodes.
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(viii) PollGen: PollGen is a preemptive algorithm with an adaptive feature. It is based

on the threshold received-initiated algorithm.

(ix) Ant Colony: Ant Colony [44] [45] is based on meta-heuristic technique for grid

Load Balancing. It has been used for improving the performance a new adaptive

mechanism of intelligent ants. The ants being an intelligent agent can create a

new one when they �nd themselves to be overloaded. Also, they can take decisions

based upon the memory allocate to them and the decision making algorithms.

(x) Adaptive Technique: Adaptive technique [46] varies the number of processors dur-

ing the run time in Grid environments. Adaptive technique balances loads upon the

arrival of each job, but also balance loads whenever anomalies appear in the work-

load of the system or individual nodes. They exhibit more �exibility by adjusting

their policy to match the dynamic system characteristics. The main disadvantage

of this work is that the processors they do not consider the makespan, computa-

tional cost, overhead time.

(xi) Genetic Based Algorithm: The genetic based algorithm is a heterogeneous Load

Balancing technique with speedy processors. They broadly classify the jobs into

two categories and allocate the �rst set of jobs to speedy processors and the other

set can be allocated to any Genetic resource [47].

(xii) Hybrid Method: The hybrid method [48] combines both the static and dynamic

Load Balancing for addressing the problem of resource allocation. They use the

metric of update interval for reducing the delay and deadlock. It has reduced the

waiting time of the jobs and assigns priority.

(xiii) Load Balancing with Scatter Operations: Load Balancing with Scatter Operations

approach describes about the method of balancing the load using scatter operations

that run parallel codes on grids. It has been used for �nding optimal distribution

of data across processors by ordering them with the improvement of performance

and cost.

(xiv) Hierarchical Load Balancing: The hierarchical Load Balancing method [49] comes

up with the dynamic tree based model for managing the workload using the neigh-

bouring property. It will decrease the amount of exchange messages in the grid

environment and thereby lead to the decrease in communication overhead.

(xv) Capacity Based Technique: The Capacity based technique provides a two-level

Load Balancing in a multicluster grid environment with each of the clusters located

in di�erent LANs. Minimization of the overall response time and maximization of

system utilization and throughput has been achieved through the consideration of
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the processing element`s capacity. It achieves an appropriate load balance, when

the workload increases and the system goes to the saturation state.

(xvi) Branch and Bound: Branch and Bound parallelization technique works with the

construction of the search tree and exploring them through a depth �rst search

that can be improved parallelization but has a scalability problem.

2.2.5 Load Balancing Policies

The LB policies' [17] issue are made to balance the load (which tasks should be executed

remotely and where). The mechanism issue carries out the physical facilities to be used

for remote task execution. Figure 2.2, 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. The policies

within the components are interrelated, �xing one would limit the options within the

others. Nine main components can be identi�ed below [24].

(i) Local Load Measure: Local Load Measure (load average) at each node is a mech-

anism that must be provided to give a good estimation of the current local load.

There are two important aspects to be considered here: a load metric which has a

correlation with the performance objective pursued, and the measuring mechanism

that must give a quick and e�cient evaluation of the local load state.

(ii) Information Policy: The information policy indicates the signi�cance of various

parameters (i.e. disk I/O, CPU queue, memory paging, CPU utilization, network,

etc.) for the accuracy of evaluating the load status of a host. The information gath-

ering process can be started periodically or independently of signi�cant changes of

system states. This component is responsible for the exchange and maintenance of

the information about other individual or groups of nodes such as load level, nature

of workload or the average load over the entire system. It is also responsible for the

frequency of the state information update, the ways to exchange this information

among the various nodes, the numbers of nodes involved in the exchange, and the

amount of information made available to the decision makers. It must maintain

consistent information about the global state at the distributed points of control

(iii) Transfer Policy: Transfer Policy [41] decides to transfer a process from the local

workload and selects an overloaded node heuristically based on the local infor-

mation. This component decides when it is bene�cial to transfer a process from

the local workload and selects which process to transfer/migrate. The overloaded

Neeraj Kumar Rathore 29 Thapar University, Patiala



Chapter 2. Literature Survey 30

node chooses heuristically an advantageous process (for example; long lived pro-

cess, availability of speci�c resources at speci�c nodes) to transfer, based on the

local information, the remote information maintained locally, or acquired during

the negotiation with other nodes. The transfer policy is responsible for requesting

the transfer of work from other nodes when the local node is about to become

idle. The transfer policy is the minimum component needed to implement a Load

Balancing strategy

Sender/Receiver/Symmetrically/Random initiated [42] [50] balancing is the part

of transfer policy. Transfer Load Balancing commonly used to start the Load

Balancing activity, the time a new job arrives or is created on a node and the time

a �nished job departs from a node. This aspect mainly deals with allocation of

nodes to jobs.

� 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

to remote invocation strategies.

� In Receiver-Initiated Algorithms, load distributing activity is initiated from

an under load node (receiver), which tries to get a task from an overloaded

node (sender).

� In Symmetrically Initiated Algorithms, combine the bene�ts of both senders

and receivers to search for appropriate location.

� A Random Policy chooses the destination node randomly from all nodes in

Grid system.

(iv) Location Policy: The duty of location policy is to �nd a suitable transfer partner

in Grid environment.

(v) Negotiation Policy: In negotiation policy, Once a node has been decided that it is

a suitable to transfer the load, it sets engaged in a pairing process. Once a node

has decided that it is a suitable transfer client (overloaded i.e. that is wishing to

get rid of some of its load) or it is a potential transfer server (lightly loaded or idle

i.e. that is looking for work), it engages in a pairing process. This process consists

of a search for a transfer partner, a node in a complementary state.

2.2.6 Load Balancing Attributes

The attributes of a LB Algorithm are described below [24] [41] [42] [51] [52].

(i) Load Redistribution: Di�erent objectives can be tracked when performing a load

redistribution within a Grid. The load sharing is used when the objective is to
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keep all the nodes busy but also to attempt an equalization of the load over all the

nodes. Restricted shares, when the nodes are privately owned and their sharing is

allowed only with the approval of the owner.

(ii) Decision-making Structure: The LB algorithms can be distinguished based on the

decision-making Structure used to implement the di�erent components. This struc-

ture can be centralized, hierarchical, decentralized, or a hybrid form.

(iii) Transparency: Transparency, where the implementation of the Load Balancing

scheme can be made transparent to users. This can be achieved by providing a

system interface that automatically identi�es the jobs eligible for transfer.

(iv) Autonomy:In Autonomy, a Load Balancing algorithm that has an autonomy at-

tributes does not violate the control of the job allocation at individual nodes.

(v) Scalability: In Scalability, as the number of nodes in the distributed system raises

and the range of workload �uctuations increases, scalability problems can arise.

(vi) Adaptability: In Adaptability, dynamic factors such as system load, network tra�c,

and the availability of computing nodes which characterize a distributed system,

have a direct e�ect on the system performance. It is used to maintain the global

scheduling scheme tuned to the variations in the environment, even when the sys-

tem conditions change drastically.

2.2.7 Load Balancing Mechanisms

A Load Balancing mechanism is used to harness the computational power of the grid.

Such mechanism attempts to balance the load with the results of maximum resource

utilization and optimal performance. Two mechanisms commanly used are [17]:

(i) Load Metric Mechanism: It checks the type of information that makes a load index

(queue CPU length, memory size) and the way such information is communicated

to other loaders (broadcasting, focused addressing, polling).

(ii) Load Communication Mechanism: Load Communication Mechanism identi�es the

method by which information, such as the load on a resource, is communicated

between the resource and the load distribution policy and mechanisms.

2.2.8 Load Balancing Performance Metrics

The performance impact of LB can be measured in many key areas like CPU Overhead,

Response Time [53], Throughput, Switch Occupancy etc, as described in [42].
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2.2.9 Load Balancing Strategies

Load Balancing strategies, try to distribute the workload uniformly across all computers

in a grid. Load Balancing can be done without measuring the current load to avoid the

overhead and temporary balancing. Many load-balancing strategies dynamically react

to load imbalances by comparing a load metric to a threshold and transferring workloads

to other computers if the threshold is exceeded. Other Load Balancing strategies 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 classi�ed into many categories like Hierarchical, De-clustering, AI

technologies, Layered Strategy, Scheduling strategy etc [18].

2.2.10 Load Balancing Phases

Dynamic LB can be divided into �ve phases i.e. Load Evaluation, Pro�tability Determi-

nation, Work Transfer Vector Calculation, Task Selection and Task Migration discussed

in [17].

In a distributed computer system, some of jobs are distributed among the various nodes

in the system. If the distribution of a job among the node can vary with time, then

it calls this job a `migratable' job. Redistribution of the user jobs and the migratable

jobs among the nodes in the system is referred to as Job Migration. JM includes the

migration of a task while it is still being executed.

2.3 Job Migration Taxonomy

Load Balancing is the main area of concern in Grid environments, whereas Job Migration

is responsible to handle problems while balancing the load. Job Migration is an important

aspect of executing a parallel program in the Grid. The basic steps of JM [50] are

depicted in Figure 2.3

The JM mechanism can be useful in several scenarios as discussed below: [54]

� JM can solve the problem of Load Balancing. When a node in a pool becomes

overloaded, the whole application can be migrated to the underloaded node.

� During JM, Grid Broker always works on priority basis. Migration can provide high

throughput while Load Balancing, where unused/less used cycles of underloaded

machines are collected.
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Figure 2.3: Job Migration Steps

� Migration can be used to provide fault-tolerance [55] capability using checkpoint-

ing [56], replication and scheduling.

Job Migration can be done if the processing performance of the underloaded node is

higher than the overloaded node. A hierarchical taxonomy for JM in Grid environment

has been presented in Figure 2.4.

2.3.1 Job Migration Algorithms

(i) Local Job Migration Algorithm: Each server has prior information about the

amount of load to be transferred to its neighbouring servers.

(ii) Global Job Migration Algorithm: The Global Job Migration algorithm is an op-

timization algorithm that minimizes the amount of load for migration during the

LB process [48].

(iii) Neighbour Job Migration Algorithm: The neighbour Job Migration algorithm is

based on improving the fault tolerance with better resource utilization of Grid by

using Load Balancing strategies along with the checkpointing to migrate a task from

one node to another and resuming its execution from the point of failure [48] [42].

(iv) Heat Di�usion Migration Algorithm:In heat di�usion Migration algorithm, heat

di�uses from a region of high temperature to low temperature over time. The

di�usion follows the gradient of the temperature �eld and heat �ows smoothly

across regions of di�erent temperature [57].

(v) Hybrid Job Migration Algorithm: The hybrid Job Migration algorithm works with

limitations of local (less e�ective) and global (less e�cient) Job Migration algo-

rithms. It has reduced the average number of overloaded servers [55].

Neeraj Kumar Rathore 33 Thapar University, Patiala



Chapter 2. Literature Survey 34

Figure 2.4: Job Migration Taxonomy
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2.3.2 Job Migration Techniques

The Job Migration processes as studied here are homogeneous, heterogeneous, object

based and distributed shared memory [18].

(I) Node Recon�guration Migration [58]: This mechanism makes application work-

loads migrate from source node to a destination node and then allows a source

node depart from the original computing environment. There are two mechanisms

for this, node recon�guration by user-level thread migration and node recon�gura-

tion by kernel level thread migration.

(a) Kernel Level Job Migration: Kernel level Job Migration techniques modify

the operating system kernel to make JM easier and more e�cient [59].

(b) User-level Job Migration: User-level JM techniques support JM without chang-

ing the operating system kernel. Node recon�guration by user level thread

migration has been implemented in two methods:

(i) In synchronous method, all nodes are paused during recon�guration. Syn-

chronous method may make performance down even though it is easier

to design.

(ii) In asynchronous method all nodes continue to work simultaneously with

recon�guration and better performance can be obtained as long as more

attention is paid to correctly maintain the order of node recon�guration

messages.

(II) Process Migration:

(a) Distributed Shared Virtual Memory (DSVM) transfers process data and state

while migration.

(b) Heterogeneous Process Migration is JM across machine architectures and op-

erating systems. There are four basic types of heterogeneous migration i.e.

Active object, native code,Passive object, Active object, migrate when inac-

tive and Active object, interpreted code as shown in [60] .

(c) Object Job Migration is possible on the persistent object basis. In these

techniques, persistent objects move between machines, depending on usage or

placement statistics.

(d) The Total Copy Algorithm is popular in JM algorithm, in this algorithm all

relevant job information including all virtual memory is transmitted to the

new host during migration.
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(e) Homogeneous Job Migration involves migrating jobs in a homogeneous envi-

ronment where all systems have the same architecture and operating system,

but not necessarily the same resources or capabilities. Homogeneous Job Mi-

gration Algorithms are �ve basic algorithms for homogeneous Job Migration.

(i) The Pre-Copy Algorithm optimizes the transfer of the virtual address

space to the new node by performing it in parallel with the continued

execution of the migrating jobs at the old node. The Pre-Copy algorithm

ships all code, heap, and stack pages to the new node.

(ii) Demand Page Algorithm is similar to the Total Copy algorithm except

that no virtual memory pages are transferred at migration time. When

the job is restarted at the new node, it will page fault immediately. The

job then requests the desired page from the old node. The new jobs will

likely page fault three times very early in its execution; one page fault for

the current code, stack, and heap pages respectively. Future page faults

are satis�ed by requesting the pages from the old node.

(iii) File Server Algorithm added a third machine to the Job Migration with

old and new nodes. It can be done using the e�ciency of demand paging

without having a residual dependency on the old node.

(iv) Freeze Free Algorithm improves the latency time. Achieving this, speed

up, eliminates the approval request message. Instead, the old node can

assume the new node will accept the Job Migration and send the program

counter and execution state of the new node. This saves waiting time,

which is a costly round trip message.

(III) Virtual Machine (VM) Migration: In VM Migration [46] snapshots of machine are

sent to another machine, that's why it is called the VM migration. There are

two methods for VM migration. First one is live migration "Regular Migration

the job is generally stopped and then migrated" and Live Migration "Running

domain between the di�erent host machines is migrated without stopping the job.

In between, it stops the job and gathers all required data, and then resumes. But

this happens only in same layer network and IP subnet".

The live migration minimizes the downtime, i.e., the time when no CPU cycle

is devoted to any of the VM-resident applications, neither at the overloaded nor

at the underloaded node. Live Migration can be bifurcated into strong or weak

migration.

(a) In weak migration, both code and strong state transfer cannot be achieved

together.
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(b) In Strong migration [57] technique not only source code of the application

migration, but also strong state migration, execution state and date infor-

mation (such as the program counter and stack) should be migrated. Strong

migration can be classi�ed into di�erent sub-types: code migration and state

migration, that is described in [60].

(i) Code Migration means that all the source code could be migrated from

the overloaded to the underloaded node.

(ii) State Migration contains the information of execution state and data

that are being used. Therefore, state migration consists of two aspects:

Execution Migration and Data Migration.

(IV) Robin Hood: The Robin Hood [35] technique is non- centralized Load Balancing

mechanism, It multicasts channels to communicate, and synchronize the processors

and proactive tools to migrate jobs between them. It is useful in the proactive

library for the migration of jobs, a multicast channel for node coordination and

provides the mobility and security in a uniform framework.

(V) Load Graph Based Transfer Method [35]: It is supported on a network graph where

each node is represented with its load, whereas load can be the number of users,

average queue length or the memory utilization. It uses an analytic model and

single load determination policy throughout the system and the load is determined

on the basis of memory utilization and average queue length. This algorithm is

based on three- layered structure. Top layer is the Load Balancing layer which

takes care of token generation, taking decision about task transfer; the middle one

is called a monitoring layer and acts as an interface between the top and middle

and monitors load changes and the third one is the communication layer which

takes care of the actual task transfer.

(VI) Checkpointing: A checkpoint [23] is normal processing is interrupted speci�cally

to preserve the status information, necessary to allow resumption of processing at

a later time in the program. By periodically invoking the checkpointing process,

one can save the status of a program at regular intervals. If there is a failure, one

may restart the computation from the last checkpoint, thereby avoiding repeating

the computation from the beginning. The process of resuming computation by

rolling back to a saved state is called rollback recovery. There are three types

of check pointing implementations: kernel-level, user-level and application-level.

These implementations di�er in levels of transparency, e�ciency and mechanism

used to initiate checkpoint and restart.
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� In kernel level check pointing, the user does not have to change the application

at all, so it is least e�cient, because the system does not have the knowledge

about the application.

� Creator achieves user level check pointing, and he puts or implements some

set of procedures that handles check pointing and restarts. The creator knows

all about the application, that`s why this approach is more e�cient.

� The developer itself achieves application-level check pointing. This approach

is e�cient, because the creator has detailed knowledge about the application.

Checkpoint [28] Algorithms can be classi�ed into three broad categories: asyn-

chronous, synchronous and Quasi-Synchronous or Communication Induced Check-

pointing [23] [18].

� In asynchronous check pointing, each process take checkpoints independently.

If all the processes take checkpoints at the same time instant, the set of

checkpoints would be consistent.

� In the synchronous checkpointing process, synchronizes through message pass-

ing interface before taking checkpoints [61].

� Quasi-Synchronous or Communication Induced Checkpointing avoids the domino-

e�ect without requiring all checkpoints to be coordinated. In these protocols,

processes take two kinds of checkpoints, local and forced. Local checkpoints

can be taken independently, while forcing checkpoints are taken to guarantee

the eventual progress of the recovery line and to minimize useless checkpoints.

2.3.3 Job Migration Policy

Two popular JM policies are the load barrier policy and the minimal job turnaround

time policy [49] [62].

(i) Load Barrier Policy:The load barrier policy adopts the CPU load as the barrier

of Job Migration. The mechanism starts to check the job queue for �nding idle

jobs [63]. If any idle job is found, the Job Migration mechanism would try to �nd

a remote site and migrates this idle job to this remote site.

(ii) Minimal Job Turnaround Time Policy: The minimal job turnaround time policy

extends the load barrier policy by taking into account the resource heterogeneity,

network bandwidth, job transfer cost, CPU capability and job queue length. In

this policy, the job response time and transmission cost is recorded.
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2.3.4 Existing Job Migration Algorithms

Three Job Migration Algorithms MELISA, LBA and PIA address several issues that

are imperative to Grid environments such as handling communication latency, resource

heterogeneity and sharing [64].

(i) Modi�ed ELISA Algorithm- In MLISA, the job will be transferred only if its ex-

pected �nish time on destination node is less than expected �nish time on source

node. In ELISA, Load Balancing is carried out based on queue lengths. Whenever

there is a di�erence in queue length, jobs will be migrated to the lightly loaded

processor, ignoring the Job Migration cost. This cost becomes an important fac-

tor when the communication latency is very large such as for a Grid environment

and/or the job size is large. For large-scale Grid systems (i.e. interGrid [65]), the

Modi�ed ELISA (MELISA) is shown to have better control in balancing the loads,

in which we consider the Job Migration cost, resource heterogeneity and network

heterogeneity when Load Balancing is considered [66]. In MELISA algorithm,

each processor calculates its status parameters, which are the estimated arrival

rate, service rate, and load at every status exchange period. This information gets

exchanged to every buddy processor in the buddy set.

(ii) The Load Balancing on Arrival (LBA) Algorithm-In LBA, applicable to small-scale

systems (that is, intraGrid), performs Load Balancing by estimating the expected

�nish time of a job on buddy processors on each job arrival.

(iii) Perfect Information Algorithm (PIA)-In PIA, each processor has up to-date infor-

mation about all buddy processors requires plenty of message transmission [13].

In this section, comparative study of di�erent Job Migration Algorithms has been done

on the basis of parameters like arrival rate, service rate, load distribution, resource

utilization etc.The comparative study depicts that no single algorithm is e�cient enough

to achieve all parameters as shown in Table 2.3.
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Table 2.3: Comparisons of JM Algorithms Basis on Average Response Time [13]

Parameters MLISA LBA PIA

ART execution of more jobs (N

> 10)

High(N=128) Moderate(N=26) Low

ART comparison for random

arrival and service rates

18% Better 12.8% Better Low

E�ect of the status exchange

period on ART

Good Average Poor

Total execution time compari-

son for random arrival and ser-

vice rates

[In between 1000-

5000 jobs]

[In between 1000-

5000 jobs]

[In between

1000-5000

jobs]

ART comparison for an un-

even load distribution

High(approx 50k

jobs)

Moderate Low

E�ect of job size on ART High Moderate Low

Resource utilization compari-

son for an uneven load distri-

bution

Wide Average Very little or

Low

Arrival rate, service state and

system state

Estimated Infor-

mation

Estimated Infor-

mation

Perfect Infor-

mation

Load Unevenly Distributed 44.9% better then

ELISA

25% better then

ELISA

Average

After discussing the Job Migration algorithms, techniques and survey, the next part of

the chapter cover presents an extensive and comparative survey of the existing Load

Balancing and Job Migration techniques.

2.4 Job Migration and Load Balancing Survey

A survey of the existing Load Balancing and Job Migration technique used in grid com-

puting since its inception until 2014 and it has been discussed in Table 2.4 and Table 2.5.

Their research focus, contribution, compared model, strength, gap, future work and their

suitability for usage in a dynamic grid environment has been analyzed. Above survey has

been conducted on the basis of di�erent parameters and is useful to �nd the appropriate

technique in a di�erent environment for optimization.
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Table 2.4: Survey of Job Migration Techniques

Authors Techniques Future Work Existing Tech-

nique Su�ers

Strength

T. Altameem

[2013] [67]

Fault Toler-

ance Tech-

niques

Turnaround time,

throughput, fail

tendency and grid

load

Checkpointing Enhance grid throughput,

utilization, response time

and more economic prof-

its. Replication and Check

pointing are the major tech-

niques used

Prasenjit Ku-

mar Patra et

al. [2013] [68]

Fault Toler-

ance Tech-

niques

Not Given Not Given Comparisons of Fault toler-

ance technique

Shuangquan

Yang [2012]

[69]

Live migra-

tion schedul-

ing

Not Given Cost Migrate jobs with minimum

cost

Susanne Al-

bers et al.

[2012] [70]

On the Value

of Job Migra-

tion in Online

Not Given Limited number of

job reassignment

Makespan Minimization

Zafer altug

sayar et al.

[2012] [71]

Strong Migra-

tion technique

Flexibility of the al-

gorithm

Constraint Satisfaction

Problem, LB, inter-

messaging rates

Tariq Al-

wada'n et al.

[2012] [72]

Heterogeneity,

diversity of

policies and

attributes

Not Given Limited CPU re-

sources

User-submitted policy, data

policy and multiple Virtual

Organizations (VOs).

Said Fathy El-

Zoghdy [2012]

[73]

Load Balanc-

ing and job

Migration al-

gorithm

Not Given Scheduling and Load

Balancing

Introduce Random and uni-

form two-level Load Balanc-

ing policy and minimize the

overall job mean response

time and maximize the sys-

tem utilization and through-

put

Vasinee

Siripoonya et

al. [2011] [74]

Thread-Based

Live Check-

pointing

(TLC)

Multiprocessor VMs

Implementation,

automatically switch

TLC operation when

high memory update

locality is detected

Long delay and long

disruption of services

since they have to

stop virtual machines

to save state, which

could be large

Save virtual machine state

for recovery and reduced the

check pointing overheads

Federico Cal-

zolari et al.

[2011] [75]

Job Migration

Algorithm

Computing resource

exploitation

Improve exploitation in

terms of running jobs, and

increase the computing

e�ciency, by reducing the

free job slots
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DaeWon Lee

[2010] [76]

IP-Paging

base Resource

Management

and Task

Migration in

Mobile Grid

Environments

Challenges-

Disconnected opera-

tion, job scheduling,

device heterogeneity,

and security

Mobility manage-

ment, disconnected

operation, device

heterogeneity, ser-

vice discovery, and

resource sharing

User-de�ned checkpoint

technique decreases total

execution time and total job

completion time.

Shakti

Mishra et

al. [2010] [77]

Priority

and criti-

cality based

Optimized

Scheduling

Algorithm for

Migration

Not Given Availability, Reliabil-

ity and Performance

Increased Throughput, Re-

duced latency time along

with no starvation policy for

any process.

David

Cuesta et

al. [2010] [78]

Adaptive

Task Migra-

tion Policies

Not Given Not Given Low and balanced tempera-

tures and performance over-

head

John

Mehnert-

Spahn et al.

[2010] [79]

Checkpointing

and Migration

of Commu-

nication

Channels in

Grid

Implementation opti-

mizations to improve

scalability and chan-

nel �ushing

Single node check-

points

It o�ers transparent migra-

tion and supports recreation

of sockets, shared by multi-

ple threads of one or more

processes

Remi Busseuil

et al. [2010]

[80]

Close-

communication

and

forwarding-

communication

migration

Strategies of a dy-

namic selection of the

best suited migration

protocol

Adaptability Scalability, global perfor-

mance.

A. Satheesh et

al. [2008] [81]

CPU-based

load sharing

policies

Use of distributed

operating system

Homogeneous net-

works and preemp-

tive migrations

Usage of global memory in

addition to CPU load shar-

ing, reduce the number of

page faults caused by unbal-

anced memory allocations

for jobs

Zhirou Zhang

et al. [2007]

[82]

Path Op-

timization

Algorithm

Not Given Optimization in mi-

gration

Bi-pheromone Ant Colony

Optimization algorithm â��

network Load, service node`s

ability and load are consid-

ered

Ruchir Shah

et al. [2007]

[64]

MELISA Job

Migration al-

gorithms

Extended to add

Fault tolerance

technique

For large-scale sys-

tems

Work on job size, data trans-

fer rate, status exchange pe-

riod, and migration limit

Vipin Chaud-

hary et

al.[2006] [83]

Mig-thread

migrating

technique

Not Given Client/server and

distributed comput-

ing systems

Clean o� the obstacles for

grid computing
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Abdullah

Azfar et al.

[2005] [84]

Ubiquitous

migration

technique

Ubiquitous Comput-

ing

Individual comput-

ing resources

Checkpointing mechanism

utilizes and centralize di�er-

ent Interrelated computing

resources.

HwaMin Lee

et al. [[2005]]

[85]

A resource

management

and fault

tolerance

services

Work on the Globus

toolkit for measuring

e�ciency

Fault tolerance ser-

vice

Resource manager for opti-

mal resource selection

Sathish S.

Vadhiyar et

al. [2003] [86]

Oriented

Migration

Framework

Rescheduling thresh-

old dynamically

Simple Policies Improve the response times

for individual applications

Sriram Satish

Tadepalli

[2003] [87]

Fault toler-

ance

Priority based

scheduling algo-

rithms

Checkpointing Identify the role of local re-

source managers in the fault

detection and migration of

Grid applications

Po-Cheng

Chen et

al.[2003] [88]

Virtual Ma-

chine Mi-

gration vs.

Thread Mi-

gration for

Grid Systems

Grid resource utiliza-

tion

Non-dedication and

dynamic behaviour

The performance di�erence

between these two evaluated

mechanisms

T. N. Ellahi et

al. [2002] [89]

DGET Mid-

dleware

Migration at any ar-

bitrary code location

Making the mi-

gration more �ne-

grained.

Supported multi-threaded

migration and asynchronous

migration. Supported trans-

parent strong migration in

grid environments. Least

possible space and time

overhead.

P. Emerald

Chung et al.

[1997] [90]

User-level

process

migration

environment

Includes check-

pointing script

applications, trans-

parently migrating

inter-process com-

munications for

message-passing

applications, and

integrating the

migration techniques

Checkpoint-restart

techniques

To utilize the CPU power

and balance load on all ma-

chines in an environment;

To provide fault tolerance

by migrating a process from

a failed machine to another

machine.
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Table 2.5: Survey of Load Balancing Techniques

Authors Technique/

Approaches

Compared

Model

Gap/

Future

work

Research focus/Contribution/Features

Azin &

Simone et

al. [2011]

[91]

State broad-

cast and

two random

Approaches

Ant

colony

Approach

Scalability,

resource

failure and

robustness

Using an ant colony optimization approach. It invokes

a response to submit a job to the Grid, and surf the

network to �nd the best resource to deliver the job. Using

Particle swarm optimization algorithm, Each node plays

a role as a particle and moves toward other particles by

sharing its workload between them and optimizing load

locally by sending or receiving jobs from its neighbors.

Qingqi et

al. [2011]

[92]

Agent based

distributed

optimized

scheduling

algorithm

with partial

information

Heuristic

Algo-

rithms

and static

random

agent dis-

tribution

algorithm

Migration

cost, Se-

curity

and agent

scheduling

for fault

tolerance

Integrates the distributed mode, approximate optimiza-

tion and agent set scheduling approach to achieve short

execution time in large-scale agent scheduling. It de-

scribes the multi-level framework, agent distribution,

communication architecture, event-driven conservative

time synchronization mechanism to avoid potential fail-

ure problem caused by the centralized mode as well as

improve execution e�ciency through parallel computing.

Sotirious

et

al.[2011]

[93]

Cluster-based

web sys-

tems&RR,

Least Con-

nections

Least

Loaded

algorithm.

Incorpora-

tion of

prediction

metrics

Provide features like scalability, adaptive fully utilization,

clustering prediction, bandwidth and web farm utiliza-

tion estimation and sharing mechanisms among classes

of HTTP tra�c is introduced. Its uses for Non-content

aware Load Balancing algorithm.

Hemant et

al. [2011]

[94]

Dynamic

distributed

Scheduling

Not Given E-

Learning

& data

mining

applica-

tions

Usage strategy like service based approach to data access,

integration & resource registration and discovery appli-

cable in large distributed computing environment. This

strategy improves the overall performance of the existing

Distributed computing environment (DCEs).

PENG et

al.[2011]

[49]

Proximity-

aware LB

approach

Not given Not given Load Balancing is performed independently and ensures

fair load distribution with reduced overhead. It provides

rapid convergence on load balance and reduces the load

transfer cost in the heterogeneous and dynamic network

state.

Robson et

al.[2011]

[95]

Local and

cluster moni-

toring mecha-

nisms

Not given Better

detec-

tion and

reactivity

Monitor resources, load reallocation, and load migra-

tion. Minimizes balancing overhead while load redistri-

bution. Balancing involves normalizing load distribution

of shared resources and maximizing overall resource uti-

lization. Migration technique performs reliable and low

latency load transfers.

Deepti et

al.[2011]

[96]

Cluster & non

cluster based

LB Algorithm

GA,

Fuzzy,

DDLB,

Adaptive

Centralized

Main

server

controller

Its ability to trace dead machines, framework works well

with heterogeneous web servers where the incoming load

is high and the response is given within few seconds with-

out any bottleneck.
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Hung-

Chang et

al.[2011]

[97]

Hierarchical

based LB

algorithm

Centralized

directory

approach

Movement

cost of

virtual

servers

and pro-

tocol

message

overhead

Structured P2P networks either explicitly construct aux-

iliary networks to manipulate global information or im-

plicitly demand the P2P substrates organized in a hierar-

chical fashion. Its uses for Load Balance with imperfect

information in Structured Peer-to-Peer systems.

T.R.V.

Anand-

harajan et

al.[2011]

[98]

Dynamic

distributed

Scheduling

Not Given Boundary

value

approach

Combines the inherent e�ciency of the centralized ap-

proach, energy e�cient and the fault-tolerant nature of

the distributed environment. Used for job scheduling and

job selection algorithm.

Jasma et

al. [2010]

[99]

Decentralized

Recent Neigh-

bour (RN)

LBA

Desirability

aware

Load

Balancing

Nesting of

clusters &

network

band-

width

RN performs intra-cluster and intercluster (grid) Load

Balancing. It is feasible and improves the system perfor-

mance considerably, provides shorter response time, en-

hances resource utilization and availability of tasks. This

technique uses sender initiates strategy in the algorithm.

Yuan

Rao et

al.[2010]

[100]

Agent based Not Given Computa-

tional and

storage

complexi-

ties

Achieves better Load Balancing, decrease packet loss ra-

tio e�ciency, guarantee better throughput and end-to-

end delay bound in case of high tra�c load. It has lower

on-board computation, storage, signalling requirements

than other on-board routing schemes.

Safa

Khalouli

et

al.[2010]

[101]

NP Hard

Problem

Heuristics

on Dis-

patching

Rules

Multi-

criterion

Schedul-

ing

Earliness tardiness penalties are addressed to complete

each job close to due date using just in time approach.

Leandro

dos et

al. [2010]

[44]

Ant colony A Greedy

algorithm

& Ant

Colony

Optimiza-

tion

Di�erent

chaotic

systems

Synchronization of identical discrete chaotic systems and

optimization of proportion integral derivative.

M.H. Af-

shar et al.

[2010] [102]

To e�ectively

�nd the op-

timal solution

& found in-

sensitive

Asynch-

ronous

parallel

implemen-

tation

Includes

many con-

straints

like size,

velocity

Nodal elevations of the network are considered as decision

variables Incremental solution building capacity, is used

for Ant Colony optimization.

Al-

Dahoud et

al. [2010]

[103]

Ant colony

based

Work-

stealing

for LBA

in dis-

tributed

systems

Not Given Raising the rate of information exchange all over the

nodes in the system. Improved e�ciency in terms of the

number of busy nodes and the elapsed time. It uses for

Ant Colony Optimization (ACO).
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Liang

Bai et al.

[2010] [104]

Multiple ant

colony op-

timization

approach

FCFS

and ACS

approach

Ant

Colony

To minimize the execution time of tasks as well as work-

load across all nodes and achieve task scheduling with

Load Balancing.

Husna

Jamal et

al. [2010]

[105]

Agent Based Not Given Not Given This facilitates in scheduling jobs to available resources

e�ciently, which will be enable jobs to be processed in

minimum time and also balance all the resource in the

grid system.

Antony

Lidya

Therasa.S

et

al.[2010]

[106]

Dynamic

Adaptation of

Checkpoints

based

Not Given Not Given Achieves fault tolerance by dynamically adapting the

checkpoint frequency, which reduces checkpoint overhead

and increases the throughput in case of resource failure.

Fault Index Based Rescheduling (FIBR) algorithm ef-

fectively reschedules the job from failed resource to any

other available resource with fewer fault index value.

Biagio

Cosenza

et al.

[2010] [107]

Agent Based Not Given Extend

the tech-

nique to

multidi-

mensional

space

It achieves a high scalability and low communication

overhead. Calculations for the balancing take place on

every worker at each computational step and in�uences

the successive step. Each communication is local (i.e.,

between neighbor workers), due to the local worker in-

teraction, is dominated by the speedup achieved better

Load Balancing.

Magdy

Saeb et

al.[2010]

[108]

Cluster Based Client-

Server

paradigm

Prototype

for large

scale

Study the impact of the cluster size, the agent lifetime

on the algorithm and the variance of the workload over

the cluster. It introduces a packet format for the infor-

mation agent, the location agent, and the routing agent

that provides better average response time and requires

relatively short time to implement.

Ghada

F et

al.[2010]

[109]

Direct Acyclic

Graph (DAG)

based

Not Given Not Given Application independent, dynamic algorithm for schedul-

ing tasks and Load Balancing in message passing sys-

tems.Its uses to reduce response time of the newly ar-

riving jobs while maintaining the time constrains of the

existing DAG.

P. K.

Suri et

al.[2010]

[110]

Intra and

inter cluster

(grid) LB

Not Given Partition

of task

into sub-

tasks

E�cient utilization of resources and enhancing the per-

formance of computational grids. It improves the sys-

tem performance, reduce the execution time and cost,

enhances the resource utilization and balance load in an

e�ective manner.

Weiwei

lin et

al.[2010]

[111]

Centralized

& distributed

hierarchical

method

Master-

Slave

Model in

parallel

Network

Work in

simulated

environ-

ment

only

To schedule a large number of parallel tasks and it can

make full use of the Internet resources to solve the high-

performance computing problems.
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Somayeh

Abdi et

al.[2010]

[112]

Job Schedul-

ing policy

and Data

Replication

Mechanism

Not Given High la-

tencies

of Wide

Area Net-

works and

Internet

To achieve good network bandwidth utilization, get bet-

ter performances and reduce data access time. Uses for

Hierarchical Replication Strategy (HRS).

Malarvizhi

Nandagopal

et

al.[2010]

[113]

Parallel and

Distributed

Computing

Not Given No prece-

dence

constraint

among

di�erent

tasks of a

job

It addresses the problem of Load Balancing using Min-

Load and Min-Cost policies while scheduling jobs to the

resources in the multi-cluster environment. Heuristically

estimate the completion time of executing jobs in remote

clusters, improves system performance in terms of mean

response time and average slowdown. Fault tolerant mea-

sures increase the reliability of the algorithm. Uses for

Hierarchical Status Information Exchange Scheduling.

Malarvizhi

Nandagopal

et

al.[2010]

[114]

Sender Ini-

tiated De-

centralized

Dynamic

Load Balanc-

ing

Non Mi-

gration

(NM)

algorithm

Real world

grid com-

puting en-

vironment

Highly decentralized, distributed and scalable algorithm

for scheduling jobs and balance the load across the re-

sources in heterogeneous computational grid environment

is to minimize response time and reduce the communica-

tion overhead.

Gengbin

Zheng et

al.[2010]

[115]

Periodic and

hierarchical

LB Approach

Centralized

schemes

Extend hi-

erarchical

LBA

It overcomes the scalability challenges and considerably

reduces the memory requirements, the running time and

provide interconnect topology aware strategies that map

the communication graph on the processor topology to

minimize network contention.

Bin

Wang et

al.[2010]

[116]

P2P System

(Distributed

Hash Table)

Not Given Not Given Even node distribution is achieved in key space according

to top-down ID allocation. In heterogeneous system, the

algorithm performs well in Load Balancing for applica-

tions with even distribution of keys and queries.

Robson

E. De

Grande et

al.[2010]

[117]

High Level

Architecture

(HLA) based

Not Given Improved

technique

for de-

tecting

commu-

nicative

federates

Using local and cluster monitoring mechanisms identify

imbalances, improves the use of shared resources, in-

creases distributed simulation performance by minimiz-

ing communication latencies and partitioning the load

evenly. The hierarchical architecture minimizes the over-

head produced by the balancing system and overcome

the heterogeneity issues.

Xiao

Qin et

al.[2010]

[118]

Based on par-

allel applica-

tions in clus-

ters

Existing

memory-

aware and

I/O-aware

schemes

Develop a

prototype

of the

COM-

aware load

balancer

It is capable of improving the performance of

communication-intensive applications by increasing the

e�ective utilization of networks in cluster environments.

Dynamic communication-aware Load Balancing scheme

(COM-aware) for non dedicated clusters where the re-

sources of the cluster are shared among multiple parallel

applications being executed concurrently.

Neeraj Kumar Rathore 47 Thapar University, Patiala



Chapter 2. Literature Survey 48

Shoukat

Ali et

al.[2010]

[119]

Genetic

Based

Across

the Ma-

chine load

Balance

Not Given It is allocating Robust Resource and enhances the toler-

ance of power grid against �uctuations in the load.

Chao-

Chin

Wu et

al.[2010]

[120]

Heterogeneity

of fault-

tolerance

mechanisms

Min-Min

and suf-

fering

algorithm

Not Given Support four kinds fault-tolerance mechanisms, including

the job retry, the Job Migration without checkpointing,

the Job Migration with checkpointing, and the job repli-

cation mechanisms.

P. V.

Prasad et

al.[2010]

[121]

Network

recon�gura-

tion based

distribution

system

Not Given Not Given Ability to solve the radial distribution system recon�gu-

ration problem for Load Balancing. It eliminates infea-

sible solutions, optimal con�guration and improves the

voltage pro�le of the network.

Wenmin

et

al.[2010]

[122]

Load-

balancing

dynamic

scheduling

algorithm

Bottleneck

Dynam-

ics (BD)

algorithm

Not Given Priority rule regarding makespan and due date, priority

rule regarding processing time and machine unused time

segment, and the rule that all machines will be added

unused time segment if there is no matching one.

Jie

Chang et

al.[2010]

[123]

Polling

scheduling

dynamic Load

Balancing

algorithm

Convent-

ional

static

policy

framework

Not Given Avoids some shortages of the polling scheduling algo-

rithm. The value of the threshold is based on the prin-

ciple of prediction and feedback which signi�cantly en-

hancing the working e�ciency.

Youngjoon

et

al.[2010]

[124]

Guided self

scheduling

for data cen-

tric Load

Balancing

Locality-

aware

work-

stealing

scheduler

Not Given To achieve high performance on amorphous data paral-

lel Programs that address additional factors beyond run-

time overhead and load balance.

Jaehwan

Lee et

al.[2010]

[125]

Based on

PUSH and

PULL JM

mechanisms

(Decentral-

ized)

Centralized

scheduler

Accommo-

date

asym-

metric

multipro-

cessors

with

General

Purpose

Graphics

Processing

Units

Local scheduling uses a variant of back�lling to leverage

residual resources in a single machine. Internode schedul-

ing extends the local scheduling across machines by mi-

grating jobs when that will allow a job to run immedi-

ately. Queue balancing proactively balances job waiting

queues across machines to avoid highly skewed queues,

to overlap Job Migration with other system activities

and Improves total system throughput. The algorithms

also avoid starvation of large jobs through the back�lling

counter mechanism.

Shakti

Mishra et

al.[2010]

[126]

Prioritizing

processes

based

Not Given Latency

time for

Process

Migration

Server

Incorporating an optimized Load Balancing strategy in

a trusted cluster.

Neeraj Kumar Rathore 48 Thapar University, Patiala



Chapter 2. Literature Survey 49

Mohsen

Moradi et

al.[2010]

[127]

Time Op-

timizing

Probabilistic

LB Approach

Not Given Not Given Chooses the resources that have better past and least

completion time. It is establishing Load Balancing with

reducing the response time and task failure percentage.

Dongliang

Zhang et

al.[2009]

[128]

Based on BST

(Adaptive

balancing)

Arti�cial

and a

real dis-

tributed

Limitation

in adapt-

ability

on large

networks

This method can adjust the sub-domains with heavy

loads and decompose their loads faster with a lower com-

munication overhead. Loads are balanced from a global

view, and sub-domains are stretched and compressed in

the group.

Yong Hee

Kim et al.

[2009] [129]

Multi-Agent

System

(MAS) based

Not Given Overhead

of load

data

collection

This scheme signi�cantly reduces the response time by

migrating some agents to balance the loads of the sys-

tem. Architecture e�ectively supports the registration,

modi�cation, and deletion that provides easy retrieval

and provisioning of registered services for the users like

web service.

Chang

Hui et

al.[2009]

[130]

Deferred

shading par-

allel rendering

applications

Coarse

or CPU

bounded

algo-

rithms

Not Given It determines the performance and scalability of sort-�rst

rendering clusters. Which can distribute rendering load

more uniformly among the rendering node and improve

the system render performance prominently.

Azzedine

Bouk-

erche et

al.[2009]

[131]

DLB for

HLA-Based

Not Given Communi-

cation

overhead

It minimizes the communication, can lead to performance

improvement.

Abhinav

Bhatele et

al.[2009]

[132]

Dynamic

Topology

Aware LBA

Other

topology

aware

LBA

Hierarchical

&

Heuristic-

based

LBA

Load Balancing in parallel MD programs is crucial for

good performance on large parallel machines and used to

improve scalability and performance.

Xiao

Qin et

al.[2009]

[133]

DLB for I/O-

Intensive Ap-

plications on

clusters based

Existing

non-I/O-

aware

load-

balancing

including

CPU and

Memory

aware

schemes

Not Given E�ective I/O-aware load-balancing schemes for two types

of clusters: (1) homogeneous clusters where nodes are

identical and (2) heterogeneous clusters, which are com-

prised of a variety of nodes with di�erent performance

Characteristics.

P Visalak-

shi et

al.[2009]

[134]

Hybrid Par-

ticle Swarm

Optimization

based

Particle

Swarm

Opti-

mization,

GA

Non-

preemp-

tive task

scheduling

This algorithm solving the Task Assignment Problem

(TAP) np-hard problem.
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Yajun

Li et

al.[2009]

[135]

Averages and

instantaneous

measures

based hybrid

LB

Static or

Dynamic

Algo-

rithms

Not Given FCFS with GA algorithms perform Load Balancing of se-

quential tasks with achieving minimum execution time,

reduce the system response time, maximum node utiliza-

tion and a well-balanced load across all the nodes in-

volved in grid computing environments.

Thein et

al.[2008]

[136]

Decentralized

dynamic Load

Balancing

Not Given Not Given Providing faster communication time and minimize exe-

cution time. It is improving the performance of a cluster

computer system with excellent scalability & reliability.

Minglong

et

al.[2008]

[137]

Fault Toler-

ance based

scheduling

REM Loss of

data

Provide Load Balancing & fault tolerance hierarchically.

Introduce the state balancing policy in large scale dis-

tributed Multimedia service.

Zhengping

Qian et

al.[2008]

[138]

Distributed

multi-

processor

cluster based

Static job

scheduling

algo-

rithms

Cost of

process

migration

Exibits Deadlock Detection & resolving algorithm and

based on dynamic recorded events of each task at run-

time.

K. Saru-

ladha et

al.[2007]

[139]

Agent Based Dynamically

varying

number of

nodes in a

nest

Scalability Improves the response time and overall execution time of

user submitted jobs. It explores and �nd the under load

nodes more quickly.

Ana et

al.[2000]

[140]

Nearest

neighbor

approach

Sender

Initiate

di�usion

No esti-

mating

cost of

data

Provides even load distribution considering loads indivis-

ible units. Facilitating load movements b/w non-directed

connected processors, and algorithm globally converges.

Uses for Di�usion algorithm Searching unbalanced do-

mains.

Ching-

jung et

al.[1999]

[141]

Mapping/load-

balancing

based cluster

approach

Compari-

sons

between

all three

methods

Not Given Use three trees-based parallel load-balancing methods,

maximum cost spanning tree (MCSTLB), BTLB and

Condensed Binary Tree (CBTLB), balance the compu-

tational load of each processor of solution-adaptive �nite

element application programs with speedup performance.

Mohammed

et

al.[1997]

[142]

Compile-time

and run-time

modelling

Receiver-

initiate

DLB

Not Given Automatically transform an annotated sequential pro-

gram to a parallel program in a dynamic environment

with less complexity.

The survey depicted that Load Balancing and Job Migration challenges in Grid comput-

ing have not been addressed to a large extent and their are many issues that need to be

addressed. After discussing the survey of Load Balancing and Job Migration, the next

section will focus on adoption of Load Balancing and Job Migration over the years in

graphical view.
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2.5 Adoption Graph of Load Balancing and Job Migration

Techniques

On the basis of the survey, a meta analysis of temporal trends in publication of Load

Balancing and Job Migration techniques in Grid have been described in Figure 2.5 and

Figure 2.6. Below comparison easily shows the usage probability of techniques according

to the year wise fashion.

Figure 2.5: Adoption of Load Balancing Techniques

Figure 2.6: Adoption of Job Migration Techniques
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2.6 Problem Formulation

Grid Computing encompasses various features which make Load Balancing in Grid chal-

lenging to accomplish. These challenges further pose signi�cant obstacles for designing

an e�cient and e�ective Load Balancing technique for Grid environments. Many Load

Balancing systems have been proposed and reported, as discussed in literature review

but these systems have several limitations like heterogeneity, adaptability etc. and issues

like applicability problem in dynamic and decentralized environment, lack of scalability,

optimization of performance and cost etc. yet need to be addressed for optimal utiliza-

tion of Grids. Further the Job Migration technique used in Load Balancing should be

capable to decide that it should make changes of load distribution during execution of

job or not. Most of the existing algorithms address Load Balancing technique by us-

ing round robin, FIFO etc. After an exhaustive literature review, it is apparent that

there is a need of innovative Load Balancing technique to enable grid computing to be

real platform delivering high performance services. If Load Balancing algorithm is com-

plemented with e�cient Job Migration technique then a Load Balancing algorithm has

�exibility to migrate the jobs to nodes pragmatically. Existing dynamic decentralized

Load Balancing systems in computational grids tend to improve the overall utilization

and performance by developing e�ective load-balancing strategies but lack in scalabil-

ity, information gathering overhead etc. which needs to be addressed. Further the Job

Migration techniques in these systems are not e�cient in cost/time optimization, fault

tolerance and bandwidth for transfer of data into large scale locations which needs to

be e�ectively addressed. Therefore this work focuses on the design & development of an

e�cient dynamic decentralized algorithm catering to challenges of Load Balancing along

with an e�cient Job Migration technique proposed in Grid environment.

The main objectives of the proposed work are:

i. To analyze the existing Load Balancing and Job Migration techniques in grid en-

vironments.

ii. To propose and design a dynamic, decentralized Load Balancing algorithm for

grids.

iii. To design and develop an e�cient Job Migration technique for the above designed

Load Balancing algorithm.

iv. To test the proposed Load Balancing algorithm and Job Migration technique in a

grid Environment.
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2.7 Conclusion

This chapter presents a detailed survey of Load Balancing and Job Migration techniques

based on various parameters: compared model, strength, gap, future work, techniques,

research focus. The di�erent techniques that are available in the literature have been

appropriately classi�ed under di�erent categories. As, Job Migration also plays an im-

portant role in achieving e�ective fault tolerance, su�cient light has been thrown on

those techniques. The algorithm, description, merits and demerits of each technique

have been analyzed and presented. Next chapter presents the proposed design of Load

Balancing algorithm.
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Chapter 3

Proposed Load Balancing Technique

The previous chapter discusses the classi�cation and comparison of the di�erent Load

Balancing and Job Migration schemes. It also includes taxonomy to facilitate a better

understanding of Load Balancing & Job Migration in Grid environment.A Survey of Dy-

namic Load Balancing and Job Migration mechanisms have been presented and compared

along with the existing techniques.

In the existing work, a dynamic, decentralized Load Balancing technique is proposed that

considers all the factors pertaining to the characteristics of the Grid computing environ-

ment. A dynamic threshold value is used at each level and the value of the threshold

is dynamically changing according to the Grid size in the network. A well-designed in-

formation exchange scheduling scheme is adopted in the proposed technique to enhance

the e�ciency of the Load Balancing model. A comparative analysis between the existing

technique and proposed exhibits why the proposed technique is better than other existing

algorithms. The proposed technique is a new version of the LB mechanism based on ran-

dom policy. The design of the system environment, LB process for random job arrival

through Poisson process has been developed and the �owchart of proposed Hierarchical

Load Balancing technique along with �tness function has been presented in this chapter.

This chapter �rstly analyses the proposed and existing approaches based on various pa-

rameters like: categorizes, techniques, comparisons, scheduling, policy, response time etc.

In the next section the system model and the LB process have been designed for the pro-

posed Load Balancing algorithms. Then, the problem description, requirements,job arrival

process of Local Grid Manager, �owchart, �tness functions have been presented for the

proposed model. Finally, Load Balancing algorithms have been proposed for the model in

the Grid environment.
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3.1 Preliminaries

Qureshi and Rehman [143] had documented Grid architecture for Load Balancing, as

illustrated in Figure 3.1. They have used, Poisson process for random job arrival with a

random computation length. Considering that the jobs are sequenced, mutually indepen-

dent with the arrival rate and can be executed on any site. Furthermore, the site should

meet the jobs demand for the 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 to another process during current execution. This model has been

divided into three levels: Level-0 Broker, Level-1 Resource, and Level-2 Machine Level.

When a new job known as Gridlet arrives on a machine, it may go to underlightly-

loaded, lightly-loaded, overloaded and normal loaded resources by load calculation being

computed at each node. In order to compute the mean job response time analysis one

Grid Broker (GB) section as a simpli�ed Grid model has been considered. Grid Broker

is the top manager of a Grid environment. It is liable for sustaining 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 to the Grid broker during overload. The machine is

a Processing Entity (PE) manager, responsible for task scheduling and Load Balancing

of its PE's connected with various resources via LAN. 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, Job 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.).

3.2 System Model and Problem Description

The work, proposed here, is an enhancement of the work [143] discussed above.

It suggests the necessity of quanti�cation of the load in order to achieve Load Balancing

in computational grid. Quanti�cation of the load is done and the objective function is

derived based on the load distribution of the computational nodes. Response time and re-

source allocation have been recorded as a fair contribution of this research. Furthermore,

it extends the existing technique into two cases as discussed in Table 3.1.
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Figure 3.1: Hierarchical Load Balancing Model
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Figure 3.2: Basic Comparison between Three Techniques

Table 3.1: Comparison between Three Techniques

Techniques Existing Tech-

nique

Proposed Technique (Case-1) Proposed Technique

(Case-2)

Categories Divided into three

pools like: lightly,

normally, heavily

Divided into four pools like: under lightly,

lightly, normally, heavily

Divided Into Five pools

Like: under lightly, lightly,

normally, heavily, Highly

heavily

Techniques Each heavily loaded

node has to check

all the nodes in the

Lightly loaded pool

According to load percentage overloaded

node is checked into one pool either lightly

or under lightly loaded pool on the basis of

sorting

Checking has been done in

all four pools

Comparisons 1 2 4 (Exponential increase)

Scheduling No Yes Yes

Sorting No Yes Ascending -Under lightly and Lightly

loaded pool Descending -Heavily Loaded

pool

Yes

Policy Not Applicable Random: means process can be executed

vice-versa also. (Lightly loaded node can

also search heavily loaded node)

Any

Response

Time

Low High (Know about the status of each pool

& sorted all nodes in order)

Medium

Throughput Low High (High Availability) Medium
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Resource

Allocation

Capacity

Low High (Due to idea of load persentage) Medium

Cost Low Medium High

Time High (Each node has

explored in the pool)

Low (Due to Sorting Technique) Medium (More compar-

isons)

Two cases for the proposed technique have been considered. In �rst case, lightly loaded

node is divided into lightly and under lightly loaded categories in the context of variable

threshold and standard deviation. Thus, the nodes are divided into four pools. This

technique minimizes the searching time to �nd out the receiver machine in order to

transfer the Gridlets. A well-designed information exchange scheduling scheme is adopted

in the proposed technique to enhance the e�ciency of the Load Balancing model.

In the second case, load is divided lightly loaded into lightly and under lightly loaded

categories and heavily loaded node into heavily and highly heavily loaded categories

in the context of variable threshold and standard deviation. Thus, here the nodes are

divided into �ve pools. This technique minimizes the searching time (as compared to

the existing technique) but increases the ambiguity in the form of comparison that can

increase exponentially.

To �nd an appropriate node for migration is complex task that can enhance the cost and

storage capacity as compared to the existing techniques. Therefore, �rst case is better

than existing and second case in all perspectives. Thus, the �rst case has been imple-

mented in this thesis work. A comparative analysis depicts the di�erence between all the

techniques and exhibits why the proposed algorithm is better than any other existing

algorithms presented in Figure 3.2.

The proposed technique is thus the enhanced version of the Load Balancing mechanism

using random policy. The proposed random LB policy chooses the target endpoint

randomly from the speci�ed list. The proposed Load Balancing technique has not only

increased resource allocation e�ciency of Grid resources, but also cuts down the response

time of the entire Grid. This algorithm is rigorously examined on the GridSim simulator

to judge the e�ectiveness of the algorithm, especially on Grid platform. The detailed

steps and architecture of the proposed technique are explained in the subsequent sections.
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3.2.1 Load Balancing Process

Grid mapping has been shown as sequence diagram in Figure 3.3. 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 a single or multiple PEs. The Grid scheduler is a software component that

runs on each site. It manages the system related information (i.e. CPU utilization,

remaining CPU capability, remaining memory, computing nodes, sites etc.)in order

to join the Grid. It provides resources, receives jobs from Grid clients and assigns

them to the processors in the Grid system.

(ii) It provides information back to the jobs and discovers the candidate set of the

nearest site based on the job requirements, resource characteristics. It creates a

list of these nearest nodes & sends this list to the Load Balancing decision maker.

(iii) The decision maker decides on the basis of the minimum Grid site, whether the job

can be executed at the local site or remote site and transfers the job accordingly.

(iv) The job dispatcher ships the jobs, checks the site availability through fault detector

and monitors the state of sites.

(v) If site failures or system degradation occurs, the faults are detected or a failure

message is sent to the fault manager. After the fault manager receives a failure

message, it reschedules the job using a primary backup approach.

In this system, sites play the role of assisting the execution of jobs. When any site is in

idle 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 transmit an exit message to the Grid scheduler of the

nearest neighbour site. The Grid scheduler uses a derived threshold to e�ectively select

suitable sites. This threshold value is based on the load and demands for resource needed

to execute the job and will evaluate the sites in the system. Thus providing a 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 e�ective

sites. Sites passing this threshold are called e�ective sites. As a grid is composed of sites

with di�erent performances, the execution time of a job on each site is di�erent.

In dynamic Load Balancing state, the system will adjust dynamically until it reaches a

balance. In a grid environment, the e�ectiveness of sites varies with time. Thus, the
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Figure 3.3: Sequence Diagram of Components and their interaction

assignment of jobs must be adjusted dynamically in accordance with the variation of the

site status. The �owchart of the proposed Load Balancing technique has been shown in

Figure3.4.

3.2.2 Job Arrival Process at Local Grid Manager

To clearly understand the model analytically, a Local grid Manager (LGM) section has

been considered as a simpli�ed grid model, in which the external tasks arrive sequentially

at the LGM according to a time-invariant Poisson process [55], with inter-arrival times
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Figure 3.4: Flowchart of Proposed Hierarchical Load Balancing Technique

which are independently, identically, and exponentially distributed. Considering the

following system parameters:

� λ is external (remote) task arrival rate from grid clients and other LGMs to a LGM

out of which, the rate λa is accepted for processing by the LGM, and the rate λr is

rejected up arrival and forwarded upon arrival through the communication means

to another LGM.

Hence, λ = λa + λr

� λi
a is the external task �ow rate from the LGM to the ith SM which is managed

by that LGM. λiL and is the local task arrival rate to the ith SM.
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Figure 3.5: Queuing Model of Grid Manager

� λL is the total local tasks arrival rate to the Site Manager (SMs) managed by a

LGM, hence λL =
∑m

i=1 λ
L
i and i=1,2,3...m is the number of sites managed by that

LGM.

� λiis the total arrival rate (external and local) to the ith SM that is λi = λai + λLi

� λij is the job �ow rate from the ith SM to the jth PE managed by that SM.

� µ is the LGM service rate.

� µi is service rate of the ith SM.

� µij is the service rate of the jth PE which is managed by ith SM. Hence, the LGM

tra�c intensity is given by:

ρ =
λ+ λL

µ
=
λ+

∑m
i=1 λ

L
i∑m

i=1 µi
=

λ+
∑m

i=1 λ
L
i∑m

i=1

∑n
j=1 µij

(3.1)
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Where, i=1...m is the SMs number, and j=1...n is the number of PEs in every SM.

For the LGM to be stable ρ must be less than 1. The ith SM tra�c intensity is

given by:

ρ = λi
µi

=
λai +λ

L
i∑n

j=1 µij

Where, j=1...n is the number of PEs at the ith SM. For the SM to be stable ρi

must be less than 1. The tra�c intensity of the jth PE which is managed by ith

SM ρij =
λij
µij

, similarly ρij must be less than one for that PE to be stable. During

the analysis process, the following facts are used:

� Merging of k Poisson streams with mean rate λi results in a Poisson Stream with

mean rate λ given λ =
∑k

i=1 λi

� If a Poisson stream is split into k substreams such that the probability of a task

going to the ith substream is pi, each substream is Poisson with a mean rate of piλ.

Since the communication links between the LGM and its SMs are heterogeneous i.e.,

every communication link has an individual bandwidth and latency, the G (λa) is used

as a general function for the overall mean expected communication (including queuing)

time of forwarding external accepted task �ow rate λa from the LGM to its SMs. Refer

to the length of time between the instant when a task arrives at the LGM and the instant

when it leaves, after all processing and communication, if any, are over as task response

time. Hence, the overall mean task response time T can be computed as follows:

T = G(λa) + TS for external tasks

T = TS for local tasks

 (3.2)

Where, TS is the overall mean task response time all over the sites managed by the

LGM. As mentioned earlier, the system is studied in the steady state that is the tra�c

intensity is less than one i.e., ρ < 1. To compute, the SM is modelled as a variant M/M/n

queue where the service rates of any two PE are not identical which is similar to the case

of heterogeneous multiprocessor system. Figure 3.5 shows a LGM Queuing Model, the

queuing structure of a site is a part of this �gure.

De�ne the state of the SM by (k1, k2, kn), where ki is the number of tasks at the ith PE

queue, i =1,2,...n. Reorder the PE's in a list such that the occupation ratio k1
µi1

k2
µi2
, .,

kn
µin

.

The LS at the SM services the arriving tasks (local or remote) based on their arrival time

(FCFS). It distributes tasks on the fastest PE (i.e., the PE has the lowest occupation

ratio). The tra�c intensity of ith SM is given by, ρ = λi
µi

=
λai +λ

L
i∑n

j=1 µij
, n is the number of

PEs in that site.
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The mean number of tasks E[N ]iSMat the ith site is then given by:

Here,

X =
(1 + 2ρi)Π

n
j=1µij

λi
∑n

j=1(λi + µij)
+

1

1− ρi

E[N ]iSM =
1

X(1− ρi)2

 (3.3)

To compute the expected mean task response time:

Let E[T ]iSM denotes the mean time spent by a task at the ith SM to the arrival rate

λi and E[N ]iSM denotes the mean number of tasks at that site. Hence, E[T ]iSM can be

computed as follows:

E[T ]iSM = 1
λ(E[N ]iSM )

So, the overall mean task response time TS all over the sites at a LGM is then given by:

TS =
1

m

m∑
i=1

E[T ]iSM (3.4)

Where, m is the number of sites managed by that LGM. By substituting about the value

of Ts in Equation 3.4, the overall mean task (external and local) response time can be

computed.

Next section presents the internal calculation to determine the load on the node and

cluster, after job arrival in the hierarchical Load Balancing model.

3.2.3 The Fitness Function

The �tness function used to calculate load at PE, machine & broker level are described

in this section.

3.2.3.1 Machine level Calculation

When the scheduler receives a job submitted by a user, it will transfer a request to the

information service in order to obtain the necessary information such as the idle PE

percentage of each resource, average load of each cluster and average load of the system.

Then, the scheduler chooses a cluster which has the fastest Average Computing Power

(ACP).

Firstly, the Average Computing Power of the cluster ACP (PEi) is de�ned as:

ACP (PEi) =
n∑
k=1

PE_Speedk ∗
1− PEk

n
(3.5)
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Table 3.2: Stored Information on Grid Server

S.No. Notations Description
1 PE Processing Element (Single CPU); Processing capability of each PE is

same for a single machine
2 G Number of Gridlets (Applications/Task) on any PE
3 P Number of PEs on any Machine
4 PELoad Load on any PE
5 PEsLoad Total load of available PE in any Machine
6 OPEList List of PE with overloaded Gridlets
7 OP Size of OPEList (O: Overloaded and P: PE)
8 LPEList List of PE with Lightly loaded Gridlets
9 LP Size of LPEList (L: Lightly Loaded and P: PE)
10 ULPEList List of PE with under lightly loaded Gridlets
11 UP Size of ULPEList (U: Underlightly loaded and P: PE)
12 NPEList List of PE with normal task
13 NP Size of NPEList (N: Normal-loaded and P: PE)
14 (PELoad)D Load of Processing element for lightly loaded PE list
15 (TaskLoad)L Load of Gridlets
16 (PELoad)E Load of Processing element for Under lightly loaded PE list
17 Rating Actual capacity of PE i.e. CPU speed in terms of MIPS rating
18 (Curr_LoadPE) Current load of PE
19 (TaskLoad)L Load of Gridlets
20 File_size Is a workload in bytes
21 Gridlets An arrival task as a load
22 ALCi Average load on each cluster (collection of PE`s)
23 ALMi Average machine load
24 σ Standard deviation

Where, PE_Speedk = Processing speed of processing entity k in cluster i (MIPS)

PEk = Current CPU utilization of the PEs in cluster i, expressed as a percentage

PE= Processing Entity (Single CPU- Processing capability of each PE is same for a

single machine) and

n = number of processing entity in cluster i.

After that machine scheduler selects the PE which has the fastest ACP. The average load

of the cluster is de�ned by the average load of each processing entity in cluster i.

The current load of PE Curr_LoadPE is de�ned as:

Curr_LoadPE =

g∑
1

Filesize (3.6)

Where, g = Number of Gridlets (Application/Task) on any PE.

The average Load (Avg_load) of each PE is de�ned as:

Avg_Load =

p∑
1

CurrLoadp
P

(3.7)
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Where, p=number of PE in cluster (Total load of available PE in any Machine)

To measure the load of each PE PELoadk,i, as

PELoadk,i =
Curr_LoadPE −Avg_load

Rating
(3.8)

Where, PELoadk,i = load of each processing entity (PE)k in the cluster i

Rating=Actual capacity of PE i.e. CPU speed in terms of MIPS rating.

Calculate average load of each cluster i ALCi is de�ned as:

ALCi =
1

p

p∑
k=1

PELoadk,i (3.9)

Where, PELoadk,i =load of all PEs in cluster i

p=number of PE in cluster (Total load of available PE in any Machine).

The average load of the machine system ALMi is de�ned as:

ALMi =
1

m

m∑
i=1

ALCi (3.10)

Where, m=number of cluster in the machine system

We set the average load of each cluster, ALCi to be less than the balance threshold of

the machine system. Hence, this threshold is called as balance threshold.

The threshold value of the machine level denoted as ∂ and de�ned as:

∂ = ALMi + σ (3.11)

Where, σ =Standard Deviation of the load of the system and de�ned as:

σ =
1

N

N∑
1

(xi − x)2, foralli (3.12)

Where, x = average loads of the machine system which equals ALM

xi is the average load of each cluster i which equals ALC and

n is the number of clusters in the machine system
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3.2.3.2 Resource level Calculation

Firstly, the Average Computing Power of the machine is de�ned as:

ACMi =

n∑
k=1

MacSpeedk ∗ (1−Mack)

n
(3.13)

Where, macSpeedk = Speed of machine k in resource i (MIPS)

mack =current CPU utilization of the k machines in resource i (in percentage)

n = number of machine in resource i

The average load of the resource system ALRi is de�ned as:

ALRi =
1

r

r∑
k=1

ALMi (3.14)

Where, r is the number of machines in the resource system

The average load of each ALMi, is set as less than the balance threshold of the resource

system. Hence, a threshold is set called balance threshold.

The threshold value of the resource level denoted as Î· de�ned as:

η = ALRi + σ1 (3.15)

Where, σ1 is the Standard Deviation of the load of the system and de�ned as below:

σ1 =
1

N
= (xi − x)2, foralli (3.16)

Where, x=average loads of the resource system which equals ALR

xi = average loads of each machine i which equals ALM

N = number of machines in the resource system.

3.2.3.3 Broker Level Calculation

Firstly, the Average Computing Power of the resource is de�ned as:

ACRi =
n∑
k=1

Rec_Speedk ∗ (1−Reck)
n

(3.17)

Where, Rec_Speedk = Speed of resource k in the broker (MIPS)

Reck = current CPU utilization of resource i (in percentage)

n = number of resources in broker
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The average load of the Broker system ALBi is de�ned as:

ALBi =
1

b

b∑
k=1

ALRi (3.18)

Where, b = number of resources in the broker system the average load of each resource

ALRi, is set as less than the balance threshold of the system.

Hence, a threshold is set called balance threshold.

The threshold value of the machine level denoted as ρ de�ned as:

ρ = ALBi + σ2 (3.19)

Where, σ2 = Standard Deviation of the load of the system and de�ned as:

σ2 =
1

N
(xi − x)2, foralli (3.20)

Where, x = average load of the broker system which equals ALB

xi = average load of each resource i which equals ALR

N = number of resources in the broker system.

The complexity of the hierarchical network is depending on max number of nodes at

any level multiply with the level of the tree. In our network, generally number of PE's

is always more than number of machine and resources under same broker. So, Total

complexity of the network is O(logp), where p = no of PE's.

After discussing the Load Balancing Model with supporting �tness function, the next

section introduce Load Balancing Algorithm in Grid environment.

3.3 Proposed Load Balancing Algorithms

This section deals with a LB algorithm that can be run into three levels like resource,

machine and PE's of LB model as shown in Figure 3.1. The proposed algorithm has been

executed individually, according to the threshold value at each level and only PE level

algorithms at level-2 are considered. Initially, the load has been calculated according to

Gridlet (task) arrival on each node and it is connected to the corresponding PE's. The

entire tasks are Compute Intensive that maximize the system resources for processing

large computations for simulation. Furthermore, the Load Balancing operation is per-

formed according to the availability of lightly loaded or under lightly loaded node list
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and at the same time it passes information to the associated machines. To perform Load

Balancing, a random strategy is used for selecting tasks randomly either from overloaded

or under loaded node in the pool. It can reduce the time to manage the load and im-

prove execution time as well. A random strategy is implemented at the machine level

algorithm. At last, the Job Migration operation has been performed till the overload

queue is not empty and same procedure has been followed at machine level and resource

level. PE level load threshold, machine level load threshold and the resource level load

threshold are denoted by ∂, η, and ρ have been taken from [113] [143] respectively in

Algorithms 1-4. These values has been found according to the task arrival.

Table 3.3: Load Parameters

S.No. Threshold Load Parameters Level
1 ∂ = 0.6 PE level Threshold
2 η = 0.75 Machine level Threshold
3 ρ = 0.8 Resource level Threshold

Description: This algorithm is executed on each node (0 ≤ i ≤ n)
Input: List of available Gridlets activity ready for execution
Output: Queued into PE list for the job execution

for (Check all machines to the corresponding resources) do
Wait for activity (i.e. Load change in any machine);
if (Activity occurs) then

Call Algorithm-2 to �nd the PEs category (i.e. OP, UP, LP, NP);
else

go to step 2;
end

end

Algorithm 1: Load Balancing Activity at PE Level

Description: This algorithm is executed for each PE till PE 6= 0
Input: File Size (as a workload on PEs), Rating
Output: Calculate load of each PEs

Initialized PELoad and check all Gridlets
if (PELoad= 0) then

Go to step 9;
else

Check Load for all PE's using corresponding Gridlets ;
Calculate current load of PE =

∑g
1 FileSizej ;

Aggregate PELoad is PE =
((Curr_LoadPE−Avg_load)

Rating) ;

Return PELoad ;
end

Algorithm 2: Load Calculation Algorithm at PE Level
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Description: To divide the Gridlets loads into four PE list executed on all the
machine
Input: Threshold Value, PELoad, Algorithm 2
Output: Distributed job according to load in all PE lst

Create OPEList, ULPEList, LPEList and NPEList ;
Calculate ALMi and σ ;
for (All PEs associated with Machine which are processed/ empty) do

CALL PELoad_Calc_Algo ( ) //Calculate PELoad (work load of PEs);
if (ALCi == ∂) then

Add this PE to NPEList;
else

if (ALCi > ∂) then
Add this PE to OPEList ;

else

if (ALCi < 0.5 ∗ ∂ ) then
Add this PE to ULPEList;

else

Add this PE to LPEList;
end

end

end

Sort OPEList in descending and ULPEList and LPEList in ascending order of
loads;
CALL Algorithm-4 ;

end

Algorithm 3: Load Balancing Algorithm at Machine Level

Neeraj Kumar Rathore 70 Thapar University, Patiala



Chapter 3. Proposed Load Balancing Technique 71

Description: Load calculation for the Job Migration process
Input: PE load, Task load
Output: Send load information to the resources on upper level for Job Migration

for (Check PE`s from the overloaded PE List (Descending Order) from selected
PE) do

if (Check for all Gridlets processed or empty) then
Go to step 18;

else
Check for all PE`s in the lightly loaded PE list (One by one ascending
order) ;
if (Calculate and check (PELoadD + TaskLoadL < 0.5 ∗ ∂)) then

Shift Gridlet Load of Overload to lightly loaded PE List ;
else

Check for all PE`s in the under lightly loaded PElist (One by one in
ascending order) ;
if (Calculate and check (PELoadE + TaskLoadL < 0.5 ∗ ∂) ) then

Shift Gridlet Load of Overload PE List to under lightly loaded PE
List ;

else

Gridlet Load will execute in its originator ;
end

end

Gridlet Load will execute in its originator;
end

Call Algorithm 3 ;
if (ALCi ≥ η) then

Send information to resource level for further calculation ;
end

end

Algorithm 4: Load calculation for Job Migration Algorithm at Machine Level

The mentioned algorithms propose an e�cient Load Balancing algorithm using random

policy with variable threshold value. Here, machine level algorithms have been discussed.

The same algorithm procedure has been followed at resource and PE level.

3.4 Conclusion

In this chapter, Hierarchical Load Balancing technique has been proposed and compared

with existing techniques. LB process for job arrival has been designed and validate

with the �tness functions at all three levels. Finally Load Balancing algorithms have

been proposed in the Grid environment. The next chapter discusses the Job Migration

techniques in the Grid environment.
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Chapter 4

Proposed Job Migration Techniques

The previous chapter discussed the detailed analysis of the proposed Load Balancing al-

gorithm on the basis of variable threshold values de�ned on system model. The problem

description requirements, analytical view of Local Grid Manager, Load Balancing process

and �tness functions have also been described for the model in the Grid environment.

Job Migration is a solution for the load dis-balancing problem as it can handle tra�c

balancing whenever imbalance occurs in the grid environment. For this purpose, Job

Migration model has been designed in this chapter. The proposed Job Migration model

o�ers decision making policy based on the scheduling, checkpointing and replication for

Grid environment. The Job Migration problem has been formulated as an optimization

problem for checkpointing, replication and resource scheduling algorithm that minimizes

the average �nish time and makespan. A moving scheduling framework is considered and

an algorithm is formulated to achieve practical constraints. Finally, Job Migration poli-

cies have been designed and the policy rules have been speci�ed in XML schema.

This chapter focus on all three categories of Job Migration model. Further, Job Migration

algorithms have been proposed for all three categories along with mathematical formula-

tion and execution for states of model which is presented in next section. Job Migration

algorithm e�ectively schedules the jobs on available resources in a Grid environment and

simultaneously minimizes the response time and the resource allocation capacity. Fi-

nally, QoS parameter(s) based Job Migration policies have been discussed at the last in

this chapter on the basis of proposed Job Migration Algorithms.
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4.1 Proposed Job Migration Model

The Figure 4.1 shows the overall architecture of the proposed Job Migration system.

Grid Broker (GB) �nds the appropriate resource pool. Once the Gridlet is submitted to

a resource pool, job queue allocates the Processing Elements (PE) and starts the job.

If any of the nodes on which the job processes are running fails, Local Job Migration

Scheduler (LJMS) suspends the job execution and tries to restart it on a new node in

the same pool, else switch into another the resource pool based on the availability of

underloaded node. GIS periodically monitors the status of the job. If it detects that the

job has been in the restart state for a long period, it tries to �nd a new resource pool to

which the job can be migrated.

Figure 4.1: Job Migration Model

Components of the proposed Job Migration model are:

(i) Job Queue- Job Queue is a local queuing system of the pool for the management

of Gridlets. Gridlets submitted to job queue must be speci�ed depending on their

type. Job queue has two main components: dispatcher and collector. The dis-

patcher performs the dispatching of Gridlets to another node and the collector is

responsible of con�ning Gridlets from another node.
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(ii) Local Job Migration Scheduler (LJMS)- LJMS is liable for scheduling of submitted

Gridlets. Many processes have been executed in this component. Di�erent states

through which the job goes in the LJMS are explained below:

� Waiting- The job is initially put into a waiting queue.

� Running- Once the scheduler �nds unloaded PEs that can satisfy the require-

ment of overloaded PEs, it assigns these Gridlets to the PEs. The PE starts

the execution by sending a message to Job Monitoring System (JMS) on these

pools.

� Failed- Due to hardware or software failure occurrence.

� Restart- After failure job goes to a restart state. It remains in this state until

the restart scheduler assigns a PE from the restart pool. After restart, the

job then comes into the running state.

� Finish- If it can successfully complete its execution

(iii) Global Job Migration Scheduler (GJMS) - It maintains the load information along

with registration information of each LJMS in the grid as discussed in Section 4.2

.

(iv) Grid Information System (GIS) - The GIS consists of the monitoring system which

resides on each pool. GIS directly connects the Grid Broker to share the pool and

job status. It receives messages from the GJMS system in the form of Job Status

and Grid Pool Status.

� Job Status: if any Gridlets executing on its PE exit, JMS sends message to

GIS. The message speci�es if the Gridlet departed gracefully or due to some

fault/failure.

� Grid Pool Status: The GIS system periodically sends a heartbeat message to

the GJMS. Through this message (i.e. Contains details like the number of

Gridlets executing, free memory, and the average load of the PE) the GJMS

account the health of the PE`s.

After receiving status of PEs, If Gridlets have executed gracefully then appropriate

log �les are updated which are stored by GIS otherwise (in case of failure) Gridlets

are terminated and the reason is written to log �les. JMS also uses the log �les

that have been stored in GIS for monitoring purpose. It periodically checks to see

if messages have been received from all the PEs. If messages are not received from

a PE for a long period, then the JMS con�rms the PE that are down. It makes the

PE as o�ine and initiates the restart process for the Gridlets running on the PE.
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(v) Fault Tolerance : A Gridlet can fail if any of the PEs fail. The rest of the Gridlets

keeps waiting in the job queue for the execution messages from this process and the

application hangs. The JMS handles two modes of failure. The following paragraph

describe these failures and how the JMS detects them:

� Hardware Failures: If any Gridlet running in PE goes down, then the PE is

killed. The PE cannot communicate with its peers if any hardware failure

(e.g., network card failure) occurs on the PE. In these cases the JMS also

cannot send its heartbeat message to the LJMS. The JMS periodically checks

if a heartbeat is received from every PE in the pool. If the heartbeats from a

PE are continuously missing, then the JMS concludes that a hardware failure

occurred on that PE.

� Software Failure: A Gridlet process can fail due to a program error. Whenever

a Gridlet exits the JMS receives a signal. The JMS can analyse this signal and

know the reason for the Gridlet exit. Hence the JMS can detect if the Gridlet

has exited due to an error in the application code or �nished its execution

gracefully.

(vi) Grid Broker (GB): It can fully control over the whole process within it, and directly

operates the GJMS of all the Grid pools.

(vii) Job Monitoring System (JMS): JMS determines the load on PE's and provides this

information to the Grid broker through GIS. It performs three important functions:

� Fault Observation System (FOS): The JMS receives the job startup request

from the LJMS. It detects the failure and passes the information to the GIS

through FOS.

� Fault Alert System (FAS): FAS counts the event and type of PE failure by an-

alyzing the information about the state of a PE and transfers the information

about the failure to FMS.

� Fault Management System (FMS): If FMS receives the information about

failure, it tries to resolve failures. PE failures can be either hardware or

software failure. FMS guarantees that the Gridlet submitted are completely

executed using available PEs. It is also responsible for the check-pointing.

4.1.1 Execution States of Model

A FOS is associated to each of the PE managers in the LJMS and a FAS and FMS to

Grid Broker. To understand the work of FOS, FAS and FMS, if any fault occurs while

executing the Gridlets, three cases have been proposed for speci�ed conditions:
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(i) If failed node is not a Local grid Manager (LGM) of the pool then:

� The FOS detects the failure node and the FMS associated with the nodes

report to GIS to update their status.

� FAS informs the FMS and it decides whether or not to start a local Job

Migration operation from faulty node to under load node. If it decides to

start a Job Migration operation, then it's load balances its workload among

the nodes.

� If FMS fails to migrate jobs of the faulty node among other underloaded node,

then jobs are automatically migrated to lightly under load node according to

selection criteria that have been chosen for calculating the load. The chosen

lightly under-loaded node are those which need minimal communication cost

for transferring tasks from faulty node.

(ii) If failed node is a LGM of the pool then:

� The FOS detects the faulty node in the pool, FMS reports to the GIS and

updates its information.

� The lightly under-loaded node of the pool becomes the new LGM in the pool

and GIS update their log �le and pass the information to GB.

� FAS detects the failure and reports to the FMS. FMS decides whether to

start or not a Gridlets assignment operation of the new PEs in the pool by

consulting the new LGM.

(iii) The failed node is the Global Grid Manager (GGM) of the pool then:

� The FOS detects the failure. FAS reports to GIS and updates its log �le.

� The lightly under-loaded LGM of the pool becomes the new GGM in the

pool. Other LGM on the grid pool update their log �les and GIS passes the

information to GB.

� Lightly under-loaded LGM of the grid becomes new GGM and request all

LGM for their current task assignment information.

4.2 Global Job Migration Scheduler

Global Job Migration Scheduler plays an important role in achieving Load Balancing.

In this work JM can be done on the basis of check-pointing, scheduling and replication.

For choosing one of the three techniques, JM selection policy (discussed in Section 4.2.1)
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Figure 4.2: Job Migration Categorization

takes decision at the time of migration of the load by analysin the requirement for each

job as shown in Figure 4.2.

JM decision based policy has been designed to select one of them at run time.

(i) Replication requires migrating all the applications (such as code, database etc.)at

same instance, from the source node to the destination node. So, for this, it needs

all the applications on the source node to be ready for migration. Critical tasks

may choose this type of policy.

(ii) Checkpointing needs the small chunks of data to be migrated at the speci�c time

requiring that data to be ready to get migrated. Process and human tasks can start

in the source node and compete in the destination node. Application instance data

on queues and failed events in the source node can be handled through checkpoining

process. A rollback plan handles a possible migration failure.Information system

or data oriented tasks may choose.

(iii) To transfer the data on the basis of time and space, scheduling can be used.

Scheduling requires a minimum response time and throughput, when, the databases

are being upgraded and migrated prior to start migrating the data. For this, sched-

uler temporarily removes processes from the source node "swapping out" and places

them on the destination node "swapping in".
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4.2.1 Job Migration Selection Policy

The Job Migration selection policy has been proposed for making decisions dynamically.

The proposed policy has been done designed in XML for the three of the above mentioned

approaches.

〈?xmlversion = ”1.0”encoding = ”UTF − 8”?〉
〈JMpolicy〉
〈select = ”technique”〉
〈technique1 = Checkpointing〉
〈create〉Checkpoint〈/create〉
〈redo〉data〈/redo〉
〈undo〉data〈/undo〉
〈/technique1〉
〈technique2 = Scheduling〉
〈find〉node〈/find〉
〈map〉data〈/map〉
〈execute〉job〈/execute〉
〈/technique2〉
〈technique3 = Replication〉
〈find〉destinationnode〈/find〉
〈migrate〉data〈/migrate〉
〈/technique3〉
〈/select〉
〈/JMpolicy〉

〈?xmlversion = ”1.0”encoding = ”UTF − 8”?〉
〈xs : schemaxmlns : xs = ”http : //www.w3.org/2001/XMLSchema”elementFormDefault =

”qualified”attributeformDefault = ”unqualified”〉
〈decision〉
〈choiceid = IDmaxOccurs = nonNegativeInteger|unboundedminOccurs = nonNegativeIntegeranyattributes〉
(annotation?, (Replication|checkpointing|scheduling)

〈decision〉
〈xs : elementname = ”replication”〉
〈xs : annotation〉
〈xs : documentation〉
JobMigrationwithReplicationOperation

〈/xs : documentation〉
〈/xs : annotation〉
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〈xs : complexType〉
〈xs : sequence〉
〈xs : elementname = ”Jobexecutionservice”〉
〈xs : complexType〉
〈xs : attributename = ”Servers”type = ”xs : string”use = ”required”/〉
〈xs : attributename = ”Storage”type = ”xs : string”use = ”required”/〉
〈/xs : complexType〉
〈/xs : element〉
〈xs : elementname = ”ComputeQoSParameterforReplication”minOccurs = ”0”〉
〈xs : complexType〉
〈xs : attributename = ”Cost”type = ”xs : integer”use = ”required”/〉
〈xs : attributename = ”Frequency”type = ”xs : integer”use = ”required”/〉
〈xs : attributename = ”Reliability”type = ”xs : integer”use = ”required”/〉
〈/xs : complexType〉
〈/xs : element〉
〈/xs : sequence〉
〈/xs : complexType〉
〈xs : elementname = ”checkpointing”〉
〈xs : annotation〉
〈xs : documentation〉
JobMigrationwithCheckpointingOperation

〈/xs : documentation〉
〈/xs : annotation〉
〈xs : complexType〉
〈xs : sequence〉
〈xs : elementname = ”Jobexecutionservice”〉
〈xs : complexType〉
〈xs : attributename = ”ProcessingElement”type = ”xs : string”use = ”required”/〉
〈xs : attributename = ”CommunicationLink”type = ”xs : string”use = ”required”/〉
〈/xs : complexType〉
〈/xs : element〉
〈xs : elementname = ”ComputeQoSParameterforCheckpointing”minOccurs = ”0”〉
〈xs : complexType〉
〈xs : attributename = ”undo”type = ”xs : integer”use = ”required”/〉
〈xs : attributename = ”redo”type = ”xs : integer”use = ”required”/〉
〈/xs : complexType〉
〈/xs : element〉
〈/xs : sequence〉
〈/xs : complexType〉
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〈xs : elementname = ”scheduling”〉
〈xs : annotation〉
〈xs : documentation〉
JobMigrationwithSchedulingOperation

〈/xs : documentation〉
〈/xs : annotation〉
〈xs : complexType〉
〈xs : sequence〉
〈xs : elementname = ”Jobexecutionservice”〉
〈xs : complexType〉
〈xs : attributename = ”TimeBasedScheduling”type = ”xs : string”use = ”required”/〉
〈xs : attributename = ”SpaceBasedScheduling”type = ”xs : string”use = ”required”/〉
〈/xs : complexType〉
〈/xs : element〉
〈xs : elementname = ”ComputeQoSParameterforScheduling”minOccurs = ”0”〉
〈xs : complexType〉
〈xs : attributename = ”ResponseT ime”type = ”xs : integer”use = ”required”/〉
〈xs : attributename = ”ResourceCapacity”type = ”xs : integer”use = ”required”/〉
〈/xs : complexType〉
〈/xs : element〉
〈/xs : sequence〉
〈/xs : complexType〉
〈/xs : element〉
〈/xs : schema〉

After discussing about the selection policy for the JM technique in XML, the next sub-

section describes each JM techniques in detail.

4.2.2 Job Migration with Checkpointing Algorithms

Checkpointing is the technique of saving computation state in stable storage, to be

reconstructed later. At checkpoint time, the checkpointing subsystem will �rst freeze the

application, so that its state is stable and persistent. It supports Time Based and Record

Based checkpoint algorithms [144]. In time-based checkpointing, algorithm commits

global transactions at a speci�ed time interval. In record-based checkpointing, algorithm

commits global transactions at a speci�ed number of iterations of batch step. The basic

steps of checkpointing are given below:
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(i) PE chooses job to take decision for start checkpoining.

(ii) Receiving checkpoint request at the receiver PE.

(iii) After receiving an acknowledgment message from the sender, Algorithm is executed

on the receiver PE.

(iv) If any, fault has been occurred then recovery process has been started.

(v) It start from the sender PE, where algorithm is executed and faulty PE at the

source end has been resorted.

(vi) Send recovery message to receiver PE.

(vii) Resume the receiver message again.

Algorithms 5-10 shows the checkpointing and recovery scheme.

Description: PE chooses job to take decision for start checkpoint (CP)

if (No provisional checkpoint) then
Take a new provisional CP with new checkpoint_id ;
Set originator_�ag=True and originator_id =X ;
Send a CP request to the next PEs with originator_id ;

end

Algorithm 5: Beginning of Check pointing from starting PEX
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Description: PE chooses job to take decision for start checkpoint (CP)

if (Provisional checkpoint exists) then
if Y is the immediate ancestor of the receiving originator_id then

Remove the existing stable checkpoint ;
Create the presented provisional checkpoint stable ;
Set acknowledgement originator_id = Y ;
Generate and send acknowledgement message to the next PE with
acknowledgement originator_id ;

else

if (Y > receiver originator_id) then
Promote the checkpoint request to the next PE;

else

if (originator_�ag X = False) then
Advance the checkpoint request to the next PE;

else

Reject the checkpoint request;
end

end

end

else

if (Y is the immediate ancestor of the receive originator_id) then
Remove old stable checkpoint ;
Take a new stable checkpoint with new checkpoint_id ;
Set acknowledgement originator_id = Y ;
Generate and send acknowledgement message to the next PE with
acknowledgement originator_id ;

else
Take a new provisional checkpoint with new checkpoint_id forward the
checkpoint request to the next PE ;

end

end

Algorithm 6: Receiving CP request at the receiver PEY
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Description: After receiving an acknowledgement message from sender the
algorithm executed on receiving PEY

if (Y is not the immediate predecessor of the originator of this acknowledgement
message ) then

if (Provisional Checkpoint Exists) then
Remove the stable checkpoint make the presenting provisional checkpoint
stable ;

else

Forward acknowledgement message to the next PE ;
end

else

if (provisional checkpoint exists ) then
Remove the stable checkpoint make the presenting provisional checkpoint
stable ;

else

Reject acknowledgement message;
end

end

Algorithm 7: Acknowledgement Message Receives PEY

Description: After receiving an acknowledgement message from sender the
algorithm executed on receiving PEY

Set recovery originator_id ;
Send recovery message to the next process with latest checkpoint_id and recovery
originator id ;

Algorithm 8: Originator Recovery (Algorithm is executed by PEx when the faulty
PEx is restored)
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Description: Receiver Recovery Message at PEY

if (PEY and checkpoint_id of the newest checkpoint match with the originator_id
and checkpoint_id of the recovery message ) then

if newest checkpoint is provisional then
Remove the stable checkpoint ;
Create the provisional checkpoint stable ;

else

Produce resume message ;
Set resume originator id=Y ;
Send resume message to the next PE with resume originator_id ;

end

else

end

if (Checkpoint_id of the latest checkpoint does not match with checkpoint_id of
the recovery message but Y 6= originator_id ) then

if (Provisional checkpoint exists) then
Remove the provisional checkpoint ;
Rollback to its previous stable checkpoint ;
Forward recovery message to the next process ;

else

Remove recovery message ;
Set PEy as a new recovery originator ;
if (checkpoint_id of the latest checkpoint match with checkpoint_id of the
recovery message but Y 6= originator_id ) then

Promote recovery message to the next PE ;
end

end

end

Algorithm 9: Receiver Recovery Message at PEY

Description: (Resume Receiver Message)

if (PEY is not the immediate predecessor of the originator of this resume
message) then

if Provisional checkpoint exists then
Remove the presenting stable checkpoint ;
Create the presented provisional checkpoint stable ;

end

Advance resume message to the next PE ;
else

if (Provisional checkpoint exists) then
Remove the presented stable checkpoint ;
Create the presenting provisional checkpoint stable ;

end

Terminate resume message ;
end

Algorithm 10: Resume receiver message
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Proposed algorithms have O(n2) complexity as compare to existing checkpointing tech-

niques (S-K and P-K) presented in [144] [145]. It needs only one temporal and perma-

nent chekpoint for each process at run time, and one temporal checkpoint at the time

when rollback recovery has been done.

4.2.3 Job Migration with Scheduling Algorithms

Grid scheduler [148] schedules the task and �nds the appropriate resource for each task.

Scheduling policies for Grid systems can be classi�ed into space sharing and time sharing

policies. In time sharing scheme, processors are shared over time by executing di�erent

applications on the same processors during di�erent time intervals, which is commonly

known as time slice or quantum. In contrast, in the space sharing approach, processors

are partitioned into disjoint sets and each application executes in isolation on one of

these sets.

The users submit the tasks to the grid scheduler and the grid scheduler assigns the

submitted tasks to the available resources based on their requirements. Each PE is

di�erent in many aspects (i.e. the number of processing elements, processing speed,

internal scheduling policy, load factor, etc.). Similarly, each job is di�erent from others

in terms of execution time, deadline and time zone etc. The terms and abbreviations

used in the algorithm are given in Table 4.1

Table 4.1: Abbrevations for Scheduling Algorithm

S.No. Abbreviation Description
1 CL(Jx) Client Limitation of Job in x sec
2 PT (Jx, PEy) Projection Time to compute p*q size matrix Where p=No. of jobs and

q=Processing Elements (PE)
3 ST (Jx, PEy) Starting Time of (PEy)
4 FT (Jx, PEy) Finish Time of each job
5 AFT (Jx, PEy) Aggregate Finish Time
6 CT (Jx, PEy) Communication Time of each job
7 IF (Jx, PEy) Time taken by (Jx) for transfer of input �les to the (PEy)
8 OF (Jx, PEy) Time taken by (Jx) for transfer of output �les to the (PEy)
9 CR(PEy) Crash Rate of (PEy)
10 FailedGridlets Number of job crashed to be executed previously in (PEy)
11 Jsub Number of jobs submitted to be executed previously in (PEy)
12 HR(Jx, PEy) Health Rate of job (Jx)
13 CHF Crash rate Health Function
14 Hvar Variation in health rate
15 Jsucc Number of jobs successfully completed by a (PEy)
16 Timespanx Total time span of job in the queue
17 Processingpowery Processing power of PE in MIPS
18 CRmin Minimum of crash rates of all the (PEy)
19 V ar(Jx) Minimum variation of (Jx) in (PEy) ∈ q
20 Task_LoadL Task Load
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Figure 4.3: Job Migration Flowchart

For an assumption, each machine executes one job at a time and they have prior knowl-

edge about the size of the jobs, number of PEs, and PT (Projection Time). PT matrix

is constructed using the AT (Approximate time) for job x on Processing Element PEy.

Here, in PT matrix, rows contain the information about estimated projection times for

a given job on each machine and columns consist of the estimated projection times of a

given machine for each job. Thus, for random job Jx and random PEy , PT (Jx, PEy)

is the approximate time of Jx on PEy.

The procedure of Job Migration scheduling and proposed Job Migration algorithm have

been shown in Figure 4.3 and Algorithm 11 respectively.
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Description: Job Migration with Scheduling Algorithm.
Input: the Job list by the client with its limitations CL(Jx) ;

Create projection time PT (JxPEy) a matrix of size p*q ;
Create starting time ST (JxPEy) a matrix of size 1*q ;
for (All Job Jx in the queue and for each PEy where y∈q ) do

Create Finish time FT (JxPEy) matrix of size p*q;
Communication time CT (JxPEy) matrix of size p*q ;
Aggregate �nish time AFT (Jx, PEy) matrix of size p*q ;
Calculate crash rate CR(PEy) = FailedGridlets

Jobsubmit
,for all PEs ∈ q ;

Create a list of client limitation CL((Jx) for each job task Jx with PE which
has AFT (Jx, PEy) ≤ CL((Jx) ;
if (Entries in CL((Jx)) then

Select the PE with minimum CR(PEy) ;
Set Job Jx, PEy, and AFT (Jx, PEy) to Destination node
(Jx, PEy, AFT (Jx, PEy) ;

else
Construct V ar(Jx) = AFT (Jx, PEy)− CL(Jx) and
HR(Jx, PEy) = CHF +HV ar ;
Set job Jx, PEy with lowest HR and AFT (Jx, PEy) to Destination node
(Jx, PEy, AFT (Jx, PEy) ;

end

Choose Job Jmin with minimum AFT (Jx, PEy) from Destination node
(Jx, PEy, AFT (Jx, PEy) ;
Send out Job Jmin to PEy and remove Jmin from the job list ;
Update ST (PEy) where y is the PE to which the job Jmin is dispatched ;
Update CR(PEy)), if PEy fails, where y is the PE to which the task Jminis
dispatched ;

end

if (Job queue 6= 0) then
Repeat the process from the starting. ;

else

Calculate Makespan = max ST (PEy) and HitRatio = JsuccJsub ∀ y ∈ n ;
end

Algorithm 11: Scheduling Algorithm

The PT matrix PT (Jx, PEy) is derived as

PT (Jx, PEy) =
Timespanx

ProcessingPowery
(4.1)

The starting time of the PEy can complete the execution of all the jobs that have

previously been assigned to it based on the PT entries for those jobs.The Starting time

of the PEy is calculated by

ST (Jx, PEy) =

n∑
x=1

PT (Jx, PEy) (4.2)
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The Finish time for a new job Jx on PEy, PT (Jx, PEy) is the machine, projection time

for pay plus the starting time of the new job Jx on PEy, i.e.

FT (Jx, PEy) = PT (Jx, PEy) + ST (Jx, PEy) (4.3)

The maximum FT (Jx, PEy) value is the sub job execution time and is called the makespan.The

communication time of each job x ∈ p on each PEy ∈ q is given by

CT (Jx, PEy) = IF (Jx, PEy) +OF (Jx, PEy) (4.4)

where the time taken for transfer of input �le is calculated as the ratio of input �le size

to the bandwidth of the PE and the time taken for transfer of output �le is calculated

as the ratio of output �le size to the bandwidth of the PE.

IF (Jx, PEy) =
InputF ilesizeX
PEBandwidthY

(4.5)

OF (Jx, PEy) =
OutputF ilesizeX
PEBandwidthY

(4.6)

Aggregate �nish time of each job Jx ∈ p on each PEy ∈ q is given by

AFT (Jx, PEy) = FT (Jx, PEy) + CT (Jx, PEy) (4.7)

The failure consideration for the grid is dispatched with nodes that the job does not

fail. The parameter that decides this is the crash rate CR(PEy) for all y ∈ q, which is

calculated by:

CR(PEy) =
FailedGridlets
Jobsubmit

(4.8)

The crash rate ranges from 0 to 1. But it is not possible to �nd a suitable PE with less

CR and high processing power for all jobs. So, a di�erence HR and CHF are calculated,

from which we can �nd the overall Health variation as:

Hvar =
V ar(Jx)− V ar(minx)

2
(4.9)

The crash rate health function is calculated as

CHF =
CR(PEy)− CRmin

2
(4.10)

Based on health rate, the jobs are assigned to the PE.

Neeraj Kumar Rathore 88 Thapar University, Patiala



Chapter 4. Proposed Load Balancing Algorithms and Job Migration Techniques 89

Makespan is one of the most important standard metric of grid scheduling to measure

its performance. Makespan is de�ned as

Makespan = maxST (PEY ) (4.11)

Makespan is used to measure the ability of grid to accommodate Grid lets in less time.

Hit Rate presents the number of jobs successfully completed without considering the

failure of PEs. The hit rate is the ratio of the number of jobs successfully completed to

the number of jobs submitted to grid and it is given by:

HitRatio =
Jsucc
Jsub

(4.12)

The complexity of the JM scheduling algorithm is O(p), where p = no of PE's.

4.2.4 Job Migration with Replication Algorithms

Replication [146] is an important technique for increasing the computer system availabil-

ity. Replication stores data on multiple nodes/servers. It is an independent operation

and is performed on same con�guration from source to destination node. Application

instance data on queues and failed events in the source node can be handled post mi-

gration by the destination node. For this purpose additional hardware and/or software

resources are required to manage another production environment. This approache pro-

vide support for two parallel environments, the source and the destination. The Basic

steps for replication is shown in Algorithm 12:
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Description: Basic Replication Algorithm
Prompt all remote single resource managers that have not reported job status;
Determine the number of healthy replicas ;
if (Any replica is done) then

Compare the correct answer with the received result;
Inform all remote single resource managers to terminate their replica ;
Update job table ;

else

if (Healthy Replica > Replica Threshold value) then
Select last replica from set to terminate ;
Update job table ;

else

Pick next site from set to terminate ;
Inform the remote SRM to execute the job ;
Update job table ;

end

end

Algorithm 12: Basic Steps for Replication Network

To understand Job Migration with replication, a case study �Load Balancing and Job

Migration in Social Grid Environment� has been considered in Chapter 6.

4.3 Conclusion

This chapter discussed the proposed Job Migration Model and QoS parameter based Job

Migration Policies as an outcome of the research work. The detailed requirements of Job

Migration model has been analyzed. Further, the categories of JM policy in the model

has been discussed. The next chapter discusses the veri�cation and validation of Load

Balancing and Job Migration algorithm.
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Chapter 5

Results & Discussions

The previous chapter discussed in detail the Job Migration model and the problem for-

mulation of Job Migration algorithms to achieve the practical constraints. It then moves

to the design of Job Migration policy rules for checkpointing, scheduling and replication

algorithm that have been speci�ed in XML schema.

This chapter focuses on the veri�cation and validation of the proposed model. The pro-

posed Load Balancing and Job Migration algorithm has been implemented in GridSim

toolkit. Statistical analysis of simulation output has been performed in order to assess the

accuracy of the estimated performances by using threshold values. The algorithms have

also been validated from various other perspectives similar to the existing algorithms.

At the outset, this chapter outlines the details of veri�cation and the implementation

of the proposed work through variable threshold value. Then the experimental results

obtained through GridSim have been discussed from various perspectives such as e�ect

of resource heterogeneity, number of applications, number of resources, etc. Finally, the

Job Migration technique have been validated.
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In this work, the Gridlets are assumed to be computationally intensive and to arrive

randomly following a Poisson process. The Gridlets are mutually independent and can

be executed by any PE that satis�es the Gridlet requirements. Each PE can execute a

single Gridlet at a time and no preemption is possible.The characteristics of resources

and the scheduling parameters considered are given in Tables 5.1. Through this part of

thesis �rstly, con�guration of the simulation set up is in introduced and then experimental

results discussed. Each algorithm was run �ve consecutive times and the average of the

results was taken as the �nal result of that algorithm.

Table 5.1: Simulation Parameters

S.No. Parameters Values
1 No of Machines 1
2 No of PEs into machines 2
3 PE Rating 5-50 MIPS
4 No of Gridlets Min 500
5 Gridlet length 50,000 to 1,00,000 MI
6 Input File Size 50-500 MB
7 Output File Size 100-700 MB
8 Number of nodes in a cluster 25 Nodes in a Cluster
9 Number of nodes (S) 100, 500, 1000, 2000
10 Reschedule interval (s) 600
11 Number of jobs 1000
12 Requests intensity/frequency (Ri)ms 50, 100, 200, 400
13 Arrival time (ms) 200

5.1 Experimental Results of Load Balancing Algorithms

Windows 7 on an Intel i3 with 3 GB of RAM and 360 GB of hard disk has been used

during simulation experiments in GridSim version 5.0 with JDK 1.5 updates 6 and JRE

1.3. The goal of this experiment is to compare the performance of a decentralized Pro-

posed Load Balancing Algorithms (PLBA) with conventional Without Load Balancing

(WLB) and Load Balancing in enhanced GridSim (LBEGS) algorithm.

Grid systems are randomized in various sizes: 100, 500, 1000, and 2000 nodes. In the

experiments some of the test parameters are changed, such as the size of the Grid that

is denoted by S on �gures, resource requests frequency with 50, 100, 200 and 400 ms are

denoted by Ri. The experiment is to randomly submit 1000 Grid requests at the starting

and schedule them to the speci�c Grid resource based on WLB, LBGES and PLBA.

The size of data carried by the Grid task agent that is denoted by D, all tasks have

the same computation size D = 25KB. There are 25 Grid resource agents in the system.

The arrival time of each resource request is determined randomly by an exponential

distribution with mean of 200 ms, but we will change the values of arrival time when
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testing e�ect of requests frequency on response time and resource allocation e�ciency.

All parameters are summarized in Table 3.3.

Initially, all nodes have zero load. Throughout the experiment, only one Grid user agent

is used for the generation of Grid resource requests. For the simulated scenarios, it does

not matter how many Grid user agents are there in the system. These experimental

con�gurations are to bring up the performance of the Load Balancing algorithms.

The �rst experiment is to compare the performance of WLB, a LBGES algorithm with

PLBA in terms of response time and resource allocation e�ciency.

Figure 5.1: Comparison of Response Time

Figure 5.1 shows the Response times that are in�uenced by Grid size, available connec-

tions and bandwidth using Request intensity (Ri = 200 ms). For comparing di�erent size

Grid, a lower average response time is considered to be better depicted through Figure

5.1. All algorithms present the best results in the small size Grid but, when the size of

the Grid is larger, PLBA is decreasing quickly. The response time using PLBA can be

50 % and 44% shorter than that using the WLB and LBGES respectively. As shown in

Figure 5.2, the PLBA outperforms the conventional WLB and LBEGS for the di�erent

size grid. Secondly, we measured the resource allocation e�ciency of PLBA and WLB

and LBEGS using Ri = 200 ms. The WLB and LBEGS achieves to match nearly 98%

of all requests in the small size Grid scenario, with PLBA closely behind. However, as

Grid size increases, the WLB and LBEGS degraded performance than the PLBA. Under

the large size Grid, decrease of results for WLB and LBEGS is lower than in the small

size. Resource allocation e�ciency using PLBA is 27% and 15% larger than that using
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the WLB and LBEGS. Varying Grid size, result decreases for both methods in a similar

manner.

Figure 5.2: Resource Allocation E�ciency

The basic experiments described above have been conducted to show that the funda-

mental di�erences between the PLBA and the WLB and LBEGS. Next, a sensitivity

experiments is devised in order to change the request frequency variables. The e�ects of

request frequency to response time and resource allocation e�ciency under di�erent size

of the Grid through request intensity shown in below mentioned experiments. The fol-

lowing �gure shows the behaviour of two allocation methods when changing the resource

requests frequency from 50 to 100 ms and 200 to 400 ms. For the response time, a lower

request frequency leads to faster access times, whereas, X-axis shows a change in request

frequency. Presented through Figure 5.3 - 5.5 the response time using PLBA can be 21%

and 9% shorter than that using the WLB and LBEGS respectively, under small size Grid

(S = 100) and low request frequency (Ri = 200 ms). When changing the size of Grid by

S = 500 and remain request frequency as Ri = 200 ms, the response time of WLB and

LBEGS is 19% & 11% & longer than that using the PLBA. When increasing the size of

Grid by S = 2000 and request frequency by Ri = 50 ms, the performance of WLB and

LBEGS deteriorates quickly, the response time is 79% & 29% longer than that using the

PLBA. Under big size Grid (S = 2000) and high request frequency (Ri = 50, 100 ms),

WLB and LBEGS take more time to allocate appropriate resources, the response time is

70% & 43% longer than that using the PLBA. This e�ect could be caused by an increas-

ing synchronization of the frequency request generation with the negotiations that lead

to successful resource provisioning. In other words, the large number of open requests
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leads to longer queues for processing, whereas the queues get shorter with decreasing

request frequency, the overall processing gets faster.

Figure 5.3: E�ects of Request Frequency on Response Time under S = 100

Figure 5.4: E�ects of Request Frequency on Response Time under S = 500

Considering the resource allocation e�ciency, from the results in Figures 5.6- 5.8 , under

small size Grid and low request frequency (Ri = 200 ms), the resource allocation e�ciency

using PLBA is nearly the same as that using the WLB and LBEGS. When increasing

the size of Grid by S = 100 and remain request frequency as Ri = 200 ms, the resource

allocation e�ciency of PLBA as much as 23% &12% larger that using the WLB and

LBEGS respectively. When increasing the size of Grid by S = 500 and request frequency

by Ri = 50 ms, the resource allocation e�ciency of WLB and LBEGS is as much as
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Figure 5.5: E�ects of Request Frequency on Response Time under S = 2000

Figure 5.6: E�ects of Request Frequency Resources on Allocation S = 100

43% & 11% less than that using the PLBA. Under big size Grid (S = 2000) and high

request frequency (Ri = 50), the resource all location e�ciency of WLB and LBEGS is

as much as 43% less than that using the PLBA. Resource allocation e�ciency of 93% can

be achieved for the PLBA with a 200 ms pulse even in high request density. Complete

saturation of request in WLB and LBEGS can be attained in a small size Grid/high

request density scenario. Increasing the request frequency implies a high charge to the

system and in case of 50 ms pulses reduce the resource allocation e�ciency to nearly 50%

in all scenarios. In most of the test cases, the PLBA is more e�cient than the WLB and

LBEGS to allocate Grid resources in the test application. When Grid size is creasing,
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Figure 5.7: Frequency E�ect on Resource Allocation E�ciency under S = 500

Figure 5.8: Frequency E�ect on Resource Allocation e�ciency under S = 2000

it has more merits to use the PLBA to schedule Grid resource; the PLBA has better

performance than usual WLB and LBEGS.

5.1.1 Comparison of Proposed Load Balancing Algorithm with Exist-

ing Algorithms

In Section 2.2.4, an algorithm is introduced for resource selection including min-min,

max-min, WLB, LBEGS, PLBA etc. In this section, the performance of WLB, min-min,
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max-min, LBEGS and PLBA in a Grid will be investigated by simulation. Considering

that there are ten resources that every resource has �ve machines, and every machine

has four PEs. That is leading to 200 PEs in total. The number of Gridlets are kept

constant at 500 and every Gridlet at the beginning time and without a deadline request.

Every PE is between grade 1 and 10 and every Gridlet is between grade 1 and 10 too.

For ease of study, the local load factor of resources is set to be zero; this does not a�ect

the performance of the algorithms. These settings are convenient for us to analyse the

e�ectiveness and the behaviour of the algorithms. The resource load threshold parame-

ters and Gridlet parameters are listed in Table 3.3. The comparison of communication

overhead times and makespan between above algorithms are depicted through Figure 5.9

and 5.10.

Figure 5.9: Communication Overhead Times vs Gridlets on PEs = 200

Figure 5.9 shows the communication overhead times of the di�erent algorithms keeping

the number of Gridlets up to 2000. It shows that the times of WLB and min-min increase

quickly by increasing Gridlets; keeping max-min is in the middle. It can be observed

that LBEGS and PLBA always have the minimum of the �ve algorithms and increase

very slowly. Figure 5.9 illustrates that PLBA gives better performance by reducing

communication overhead times the makespan of the di�erent algorithms is included in

Figure 5.10 which demonstrates that the makespan of all algorithms increases with the

number of Gridlets increasing; PLBA is the minimum of all algorithms that gives good

performance with respect to makespan. In conclusion, PLBA has better performance in

reducing communication overhead times and makespan.
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Figure 5.10: Makespan vs Gridlets on PEs = 200

5.2 Experimental Results of Job Migration Techniques

5.2.1 Job Migration with Checkpointing

The experiment is to compare the performance of S-K and P-K with proposed algorithm

in terms of number of job migration with time and performance of processors with time.

Figure 5.11: Time Taken with Number of Job Migrated

Figure 5.11 indicates that the di�erences between the performance of proposed and

existing algorithms (S-K and P-K) [144] [145] are low when the migrated jobs are

low. As the number of migrated jobs increases, the di�erence also increases. When

the migrated job reaches 1000, the di�erence is almost twice between proposed and

existing P-K algorithm. Figure 5.12 presents the performance of algorithms on 4, 6 and
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Figure 5.12: Time Taken with Number of Processor

8 processors. Assume that the number of migrated jobs is constant, n=1000 during

checkpointing. When numbers of processors are low, the time taken between proposed

and existing algorithms is low. As the number of processors increases by the time,

di�erences also increase. This simulation result shows that proposed checkpoiniting

technique has signi�cant potential to improve performance.

5.2.2 Job Migration with Scheduling

The simulation results assumed that each machine executes a single task at a time.

The proposed algorithm is compared with the JM algorithms Local and Global algorithm

for both static and dynamic scheduling. Figure 5.13 and the makespan of the proposed

JM system and the existing systems Local and Global respectively. Here, Hit ratio

represents the number of jobs successfully completed within client limitation. Figure

5.14 represent the hit ratio comparison for the three algorithms. The average percentage

of hit ratio, which decides the e�ciency of proposed JM, represented in Figure 5.15. The

average percentage improvement of �ve di�erent sets of tasks and resources based on

makespan over Local is 1.86 % and over Global is 14.03 %. Based on a hit ratio, the

average percentage improvement is 2.69 % over Local and 10.5 % over Global.
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Figure 5.13: Job Migration Makespan

Figure 5.14: Job Migration Deadline Hit Ratio
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Figure 5.15: Job Migration Average percentage of Hit Ratio

5.3 Conclusion

Load Balancing Algorithm through variable threshold value and Job Migration technique

have been implemented and simulated on GridSim toolkit. Then the experimental re-

sults have been discussed from various perspectives such as e�ect of resource allocation

capacity, response time, heterogeneity, number of applications, number of resources, etc.
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Chapter 6

Case Study: Load Balancing and

Job Migration in Social Grid

Environment

The previous chapter discussed the implementation of LB Algorithm and JM techniques

implementation. Then the experimental results have been discussed from various perspec-

tives such as e�ect of resource allocation capacity, response time, heterogeneity, number

of applications, number of resources, etc.

The application of Grid Computing is wide spread to other computational areas such

as communication devices and social networks. Mobile Grid computing is a comput-

ing environment that extends Grid computing to include communication devices such as

laptops, net books, tablets, smart phones, etc. In this chapter, a replication based QoS

scheduling using Hash Table Functionality (HTF) in Social Grid Computing (SGC) is

introduced. It consists of four sub-scheduling algorithms: Unauthorized-user �ltering,

Grid service delivery, QoS provisioning, and Replication and load-balancing. Under the

proposed scheduling, a device is used as a resource for providing Grid services, faults

caused due to reason like user mobility are tolerated and user requirements for QoS are

considered. The Simulation include the scheduling with and without HTF.

This chapter initially discusses various existing methods to tolerate faults and support

QoS for users in many computing environments. Then, describes the system environ-

ment required for the proposed method. It also examines HTF, system architecture and

data structure for SGC. Then, proposes fault tolerance based QoS scheduling algorithm

for SGC consisting of four sub-algorithms is presented. Next, the simulation results in

SGC are discussed. Finally, the chapter summarizes the results and discusses the various

avenues for future research.
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6.1 Introduction

In Grid computing, each communication device should have a suitable application for

accessing the Grid. Each device can act as a server to provide Grid service or data as

well as a client to request Grid service or data [13, 149, 150]. In this case, these devices

can be used as a resource in Grid environments. However, devices can move freely

in the network according to their properties, which may cause network disconnection.

Moreover, they may run out of power, resulting in a sudden disconnection from the

network and subsequent service suspension or cessation. Therefore, if devices are to

displace computing servers, this inherent problem of the device Grid must be overcome

and proper Job Migration is also required. A social network is a social structure composed

of individuals (or organizations) called �nodes�, which are connected by one or more types

of interdependencies, such as friendship. Essentially, a social network is a dynamic VO

with inherent trust relationships among friends called ad SGC.

The contributions in this chapter are as follows [151]:

1. A Scheduling algorithm has been proposed to support device users and share Grid

services directly among the users.

2. The proposed algorithm tolerates faults in SGC. The faults may bring loss of

user request to the devices and these faults may include disconnection of network,

drainage of the battery, and other failures due to device movement.

3. A scheduling algorithm is proposed to provide QoS to the users in SGC. QoS

metrics are �rst classi�ed for the Social Grid and then apply the QoS metrics to

SGC.

4. This algorithm is unique because it supports user mobility and QoS concurrently

while considering device characteristics, and also supports Grid sharing services

among device users without any authentication by using social networking.

6.1.1 Fault Tolerance

Studies on the methods to tolerate various faults that can occur during a service have

been conducted in diverse research areas. Yi Hu et al. [152] proposed a security-aware

and fault tolerant job scheduling strategy for grid computing. The scheduling strategy

includes JRT (Job Retry), JMG (Job Migration without checkpointing), and JCP (Job

Migration with Checkpointing). The conclusion made was that the JRT strategy has the

most optimal system performance improvement for small jobs and that the JCP strategy
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leads to the lowest performance improvement. Unfortunately, the checkpointing method

was not described clearly. Hyunjoo Kim et al. [153] introduced server selection schemes

for a service migration-based fault-tolerant streaming on P2P computing.

6.1.2 QoS Scheduling

Various classi�cation for QoS and QoS provisioning methods have been studied to meet

diverse user needs for services. QoS is de�ned in di�erent ways depending on the re-

search area. Qian Tao et al. [154] de�ned a Grid_Services_QoS including Basic_

QoS Set and Extended_QoS Set and proposed a T_QoS (trustworthy QoS) computing

algorithm. Basic_ QoS_Set considers time and cost, and Extended_QoS_Set includes

reliability, availability, security, and status. Kyle Chard et al. [155] de�ned a social Grid

as a resource and service sharing framework utilizing relationships established between

members of a social network. The social Grid allows users to share heterogeneous re-

sources with low privacy concerns and security overheads by utilizing the relationships

in the computing environment.

6.1.3 HTF

Most researches focus the utilization of HTF [156�159] in P2P networks. There are only

a few studies on HTF applicable to computing environments [160, 161].Anuchart and

Guang [162] introduced a new framework for the self-organizing and self-healing certi�-

cate authority (CA) group in HTF that provides certi�cates without a centralized trusted

third party in P2P networks. Henry et al. [163] introduced enhancement strategies to

HTF for computational grids that provide transparent data distribution and replication.

For enhancement to HTF, HTF was chosen as a basis for distributed storage algorithm

because of its enormous �exibility. Roger et al. [164] documented an approach to sup-

port spatial data management over structured P2P systems. It is extending HTF virtual

space to physical spatial space and introduced a new hash function for mapping spatial

data objects onto nodes over a modi�ed HTF system. The key of modi�ed HTF were

identi�ed for each data object as a bit string. However, the proof of this has not been

reported.

6.2 System Environments

6.2.1 Social Grid Computing (SGC)

SGC refers to both
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i. Social networks and device Grid computing and

ii. Social Grid computing and devices.

SGC can be de�ned as follows:

SGC is a computing model that includes devices to support user mobility. It connects

with social networks to re�ect real world user relationships, and therefore provides and

shares Grid services directly among the members of a social network.

Figure 6.1: Global view of SGC

The SGC, assumed as the basis of this proposed work, can be described as follows:

� SGC consists of a number of devices for requesting Grid services and computing

resources for providing Grid services.

� Devices in SGC create social networks based on real world human relationships

among device users.

� Members of a social network share Grid services based on basic authentication on

the social network without any further authentication.

Figure 6.1 presents a global view of SGC in various computing environments. Figure 6.2

depicts Grid service utilization in SGC. User1 and User2 are on the same social network

and User2 has Grid service or data. When User1 requests Grid service to a Grid server,

the Grid server returns User2�s device information.

Ultimately, User1 and User2 are connected and share the Grid service. Therefore, User1

does not have to connect to a distant Grid server.
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Figure 6.2: Grid Service Utilization in SGC

6.2.2 HTF (Hash Table Function)

HTF [156, 157] is a space partitioning mechanism that has been used as a base approach

for large scale data management of frequent moving objects in various computing environ-

ments: Distributed Hash Table (DHT) and key-based routing protocol, etc. [159, 160].

In this thesis, HTF structure is used not only to improve the performance of computing

environment but also to represent and manage network space consisting of devices, as

well as Grid servers, for the following reasons:

� As HTF represents distributed infrastructure, it is suitable for social Grid environ-

ments consisting of multiple distributed devices and servers.

� HTF is able to represent a computing environment in which devices join and leave

networks freely. A key in HTF may be a device, and HTF operations like insert

and delete can be matched with joining and leaving of devices in SGC.

� HTF maintains a hash table using (key, value) pairs for lookup. These pairs can

be mapped (Grid service, device) to determine the proper node for providing and

sharing Grid services in SGC.

� HTF is used in peer-to-peer �le sharing systems, in which data is stored in end-

user devices rather than on a central server. The system is consistent with social

network environments that share multimedia data with friends, family and others.

Therefore, HTF is also used in SGC.
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6.2.3 Architecture of SGC

SGC, based on wired servers, includes communication devices to support device users

requesting Grid services in the network. Device users use devices such as Smartphones,

laptops, PDAs, etc. that utilize device and wireless networks. These devices can com-

municate with wired computers and other devices through an AP (Access Point). There

are multiple Grid servers in SGC and each device can access a Grid server. Grid servers

can provide services to several devices. Every device has a main Grid server with which

the device is registered after joining the network. Devices transmit their information to

the main Grid server periodically.

Figure 6.3: Architecture of SGC

Device users can be a member of a social network by using real world relationships

and the members of a social network can share Grid service or data without further

authentication. Grid servers as well as devices provide Grid services to the other members

of the social network, so devices act as the resources.

Grid servers and devices have their positions determined by GPS in the network and can

recognize the other's position through a main Grid server. The knowledge of, who is a

member of their social network, is stored in the main Grid server. Therefore, a device

requests Grid services to the closest Grid server or device that is also a member of a

social network. This should result in improved service response time as it allows the

sharing of Grid services without any further authentication.

Figure 6.3 depicts the architecture of an SGC environment. There are some Grid servers

and devices connecting to an AP devices to form a social network with other devices
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and Grid servers. Grid server can be a member of every social network to provide Grid

services. Every Grid server has a HTF structure to manage the devices. Every device is

registered on HTF in the Grid server and is mapped on a point of HTF having a virtual

logical address, namely HTF coordinates, for HTF routing.

6.2.4 Preliminary

In SGC, a device can be used as a resource, so the device requests and provides Grid ser-

vice using a resource ID. Resource ID is managed by the resource along with GPS-based

coordinates (x, y), AP_id, current and neighboring zone IDs of HTF, social network

ID, and Grid service IDs. GPS-based coordinates are used to search for a resource in a

neighboring Grid server and compute the distance between the resource and a requested

resource. Zones of HTF are used to look up any resource on Grid servers.

Table 6.1: Information Stored in a Resource

Information/Function Variables
Id_resource Axis_x, Axis_y
Id_accesspoint

Id_current_zone Id_neighboring_zone

Id_socialnetwork Grid_services

Table 6.2: Stored Information on Grid Server

Information/Function Variables Sub-Variable
Resource Id_resource

Status
Res_capability

Cost
Id_socialnetwork

Grid_services Id_service

Time
Frequency Id_providers

Socialnetworks Id_socialnetwork Nodes

Grid service ID refers to the ID of a Grid service that the resource can provide to other

resources. This information is periodically sent to the main Grid server. Table 6.1

shows information stored in a resource. Each Grid server stores and manages resource

information, Grid Services and Social network information. The information stored in a

Grid server is summarized in Table 6.2. When a Grid server receives a request for Grid

service, the server looks for the most proper resource to provide the service from. For

Grid service delivery, the algorithm to discover the most proper resource is introduced

in the next Section 6.3.
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6.3 Proposed Replication based Job Migration Algorithms

Replication based Job Migration Algorithms for SGC have been presented below:

6.3.1 Stop Unauthorized User

Requesting and retrieving of the Grid information should be transparent for all users

in the network. For an e�cient system, mutual communication should be there among

users but for unilateral service or data �ow of the network, i is important. The unau-

thorized user only uses Grid services from other users or is restricted from providing

Grid services to others. Because unauthorized users reduce Grid service quality, thus,

they were not considered from SGC network con�gurations. To do this, device status is

used, which depends on someone‘s behaviour in the sharing of Grid services previously.

If his behaviour is unauthorized, then that person will have a low status. The status of

a device is de�ned as follows [165]:

6.3.1.1 Fitness Function for Device Status

Status is the probability of a device that can be assessed by other communication device

on the basis of feedback. Status in an SGC network is used to determine whether a user

of the device is unauthorized or not.

An SGC network is represented by HTF. Devices join the network by communicating

with a randomly selected node in HTF and then managed by a main Grid server. The

main Grid server manages the device after the device joins HTF. The main Grid server

sends a unique resource identi�er (Id_resource) and tests application to a newly joined

device. After some time, the main Grid server requests the result of the test application

to the device. Unauthorized users may not return the result, return an error result,

or return part of the result. Namely, the test application is used to calculate the status

value of a device and determine whether the user is unauthorized or not. After the device

transfers the result of the test application to the main Grid server, the main Grid server

calculates the status value of the device by comparing the original answer of the test

application and the result received from the device. If the status value of the device is

below a speci�ed threshold, the main Grid server evaluates the device as unauthorized.

A series of random matrices is used for the test applications. The initial status, status0,

of a device can be attained as shown in Equation 6.1, in which, m is the number of

matrices in a series and n is the number of matrix element in a matrix. The expression

Solution Status SSij represents a value of the Answer Matrix AMij element for the test
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application in a main Grid server, and RMij represents a value of the Result Matrix

element that is calculated in the device and submitted to the main Grid server.

Status0 =
m∑
i=1

n∑
j=1

SSij (6.1)

SSij = 0(AMij 6= RMij)

SSij = 1(AMij = RMij)

If the device is reliable, the status value is high. Conversely, lower the status value, the

higher the probability of unauthorized user. If the initial status, status0 of a device is

below a certain threshold, the device may not be connected to that particular SGC. That

means the device can neither request nor provide Grid service in the network. Because

the status of a device constantly changes, status is recalculated periodically by Equation

6.2 to consider changes. The notation w is a weighted value for current status ranging

from 0 to 1. Also, if the status, statusi of a device is below the threshold, the device can

neither request nor provide Grid service.

statusi+1 = statusi (if i = 0)

statusi ∗ w + ststusi−1 ∗ (1− w) (if i >= 1)

 (6.2)

The average status of a device for some duration is calculated by Equation 6.3, where

n is the number of calculations in the duration. The average status is used for applying

device QoS to select a proper resource.

avg_statusRM =
n−1∑
i=0

statusi
n

(6.3)

6.3.1.2 Network Assembly for Algorithm

Through status, a device that has just joined the network can be evaluated as to whether

it may construct the network or not. If the initial status is less than the threshold, the

device is excluded from the construction of the network for a particular time unit, which

means the device can neither obtain nor provide Grid service. If the main Grid server

does not receive a result from the device, the main Grid server sets the status of the

device to the minimum value, labeling the device as unauthorized. After some time

unit, the main Grid server recalculates the status of the device. Algorithm 13 shows the

algorithm for SGC network construction in a main Grid server.
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Description: Send a unique id_resource and test application to the newly joined
device;

for (a unit time) do
Request result of the test application to the device;
if (receive results from the device) then

Compare the correct answer with the received result;
Compute an initial status of the device using Equation 6.1;

else

Set the status of the device to minimum value;
end

for (some unit time) do
Recalculate the status of the device using Equation 6.2;

end

end

Algorithm 13: Construction of Network

6.3.2 Basic Algorithm for Grid Service Delivery with Social Network

When a Grid server receives a request for Grid service from a device, the server �rst

checks whether the device and the Grid server are in the same network area, namely

the same AP area. If so, the Grid server directly provides Grid service to the device. If

not, the server searches for a proper resource that has the requested Grid service and

is managed by the Grid server's HTF. The Grid server puts searched resources into the

�rst candidate group. Then, the Grid server checks the social network of the device and

selects resources belonging to the social network of the device, that is, the same social

network among the �rst candidate group.

These selected resources are included in the second candidate group. If there are no

proper resources in the second candidate group, the server may then transfer the request

to the closest neighbouring Grid server with the id_resource of the device. HTF based-

coordinates are used to search the proper resource in a Grid server, and GPS based

coordinates used to identify the closest neighboring Grid server.

In sequence, the Grid server selects a proper resource by calculating the Euclidean dis-

tance between the two resources, device a requesting Grid service and resource B included

in the second candidate group, in Equation 6.4 If the coordinates of the device A is A

(X1, X2), then the coordinate of resource B is B (Y1, Y2).

DistanceXY =

√√√√ n∑
i=1

(Xi − Yi)2 (6.4)

After searching for the most appropriate resource, the Grid server returns its id_resource

to the device requesting Grid service. When the requested Grid service is completed,
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Description:Delivery_service (id_service)

if (receive a request for grid service (id_service)) then
id_frequencyservice= id_frequencyservice +1;
Check the location of the device requesting a grid service;
if (access point area is same) then

id_properresource= id_server;
else

id_properresource=resorcediscover (id_device, id_service);
end

Return id_properresource;
else

for (a unit time) do
id_Frequencyservice=id_frequencyservice-1;

end

end

if (receive a grid_service_�nish_message from the device (id_resource)) then
Compute id_statusresource;

end

Algorithm 14: Grid service delivery

the device informs the Grid server. Finally, the Grid server updates the status of the

proper resource and the frequency of the requested Grid service. If the resource does not

provide Grid service to the device, the status of the resource will decline.

Description: Search resource managed by the grid server and having id_service;
Put resources into the �rst candidate group; Discover_resource (id_device,
id_service)

for each resource into the �rst candidate group do
Check their id_socialnetwork
if same social network with the device then

Put searched resource into the second candidate group;
for each resource in the 2nd candidate group do

Compute distance between the device and the resource using Equation
6.4;

end

end

end

Select one proper resource with minimum distance from the second candidate
group;
Return id_resource of the proper resource;

Algorithm 15: Grid service discovery

In addition, if the frequency of a Grid service is greater than the threshold, the Grid

server replicates the Grid service to another neighboring Grid server according to the

replication algorithm in Section 6.3.4.
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Algorithm 14 shows the basic algorithm for Grid service delivery in a Grid server and

Algorithm 15 shows the basic algorithm for Grid service discovery in a Grid server.

6.3.3 QoS Provisioning

The QoS metrics for SGC are proposed to consider the user needs and the device char-

acteristics.

6.3.3.1 QoS Metrics for SGC

QoS metrics are classi�ed into common QoS and device QoS. Common QoS refers to

general QoS parameters for most of the users and includes time and cost. Time is the

task processing time for executing a task, and cost is task processing cost for using a

Grid resource. Device QoS denotes specialized QoS on a device and includes status and

resourceability. Figure 6.4 shows QoS metrics for SGC. Status is already described in

Section 6.3.1 and is subjected to a device usage patterns based on historical information.

Average status is used by Equation 6.3 for QoS.

Figure 6.4: QoS Metrics for SGC

6.3.3.2 Calculation of Resourceability

Remaining battery power, network status, and performance of a device are the metrics

of Resourceability. It prevents faults that can arise from the movement or other error of

devices during execution. Resourceability, used as a criterion to select the most proper

device, consists of battery power, network status and performance. These three variables

are independent and a�ect resourceability; therefore, multiple regression analysis is used.

The resourceability value, ranging from 0 to 1, of a device is computed through Equation
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6.5. Variables x1, x2, and x3 represents remaining battery power, network status, and

performance of a device, respectively. Parameters β0, β1, β2andβ3 mean the regression

coe�cients and Îµ means the error rate of multiple regressions.

Resourceability = β0 + β1 ∗ x1 + β2 ∗ x2 + β3 ∗ x3+ ∈ (6.5)

The higher the resourceability value, the higher will be the probability of the device to

be the most proper resource, because a device with low remaining battery power or poor

network status cannot be used as a resource, if the value of x1 and x2 is less than or

equal to the threshold, then the resourceability value of the device is set to zero.

6.3.3.3 QoS Provisioning Algorithm

Description:Sevice_delivery (id_service)

if (Receive a request for grid service (id_service)) then
Frequencyid_service = Frequencyid_service +1;
Check the location of the device requesting a grid service;
if (Access point area is same) then

id_properresource= id_server;
else

id_properresource=discover_resource (id_device, id_service);
end

Return id_properresource;
else

for (A unit time) do
Frequencyid_service = Frequencyid_service -1;

end

end

if (Receive a grid_service_�nish_message from the device (id_resource)) then
Compute status_id_resource;

end

Algorithm 16: QoS algorithm in a Grid server for service delivery

If a user wants to use QoS for Grid service, the user requests Grid service through the

QoS metrics. Namely, a device user requesting a Grid service can set the QoS metrics.

If QoS metrics including common QoS and device QoS are set, the QoS algorithm is

applied instead of the basic algorithm for Grid service delivery, as seen in Section 6.3.2.

When a Grid server receives QoS metrics from a device, the Grid server applies the QoS

metrics to SGC. Firstly, the Grid server checks whether the device and the Grid server

are in the same network area, as in Section 6.3.2. If so, then the Grid server provides

the Grid service to the device directly. The reason is that a Grid server is una�ected
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by advice's remaining battery power, network status and performance. If these device

parameters are good, the Grid server is included in every social network. If the two are

not in the same network area, the server searches for resources, along the lines of Section

6.3.2.

Description:Search resources managed by the Grid server and having id_service;
Put resources into the 1st candidate group;
Discover_resource (id_device, id_service)
for (Each resource into the �rst candidate group) do

Check their id_socialnetwork ;
if (Same social network with the device) then

Put searched resource into the second candidate group;
Apply common Qos to the 2nd candidate group;
for (Each resource satisfying common QoS) do

Put resources into resource group Rtc ;
Apply device QoS to Rtc ;
for (Each resource satisfying device QoS) do

Put resources into resource group Rrr ;
Rank resources in group R_rr and select one proper resource;
Return id_resource of the proper resource;

end

end

end

end

Algorithm 17: QoS Algorithm in a Grid Server for Resource Discovery

After obtaining the second candidate group, the Grid server applies common QoS to the

second candidate group and obtains resource group Rtc as a result. Namely, resource

group Rtc is a set of resources satisfying time and cost among the second candidate group.

Rtc = devices satisfying ∗ (QoStime ∗ QoScost)
second candidate group

(6.6)

If resource group Rtc has only one resource, the Grid server returns the id_resource of

the resource to the device. If resource group Rtc includes more than one resource, the

Grid server applies device QoS to resource group Rtc and obtains resource group Rrr

as a result. QoSstatus and QoSresourceability are calculated by Equations 6.3 and 6.5,

respectively.

Rrr = devices satisfying ∗
(QoSstatus ∗ QoSresourceability)

Rtc
(6.7)

If resource group Rrr has only one resource, it becomes the proper resource. If resource

group Rrr includes more than one resource, the Grid server ranks the resources in group
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Rrr by calculating the distance between the mobile device requesting Grid service and a

resource included in Rrr using Equation 6.4. The Grid server selects the highest ranked

resource as the most proper resource.

After selecting the appropriate resource, the Grid server returns its id_resource to the

device requesting Grid service. When the requested Grid service is completed, the device

informs the Grid server about the same. Finally, the Grid server updates the status of

the proper resource and the frequency of the requested Grid service, as in Section 6.3.2.

Algorithm 16 presents the QoS algorithm in a Grid service delivery and Algorithm 17

shows the QoS algorithm in a Grid service discovery.

6.3.4 Replication and Load Balancing

6.3.4.1 Algorithm for Replication of Service Request

Replication helps to improve the service availability, service completion rate and Load

Balancing of the entire network because the request for Grid service can be distributed

to replicas.

if (Receive a request for grid service (id_service)) then
Frequencyid_service = Frequencyid_service + 1 ;
Check the location of the device requesting a grid service;
if (Access point area is same) then

id_properresource= id_server;
else

id1_properresource=discover_resource (id_device, id_service);
while (Id1_properresource= Id2_properresource) do

Return (Id1_properresource, Id2_properresource);
end

repeat

until (Id2_properresource= discover_resource (id_device, id_service));
end

else

for (A unit time) do
Frequency_id_service= Frequency_id_service -1;

end

end

if (Receive a grid_service_�nish_message from the device (id_resource)) then
Compute status_id_resource;

end

Algorithm 18: Algorithm for Replication in a Grid Server

Therefore, Grid service replication is used to minimize waiting time for the request and

improve SGC performance. When a Grid server receives a request for Grid service, the
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Description:Request for grid service (id_service) to grid service;
if (Receive 2 id_properresources from grid server) then

Select one resource (id1_properresource);
Connect with the resource;
Ask the resource to provide grid service (id_service);
if (There is any fault over grid service) then

Connect to another resource (id2_properresource);
Ask the resource to provide grid service (id_service);

end

end

if (Finish grid service (id_service)) then
Inform the grid server of �nishing of the service;

end

Algorithm 19: Service_replication_request_in_D (id_service)

Grid server looks for two more proper resources and returns their id_resource using the

Grid service delivery algorithm or QoS algorithm.

A device requests the Grid service to the resources having the id_resource that have

been received from the Grid server. If the device cannot connect with one resource or

any fault occurs over the Grid service, the device asks the other resource to provide Grid

service. Algorithms 18, 19 and 20 present the algorithms for replication of service request

in a Grid server and a device, respectively.

1. When a neighboring Grid server receives the noti�cation of replication, it
stores the Grid server and set the frequency value of the Grid service to one.

2. After some time unit, if there is no request for a Grid service and the
frequency is zero, a Grid server deletes the Grid service.

Algorithm 20: Algorithm for Replication in a Device

6.3.4.2 Algorithm for Replication with Load Balancing

Grid servers check the Grid service frequency periodically. The service is issued and

decreases whenever a time unit passes without any request for Grid service. If the

frequency of a Grid service exceeds the threshold, the Grid service is deemed to be

popular and the Grid server replicates the Grid service to other neighboring Grid servers

to balance the load in the Grid. For replication, a Grid server informs a neighboring

Grid server to replicate a Grid service and transfers the Grid service.

For replication, a Grid server informs a neighboring Grid server to replicate a Grid

service and transfers the Grid service. Algorithms 21, 22, 23 present the algorithm for
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Description:Replication_with_loadbalancing (id_service)
if (Receive a request for grid service (id_service)) then

Frequencyid_service = Frequencyid_service + 1 ;
Check the location of the device requesting a grid service;
if (Access point area is same) then

id_properresource= id_server;
else

id_properresource=discover_resource (id_device, id_service);
while (Id1_properresource= Id2_properresource) do

Return (Id1_properresource, Id2_properresource);
end

repeat

until (Id2_properresource= discover_resource (id_device, id_service));
end

else

end

for (A unit time) do
Frequency_id_service= Frequency_id_service -1;

end

if (Receive a grid_service_�nish_message from the device (id_resource)) then
Compute status_id_resource;
if (Frequency_id_service >=threshold) then

Id_neighbor_server=discover_neighbor_server (id_service, id_service);
Replication (Id_neighbor_server, id_service);

end

for (A some time unit) do
if (No request of id_service and frequency_id_service=0) then

Delete the grid service (id_service);
end

end

end

Algorithm 21: Algorithm for Replication with Load Balancing Grid Server

Description:Discover the closest neighboring server from grid server (id_server);

if (A neighboring server does not have the grid service (id_service)) then
Return the neighboring server ID;

else

Discover another neighboring server;
end

Algorithm 22: Discover Neighbour Server
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replication supporting Load Balancing in a Grid server and the neighboring Grid server,

respectively.

Description:Replication_with_loadbalancing_in_neighbor_server (id_server)

if (Receive replication message from a server (id_server)) then
Store the grid service (id_service);
Frequency_id_service=1;

end

for (Some unit time) do
if (No request for id_service and frequency_id_service=0) then

Delete the grid service (id_service);
end

end

Algorithm 23: Algorithm for Replication with Load Balancing in Neighboring
Server

6.4 Performance Evaluation

GridSim [17] [166] is used to simulate a SGC environment, which is de�ned as a

framework for modelling and simulation of Grid computing infrastructures and services.

6.4.1 Experimental Setup

In order to build a network that includes devices, a network topology generator is used

that generates realistic Internet topologies. Each result value corresponds to the geo-

graphical location of a device. The assumption made here is that there is no data transfer

delay between devices belonging to the same AP. In addition, next assumption is that

there is no usage error for Grid services between SNS members in the same SNS Group.

For the simulation, the con�guration for the simulation is set as in Table 6.3

Table 6.3: Con�gurations for Simulation

S.No. Parameters Values
1 Number of devices 100
2 Number of VM(virtual machine)s 30
3 Number of Grid services 50
4 Number of AP(access point)s 4
5 Number of SNS(social network service)s 3

The simulation environments are classi�ed into four cases according to: the �ltering of

unauthorized users, use of SNS, use of user QoS, and use of service replication. According

to the algorithm for QoS Provisioning in Section 6.3.3, cases supporting the user QoS

but not supporting the SNS concurrently among them are not considered in this paper.
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Table 6.4: Simulation Cases

CASE Filtering of unauthorized users SNS User QoS Service replication
Case1 No No No No
Case2 No No No Yes
Case3 No Yes No No
Case4 No Yes No Yes
Case5 No Yes Yes No
Case6 No Yes Yes Yes
Case7 Yes No No No
Case8 Yes No No Yes
Case9 Yes Yes No No
Case10 Yes Yes No Yes
Case11 Yes Yes Yes No
Case12 Yes Yes Yes Yes

That is, these four cases are excluded for the simulation. Table 6.4 shows the twelve

cases for simulation according to the fault tolerance [4] and the QoS scheduling. We

simulated 30 times for each case.

6.4.2 Evaluation Results and Analysis

To evaluate the scheduling algorithm performance of 50 Grid services, the following

criteria is used: average execution time, �nish time, reliability and error rate of Grid

services. Replication factor is also included, i.e., the number of replicated services is set

to 1, for the replication and load-balancing algorithm (Results are shown with or without

using HTF).

Table 6.5: Comparison of Evaluation Results

CASE Execution Time Finish Time Reliability Error rate
W/OHTF WithHTF W/OHTF WithHTF W/OHTF WithHTF W/OHTF WithHTF

1 602.07 627.5 2097.8 2175.8 0.55 0.52 0.48 0.45
2 873.5 837.1 1637.0 1580.5 0.63 0.64 0.36 0.37
3 506.5 498.5 2166.5 2066.9 0.74 0.76 0.24 0.26
4 612.2 581.8 1602.8 1675.2 0.74 0.73 0.27 0.26
5 357.3 353.3 1423.3 1480.5 0.78 0.77 0.23 0.21
6 402.7 404.7 1262.8 1332.2 0.75 0.76 0.20 0.21
7 536.5 517.6 2275.8 2114.8 0.76 0.74 0.26 0.24
8 586.0 646.4 1683.0 1775.3 0.73 0.74 0.26 0.27
9 508.5 492.4 2169.2 2121.6 0.92 0.93 0.06 0.07
10 407.6 415.7 1649.1 1642.8 0.94 0.91 0.08 0.06
11 341.8 344.9 1456.0 1501.6 0.92 0.97 0.02 0.03
12 313.7 327.8 1359.5 1340.0 0.93 0.92 0.00 0.00

HTF structure does not a�ect either fault tolerance or QoS scheduling performance and

is only used to make a logical structure of the devices. Table 6.5 compares each case of

evaluation criteria. Table 6.6 compares each case of evaluation criteria through a ranking
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Figure 6.5: Evalution Results for Execution Time

Figure 6.6: Evalution Results for Finish Time

Table 6.6: Comparison of Evaluation Results in Ranks

CASE Execution Time Finish Time Reliability Error rate
W/OHTF WithHTF W/OHTF WithHTF W/OHTF WithHTF W/OHTF WithHTF

1 10 10 12 9 12 12 12 12
2 12 12 5 6 11 11 11 11
3 7 6 9 10 7 8 8 7
4 9 11 7 5 10 8 9 10
5 3 3 3 3 5 5 5 6
6 4 4 1 1 6 7 6 5
7 8 8 10 12 9 6 7 8
8 11 9 8 8 8 10 10 8
9 6 7 11 11 2 3 4 3
10 5 5 6 7 4 1 3 4
11 2 2 4 4 1 3 1 1
12 1 1 2 2 3 2 1 1

Table 6.7: Comparison of Evaluation Result in Grid Services

Execution Time Finish Time Reliability Error rate
W/OHTF WithHTF W/OHTF WithHTF W/OHTF WithHTF W/OHTF WithHTF

Filtering of unauthorized users 457.47 550.48 1749.35 1718.52 0.87 0.69 0.11 0.29
Social Networking Services 427.38 657.16 1645.10 1957.04 0.84 0.66 0.13 0.33

Users Qos 357.65 577.13 1413.57 1894.12 0.85 0.75 0.10 0.25
Service replication 535.59 472.35 1557.67 1910.2 0.78 0.78 0.19 0.20
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Figure 6.7: Evalution Results for Reliablity

Figure 6.8: Evalution Results for Error Rate

from 1 to 12. With the HTF structure, for an average execution time, case 12 is the

fastest and case 2 is the slowest. For �nish time, case 6 is the fastest.

For reliability, case 10 is the most reliable. For error rate, case 12 is the most reliable.

Without the HTF structure, for an average execution time, case 12 is the fastest. For

�nish time, case 6 is the fastest. For reliability, case 11 is the most reliable. For error

rate, case 12 is the most reliable. From here on, because there is little di�erence between

with and without HTF, we consider cases only of evaluation criteria with HTF.

6.4.2.1 Grid Service Execution Time

Under the same cases, conditions that �lter unauthorized users and use SNS and user

QoS are faster and those replicating Grid services are slower. It seems that �ltering

unauthorized users using SNS and by providing desired, reliable Grid service among

SNS members is given. As there are fewer errors during Grid service, there is no need

to re-provide Grid service and therefore average execution time decreases. Conversely,
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Figure 6.9: Evaluation Result in Ranks of Execution Time

Figure 6.10: Evaluation Result in Ranks of Finish Time

service replication is slower because extra overhead, such as selecting a resource and

determining better Grid service results, is necessary for replication. Table 6.7 shows the

average execution time for each scheduling algorithm according to the use of HTF or

not. Figure 6.13 shows the average execution time for each case.

6.4.2.2 Grid Service Finish Time

Under the same conditions, in the cases that use SNS, the user QoS and service replication

are faster than those not using SNS. Regarding the �ltering of unauthorized users, there

is no apparent di�erence between use and non-use HTF. Using SNS, the user QoS is

faster as in Section 6.4.2.1. The service replication using the algorithm is more optimal

as during the run, between the original and replication Grid services, one Grid service

�nishes earlier than the other. Its execution time is set to the Grid service execution

time. Table 6.7 shows the average �nish time for each algorithm according to the use or

not HTF option and Figure 6.14 shows the average �nish time for each case.
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Figure 6.11: Evaluation Result in Ranks of Reliability

Figure 6.12: Evaluation Result in Ranks of Error Rate

6.4.2.3 Grid Service Reliability and Error Rate

Under the same conditions, all cases for each algorithm produce a more optimal result

than when the algorithm is not used. In all the cases using each scheduling algorithm,

Grid service reliability is improved and simultaneously the Grid service error rate is

reduced. Using service replication does not seem to have much e�ect on either Grid

service reliability or the error rate because the replication factor is 1. If the replication

factor is increased, the service replication will a�ect the results. Table 6.7 exhibits average

Grid service reliability and the error rate for each scheduling algorithm according to use

or non-use HTF. Figures 6.15- 6.16 show the average Grid service reliability and error

rate for each case.

6.4.2.4 Evaluation Results with HTF

When considering the four scheduling algorithms for each case, cases 11 and 12 produce

the most optimal performance. These cases �lter unauthorized users and use SNS and
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Figure 6.13: Average Execution Time for Grid Services

Figure 6.14: Average Finish Time for Grid Services

the user QoS. Conversely, the worst performing cases, 1 and 2, neither �lter unauthorized

users nor use SNS and the user QoS. In other words, �ltering unauthorized users and

using SNS and the user QoS improve Grid service performance, including Grid service

execution time, �nish time, reliability, and error rate. Service replication with the high

replication factor improves reliability and reduces the error rate.
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Figure 6.15: Average Reliability for Grid Services

Figure 6.16: Average Error Rate for Grid Services
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6.5 Conclusion

In this chapter a fault tolerant and QoS based scheduling is proposed using HTF in SGC.

SGC is a social network-based Grid computing environment supporting user mobility,

user QoS, and sharing of Grid services. A HTF structure, one of distributed network

structures, to manage the devices in the computing environment has been used. Fault

tolerant QoS scheduling consists of four sub-scheduling algorithms: unauthorized user

�ltering, Grid service delivery, QoS provisioning, replication and Load Balancing. By

using fault tolerance and QoS scheduling, faults arising from the device are tolerated,

user QoS needs are considered, and members of a social network share Grid service with

other members without further authentication.

The simulation shows that using a SNS improves Grid service execution time and service

reliability because members of a social network do not act maliciously. Also, �ltering

unauthorized users increases Grid service reliability and the service replication increases

Grid service execution time and reliability. Therefore, the proposed scheduling algo-

rithms can be applied to improve LB and JM through replication and execution time

and reliability in a wide range of computing environments that provide shared services.
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Chapter 7

Conclusions and Future Directions

This chapter gives concluding remarks on the thesis by highlighting the main contributions

of this research work. Based on the analysis, it can be concluded that with the possible

involvement of extremely large number of heterogeneous resources, Load Balancing and

Job Migration remains to be a major challenge for Grid Computing. A number of issues

related to this have been identi�ed and addressed in this thesis.

A dynamic and decentralized hierarchical Load Balancing algorithm based on variable

threshold value has been presented. In this algorithm load is divided into di�erent cate-

gories, like, lightly loaded, under-lightly loaded, overloaded, & normally loaded. A thresh-

old value, which can be found out using load deviation, is responsible for transferring

the task and �ow of workload information. Next, Job Migration techniques and Job Mi-

gration selection policy has been proposed and implemented for transferred the job from

overloaded node to the underloaded node. Job Migration can be achieved by three pro-

cedures such as Check-pointing, Scheduling and Replication. Further, the performance

of the algorithms is measured using GridSim toolkit based on variable metrics including

response time, resource allocation capacity, makespan, hit ratio etc. Finally, the model,

algorithms and techniques have been designed, developed and validated in this thesis.

This chapter concludes the thesis by highlighting the main contributions of this research

work. It commences with explaining of the outcome of each chapter and then discusses

the contributions of the Load Balancing and Job Migration for Grids. Later, it focuses

upon the future scope of the work.
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7.1 Conclusions

The thesis, �An E�cient dynamic and Decentralized Load Balancing Technique for Grid�

addresses Load Balancing and Job Migration challenges in Grid computing.

The work reported in the thesis is organized in seven chapters. The details are given

below:

Chapter 2 presents a literature survey on LB and JM techniques. A taxonomy of the

Grid Load Balancing components, policies, strategies, attributes, algorithm's types, clas-

si�cation and hierarchical approach have been presented. A detailed description and

comparison of the existing Grid LB algorithm in di�erent environments has been in-

cluded. The analysis of Job Migration techniques for di�erent environments, Job Migra-

tion steps, policies and features has also been discussed. The existing methods involving

fault tolerance & user de�ned QoS ful�llment parameters in several computing & system

environments has been depicted. Chapter 3 presents design of hierarchal Load Balancing

algorithms based on Variable threshold value. The load is divided into di�erent cate-

gories, like, lightly loaded, under-lightly loaded, overloaded, and normally loaded. A

threshold value, which can be found out using load deviation, is responsible for transfer-

ring the task and �ow of workload information. In order to improve response time and

to increase throughput of the Grid, a random policy has been introduced to reduce the

resource allocation capacity etc.In order to overcome the scalability, resource allocation

e�ciency and response time a dynamic threshold value has been used.

Chapter 4 presents the design of the Job Migration model and algorithms. For the Job

Migration model, decision making Job Migration policy has been proposed for resource

selection. Job Migration can be made via checkpointing, scheduling and replication tech-

niques. For choosing one of the three available techniques, Job Migration selection policy

takes decision at the time of migration of the load. Chapter 5 explaines the deployment

of the model. The experimental results have been illustrated with the help of the test

cases. Further, the model has been validated with the existing systems. Validation of the

Load Balancing model has been done through variable threshold based dynamic Load

Balancing algorithm with the random policy for better response time, reduced communi-

cation overhead and improved resource allocation e�ciency etc. Job Migration decision

has been chosen at the time of migration according to the scenario. This approach ac-

tually minimizes the searching time to �nd out the receiver machine in order to transfer

the jobs knows as Gridlets. A rigorous examination of the proposed algorithm on the

GridSim simulator has been carried out in order to judge the e�ectiveness of the algo-

rithm. The simulation results show signi�cant advantages of proposed algorithm over

other existing approaches, such as, centralized Load Balancing, no Load Balancing, etc.
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Chapter 6 describes the case study based on Job Migration, A JM based replication

algorithm has been proposed to support device users and share Grid services directly

between users and provide fault tolerance based QoS to the users in the SGC. SGC is

a computing model that includes devices to support user mobility. It connects with

social networks to re�ect real world user relationships, and therefore provides and shares

Grid services directly among the members of a social network. To demonstrate the

usability of the proposed scheduling algorithm, its implementation and validation has

been performed using scheduling with and without HTF. HTF is a space partitioning

mechanism that has been used as a base approach for large scale data management

of frequent moving objects in various computing environments. The simulation results

show that by using all the four algorithms the results have been improved. Therefore,

the proposed scheduling algorithms can be applied to improve the execution time and

reliability in a wide range of computing environments o�ering shared services. Chapter

7 �nally concludes the thesis and discusses the future scope of the work.

The contributions of this thesis are as follows:

� A detailed analysis of the existing work in the area of Grid Load Balancing and Job

Migration has been done along with a detailed study of the scheduling algorithms.

� A dynamic, hierarchical Load Balancing algorithm based on the variable threshold

value has been proposed and implemented. Load Balancing threshold parameters

have been used for three level Load Balancing model that o�ers equal workload

distribution and faster response time.

� The Job Migration technique with the selection based policy has been proposed to

transfer the load from the overloaded the under loaded node, while monitoring the

job and pool status. JM selection can be made via check-pointing, scheduling and

replication.

� The performance of the algorithms is evaluated using GridSim toolkit, which shows

that the proposed LB & JM algorithm outperforms as compared to the existing

Load Balancing algorithms in all respects such as e�ect of resource allocation ca-

pacity, response time, Grid service execution time, service reliability, error rate,

makespan, complexity etc.

� A replication based QoS scheduling using Hash Table Functionality (HTF) in Social

Grid Computing (SGC) has been introduced. It consists of four sub-scheduling

algorithms: Unauthorized-user �ltering, Grid service delivery, QoS provisioning,

and Replication and load-balancing.
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7.2 Future Directions

In this thesis, the problem of Load Balancing and Job Migration in the Grid Computing

has been addressed.A JM policy for Grid environment considering the QoS parameters

has been developed in XML. The proposed techniques are useful in terms of response

time, resource allocation capacity, communication cost, makespan etc. However, the

work can be further enhanced and extended in future. Some of the future directions are:

� Research into predictive measures of load would be useful. It may be possible to

determine future load by examining past requirements and current process prop-

erties.

� New methods of dynamic allocation of resources to services by means of migration

in order to facilitate the o�ering of services as an infrastructure available on the

internet would be a research area.

� Load Balancing and Job Migration can be considered with migrations in a hetero-

geneous system consisting of multiple clusters would be an another logical extension

in the future.

� It would be interesting to study a larger scale grid where di�erent strategies on the

selection of a cluster as a destination for migrating jobs could be examined.

� Job Migration with checkpointing can be enhanced for parallel nodes in the Grid

environment.

� Job Migration mechanisms need to be extended to multi-node/Intranet Grid envi-

ronments on the one hand and to distributed running multi-node jobs on the other

hand.

� Job Migration with combination of all three technique Checkpointing & replication

& Scheduling is also a direction of research.

� To study the replication factor for improving Grid service reliability and reducing

the error rate when using service replications can also be planned for future work.

� In addition, more QoS metrics and additional factors in SGC can be considered.
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