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Abstract

Grid Computing has evolved into an important discipline by differentiating itself

from distributed computing through an increased focus on resource sharing, co-

ordination, manageability and high performance. Grid computing combines open,

shared, geographically distributed and heterogeneous resources to achieve high com-

putational performance. The objective of the Grid Computing is to solve large

problems which can not be solved by single CPU by achieving high computing per-

formance by optimal use of geographically distributed heterogeneous idle resources.

These resources may belong to different institutions, different domains; may have

different usage policies and may pose different requirements on acceptable requests.

One of the major challenges in such highly heterogeneous and complex computing

environments is to design efficient Resource Discovery algorithms. Resource Discov-

ery strategies in such cases should be efficient, robust, and scalable.

Resource heterogeneity domains, dynamic load on resources, task runtime predic-

tion uncertainty, task-to-resource ratio and resource sharing in the grid environment

affects application performance. Grid resources are heterogeneous due to differences

in hardware components, differences in Grid software environments, and due to the

fact different administrative have different policies for sharing the resources.

xiii



xiv Abstract

This work mainly focuses on “Efficient Resource Discovery with heterogeneous

resources”. Initially, an in-depth review of existing models, approaches and algo-

rithms has been done. During the literature review, it is observed that query based,

agent based, parameter based and ontology based approach are some of the exist-

ing approaches. Flooding algorithm, swamping algorithm, name-dropper algorithm

and kutten peleg algorithms. Three models; push, pull and push-pull models are

currently being used for Resource Discovery process. A comprehensive study of

different middleware also has been done. Different QoS parameters have been iden-

tified and analyzed as: Time, Cost, Reliability and Security. Time is the measure of

delivery period of resources. Cost is the amount payable for using the resource or a

set of resources including communication cost and computation cost. Penalty cost

is included in case of delay in delivery of the resources required. Communication

and computation costs are other costs. Reliability is about making delivery sure for

a resource or a set of resources. Security is a mechanism for ensuring the trust while

sharing or exchanging a resource among users or users and manager.

Three algorithms have been proposed for Resource Discovery namely: “Path

Optimization Algorithm, “Weight Optimization Algorithm and “Request Matching

Algorithm”. Path Optimization Algorithm is based on the concept of “connected

graphs” and their trees. This algorithm optimizes the path traversed for the Re-

source Discovery process. Weight Optimization Algorithm is based on the concept

of directed weighted graph and it optimizes the total cost/total time needed for

Resource Discovery process. A method of parallelizing both these algorithms is also

described in detail. Request Matching Algorithm is designed based on the ontol-

ogy approach and it finds the best resource from a set of all matching resources for

a given job. It works with the three matchmaking principles. First - to find the

acceptable matches; second - to supervise and modernize lists of the requester and

provider and third - dynamically create the data updating in the resource pool, for



xv

finding the acceptable matches. Complexity analysis as well as comparative analysis

of all the three algorithms has been made.

To test and validate the proposed algorithms, a customized testbed has been

developed as part of this work, namely TUGrid testbed. It has been used to demon-

strates the usefulness of this work. Different test cases including different parameters

for the Resource Discovery process have been considered for the evaluation of the

proposed algorithms. The results clearly demonstrate that the approach is work-

able and can be effectively used to address the different QoS requirements including

Time, Cost, Reliability and Security.
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1
Introduction

In today’s complex world of high speed computing, computers are becoming ex-

tremely powerful and even home-based workstations are powerful enough for run-

ning complex applications [Dur04]. At the same time there is an increased demand

for computational power for several complex scientific experiments in the field of

advanced modeling, genome matching, astronomical research, real-time personnel

portfolio management etc. that, widen the scope of computing. In this context, it

requires huge amount of computational resources. Therefore, to satisfy the some

of these aforementioned computational requirements, Parallel Computing came into

existence.

1



2 Introduction

Parallel Computing is the simultaneous execution of the same task on a computer

with multiple processors which is capable of parallel processing. Parallel processing

is used to denote a large class of techniques that are used to provide simultaneous

data-processing tasks for the purpose of increasing the computational speed of com-

puter systems [Man93]. Various examples of parallel computing includes: weather

and ocean patterns, daily operations within a business, management of national and

multi-national corporations, array processing etc. It has given birth to distributed

systems where complex problems are divided and allotted to parallel or distributed

systems so that it is done quickly and sometimes at lower costs [Qui94].

Distributed system provides a seamless integration of computing functions be-

tween different computers [FG07]. Distributed Computing is one in which compo-

nents located at networked computers communicate and coordinate their actions

only by passing the messages [GCK01]. The major goal of constructing the dis-

tributed systems is to obtain the large-scale resource sharing at affordable cost.

Examples of distributed systems include: Internet, Intranet, Mobile Computing and

Ubiquitous Computing.

According to San et al. traditionally, there have been three categories of ”Dis-

tributed Computing” [JP03]:

• Cluster Computing: Similar machines are joined together to form a cluster

of virtual machines known as cluster computing. Linux clusters are good

examples of cluster computing.

• Peer-to-Peer Computing: In Peer-to-Peer Computing many desktop computers

are linked together to aggregate the processing power. The distinguishing

characteristic is the desktop computers itself, which almost exclusively is a

low-power client PC.
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• Grid Computing: It connects a wide variety of computer and other computing

resources such as printers, desktops, laptops, databases, storage area networks

etc. to create vast “virtual” reservoirs of computers serving geographically

widely separated users.

Detail distinction between all these is presented in Table 1.1. Grid Com-

puting allows heterogeneous resources to be connected and is therefore quite

generic in nature. The focus of this work is mainly on Grid Computing, which

is explained in following section.

1.1 Grid Computing

Focusing upon the efficient attributes of Grid Computing this section elaborates the

past, present and future trends of Grid Computing. The term Grid Computing was

conceived in the mid- 1990s to denote a new infrastructure of distributed computing

for the scientists and engineers in a more advanced scope. This name was inspired

by the electrical power energy because of its pervasiveness, ease of use and relia-

bility [FK05]. Grid Computing provides a virtual computing resource that will be

used to execute applications in a Virtual Organization (VOs) [BJ03]. VOs can span

from small corporate departments that are in the same physical location, to large

groups of people from different organizations that are spread across the globe. VOs

can be large or small; static or dynamic in nature. Some examples of VOs are an

accounting department of a company, an emergency response team etc. [Abb04].

Grid Computing is the generic term given to techniques and technologies de-

signed to make pools of distributed computing resources available on-demand. More

generic definition of Grid is [IFT02]:
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Table 1.1: Distinction between Cluster, Peer-to-Peer and Grid Computing

Characteristics Cluster Peer-to-Peer Grid

Target Communi-

ties

Very less professional

communities

It has been popular-

ized by file-sharing

and highly parallel

computing applica-

tions

Motivated by Profes-

sional Communities

Evolved In With in the Local

Area Network

Harnessing the

computing storage

and communication

power of the nodes

Coordinating and

problem solving in

VOs for industries

and businesses

Resource Manage-

ment

Centralized Distributed Distributed

Resource Owner-

ship

Singular (Often

locked to a single

node to prevent data

corruption)

Singular or multiple,

varies from platform

to platform

Singular, multiple, or

distributed, depend-

ing on the architec-

ture

Method of Re-

source Allocation

/ Scheduling

Centralized, allo-

cated according

configuration

Decentralized there is no single per-

manent host for cen-

tralized data. Every-

thing is transient.

Discovery Mecha-

nism

Defined membership

(Static or Dynamic)

Centralized index,

as well as, multi-

ple decentralized

mechanisms

Always decentralized

discovery mecha-

nism.

Inter-Operability Guaranteed within a

cluster

Enforced within a

framework

Multiple competing

standards

External Repre-

sentation

Single Image Single or multiple im-

age(s) Unknown

it is circumstantial

Inter-Operability
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Suggested Equip-

ment

Mostly high-end,

high capability

systems

High-end or com-

modity systems

Any type, including

wireless device and

embedded systems

Virtual Organiza-

tion (VO)

As deals with singlr

organization so, VO,

VO with generis Re-

source Sharing

VO with service se-

mantics

Quality of Ser-

vice(QoS)

QoS is very less QoS is less QoS is High

“A Grid is a hardware and a software infrastructure that provides dependable, con-

sistent, pervasive, and inexpensive access to high-end computational capabilities.”

Today, Grid is attracting high number of professionals and huge investment from

various funding agencies because its future is potentially revolutionary. It has been

developed extensively in recently years and has become an important platform for

high performance computing in scientific areas [LPN04].

A well-known example of Grid Computing in the public domain is the ongoing

SETI (Search for Extraterrestrial Intelligence) @Home project in which thousands

of people are sharing the unused processor cycles of their PCs in the vast search for

signs of “rational” signals from outer space [SET08]. Perhaps the most ambitious

is Oxford University’s Centre for Computational Drug Discovery’s project that uti-

lizes more than one million PCs to look for a cancer cure. People around the world

donate a few CPU cycles from their PCs through “screensaver time.” The project

eventually will analyze 3.5 billion molecules for cancer-fighting potential etc. [Cor08].

Grid Computing is finding its applications in various application domains. At

the same time it is also having a promising future due to the following reasons:
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• Grid is a cluster of clusters and gathers the unused resources.

• Grid Computing provides high performance per workstation.

• It works for the distributed users, large scale and distributed resources, across

domains and faster interconnected network.

• It has the ability to make more cost-effective use of a given amount of computer

resources.

• It suggests that the heterogeneous resources of many computers can be coop-

eratively and perhaps synergistically harnessed and managed as collaboration

toward a common objective.

• It solves the problems that can not be approached without an enormous

amount of computing power.

• It provides an approachable interface for managing and access to the resources.

This may includes scheduling policies, licence checking softwares, access rights

and security privileges etc.

• Grid Computing develop and deploy the optimal applications on the dis-

tributed environment to take the advantage of heterogeneous resources.

1.1.1 Characteristics of Grid Computing

The purpose of the Grid Computing is to enable a new generation of applications,

combining intellectual and physical resources that span many disciplines and orga-

nizations. It also provides more effective solutions to important scientific, engineer-

ing, business, and government problems. In the following paragraph ten important

characteristics has been discussed namely, Heterogeneity, Geographical Distributed,

Resource Sharing, Multiple Administration, Scalability, Dynamistic or Adaptability,
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Uncertainty, Demandable Access, Consistent Access and Pervasive Access of Grid

Computing.

• Heterogeneity: One of the most important characteristics in Grid environ-

ment is heterogeneity. It aggregates large numbers of independent and ge-

ographically distributed computational and information resources, including

supercomputers, different clusters, network elements, data storages, sensors,

services, and Internet networks.

– Resources are heterogeneous.

– Resources are administratively and geographically disparate.

– Users do not have to worry about system details (e.g. location, operating

system, accounts etc.).

– Resources have different resource management policies.

– Resources are numerous that are owned and managed by different, poten-

tially mutually distrustful, organizations and individuals that are likely

to have different security policies and practices.

• Geographically Distributed: In Grid Computing resources may be located

at different geographical locations and are loosely coupled.

• Resource Sharing: Resources in a Grid Computing belongs to many different

organizations and geographical distributed that allow other organizations (i.e.

users) to access them. Nonlocal resources can thus be used by applications

promoting efficiency and reducing cost.

• Multiple Administrations: Each organization may establish different se-

curity and administrative policies under which their owned resources can be

accessed and used.
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• Scalability: Grid may be able to grow from few resources to millions. This

raises the problem of potential performance degradation. Consequently, appli-

cations that require a large number of geographically located resources must be

designed to be extremely latency tolerant. For example a Grid should operate

equally well with 100,000 participants as with 100.

• Dynamistic or Adaptability: In a Grid Computing, a resource failure is the

rule, not the exception. In fact, with heterogeneous nature of resources, the

probability of some resource failing is naturally high. The resource managers

or applications must tailor their behavior dynamically so as to extract the

maximum performance from the available resources and services.

• Uncertainty: Uncertainty in Grid environment is caused by multiple factors,

including

– Dynamism, which introduces unpredictable and changing behaviors that

can be detected and resolved only at runtime.

– Failures, which have an increasing probability of occurrence and frequen-

cies as system/application scales increase.

– Incomplete knowledge of global system state, which is intrinsic to large

decentralized and asynchronous distributed environments.

• Dependable Access: Grid Computing must assure the delivery of services

under established Quality of Service (QoS) requirements. The need for de-

pendable service is fundamental since users require assurances that they will

receive predictable, sustained and often high level performance.

• Consistent Access: Grid Computing must be built with standard services,

protocols and interfaces thus hiding the heterogeneity of the resources while

allowing its scalability. Without such standards, application development and

pervasive use would not be possible [MLBLGS03].
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• Pervasive Access: Grid Computing must grant access to available resources

by adapting to a dynamic environment in which resource failure is common-

place. This does not imply that resources are everywhere or universally avail-

able but Grid Computing have its different policies and standards to extract

the maximum performance from the available resources.

Grid Computing is often regarded as a means for creating inexpensive super comput-

ing. The purpose is to enable inexpensive, scalable and reliable computing, usually

across corporate boundaries [MIH04]. All the aforementioned characteristics of the

Grid Computing can be understood in depth by studying its layered architecture.

1.2 Grid Architecture

The Grid Architecture proposed by Ian Foster, Carl kesselman and Steven Tuecke

is layered. It is based on the open standards, and connectivity protocols, which

facilitates the sharing of resources. Figure 1.1 illustrates the layer of the architecture

with specific capability at each layer [IF01a]. Different layers of Grid Computing

Architecture are:

• Fabric Layer: Interface layer to resources

The Fabric layer defines the protocols, interfaces and resources that can be

shared. This includes the computational resources, data storage resources,

network resources, different clusters, and other system resources. These re-

sources can be physical (e.g. computational and network resources, storage

systems, sensors) or logical (e.g. distributed file systems, different clusters, &

geographically distributed systems) by nature. Both the resources implement

the inquiry mechanism that permit discovery to their structure, state and ca-

pabilities. This layer provides the logical view of the resources rather than a

physical view [IF01a]. For example the view of a cluster with a local resource

manager is defined by local resource manager and not the cluster hardware.
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Figure 1.1: The layered Grid architecture and its relationship to the Internet protocol
architecture

• Connectivity Layer: Communication Easily and Securely

Connectivity layer defines the core communication and authentication proto-

cols that are required for the Grid specific network transactions. Communica-

tion protocols are: internet protocols such as TCP/IP internet protocol stack,

DNS, ICMP, UDP and various routing protocols. Communication protocols

enable the exchange of data between fabric layer resources. Authentication

protocols build on communication services provide cryptographically secure

mechanisms for verifying the identity of users and resources. They must rely

on existing standards e.g. X.509, TLS, SSL, and Kerberos.

• Resource Layer: Sharing of Resources
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The resource layer builds on the communication protocols and authentication

protocols to define protocols for the secure negotiation, initiation, monitor-

ing, control, accounting, and payment of sharing operations on individual re-

sources. This layer only handles the individual resources and hence, ignores

the global state and atomic actions across other resource collection (which in

the operational context is the responsibility of the collective layer). Protocols

defined at this layers includes management and information protocols like:

– Grid Resource Allocation Manager (GRAM ): It includes remote alloca-

tion, reservation, monitoring, and control of resources.

– Grid File Transfer Protocol (GridFTP): It includes high performance data

access and transport.

– Grid Resource Information Service (GRIS): It includes access to structure

and state information.

All these protocols are built on the connectivity layer and utilize standard

Internet Protocols (IP) for communications.

• The Collective Layer: Coordination of multiple resources

As resource layer manage the individual resources, the collective layer is re-

sponsible for all global Resource Management and interaction with the collec-

tion of resources. The collective layer defines various protocols that provide

the system-oriented capabilities for wide scale deployment. Collective func-

tions can be implemented as persistent services with associated protocols.

Some key examples of collective services are: discovery services, collabora-

tive services, monitoring and diagnostic services, coallocation, scheduling and

brokering services, software discovery services, data replication services, com-

munity accounting and payment services, Grid enabled programming services

etc.
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• Application Layer: User Defined Application Layer

This layer defines the protocols and the services that are targeted towards a

specific application or a class of applications at each lower layer. The appli-

cation(s) can directly access the resource, or can access the resources through

collective service interface APIs. Applications are constructed in terms of, and

by calling upon, services defined at any layer.

As the introduction of the Grid Computing clearly shows the history, future trends,

different layers of the architecture, resources and processes, to manage the proper

functionality of all these we need an important component i.e. Resource Manage-

ment. Therefore, it is necessary to understand the concept of resource management.

1.3 Resource Management

Resource Management consists of two terms i.e. Resource ’plus’ Management. Re-

source, in terms of organization, is name of Assets, Men, Machine and Materials.

Management is selection and implementation of best possible alternative to use of

the available resources in effective and efficient manner in order to attain the de-

sired goals. Hence, Resource Management is the management of resources directed

towards the desired set of outcomes. It is an efficient and effective deployment of an

organization’s resources as and when they are needed. Resources are differing by:

• Type (storage, calculation, sensor, software etc.)

• Platform (OS, Architecture etc.)

• User (human skills)

• Owner (financial resources, inventory, production resources, or information

technology (IT))
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• Hardware (PC, cluster, smart phone etc.)

• Location (with in the department, with in the campus etc.)

Resource Management is the central and integral component of Grid Computing.

Resources are the entity that is to be shared, which may be physical or logically dis-

tributed in the Grid Computing. Management is the process of how resources are

exposed and made available for use on Grid. And Resource Management is function

to control the resources, made available to others.

The overall goal of the Resource Management is to efficiently discover and sched-

ule the applications that need to be utilized the available resources in heterogeneous

and dynamic environments. Grid Resource Management is defined as a process that

includes following:

• Resource Requirement Identification: The first and foremost component of the

Resource Management is the resource requirement identification: A Resource

Specification Language (RSL) has been developed as a common notation to

exchange of the information between the applications and local resource man-

agers [Abb04]. RSL provides the two types of information: Resource Require-

ments and Job Configuration:

Resource Requirements: It contains information about the machine type,

number of nodes, memory, etc.

Job Configuration: It containes information about the directory, executable,

arguments, environment etc.

• Resource Discovery: Discovery allows the user to discover, resources as services

with the requisite properties and functionalities. The problem of Resource

Discovery is that given an application with a requirement specification of the

types of computing resources, locate the machines out of the available machines

that meet the specified criteria. This is the process of querying the distributed
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state of the Grid to identify those resources whose characteristics and state

match those desired by the resource consumer [FK05]. The detailed description

of resource discovery process has been explained in Section 1.4.

• Resource Matchmaking: Matchmaking is a process of finding the list of re-

sources that satisfies the requester’s request. Matchmaking is executed based

on whether the resource request and the resource advertisement match or not.

The match between requests and advertisements is made based on the match

between capabilities of the resource available and resource requested [VS07].

The major descriptive language that used for matchmaking is classified ads

(ClassAds). The various components of matchmaking as defined by Horst

Wenske are: ClassAds Specifications, Advertising Protocols, Matchmaking

Algorithms, Matchmaking Protocols, and Claiming Protocols [Wen04].

• Scheduling and Monitoring:

Grid Scheduling is the process of arrangement of a number of related operations

i.e. resources in accurate time, based upon different policies and standards.

List of Grid Scheduling policies for malleable applications are: when jobs

are available, when a failure occurs, when a job is waiting etc. as discussed

in [BE07].

– When a job is waiting for placement. Two cases may occur. If enough

resources are available, then the job is placed. Otherwise, the job is

queued (favoring executing jobs), or shrink messages are sent to make

room for the job (favoring pending jobs).

– When some resources are available. These resources are distributed over

executing malleable jobs and pending jobs. Depending on the order in

which they are considered, jobs in one category are favored over jobs in

the other one.
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– When a job requests for growing. If enough resources are available,

growth is granted. Otherwise the scheduler attempts to shrink other

malleable jobs before denying the growth.

– When a failure occurs. The scheduler let applications handle failures

on their own. The scheduler gives no guarantee on the quality of the

resources.

Similar to scheduling, monitoring is another important issue in Resource Man-

agement. A wide variety of processing tasks may be using the resources of the

Grid, and these needs to be monitored in real-time and both normal and ab-

normal events must be reported using various modalities. Grid environment

provides a mechanism for real time monitoring and notification. For real time

monitoring like type of events: categorization can be done as minor, moderate,

serious or urgent. Where as notification policy may require notification via the

most intrusive means (say, ringing a pager or telephone) for serious or urgent

events, e-mail notification for moderate events, and no notification for minor

events [Abb04].

• Policy and Security in Resource Agreements: The purpose of resource policy

is to control by whom and how the resources may be used. For example, the

resource may be used only by certain users or during specific times of the day

or may require different level of payments for different services. Thus, the

policy will govern the Service Level Agreements (SLA) to which the resource

provider is willing to agree. Policy enforcement is symmetric: it may be applied

by both entities entering into an SLA. Resource agreements can encompass not

only a commitment to perform a task but also commitments to the level of

performance, or quality of service. While Security is the priority concern in

any computer system, same for the distributed system such as Grid. According

to Ramakrishnan, Grid Security is a multidimensional problem [Ram04]. An
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effective security policy mechanism, or a solution, should be such that it will:

establish the identity of the user i.e. authenticate and track the authentic

user’s actions in the Grid Computing [Pra08].

• Resource Allocation: Resource Allocation means to provide the Grid services

to the user or customer including applications, resources etc. Allocation often

appears in context of virtualization, orchestration, utility computing, open

configuration concepts and projects. Resource Allocation for applications has

several advantages over best effort execution.

– Firstly, it allows the user or workflow manager [ea05] to control the

scheduling and execution of the application on the allocated resources.

– Second, it allows the user or workflow manager to explore the space of

resources to be allocated and optimize for performance without worrying

about external factors such as the workload of the resource or the policies

of the resource provider.

– Third, it enables the adaptation of the application based on the allocated

resources in order to achieve a certain level of performance.

– Fourth, it allows the execution of applications that require co-allocation

of resources or have other constraints on the resource requirements.

• Problem Determination and Fault Management: As Grid Computing is a dis-

tributed system involving heterogeneous resources located in different geo-

graphical domains, for this case fault tolerant and resource allocation services

have to be provided [Sig05]. In particular, when crashes occur, tasks have to be

reallocated quickly and automatically, in a completely transparent way from

the users point of view. Various methods such as checkpointing is required for

managing the abrupt abortions or job terminations, so that restart or recovery

can be easily achieved, thus improving the system availability and reliability.
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Resource Management scenarios often include resource discovery, resource monitor-

ing, resource inventories, resource provisioning, fault isolation, variety of autonomic

capabilities and service level management activities. The promise of Grid Com-

puting, for effectively harnessing computing resources across the organization, is

enormous. Resource Agent, a core part of Grid system, heads the whole hierarchy

of maintaining all the service information of the system. Agent performs various pro-

cesses like, discovering, scheduling, allocation and evaluation. Out of these resource

discovery is first and foremost important process.

1.4 Resource Discovery

As described in the previous section, Grid environment consists of large number of

shared resources distributed among the many locations. Discovery is the core com-

ponent of the Resource Management i.e. performed on the distributed resources,

applications etc. Discovery is an information-gathering process, meant to dig deep

into the details of what is important to a client’s business, target audience, and

industry. Resource Discovery is a very important process because it allows you to

see when and where things happened and to collect the information necessary to

assess against your desire. Resource Discovery can be defined as a directory ser-

vice directed to the spontaneous networks environment [GC01]. Discovery in the

Grid environment becomes complex as the resources are geographically distributed,

heterogeneous in nature and owned by different individuals and organizations each

having their own resource management policies and different access and cost models.

The Grid Resource Discovery problem can be defined as the problem of match-

ing a query for resources, described in terms of required characteristics, to a set of

resources that meet the expressed requirements [VI04]. Resource Discovery is per-

formed by Resource Management system to obtain information about the available
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Figure 1.2: Resource Discovery Process

resources. Resources can enter or leave at any time in Grid Computing environ-

ment, Resource Discovery mechanism provides the information about the available

resources in a specific moment [RdM06]. Resource Discovery deals with finding,

locating, searching and organizing the matching data (information, facts, quires,

numbers etc.), in response to queries of users or an automated mechanism with

following trades off:-

• In Shortest amount of time

• With special access policy and standards

• At minimum cost

Resource Discovery systems become more and more important as distributed sys-

tems grow and as their pool of resources becomes more variable. According to

Koen et al. Resource Discovery systems can be categorized by different design as-

pects mentioned in [KV05]. Each of these aspects represents a design choice for

which several solutions are possible. The design aspects are: service provider, con-

struction, foreknowledge, architecture, registration, discovery, supported resources,
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naming and queries.

Resource Discovery has generally two key steps [ICJ02]. The first step is to

locate a resource, and the second step is to connect or match to it. Locating

resource means getting a query to metadata or data. Resource locating would not

be quite difficult in peer-to-peer network that is managed by a central server. Tradi-

tional lookup service, i.e. LDAP (Light Weight Directory Access Protocol) service,

maintains all information, such as name, location, attribute in a single server that

is normally based on central DBMS (Database Management Systems), which will

result constant search performance. But it becomes variable when arbitrary joins

and leaves are allowed. Where as matching means determine a match between query

and metadata.

Unfortunately, Grid Computing technology is still far away from reach of inex-

perienced application users, e.g. computational scientists and engineers. Resource

Discovery is a challenging problem in Grid Computing because computational re-

sources are large-scale geographically distributed. In this thesis, Resource Discovery

algorithms has been designed and identifying the specific QoS parameters under

which it can perform efficiently. The performance of algorithms underneath TU-

Grid Testbed for varying network conditions based on various evaluation criterions

such as Time, Cost, Reliability and Security have been taken. The next chapter

describes the various components, models, approaches and algorithms that presents

the existing solutions for the Resource Discovery. A survey of all those methods has

also been presented.
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1.5 Thesis Organization

This section discusses the outline made in the thesis are structured given below:

Chapter 2: Literature Review

This chapter discusses the background and related work done so far in the area

of Resource Discovery in Grid computing. This chapter is divided into three parts:

in first part, Resource Discovery process, its components and characteristics are ex-

plained. In second part, Resource Discovery models, approaches, and algorithms

are explained. In third and last part a comprehensive review of the work done in

Resource Discovery is reported. Based upon the literature review gaps have been

identified where improvements are needed. This gap analysis gives us a basis for

problem formulation of this thesis.

Chapter 3: Identification and Analysis of Quality of Service Parameters

This chapter starts by identifying the key design goals that need to be considered

for design and implementation of Resource Discovery algorithms. The Quality of

Service (QoS) parameters, dynamic decision factors and Service Level Aggrement

(SLA) for the efficient Resource Discovery process in the Grid Computing have been

discussed. This chapter also discusses various modules of QoS used by SLA and its

generic interface by using the campus wide case study. QoS is the capability of a

network to provide better services to selected network traffic over various technolo-

gies, including Frame Relay, Asynchronous Transfer Mode (ATM), Ethernet and

802.1 networks. QoS deals with generic application needs timeliness, reliability, and

security. QoS mechanisms in Grid computing require to support more then the guar-

anteed availability of given resources. QoS guarantees in such a context not only the

behavior of the single components of the Grid system, i.e. processor availability on



1.5 Thesis Organization 21

a cluster computer, but also defines, how the whole Grid environment manages the

given job. To enhance the efficiency of Resource Discovery with QoS, a case study

of campus Grid has also been presented in this chapter.

Chapter 4: Proposed Resource Discovery Algorithms

This chapter presents proposed Resource Discovery algorithms and their implemen-

tation details. Three Resource Discovery algorithms have been proposed, designed

and developed based on different assumptions and scenarios to achieve efficient re-

source discovery in Grid environments. These algorithms address and improve upon

some parameters in the existing algorithms like Time, Cost, Reliability and Security.

At the core of the implementation strategies, a Resource Discovery testbed is used

to decide what, when and where the algorithms are useful. All the algorithms have

been implemented and tested for their efficiency.

Chapter 5: Deployment, Testing and Validation of proposed Algorithm

The TUGrid tesbed is initially designed and implemented to test the Resource Dis-

covery process is explained in Section 1 of this chapter. Next section explains the

evaluation parameters of three algorithms and last section presents various exper-

iments that evaluate the designed algorithms with the functionalities of TUGrid

testbed. Different types of QoS parameters including time, costs, matching scenar-

ios, reliability and security.

Chapter 6: Conclusion and Future Scope of the work

This chapter concludes the research work carried out in this thesis. In support

to thesis work:
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A) different QoS parameters have been analyzed (like time, cost, reliability, se-

curity) etc.

B) Three algorithms have been proposed namely: Path optimization Algorithm,

Weight Optimization Algorithm and Request Matching Algorithm. These algo-

rithms have been designed and developed using the different approaches and differ-

ent assumptions. All the three aforementioned algorithms have been deployed and

tested on the TUGrid testbed. The efficiency of the algorithms have been success-

fully demonstrated by taking the different QoS parameters under considerations.
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Grid Computing is the next generation of IT infrastructure. It consists of collec-

tion of heterogeneous resources spread across multiple administrative domains. Grid

Computing provides scalable, secure and extremely high performance mechanism for

discovery and access to remote computing resources, in a seamless manner [JF04].

Grid Computing has the potential to become the main execution platform for high

performance and distributed applications. However, such systems are extremely com-

plex. The possibility to discover an enormous amount of resources to a parallel ap-

plication (thousands of machines connected through the Internet) and to make it

with lower cost than traditional alternatives (based on parallel supercomputers) is

one of the main attraction and big challenge in Grid Computing. In order to cope

23
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with the dynamic nature of Grid Computing, some way of incorporating dynamic

state information about the available resources into its decision-making process is

needed. This process is termed as Resource Discovery. Many projects have been

designed and implemented to incorporate Resource Discovery process, with a variety

of models, approaches and algorithms [AA04]. This chapter focuses mainly upon

the existing research in the area of Grid Resource Discovery. Organization of the

chapter is as follows: Section 2.1 discusses the Resource Discovery: core of the Grid

Computing. Section 2.2 surveys the existing Resource Discovery Models, Approaches

and Algorithms. Section 2.3 captures the actual experience regarding the Resource

Discovery in different middleware. Section 2.4 discusses the efficiency in the Re-

source Discovery process. Section 2.5 presents the problem formulation of the thesis.

Finally, Section 2.6 presents the objectives of the thesis.

2.1 Resource Discovery: Core of Grid Computing

In the context of Resource Discovery, Grid is a collection of geographically dis-

tributed nodes, that may join or leave at any time without notice (due to commu-

nication failures) [Iam03]. The Grid Resource Discovery problem can be defined

as, the problem of matching an application’s requirement for resources, described

in terms of required characteristics, to a set of resources that meet the expressed

requirements. The problem is complicated by the fact that some resource informa-

tion (e.g., CPU load or available storage) change dynamically. The problem may

be viewed as one of the efficient access to widely distributed real-time data streams

representing the state of Grid resources [VI04]. Resource Discovery is a basic ser-

vice in Grid Computing, which gives the description of resources desired and finds

the available ones to match the description. In Grid, how to discover resources

efficiently, has become a crucial factor to evaluate the performance of the whole

system [HZS05]. The problem of the Resource Discovery is studied in detailed in
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Figure 2.1: Resource Discovery Taxonomy [KKM01]

the following sections.

2.1.1 Resource Discovery Taxonomy

Major function of Resource Management in Grid Computing is to provide a mecha-

nism for resources in the Grid to be discovered and utilized by network application.

Resource Discovery provides matching resources. Discovery is initiated by a net-

work application to find suitable resources within the Grid. Figure 2.1 shows the

taxonomy for Resource Discovery process [KKM01]. Query based system are fur-

ther characterized depending on whether the query is executed against a distributed

database or a centralized database. Agent based approaches, send active code frag-

ments across machines in the Grid that are interpreted locally on each machine.

The major difference between a query based approach and an agent based approach

is explained in the Section 2.2.2.

2.1.2 Resource Discovery Components

There are numerous components of the Resource Discovery that are used to dig up

the new solutions for the Resource Discovery process. According to Iamnitchi [Iam03]

four-solution space for the Resource Discovery are:
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• Membership Protocol: The membership management protocol is responsible

for incorporating new members or nodes into the system and reallocates mem-

bers from group that has too few members.

• Overlay Construction: Overlay Construction functions select the set of active

collaborators from the local membership list. In practice, this set may be lim-

ited by factors such as available bandwidth, message-processing load, security

or administrative policies, and topology specifications [MHBL99].

• Preprocessing: Preprocessing refers to the off-line preparations for better

search performance, independent of request. A very well known example of

preprocessing technique is dissemination of resource descriptions that is, ad-

vertising descriptions of the local resources to other areas of the network for

better search performance and reliability.

• Request Processing: The request processing has further two components:

Local processing: Looking up the requested resource in the local informa-

tion. (e.g. a request for A and B could be broken into two distinct requests to

be treated separately), and/or applies local policies, such as dropping requests

unacceptable for the local administration. The local information is maintained

by the every node using the above-mentioned preprocessing techniques.

Remote processing: The remote component implements the request dis-

tribution rule: sending requests to other peers through various mechanisms

(flooding, forwarding, and epidemic communication).

2.2 Existing Solutions for Resource Discovery

Starting from the Mor Harchol et al. [MHBL99] till now there have been number

of solutions for the Resource Discovery i.e. Resource Discovery Models, Resource

Discovery Approaches and Resource Discovery Algorithms. All are presented in
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details in the coming sections.

2.2.1 Resource Discovery Models

Different attempt to categorize the heterogeneous models for the Grid Computing

and performance metrics are discussed in [SB05]. Grid environment uses the three

models: a pull model, a push model and a push-pull model for Resource Discov-

ery [ML05]. The major function of these models is used to update the resource

status database described as follows.

The pull model: In this model, a single daemon associated with the scheduler

can query Grid resources and collect state information such as CPU loads or the

available memory. The pull model for gathering resource information incurs rel-

atively small communication overhead, but unless it requests resource information

frequently, it tends to provide fairly stale information, which is likely to be constantly

out-of-date, and potentially misleading. In centralized scheduling, the Resource Dis-

covery could be rather interfering and begin to take significant amounts of time as

the environment being monitored gets larger and larger. The architecture of the

pull model is shown in Figure 2.2.

The push model: In this model, each resource in the environment has a daemon

for gathering local state information, which will be sent to a centralized scheduler

that maintains a database to record each resource activity. If the updates are fre-

quent, a precise view of the system state can be maintained over time; obviously,

frequent updates to the database are interfering and consumes network bandwidth.

Figure 2.3 shows the architecture of the push model.

The push-pull model: The push-pull model lies somewhere between the pull

model and the push model. Each resource in the environment runs a daemon that
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Figure 2.2: Pull Model for Resource Discovery [ML05]

collects state information. Instead of directly sending the information to a central

scheduler, there exist some intermediate nodes running daemons that aggregate state

information from different sub-resources that respond to queries from the scheduler.

The architecture of push-pull model is shown in Figure 2.4.

2.2.2 Resource Discovery Approaches

There are various approaches that exist for Resource Discovery in Grid environ-

ments. Broadly can be classified as Query Based and Agent Based. In a query

based approach the resource information is queried for resource availability. Most

of the contemporary Grid systems follow this approach [Kan03]. Query based sys-

tem are further characterized depending on whether the query is executed against

a distributed database or a centralized database.

An agent is a software entity permitting to achieve tasks which bridges the gap

between Grid application users and Grid resources. It is autonomous, reactive and

capable to communicate with others [DB05a]. Each agent is an independent entity,

with its own structure, goals and resources; but an agent must communicate with
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Figure 2.3: Push Model for Resource Discovery [ML05]

other agents in its environment to meet its goals [DB05b], [FBW02], [QC02], [Sie01].

One important feature for agents is that they are processed stage by stage between

neighboring agents, to adjust their advertisement and discovery behaviors; thus

adapting to the highly dynamic Grid environment [SD05]. This feature plays an

important part in system scalability.

An agent-based Grid service discovery has been presented by Kyungkoo et al.

and Li Changln et al. in [LC03], [KJM00]. Agent based approaches send active

code fragments across machines in the Grid that are interpreted locally on each ma-

chine. Furthermore, agents can also passively monitor and can distribute resource

information either periodically or in response to another agent. Thus, agents can

mimic a query based Resource Discovery scheme. According to Rajkumar Buyaa

et al. agent based Resource Discovery is inherently distributed [KKM01]. The ma-

jor difference between a query based approach and an agent based approach is that

agent based systems allow the agent to control the query process and make Resource

Discovery decisions based on its own internal logic rather than residing upon a fixed

function query engine. Most agent systems are based on an underlying mobile code

environment like Java.
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Figure 2.4: Push-Pull Model for Resource Discovery [ML05]

Peer-to-Peer Approach

The peer-to-peer (P2P) paradigm is based on the principle that every component

of the system has the same responsibilities acting simultaneously as a client and as

a server, as opposed to traditional client-server model [ea06b]. In P2P approach

Resource Discovery is centralized. Iamnitchi proposed P2P Resource Discovery ar-

chitecture for a large collection of resources in [IF01b]. Different Resource Discovery

problems are there in large distributed resource-sharing environment especially in

Grid environment [Iam02]. Four different architectural components and four en-

vironment parameter factors are identified, which dominate the performance and

design strategies for a Resource Discovery solution. Iamnitchi also gave the four

axes framework, it is possible to design any Resource Discovery architecture in a

Grid Computing [Hos02].

Ontology Description- Based Approach

Ontology Approach is flexible and extensible for performance of the Grid resource se-

lection mechanism [SAL02]. Ontology refers to a description of a services (resources).

The main idea behind this approach is to advertise the services (resources). Since,
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in Computer Science, Ontology has been used for several years to build a vocabulary

of a specific domain application area. Ontology can be distributed and shared for

utilization [AP05]. However, it provides a clear understanding of characteristics and

properties of classes and relations.

Ontology has various components that are described in [Gru93]. In this approach,

service provider registers its service description into the service registry database.

When a Grid application sends a request to service directory, matchmaker returns

the matches to the service requester. Requester chooses the best resource based

on the specific need. A semantic service matchmaking framework in a Grid envi-

ronment has been proposed which claimed that this matchmaking framework can

provide a better service discovery and also can provide close matches [SL02]. Bi-

lateral and multilateral matchmaking (i.e. gangmatching) services are discussed in

detail by Raman in [Ram01]. Supporting to this approach, different algorithms also

exist which were suggested by CMU [MPS02], [mfws], TRASTOUR [DTGC01], and

LARKS [KSL99], [SSWL02]. This approach has been used in one of the proposed

algorithm i.e. “Request Matching Algorithm”.

Routing Transferring Model - Based Approach

A Resource Discovery technique called Routing Transferring Model is proposed by

Wei Li et al. in [WL02]. This model consists of three basic components: re-

source requester, resource router and resource provider. The provider sends the

resource information to a router and router stores the information in a router

table. After that, when requester sends a request to the router, router checks

its routing table for an appropriate resource provider. After finding that entry

router forwards that request to the service provider or another router. The authors

formalized the model and analyzed the complexity of Shortest Distance Routing

Transferring (SD-RT) algorithm based on the formalization. Authors also claimed
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that Resource Discovery time depends on the topology and they also showed that

SD-RT could locate a resource in the shortest time, if the topology and distribu-

tion of resources are explicit. They examined their proposed model in Vega Grid

project [NS02], [ZX02b], [ZX02c], [ZX02a], [Zhu02] and their experiment shows that

higher frequency and more location of resources can reduce the Resource Discovery

time.

Parameter - Based Approach

Different approaches for Resource Discovery in a Grid system are described by Ma-

heswaran in [MK00]. A new concept “Grid potential” and “Data Dissemination

Algorithm” were proposed, which encapsulates the processing capabilities of differ-

ent resources in a large network. The proposed algorithm follows swamping approach

for message distribution [MHBL99]. When a message comes to a node, that mes-

sage gets validated. The validation process depends on three types of dissemination;

universal awareness, neighborhood awareness, and distinctive awareness.

In Universal Awareness, the information such as node can learn about every other

nodes in the Grid. Consequently, it causes significant amount of communication

in large network sizes for message transfers. In Neighborhood Awareness, the infor-

mation such that a node learns about the other nodes that are less than a fixed

distance away from it. In Distinctive Awareness, the term Grid Potential is used to

determine the distinctive awareness.

Request Forwarding Approach

According to Iamnitchi following four-request forwarding Approaches are identi-

fied [Iam03].

a.) Random Walk Approach: In this approach, to forward the request, the node is

chosen randomly.

b.) Learning-Based Approach: A request is forwarded to a node who answered
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similar request before. If no similar answer is found, the request is forwarded to a

randomly chosen node.

c.) Best-Neighbor Approach: The number of received answer is recorded without

recording the type of requests. The request is forwarded to that node which an-

swered highest number of requests.

d.) Learning-Based + Best-Neighbor Approach: This Approach is identical to

learning-based Approach except when no similar answer is found. Request is for-

warded to the best neighbor.

Quality of Service (QoS)-based Approach

An algorithm to discover the occasionally available resources in a multimedia en-

vironment has been proposed by Huang et al. in [YH02]. Different policies for

QoS based Resource Discovery service for a given graph theoretic approaches are

proposed by Huang et al. A generalized version of Discovering Intermittently Avail-

able Resources (DIAR) algorithm based on occasionally available resources is in-

troduced [MHBL99]. The performance of QoS policies based on different time-map

strategies in a centralized system is evaluated [YH02]. According to that experi-

ment, it is found that randomized placement strategies and increased server storage

can facilitate better performance to discover a particular resource.

Comparative Analysis of all Approaches

Comparison between the Resource Discovery Approaches based upon various fea-

tures including scalability, reliability, adaptability and manageability has been done

and placed in Table 2.1 [SB08]. Large numbers of parameters are to be taken into

account for dealing with complexity of Grid Resource Discovery as it becomes com-

plex with the increase in size of Grid. For dealing with the large global Grids, P2P

is the best approach to be used, as it uses the graph theoretic Approach to achieve

scalability and manageability. De-Centralized Resource Discovery approach can also
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be used for large Grid, but it is limited to certain extent because of its managing

units and dependency on other approaches. However, Ontology based approach uses

the central broker for matchmaking, which reduces its scalability.

In parameter based approach a new concept of Grid Potential is introduced,

which helps to achieve the efficient way for maintaining the current status of re-

sources. On the other hand QoS approach helps the clients with the reliable feed-

back about the expected behavior of the system as a whole. Request Forwarding

approach is not much used today because of its nonstandard nature. Comparison

among the different approaches reveals that Routing Transferring approach is the

fastest way to discover the resources for small Grid as it uses the shortest distance

routing table for matchmaking process.

2.2.3 Resource Discovery Algorithms

Number of algorithms has been developed for Resource Discovery process in Grid

Computing. The work was started by Mor Harchol et al. with Resource Discovery

in distributed networks [MHBL99]. In their work, they proposed the algorithm and

named it “Name Dropper”, which is efficient in terms of time and communication

required. Following it A. Aziz and V. Garg proposed an algorithm named “De-

terministic Algorithm for the Resource Discovery problem” [VG00]. An algorithm

named “Absorption” algorithm has been proposed by C. Law in [CL00]. In their dis-

sertation the performance measures were time complexity, message complexity and

pointers complexity. A Fast self- stabilizing algorithm from a directed graph with

out-degree 1 for the overlay networks has been developed in [JA07]. Ittai and Danny

worked with “Asynchronous Resource Discovery” and also, proposed an algorithm

named generic algorithm in [IA06]. It is used for the upper and lower bounds for

the Resource Discovery problem.
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Table 2.1: Qualitative Comparison of All Approaches

Approach/

Property

P2P Ontology Routing

Transfer-

ring

Parameter QoS Request

Forward-

ing

Base Ap-

proach

Agent/

Query

Agent Query Agent Query Agent/Query

Scalability High Scal-

ability as

it uses the

four axes

framework

Less Scal-

able as

Broker is

central-

ized

Scalable

as it

uses the

routing

protocol

Scalable

due to

Grid po-

tential

concept

used by it

Uses dif-

ferent

tie map

strategies

in cen-

tralized

system to

increase

scalability

Nodes are

chosen

randomly

which

make it

scalable

Reliability Based

on graph

theoretic

hence

reliability

increases

Failures

are de-

tected

as soon

as they

occurs

so more

reliable

Quite

reliable as

it uses the

routing

concept

Reliable

as nodes

can add

and

deleted

from

anywhere

Considers

the pa-

rameters

like n/w

band-

width,

storage

capacity

etc. that

make

it less

reliable

Random

walk ap-

proach

make it

reliable in

case the

resources

are

equally

dis-

tributed

Complexity O(logn) (log log n) Θ(n)1
2

Ω(n) Ω(log 2n) Θ(n)
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Manageability Complex

Architec-

ture hence

difficult to

manage

Quite

easy to

manage as

lots of its

working is

dependent

on single

node

Management

is easy due

to SDRT

algorithm

for dealing

with the

different

topologies

Manage

the con-

sistency

by using

the data

dissemeni-

nation

algorithm

Uses Al-

gorithm

DIAR for

Resource

Discovery

Better

man-

agement

can be

achieved

by com-

bining its

two ap-

proaches

Adaptability Multiple

platforms

environ-

ment ake

it more

adaptive

Can be

made

adapt-

able by

providing

man-

agerial

informa-

tion about

different

platforms

Routing

table is

used to

make

records of

different

platform

hence,

adapt-

ability

increases

Adaptable

due to

universal,

network

and dis-

tractive

awareness

parame-

ters

Depends

upon the

Service

Level

Agre-

ment(SLA)

sign with

user for

providing

Adapt-

ability

By Using

the best

neighbour

Approach

adapt-

ability is

easy

Development

Agent

DHT OWL,

RDF

C C, Java Any De-

scription

Language

C

Algorithm

Used

Swaming Matchmaking,

Gang-

match-

making

SDRT,

Routing

DisseminationDIAR Request

For-

warding

Algorithm

Client Server Each node

is Client

as well as

server

Yes Yes Yes, as ut

is location

indepen-

dent

Yes Yes
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Extensibility Easily Ex-

tendable

Easily Complex Easily

Extended

due to the

distinctive

awareness

Easily as

well as

complex

Easily Ex-

tendable

Shy Kutten and David Peleg, proposed an algorithm named “Deterministic Al-

gorithm” [SK00]. They have proved that their algorithm was optimal in all the

measures that are time, message and communication complexities. A Resource Dis-

covery based on peer-to-peer model has been proposed, which consists of a few

request-forwarding algorithms in a fully decentralized architecture accommodating

heterogeneity and dynamism in resources [IF01b]. Following algorithms are de-

scribed in detail as given below; Flooding Algorithm [MHBL99], Swamping Algo-

rithm [MHBL99], Random Pointer Jump Algorithm [MHBL99], Name Dropper Al-

gorithm [MHBL99], Absorption (Randomized Resource Discovery) Algorithm [CL00],

Data Flooding Based Data Dissemination Algorithm [MHBL99], and Discovering

Intermittently Available Resources (DIAR) Algorithm [YH02].

Flooding Algorithm

The flooding algorithm is used by routers in the Internet, broadcasting by local

queries, known as “gossiping” [SHL88], [Pel96] have been used to maintain con-

sistency in replicated databases [DAS97] and to gather information about system

failures [AK83]. This algorithm is based on agent-based approach [MHBL99]. It is

also used in peer to peer file sharing system, advertising certain routing tables or

link states to routers and some part of routing protocols that are used in ad-hoc

wireless networks. Every node acts as a transmitter and receiver and every node

tries to send every message to every node of its neighbor. Newly added edge is not

used for any communication. Direct communication exists only in between initially



38 Literature Review

existing set of neighboring edges of the network. The required number of rounds

of this algorithm is equivalent to the diameter of the graph. This algorithm can be

very slow if not started with a graph, which has small diameter. This algorithm is

not quite good for Grid Computing, due to the size of the Grid environment which,

consists of several nodes. This algorithm may increase the traffic congestion in the

network and the overall performance of the Grid system may be slow.

The Swamping Algorithm

Agent based approach acts as the base approach for implementing this algorithm.

Swamping algorithm is identical to flooding algorithm except that this algorithm

allows a node to connect not only with the set of initial neighbors but also with all of

its current neighbors [MHBL99]. The main advantage of this algorithm is that it has

better speed than the flooding algorithm and it needs O(logn) rounds to converge

to a complete graph. The disadvantage of this algorithm is, its communication

complexity grows very quickly. In summarization of this algorithm, it is very fast

to complete the graph using less rounds, however the communication complexity

is more terrible: as it grows very quickly. This algorithm improves the flooding

algorithm by reducing the number of rounds. Hence, its traffic congestion on the

network is higher than the flooding algorithm.

The Random Pointer Jump Algorithm

In this algorithm, in each round, each node contacts with a random neighbor, and

then this random neighbor sends all of its neighbors to the sender node. Finally

sender neighbor and random neighbor’s neighbors get merged [MHBL99]. This

algorithm claimed that a strongly connected graph with n nodes needs O(n) com-

plexity time to converge to a complete graph as shown in Figure 2.5 and its good

choice for strongly connected graphs

There are two kinds of random pointer jump algorithms.
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Figure 2.5: Random Pointer Jump

(i) Before the Random Pointer Jump: as shown in Figure 2.5(i), Node A chooses at

random one of its neighbors and opens a connection with it. Here B is the chosen

neighbor.

(ii) After the Random Pointer Jump: Figure 2.5(ii) shown that, Node B has passed

to node A all of its neighbors, and now A also points to them.

The dashed lines indicate newly formed edges. A more advanced version of this

algorithm is “Random Pointer Jump with Back Edge”. This algorithm is almost

identical to Random Pointer Jump algorithm except every time adding a back edge

after performing the pointer jump. Both of the above versions of random pointers

algorithm uses the agents to control the query processes and to make the Resource

Discovery decisions based on their own internal logics.

Name Dropper Algorithm

Mor Harchol et al. proposed a new algorithm for querying resources in a weakly con-

nected network where it is assumed that all machines already know each other and

named it “Name-Dropper” [MHBL99]. The algorithm, which takes O(log2n) rounds

to learn each other, O(n2log2n) number of connections and O(n2log2n) number of

pointers in a network. In [MHBL99], the authors claimed that this new algorithm
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is more efficient in terms of required time and total number of network communica-

tions compare to four other algorithms, mainly flooding algorithm, swamping algo-

rithm, random pointer jump algorithm, and random pointer jump with back edge

algorithm [MHBL99] and also claimed that this algorithm achieves “near-optimal

performance both with respect to time complexity and with respect to the net-

work communication complexity”. This algorithm is almost identical to “Random

pointer” algorithm. But according to [MHBL99], in worst-case O(log2n) rounds

of “Name-Dropper” algorithm dominates over Ω(n) rounds of complexity time of

“Random pointer” algorithm, where n is the number of machines.

A Time-to-Live based reservation algorithm

Kenji and Toshitsgure gave the new algorithm named “A time-to-live based reserva-

tion algorithm on fully decentralized Resource Discovery in Grid Computing” [STY05].

This algorithm is based on a simply unicast request transmission that can be easily

implemented. The addition of a reservation algorithm enables Resource Discovery

mechanism to find more available matching resources. The deadline for Resource

Discovery time is decided with time-to-live value. The performance of algorithm is

compared with Iamnitchi [Iam02] and author claimed that it has the better perfor-

mance based upon the first-found-first-served technique.

Deterministic Resource Discovery Algorithm

S. Kutten and Peleg proposed a better algorithm named “deterministic Resource

Discovery” [SK00]. By comparing the algorithm with name dropper and random-

ized algorithm time complexity is reduced from O(log2n) to O(logn), for mes-

sage complexity this improved algorithm takes O(nlogn) compare to O(log2n) and

this algorithm also takes O(|E0|log2n) complexity for communication compare to

O(n2log3n).
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Absorption (Randomized Resource Discovery) Algorithm

C. Law et al. proposed a randomized Resource Discovery algorithm called “absorp-

tion algorithm” based on a strongly connected graph and this algorithm is developed

in two stages [CL00]. In stage 1, a network of n nodes is partitioned into clusters;

each cluster has its leader node and all nodes in a cluster know their leader. In

this stage, an ultimate leader is determined in the network. In stage 2, the ul-

timate leader of the network broadcasts the pointers to the each member of the

network in one time step. The authors claimed that this absorption algorithm takes

O(logn) steps time complexity, can send O(nlogn) number of messages, and can

pass O(n2logn) number of pointers with high probability.

Distributed Awareness Algorithm

After analyzing different algorithms MorHarchol et al. in [MHBL99], proposed a

new agent-based Resource Discovery algorithm called “Distributed Awareness Al-

gorithm” and they also proposed a framework for dynamic assembly of agents based

on this algorithm. Distributed awareness refers to a learning mechanism by which a

node gets awareness about other nodes in a network. In this algorithm, each node

has an awareness table and each node exchanges the information of this awareness

table with other nodes. A typical awareness table entry contains location of the

node (IP address); when last heard from the node, when last time the awareness

information was sent to the node. The authors claimed that this agent based Re-

source Discovery system could provide better discovery services using its agents

autonomous behavior.

Data Flooding Based Data Dissemination Algorithm

A algorithm named “Data Dissemination Algorithm” which follows swamping ap-

proach for message distribution is given by Maheswaran et al. [MK00]. When a

message comes to a node, that message gets validated. This validation process relies
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on three types of disseminations as discussed earlier in parameter based approach,

universal awareness that permits all incoming messages, neighborhood awareness

that allows messages from a certain distance, and distinctive awareness, which dis-

cards messages which has less Grid potentiality at the local node. Maheswaran,

had also measured the performance of “universal awareness”, “neighborhood aware-

ness”, and “distinctive awareness” dissemination schemes. The authors claimed that

universal approach is more expensive in terms of message complexity than that of

neighborhood and distinctive approach. The authors claimed that this new class of

dissemination could reduce the communication overhead during the Resource Dis-

covery process.

Discovering Intermittently Available Resources (DIAR) Algorithm

This algorithm is used to discover the occasionally available resources in multimedia

environment [YH02]. Different policies for a QoS based Resource Discovery service

for a given graph theoretic approach is defined. A generalized version of Discovering

Intermittently Available Resources (DIAR) algorithm based on occasionally avail-

able resources has been discussed in [YH02].

In this section we have reviewed the models, approaches and existing algorithms

for Resource Discovery in large-scale heterogeneous environment. Based on the

review work the next section will addresses the Resource Discovery in existing mid-

dleware. Resource Discovery, in the Grid environment, becomes complex as the

resources are geographically distributed, heterogeneous in nature and owned by dif-

ferent individuals and organizations each having their own resource management

policies and different access and cost models [RBD00].
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2.3 Resource Discovery in Existing Middleware

Recently middleware are reemerged as a means of integrity software applications

running in distributed heterogeneous environment. Formally, Grid Middleware can

be defined as: “A mediator layer that provide a consistent and homogeneous access

to resources managed locally with different syntax and access methods” [ML05]. Till

today, various implementations of the Grid Middleware exist in the market. But

most notable is the “Globus” that is explained below, which has defined the de-

facto standard for Grid Middleware [Tea01]. Other efforts are SUN N1GE6, Condor

and Alchemi. Each Middleware has different aspects on architecture and design-

ing. Thus, it creates a lot of confusion for the users to select a Middleware or any

component of the Middleware for creating the Grid environment.

2.3.1 Globus Toolkit

The Globus Toolkit is collection of tools that provides the basic services and capabil-

ities like Resource Management, Resource Discovery, Security, Information Services

etc. that are required for Grid Computing. It is designed to enable people to

create computational Grids. Globus is most widely utilized and explored infrastruc-

ture software for Grid middleware development, worldwide among Grid practition-

ers [JF04]. It has been developed over several years chiefly at the Argonne National

Laboratory Illinois USA. Globus toolkit is an open source set of services and software

libraries that supports the development of Grid systems and applications [FK97].

As an open source project, any person can download the software, examine it, in-

stall it and improve it. Globus architecture has provided the basic building blocks

to do most of the things like software for security, information infrastructure, re-

source management, data management, communication, fault tolerance and porta-

bility which can be acknowledged as globus pyramids.
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Figure 2.6: System Overview of Globus Toolkit

Components of Globus Toolkit

For each pyramid mentioned in above section, Globus provides a component to

implement resource management, data management, and information services, as

illustrated in Figure 2.6.

• GRAM/GASS

• GridFTP

• GSI

• MDS(GRIS/GIIS)
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• GRAM/GASS

The primary components for the resource management pyramid are the Grid

Resource Allocation Manager (GRAM) and the Global Access to Secondary

Storage (GASS).

• GridFTP

GridFTP is a key component for the secure and high-performance data trans-

fer. The Globus Replica Catalog (GRC) and Management is used to register

and manage both complete and partial copies of data sets. These three pyra-

mids are modularized and can function in isolation; however, together, they

complementary to each other.

• GSI

All of the above components are built on top of the underlying Grid Security

Infrastructure (GSI). This provides security functions including single/mutual

authentication, confidential communication, authorization, and delegation.

• MDS(GRIS/GIIS)

Based on the Lightweight Directory Access Protocol (LDAP), the Grid Re-

source Information Service (GRIS) and Grid Index Information Service (GIIS)

components can be configured in a hierarchy to collect the information and

distribute it. These two services are called the Monitoring and Discovery Ser-

vice (MDS). In particular, Resource Discovery is addressed by the MDS, which

provides a framework for publishing and accessing information about the Grid

resources [ML05]. MDS defines and implements the mechanism for service and

Resource Discovery and monitoring in distributed environments [ALV05].



46 Literature Review

Monitoring process is used for observing the Grid resources, fixing problems

and tracking resource usage. Discovery process is used for finding suitable

Grid resources information to perform the task. The information collected

can be static information about the machines as well as dynamic information

showing current CPU or disk activity. A rich set of information providers is

included with the Toolkit and the Globus users can add their own. The infor-

mation provides an interface with the GRIS, which reports this information

to a hierarchy of GIIS servers in the Grid. The LDAP query language is used

to retrieve the desired information. Basically, MDS contains the following

components:

– Grid Resource Information Service (GRIS)

– Grid Index Information Service (GIIS)

– Information Provider

– MDS client

In Globus Toolkit2 (GT2), the MDS2 provides information about the sys-

tem component using the LDAP as a uniform interface for such information.

In GT3, MDS3 was implemented. Like MDS2 it has also the hierarchical

architecture, but it has been redesigned to be compliant with Open Grid Ser-

vice Architecture (OGSA) model [IFT03]. In GT4, MDS4 was implemented.

MDS4 provides a web service resource framework [KCV04]. Figure 2.7 shows

the architecture of the Globus MDS2.

2.3.2 Alchemi

Alchemi is .NET-based enterprise Grid computing and runtime machinery for cre-

ating a high-throughput resource-sharing environment [ALV05]. The Alchemi Grid
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Figure 2.7: Architecture of Globus MDS2

Computing framework was conceived with the aim of making Grid construction

and development of Grid software as easy as possible without sacrificing flexibil-

ity, scalability, reliability and extensibility [SV04]. Alchemi architecture follows the

master-worker parallel programming paradigm [KW84] in which a central compo-

nent dispatches independent units of parallel execution to workers and manages

them. Alchemi includes:

• The runtime machinery (Windows executables) to construct computational

Grid.

• A .NET API and tools to develop .NET Grid applications and Grid-enabled

legacy applications.

Alchemi Components

Various key components of Alchemi architecture as shown in Figure 2.8 are:

• Manager
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Figure 2.8: Alchemi architecture and interaction between its components [SV04]

• Executor

• Owner

• Cross-Platform manager

• Manager

It logically couples the Windows Desktop machines running the instance of

Alchemi Executor service. The Manager manages the execution of Grid ap-

plications and provides services associated with managing thread execution.

• Executors

The executors register themselves with the Manager, which in turn keeps track

of their availability. Threads received from the owner are placed in a pool and

scheduled to be executed on the various available executors. Grid applications

created using the Alchemi API are executed on the owner component.
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• Owner

It provides an interface with respect to Grid applications between the appli-

cation developer and the Grid.

• Cross-Platform Manager

Cross Platform Manager is an optional sub-component of the Manager. It is

a generic web service interface that exposes a portion of the functionality of

the Manager to manage the execution of platform independent Grid jobs.

Similar to Globus, Alchemi is an open source software framework that allows us to

painlessly aggregate the computing power of networked machines into a virtual su-

percomputer (Computational Grid) and to develop applications to run on the Grid.

As Alchemi is the emerging technology, so a lot of work has to be done to make

it a standard .NET based middleware. In context to Resource Discovery part in

the alchemi, executor can only be working on one thread at a time, so the manager

sends threads to the idle executors, based upon the order each one becomes idle

and not based upon the load of the machine running the executor. The executors

are manually configured to connect to the Managers. As to actually modifying the

selection of which executors to use for a task, and, say, abandoning tasks sent to

‘slow’ executors, that’s something that hasn’t been touched yet.

The manager, using the First Come First Serve (FCFS) Algorithm, whenever the

application to be executed it needs resources, it requests the manager and the man-

ager assigns the resource what ever is there on basis of FCFS. The key features

supported by Alchemi are:

• Internet-based clustering [NNN98] of desktop computers without a shared file

system [YAT99].

• Federation of clusters to create hierarchical, cooperative Grids.
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• Dedicated or non-dedicated (voluntary) execution by clusters and individual

nodes.

• Object-oriented Grid thread programming model (fine-grained abstraction).

• Web services interface supporting a Grid job model (coarse-grained abstrac-

tion) for cross-platform.

• Interoperability example for creating a global and cross-platform Grid envi-

ronment via a custom.

• Resource broker component.

2.3.3 Condor

Condor is resource management systems for compute intensive jobs, which main-

tains the High Throughput Computing (HTC) resource [IF01a]. The main function

of Condor is to harness the idle CPU cycles on heterogeneous pool of comput-

ers [RR98]. Condor is a specialized workload management and high-throughput dis-

tributed batch computing system. Like other full-featured batch systems, Condor

provides a job queuing mechanism, scheduling policy, priority scheme, resource mon-

itoring, Resource Discovery, and resource management [Jul04]. Users submit their

serial or parallel jobs to Condor, Condor places them into a queue, chooses when

and where to run the jobs based upon a policy, carefully monitors their progress,

and ultimately informs the user upon completion [DTL05].

Condor Components

Various key components of Condor architecture as shown in Figure 2.9 are:

• Resource-owner Agent

• Customer Agent
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Figure 2.9: Architecture of Condor

• Central Manager

• Resource-owner Agent

Resource owner agent, submits resource requests (job requirements) in an ap-

plication queue ordered by a priority scheme. Any machine in the pool (in-

cluding the Central Manager of the pool) can be configured for whether or not

it should allow Condor jobs to be submitted. The resource requirements for a

submitter machine are actually much greater than the resource requirements

for an executer machine. Therefore, if a job have a large memory image and

user wants to submit them, then a large amount of disk space is needed to

hold these jobs.

• Customer Agent

Customer Agent periodically extracts resource state information and updates

its resource offers. Any machine in pool (including Central Manager) can be

configured for whether or not it should execute Condor jobs. Obviously, some

of the machines will have to serve this function or machine pool won’t be

very useful. Being an executer machine doesn’t require many resources at all.

About the only resource that might matter is disk space, since if the remote job
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dumps core, that file is first dumped to the local disk of the execute machine

before being sent back to the submit machine for the owner of the job.

• Central Manager

This is the kernel of the Condor Pool. There can be only one central manager

for condor pool. The machine is the collector of information, and the nego-

tiator between resources and resource requests. Central Manager plays very

important role in the Condor pool. The central manager will ideally have a

good network connection to all the machines in the pool, since they all send

updates over the network to the central manager. All queries go to the central

manager.

Condor adopts a centralized scheduling model. Central manager performs

the scheduling task. Condor is able to effectively harness the power of non-

dedicated resources by using unique features such as check pointing, job mi-

gration, remote system calls, and ClassAds specification language. ClassAds

are used extensively in the Condor system to represent jobs, resources, sub-

mitters and other Condor daemons.

ClassAds are a flexible mechanism for representing the characteristics and

constraints of machines and jobs in the Condor system.

2.3.4 Sun N1GE6

Sun Grid Engine (SGE) [Eng90] is batch-queuing system and Resource Management

software for clusters and Grids. Sun Grid Engine is new generation distributed Re-

source Management system which dynamically matches users hardware and software

requirements to the available (heterogeneous) resources in the network, according

to policies usually defined by management in an enterprise [Gen01].
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To quote SGE’s open source website, “the Grid Engine project is an open source

community effort to facilitate the adoption of distributed computing solutions”. Spon-

sored by Sun Microsystems and hosted by CollabNet, the Grid Engine project pro-

vides enabling distributed resource management software for wide ranging require-

ments from compute farms to Grid Computing. The basic motivation behind SGE

is to provide precise control over resource usage and maximize utilization in clusters,

where the resources are idling most of the time otherwise [ea06a]. Architecture of

Sun N1GE6 is depicted in Figure 2.10.

Figure 2.10: Architecture of SUN N1GE6

Sun N1GE6 Components

Various key components of SUN N1 GE6 architecture are:

• Hosts

• Daemons
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• Queues

• Complexes

• Job Submission

N1GE6 consist of the collection of Hosts and Daemons:

• Hosts

A computer system that is accessed by a user or contains the data. The master

host acts as the core of this centralized system. An execution host is a node

within the cluster that is capable of executing jobs. Administration hosts are

nodes that are given permission to alter the configuration of the Grid Engine

cluster. Also described in [HS95] Submit hosts are nodes in which users are

allowed to submit jobs from to the Grid Engine. Shadow hosts monitor the

master host. If the master host fails, the shadow host takes over.

• Daemons

These are processes that run on nodes of the Grid Engine cluster [Eng90]. Mas-

ter Daemon (called qmaster daemon) is central to the Grid Engine. Scheduler

Daemon (schedd) is responsible for retrieving the current state of the cluster

from qmaster and deciding which queue a job should be assigned to. Execution

Daemon (execd is) responsible for running jobs for the queue(s). In Shepherd

Daemon an individual shepherd is started by the execd as the parent process

of each job. Communication Daemon (commd) is used to separate commu-

nication from processing. Shadow Daemon (shadowd) monitors the qmaster

daemon. If the shadowd detects the qmaster has failed all running shadowd

decide which is to take over as the new qmaster.
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• Queues

A queue in N1GE6 represents a class of jobs allowed to execute concurrently

on an execution host [Eng90]. Jobs do not wait in a queue, once dispatched

to a queue the job is associated with that queue and runs on that execution

host.

• Complexes

The complex configuration provides all pertinent information about the re-

source attributes users can request for jobs with the qsub -l or qalter -l com-

mands. The complex configuration also provides information about how the

Grid engine system should interpret these resource attributes [Mic05].

• Job Submission

Users of Grid Engine can submit its jobs from any of the submit hosts of the

Grid Engine cluster. The command line tool qsub can be used or a job can

be submitted using the GUI qmon. Job submission process of Sun N1GE6

is shown in Figure 2.11. The SGE is a new generation distributed resource

management and scheduling system from Sun Microsystems that can be used

to optimize the utilization of software and hardware resources in a UNIX-based

computing environment. The SGE can be used to find a pool of idle resources

and harnesses these resources; also it can be used for normal activities, such as

managing and scheduling jobs onto the available resources. These all processes

are maintained by JXTA.

JXTA [BTY02] [Wat01] [JXT02] technology is a set of open, generalized peer-to-

peer protocols that allows any connected device (cell phone to PDA, PC to server)
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Figure 2.11: Job submission process in SUN N1GE6

on the network to communicate and collaborate. JXTA technology enables devel-

opers to create innovative distributed services and applications. JXTA is an open

source effort that involved the developer community from the start. JXTA defines

six stateless best-effort protocols for ad hoc, pervasive, and multi-hop P2P comput-

ing [Hos02].

JXTA has layered architecture. Different layers that are used for different function-

alities are:

JXTA Core It includes the Peer groups, Peer IDs & security peer monitoring.

JXTA Servies: It includes the discovery services, indexing services and membership

services.

JXTA Applications: It includes file sharing & resource sharing.
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2.4 Comparison of Resource Discovery in Exist-

ing Middleware

Section 2.3 discussed Resource Discovery in existing Middleware. A comprehen-

sive Comparison of all Middleware including; Architecture, scalability, reliability,

adaptability, security and manageability has been done and placed in Table 2.2.

2.5 Problem Formulation

Resource Discovery in large distributed network environments, like in a Grid environ-

ment, needs to be very efficient and optimized for a number of parameters. Efficient

and fast discovery is very critical and challenging since the underlying mechanism

needs to take care of heterogeneous resources, varying resource requirements of the

large number of users and account for dynamic status of resource availability. For

making Resource Discovery in Grid environment extremely efficient; practical and

optimized discovery algorithms, specifically designed to take care of these factors

are needed.

As observed during literature review in this chapter various models, approaches

and algorithms exist for discovering the resources. The different approaches include

query based, agent based, peer-to-peer, ontology description based, QoS based and

parameter based approaches. Different algorithms based on these approaches have

also been mentioned including flooding algorithm, swamping algorithm, random

pointer algorithm, DIAR algorithm etc. However, these algorithms have not been

proved to be efficient enough to take care of heterogeneity of resources; dynamic

availability of resources, user’s specific needs and other such desired factors.

Thus, there is need a for identification and analysis of the specific requirements,
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dynamic decision factors and desired QoS parameters that need to be addressed

during Resource Discovery process. Further, based on this analysis, the focus will

be to design and implement resource discovery algorithms that work effectively in

generic and specific Grid environments.

Keeping this in view, firstly the Resource Discovery problem has been refor-

mulated as a graph theoretic problem. Reformulating the problem in this way gives

a robust base to solve it in optimized manner based on given constraint and param-

eters. Another advantage will be that existing graph theoretic solutions can also be

explored to solve the reformulated resource discovery problem.

In second, i.e. ontology description based approach; a service matchmaking

mechanism based on ontology knowledge is used. The matchmaking framework will

be evolved to provide a optimized Resource Discovery and also to provide close

matches. The effort in both the approaches will be to identify and optimize QoS

parameters for Resource Discovery in Grid environment, that addresses efficient

Resource Discovery requirements related to Time, Cost, Reliability and Security.

2.6 Objectives of the thesis

Followings are the objectives of the thesis:

• To identify and analyze the specific needs, dynamic decision factors and desired

QoS parameters that need to be addressed during Resource Discovery process

in Grid environments.

• To design and implement Resource Discovery algorithms that work efficiently

in specific and/or generic Grid environments.

• To test and validate the proposed algorithms in simulated and actual Grid



2.6 Objectives of the thesis 59

environments.

• To demonstrate the usability of proposed Grid Resource Discovery algorithms

for a set of constraints, Quality of Service (QoS) parameters and applications.

The objective stated above have been accomplished as per following methodology:

Objective (1) To identify and analyze the specific needs, dynamic decision factors

and desired QoS parameters that need to be addressed during Resource Discovery

process in Grid environments.

To accomplish the first objective, a comprehensive study of different QoS pa-

rameters (like time, cost, reliability, security etc.), dynamic decision factors and

specific needs of QoS in Resource Discovery process have been made. Detailed

analysis of different QoS parameters has been done. A thorough study of differ-

ent approaches and algorithms used in QoS aware Resource Discovery is also carried

out. Work done in the area of Resource Discovery process has been studied in detail.

Objective (2) To design and implement Resource Discovery algorithms that work

efficiently in specific and/or generic Grid environments.

During literature survey it became apparent that different types of models, al-

gorithms and approaches are required for the Resource Discovery process. Three

different algorithms for efficient Resource Discovery have been proposed, designed

and implemented. These algorithms are easily parallelized and efficient in terms of

time, cost and matchmaking principles.

Objective (3) To test and validate the proposed algorithms in simulated and actual

Grid environments.

To achieve the third objective, we have used Microsoft Visual Studio 2005 as
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front-end and MySQLServer as back-end to show the performance of algorithms

and observe QoS parameters.

Objective (4) To demonstrate the usability of proposed Grid Resource Discovery algo-

rithms for a set of constraints, Quality of Service (QoS) parameters and applications.

To achieve the fourth objective, firstly: A Grid testbed namely “TUGrid Tes-

bed” has been designed and created. Secondly, all the three algorithms have been

deployed on TUGrid testbed. The algorithms have been tested and the experimental

results obtained are reported, along with the complete testbed layout, configuration

details and results obtained.

2.7 Conclusions

This chapter highlighted the Resource Discovery process followed by in depth of its

models, approaches and algorithms. A comprehensive study of different middleware

also have been done. Finally, gap areas have been identified and based upon it

problem is formulated. After the problem formulation, the set of objectives have

been laid down. Next chapter, Identification and Analysis of Quality of Service

Parameters, focuses on the QoS aware Resource Discovery and highlights the case

study of the campus Grid.
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Table 2.2: Comparison of Related Middleware

Middleware/PropertyN1GE6 Condor Alchemi

Developer High scalability as it

uses the four axes

framework

Less Scalable as Bro-

ker is centeralized

Scalable as it uses the

routing protocol

Architecture Hierarchial Hierarchial Centralized

Resources Unix like OS, Win-

dows (execution node

only)

Extensible schema

model, hybrid names-

pace, no QoS, n/w

directory store, center-

alized query discovery,

periodic push dissemi-

nation

Windows

Platform Unix like OS, Win-

dows (execution node

only)

Linux, Windows Windows

Reliability More reliale due the

presencde of shadow

master host as a source

of bbackup

Higly reliable for single

purpose and single ap-

plication envionment

Flexible applica-

tion composition by

supporting OO appli-

cation programming

and file based Job

model

Security Highly Secure PKI , X

509, Authentication as

well as Authorization

Defined authentica-

tion, data integrity

and authorization

models

Security is due to pow-

erful toolset of .NET

framework

Threaded Pro-

gramming

No, No Yes

Sheduling Uses kernel and user

level Checkpointing,

Centeralized Schedu-

lar

Uses FCFS

Application

Type

HTC, Computational, Computational HTC
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Implementation

Technologies

DRMAA-

C,JAVA,PERL Bind-

ings

C, JAVA ], Web Services, .NET

framework

Inteoperability Interoperate between

PBS, Condor, LSF.

Using tool given by

Grid Wise Tech

Interoperability with

Globus due to the

support for MPI and

PVM

Using Grid Bus Broker

Integrate with any Mid-

dleware

Fault Toler-

ance

Uses kernel and user

level Checkpointing,

Uses system level

Checkpointing

Uses Heartbeating

mechanisms for dy-

namically updating its

status of executors

Ease of Use Provides GUI using

QMON ans SUN Grid

Portal

Not Easy as it is based

on CUI

Easy to use As GUI and

Widows based platform

Resource Dis-

covery

Uses the JXTA and DR-

MAA components

Uses the matchmaking

Mechanism

Based upon the FCFS

Performance The JXTA support

makes it fast discover-

ing the resources

Performance is high as

depend on the Class-Ad

mechanism

Is limited for small

loads due to the ab-

sence of scheduling, dis-

covery and fault toler-

ance mechanisms



3
Identification and Analysis of Quality of

Service Parameters

In previous chapter, “Literature Review”, detailed study of Resource Discovery pro-

cess, its components and characteristics are explained. Further, Resource Discovery

models, approaches, and algorithms have been explained. Finally a comprehensive

review of the work done in Resource Discovery is reported. Based upon the literature

review, gap areas have been identified where further improvements are needed. This

gap analysis gives us a basis for problem formulation in the same chapter. During

the problem formulation, the set of objectives have been framed. This chapter is

based on the first objective, i.e. “To identify and analyze the specific needs, dynamic

63
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decision factors and desired Quality of Service (QoS) parameters that need to be

addressed during Resource Discovery process in Grid environments”. Organization

of the chapter is as follows: Section 3.1 focuses upon the QoS in Grid Computing.

Section 3.2 describes the Identification of QoS parameters followed by; QoS Spec-

ification, Service Level Agreement (SLA), SLA lifecycle and QoS classification for

Grid-aware reconfigurable applications in QoS. Section 3.3 deals with the Analysis

of QoS Parameters in Resource Discovery process. Then a detailed description of

the QoS aware Resource Discovery using SLA is explained by taking the case study

of an organization in Section 3.4. Proposed design and Implementation description

have been presented in Section 3.5

3.1 QoS in Grid Computing

With numerous emerging real-time components in Grid Computing applications,

there has been interest for developing mechanisms that enable real-time services

over the Grid to a large extent. Grid applications require more sophisticated man-

agement of those system components, which affect the Quality of Service (QoS)

delivered to the users, than for data-only systems. QoS is a concept in which clients

can indicate the level of service they require. For example in real-time voice commu-

nications, the clients prefer reliable delivery times over guaranteed delivery and in

financial applications, a client may prefer encrypted communication over the faster

communication.

QoS mechanism in Grid Computing requires to support more than guaranteed

availability of given resources. QoS guarantees in such a context not only the be-

havior of the single components of the Grid system, i.e. processor availability on a

cluster computer, but also defines, how the whole Grid environment manages the



3.1 QoS in Grid Computing 65

given job [LOB05]. According to Edgar and Joan Different levels of QoS like “di-

amond” (efficiency guaranteed), “gold” (completely distributed) “silver” (searching

alternatives) “bronze” (best effort) etc. are explained in [EM05].

From the end-user’s point of view, QoS should be supported end-to-end be-

tween any pair of hosts; so all elements along the path must participate in special

treatment for packets to provide the required QoS. In Grid Computing QoS is not

limited to the network bandwidth but also extends to the processing and storage

capability of the nodes. QoS is directly related to performance of the Grid that a

given client experiences when invoking on a remote server [DC06]. The Grid QoS

system should provide strategy and functions that can convert and map the QoS

parameters of logical resources to that of physical resources [DAM04].

Different QoS parameters are; Time, Accuracy and Integrity are discussed by

Cris et al. in [CS97]. Where as according to Rimantas et al. some of the critical pa-

rameters are Availability, Accessibility, Latency, Latency Fluctuation etc. QoS can

be viewed as providing assurance on a set of qualitative characteristics as discussed

above such as Time, that is needed to complete the individual task and deviation

from ideal rate of event occurrence; Accuracy, is based on the difference between

the actual and expected service values [SBM04]. Integrity defines the different con-

straints to use the resources in terms of QoS. Cost of a single resource and multiple

resources; Security, for increasing the performance; Reliability, that is necessary to

execute the grid applications; Availability is a parameter showing if the system is

ready to provide the resource immediately. This is the probability that resource is

available at a particular moment; Accessability is a percent of time, when the sys-

tem is functional for an end user. The system may be available but not accessible;

Latency is a difference between the moment when the first request is passed an input

and the moment when the last request passed the output checkpoint at the otherend;
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Latency valuers depends on the throughput of the intermediate internet. Latency

fluctuation is the time span between minimum and maximum latency values at the

same cluster.

3.2 Identification of QoS Parameters

Today’s computing environments are becoming more and more distributed in na-

ture. At the same time, the applications used in these environments are becoming

more complicated and are being used in more mission critical roles in the enterprise.

Consequently, user’s demands for performance, reliability, accuracy, integrity, us-

ability and availability are increasing rapidly. To meet these needs, a high level of

Quality of Service (QoS) must be delivered to the user. Doing so, however, is not

an easy task [MJKB00]. To continue work in this area, there must be an access to a

tightly controllable, highly portable, and flexible environment suitable for QoS ex-

perimentation. Such an experimental testbed is not only useful for gaining valuable

insight into developing better QoS solutions, but it is also required for evaluating

the merit of these solutions. Different mechanisms (schemes) those are necessary to

identify these parameters are QoS specifications, SLA, QoS classifications etc. as

described below:

3.2.1 QoS Specifications

QoS specifications for efficient Resource Discovery are the high-level description of

expectations given either by the user or obtained from application requirements [KK06].

Following are the factors which, user’s can specify for QoS requirements:

• Performance - The expected performance characteristics are needed to estab-

lish resource commitments.
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• Synchronization - It characterizes the degree of synchronization required be-

tween related services, events, or information flows.

• QoS Management - The degree of QoS adaptation that can be tolerated and

scaling actions to be taken in the event when the contracted QoS cannot be

met.

• Cost of service - It is the price of a resource when a user is willing to obtain a

level of services.

• Level of Service - It specifies the degree of resource commitment required to

maintain performance guarantees.

QoS specification is followed by the notion of Service Level Agreement (SLA) [Dob04]

and Resource Level Agreements (RLA) to guarantee QoS. Each service establishes a

RLA with the resources they use and executed by a set of resources. SLAs provide

guarantees at the service level and detail description of same is described below.

3.2.2 Service Level Agrement (SLA)

SLA is an agreement between the service provider and a user that specifies in measur-

able terms the services provided by the service provider. Also, when multiple service

providers are present, SLA controls resource allocation among these providers for

the different services. This agreement implies that the user will be able to discover

new service provider during failure of the existing service providers and recovery of

services by new alternate service composition when the resource(s) fails. The service

provider reads the user/application requirement specifications and translates/maps

them into QoS requirements [KK06].
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SLA Lifecycle

SLA quantitatively defines the performance level of service requested and the obli-

gations for the parties involved. It includes:

(i) Identities involved in contract.

(ii) Penalties applicable to the parties.

SLA provides a simple abstraction of resources on the Grid. SLA Life cycle consist

of five phases:

• SLA Template Development: In this phase the SLA templates are developed.

• Negotiation and sales: In this phase the SLA is negotiated and the contracts

are executed.

• Implementation: During this phase the SLA is generated.

• Execution: The SLA is executed, monitored, and maintained.

• Assessment: Evaluation of the SLA performance. In this phase, a reevaluation

of the initial SLA template might be done.

Types of SLA

When identification of different QoS parameters has to be done it is very mandatory

to check it out which kind of agreement is going to signed on. There are basically

three types of SLAs are:

• Task SLA (TSLA): This is the performance of the activity or the task. A

TSLA is created by submitting a job description to a queuing system.

• Resource SLA (RSLA): This is the right to consume a resource without spec-

ifying what it will be used for example advance reservation.
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Figure 3.1: Quality of Service Nomenclature [KKM01]

• Binding SLA (BSLA): Application of a resource to a task e.g. binding network

bandwidth to a socket or a number of nodes to a parallel job. BSLA associated

a task defined by a TSLA to a RSLA.

3.2.3 QoS Classification

The problem of providing QoS in an efficient manner is a complex issue, involving

multiple inter-related aspects, including QoS specification, QoS mapping, resource

provisioning, discovery, call admission control, traffic policing, routing, scheduling,

and pricing [DKT07]. To overcome these aspects various gurantees for QoS are

presented in the form of classification. The three aspects for this are:

• Hard (Strict) QoS: The service providers that are incharge of delivering guran-

tee, offers a certain specific QoS profile for a given time duration on a contrac-

tual basis to the service consumers involved in the corresponding agreement.

This mechanism is service specific (discovery, scheduling etc.) and depends

on the type of agreement established. A safety-critical application, such as

remote surgery may require a hard level of availability.

• Soft (Loose) QoS: The provisioning of loose guarantee consists of the capability

of clients, to select service instances (with respect to scheduling; time sharing
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& priority and with respect to discovery agent and query) that can potentially

provide a best effort QoS profile while meeting the clients requirements. This

is based on previous measurements of the services on similar machines. From

these previous measurements it may be possible to estimate performance values

for the service. Loose guarantees are delivered on a best-effort basis, and

for this reason, they generally do not require the prior establishment of a

Service Level Agreement (SLA) and the consequent negotiation of a contract.

Loose guarantees are suitable to those application that can perform adaptation

and self-healing operations to cope with requirements that are not met in

practice [LG07].

• None QoS: It is independent of both the hard and the soft and this nomencla-

ture will not add any additional attributes to QoS.

Based upon the above description of QoS Specifications, SLA and QoS Classification,

We have been identified the most significant parameters for the Resource Discovery

process are: Time, Cost, Reliability and Security. Description of all these parameters

are given below. Utility and applications of these parameters has been demonstrated

in the case study in Section 3.4.

• Time: Time means the duration between the arrival of service request and the

completion of the requested service. Time is an important factor to enhance

the performance of the Grid. It includes:

(i) Time needed for communication (between the resource and application)

which is communication time

(ii)Time needed to complete the individual task which is computation time.

• Cost: Cost represents the cost associated with the execution of the Grid tasks.

It represents how much a user has to pay for the requested resource or the

service. With respect to QoS in Resource Discovery, It consists of three parts.
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(i) Communication Cost

(ii) Computation Cost

(iii) Penalties

• Reliability: In terms of QoS, Reliability is the quality of measurements (avail-

ability, accessibility, Usage) etc.

• Security: Security is a multidimensional issue. Security requirements are usu-

ally nonnegotiable and can be explained at various levels. In this work, with

reference to QoS in Resource Discovery, only single level security has been

considered i.e. is Authentication.

3.3 Analysis of QoS Parameters in Resource Dis-

covery

Till now very less efforts have been made to attain the efficiency in QoS aware

Resource Discovery. A popular example of QoS functions for advance resource

reservation and co-allocation is GARA (Globus Architecture for Reservation and

Allocation), which provides a support to QoS functions namely discovery, selection

and allocation [IF99].

Resource Discovery starts with identification of QoS parameters that meet or

exceed the current job requirements. As discussed in Section 3.2.3 the identified

parameters of QoS are Time, Cost, Reliability and Security. Resource Discovery

schemes generally maintain and query a resource status database. Dissemination of

the resource status information is one of the key operations required to keep the re-

source status databases consistent [Kan03]. Most of the systems follow the following

three steps for discovering the resources.
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(i) Authorization filtering.

(ii) Job requirement knowledge.

(iii) Filtering to meet the minimal job requirements.

First step namely, Authorization Filtering, deals with issues like who can access

which resources/services and under what conditions (at what Time and Cost). It is

generally assumed that a user will know which resources he or she has to access in

terms of basic services [QZ05]. For this authorization of user is needed. It is checked

during authorization process who is going to interact with the Grid resources. An

authorization system can be defined as a system that grants specific type of access

to specific requesters based on their authentication, what services/resources they are

accessing, current state of the system and their conformation to established policies.

In order to understand the architecture well, following elements have been described

in details [SB07].

Subject (SU): Subject is an entity that wants to access services/resources. It

can be a user, a service or any other entity on behalf of user/service.

Service (SR): Service is a piece of software that provides some functionality and

can be accessed by Subjects or other Services. Services are exposed in the environ-

ment and are found by Subjects.

Resource (R): Resource is an object that is accessed by Subjects. It can be a

CPU, a storage device, software, data, scientific instrument or any other peripheral.

Subjects access Resources through Services. In other words, a Resource is a Service.

Domain (DO): Domain refers to the set of Subjects and Services under a unique

Domain Policy (DP). DO = (SU, SR, DP). The Services in a Domain are provided
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Figure 3.2: Schematic view of Authorization Architecture

by Service Providers and they may belong to same or different physical organiza-

tions/institutions. DP refers to the set of rules/regulations/requirements that an

entity must conform to in order to be in that Domain.

Access (AC): Access is an operation that a Subject performs on Resource/Service.

Access operation is represented as AC (SU, SR) i.e. Subject (SU) can Access (AC)

Service (SR) if it conforms to any Policy.

Filter: The rights/privileges of a Subject are different in different Domains. Filter

is a component through which rights/privileges of a Subject are filtered for a partic-

ular Domain. There are two types of filters (filter-in and filter-out), which has been

explained later.
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Figure 3.2 shows the schematic view of authorization filtering. This Environ-

ment consists of two Domains (DO1 and DO2) along with other elements of the

framework. In the diagram Squares(�) represent Subjects, Diamonds (�) represent

Resources, Rectangles (2) represent Filters and Ellipses (©) represent Domains.

The QoS factors reduce the time taken for checking the authenticity and giving

access for the resource usage. At the end of this step the user will have a list of

machines or resources to which he or she has access.

When the user has the list of resources as per his or her requirements after

accessing the resources available, he or she can finalize the cost for a particular pe-

riod of time.

Second step deals with the job requirement knowledge, in which, the user must

be able to specify some minimal set of job requirements to further filter out the set

of feasible resources.

Third step is to filter out the resources that do not meet the minimal job require-

ments. The user generally performs this step by going through the list of resources

and eliminating those resources that do not meet the job requirements. To achieve

this functionality, Filter component is used. It filters the rights/privileges of a Sub-

ject for a particular Domain. The effectiveness of Filter to provide exact information

as per user requirements decides reliability of Resource Discovery process. There are

two types of Filters: Filter-in and Filter-out. With Filter-in, the Subject enters the

organization with access rights that the target Domain grants to the parent Domain.

With Filter-out, the Subject will leave the Domain with access rights that its parent

Domain grants it. In other words, the Subject gets the intersection of the rights that

its parent Domain grants to it and the rights that target Domain grants to parent

Domain.
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Figure 3.3: Structure of different units in a Campus Grid

3.4 Case Study for QoS aware Resource discovery

To elaborate the QoS aware Resource Discovery in Grid environment a case study of

an institute’s campus has been taken. Different units of the institute namely Dept1,

Dept2, Security Center, Center1, Center2, Lab1, Lab2, School1, School2 as shown

in Figure 3.3 and have been taken. QoS parameters namely Time, Cost, Reliability

and Security have been considered.

Apart from these parameters, various stakeholder in the system are: Users, Re-

sources and Manager:

Users: It is an agency that submits the jobs to be executed using the resources

in the Grid.

Resources: Resources could be clusters of computers, networks, memory space

or storage capacity, data repositories, files, attaches peripheral devices and so forth.
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Figure 3.4: QoS based Resource Discovery

Manager: It is the central authority that manages all the resources and jobs infor-

mation.

When a user sends request for availability of a particular resource with proper

specifications, Manager responses for the availability of the requested resources. If

the requested resource is available with the Manager, along with the information of

availability of requested resource, it sends SLA to the user. Then, the user fills the

SLA and submits to the Manager. The selection of resources is made on the basis of

QoS parameters defined in SLA. Only registered users can interact with the Grid.

The work of authorization is done by the Central Manager (CM), in this case study.

Other works that CM performs are: Managing the SLAs, maintaining information

about the resources available, dynamically updating the resource status and above

all assigning the most suitable resources for the job submitted.

After authenticating the user, the central manager at Security Center takes the
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information from the appropriate SLA. After studying the various parameters which

user has demanded, the manager checks for the available resources. In Figure 3.4,

the Security Center person finds Center1, Lab1, School1 and Lab2 having some

resources free that can be used for the execution of the job. The next stage is of Fil-

tering. In this stage, on the basis of filter component and various QoS parameters,

selected resources are further filtered out and only the Center1 and Lab2 remains

available. After getting the appropriate resources, the job is submitted to them.

The result is again sent back to the manager. In this process, Manager keeps check

over the proper execution of jobs, information about SLAs and manages the resource

status.

3.5 Proposed Design and Implementation Descrip-

tion

Figure 3.4 shows that, if a user has a fully authentication rights and a SLA (CA

certificate) then the user is able to reach in any unit of the institute to access the

resources that he needs. Resource description file is needs to be designed to describes

the description of resources and job types in a unit as shown in Figure 3.5. The

various components and technologies proposed for implementations are as shown in

Figure 3.6. Where as Table 3.1 & Table 3.2 shows the detailed information that

have been required during implementation process. Prototype implementation can

be done with the Microsoft Visual Studio 2005 and mySQL Server. Additionally for

more attractiveness different visualization tools can be used e.g. Java Servelets and

CGI. The current case study can be deployed on Grid using GT4 infrastructure which

is freely available (Open Source) with database as mySQL. QoS aware Resource

Discovery in real life faces some problems while achieving the user defined set of

objectives. For example the user may ask for a time which is just not feasible. In

second situation time is feasible but cost is not feasible. Practically if database
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Figure 3.5: Typical Resource Description File

Figure 3.6: Components of Case Study
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Table 3.1: Major Information Required for Implementation

Type of Information Information Source of Information

Consumer/Provider

Organization

Name, Certificate Authority CA Certificate

Grid Users Certificate Authority, User

Name, Organization

CA Certificate

Resources Consumer, Resource

Provider, Job Specific

Information

Database

Grid Jobs Consumer, Resource

Provider, Job Specific

Information

Job Log File

schema crashes at an instance of time! May be in such cases different resource

recovery softwares can be used, but it consumes a lot of time and interrupts the

user services. In case of multiple users requesting access to the same resource(s) at

same instance of time, some sort of synchronization mechanism is required.

3.6 Conclusions

In this chapter, different QoS aware Resource Discovery parameters are identified

and analyzed as: Time, Cost, Reliability and Security. Time is responsible for de-

livery period of a resource. Cost is the amount payable for the delivery of a resource

or a set of resources required. Also, penalty cost is included in case of delay in

delivery of the resources required. Communication and computation costs are other

costs. Reliability is about making delivery sure for a resource or a set of resources

required. Security is an issue for ensuring the trust while sharing or exchanging a
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Table 3.2: Database Tables

Tables Contained Information

Departments List of departments participating in the Grid. Each department

may have number of resources contributed to the Grid and num-

ber of Grid users.

Resources List of local resources of virtual organizations participating in

the campus Grid. Each local resource has a list of local users

that are mapped by the Grid User.

Grid User ID List of Grid User’s ID belonging to virtual organization. A Grid

User’s ID belongs to unique organization.

Grid Job List of jobs submitted by a Grid User to local resource. The

Grid job is executed under the name of local user associated to

the Grid user in the map entry table.

Time Time Map strategy which shows the duration of taking the re-

sources.

resource among users or users and manager.

This chapter achieves first objective of the work and gives insight into the differ-

ent QoS parameters for efficient Resource Discovery process. In the Next Chapter

three Resource Discovery algorithms have been proposed, designed and developed

based on different assumptions and scenarios to achieve efficient Resource Discovery

in Grid environments.



4
Proposed Resource Discovery Algorithms

This chapter presents proposed Resource Discovery algorithms and their implementa-

tion details. Three Resource Discovery algorithms have been proposed, designed and

developed based on different assumptions and scenarios. These algorithms improves

upon certain parameters in the existing algorithms like time, costs, matching sce-

narios, reliability and security. All the algorithms have been implemented and tested

for their efficiency. Organization of the chapter is as follows. Section 4.1 deals

with the first proposed algorithm i.e.“Path Optimization Algorithm”. Forthcoming

subsections of this section explains the algorithm description and implementation

81
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details. Section 4.2 presents the second proposed algorithm i.e.“Weight Optimiza-

tion Algorithm”. Further it also explains the algorithm description and implemen-

tation details. Section 4.3 explains the parallel versions of both these proposed al-

gorithms. Section 4.4 deals with the third proposed algorithm i.e.“Request Matching

Algorithm” and forthcoming sections discuss the algorithm description, implementa-

tion details and different scenarios for designing the algorithm. Additionally, section

4.5 presents the comparative analysis of these algorithms.

Resource Discovery deals with finding, locating, searching and organizing the

matching data (information, facts, figures, numbers etc.), in response to queries

of a user or an automated mechanism. Therefore, in large distributed network

environments like Grid environment, it needs to be very efficient and optimized

for a set of parameters. Resource Discovery with following conditions has been

considered in this work:

(i) Execution in shortest amount of time.

(ii) Execution with special access policy and given standards.

(iii) Matching of the available resources.

(iv) Candidature of Resources.

Keeping in view of these complex issues in Resource Discovery process, graph the-

oretic approach has been considered for designing first two algorithms as explained

below:

4.1 Path Optimization Algorithm

The first proposed algorithm is “Path Optimization Algorithm”. This Algorithm is

based on the concept of “connected graphs” and their trees. As the name suggests,
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Figure 4.1: Schematic View of Grid with similar Resources

this algorithm tries to optimize the path traversed for Resource Discovery. The

objective of this proposed algorithm based on graph theoretic approach is to design

a connected graph of eight nodes, divided into tree and discover the given resource

in O(n3) time. As shown in Figure 4.1, Grid resources are initially mapped as con-

nected graph. Figure 4.2(A) shows the corresponding graph of the Grid shown in

Figure 4.1 and Figure 4.2(B) shows its tree. This algorithm finds the resource by

traversing a shortest path and also minimizes the number of hops (steps) to reach

on the leaf node (F, G, D).
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The advantages of converting the connected graph into its trees are as follows:

(A) Tree is minimally connected.

(B) There is one and only one path between the root node to the leaf node.

Terminology used to describe the graph is given below:

Graph: A Graph G=(V,E) consists of set of objects V = {v1, v2,...} called vertices,

and another set E = {e1, e2,...}, whose elements called edges, such that each edge

ek is defined with an unordered pair (vi, vj) of vertices.

Walk: A walk is defined as an alternating sequence of vertices and edges, be-

ginning and ending with vertices, such that each edge is incident with the vertices

preceding and following it. No edge appears (is traversed) more then once in a walk.

For example in Figure 4.2(A) A→ B→ C→ H is a walk.

Path: An open walk in which no vertex appears more than once is called a path.

For example in Figure 4.2(A) A→B→C→D is a path [Deo02].

Connected Graph: A connected graph G is defined as a simple graph in which a

vertex is joined to every other vertex exactly by one edge or there is at least one path

between every pair of vertices in G. For example Figure 4.2(A) shows a connected

graph.

Tree: A tree is collection of elements called nodes, one of which is distinguished

as a root, along with a relation (“parenthood”) that places hierarchical structure

on the nodes. Formally, a tree can be defined recursively in the following manner.

Figure 4.2(B) shows a tree.

• A tree is a connected graph without any circuits.
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• A single node by itself is a tree. This node is also the root of the tree.

Some properties of the trees that are needed to be specifically mentioned here are:

• There is one and only one path between every pair of vertices in a tree T .

• If in a graph G there is one and only one path between every pair of vertices,

then G is a tree.

• A tree with n vertices has n− 1 edges or any connected graph with n vertices

and n− 1 edges is a tree.

• A graph is a tree if and only if it is minimally connected.

Figure 4.2: Connected Graph and its Tree

4.1.1 Algorithm Description

The proposed algorithm has following sequence of steps that can be performed to

find the resource in smallest unit of time:
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Step I: Compute the Adjacency Matrix of a given graph.

Step A: place 1 if there exists an edge between vi and vj.

Step B : otherwise place 0.

Step II: Calculate the Minimum path length between the nodes using Warshall’s

Algorithm (best available serial algorithm)

for (k := 1 to n)

for (i := 1 to n)

if Adj[k,i] then

for (j := 1 to n)

Adj[i][j] := (Adj[i][j] or Adj[k][j]).

4.1.2 Implementation Details

A heterogeneous computing environment has been created using Pentium-I, Pentium-

II, Celeron, Pentium-III and Pentium-4 machine running Windows, Linux and So-

laris Operating System. The “Path Optimization Algorithm” is executed by com-

puting the shortest path of the connected graph, obtained from the Grid (Figure

4.1) under considerations. Adjacency Matrix of the graph, as shown in Figure 4.3

obtained using the steps described above and shortest path is calculated.

Different Data Structure used for the implementations are:

struct path {/*Declare path as a structure*/} {

predecessor; {/*a node*/}

distance; {/*minimum distance of the node from the source*/}

};{/*End of Structure*/}

Adjancymatrix[MAX][MAX] {/*The Adjacency Matrix of the graph*/}

pathmatrix[i][j] {/*To find the path*/}
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Figure 4.3: Running Path Optimization Algorithm for graph shown in Figure 4.2

{/*Functions used for finding the shortest path:*/}

creategraph( );

displaygraph( );

findpath( );

The proposed algorithm has been tested successfully and results obtained have

been demonstrated on TUGrid testbed in ‘Chapter 5’.

4.1.3 Complexity Analysis

The main emphasis in “Path Optimization Algorithm” is to propose an efficient

algorithm. Step I, which computes the Adjacency Matrix of the graph has two for
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loops so the complexity O(n2). Step II uses three for loops and computing the

Transitive Closure of Adjacency Matrix thus the Complexity is O(n3)

Thus, total complexity is O(n2) + O(n3) = O(n3)

4.2 Weight Optimization Algorithm

The second proposed algorithm is “Weight Optimization Algorithm”. This algo-

rithm is based on the concept of the “directed weighted graph” and it optimizes the

total cost/time using its Minimum Spanning Tree (MST). This Resource Discovery

algorithm works with assumptions that there are number of heterogeneous resources

(vertices) available, each having their independent costs of usage per unit time. The

cost of the resources consists of two components computational cost and communi-

cation costs. Computational cost (compi) shown along with the nodes which is the

cost of computation per unit time assigned with the resource. While communication

cost (commij) shown on the edges is the cost of communication per unit time, from

the predecessor node to successor node.

These costs are generally known before hand as shown by an example in Figure

4.4. Heterogeneous resources available along with their access path and respective

costs are mapped into a directed weighted graph as shown in Figure 4.5(A).

Terminology used to describe the directed graph is given below:

Vertices: Vertices (V ) are the set of nodes in a Graph. As shown in Figure 4.4, V

= {D1, PD1, LP1, S1, PC1, P1, S2, MF1} are the vertices.

Edges: The lines connecting the vertices are known as edges (E). As shown in Figure
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Figure 4.4: A Heterogeneous Grid

4.4, E = {(D1, PD1), (PD1, LP1), (S1, LP1), (PC1, S1)(P1, PC1), (S2, P1), (D1, MF1)}

etc. are the edges.

A directed graph: A directed weighted graph (diagraph or DG) consists of set of

vertices V , a set of edges E, and a mapping that maps every edge onto some ordered

pair of vertices (ED1,PD1‖D1 → PD1). A diagraph is also referred to as an oriented

graph. A Grid as shown in Figure 4.4, has been mapped as directed weighted graph

as shown in Figure 4.5(A).
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4.2.1 Algorithm Description

The proposed algorithm has following sequence of steps:

Step I: From a directed weighted graph select any vertex, having the least compu-

tation cost as the current node to start.

{/* Select any vertex at random if there are number of vertices with same mini-

mum computational costs. Let the node be Vi and T is blank tree.*/}

Step II: Find the nearest neighbour of the current node having minimum edge

weight. Add edge Eij into the tree T. Let the node be vj

{/* Select any edge at random if there are more than one edges with the same

minimum edge weight. Let the edge be Eij and make the Vj to be current node.*/}

Step III: Repeat Step II until all the vertices are visited.

Step IV: The tree T so obtained is the MST.

Step V: Compute the total cost of using the resources by adding all compi and

all commij that fall on the path of the MST.

Currently, assumption is that it takes unit time for computation within a node

and also for communication from one node to adjacent node. In case we remove this

assumption and consider the resources Vi has been used for time Ti units and it takes

Tij time to reach from node i to node j. Then the total cost would be the weighted

sum, i.e. computational costs will be Ti∗compi and respective communication cost

will be Tij ∗ commij.
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4.2.2 Implementation Details

A heterogeneous computing environment has been created using Pentium-I, Pentium-

II, Celeron, Pentium-III and Pentium-4 machines running Windows, Linux and So-

laris Operating Systems. Implementation has been done using Microsoft Visual

Studio 2005 as the front-end and MySQL Server as the back-end. “Weight Optimiza-

tion Algorithm” is executed by obtaining the MST of the directed weighted graph

obtained from the heterogeneous Grid under considerations. There exist many stan-

dard algorithms for constructing the MST [Raj98] like Prim’s Algorithms, Kruskal’s

Algorithm etc. [AVA04], [AVA03], [SB03]. The algorithm proposed here is mainly

based on the Prim’s algorithm however, it has been modified to have the scope of

parallelization, as explain in the next section.

Different Data Structures that are used are:

W[MAX][MAX]{/*Initialize the Weight Matrix*/}

root {/*an arbitrary node chosen as root*/}

Tc[root] = INFINITY {/*Initially Total cost is set to INFINITY*/}

Tc[node] = W(compi + commij) {/*Compute the total cost by adding the compi

and commij*/}

The critical steps in this algorithm is method for efficient determination of the

“closest” node to a partial spanning tree. Initially, when the partial tree consists of

a single root node, the Total Cost (Tc) of any other node from the tree, Tc[node], is

equal to the weight(compi+commij). When a new node, compi, is added to the tree

Tc[node] is modified to the minimum of the Tc[node] and weight(compi+commij).

The node added to the tree at each point is the node having the lowest weight. An

additional array closest[node] points to the node in the tree such that Tc[node] =

weight(closest[node], node); that is the node in the tree closest to node.
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// From a directed weighted graph select a vertex having the least cost as a root

node to start.

root = an arbitrary node chosen as root;

for (every root node in the directed weighted graph) {

Tc[node] = weight(compi+commij)

closest[node]=root;

} /* end for */

Tc[root] = INFINITY;

compi = root;

for (i=1; i < number of nodes in the graph; ++i) {

/∗ find the node closest to the tree∗/

minimumcost = INFINITY;

for (every node in the directed weighted graph)

if (Tc[node] < minimumcost {

minimumcost = Tc[node];

}/* end if */

/∗add the closest node to the tree∗/

/∗and adjust weights∗/

addnode (closest[compi], compi);

Tc[compi] = INFINITY;

for (every node adjacent to compi)

if((Tc of the[node] < INFINITY

&& (weight(compi+commij) < Tc[node])) {

Tc[node] = weight(compi+commij); {

closest[node]=compi;

}/* end if */

} /* end for */
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The detail description of the MST that has been obtained after the implementa-

tion of the given directed graph is:

Attached Vertices Edges Total Cost (Rs.)

D1 {D1,PD1} 1000+500=1500

PD1 {PD1,LP1} 2000+500=2400

LP1 {LP1,S1} 3000+700=3700

S1 {S1,PC1} 4000+600=4600

PC1 {PC1,P1} 5000+700=5700

P1 {P1,S2} 3000+700=3700

S2 {D1,MF1} 8000+2500=10500

4.2.3 Complexity Analysis

The main emphasis in “Weight Optimization Algorithm” is to propose an efficient

algorithm to optimizes the cost using its MST. Analysis of the proposed algorithm

has been done. As for loop is executed twice to select the closest node with mini-

mumcost. So, the complexity is O(n2).

In the proposed algorithm, computational cost (compi) and communication costs

(commij) are added to select the efficient resource and MST (as shown in Figure

4.5(B)) is obtained which ensures the minimum compi and commij. This algorithm

has been tested successfully and the results obtained have been demonstrated in TU
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Figure 4.5: Minimum Spanning Tree of Directed weighted Grid

Grid testbed, reported in the next chapter. However, the next section explains how

both these algorithm can be made more efficient.

4.3 Parallel Versions of the proposed Algorithms

Both the proposed algorithms i.e. Path Optimization Algorithm and Weight Opti-

mization Algorithm, have scope of parallelization. In both these algorithms, work

to find an optimal path between nodes with given constraints, i.e. computing Tran-

sitive Closure of given adjacency matrix. Also, anytime a new node is added or

withdrawn (resources may leave or join at any time in Grid environment), this

process of computing Transitive Closure is repeated again. Therefore, both these
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algorithms can be efficiently parallelized by computing the Transitive Closure in

parallel. Various parallel algorithms exists for parallelizing the Transitive Closure

Computation. These algorithms utilize the number of processors that are available

in any parallel, distributed and Grid environment.

One method of parallel Transitive Closure algorithm [GKS02] mainly empha-

sizes on how to minimize the idle time of each processor in the most appropriate

manner. The distribution to different processor of rows of an adjacency matrix for

which transitive closure is to be computed in parallel is based on the Weightage

Per Processor (WPP). This algorithm has been targeted to a network of machines

where each machine is assumed to have a considerable amount of computational

power, so it is most appropriate to assign more than one row to each machine rather

than assigning single row to each machine. Using this algorithm, one can not only

drastically reduce the total Transitive Closure Computation time but also optimally

utilized the combined computational power available with the network of the ma-

chines.

Another method of parallel Transitive Closure Computation algorithms [Baw04]

employes the master-slave approach as shown in Figure 4.6. The master processor

divides the computational task into the number of subtasks depending upon the

available slave processors for execution. The distribution of subtasks in the Tran-

sitive Closure Computation is an improvement over row-wise distribution of the

matrix, where a greater interaction is required between the master and the slaves,

resulting into increased interprocess communication. In row wise distribution, all

the n tasks execute concurrently as each slave does computation for one row. This

leads to worst case and further can lead to two iterative loops to be executed, lead-

ing to the complexity of O(n2).
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Figure 4.6: Master-slave tasks

In current approach master processor spawns n2 tasks, where each task re-

ceives a unique row-column set. Each task is a member of a group with unique

group identifier and the task with even group identifier is a master and odd group

identifier tasks are slaves. However the computation at master and slave processor

is different at each stage. As explanation of “Path Optimization Algorithm” has

been done in section 4.1 and has the complexity of O(n3). While parallel algorithm

with row wise distribution has complexity O(n2). Where as the proposed algorithm

with Master-Slave approach has the complexity of O(logn) with n2 processor which

is more optimal. And the complexity of parallel weight optimization algorithm be-

comes (nlogn).
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4.4 Request Matching Algorithm

This section explains the third proposed algorithm i.e.“Request Matching Algo-

rithm”. The “Request Matching Algorithm” considers the following parameters:

(A) The number and types of available resources.

(B) Type of resources requested by the users.

(C) Number and types of resources allocated to each user.

This algorithm works with three matchmaking principles: first - to find the

acceptable matches; second - to superwise and modernize (update) lists of the re-

questers and providers; third - dynamically updating the data in the resource pool.

For finding the acceptable matches, matchmaking principle work through the re-

quester and provider lists to match appropriately. When the match is found cor-

responding entries are provided to the requester and corresponding resources are

marked as “allotted” for that much time in the provider list. In regular interval of

time, matchmaker updates the requester list and provide list.

Scope of this algorithm is to find the best resource match from a set of all

available matching resources for a given job. Matchmaking deals with the find-

ing of resources that satisfies the enduser’s requirements to the maximum [KML05].

Matchmaking is done depending upon whether the enduser request and the resources

available with resource provider match or not [UB07]. The match between enduser’s

and resource provider is made based on the match between capabilities of the re-

sources available and resources requested. Resource Discovery requirements for the

Grid services can be generic (simply as RAM, H/W, S/W etc.) and specific (256Mb

RAM, HP printer, and specific CASE tools etc.). To satisfy these requirements a

Grid Resource Discovery Model based on Ontology Approach has been proposed.

This Resource Discovery model consists of five layers, each layer performing the

distinct task, as explained below:
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Figure 4.7: Proposed Layered Discovery Model for matching based Resource Discovery

Resource Advertiser and Information System Layer: In Grid environment, resources

are dedicated to applications. This layer consists of collection of heterogeneous re-

sources and how these resources are efficiently utilized, resulting in decreased infras-

tructure costs, reduced processing time, increased responsiveness and faster time-to-

market. In this layer resources may be combined with Agents to produce high-level

performance of corresponding resources.

User Request/Query Formulation Layer: It needs to be details regarding the re-

sources requested by the user and need to be asked and formulate the particular

query. A query is a search of missing/needed information. For example a search

query is: Requirements = (Arch== “INTEL” && OpSys == “LINUX”) || (Arch

== “INTEL” && OpSys == “SOLARIS10”) || (Arch == “P4” && OpSys ==

“WindowsXP”). The content of the query describe the particular resource having

certain parameters and helps to search the same.
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Knowledgebase layer : It contains detail information regarding all the available re-

sources for example, type of resources, availability, utilization of the resources, pro-

cessing time of the resources, and Ontology of the resources that describes the

semantic properties and semantic relations of the resources.

Resource Matchmaking Layer: Ontology is a shared understanding of some domain

of interest, which is often realized as a set of classes (concepts), relations, functions,

axioms and instances. In this layer matching of all the defined attributes of the

resources takes place.

Service layer: Offers a set of functions related to query, browse and candidature

of resources. After this the process of publishing takes place.

The Resource Matching algorithm has been proposed, designed and developed with

different scenarios as explained below:

(i) Exact Hit Scenario: If requested resources are exactly available at once in the

provider list and matching takes place at once. The query specifies the desired

values for all resource attributes sought. For example, Architecture=‘C2D’ and

CPU-Speed=‘2.6GHz’ and price=‘20 Grid dollars per second’ and RAM=‘2MB’

and No. of processors=‘5’ and Secondary free space=‘1GB’ and Interconnect

bandwidth=‘50MB’ and OS=‘linux’.

(ii) Multiple Match Scenario: If end user requests many resources and they are

matched at many places. Different tie breakers can be used in this scenario for

example: locality of the resources, utilization of the resources and cost of the

resources etc. For example, Architecture=‘P4’ and CPU-Speed=‘1GHz’ and

RAM=‘512MB’ and No. of processors=‘3’ and Secondary free space=‘300MB’

and Interconnect bandwidth=‘30MB’ and OS=‘WindowsVista’. This is avail-

able at more than one places.
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(iii) Priority Based Match Scenario: In this case there are many requirements

wheatear user assigns priority to every attribute of a resource matching is

done based on this priority assigned by the user for example, if a requirement

having top priority is not met that particular resource is not considered more.

More explanation of this algorithm is described in Section 4.4.1

(iv) Miss Scenario: In this scenario requested resources as it is are not available in

provider list.

4.4.1 Algorithm Description

The advertisement of resources is done to the resource consumers by resource provider.

Matching process takes place between the enduser and provider list. There are var-

ious possible scenarios as explained above Figure 4.8, user TUGrid5 and user TU-

Grid7 both request the same type of resource i.e. ‘RAM’ concurrently. Priority of

user TUGrid5 is higher then the user TUGrid7. In this case pairing is done with

the user TUGrid7 and provider TUGrid17 having the same priority. By using this

approach we select a resource provider.

4.4.2 Implementation Details

A heterogeneous computing environment has been created using Pentium-I, Pentium-

II, Celeron, Pentium-III and Pentium-4 machines running Windows, Linux or Solaris

Operating Systems. The “Request Matching Algorithm” is executed based on the

different scenarios as explained in the above section. The algorithm uses the follow-

ing data structures:

• AVAILABLE [j] = number of jth resources available.

• MAXIMUM [i][j] = maximum number of jth resources that enduser ith will

use.
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Figure 4.8: Priority based Scenario

• REQUEST [i][j] = number of jth resources that ith enduser request.

• MATCH [i][j] = number of jth resources that match with the ith enduser re-

quirement.

• ALLOCATE [i][j] = number of jth resources that have been allocated to ith

enduser .

Structure of database tables that has been used for the implementations are as de-

scribed below:
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Table 4.1: Resource Requester Table

Resource Information Type

RequesterID int

ResourceID int

Resource Priority varchar

Number of Resources int

Table 4.2: Resource Provider Table

Resource Information Type

ResourceID int

Resource Provider varchar

Resource Status varchar

Cost(GridDoller/second) varchar

Table 4.1 is the Resource Requester table that contains the information about the re-

quester fields. Table 4.2 is the Resource Provider Table which contains the resource

provider’s information. Table 4.3 contains the information about the matching field

of the resources. Table 4.4 contains the information about all the resources.

The allotment of various scenarios is explained below:

Exact Hit Scenario

If requested resource is matched exactly once with the provider list

{

Allocate the requested resource to the user for the requested time

}

Multiple Match Scenario:
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Table 4.3: Resource Match Table

Resource Information Type

ResourceID int

RequesterID int

Number of resources alloted int

Start Time varchar

End Time varchar

Unit Cost varchar

Table 4.4: Resource Table

Resource Information Type

ResourceID int

Processor varchar

RAM varchar

Hard Disk varchar

Operating System varchar

Processor Speed varchar

If requested resource is matched at many places in the provider list

{

Report all the matched resources

}

Priority Based Match Scenario:

If requested resource is matched at many places in the provider list

{

Check the priority of all the requested resources and based upon priority of the

requested user assign the resources
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Figure 4.9: Details of resource table at particular instance

}

Miss Scenario:

If requested resources are not found in the provider list

{

convey the message to the user “requested resources are not available”

}
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4.4.3 Complexity Analysis

The complexity Analysis is shown in Table 4.5. Table 4.6 shows the Qualitative

Table 4.5: Complexity Analysis of the Request Matching Algorithm

Matching Scenario Complexity

Exact Hit O(n)

Multiple Match O(n)

Priority Based Match O(nlogn)

Miss Scenario O(n)

comparison of Request Matching Algorithm with the existing middleware, condor

matchmakinking mechanism.

4.5 Comparative Analysis of the proposed Algo-

rithms

Table 4.7 provides the complexity of various Resource Discovery algorithms with

respect to time.

4.6 Conclusions

Resource Discovery deals with information retrieval of resources in a fairly stan-

dard and efficient manner. In Grid Computing resources are increasing rapidly,

efforts are to make the environment more manageable and efficient. This chap-

ter proposes three promising algorithms namely: “Path Optimization Algorithm”,

“Weight Optimization Algorithm” and “Request Matching Algorithm”. A compar-

ative analysis with existing algorithms has been done. Attempts have been made to

optimize different performance metrics like time, cost, reliability and security. Path
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Table 4.6: Qualitative Comparison of Request Matching Algorithm with Condor
Matchmaking Mechanism

Propoerties Condor Request Matching Algo-

rithm

Matchmaking Matchmaking is a symmetric

process

Matchmaking is an asymmet-

ric process

Ability to describe

Matching Preference

Very much limited due to

matching is based on the syn-

tax

Matching preference and

ranking criteria easily be

added with resource and

request

Expressiveness Less Expressive More expressive due to the

asymmetric description,

the request can be mod-

eled specifically for domain

specific application

Implementation In Condor a daemon running

called CEMon which takes the

state of the cluster and con-

verts it into a Condor Classad

It is done with the Microsoft

Visual Studio 2005

Future Scope Central to Condor’s match-

making capabilities and fu-

ture scope is less

Future scope is high as it can

be deploy on any Middleware
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Table 4.7: Comparative Analysis of the Algorithms

Algorithms Time Complexity

Name-Dropper O(log2)n

KuttenPeleg O(logn log∗n) log ∗ n is the mini-

mum number of times that the log-

arithm function is applied to n such

that the resulting value is less than

or equal to 1.

Path Optimization Algorithm O(n3)

Weight Optimization Algorithm O(n2)

Request Match Algorithm O(nlogn)

*Parallel Path Optimization Algo-

rithm

O(logn) with n2 processors

*Parallel Weight Optimization Al-

gorithm

O(nlogn) with n2 processors

Optimization Algorithm optimizes the path traversed for the Resource Discovery

process thus optimizes the time taken in Resource Discovery process. On the other

hand, Weight optimization Algorithm is based on the concept of directed weighted

graph and it optimizes the total cost/time needed for Resource Discovery process.

Request Matching Algorithm helps to find the best resource from a set of all match-

ing resources for a given job, and it works with the three matchmaking principles

they are, first - to find the acceptable matches; second - to supervise and modernize

lists of the requester and provider; third - dynamically create the data updating in

the resource pool for finding the acceptable matches.

Complexity analysis as well as comparative analysis of these algorithms has been
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made. Next chapter explains the customized testbed: ‘TUGrid testbed’ that has

been developed as part of this work and demonstrates the usefulness of this work.

Different test cases are considered for the evaluation of the proposed algorithms.

The testcases and results obtained have been explained in the next chapter.



5
Deployment, Testing and Validation of

proposed Algorithms

Previous chapter described the three proposed algorithms for Resource Discovery pro-

cess and their implementation. In this chapter Section 5.1 starts with the design

and implementation of a testbed named ‘TUGrid Testbed’ that has been developed

and then used to test the proposed Resource Discovery algorithms. Section 5.2 ex-

plains the evaluation parameters of three algorithms. Section 5.3 presents various

experiments that evaluate the designed algorithms with the functionalities of TUGrid

testbed. Different types of QoS parameters including time, costs, reliability and se-

curity are also observed and presented. Finally last section summarizes the main

109
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Figure 5.1: Architectural layout of the TUGrid Testbed

finding of the experiment and presents the analysis and conclusion of this chapter.

5.1 TUGrid Testbed

To test and evaluate the performance of Resource Discovery algorithms on a Grid,

a testbed namely ‘TUGrid Testbed’ has been setup. Architectural layout of the

TUGrid Testbed is shown in Figure 5.1. Hiding all the complexities from the user,

this testbed provides an interactive, easy to use user interface. It uses open source

software, technologies, standards and techniques in conjunction with existing Grid
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Figure 5.2: Resource Discovery Manager

infrastructures to facilitate access to Grid resources. Figure 5.5 shows the snapshot

of live network of the University where all the experimentation has been performed.

Figure 5.6 shows the Resource Discovery process in the campus Grid. The TUGrid

Testbed has an architecture for integrating a number of existing technologies under

a common interface. TUGrid Testbed consists of following components:

Resource Pool: TUGrid Testbed consists of clusters formed by different re-

sources available in various departments, schools and hostels of Thapar University.

These resources vary in their configuration, so as to form the complete heterogeneous
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Figure 5.3: Resource Discovery Executor

environment. Each resource in each different clusters has its own security policy.

Resource Discovery Manager: Manager interface is shown in Figure 5.2. Its

role is to manage the different resources registered into the resource pool. It keeps

on monitoring about the current status of the resources.

Resource Discovery Executor: It performs the Resource Discovery process based

on the all three proposed algorithms. A snapshot of an executor is shown in Figure
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Table 5.1: Services defined as Exposed by the Manager and Executor

Service Name Purpose

WaitForData() To take the request from the execu-

tor

AsyncCallback() To data transfer intermittently

GetHostName() To get the Particular Host Name

GetBytes() To get the Data in bytes form

OnReceive() On receiving the Data

AllocateResource() To Allocate the Particular Resource

SetMessage() To send the Messages Appropri-

ately

5.3. All these components are implemented as collection of different services. Re-

lated services are exposed as web services. Some of the services defined, exposed

and used in the implementations are shown in Table 5.1:

Flow of information from the Manager to executor and different matching sce-

narios are shown in Figure 5.4. SQLserver database has been used to store all the

results. During each run of the experimentation, the result is automatically stored

in the corresponding tables. Through this test bed initially, the performance has

been monitored inside within a department, i.e. CSED. Further performance is

tested with other departments, schools and different hostels within the campus. In

the testbed there is provision of different configurations of the resources for the

requester. Following criterias are considered for the experimentation to prove the

efficiency of the algorithms as given below:

• One client can request single resource or multiple resources, but more than
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one client can not get the same resource allotted at the same time.

• All the different algorithms have different criteria to select the resources, e.g.

minimum path based, minimum weight based, priority based, exact hit, mul-

tiple match etc.

• Evaluation of these algorithms has been made using the different matchmaking

criteria as laid down in chapter 4.

The implemented algorithms are tested with the testbed on the Live Network having

heterogeneous environment of Thapar University i.e. ‘TUGrid Testbed’ as shown in

Figure 5.5. The experimentation is carried out for the different kinds of parameters

including time, cost, reliability and security as explained in Chapter 3 of the thesis.

5.2 Evaluation Parameters

The implemented algorithms have been evaluated based upon the different perfor-

mance metrics as explained in chapter 3 and chapter 4. Description of these metrics

are as follows.

• Time: Time means the duration between the arrival of service request and the

completion of the requested service.

• Cost: Cost represents the cost associated with the execution of the Grid tasks.

Also explained in chapter 3 of thesis.

• Resource Matching: Process of matching the resources under different scenar-

ios.

• Reliability: It defines the consistency and reliability of a Grid system to main-

tain its level of performance under stated condition for stated period of time.
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• Security: It deals with preventing the Grid systems from any unauthorized

access to maintain its confidentiality, integrity, reliability and availability of

resources.

5.3 Experimental Results

Three algorithms have been deployed on the TUGrid testbed and the results have

been reported in this chapter.

5.3.1 Test Cases

Different test cases are taken for the evaluation are as given below:

Test Case 1 - Within a Department (CSED)

In this testcase Grid resources are confined to within a department. As a test case

Computer Science and Engineering Department (CSED) has been considered. Table

5.2 shows the description of heterogeneous resources in the same department.

Test Case 2 - Across the different Departments in the Campus

In this test case Resource Discovery algorithms are tested for the resources that are

distributed across the various departments in the Thapar university. The Depart-

ments which are considered for the testbed are CSED, ECED, EIED, MED, BTSED

and CED. Configuration of resources for the different departments are shown in Ta-

ble 5.3.

Test Case 3 - Across the different Schools in the Campus

In this test case Resource Discovery algorithms are tested for the resources that

are distributed across the various Schools in the Thapar university. The Schools
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Table 5.2: Snapshot of Resource Description Table with CSED

ResourceID Processor Processor

Speed(GHz)

RAM(MB) HardDisk(GB) Operating

System

1 Pentium II 2.8 2000 80 Windows2000

2 Pentium III 1.5 512 20 Windows2000

3 Pentium 4 2.5 1024 80 Fedora8

4 Pentium III 2.2 1024 60 Solaris10

5 Pentium 4 2.5 512 40 WindowsXP

6 Pentium 4 2.3 1024 80 Fedora8

7 Pentium I 2.5 1024 20 RedHat9

8 Pentium 4 2.5 1024 80 Fedora9

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

24 AMD 2.5 1024 80 Fedora9

25 C2D 3.5 2048 80 Solaris10

which are considered for the testbed are SMCA, SCBC, SPMS, SMSS and LMTSM.

Configuration of resources are shown in Table 5.4.
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Table 5.3: Snapshot of Resource Description table with Different Departments

ResourceID Processor Processor

Speed(GHz)

RAM(MB)HardDisk(GB)Operating

System

1 Pentium II 3 1024 20 WindowsXP

2 Pentium 4 2.5 256 60 Linux

3 Pentium III 4 1024 80 Soalris10

4 Pentium III 4.5 512 20 Windows98

5 Pentium 4 2.6 512 40 Windows2000

6 Pentium II 2.8 256 40 WindowsXP

7 Pentium III 3.1 256 20 WindowsVista

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

24 Pentium III 2.5 512 80 WindowsXP

25 Pentium 4 3.0 512 60 WindowsVista

Test Case 4 - Across the different Hostels in the Campus

In this test case Resource Discovery algorithms are tested for the resources that are

distributed across the various Hostels in the Thapar university. The Hostels which

are considered for the testbed are A, B, C, D, E, I and G. Configuration of resources

are shown in Table 5.5.
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Table 5.4: Snapshot of the Resource Description table with different Schools in the
Campus

ResourceID Processor Processor

Speed(GHz)

RAM(MB HardDisk(GB)Operating

System

1 Pentium II 2.2 512 10 Windows98

2 Pentium 4 4 512 160 Linux

3 Pentium III 3.2 512 40 Windows2000

4 C2D 2.0 1024 320 Solaris9

5 Pentium III 2.3 256 40 Windows2000

6 Pentium II 3.2 256 20 Windows98

7 Pentium II 2.9 256 80 WindowsXP

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

24 AMD 2.5 512 80 WindowsXP

25 Pentium II 2.5 512 60 WindowsVista

5.3.2 Testing Results

This section presents the performance, “Path Optimization”, “Weight Optimiza-

tion” and “Request Matching” Algorithms. In Path Optimization algorithm the

parameter: time taken have been analyzed practically on heterogeneous resources

using different plots i.e. time vs. within department (CSED), time vs. with dif-

ferent departments, time vs. with different schools and time vs. with department

hostels as depicted in Figures 5.7, 5.9, 5.11 and 5.13. Time taken by this algorithm

in CSED, different departments, different schools and different hostels are tabulated
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Table 5.5: Snapshot of Resource Description table with different Hostels in the
campus

ResourceID Processor Processor

Speed(GHz)

RAM

(MB)

HardDisk(GB)Operating

System

1 Pentium II 4 1024 20 Windows98

2 Pentium 4 2.4 256 20 Linux

3 Pentium 4 3.1 512 160 Linux

4 Pentium II 2.9 256 60 Fedora9

5 Pentium 4 4.2 1024 80 Solaris9

6 Pentium III 3.2 256 40 Windows2000

7 Pentium III 1.9 128 40 Windows98

8 Pentium II 1.8 256 40 Windows98

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

∼ ∼ ∼ ∼ ∼ ∼

24 Pentium 3 2.5 512 80 WindowsXP

25 Pentium 4 2.5 1024 60 WindowsVista

in Tables 5.6, 5.7, 5.8 and 5.9. These results are highly encouraging and demon-

strate the effectiveness of the proposed algorithm and it will ultimately result into

discover the efficient resource in reasonable amount of time by optimally utilizing

the heterogeneous resources available in TUGrid Testbed.
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Table 5.6: Time comparison of Resource Discovery process across CSED

Computer

Department

CoEGC CCCT SE CCMX Lab CSMC

Time Taken

in Millisec-

onds (ms)

16 25 22 28 18

The Weight Optimization Algorithm is designed in such a way that it keeps

costs as the highest priority. Testing of the same has been done using the following

scenarios:

A) A higher speed processor is available at a location which is far away from the

central point. The proposed algorithm successfully selects the given processor.

B) In this scenario higher speed processor was within one hop away from the central

point. The algorithm is successfully able to discover the same. And hence, it opti-

mizes the cost that is vary within department, department to department, school to

school, and hostel to hostel etc.

In Weight Optimization algorithm the parameter: costs of the resources have been

analyzed practically on heterogeneous resources using different plots i.e. cost per

unit time vs. within department i.e. CSED, cost per unit time vs. with different

departments, cost per unit time vs. with different schools, cost per unit time vs.

with different hostels and time vs. with CSED, time vs. with different departments,

different schools and different hostels and number of hops vs. with CSED, number

of hops vs. with different departments, number of hops vs. with different schools

,number of hops vs. with different hostels are depicted in Figures 5.8, 5.10, 5.12 and

5.16. These results are highly encouraging and demonstrate the effectiveness of the

proposed algorithm and it will ultimately result into discover the efficient resource
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Table 5.7: Time comparison of Resource Discovery process across different Depart-
ments

Different

Depart-

ments

MED BTESD ECED CSED EIED DDE CED

Time

Taken

in Mil-

liseconds

(ms)

92 83 42 19 29 90 72

in reasonable amount by optimally utilizing the heterogeneous resources available

in TUGrid Testbed.

In the concluding remarks of both these algorithms, when the resources are

more then six hops away the time taken in discovery process is more. As can be

seen from the Table 5.9 Resource Discovery process for the resources located in the

hostels shows significantly much time taken as compare to different departments

and schools. Hostels A, B, C, H, and I are more then six hops away from the central

point. Also the latency can be attributed due to the uncontrolled traffic flowing

from the hostels like torrents traffic for big downloads or compromise machines.

The Request Matching Algorithm helps to find the best resource from a set of all

matching resources for a given job, as it works with the different matching scenarios

and three matchmaking principles as discussed in previous Chapter. Matches of the

resources have been analyzed practically and results obtained from them are shown

in Figures 5.15, 5.16, 5.17 and 5.18. Where as graph plotting the time vs. number

of resources is depicting in Figure 5.20. These results are highly encouraging and
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Table 5.8: Time comparison of Resource Discovery process across different Schools

Different

Schools

LMTSM SCBC SMSS SMCA SPMS

Time Taken

in Millisec-

onds (ms)

183 84 73 32 94

demonstrate the effectiveness of the proposed algorithm and it will ultimately result

into discover the efficient resource in reasonable amount and with optimal time.

Reliability: TUGrid exhibits the reliability by means of data duplication simul-

taneously to the remote server. In case of any failure database can be makeup by

running scripts from the remote location. Also administrator can schedule a check-

sum on the database tables to verify the size on the master as well as backed up

database.

Security: As can be seen from the Figure 5.19 only authorized requester get a

chance to authenticate their credentials against the security parameter. When a

requester wishes to get services from TUGrid it is first mapped as a requester into

database followed by authentication processing. Authentication is implemented us-

ing encrypted signatures stored in the database. TUGrid uses MD5 encryption for

the said purpose.
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Table 5.9: Time comparison of Resource Discovery process across different Hostels

Different

Hostels

Hostel A Hostel B Hostel C Hostel H Hostel I

Time Taken

in Millisec-

onds (ms)

297 252 202 299 117

5.4 Conclusions

This chapter establishes the effectiveness of the Resource Discovery algorithms by

fulfilling the Resource Discovery requirements optimally in the campus Grid. In this

chapter all the algorithms have been deployed, tested and validated on the ‘TUGrid

Testbed’ and the experiment shows the time, cost, matching scenarios, reliability

and security. To achieve the reliability Resource Rediscovery Manager keeps on

working fine even when one of the node stop working in-between. Our resource

discovery approach helps to modify the resource list dynamically with respect to

the current status of resources participating into the grid environment. Another

important factor that has been taken care is Security of grid environment. Proper

authentication of users has been done, before assigning any resources to its submitted

job as shown in Figure 5.19.
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Figure 5.4: Flow of information in the Testbed
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Figure 5.5: Testing with Live network at Thapar University
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Figure 5.6: Resource Discovery Process in Campus Grid

Figure 5.7: Graph depicting time taken with CSED in Path Optimization Algorithm
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Figure 5.8: Graph depicting cost with CSED in Weight Optimization Algorithm

Figure 5.9: Graph depicting time taken with different Departments in Path Optimiza-
tion Algorithm
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Figure 5.10: Graph depicting cost with different Departments in weight Optimization
Algorithm

Figure 5.11: Graph depicting time taken with different Schools
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Figure 5.12: Graph depicting cost with different Schools in weight Optimization Al-
gorithm

Figure 5.13: Graph depicting time taken in different Hostels in Path Optimization
Algorithm
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Figure 5.14: Graph depicting cost in different Hostels in Weight Optimization Algo-
rithm
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Figure 5.15: Exact Hit Scenario
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Figure 5.16: Multiple Match Scenario
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Figure 5.17: Priority based Match Scenario
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Figure 5.18: Miss Scenario
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Figure 5.19: Snapshot of the Security Parameter

Figure 5.20: Graph showing Time taken by Request Matching Algorithm
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6
Conclusions and Future Scope of the Work

In Grid environments, the resources are heterogeneous and geographically distributed

with varying availability and a variety of usage and cost policies for diverse users at

different times and, priorities as well as goals that vary with time. The discovery of

resources in such a large and distributed environment is a complex task. The problem

in such systems is how Resource Discovery should be done in the case where some re-

sources are lying idle and could be linked with other overloaded nodes in the network.

In this thesis, the issues and challenges involved in efficient Resource Discovery in

heterogeneous Grid environment has been identified. To overcome such issues this

thesis proposes three different algorithms for Resource Discovery in dynamic Grids

137
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and evaluate the efficiency. This chapter provides some concluding remarks, high-

lights the main contribution of this thesis and presents future research directions.

Organization of the chapter is as follows: Section 6.1 concludes the research work

carried out in this thesis. Section 6.2 presents the main contributions of this thesis.

Section 6.3 highlights the several possible future research directions.

6.1 Conclusions

Grid Computing is an emerging form of distributed computing, distinguished from

traditional forms by its focus on large-scale, multi-organizational resource sharing

and innovative applications. Like any computing infrastructure, the Grid infrastruc-

ture is made up of hardware and software, which have been advancing rapidly. This

advance is facilitated greatly by innovations in building fast and powerful commodity

computers and networks. To summarize the work presented in this thesis, provides

an insight into the world of Grid Computing and the current state of the art in

Grid Resource Discovery Algorithms along with pros and cons of each approach and

algorithms. This thesis entitled Efficient Resource Discovery in Grid Environments

can deliver significant value to researchers working in the area of Grid Computing.

Grid Computing, supports the varied resources, and it needs a suite of Resource

Discovery algorithms. It has been realized that, in order to carry out the work with

resource discovery, it is useful to develop some approaches, models and algorithms

that support the heterogeneous nature of resources. Proposed algorithms namely:

Path Optimization Algorithm, Weight Optimization Algorithm, and Request Match-

ing Algorithm, provide support to take care of various different QoS parameters,

in accurate amount of time and with optimal cost. The implementations carried

out and results obtained so far demonstrate that the identified objectives have been

achieved and the approach is workable.
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6.2 Thesis Contributions

• In depth description of Resource Discovery process and related issues has been

made.

• Initially, in depth review of existing Resource Discovery models, approaches

and algorithms has been done.

• In Literature Review, a comprehensive analysis of different approaches has

been laid down. Also a comparative analysis of different Middleware has been

done.

• Detailed study of the QoS aware Resource Discovery process in Grid computing

environment has been made, different QoS parameters have been analyzed

(including Time, Cost, Security and Reliability).

• After considering the comparative analysis of all the aspects of Resource Dis-

covery three algorithms namely: “Path Optimization Algorithm”, “Weight

Optimization Algorithm” and “Request Matching Algorithm” have been pro-

posed, designed and developed using the different approaches, scenarios and

assumptions.

• The testbed namely “TUGrid tesbed” has been designed and implemented to

test the resource discovery algorithms.

• All the three algorithms: Path Optimization Algorithm, Weight Optimization

Algorithm, and Request Matching Algorithm, have been deployed and tested on

the testbed. The performance of the algorithms has been successfully demon-

strated by taking the different QoS parameters under considerations in differ-

ent testcases.

• The Validation of the algorithms has been done with the TU Grid testbed,

results demonstrate the efficiency of the algorithms.
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• After validation, comprehensive comparison of all the three algorithms has

been made with existing Resource Discovery algorithms.

6.3 Future Scope of the work

To meet new challenges in Resource Discovery process in a heterogeneous Grid

environment, different QoS parameters like (Time, Cost, Reliability and Security)

and three Resource Discovery algorithms have been proposed in this thesis namely

“Path Optimization”, “Weight Optimization” and “Request Matching Algorithm”.

This work can be enhanced in future in the following ways:

• More QoS parameters like throughput, latency, ability etc. can be considered

for implementation of above algorithms .

• Weight Optimization Algorithm can further be enhanced by considering best

resource configuration match.

• Inherently parallel algorithms can be developed and designed to get more

efficient Resource Discovery

• Request Matching Algorithm can be extended to include more kinds of scenar-

ios and principles like partial matching, bipartite matching can be considered.

• Tools like Planet Lab can be used for enhancing the reliability of algorithms

by testing them more efficiently
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Appendix-A: List of Abbreviations

1. VOs: Virtual Organizations

2. SETI : Search for Extraterrestrial Intelligence

3. QoS: Quality of Service

4. GRAM: Grid Resource Allocation Manager

5. GridFTP: Grid File Transfer Protocol

6. GRIS: Grid Resource Information Service

7. IP: Internet Protocols

8. TCP/IP: Transfer Control Protocol/Internet Protocols

9. DNS: Denial of Service

10. ICMP: Internet Control Message Protocol

11. UDP: User Datagram Protocol

12. SSL: Secure Socket Layer

13. APIs: Application Program Interfaces

14. RSL: Resource Specification Language



160 Appendix-A

15. IT: Information Technology

16. ClassAds: classified ads

17. SLA: Service Level Agreement

18. ATM: Asynchronous Transfer Mode

19. LDAP: Light Wight Directory Access Protocol

20. P2P: Peer-to-Peer

21. SDRT: Shortest Distance Routing Transferring

22. DIAR: Discovering Intermittently Available Resources

23. GRAM: Grid Resource Allocation Manager

24. GASS: Global Access to Secondary Storage

25. GSI: Grid Service Infrastructure

26. MDS: Meta Directory Service

27. GIIS: Grid Index Information Services

28. FCFS: First Come First Serve

29. HTC: High Throughput Computing

30. schedd: Schedular Daemon

31. commd: Communication Daemon

32. shadowd: Shadow Daemon

33. RLA: Resource Level Agreement

34. TSLA: Task Service Level Agreement
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35. RSLA: Resource Level Agreement

36. BSLA: Binding Service Level Agreement

37. GARA: Globus Architecture for Reservation and Allocation

38. SU: Subject

39. SR: Service

40. R: Resource

41. DO: Domain

42. AC: Access

43. CM: Central Manager

44. MST: Minimum Spanning Tree

45. WPP: Weightage Per Processor

46. Commij: Communication Cost

47. Compi: Computation Cost

48. CSED: Computer Science and Engineering

49. ECED: Electronics and Communication Engineering

50. EIED: Electrical and Instrumentation Engineering

51. MED: Mechanical Engineering

52. DBTS: Biotechnology and Environmental Sciences

53. CED: Chemical Engineering

54. SMCA: Mathematics and Computer Application
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55. SCBC: Chemistry and Biochemistry

56. SPMS: Physics and Material Sciences

57. SMSS: Management and Social Sciences

58. LMTSM: L. M. Thapar School of Management

59. TUGrid: Thapar University Grid


