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Abstract
—

Grid computing involves heterogeneous resources of an organization working in
collaboration to solve the problems that cannot be addressed by a single resource.
Opportunistic sharing of Internet-connected resources is a low cost method for obtaining

access to unprecedented-scale collections of resources.

However, basic problem for Grid users is how to discover the best resources required for
the particular type of a job. Grid Resource Discovery deals with identifying the resources,
which are suitable for a particular kind of a job, by providing description of the resources
that are visible to the Grid users. There are various approaches using which Grid

Discovery can be performed.

Web service based resource Discovery provided by Globus Toolkit is a well adopted
standard in today’s Grid environment. Globus Toolkit’s Monitoring and Discovery
System collects the resource information using inbuilt services and displays it using
WebMDS. In this thesis, we extend the existing Resource Discovery techniques provided
within Globus Toolkit which will enable us to customize the resource information
according to the requirements based on the jobs to be run on the Grid and present it in our
own format. Here we propose building up our own service on top of Globus MDS in
order to process the information provided by MDS, customize it according to the

requirement and display it using HTML page.
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Organization of Thesis

—

The chapters in the thesis are organized as follows:
Chapter 1 describes in detail what Grid computing is, how it evolved, its characteristics,

Grid architecture, various middlewares and their architecture.

Chapter 2 contains the literature survey. It provides brief introduction to Web service,
Grid services and its relation to Web Services, Grid Resource Discovery and how

different middlewares implements resource Discovery.

Chapter 3 discusses the enhancements that can be made to existing approach of resource

discovery using Globus toolkit and the ways how those enhancements can be done.

Chapter 4 includes setting up the test bed using Globus toolkit and how resource

discovery can be customized using Globus Toolkit.

Chapter 5 summarizes the work presented in this thesis followed by the features that can
be incorporated in future for the enhancement of Customized Resource Discovery in the

Grid environment.



Chapter 1

Introduction

|
This chapter focuses on what grid computing is, its evolution and origin, and its
characteristics. It also gives an insight into the architecture of the grid, service oriented
architecture on which the grid architecture is based, various Grid Middlewares and their

architecture.

1.1 Background

The grand vision of Grid computing is often presented as an analogy to power grids
where users get access to electricity through wall sockets with no care or consideration
for where or how the electricity is actually generated [1]. Grid computing, most simply
stated, is distributed computing taken to the next evolutionary level. The goal is to create
the illusion of a simple yet large and powerful self managing virtual computer out of a
large collection of connected heterogeneous systems sharing various combinations of
resources. The key to grid computing is the ability to break up work into small,
independent chunks that can be worked on by different computers. This actually is a
difficult task, and most scientific or business processes cannot be broken up into
independent parts but for some applications that require a huge computation power and

can be broken into smaller chunks, grid computing is a boon.

In today’s complex world of high speed computing, computers have become extremely
powerful and even home-based workstations are powerful enough for running complex
applications. Most of these machines are connected to a LAN or the Internet or even a
WAN, and it has been proven that less than half of a company’s resource capabilities are
used. There is a need for numerous complex applications which require a huge amount of
computational and storage resources. Sometimes, it is seen that no single organization
alone satisfies some of these aforementioned computational requirements; here comes the

solution provided by Grid Computing.



The term Grid refers to a new infrastructure that builds on today’s Internet and Web to
enable and exploit large-scale sharing of resources within distributed, often loosely
coordinated groups what are sometimes termed virtual organizations [2]. The use of
unexploited resources of distant machines considerably increases computational power,

enhances data storage, data recovery and supplies with further facilities.

nclinavia

Figure 1.1: Grid Computing Overview [3]

1.2 Characteristics of Grid
The basic characteristics of Grid are as follows [4]:

e Large scale: It deals with a number of resources ranging from just a few to
millions.

e Geographically distributed: Grid’s resources may be located anywhere in the
world.

e Heterogeneous in nature: A grid hosts both software and hardware resources that
can be very varied ranging from data, files, software components or programs to
sensors, scientific instruments, display devices, personal digital organizers,
computers, super-computers and networks.

e Resource sharing: Resources in a grid belong to many different organizations that

allow several other different organizations (i.e. users) to access them.



e Different Security and Administrative policies: Each organization establishes
different security and administrative policies under which their owned resources
can be accessed and used.

e Resource coordination: Resources in a grid are coordinated in order to provide
aggregate computing capabilities.

e Transparent access: A grid is seen as a single virtual computer so that the users
don’t have to bother how it works.

e Quality of Service: A grid assures the delivery of services under established
Quality of Service requirements.

e Standards: A grid is built with standard services, protocols and inter-faces thus
hiding the heterogeneity of the resources while allowing its scalability.

e Pervasive access: The grid has grant access to available resources by adapting to a

dynamic environment in which resource failure is common place.

1.3 Grid Architecture

The grid architecture defines the purpose and functions of its components, while
indicating how these components interact with one another [5]. The main focus of the
architecture is on interoperability among resource providers and users in order to
establish the sharing relationships. This interoperability, in turn, necessitates common
protocols at each layer of the architectural model, which leads to the definition of a grid

protocol architecture.

Grid Spovplication Application Internat
FProtocol FProtocol
Architecture Architecture

Collective

Resource
Transp-ort
Connectivity
Imternet
Fabric Liruk

Figure 1.2: The layers of the Grid Architecture and its relationship to internet protocol

architecture [6]



The protocol architecture as shown in figure 1.2 defines common mechanisms, interfaces,
schema, and protocols at each layer, by which users and resources can negotiate,
establish, manage, and share resources. Figure 1.2 shows the component layers of the
Grid Architecture and the capabilities of each layer. The following describes [7] the core
features of each of these component layers, starting from the bottom of the stack and

moving upward.

o Fabric layer: the fabric layer defines the resources that can be shared. This
includes computational resources, data storage, networks, catalogs, software
modules, and other system resources.

o Connectivity layer: the connectivity layer defines the core communication and
authentication protocols required for grid-specific networking-service
transactions.

e Resource layer: this layer utilizes the communication and security protocols,
defined by the network communication layer, to control secure negotiation,
initiation, monitoring, accounting, and payment for the sharing of functions of
individual resources.

e Collective layer: while the resource layer manages an individual resource, the
collective layer is responsible for all global resource management and interaction
with collections of resources. This protocol layer implements a wide variety of
sharing behaviors using a small number of resource-layer and connectivity-layer
protocols.

e Application layer: the application layer enables the use of resources in a grid

environment through various collaboration and resource access protocols.

1.4 Service Oriented Grid Architecture

A Service-Oriented Architecture [8] is an information technology approach or strategy in
which applications make use of services available in a network. Implementing a service-
oriented architecture can involve developing applications that use services, making
applications available as services so that other applications can use those services, or
both. A service-oriented architecture is a way of sharing functions (typically business

functions) in a widespread and flexible way. SOA is defined as a loosely coupled



architecture with a set of abstractions relating to components granular enough for
consumption by clients and accessible over the network with well-defined policies as

dictated by the components.

The Web Services Architecture (WSA) helps to enable and define SOA, where services
interact by exchanging XML. WSA is based on XML technologies such as XML
Information Model [9], XML Base, and XML Schema [10]. It uses XML message
exchanges, while providing the extensibility model for this message exchange pattern to
adapt to various message interchange requirements (e.g., security, reliability, correlation
and privacy.) These interoperable messages could be created using Simple Object Access
Protocol [11] (SOAP) and SOAP extensions. SOAP extension mechanisms and XML
information models are used to construct Web services extensions. Service capabilities
are described using description languages such as Web Services Description Language

(WSDL).

The emergence of the SOA [12] concept helps grid resources to advertise their
capabilities through standard interfaces defined as part of their service extensions. This
enables grid users to integrate the resources through open-standards interfaces. In
addition, the operational functions of each layer in the grid architecture can be abstracted
to enable easier integration across all the layers. This service abstraction of each layer of

the grid architecture is shown in Figure 1.3.
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+
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Figure 1.3: Service Oriented Grid Architecture with service interfaces



1.5 Open Grid Service Architecture

OGSA [13] is a layered architecture has a clear separation of the functionalities at each
layer. The core architecture layers are the Open Grid Services Infrastructure (OGSI) and
OGSA platform services. The platform services establish a set of standard services
including policy, logging, service level management, and other networking services.
High-level applications and services use these lower-layer platform core components to

become a part of a resource-sharing grid.

The OGSA Architecture [14] is described in terms of the following capabilities:
e Infrastructure services
e Execution Management services
e Data services
e Resource Management services
e Security services
e Self-management services

e Information services

Data
= Storage Maomi.
= Transport
= Replica Mgmt.

Security
= Authentication
+ Authorization
= Policy
implementation

Physical
- Eng;roﬂment_ Infrastructure
+ Network L

Figure 1.4: OGSA Framework [14]



1.6 Grid Middlewares

Middleware [15] is connectivity software that consists of a set of enabling services that
allow multiple processes running on one or more machines to interact across a network.
Middleware is essential to migrating mainframe applications to client/server applications
and to providing for communication across heterogeneous platforms. There are many grid
middlewares present these days designed by different organizations e.g. Globus Toolkit,
Alchemi, Condor etc. All the mentioned middlewares have a different way of

implementing Grid services.

1.6.1 Globus Toolkit

The open source Globus® Toolkit [16] is a fundamental enabling technology for the
"Grid," letting people share computing power, databases, and other tools securely online
across corporate, institutional, and geographic boundaries without sacrificing local
autonomy. The toolkit includes software services and libraries for resource monitoring,

discovery, and management, plus security and file management.

GASS

Job Request

GSI [ Machine A
— (Globus) 4

Job Results

Information Requests / updates ™.,

e Machine B
=TT _ T {Globus)

ke GRIS | e Tiformation Requests / updates
f GRIS !

GIIs | A

Figure 1.5: An overview of Globus Components [17]



The components of Globus are:

GSI: The Grid Security Infrastructure controls all the security arrangements in
Globus Toolkit. Security tools [18] are concerned with authentication,
authorization, as well as with supporting functions such as managing user

credentials and maintaining group membership information.

MDS: The Monitoring and Discovery System is the information services
component of the Globus Toolkit and provides information about the available
resources on the Grid and their status. The MDS [19] is a suite of web services to

monitor and discover resources and services on Grids.

Gatekeeper: The Gatekeeper controls interactions between machine and the jobs.
The job is received by the Globus Gatekeeper. Its task is to authenticate the job

and its owner and to translate the request so that the Job Manager can handle it.

GASS Server: The Global Access to Secondary Storage server [20] can be set up
to provide access to other files during jobs. GASS simplifies the porting and

running of applications that use file I/O to the Globus environment.

GRAM: The Grid Resource Allocation and Management service [21] provides a
single interface for requesting and using remote system resources for the
execution of "jobs". The most common use of GRAM is remote job submission

and control.

GRIS: GRIS (Globus Resource Information Service) servers [17] can be located
at various points across a grid. They are designed to hold information about any

machine that has been registered with them.

GIIS: All GRIS servers are registered with a separate Grid Index Information
Service (GIIS) server. All the GIIS server has to store is the location of each

GRIS making the request load considerably more manageable.



1.6.2 Condor

Condor [22] 1s a specialized workload management system for compute-intensive jobs.
Like other full-featured batch systems, Condor provides a job queuing mechanism,
scheduling policy, priority scheme, resource monitoring, and resource management.
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.

The ClassAd mechanism in Condor provides an extremely flexible and expressive
framework for matching resource requests (jobs) with resource offers (machines). Jobs
can easily state both job requirements and job preferences. Likewise, machines can
specify requirements and preferences about the jobs they are willing to run. These
requirements and preferences can be described in powerful expressions, resulting in
Condor's adaptation to nearly any desired policy. Condor’s key activities [23], job-
resource allocation, job startup and execution, and metadata collection and display, are
kept separate, allowing compartmentalization of Condor into clearly defined components,

distributed amongst submission site, central manager and execution site.

Central Manager

Condor Collectar

@ Condor Nesotiator

i q Execution Machine
Submit Miachine ~ B
i ELC‘DI'I'[I.'D“H'IE Dacmons J

[ Controlhng Dasmons )/
Contol vin Unix Signals o alert
l J=bk whe=n = checlp=int.

[C'ulu._'luL_Sllu.l.Ju‘n.—-' PLI_I._-::.:.]\., L4

M Ulsor s Job
'{ / : W o= "s Code

All Syekern Calls T - -

Performed s ) - . 5 N

e TS S e o luse Condor_Svyv=scal Libmacy
Saved O DSk alls xack boihe
Subm t MMachine.

Figure 1.6: Condor Architecture Overview [23]
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The components of Condor are:

Central Manager: For every condor pool a single central manager is responsible
for collecting resource characteristics and usage information from all machines in
the pool and enforcing community policies.

Submit Machine: This system client allows users to submit jobs to a local virtual
‘queue’. The scheduler will request resource allocations for its jobs from the
central manager during a negotiation cycle.

Execute Machine: The execute machine, represented by the startd daemon, runs
jobs on behalf of clients. It advertises its capabilities and usage information, as
well as requirements and preferences upon a match, to the central manager, and

manages the local execution of the job, whilst protecting resource owner policies.

1.6.3 Alchemi

Alchemi [24] is an open source software framework that allows you to painlessly

aggregate the computing power of networked machines into a virtual supercomputer and

to develop applications to run on the grid. It has been designed with the primary goal of

being easy to use without sacrificing power and flexibility. Alchemi includes the runtime

machinery to construct computational grids, a .NET API and tools to develop .NET grid

applications and grid-enable legacy applications.

Alchemi Grids are constructed [25] using three types of distributed components (or

nodes). These are named according to their roles with respect to a grid application. All

components are installed using Windows installers. The components of Alchemi are:

Manager: The Manager manages the execution of grid applications and provides
services associated with managing thread execution. It is deployed as an
executable.

Executer: The Executor executes individual grid threads and provides services
associated with executing threads. It is deployed as an executable.

Owner: The Owner owns an application and provides services associated with the

ownership of an application.

11



Chapter 2

Literature Review

This chapter deals with the services associated with Grid and web services concepts, Grid
middlewares, Resource discovery mechanisms in different middlewares and their

comparison and the motivation behind the new resource discovery technique.

2.1 Web Service Concepts

A Web service [26] is an interface that describes a collection of operations that are
network-accessible through standardized XML messaging. A Web service performs a
specific task or a set of tasks. A Web service is described using a standard, formal XML
notation, called its service description that provides all of the details necessary to interact
with the service, including message formats (that detail the operations), transport

protocols, and location.

A Web service [27] is a software system designed to support interoperable machine-to-
machine interaction over a network. It has an interface described in a machine-
processable format (specifically WSDL). Other systems interact with the Web service in
a manner prescribed by its description using SOAP messages, typically conveyed using

HTTP with an XML serialization in conjunction with other Web-related standards.

Web Services defines techniques [28] for describing software components to be accessed,
methods for accessing those components, discovery methods that enable the
identification of service providers with the understanding that services are neutral
entities, that is, a programming language, data, system software, a computing device, and

SO On.

12



Dhiscovery (LIDDI)

Description (WSDOL)

Standard Structurs (SOAF)

Encoding CXML)

Transport (HT TF)
S Py

Figure 2.1: Web service Protocol Stack

The components of Web service Protocol stack are:

Transport Protocol: responsible for transporting messages between network

applications and includes protocols such as HTTP, SMTP, FTP.

Encoding: Encoding is done in a common XML format so that the messages can
be understood at either end of a network connection independent of the platform.
XML [29] is a markup language for documents containing structured information.
Structured information contains both content (words, pictures, etc.) and some
indication of what role that content plays. A markup language is a mechanism to
identify structures in a document. The XML specification defines a standard way
to add markup to documents. XML is a markup language for documents

containing structured information.

Standard Structure: Standard structure for message exchange is provided by
SOAP. Simple Object Access Protocol is a protocol for exchanging XML-based
messages over computer networks, normally using HTTP/HTTPS. SOAP forms
the foundation layer of the web services protocol stack providing a basic

messaging framework upon which abstract layers can be built.

13
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e Description: Description Protocol is used for describing the public interface to a
specific web service. WSDL [30] is an XML format for describing network
services as a set of endpoints operating on messages containing either document-
oriented or procedure-oriented information. The operations and messages are
described abstractly, and then bound to a concrete network protocol and message

format to define an endpoint.

e Discovery: Discovery Protocol centralizes services into a common registry such
that network web services can publish their location and description, and makes it
easy to discover what services are available on the network. Universal
Description, Discovery and Integration (UDDI) is a platform-independent, XML-

based registry for businesses worldwide to list themselves on the Internet.

2.2 Grid Services

The term “Grid service” [31] is used for a Grid resource when Grid Resource is modeled
as a service as in OGSA type of architecture. In order to use web services in Grid, the
resources are treated as services having the resource information as its content. A grid
service is (in practice) a Web service that conforms to a particular set of coding practices,
namely, a set of XML coding conventions in the form of standards. All of the Grid
resources (physical or logical) in OGSA are modeled as services. These services are built
on top of the SOA, and more specifically the Web Service Architecture. This enables a
grid service to use the capabilities of the message model, service descriptions, and
discovery. Web services standards have evolved to enable these services to extend
capabilities for secure and reliable transactions. There are two core standards for utilizing

grid services as web services:

2.2.1 Open Grid Service Interface

The base component of the OGSA architecture is OGSI. Based on the OGSI specification
[32], a grid service instance is a Web service that conforms to a set of conventions
expressed by WSDL as service interfaces, extensions, and behaviors. A grid service

provides the controlled management of the distributed and often long-lived state that is

14



commonly required in sophisticated distributed applications. The Open Grid Services
Interface defines rules about how OGSA can be implemented using Grid services that are
Web services extensions. The OGSI [33] specification defines Grid services features that
include statefulness, stateful interactions, the ability to create new instances, service
lifetime management, notification of state changes and Grid service groups. The OGSI
model requires Grid services to be specified via Grid Web Services Definition Language

(GWSDL), which is an extension of WSDL.

OGSI [34] defines a component model that extends WSDL and XML Schema definition
to incorporate the concepts of

e stateful Web services,

e extension of Web services interfaces,

e asynchronous notification of state change,

e references to instances of services,

e collections of service instances, and

e service state data that augments the constraint capabilities of XML Schema

definition.
g o =l ' Open Grid Services Infrastructure
o oy W
s = = ¥
: andleMa
@ S | LifeCycle P
—1
= Service Grou
b Motification P
Factory
State Management
SOAP Non-SOAP

XML Information Set
Transport Protocols

Figure 2.2: Open Grid Service Infrastructure Components [35]
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Figure 2.2 shows the layering of the OGSI components in a Web service with new
interfaces and behaviors. The most notable point is the extension of WSDL to provide
additional state data description mechanisms. In addition to this, the specification is a set
of behaviors and interfaces to support service life-cycle stages: for example, service-level
management, collection management, state-change notifications, service creation

mechanisms, and instance-reference management.

Message-level interoperability is a key feature of this standard, and it is achieved by
using XML as the core message format and schema. One of the requirements of the
services defined by OGSI is the ability to describe the concepts of state data, life-cycle
properties, and instance behaviors using an OGSI description model, which is in fact a

combination of WSDL and the OGSI GWSDL [36].

2.2.2 Web Service Resource Framework

Continuing evolution of Web services has made it more difficult for the Web services and
Grid services to continue to merge than originally hoped. The Web Services-Resource
Framework (WS-RF) provides a promising solution that can address the needs of Grid
services while still holding true to the Web services foundation. WSREF is a collection of
specifications to support grid services or other stateful resources and is comparable to

OGSI [37].

A web service by itself is nominally stateless, i.e., it retains no data between invocations.
This limits the things that can be done with web services, although workarounds exist
such as having the web service read from a database, for example, or using session state

by way of cookies or WS-Session.

WSREF provides a set of operations that web services may implement to become stateful.
Web service clients communicate with resource services which allow data to be stored
and retrieved. When clients talk to the web service they include the identifier of the
specific resource that should be used inside the request, encapsulated within the WS-

Addressing endpoint reference.
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Figure 2.3: Web Service Resource Framework with WS Specifications [35]

In Figure 2.3, the most notable contribution is the intersection of grid computing and
Web services standards and their alignment with SOA principles. This alignment will
continue to help define open standards through interoperable and compatible plug-and-
play service extensions to the grid architectures, thereby increasing acceptance and
facilitating integration. Through this alignment with the Web services stack, grid services
can use existing Web services standards, such as WS-Notification [38], WS-Addressing
[39], and WS-Security [40], and build extensions for extended capabilities such as service

state data, lifetime, grouping, and reference management.

The WS-Resource [1] is a construct used to model stateful resources using a Web
services architecture framework. According to WSREF, a stateful resource:

e Has its state data described as an XML document

e Has a well-defined life-cycle

e Is known to and accessed by one or more Web services
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The Web Services Resources Framework is a collection of four specifications [41]:
1. WS-ResourceProperties: A resource is composed of zero or more Resource
Properties. WS-ResourceProperties specifies how resource properties are defined and

accessed.

2. WS-ResourceLifetime: Resources have non-trivial lifecycles. In other words, they're
not a static entity that is created when our server starts and destroyed when our server
stops. Resources can be created and destroyed at any time. The WS-ResourceLifetime

supplies some basic mechanisms to manage the lifecycle of our resources.

3. WS-ServiceGroup: The WS-ServiceGroup specifies how exactly one should go about
grouping services or WS-Resources together. Although the functionality provided by
this specification is very basic, it is nonetheless the base of more powerful discovery
services which allow us to group different services together and access them through

a single point of entry.

4. WS-BaseFaults: Finally, this specification aims to provide a standard way of

reporting faults when something goes wrong during a WS-Service invocation.

2.3 Grid Resource Discovery

In the Grid, each node participating in the network makes its resources available to the
other nodes. These resources are frequently changing, autonomous and heterogeneous.
They can be static, like operating systems, or highly dynamic, like CPU load. In the Grid,
the user gives a description of the desired services that should be satisfied by the
candidate resource. The resource discovery mechanism then returns a set of the resources
for the given description. Resource discovery is the process by which a node can become

aware of the attributes and capabilities of other nodes in the network.
Resource Discovery deals with retrieving information about the Grid resources e.g.

operating system used, total memory, processor information etc. Various grid

middlewares implement resource discovery in a different way. Every resource discovery
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technique has its advantages and disadvantages. Different middlewares implement
Resource Discovery differently. Globus has Monitoring and Discovery System for
Discovering Resources, Condor implements Matchmaking algorithm to find a best
resource for the job and Resource Discovery for Alchemi can be writing a discovery

service in .NET.

2.3.1 Globus MDS

The Monitoring and Discovery System [42] is a suite of web services to monitor and
discover resources and services on Grids. This system allows users to discover what
resources are considered part of a Virtual Organization (VO) and to monitor those
resources. MDS services provide query and subscription interfaces to arbitrarily detailed
resource data and a trigger interface that can be configured to take action when pre-

configured trouble conditions are met.

MDS4 includes two WSRF-based services: an Index Service, which collects data from
various sources and provides a query/subscription interface to that data, and a Trigger
Service, which collects data from various sources and can be configured to take action

based on that data.

The Index Service [43] is a registry similar to UDDI, but much more flexible. Indexes
collect information and publish that information as resource properties. Clients use the
standard WSRF resource property query and subscription/notification interfaces to
retrieve information from an Index. Indexes can register to each other in a hierarchical
fashion in order to aggregate data at several levels. Indexes are “self-cleaning”; each
Index entry has a lifetime and will be removed from the Index if it is not refreshed before

it expires.
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Figure 2.4: Globus MDS [44]

Each Globus container that has MDS4 installed will automatically have a default Index
Service instance. The Trigger Service collects information and compares that data against
a set of conditions defined in a configuration file. When a condition is met, or triggered,
an action takes place, such as emailing a system administrator when the disk space on a

server reaches a threshold.

2.3.2 Condor Matchmaking

Condor simplifies job submission [45] by acting as a matchmaker of ClassAds. Condor's
ClassAds are analogous to the classified advertising section of the newspaper. Sellers
advertise specifics about what they have to sell, hoping to attract a buyer. Buyers may
advertise specifics about what they wish to purchase. Both buyers and sellers list
constraints that need to be satisfied. All machines in a Condor pool advertise their
attributes, such as available RAM memory, CPU type and speed, virtual memory size,
current load average, along with other static and dynamic properties. This machine
ClassAd also advertises under what conditions it is willing to run a Condor job and what
type of job it would prefer. These policy attributes can reflect the individual terms and
preferences by which all the different owners have graciously allowed their machine to

be part of the Condor pool.
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The grid matchmaking process involves three types of entities [46] or agents: the
consumers called requesters, the producers called providers, and the matchmaking
service. The matchmaking services mediate among the providers and the requesters and
use a matching algorithm to evaluate a matching function that returns the matching
degree. The first step in making resources available to the grid community is to advertise
them. The description of a resource is known as resource advertisement, or simply

resource.

Matchmaking
Service

1. Adverlise
resources

2.5end a
request

3. Return a set of
candidate resources

( Requester )44' A fesources >( Provider )

Figure 2.5: Condor Matchmaking Process

The four-step grid matchmaking process [46]:
1) Providers send resource descriptions to the matchmaking service;
2) A request is sent to the matchmaking service;
3) The matchmaking service executes a matchmaking algorithm and returns a set of
ranked resources to the requester;
4) The requester chooses a resource from the set the contacts the corresponding

resource provider.
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2.3.3 Alchemi Resource Discovery

There is no inbuilt Resource Discovery Mechanism in Alchemi. As Alchemi is .NET

based, it is dependent on Microsoft Technologies. In order to discover resources in

Alchemi, .NET Web service can be written which will give the desired information about

that resource. Every resource running should implement that service and send the

resource information to the Alchemi Manager to be displayed or to be stored in a

Database, from where it can further be used.

2.3.4 Comparison

Approach/ Query and Scalabil | Reasoning | Matchma | Standard
Middleware | Advertising ity support king
Language
Globus Resource High None No Open,
Specification widely used
Language
Condor ClassAd Low Constraint- | Yes NA
(Classified based
Advertisement) reasoning
Language
Alchemi NET High None no Proprietary,
widely used

Table 2.1: Comparison of Globus, Condor and Alchemi Middlewares
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2.4 Limitations of Existing Resource Discovery Techniques

Today, there are different types of middlewares available that implement resource
discovery by different means. Resource information required by the used basically
depends upon the type of job to be run. For optimal utilization of resources in Grid, some
unnecessary details might need to be stripped off some additional information may be
added to the existing resource discovery mechanism which is inbuilt in a middleware.
Stripping of the unwanted details can increase the performance of a computational
resource used for resource discovery without basic loss of information. Also in other case
some more additional information of resources might needed to be added for a particular
type of a job e.g. Condor Matchmaking provides a way to match the jobs against the
resources using a matchmaker. In this way, finding the best resource for the job is
automated. But for large Grids, finding a best resource reduces performance of the Grid.
Globus MDS provides the discovery information using Index Services which can be
queried to get desired information about the resource. Web MDS displays the resource
Information and in this way best match for a job can be found manually. This is a tedious
job as the user has to search each and every resource and find the best match among
them. Moreover if user is only interested in say type of Operating System then still he

will see other information as well making it more tedious to find a suitable resource.

As the globus is scalable and widely used, Globus MDS can to be customized in order to
incorporate the solutions to above problems. In this way, customization of an existing
grid resource discovery technique helps in improving performance and provides the

resource information according to the requirement
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Chapter 3

Problem Formulation

This chapter emphasizes on the need of enhancements to the existing approach of Grid
resource Discovery followed in Globus Toolkit and the benefits associated with

customization of existing approach and how it can be done.

3.1 Web MDS and its Limitation

Monitoring and Discovering system present in Globus toolkit provides a way to discover
Grid resources. MDS collects the information from all resources attached to the grid via
using some inbuilt services and displays it using a user interface named WebMDS. The
Service such as Default Index service contains the resource information and runs every
time the Globus Container starts and gathers information from the each resource. Globus
has inbuilt Information Provider that act a generator of resource information. The
Information Provider can also be external e.g. Ganglia or Hawkeye etc. Globus MDS,
when attached to information provider, sends a SOAP request to the information
provider, which returns the discovery information as a response Information Provider
sends the resource information to the default index service which in turn displays it on
WebMDS. But there is a need to remove some resource information for security concerns
and might need to add some additional information according to the environment and
requirement. If performance is one issue, we need to gather and process only that
information that is required and if usability is an issue we might need to add more
resource properties. Globus MDS does not provide such customization options. Secondly
we might need to store the resource information in a database to be further consumed by
some application or some grid portal. Globus MDS does not have such kind of facility as
well. In this thesis focus is on creating a web interface for resource discovery which will
only show customized resource properties and a mechanism by which they can be stored

in a database.
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3.2 Proposed Approach

For customized resource discovery, we can make some enhancements to Globus MDS in
order to support addition and removal of resource properties. The resource information
can be extracted from Globus MDS by querying the Default Index Service present in the
Globus container. The service can be used as soon as the Globus container is started. The
Default Index service contains the resource information which is send by the information
provider. The Index Service collects monitoring and discovery information from Grid
resources, and publishes it in a single location. Information provider which generated the
resource information can be internal, default with globus or external, ganglia or
Hawkeye, which can be integrated with Globus Toolkit. For customizing the MDS
output, a web service resource framework query is run on the Default Index Service,
running on the globus Machine where discovery information of all the resources is
published, and XML output is generated which contains resource information of the
resources in the grid. The generated XML output is stored into some file in order to
further use it. The stored xml output can be customized and displayed as HTML pages
using XSLT i.e. XML Stylesheet Language Transformation and can be hosted on a web
server to be visible to all the users or it can be send to a database to be used in some other

application or a Grid Portal.
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Figure 3.1: Customized Resource Discovery Overview
In order to make the resource information dynamic i.e. in order to get the updated
resource information we can write a small shell script that will keep on querying the
Default Index service after some specified amount of time and update the resulting XML

and HTML files and display the latest resource information.
The next chapter focuses on the implementation details for setting up the test bed using

Globus Toolkit, installing external Information Provider how we can customize globus

MDS according to the requirement.
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Chapter 4

Customized Grid Resource Discovery

This chapter contains the setting up of the test bed using Globus Toolkit 4.0, integration
of Ganglia information provider with the Globus MDS, and implementation details of the
Customized resource Discovery using Globus toolkit and the results involving

customized Resource Discovery.

4.1 Setting up the Test Bed

Setting up the Test Bed includes installation of Globus Toolkit 4.0 on Linux systems
(Fedora core 6), Apache Tomcat web server, Ganglia Information Provider and its
integration with Globus Toolkit and other dependent packages which are required by

above technologies.

4.1.1 Globus Toolkit Installation

A small Grid Computing Environment has been developed by installing Globus Toolkit
4.0.6 on our Linux (Fedora) machines under the Research activities carried out Centre of
Excellence in Grid Computing at Thapar University, Patiala. The details of installation of
Globus Toolkit are given in Appendix 1. Its components include Globus MDS,
WebMDS, Grid Resource Allocation Manager, Reliable File Transfer, Grid ftp Server.
Some pre-requisites like Apache Ant, Postgresql, Perl, Jakarta Tomcat, gcc C complier,
and Java standard development kit. WebMDS displays the resource information
accumulated by the Index service, which is present there in the Globus Container and
activates as soon as Globus starts on the machine. It also involves with the setting up of

Security Certificates which serves as authentication and authorization mechanism.
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Figure 4.1: Globus WebMDS

4.1.2 Ganglia information Provider installation

Ganglia has been installed as the information provider for Globus MDS. Ganglia
Monitoring Daemon (GMOND) was downloaded and installed on every machine needing
to be monitored. Ganglia Meta Daemon (GMETAD) was downloaded and installed on
the main machine of the cluster which is the web server or is the main machine
communicating with the web server. Ganglia Web Front End has also been installed in
order to check the whether Ganglia is working or not. The ganglia web front-end is the
system that runs the web page for the entire monitoring system. It needs the presence of

GMETAD for successful running.
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Figure 4.2: Ganglia Information provider Web Front End

4.2 Integrating Ganglia with Globus

Globus comes with default Information Provider which gives basic information about the
resource which excluded information like Total memory, Processor Capability etc. So an
external information Provider was required to be attached with Globus MDS in order for

it give additional information.

4.2.1 Enable the RPProvider framework

The External Information Provider is part of the RPProvider Framework and is used for
gathering arbitrary XML information about a resource by executing an external script. It's
possible that Globus Toolkit installation already has the RPProvider framework enabled.
But if it is not, a following tag is needed to be added in a server-config.wsdd file placed
in $GLOBUS LOCATION/etc/globus wsrf mds index in the DefaultindexService

element, as here an external service provider is being used.

<parameter name="rpProviderConfigFile"
value="/$GLOBUS_LOCATION/etc/globus_wsrf mds_usefulrp/gluece-rpprovider-

config.xml"/>
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4.2.2 Changing the Default service provider

Globus used the Default Information provider which comes with the package. As Ganglia
is being used as an information Provider a change is to be made to the default information
Provider to Ganglia. This can be achieved by changing gluerp.xml file present at
$GLOBUS_LOCATION/etc/globus_wsrf mds_usefulrp by changing the Default service

provider tag as:

<defaultProvider>
java org.globus.mds.usefulrp.glue.GangliaElementProducer

</defaultProvider

4.2.3 Creating GlueCE Configuration File

GlueCE Configuration file is to be created using mds-gluerp-configure tool. A GlueCE
[47] entry represents a Computing Element which is an abstraction for an entity
managing computing resources exposed to the Grid. mds-gluerp-configure [48] is a
simple utility tool for generating a configuration file for the GLUE resource property
provider implementation. It can create a configuration with suitable default values for

both cluster and scheduler information providers.

mds-gluerp-configure none ganglia

/$SGLOBUS_LOCATION/etc/globus_wsrf mds_index/ganglia-config.xml

“none” here represents that no scheduler name is provided, ganglia represents the Cluster
name and the generated configuration file ganglia-config.xml is saved into

/SGLOBUS_LOCATION/etc/globus_wsrf mds_index location.

Next, the container can be restarted and checked whether globus WebMDS is displaying

the resource information provided by Ganglia.
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Figure 4.3: WebMDS output after integration with ganglia
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There are two hosts attached to the grid in the above figure. It displays the information of
those two resources as given by ganglia information provider. In this way, additional

resource information can be added by using Information Provider such as Ganglia.

4.3 Implementation of Customized Resource Discovery

In order to customize the resource information a new Web Interface is to be written
where only resource information that is required can be viewed. The DefaultIndexService
contains the resource information provided by ganglia information provider. A Web
Service Resource Framework query can be written to the DefaultindexService and the
resultant XML file can be stored. Wsrf-query performs a query on a resource property
document. By default, a simple XPath query is assumed that returns the entire resource

property document.

Wsrf-query returns an XML document that contains the resource information of all the
resources attached to the Grid. In order to process further that XML document needs to

be saved in order to display it as per the requirement.

a - - g @ | L fite:imomedokeshirull.xmi \E| @ ce (G - &

| | wsrf-gquery | || File:/{/home/lokesh/full.xml ~|

|>|@ ®

<nsll:ResourcePropertyName>glue:GLUECE</nsl1:ResourcePropertyName>
</mnsll:GetResourcePropertyPollType>
<msll:AggregatorConfig>
—<nsll:AggregatorData>
—<nsl:GLUECE>
— <nsl:Cluster nsl:Name="thapar globus" nsl:UniquelD="thapar globus"> Sl
— <nsl:SubCluster nsl:Name="main" nsl:UniquelD="main"'>
—<nsl:Host ns1:Name="172.31.33.147" nsl:UniquelD="172.31.33.147">
<nsl:Processor nsl:CacheL1="0" nsl:Cache.1D="0" nsl:CacheL1I="0" nsl:Cachel.2="0" nsl:ClockSpeed="2001"
nsl:InstructionSet="x86"/> =
<nsl:MainhMemory nsl:RAMAvailable="823" ns1:RAMSize="2016" nsl:VirtualA vailable="2874" nsl:VirtualSize="4096"/>
<nsl:OperatingSystem ns1:Name="Linux" nsl:Release="2.6.22.9-6] fc6PAE"/>
<nsl:Architecture ns1:SMPSize="2"/>
<nsl:FileSystem nsl:A vailableSpace="8759" nsl:Name="entire-system' nsl:ReadOnly="false" nsl:Root="/" nsl:Size="13651"/>
<nsl:NetworkAdapter nsl:IPAddress="172.31.33.147" nsl:InboundIP="true" nsl:MTU="0" nsl:Name="172.31.33.147"
nsl:OutboundIP="true"/>

<nsl:ProcessorLoad nsl:Lastl5Min="21" nsl:Lastl Min="20" nsl:LastSMin="22"/>

</nsl:Host>
— <nsl:Host nsl:Name="172.31.33.187" nsl:UniqueID="172.31.33.187">
<nsl:Processor nsl:Cachel.1="0" ns1:CacheL.1D="0" ns1:CacheL11="0" nsl:Cachel.2="0" nsl1:ClockSpeed="800"

nsl:InstructionSet="x86"/>

<nsl:MainMemory nsl:RAMAvailable="13" ns1:RAMSize="494" nsl:VirtualA vailable="1007" nsl:VirtualSize="1550"/>
<nsl:OperatingSystem nsl:Name="Linux" nsl:Release="2.6.22.9-6]1 fc6PAE"/>

<nsl:Architecture ns1:SMPSize="1"/>

<nsl:FileSystem nsl:AvailableSpace="10198" ns1:Name="entire-system'' nsl:ReadOnly=""false" nsl:Root="/""
nsl:Size="59803"/>

<nsl:NetworkAdapter nsl:IPAddress="172.31 33.187" nsl:InboundIP="true" nsl:MTU="0" nsl:Name="172.3]1.33.187"

nsl:OutboundIP="true"/>

Kl

Figure 4.4: XML file generated after Querying Index service
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Now data contained in an xml file can be displayed as an html page using XSLT
transforms. XSL [49] stands for Extensible Stylesheet Language and it describes how the
XML document should be displayed. XSLT is used to transform an XML document into
another XML document, or another type of document that is recognized by a browser,
like HTML and XHTML. Normally XSLT does this by transforming each XML element
into an (X) HTML element. With XSLT, elements and attributes can be added/removed
to or from the output file. One can also rearrange and sort elements, perform tests and

make decisions about which elements to hide and display, and a lot more.

To customize the resource information, XSLT is used for editing and displaying the XML
file generated after querying the Index service. Only the required information is displayed
and the unwanted information is cropped using XSLT. Furthermore one can design the
interface according to our will. XSL documents are written according to the requirement
and irrelevant information is cropped that Grid users don’t require and grouped the
resource information according to the type e.g. processor related information, memory

details etc.

In order to convert XML document into HTML using XSL, xsltproc is used, which is a
tool with LibXml for Linux which takes XML and XSLT as input and coverts it into
HTML. xsltproc [50] is invoked from the command line with the name of the
Stylesheet to be used followed by the name of the file or files to which the
stylesheets is to be applied. The generated HTML file is hosted on the web server so that
the resource information can be seen by the users in order for them to decide which
resource is best for them. This can be done by saving the HTML file to ROOT folder of
the Web Server.

Now in order to keep the resource information updated a check is to be made othe the
resources for their state changes. Index service in Globus keeps itself updated by
querying the resources after a certain amount of time. An index service can be queried
over n over again in a loop for any change in the resource after a certain interval of time

and update the XML and HTML files so that latest state of the resource is known to the
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users. This can be done by writing a small shell script which will run itself on the
background and automate the process of saving, customizing and converting the XML

file into HTML and making it visible to the grid users.

In this way, the resource discovery is grouped according the type of information. The grid
users can search for the type of information he is interested in and chose the best resource
to submit the jobs. Thapar Customized Grid Resource Discovery provides following

features.

A. Basic Thapar Grid Information
It provides basic information about the Thapar Grid and Resource Discovery and a link to

basic Resource Information Page.

= X

- @ ﬁ:( |E| file: 1 [Documents Y2 0and 2 05ettings/ csed Deskbop thesis htrl1 findex, bt |'| P] 5 ' Goagke |\‘

@& Corporate Client ket | || About Thapar Grid Thapar Grid is... . |

o]

About Thapar Grid

Thapar Grid is a result of an effort put in by the research
scholars under the research activities carried out at the
Center of Excellence in Grid Computing at the Thapar
University, Patiala. It contains several different clusters of
various middlewares like Globus, Alchemi and Sun grid engine
on different infrastructures like Linux, Windows, and Solaris.
Clusters contains several different machines attached to each

other sharing resources.

Thapar Grid Resource Discovery

Thapar Grid Resource Discovery deals with discovering the
resources attached to Thapar Grid environment and displaying
the information associated with those resources according to

requirements of the user. - "‘k_

[ Resource Information ]

i€

Figure 4.6: Main page of Customized Grid resource Discovery
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B. Basic Resource Discovery information

This page provides basic information about the resource such as the names of the Cluster,
sub cluster, and resources attached. It also contains the link to the particular types of
information that users can be interested in like the processor related information, main
memory or operating system and architecture related information, File system types and
size of the resources, network adapter and recent information of the load on the
processors of those resources. In this way information is grouped so at to make it easier

for users to search only for the kind of information they want.

- @ ﬁj |E| file: ff1C: JDocument s 20and % 205ettings /csediDesktop/thesis thtml1 basic_resource_infa_html |'| b] ‘ '|'5-:|-_'-ng |‘\_]| - 8 X

(& Corporate Clent | |] Mbout Thapar Grid Thapar Gridisare... | | | || file:ff{Ct/Document, .ree info_html.heml- ‘ || Filesy//C:/Docum...ource _info_html [ | e

Basic Resource Information

|Cluster Name |SubCluster Name Hostmame Unique Host ID
'thapar globus main 172.31.33.147 172.31.33.147
|thapar globus main [172.31.33.187 172.31.33.187
Operating
Basic Resomce Processor 4 ~hamns .
T S Iam Memorv Svstem & File System Network Adapter Processor Load
Tuforination Tnformation passml—= e —
W —— P — Arclatecture

Figure 4.7: Basic Resource Information page of Customized Grid resource Discovery

C. Processor Information
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This page provides the information about the processor like Cache memory, Clock Speed

of the processor and the instruction set.

@ - iy e] ‘ ﬁj |[| file 11/ Documents%20and %2 05ettings csed Desktop|thesis/himll Jprocessor_nfo_himl

b/ % [Ghles 4
& Carporate Clent || [ Aoout Thapar Grid Theper Gidsare... [_['-Fila:,fﬁﬁ:‘ll‘Docummt‘c;rca info_btmlhil ‘ [ fles///C:/Docurn..essor_infa_html [ |1'

.

i

i Processor Information

;‘Hosmame "Caclle L1 "Cache L1D "Cache Ll "Cache L1 “Clock Speed .‘Insh'ucﬁon Set
2a1.3.0e 0 0 0 2081 486
72038087 0 0 0 0 800 Jx86
A
A
: ‘ ‘ ‘ Uperating
i RP.S““M PlI]CESSI].l Mam Memory Svstem & File Svstem Network Adapter | Processor Load
Tnformation Information -
Arclutecture

Figure 4.8: Processor Information page of Customized Grid resource Discovery

D. Memory Information
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This page provides the information about the main memory like the available RAM in the
system, size of the RAM, available Virtual Memory in the System and suze of that
Virtual Memory.

@ - * @ f;j |[| files 11T {Dacuments 2 0and % 205etings rsed Desktapthesishtmll fmemary_infa_html

-8 X

b/% [C-
@& Carporate Client ] D About Thapar Grid Thapar Gridisate... | [_['-file:,l,liﬂ:llbocummt‘arca infa_html himl ‘ [j filez// /C:/Docu...emory_info_html [

Goagls | "{ ‘

e

Resource Main Hemory Information

. . ” Virtual Memory ; .
Host Name |RAM Available RAM Size ; Y Virtual Memery Size
|Available
172313800 iz 2618 598 4096
[172.31.33.187 2 494 1818 1550
(Operatiy
Basic Resomce | |Processor : e k
; : Mam Memorv Svstem & File Svstemn Networl: Adapter | Processor Load
Information Information 5
Architecture

Figure 4.9: Memory Information page of Customized Grid resource Discovery

E. Operating System and Architecture Information
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This page provides the information about the Operating System of the Resource and its
Architecture like the name of the Operating System, the version of the release of the

Operating System and the number of Symmetric Multiprocessors that a resource is

having.
61 v - @ Gj |[| files 122 JDocuments%20and% 205ettings/ csediDeskkop/thesisihtmll jos_arch_info_html |' P] ‘ |'|-':u-:-._:|le |4\] - X
& Corparate Client (x| D About Thapar Grid Thapar Gridisare.. | L__;'-file:,lﬁﬁ:ll‘[)ocummt‘arca info_ bt hkml- ‘ || files//C;/Docum..._arch_info_html [ I-'

Resource Operating System & Architecture Information

I 5t S \Symmetric Multi Processor
Host Name Operating System Name Operating System Release Szze
[172.31.38.197 Linux [2.6.22.9-61. FcopaE [
[172.31.33.187 |Linux [2.6.22.9-61.Fc6PAE h
i
i
(perating
Basic Resomce Processor s LA :
3 5 Mam Memory Svstem & File Svstem Networls Adapter | Processor Load
Infonmation Information :
— == Architecinre

Figure 4.10: Operating System and Architecture Information page of Customized Grid

Resource Discovery

F. File System Information
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This page provides the information about File System of the Resource like the total
available space in the system, shared Read Only Memory of the resource, name of the

File System of the resource and the Total Size of the File system of the resource.

@ - - @ Gj |[| files 1T \Documents % 20and % 205ettings/ csed/Desktopthesisfhtmll JHle_system _info_html

o X

by G

(&) Corporate Client || [} tbouk Thapar Grid Thapar Gridisare... | | D.-File:,l,liﬁ:‘llbocumentc;rca infobeml heml | ‘ [} files///C:/Docu..ystem info_html (3 |-'

Google | & ‘

Resource File System Information

;‘Host Name :‘Available Space E‘File Syatem Name E‘Rea(l Only Memory E‘Root E‘File System Size
1723133147 18633 entire-systen False I# 13651
1729133187 (983 entiresysten  False ! 38325
(perating
Basic Resomce | | Processor ; i i
. ; Mam Memory Svstem & File Svstem Network Adapter | Processor Load
Tnformation Tnformation ;
Arclutecture

Figure 4.11: File System Information page of Customized Grid resource Discovery

G. Network Adapter Information
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This page provides the information about the network adapter of the Resource like the
name of the adapter, values of Inbound and Outbound IP addresses, the IP address of the

resource and the value of Maximum Transmission Unit.

by G

& Corporate Client [0 ] About Thepar Grid Thapsr. | | Fles}fiCy/Doc..dnfo_hiwk fkml | ‘ ] Flesf//C:/D..er.infa_html | W Aja (programming) - Wikip,.. | | v

@ - v @ Gﬁ |[| file: {1 [Documents %2 0and%205ettings) csed Deskbopthesishtmi1 /network_adapter_info_htr

&l o

Resource Hetwork Adapter Information

: ; ; ‘Masinun Network Adapter
Host Name |IP Address Inbound IP | T . Al I | Outhound IP
Transmission Unit  |Name
A0 2.0 e C 290 true
[172.31.33.187 [172.31.33.187 true 8 172.31.33.187 true
(perating
Basic Resomce | |Processor : Al L
Mam Memory Svstem & File Svstem Network Adapter  |Processor Load

Information Information

Arclatectore

Figure 4.12: Network Adapter Information page of Customized Grid resource Discovery

H. Processor Load Information
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This page provides the information about the load on the processor during the last 15

minutes, 5 minutes and 1 minute.

@ = = @ fa |D file: i [Documents e 20and ¥ 205ettings, csed/Deskbop,thesis/htmll fprocessor_load_info_html |"| b] ‘ '|ajax

[A]] - & x
| @ Corporate Client

|| | Mbout Thapar Grid Thepar ... || | [ | FlesjjjCsiDoc...info_htmlbtml | | [ flesss/C:/D..ad_info_htmi(Q |\ Ajsx (programming) - Wiip... | | | =

Resource Processor Load Information

Host Naine |Loa(l Last 15 Min Load Last 1 Min |Load Last S Min
[172.31.33.147 |6 6 [12
[172.31.33.187 (67 54 |ug
. . . Y Operating
M PLSS“} Mam Memory Svstem & File Systemn Networl: Adapter Processor Load
Inferination Infornation m——. T ——— E—
e Arxclutectwre

Figure 4.13: Processor Load Information page of Customized Grid resource Discovery

In this way, customized resource discovery gives the information according to the user

requirements and can the information provided can be edited by changing the XSL files.

Also, a small service can then be written in order to store xml file into some database and
merged with resource information provided by other Clusters so that it can be further

consumed by Grid Portals and other applications.
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Chapter 5

Conclusion and Future Work

|
This thesis work provided an insight into Grid computing, the various approaches and
algorithms currently used for Resource discovery in the Grid environment, and the
problems found in these approaches. Then it described design of Customized Resource
Discovery Approach using Globus Toolkit as a solution to the problems in traditional

approaches of Resource Discovery.

5.1 Conclusion

Discovering a Resource that satisfies a user request sufficiently is a major issue in the
Grid environment due to its heterogeneous, dynamic and distributed nature. However,
there is, as yet, no common standard for describing Grid resources. Since each
Middleware describes a resource in its own way, information gathered from diverse
sources tends to be semantically heterogeneous. Each middleware has a different way of

implementing Resource Discovery and are having its advantages and disadvantages.

Globus Toolkit provides Resource Discovery solutions using Globus MDS which
provides detailed information of the resources attached to it. But finding a best Resource
for the job becomes difficult as one has to go through all the properties of all the
resources in order to match the best resource against the job. So using Customized Grid
Resource Discovery, the resource properties can be grouped according to the type, so that

it is easier to look for certain type of Resource in a particular group.

Customized Grid Resource Discovery provides a simple Web Interface having details of
the resources grouped according to the type e.g. Processor information, Memory
information, Architecture information, File system information and Operating System
information. User can select the type of information required for the job and choose the
best resource. The chances of finding a best resource increases as the user is only seeing
the parameters on which the job is dependent. Additional resource properties can also be

added by changing the changing the associated XSL files accordingly. A different
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Information Provider can be added to increase the type of information provided. In this
way, using Customized Resource Discovery adds flexibility, usability to the Grid
Resource Discovery process and increases the possibility of finding a best match for the

job.

5.2 Summary of Contributions
1. The Customized Resource Discovery provides a user friendly Web interface which
groups the information of the resources according to the type of information making

it easier for users to choose the best resource for the job.

2. Only basic information which aids user to choose the best resource is provided. The

irrelevant information can be stripped off.

3. The Information Providers used can also be customized to add up any additional

information required by the users.

4. The resource information keeps on updating itself in a given of time. For better
performance and latest results the time is calculated according to the size of the grid
so that maximum number of resources updating themselves at one given time is

reduced.

5.3 Future Scope

The Customized Resource Discovery presently is only applicable for Globus Toolkit
only. Integrating Information Providers with other Middlewares will encourage the use
the use of Customized Resource Discovery with other Middlewares as well. To gather the
resource information from those middlewares a service like Default Index Service can be
written. The gathered information can be displayed using Web Interface in a similar way.
Also in future, the gathered resource information can also be stored into the database
along with the resource information of the resources connected through other Middleware

and that information in a combined form can be displayed using Web Interface.
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