Development of TIETGrid Portal Using Web
Services

A Thesis

submitted in partial fulfillment of the

requirements for the award of degree of

Master of Engineering
in
Software Engineering

R INST}
i oF Ty,

Gurleen Kaur Doad
(8043107)

Under the supervision of:
Dr. (Mrs.) Seema Bawa
Professor and Head
Department of Computer Science & Engineering

COMPUTER SCIENCE AND ENGINEERING DEPARTMENT
THAPAR INSTITUTE OF ENGINEERING AND TECHNOLOGY
(DEEMED UNIVERSITY)

PATIALA — 147004

MAY 2006



CERTIFICATE

I hereby certify that the work which is being presented in the thesis entitled,

“Development of TIETGrid Portal Using Web Services”, in partial fulfillment of

the requirements for the award of degree of Master of Engineering in Software

Engineering submitted in Computer Science and Engineering Department of Thapar

Institute of Engineering and Technology (Deemed University), Patiala, is an authentic

record of my own work carried out under the supervision of Dr. Seema Bawa.

The matter presented in this thesis has not been submitted for the award of any other

degree of this or any other university.

Gurleen Kaur Doad

This is to certify that the above statement made by the candidate is correct and true to

the best of my knowledge.

Countersigned by

(Dr. Seema Bawa)

Head,Computer Sc.& Engg. Deptt.

Thapar Institute of Engg. & Tech.
Patiala-147004

Dr. (Mrs.) Seema Bawa

Supervisor, Professor and Head

Computer Science and Engineering Department

Thapar Institute of Engineering and Technology
Patiala-147004

(Dr. T.P. Singh)

Dean of Academic Affairs
Thapar Institute of Engg. & Tech.
Patiala-147004

i



ACKNOWLEDGEMENT

First and foremost, I would like to express my sincere gratitude to my advisor Seema
Bawa, Professor& Head, Computer Science & Engineering Department for her
immense help, guidance, stimulating suggestions and encouragement all the time. She
always provided a motivating and enthusiastic atmosphere to work with; it was a
great pleasure to do this thesis under her supervision.

I am equally grateful to Maninder Singh, Assistant Professor, Computer Science &
Engineering Department, a nice person, an excellent teacher and a well-credited
researcher, who always encouraged me to keep going with work and always advised
me with his invaluable suggestions.

I am most indebted to the P.G coordinator Mr. Rajesh Bhatia for his help, assistance
and suggestions during my work.

I would also like to express my appreciation to the TIETGrid Group. The group held
weekly meetings on Thursdays to address various issues and share experiences. Thus,
it invoked better understanding of the work and acted as a rostrum for information
sharing and problem solving.

Finally, my special thanks go to my family for their never-ending love and support.
Nothing would have ever been possible without my parent's unconditional love and
encouragement.

The most valuable thing I acquired from the two years study in TIET is to protect,
survive and endure myself in this world with increased confidence and additional
faith in my abilities to achieve.

Last but not the least, I would like to thank the lord for his blessings and for driving

me with faith, hope and courage in the thinnest of the times.

Gurleen Kaur Doad
(8043107)

i



ABSTRACT

Grid technology is designed to allow users seamless access to applications and services
running on remote resources. Grids are becoming platforms for high-performance and
distributed computing. Grids benefit users by permitting them to access heterogeneous
resources, such as machines, data, people and devices that are distributed
geographically and organizationally.

Globus Toolkit4 has been widely adopted as a Grid technology solution for scientific
and technical computing. It implements web services mechanisms for building
distributed systems. Web Services are the software components that have emerged as a
popular standards-based framework for accessing network applications. Since majority
of the grid applications are research-oriented, so there is need to provide a user-
interface that does not involve much about grid programming.

This thesis describes an approach to building grid services based on the premise that
users who wish to access and run these services prefer to do so without becoming
experts on grid technology. These services are visible to the users and to resource
providers through a family of Grid portal components that can be used to configure,
launch, and monitor complex applications in the scientific language of the end user.

The work done as a part of the thesis involves developing a web service and deploying
it in the GT4 container. This is followed by development of a TIET grid portlet that

provides a user-friendly interface to this service.
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ORGANISATION OF THESIS

The first chapter briefly introduces grid computing, it’s need, architecture,
applications and also covers the history of grid computing. The second chapter
captures the problem statement, which deals with deploying a GT4 web service in the
container and then accessing the web service via a portlet. The third chapter explores
the background information needed for the thesis work covering Globus Toolkit4,
which has been widely adopted as a Grid technology solution for scientific and
technical computing, and Web services, which have emerged as a popular standards-
based framework for accessing network applications. The fourth chapter provides a
brief overview of portals, portlets, and grid portal design and finally, it explains an
open-source portal framework- Gridsphere. The fifth chapter is all about the practical
demonstration containing writing and deploying a WSRF web service and then
accessing this web service via a portlet in the T.ILE.T Grid Portal. Finally the last

chapter discusses the future scope of the work.
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CHAPTER 1
INTRODUCTION

When most people think of a grid, the idea of an interconnected system for the
distribution of electricity or electromagnetic signals over a wide area, especially a
network of high-tension cables and power stations, comes to mind. Around 1995, this
same concept was applied to computing.

What is grid and grid computing? According to IBM [1]: "A grid is a collection of
distributed computing resources available over a local or wide area network that
appear to an end user or application as one large virtual computing system. The vision
is to create virtual dynamic organizations through secure, coordinated resource
sharing among individuals, institutions, and resources. Grid computing is an approach
to distributed computing that spans not only locations but also organizations, machine
architectures and software boundaries to provide unlimited power, collaboration and

information access to everyone connected to grid.

Virtual Computer

Distributed computing over a
network: WAN, LAN, MAN,
Intermet, Wi-fi

Heterogeneous resources

processing power, application
services, operating system services =
CPU, memory, storage, 1/0

Using open standards: ANSI, W3C,

OGSA. 1
Grid
Beyond multiple organizations, Senvices

fo o fo o

clients

Figure 1.1: Grid computing at a glance [3]

Grid computing is about getting computers to work together. Almost every

organization has enormous unused computing capacity. Various servers are actually



serving something less than 10 percent of the time. Most PCs do nothing for 95
percent of a typical day. Imagine an airline with 90 percent of its fleet on the ground,
an automaker with 40 percent of its assembly plants idle, a hotel chain with 95

percent of its rooms unoccupied.
1.1 Revisiting Distributed Computing

Distributed computing [1-5] is often used to describe a type of computing in which
different computing nodes can simultaneously run an application located on different
computers that are connected by a communication network. The main motivation for
constructing distributed systems is to obtain large-scale resource sharing at affordable
cost. Advances in networking technology and computational infrastructure make it
possible to construct large-scale high performance distributed computing
environments that provide dependable, consistent and pervasive access to high-end
computational and heterogeneous resources despite geographical distribution of both
resources and users. Grid computing has been widely seen as a step beyond the
conventional distributed computing, incorporating pervasive high-bandwidth, high-
speed computing, intelligent sensors and large scale database into a seamless pool of
managed and brokered resources. These kinds of large-scale high performance
distributed services have recently received substantial interest from both research as
well as industrial point of view.
Hence, grid computing is a form of distributed computing that involves coordinating
and sharing computing, application, data, storage, or network resources across
dynamic and geographically dispersed organizations. Grid technologies promise to
change the way organizations tackle complex computational problems.
How does Grid Computing surpass Distributed Computing?
Distributed applications already exist, but they tend to be specialized systems
intended for a single purpose or user group. Grids go further and take into account:
# Different kinds of resources: Not always the same hardware, data and applications
+ Different kinds of interactions: User groups or applications want to interact with
grids in different ways.

# Dynamic nature: Resources and users added/removed/changed frequently.
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1.2 History of Grid

Many of the basic ideas behind the Grid have been around in one form or other
throughout the history of computing. For example, one of the novel ideas of the Grid
is sharing computing power. Nowadays, where most people have more than enough
computing power on their own PC, sharing is unnecessary for most purposes. But
back in the sixties and seventies, sharing computer power was essential. At that time,
computing was dominated by huge mainframe computers, which had to be shared by
whole organizations.

In 1965 the developers of an operating system called Multics [5], an ancestor of Unix,
which in turn is an ancestor of Linux - a popular operating system today presented a
vision of computing as a utility - in many ways uncannily like the Grid vision today.
Access to the computing resources was envisioned to be exactly like water, gas and
electricity - something that the client connects to and pays for according to the
amount of use.

So there is a certain amount of "reinventing the wheel" going on in developing the
Grid. However, each time the wheel is reinvented, it is reinvented in a much more
powerful form, because computer processors, memories and networks improve at an

exponential rates which are associated with Moore’s law [8].
Because of the huge improvements of the underlying hardware typically more than a
factor of 100x every decade, it is fair to say that reinvented wheels are qualitatively

different solutions, not just small improvements on their predecessor.
1.3 Need for Grid Computing

In this part, we will discuss how, when and in what circumstances grid emerged as the

new infrastructure of the 21% century.

Driven by increasingly complex problems and propelled by increasingly powerful
technology, today's science is as much based on computation, data analysis, and
collaboration as on the efforts of individual experimentalists and theorists. But even

as computer power, data storage, and communication continue to improve
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exponentially, computational resources are failing to keep up with what scientists
demand of them.

According to a source, a personal computer in 2001 is as fast as a supercomputer of
1990. But 10 years ago, biologists were happy to compute a single molecular
structure. But today they want to calculate the structures of complex assemblies of
macromolecules and screen thousands of drug candidates. Personal computers now
ship with up to 100 gigabytes of storage--as much as an entire 1990 supercomputer
center. Several physics projects, CERN's Large Hadron Collider (LHC) [8-9] among
them, produce multiple petabytes (10"° byte) of data per year. Some wide area
networks operate at 155 megabits per second (Mb/s), three orders of magnitude faster
than the state-of-the-art 56 kilobits per second (Kb/s) that connected US
supercomputer centers in 1985. But to work with colleagues across the world on
petabyte data sets, scientists now demand tens of gigabits per second (Gb/s).

The Grid offers a potential means of surmounting these obstacles to progress. Built on
the Internet and the World Wide Web, the Grid is a new class of infrastructure. By
providing scalable, secure, high-performance mechanisms for discovering and
negotiating access to remote resources, the Grid promises to make it possible for
scientific collaborations to share resources on an unprecedented scale, and for
geographically distributed groups to work together in ways that were previously

impossible.
1.4 Characteristics of Grids

There are three main issues that characterize computational grids:

e Heterogeneity: A grid involves a multiplicity of resources that are
heterogeneous in nature and might span numerous administrative domains
across wide geographical distances.

¢ Resources are heterogeneous

# Resources are administratively disparate

+ Resources are geographically disparate

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

operating system, accounts).
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# Resources are numerous.

#+ Resources have different resource management policies.

¢ Resources are owned and managed by different, potentially mutually
distrustful organizations and individuals that likely have different
security policies and practices.

e Scalability: A grid might grow from few resources to millions. This raises the
problem of potential performance degradation as a Grids size increases.
Consequently, applications that require a large number of geographically
located resources must be designed to be extremely latency tolerant.

e Dynamicity or Adaptability: In a grid, a resource failure is the rule, not the
exception. In fact, with so many resources in a Grid, 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.

Numerous Resources

Connected by
Heterogeneous,
= Multi-Level Networks

Ownership by Mutually s
Distrustful Organizations g _ - &la";'
& Individuals -, .Ii %

Different Security 5 Different Resource

Requirements | = . L 5 Management
& Policies Required & — T Policies
Ty
Potentially Faulty Geographically
Resources Separated
Resources are
Heterogeneous

Figure 1.2: Characteristics of Grids [7]

1.5 Grid Architecture

Architecture identifies the fundamental system components, specifies purpose and

function of these components, and indicates how these components interact with each
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other. Grid architecture is protocol architecture, with protocols defining the basic
mechanisms by which VO [3-5] users and resources negotiate, establish, manage and
exploit sharing relationships. Grid architecture is also a services standards-based open

architecture that facilitates extensibility, interoperability, portability and code sharing

The components that are necessary to form a grid are shown in Figure 2 and they are

briefly discussed below:

Applications and Portals Grid
[[scimtisc | | Engineering | [ Collaboration | | Prot Seiwing Env. | ++ [ web enabed apps || ApPS:

Die ebxpment Environments and Teols Grid
Langwages | | Libewties | | Detwggers | [ Momitoring || Resource Bookers | == | Webtods || Tools
Distributed Rescurces Coupling Services Grid
| Comm. | Sign on & Secmity | Information | Prl)\:ﬁxl Digta Access | wee | Gos | | Middlewwars

Local Resource Managers

| persing Systems | | oeuing systems | [ Libraties & App Kerndls | +on | TORPEUDP | | o0
ToTmmTmmmmmsmmmeees ottt T 1 [

" Metworked Resources across Organisatiorns

| Comirpeters | |{11|51E1'5| Horgge Systens | Dreale S0ces | wwe |Sl:iemiﬁrlnslrmrems

Figure 1.3: Grid Components [5]

= Grid Fabric: It comprises all the resources geographically distributed (across
the globe) and accessible from anywhere on the Internet. They could be
computers (such as PCs or Workstations running operating systems such as
UNIX or NT), clusters (running cluster operating systems or resource
management systems such as LSF, Condor or PBS), storage devices,
databases, and special scientific instruments such as a radio telescope.

= Grid Middleware: It offers core services such as remote process management,
co- allocation of resources, storage access, information (registry), security,
authentication, and Quality of Service (QoS) such as resource reservation and

trading.
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= Grid Development Environments and Tools: These offer high-level services
that allows programmers to develop applications and brokers that act as user
agents that can manage or schedule computations across global resources.

= Grid Applications and Portals: They are developed using grid-enabled
languages such as HPC++, and message-passing systems such as MPI.
Applications, such as parameter simulations and grand-challenge problems
often require considerable computational power, require access to remote data
sets, and may need to interact with scientific instruments. Grid portals offer
web-enabled application services — 1i.e., users can submit and collect results

for their jobs on remote resources through a web interface.
1.6 Nature of Grid Applications

An important step in deploying Grid computing is to identify the applications that can
benefit from these distributed computing paradigms. For grids, the candidates will be
those applications that can be executed in parallel on multiple processors. Parallel

applications may be categorized in the following way:

#* Embarrassingly Parallel Computations (EPC)[22] can be immediately divided into
independent parts, which may be allocated to multiple processors for simultaneous
execution. Once the work has been allocated, no communication is required between
the processors, so a speedup of n is possible, given n processors. Often the problem
can be divided into many more parts than there are processors available, so the
maximum speedup possible via parallel implementation is only constrained by the
number of processors. Examples of EPC applications include testing large integers to

determine whether they are prime numbers, and various Monte Carlo simulations.

#® Parametric and Data Parallel Computations are similar to EPCs, with each
processor working on an independent subset of the data or a separate set of
parameters. These are also referred to as Nearly Embarrassingly Parallel
Computations (NEPC). NEPC [22-23] requires results to be initially distributed

among independent computers and then later gathered by a single process, with some
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post processing generally required. Internet search engines and low-level digital

image rendering provide examples of such applications.

¢ Loosely Coupled Synchronous Parallel Computations require interprocess
communication between a small subset of the processors before the computation can
be completed. Tightly Coupled Synchronous Parallel Computations require
communication between all of the processors (global synchronization) before the
computation can be completed. Synchronous applications can be further characterized

in the following terms:

e Degree to which they require simultaneous computation and communications
to be performed by the individual processors

o The distribution of the message sizes that are transferred between nodes

o Sensitivity of the application to message latency

e Synchronous applications include clustered databases and a large class of
complex simulations of discrete event systems, particle systems, and
lumped/continuous variable systems. Among these latter applications are
those that were developed to run on parallel processing supercomputers, such
as Massively Parallel Processors (MPPs), or Symmetrical Multi-Processing
(SMP) computers. Synchronous applications that have already been paralleli

zed for MPP or SMP can be readily transitioned to cluster or Grid computing.
1.7 Benefits of Grid Computing

& High Performance Computing (HPC): For applications that lend themselves to
parallel computing, the Grid offers the possibility of executing computationally
intensive applications on networked computer arrays consisting of numerous
commodity or specialized systems. Computational Grids [19] can offer significant
advantages in both price/performance and in maximum performance over more
conventional types of supercomputers. As a result, the Grid makes HPC accessible to

more enterprises, accelerates the availability of results of computationally intense
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analysis needed for product research and development, and allows scientists to solve
grand challenge problems that were too large for conventional supercomputers.
In its current stage of evolution, most applications of the Grid fall into the HPC
classification. This is due to the fact that Grid computing arose out of the need for
more cost-effective HPC solutions to address critical problems in science and
engineering. The initial adoption of the Grid by commercial enterprises has continued
to focus on HPC because of the high return on investment and competitive advantage
realized by solving compute intensive problems that were previously insolvable in a
reasonable period of time or cost. The HPC Grid has successfully addressed a wide
range of computational problems in the following fields:

¢ Climate/weather/ocean modeling and simulation

# Computational chemistry and materials science

+ Environmental quality modeling and simulation

+ Military forces modeling and simulation

¢ Internet search engines

# Pharmaceutical research

+ Simulation and verification of electronic and mechanical design

+ Seismic processing and interpretation

# Signal/image processing

# Modeling of financial portfolios and markets

& Data Federation and Collaboration: The Grid also allows a federated approach
to data integration where data from different sources (relational databases, files, or
application data) can be consolidated in a single data service that hides the
complexities of data location, local ownership, and infrastructure from the consuming
application. With data federation, the data remains in place at its source, with no
disruption of local users, applications, or data management policies. Integration of
data from multiple sources and locations facilitates a wide range of integrated
applications, including corporate performance dashboards, marketing analysis tools,

customer service applications, and data mining applications. Because the data
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resource is accessed as a service on the network, minimal modifications of existing

data publishing or data-consuming applications is required.

B Resource Allocation and Optimization: Most desktop systems and servers are
idle more than 80% of the time because computers have traditionally been rigidly
dedicated to certain sets of users and applications. Grid computing provides a
virtualization framework [23-24] that allows flexible sharing of computing and
storage to improve resource utilization. In the simplest example, a batch job can be
transparently allocated to an idle server in the pool of resources. Alternatively, both
the application and the job could be transferred to an idle server. In addition, if virtual
machine software is installed, a single physical server can even be configured on the
fly to run different operating systems and applications. In a similar way, idle storage
capacity of Network Attached Storage, or SANs, could be utilized for data storage.
The primary benefit of resource optimization through virtualization is that it reclaims
much of the stranded capacity of the computing infrastructure and therefore reduces
the level of capital investment required to support a given level of IT functionality.
Another aspect of resource optimization is that it generally does not require

modification of existing applications.

While all three categories of Grid application rely on good network performance for
interconnecting the distributed system components, HPC makes the greatest demands
on the network by far. This is due to the fact that a Grid version of an HPC
application may involve intense interprocess communications that are highly sensitive
to the bandwidth and latency characteristics of the network. For these reasons, the
remainder of this document will focus primarily on the characteristics of

computational Grids for HPC.
1.8 Defining Grid Portal, Globus Toolkit & Web Services

The main terms that we will encounter in this thesis work are Grid Portal, Globus
Toolkit& Web Services. A basic definition of these terms is included as a part of this

sub-section to promote better understanding of the problem statement.
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¢ The Globus Toolkit [7] is a community-based, open-architecture, open-source
set of services and software libraries that support Grids and Grid applications. The
toolkit addresses issues of security, information discovery, resource management,
data management, communication, fault detection, and portability.

¢ A Grid Portal [16] is a web based application that commonly provides
personalization, single sign on, content aggregation, and seamless access to Grid
heterogeneous resources and services that support the end user in one or more
tasks through a Web-based user interface.

* Web service [14] 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. Web services standardize the
messages that entities in a distributed system must exchange in order to perform

various operations.
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CHAPTER 2
PROBLEM STATEMENT

Grid Computing has evolved as a new infrastructure of the 21* century and is all set
to revolutionize the technology trends. Grid computing allows uniting pools of
servers, storage systems, and networks into a single large system that can deliver the
power of multiple-systems resources (computing/processing power, data
storage/networked file systems, communications and bandwidth, application

software) to a single user point for a specific purpose.

A Grid Portal is a web-based application that provides personalization, single sign on,
content aggregation from different sources and hosts the presentation layer of
information systems. Thus a portal liberates the end-user from details of grid
middleware programming and allows seamless access to applications and services

running on remote resources.

The main thrust is on the development of a framework that allows applications to be

installed and used as Web services accessed through a Grid portal.

We focus on two specific issues:
4 How can a Grid application be captured as a Web service?
# Once we have a way to encapsulate and execute Grid applications as Grid
services, how does one provide a way for an application developer to generate an
application specific interface that can be provided to the end user through the

portal?
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CHAPTER 3
WEB SERVICES WITH GLOBUS TOOLKIT

Grid Computing is defined as the “set of middleware, libraries and tools that allow
the cooperative use of geographically distributed resources unified to act as a single
powerful platform for the execution of a range of parallel and distributed
applications”. So grid is a flexible, secure, coordinated resource sharing among
dynamic collection of individuals, institutions and resources. We review two
technologies: Globus Toolkit4, which has been widely adopted as a Grid technology
solution for scientific and technical computing, and Web services, which have

emerged as a popular standards-based framework for accessing network applications.

3.1 Globus Toolkit

In a grid, the middleware is used to hide the heterogeneous nature and provide users
and applications with a homogeneous and seamless environment by providing a set of
standardized interfaces to a variety of services. Globus Toolkit [21], a middleware
technology, provides a software infrastructure that enables applications to handle
distributed heterogeneous computing resources as a single virtual machine. It defines
basic services and capabilities required to construct a computational grid. The Globus
Toolkit is a community-based, open-architecture, open-source set of services and
software libraries that support Grids and Grid applications. The toolkit addresses
issues of security, information discovery, resource management, data management,
communication, fault detection, and portability. We will work with the latest version

of the toolkit i.e. GT4.

3.1.1 Exploring GT4

The Globus Toolkit4 is a software toolkit, developed by The Globus Alliance, which
can be used to program grid-based applications. The toolkit includes a few high-level
services that we can use to build Grid applications. Globus Toolkit includes a
resource monitoring and discovery service, a job submission infrastructure, a security

infrastructure, and data management services. It is a realization of the OGSA [7]
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requirements and a de facto standard for the Grid community. Most of these services
are implemented on top of WSRF [21]. The toolkit also includes some services that
are not implemented on top of WSRF and are called the non-WS components. The

Globus Toolkit includes a complete implementation of the WSRF specification.

GT4 primarily consists of five main components as shown in Figure 2.1 :-

» Common Runtime: The Common Runtime components provide a set of
fundamental libraries and tools which are needed to build both WS and non-WS
services.

P Security: Using the Security components, based on the Grid Security
Infrastructure (GSI), we can make sure that our communications are secure.

P Data management: These components will allow us to manage large sets of data
in our virtual organization.

P Information services: The Information Services, commonly referred to as the
Monitoring and Discovery Services (MDS) [22], includes a set of components to
discover and monitor resources in a virtual organization. GT4 also includes a non-WS
version of MDS (MDS2) for legacy purposes.

P Execution management: Execution Management components deal with the
initiation, monitoring, management, scheduling and coordination of executable

programs, usually called jobs, in a Grid.

So, GT4 is a set of software components for building distributed systems: systems in
which diverse and discrete software agents interact via message exchanges over a
network to perform some tasks. Distributed systems face particular challenges
relating to sometimes high and unpredictable network latencies, the possibility of
partial failure, and issues of concurrency. In addition, system components may be
located within distinct administrative domains, thus introducing issues of
decentralized control and negotiation. Thanks to GT4 as it renders solution to above

problems.
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Figure 3.1: GT4 Components [21]

3.1.2 Predefined GT4 Services

GT4 provides a set of predefined services. Nine GT4 services implement Web
services interfaces: Job management (GRAM); Reliable file transfer (RFT);
Delegation; MDS-Index, MDS-Trigger, and MDSArchive [21-23] (collectively
termed the Monitoring and Discovery System, or MDS); Community authorization
(CAS); DAI data access and integration; and GTCP Grid TeleControl Protocol for
online control of instrumentation.

For two of these services, GRAM and MDS-Index, pre-WS legacy implementations
are also provided. For three additional GT4 services, WS interfaces are not yet
provided. They are GridFTP data transport, replica location service, and My Proxy

online credential repository. Other libraries provide powerful authentication and
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authorization mechanisms, while the eXtensible /O (XIO) library provides
convenient access to a variety of underlying transport protocols. SimpleCA is a

lightweight certification authority.

3.1.3 GT4 Architecture Overview
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Figure 3.2: Schematic View of GT4 Components [21]

As shown in Figure 4, GT4 comprises both a set of service implementations i.e.
server code and associated client libraries. GT4 provides both Web services
components and non-WS components. All boxes in the client domain denote custom
applications and/or third-party tools that access GT4 services or GT4-enabled
services. All GT4 WS components use WS-Interoperability-compliant transport and
security mechanisms, and can thus interoperate with each other and with other WS
components. In addition, all GT4 components, both WS and non-WS, support X.509
end entity certificates and proxy certificates. Thus a client can use the same

credentials to authenticate with any GT4 WS [15] or non-WS component.
3.1.4 GT4 Container

The GT4 source code includes implementations of a set of Web services

specifications important for Grid applications. Some of these specifications are
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standards such as WSRF, WS-Notification while others are currently unique to
Globus such as GRAM, RFT. These implementations can be combined with other
components like Web servers, SOAP engines, implementations of other Web services
specifications, etc. to produce a variety of different GT4 containers.

A GT4 container implements SOAP [14] over HTTP as a message transport protocol,
and both transport-level and WS-Security message-level security for all
communications; implements WS-Addressing, WSRF, and WS-Notification
functionality; supports logging via Log4j which implements the Jakarta Commons
Logging API; defines WSRF WS-Resources with properties providing access to
information about services deployed in the container and container properties such as

version and start time.

Lser Applications

$ + 3
Custom &1
Custorm WSRF Web WSRFWeh

Web Services | Services
Services | WS.Addressing, WSRF,
WS-Matification
WSDL, SOAP, WS-Security

=

Registry
Administration

GT4 Container

Figure 3.3: GT4 Container [23]

Thus, any GT4 container can:
® Host services whose client interfaces are defined in terms of only basic WS
specifications and are called custom Web services and

# Host services whose client interfaces make use of WSRF and related mechanisms
and are called custom WSRF Web services.

If appropriate software is installed, then a GT4 Java container can also host advanced
services provided by GT4, such as GRAM, MDS, and RFT referred to as GT4 WSRF
Web services. Regardless of what services are deployed, application clients can use
GT4 container registry interfaces to determine which services are hosted in a

particular GT4 container, and GT4 container administration interfaces to perform
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basic administration functions. All GT4 container interfaces are compliant with the
WS-I Basic Profile, and can be configured to be compliant with the WS-I Basic
Security Profile.

The GT4 distribution includes software and instructions to construct GT4 containers
as in Figure 6 for three different Web service implementation languages (Java, C, and
Python). They are discussed below:

€ GT4 Java Containers: GT4 support for Web services implemented in Java
comprises the GT4 Java WS Core code, which implements WSRF and WS-
Notification as well as supporting code for security and management. This code is
designed to use with Apache Axis as a SOAP engine plus other relevant Apache
components such as the WS-Addressing and WS-Security implementations. To
produce a complete GT4 Java container, we can host the GT4 Java WS Core + Axis
[14] combination either in a “simple Java container” provided by GT4 or alternatively
in a more featureful but complex servlet container such as Tomcat. The former
approach provides for easier installation and administration and is recommended
unless a site or resource already runs Tomcat for other purposes. Such a GT4 Java
container can also host various GT4 services implemented in Java, such as GRAM,

RFT, MDS-Index, MDS-Trigger, and MDS-Archive.

Tomcat or similar Simple Java container | | Simple © containgr Twisted containgr
Axis Axis fibsm |2 Zolera SOAP Inf.

Java Web Java Wab C Wab Pythan Wab
sarvica Sanice sanice sanica

Figure 3.4: Different GT4 container configurations [22]

€ GT4 C Container: GT4 support for Web services written in C comprises the GT4
C WS Core, which implements WSRF and WS-Notification as well as supporting
code for security and management.

4 Python Web services: GT4 support for Web services written in Python comprises
the GT4 Python WS Core, which implements WSRF and WS-Notification as well as
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supporting code for security and management. To produce a complete GT4 Java
container, we combine this code with the Zolera SOAP Infrastructure and Twisted

container.

3.2 Web Services

3.2.1 Defining Web services

GT4 is a set of software components that implement Web services [11-14]
mechanisms for building distributed systems. Web services provide a standard means
of interoperating between different software applications running on a variety of
platforms and/or frameworks.

According to W3C [11], a Web service 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. Web services
standardize the messages that entities in a distributed system must exchange in order
to perform various operations. At the lowest level, this standardization concerns the
protocol used to transport messages typically HTTP, message encoding using SOAP,
and interface description with WSDL. A client interacts with a Web service by
sending it SOAP message; the client may subsequently receive response message(s)
in reply. At higher levels, other specifications define conventions for securing
message exchanges such as WS-Security, for management such as WSDM and for
higher-level functions such as discovery and choreography. Figure 7 presents a view

of these different component technologies.

Processes — Discovery, aggregation, choreagraphy, ete.
O ’ WwsDL
DESGﬂptlﬂn Web Services Description Language

The mast popular invacation protocol is SOAP,
but we could, in theory, use olher profocals.

The mast popular transpart profocel is HTTP,
but we could, in theory, use olher profocals.

Figure 3.5: Web Services architecture [23]
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® Service Processes: This part of the architecture generally involves more than one
Web service. For example, discovery belongs in this part of the architecture, since
it allows us to locate one particular service from among a collection of Web

services.

# Service Description: One of the most interesting features of Web Services is that
they are self-describing. This means that, once you've located a Web Service, you
can ask it to 'describe itself' and tell you what operations it supports and how to

invoke it. This is handled by the Web Services Description Language (WSDL).

¢ Service Invocation: Invoking a Web Service involves passing messages between
the client and the server. SOAP (Simple Object Access Protocol) specifies how
we should format requests to the server, and how the server should format its
responses. In theory, we could use other service invocation languages such as
XML-RPC, or even some XML language. However, SOAP is the most popular

choice for Web Services.

¢ Transport: Finally, all these messages must be transmitted somehow between the
server and the client. The protocol of choice for this part of the architecture is
HTTP (HyperText Transfer Protocol), the same protocol used to access

conventional web pages on the Internet.

3.2.2 Web Services Implementation

From the client perspective, a Web service is simply a network-accessible entity that

processes SOAP messages. Things are somewhat more complex under the covers. To

simplify service implementation, it is common for a Web services implementation to

distinguish between:

e The hosting environment or container, contains the domain-independent logic
used to receive a SOAP message and identify and invoke the appropriate code to
handle the message, and potentially also to provide related administration

functions, and:
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¢ The Web service implementation, describes the domain-specific code that handles
the message. This separation of concerns means that the developer need only
provide the domain-specific message handling code to implement a new service.
We can further partition the hosting environment logic into that concerned with
transporting the SOAP message typically via HTTP, thus an HTTP engine or Web
server— sometimes termed an application server and that concerned with processing
SOAP messages the SOAP [11-14] engine of SOAP processor. Figure 3 illustrates

these various components.
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Figure 3.6: Web Services Implementation [11]

3.2.3 Web Services Specifications in GT4
We provide pointers to the Web services specifications that underlie GT4. These
comprise the core specifications that define the Web services architecture (XML,

SOAP, WSDL), WS-Security, WS-Addressing, WSRF, and WS-Notification.

3.2.3.1 XML, SOAP, WSDL

XML is used extensively within Web services as a standard, flexible, and extensible
data format. SOAP 1.2 provides a standard, extensible, composable framework for
packaging and exchanging XML messages between a service provider and a service
requestor. SOAP is independent of the underlying transport protocol, but is most
commonly carried on HTTP. WSDL 1.1[14] is an XML document for describing
Web services. Standardized binding conventions define how to use WSDL in

conjunction with SOAP and other messaging substrates.
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3.2.3.2 WS-Security and Friends
The WS-Security family of specifications addresses a range of issues relating to
authentication, authorization, policy representation, and trust negotiation in a Web
services context. GT4 uses a number of these specifications, notably Security
Authorization Markup Language (SAML), to address message protection,
authentication, delegation, and authorization, as follows:

# TLS (transport-level) or WS-Security and WS-Secure Conversation (message

level) are used as message protection mechanisms in combination with SOAP.
# X.509 End Entity Certificates or Username and Password are used as
authentication credentials.
® X.509 Proxy Certificates and WS-Trust [13] are used for delegation.

# SAML assertions are used for authorization.

3.2.3.3 WS-Addressing, WSRF, and WS-Notification

A number of specifications are used to represent and manipulate stateful entities such
as physical resources of various kinds, logical components such as software licenses,
and transient activities such as tasks and workflows. The WS-Addressing
specification defines transport-neutral mechanisms to address Web services and
messages. The WS Resource Framework (WSRF) specifications define a generic and
open framework for modeling and accessing stateful resources using Web services.
This framework comprises mechanisms to describe views on the state (WS-Resource
Properties), to support management of the state through properties associated with the
Web service (WSResourceLifetime), to describe how these mechanisms are
extensible to groups of Web services (WS-Service Group) [18], and to deal with
faults (WS-Base Faults). The WS-Notification family of specifications defines a
pattern-based approach to allowing Web services to disseminate information to one
another. This framework comprises mechanisms for basic notification (WS-
Notification), topic-based notification (WS-Topics), and brokered notification (WS-
Brokered Notification).
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3.3.3.4 Other Relevant Specifications

GT4 includes an implementation of the GridFTP extensions to FTP recently finalized
within GGF and the DAIS implementation of the GGF OGSA-DAI specification
under development within GGF. The WS-Interoperability (WS-I) organization has
produced a number of profiles that define ways in which existing Web services
specifications can be used to promote interoperability among different
implementations. The WS-I [13-14] Basic Profile speaks to messaging and service
description: primarily XML, SOAP, and WSDL. The WS-I Basic Security Profile
speaks to basic security mechanisms. Web services distributed management (WSDM)
specifications under development within OASIS are likely to play a role in future GT
implementations as a means of managing GT components. WS-CIM specifications
under development within DMTF are likely to play a role in future GT
implementations as a means of representing physical and virtual resources. The
Global Grid Forum’s Open Grid Services Architecture (OGSA) working group has
completed a document that provides a high-level description of the functionality
required for future service-oriented infrastructure and applications, and a framework

that suggests how this functionality can be factored into distinct specifications.
3.3 Web Services — Why or Why Not?

Web Services have certain advantages over other technologies:

# Web Services are platform-independent and language-independent, since they use
standard XML languages. This means that my client program can be programmed
in C++ and running under Windows, while the Web Service is programmed in

Java and running under Linux.

#® Most Web Services use HTTP for transmitting messages (such as the service
request and response). This is a major advantage if you want to build an Internet-
scale application, since most of the Internet's proxies and firewalls won't mess

with HTTP traffic (unlike CORBA, which usually has trouble with firewalls).

Web Services also have some disadvantages:

XXXi1



@ Overhead- Transmitting all your data in XML is obviously not as efficient as using
a proprietary binary code. What you win in portability, you lose in efficiency.
Even so, this overhead is usually acceptable for most applications, but you will

probably never find a critical real-time application that uses Web Services.

@ Lack of versatility- Currently, Web Services are not very versatile, since they only
allow for some very basic forms of service invocation. CORBA, for example,
offers programmers a lot of supporting services (such as persistency, notifications,
lifecycle management, transactions, etc.). Fortunately, there are a lot of emerging
Web services specifications (including WSRF) that are helping to make Web

services more and more versatile.

3.4 WSRF —It’s All About State

Web Services are the technology for Internet-based applications with loosely coupled
clients and servers. That makes them the natural choice for building grid-based
applications. However, Web Services do have certain limitations. Plain Web services
are usually stateless. This means that the Web service cannot remember information,
or keep state, from one invocation to another. However, Grid applications do
generally require statefulness. So we introduce WSRF [12-13] (Web Services
Resource Framework), which improves several aspects of web services to make them

more adequate for grid applications.

3.4.1 The resource approach to Statefulness

Giving Web services the ability to keep state information while still keeping them
stateless is a complex problem. Fortunately, it's a problem with a very simple
solution: simply keep the Web service and the state information completely separate.
Instead of putting the state in the Web service we will keep it in a separate entity
called a resource, which will store all the state information. Each resource will have a
unique key, so whenever we want a stateful interaction with a Web service we simply

have to instruct the Web service to use a particular resource. A pairing of a Web
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service with a resource is called a WS-Resource [12]. The address of a particular WS-

Resource is called an endpoint reference.

3.4.2 The WSRF Specification

The Web Services Resources Framework is a collection of five different
specifications. They all relate in some way or another to the management of WS-
Resources.

3.4.2.1 WS-ResourceProperties

A resource is composed of zero or more resource properties. For example, in the
figure shown above each resource has three resource properties: Filename, Size, and
Descriptors. WS-ResourceProperties [17] specifies how resource properties are
defined and accessed.

3.4.2.2 WS-ResourceLifetime

Resources have non-trivial lifecycles. In other words, they are 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.

3.4.2.3 WS-ServiceGroup

We will often be interested in managing groups of Web Services [12-14] or groups of
WS-Resources, and performing operations such as add new service to group, remove
this service from group, and more importantly find a service in the group that meets a
condition. The WS-ServiceGroup specifies how exactly we 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 such as GT4's IndexService which allow us to group different services
together and access them through a single point of entry i.e. the service group.

3.4.2.4 WS-BaseFaults

Finally, this specification aims to provide a standard way of reporting faults when

something goes wrong during a WS-Service invocation.
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3.4.2.5 WS-Notification

WS-Notification is another collection of specifications that, although not a part of
WSREF, is closely related to it. This specification allows a Web service to be
configured as a notification producer, and certain clients to be notification consumers
or subscribers.This means that if a change occurs in the Web service or in one of the
WS-Resources, that change is notified to all the subscribers .

3.4.2.6 WS-Addressing

The WS-Addressing specification provides us a mechanism to address Web services
which is much more versatile than plain URIs. In particular, we can use WS-

Addressing to address a Web service + resource pair (a WS-Resource).

3.4.3 Unifying GT4 and Web Services

We have already discussed the terms GT4, Web services abd WSRF. But another
important acronym-OGSA [23-24] is yet to be covered. It is the heart of the GT4. A
grid application will usually consist of several different components. For example, a

typical grid application could have:

® VO Management Service: To manage what nodes and users are part of each

Virtual organization.

* Resource Discovery and Management Service: So applications on the grid can

discover resources that suit their needs, and then manage them.

# Job Management Service: So users can submit tasks in the form of jobs to the

grid.
#® And a whole other bunch of services like security, data management, etc.

Furthermore, all these services are interacting constantly. For example, the Job
Management Service might consult the Resource Discovery Service to find
computational resources that match the job's requirements. With so many services,
and so many interactions between them, there exists the potential for chaos. What if

every vendor out there decided to implement a Job Management Service in a
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completely different way, exposing not only different functionality but also different
interfaces? It would be very difficult to get all the different software pieces to work

together.

The solution is standardization: define a common interface for each type of service.
For example, take a look at the World Wide Web. One of the reasons why the Web is
such a popular Internet application is because it is based on standards (HTML, HTTP,
etc.) agreed upon by all the different major players Microsoft, Netscape, etc. On the
other hand, that you could only use a Microsoft browser to access websites
implemented with Microsoft technology. It would be definitely uncool. Thanks to
standards, I can use my favorite browser provided it follows standards, which most
modern browsers do to access most of the websites out there regardless of what
technology is used to implement the website. Why? Because a set of common
languages was agreed upon for all the browsers and websites out there.

Standardization is definitely a good thing.
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Figure 3.7: Relationship between GT4, WSRF, and Web Services [19]
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The Open Grid Services Architecture (OGSA), developed by The Global Grid Forum,
aims to define a common, standard, and open architecture for grid-based applications.
The goal of OGSA is to standardize practically all the services one commonly finds in
a grid application (job management services, resource management services, security

services, etc.) by specifying a set of standard interfaces for these services.

However, when the task of creating this new architecture was undertaken, the
developers realized they needed to choose some sort of distributed middleware on
which the architecture can be based. If OGSA, for example, defines that the
JobSubmissionlInterface has a submitJob method, there has to be a common and
standard way to invoke that method if we want the architecture to be adopted as an
industry-wide standard. However, although the Web Services Architecture was the
best option, it still didn't meet one of OGSA's most important requirements: the
underlying middleware had to be stateful. It was then WSRF came to picture to

provide Stateful services to OGSA.

Standards in the works (GGF)
- VO management

- Security
Grid applications are based Applications = Resource management
on the high-level services — il - Job Management
defined by OGSA - Dafa services
fie- not implemented from 0OGSA - et |
SR USR] GT4 includes many of the senvices

required by OGSA

WSRF

; ——— Slandardized (Oasis)
Web Services andimplemented (GT4)

* Standardized (W3C)

and implemented (e.g. Apache Axis)

Figure 3.8: Layered diagram of OGSA, GT4, WSRF, and Web Services [22]

WSREF, a specification developed by OASIS (Organization for the Advancement of

Structured Information Standards), specifies how we can make our Web Services
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stateful. So what exactly is the relation between OGSA and WSRF? WSRF provides
the stateful services that OGSA needs. In the diagram below WSRF specifies stateful
services as opposed to those services simply being required by OGSA. Another way
of expressing this relation is that, while OGSA is the architecture, WSRF is the

infrastructure on which that architecture is built on.
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CHAPTER 4
GRID PORTALS

4.1 Defining a Grid Portal

Portals are used to provide people with access to information and applications in a
condensed form. A portal is a base that acts as a starting point to help the navigation
through huge amounts of information on the World Wide Web such as Yahoo. A web
portal is different from a web search engine, such as Google. Search engines tell us
where the information is, it does not aggregate it. Instead, a web portal aggregates
information and provide index services.

A Grid portal [15-16] is a user’s point of access to a Grid system. It provides an
environment where the user can access Grid resources and services, execute and
monitor Grid applications, and collaborate with other users. Therefore we can define
a grid portal as:

“A Grid portal is a web based application that commonly provides personalization,
single sign on, content aggregation, and seamless access to Grid heterogeneous
resources and services that support the end user in one or more tasks through a Web-

based user interface.”

Gilobus Container

Cinid Service A

(ind Service B

Figure 4.1: Grid Portal [23]

Grid Portals are necessary for two reasons.
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# The Grid environment is very complex including scheduling, co-allocation,
security, quality of service, data transfer, network protocol, Grid programming
model, etc.
4 Computational science environment is also complex. It’s cumbersome for
users to access a variety of grid resources in single application and follow the
changes of interface, operation system and Grid tools. As a result, users may get
overwhelmed in one single scientific application.
Thus, a Grid Portal is defined to be a web based application server enhanced with the
necessary software to communicate with Grid services and resources. Grid Portals
build upon the familiar Web portal model to deliver the benefits of Grid computing to
virtual communities of users, providing a single access point to Grid services and
resources. The major difference is that a Grid Portal is for Grid resources rather than
classified web pages/sites.
4.1.1 Portlet
Putting forth a portlet simply, we can say that a portlet is a mini-application that
resides in the portal. In other words, a portlet provides a mini-window within a portal
page. Multiple portlets can be composed in a portal page. The portal containers
contain Portlets. A portlet [23-24] container runs portlets and provides them with the
required runtime environment It manages the lifecycle of the portlet. It provides
persistent storage for portlet preference. Hence, we can say that:
“Portlets are the pluggable user-interface components, to provide a presentation layer

to information systems.”

4.2 Grid Portal Services

Generic services that are included in a portal are at a higher level than atomic web or
grid services. Examples might include:

e Session Management

¢ Logon/ Authentication

¢ Policy-Based Authorization

¢ Shopping Cart

¢ Query And Result
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e Job List And Status

¢ Query-Based Resource Discovery

¢ Query-Based Application Selection
¢ Problem Specification

¢ Job Composition

® Service Registry Lookup Service

e Service Deployment

¢ Lifecycle Management

¢ Workflow Selection And Enactment
¢ Resource Scheduling

¢ Job Submission, Execution, Monitoring, Profiling, Interaction

¢ FEvent Notification Services

4.3 Benefits of Grid Portals

# Grid Portal hides the complexity from users.
# Grid portal provides end users with a customized view of software and hardware

resources specific to their particular problem domain.

# They also provide a single point of access to Grid-based resources and allow

single source through which authorization can be checked/enforced.

4 They allow scientists or engineers to focus on their problem area by making the
grid a transparent extension of their desktop computing environment.

# Grid Portals facilitate the establishment of VOs, comprised of distributed
researchers allowing them to collaborate and access heterogeneous resources and

services more efficiently and seamlessly.
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Figure 4.2: Grid Portal merging gap between users & services [24]

4.4 Grid Portal Design

Grid technology is designed to allow users seamless access to applications and
services running on remote resources. There are several properties that distinguish
these applications as Grid applications:
@ It is very common for Grid applications to consist of a heterogeneous
composition of several (and sometimes many) remote services, each of which is
responsible for one part of the overall computation. Sometimes this service
composition can be seen as sequences of operations that are scheduled over time
as a workflow and other times they involve applications running at difference
locations that directly interact with each other in a message-based dialog.
@ These applications often involve a complex web of collaborations (Fig. 1).
The end users are scientists and engineers that only want solutions to problems
and they want to do this in language of their scientific domain. They interact with
the application through web portal systems that record their choices for the

application parameters. These application parameters are entered into Grid
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execution workflow scripts that are authored by a second group of scientists who
understand how to compose Grid services into distributed applications. Domain
experts are the authors and maintainers of the basic service and tool components
such as the simulation codes and data filters that compose the basic elements of
the computation.

@ The end user, who initiates or interacts with the application, sits at a remote
location and will expect to authenticate his or her identity only once. From this
initial authentication, many resources from many different administrative domains
may be accessed. The Grid security services pass the users identity to the local
security mechanisms for individual services. Authorization to use the remote
resources and services is provided through authorization capabilities granted by

the remote resource providers and managed by an authorization service.

-'"_-',;';i:__-_-_-_'_'.‘:'- End user interacts with
[ [ I | application script through
B _y_f::f" Portal web pages.
Portal Server
=workflow=
=gaquence Application Integrator
<invoke A= | creates workflow script.
<invoke B>

7

}

Workflow Engine
Service

/ \ Domain experts write

: : 5 and deploy application
A B service componants.

Figure 4.3: Three levels of Grid Portal Design [24]
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4.5 Selecting a grid portal framework

In order to develop a grid portal we can either choose amongst on of the existing
portal frameworks or develop a new one. A number of portal frameworks are
available and are mainly open-source. So it is better to develop a portal using the
existing portals and customize them according to our needs. We chose Gridsphere,

which is of the most popular, open-source, and resilient frameworks known to exist.

4.5.1. What makes GridSphere different?

Although a number of portals exist: Jetspeed2, uPortal, StringBeans, Exo, Liferay,
Jboss but what makes gridsphere [23] the choice for our grid portal are listed below:
» A handy template build system-using Ant: ant new-project.
» It is lightweight with no EJB (Enterprise Java Beans), based on popular, robust
libraries such as Hibernate for persistence.
» Jt exhibits the ability to add support for new authentication schemes with
pluggable auth modules descriptor.
» Visual Ul tags and beans make presentation development much easier.

= It offers support for the Grid: GridPortlets offered as add-on webapp.

4.5.2 Gridsphere

Gridsphere is 100% JSR 168 compliant [19-20] and an open-source portal
framework. The Gridsphere portal framework provides an open-source portlet based
web portal. GridSphere enables developers to quickly develop and package portlet
web applications that can be run and administered within the GridSphere portlet

container.

The biggest asset of Gridsphere portal framework is the significant volume of
documentation that is provided with it. The support comes in the form of GridSphere
PortletReference Guide, GridSphere Tutorials, GridSphere User's Guide, and
GridSphereAdministrator'sGuide.
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Major features of GridSphere include:

+

Portlet API implementation nearly fully compatible with IBM's WebSphere 4.2.
Support for the easy development and integration of third-party portlets.
Higher-level model for building complex portlets using visual beans and the
GridSphere User Interface (UI) tag library.

Flexible XML based portal presentation description can be easily modified to
create customized portal layouts.

Built-in support for Role Based Access Control (RBAC). Enables managing of
access for guests, users, admins and super users.

Sophisticated portlet service model that allows for creation of user services where
service methods can be limited according to user rights.

Persistence of data provided using Castor JDO from ExoLab for RDMS database
support, SQL and OQL.

Integrated Junit and Cactus unit tests for complete server side testing of portlet
services including the generation of test reports.

Documentation uses DocBook for HTML and PDF output of guides and tutorials.
GridSphere core portlets offer base functionality including login, logout, user and
access control management.

Localization support in the Portlet API implementation and GridSphere core
portlets support English, German, Czech, Polish, Hungarian and Greek.

Open-source and 100% free!

The core and basic services provided in GridSphere are:

+

Portlet Manager Service — It provides lifecycle methods to allow portlets to be
installed, removed, initialized and destroyed by authorized users.

Login Service — It allows a user to be retrieved from a username and password.
User Manager Service — It allows to add/remove user accounts and edit user
profiles.

Access Control Service — It allows to add/remove user groups and add/remove
user roles.

Credential Manager Service — It allows to add/remove allowed user credentials

and configure use of Credential Retrieval Service.
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Job Manager Service — It is used for listing, starting, migrating, stopping jobs.
Job Monitoring Service —It is used to specify what to monitor for any given job

and archive related information.

# File Transfer Service - It is used for managing and scheduling file transfers.

Data Manager Service — It helps to access data replica catalogues and describe

data with meta-data.
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CHAPTER 5
IMPLEMETATION DETAILS
& EXPERIMENTAL RESULTS

5.1 Developing GT4 Web Service
Writing and deploying a WSRF Web Service is easy. We have to follow five simple
steps.

= Define the service's interface: This is done with WSDL.

= Implement the service: This is done with Java.

= Define the deployment parameters: This is done with WSDD and JNDI.

= Compile everything and generate a GAR file: This is done with Ant.

= Deploy service: This is also done with a GT4 tool.

5.1.1 Defining the interface in WSDL

The first step in writing a web service including those that use WSREF to keep state is
to define the service interface. We need to specify what our service is going to
provide to the outer world. We are not concerned with the inner workings of the
service such as what algorithms it uses, other systems it interacts with, etc. We just
need to know what operations will be available to users. In Web Services
terminology, the service interface is called the port type usually written portType.
The WSDL for our HelloWorld service is named HelloWorld.wsdl. The WSDL file
has three features that are specific to WSRF or more specifically the Globus
implementation of WSRF we are using. The following is a brief overview of these

three features:

¢ Resource properties: We use the wsrp:ResourceProperties attribute of the portType

element to specify what our service's resource properties are. The resource

properties must be declared in the <types> section of the WSDL file. The resource

properties are where we will keep all state information.

+ The WSDL Preprocessor: In the wsdlpp:extends attribute of the portType element,

we can include existing WSRF portTypes in our own portType without having to
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copy-and-paste from the official WSRF WSDL files. A WSDL Preprocessor will
use the value of that attribute to generate correct WSDL which includes our own
portType definitions plus any WSRF portType we might need in our service. This
is a Globus-specific feature that is included to make life easier for programmers.
4+ No bindings: Bindings are an essential part of a normal WSDL file. However, we
do not have to add them manually, since they are generated automatically by a
GT4 tool that is called when we build the service.
An important feature of WSDL is that it is language-neutral. There is no mention of
the language in which the service is going to be implemented, or of the language in
which the client is going to be implemented. However, we will need to refer to the
service interface from a specific language such as Java. For a tool to successfully
generate the stub classes, we need to tell it where i.e. in what Java package to place
the stub classes. We do this with a mappings file, which maps WSDL namespaces to

Java packages. We name this file HelloWorldNamespaces.java.

5.1.2 Implementing the service in Java

After defining the service interface i.e what the service does, the next step is
implementing that interface. The implementation is "how the service does what it
says it does".

5.1.2.1 The QNames interface

The QNames Interface is a very simple Java interface that will make coding the
service a bit easier. When we have to refer to anything related to a service, we will

need to do it using its qualified name, or QName for short. This is a name which
includes a namespace and a local name. For example, the QName of the Value RP is:
{http://www.globus.org/namespaces/examples/core/HelloWorldService instance}
Value. The file is named HelloWorldNamespaces.java.

5.1.2.2 Writing the service in Java

In this step, we write down the service code in java and name the file

HelloWorldService.java.

5.1.3 Configuring the deployment in WSDD and JNDI
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We have written the two most important parts of our stateful Web service: the service
interface inWSDL and the service implementation in Java. In this step we will
address another aspect, that is, how do we actually make our web service available to
client connections? To realize this we will actually take the service and it’s WSDL we
have written and make them available through a Web services container. This step is

called the deployment of the web service.

HTTP (Web) Server

Application Server
SOAP Engine

Web
Service

Web
Service

Web
Service

Figure 5.1: Deploying Web service

5.1.3.1 The WSDD deployment descriptor

One of the key components of the deployment phase is a file called the deployment
descriptor. It is the file that tells the Web Services container how it should publish the
web service for instance telling it what the our service's URI will be. The deployment
descriptor is written in WSDD (Web Service Deployment Descriptor) format. The

deployment descriptor file is named deploy-server.wsdd.

5.1.3.2 The JNDI deployment file

The Java Naming and Directory Interface (JNDI) is a standard extension to the Java
platform, providing Java-enabled applications with a unified interface to multiple
naming and directory services in the enterprise. The JNDI deployment file is called

deploy-jndi-config.xml.
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5.1.4 Creating GAR file with Ant

At the end of the three steps, we have a service interface in WSDL, a service
implementation in Java, and a deployment descriptor in WSDD and JNDI telling the
Web Services container how to present the service to the outer world. However, all
this is a bunch of loose files. Next we have to place them into a Web services
container. Using the three files we wrote in the previous three steps we will generate
a Grid Archive, or GAR file. This GAR file is a single file which contains all the files
and information the Web services container needs to deploy our service and make it
available to the whole world. However, creating a GAR file is a complex task which
involves the following:

e Processing the WSDL file to add missing pieces such as bindings.

e Creating the stub classes from the WSDL.

e Compiling the stubs classes.

e Compiling the service implementation.

e Organize all the files into a very specific directory structure.

But we need not perform all the above steps as they will be done using a tool

called Ant.

5.1.4.1 Apache Ant

Ant, an Apache Software Foundation project, is a Java build tool. It allows
programmers to forget about the individual steps involved in obtaining an executable
from the source files, which will be taken care of by Ant. Each project is different, so
the individual steps are described in a buildfile. This buildfile directs Ant on what it
should compile, how it should compile it, and in what order. This simplifies the
whole process considerably. In fact, it reduces the number of steps to one. With Ant,
we simply have to write the service interface, the service implementation, and the

deployment descriptor. Ant takes care of the rest.

As shown in the figure below, Ant generates the GAR directly from the three sets of
source files. Internally, it is carrying out all the steps. In a GT4 project, Ant uses two

sets of buildfiles: a couple of buildfiles, which are a part of GT4, and a buildfile, we



will have to write on our own. The GT4 buildfiles cover all the important steps
generating the WSDL code, generating the stubs, etc. Our build file essentially has all

the unique parameters of our web service, and a bunch of calls to the GT4 buildfiles.

deploy-server .wsdd

Math .wsdl MathService.java deploy-jndi-config.xml
Service interface Service implementation Deploment filas
(WSDL) (Java) (WSDD and JNDI)

M h
- FACHE A®MNMT:=
.
build.xml

GT4 build files Ant build file

GAR
File

Figure 5.2: Generating GAR file with Ant

5.1.4.2 The globus-build-service script and buildfile
We will use the globus-build-service script and buildfile, one of the tools developed as

part of the Globus Service Build Tools (GSBT) project. This tool will allow us to

create a GAR file with minimal effort.

5.1.4.3 Creating the HelloWorldService GAR

Using the Ant buildfile, building a web service will proceed as following:

/globus-build-service.py -d <service base directory> -s <service's WSDL file>
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The service base directory is the directory where we placed the deploy-server.wsdd

file, and where the Java files can be found i.e inside an impl directory. To build the

first example we simply need to do the following:
C:\Tutorial\globus-build-service.py
-d org\globus\examples\services\core\first\

-s schema\examples\HelloWorldService instance\HelloWorld.wsdl

globus-build-service.py also allows us to use a shorthand notation which is much easier

and faster to use. For example, to build our service and generate its GAR file, we
simply need to do the following:
C:\Tutorial\globus-build-service.py first

Finally at the end of this step the GAR file will be placed in TUTORIAL. In our case,

the GAR file generated for this example will be the following:
CA\TUTORIAL\org globus examples_services core first.gar

5.1. 5 Deploying the service into a Web Services container

The GAR file contains all the files and information the web server needs to deploy
the web service. Deployment is done with a GT4 tool that, using Ant, unpacks the
GAR file and copies the files within (WSDL, compiled stubs, compiled
implementation, WSDD) into key locations in the GT4 directory tree.On the
command prompt, enter the following:

globus-deploy-gar C:\TUTORIAL\org_globus examples services core first.gar

A practical demonstration to realize a GT4 web service is below:
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| \WINNT' system32',cmd.exe =18

C:\Documents and Settings“Administrator>cds
C:ivded tutorial
C:\TUTORIAL>ylobus-bhuild-service.py -d orghglobussservices“HellolWorldService -s

schemasHelloWorldServicesHelloWorld.wsdl
Buildfile: huild.xml

5.

hindinglUptodate:

generateBinding:
stubs:

mergePackageMapping:
[echo]l Merging G:\IUTORIAL“nameszpace2package.mappings

generateStubs:
[echo]l Generating stubs from HelloWorld_service.wsdl

[javal {http://zchemas.xmlsoap.ory ws/2084/83/addressingiAction already exi

[javac] Compiling 12 source files to C:NTUTORIALMbuildsstuhssclasses
[javac] MNote: Some input files use unchecked or unsafe operations.
[javac] MNote: Recompile with -Rlint:unchecked for details.

JarStubs:
[jar] Building jar: C:NTUTORIALNbuildslibsorg_globus_services_HelloWorldSe
rvice_stubs.jar

Rsiert| | & & [ || &1 e &1 &1 E15] @] &3] E| T E| E] &1 &1

Figure 5.3: Creating GAR File

liii



INNT! 5ystem32' cmd.exe == x

compileStubs:
] Compiling 12 source files to GixTUTORIAL“~build“stubssclasses
Mote: Some input files use unchecked or unzafe operations.
Mote: Recompile with —-Elint:unchecked for details.

Building jar: C:NTUTORIALNbuildnlibMorg_globus_services_HellollorldSe
.jar

GCopying 2 files to C:NTUTORIALStmpsgarslih
testSchema:

copySchema:
[copy] Copying 4 files to C:Z\TUTORIALNtmprgarsschema

testEtc:
copyEtc:

[copy] Copying 8 files to C:NTUTORIALNtmphgarsetc
[antcall]l Parent project doesn’t contain any reference ’S${garshare.id}’

copyShare :
[antcalll Parent project doesn’t contain any reference ’S${gardocs.id?’

Parent project doesn’t contain any reference *%${garbin.did>’

[copy] Copying 1 file to C:\TUTORIAL“tmp:gar
[copy] Warning: Could not find file C:»\TUTORIAL“org globus:services“Hellollo
rldServicendeploy—client.uwsdd to copy.
[copy] Copying 1 file to C:NTUTORIALMtmp“gar
[jar] Building jar: C:nIUTORIAL“org globus_services_HelloWorldService.gar
[delete] Deleting directory C:NTUTORIALNtmphgar

BUILD SUCCESSFUL
Total time: 27 seconds

C:\TUTORIAL> b

dhstart | | & = ] @G| ch..| @1| @I| @5| @h| @3| @H| D.| @H| @H| @H| &1H.

Figure 5.4: GAR File created successfully
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[ ]C: WINNT  system32cmnd.exe =

copyDocs:
[antcalll Parent project doesn’t contain any reference ’%<{garbin.id>’

testBin:

copyBin:
[copy] Copying 1 file to C:sTUTORIALMtmphgar
[copy]l Warning: Could not find flle G:N\TUTORIAL~org~globussservices“Hellolo
rldServicesdeploy—client.wsdd to cop
[copy] Copying 1 file to G: \TUTORIHL\tmp\gaP
[jar] Building jar: C:N\TUTORIAL™org_globus_services_HellolWorldService.gar
[delete] Deleting directory GC:~TUTORIALStmp gar

BUILD SUCCESSFUL
Total time: 27 seconds

G:S\TUTORIAL>cds
GC:vred gtd

C:sgtdrglobuz—deploy—gar C:stutorialsworg_globus_services_HelloWorldService.gar
Deploving gar file...

Deploving gar with profile: <{default>

Created dir: C:ivgtdssharesglobus_wsrf_commonstmphgar

Created dir: Cinvgtdssharenglobuz_wswrf_commonstmphgarsschema

Created dir: C:ivgt4ssharesglobus_wsrf_commonstmphgarsetc

Created dir: Cingtdssharesglobus_wsrf_common“stmpsgarshin

Created dir: C:invgt4ssharesglobus_wsrf _commonstmphgarsdocs

Created dir: Cingt4ssharesglobus_wsrf_commonstmpsgarsshare

Created dir: Cingt4ssharesglobus_wsrf _commonstmphgarslih

Expanding: G:“tutorialsorg_globus_services_HelloWorldService.gar into G:ingtdis
haresglobus_wsrf_common™tmphgapr

Copying 4 files to G:sgtdusharesschema

Copying 8 files to Cingt4netcworg_globus_services_HelloWorldService

Copying 2 files to C:ingt4nlib

deploying server config...

Copying 1 file to C:ngtdhetchorg_globus_services_HellolWorldService

deploying JNDI config...

Copying 1 file to C:sgtdretchorg_globus_services_HelloWorldService

Deleting directory Cisgtdisharesglobus_wsrf_common“tmphgawr

Deploy successful
C:hgtd>

dhstart|| | & & @] @G.| c..| @1.1 @1..| @5.1 @h.l @3.1 @H.| D.| @H.| @H.| @H.| @H.|

Figure 5.5: Deployed service successfully

At the end of five steps, the service gets deployed into the GT4 Container.

Running the command below starts the container:
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globus-start-container —nosec
The service that we have deployed can be seen in the container below:
It is the second service with URI:

http://172.31.5.55:8080/wsrf/services/HelloWorldService

[:"I.,WINNT"I.,Sfstem32"|.,cmd.eue - globus-start-container -no

C:\Documents and Settings“Administratorycds

C:nded gtd

C:ngtd>globus-start—container -nosec

Starting SOAP server at: http://172.31.5.55:8088/usef /services/
With the following services:

: http/r172.31.
: httpi/s172.31.

5.55:8088/vsrf /zervices/Uersion
§.55:8080 wsrf /services/HellotorldService
: httpi//172.31.5.55:8080 /vsrf /zervices/Notif icat ionConsumerService
: http://172.31.5.55:8088usrf /services/Notif icationTestService
: httpi//172.31.5.55:8080 /vsrf /zervices/SecureCounterService
: http://172.31.5.55:8088 usrf /services/PersistencelestSubscriptionManager
: httpi//172.31.5.55:8088/ vsprf /services/SecureLIFService
: http:s/s172.31.5.55:8080 vspf /services/yeisAuthenticationService
: httpi//172.31.5.55:8088 /vsrf /zervices/TestRPCService

: http://172.31.5.55:8080 /vsrf /services/LIFService

i httpa/A172.31.5.55: 8080/ usrf /services Subscript ionManagerService

: http://172.31.5.55:8080 /vsrf /servicesHanagenentService

i http:/A172.31.5.55: 8080/ usrf /services/TestiervicelrongWS DL

! httpiss172.31.5.55:8080/usrf /services AWidgetService

t http://172.31.5.55: 8080 /usrf /services/Samplefuthzlervice

! httpiss172.31.5.55:8080/usrf /services/AuthzCalloutTestService

t https//192.31.5.55: 8080/ uspf /servicesAWlidgetNotificationService

! httpiss172.31.5.55: 8080/ usrf /services AdninService

! https/r172.31.5.55: 8880 usrf /services/ShutdownService

! httpi//172.31.5.55: 8080 /usrf /services/ContainerRegistryService

: https//172.31.5.55: 8880/ usrf /services/CounterService

! httpi/s172.31.5.55: 8080 /usrf /servicesTest8ervice

! httpz//172.31.5.55:8880 /usrf /services/TestAuthzService

i http://172.31.5.55: 8080/ usprf /services SecuritylTestiervice

: httpo//172.31.5.55: 8880 /usrf /services/ContainerRegistryEntryService

i httpa//172.31.5.55: 8080/ usrf /servicesNotif icat ionConsumerFactoryService

: httpr//172.31.5.55: 8880/ usrf /services/TestServiceRequest

(A A R A A R R g N N R R N A N R Ry ]

Figure 5.6: GT4 Container with deployed service
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5.2 TIET Grid Portal

After deploying the HelloWorldService in the GT4 container, we move ahead to
develop a grid portlet that provides an interface for that web service. The first step is
making a choice. We can either develop a new portal framework or work with
existing ones. Since a number of portal frameworks are available, it was better to
work with an existing popular framework. We chose to work with Gridsphere which
is 100% JSR 168 compliant and an open-source portal framework. The Gridsphere
portal framework provides an open-source portlet based web portal. GridSphere
enables developers to quickly develop and package portlet web applications that can

be run and administered within the GridSphere portlet container.

5.2.1 Installing Gridsphere

To run in GridSphere, first download and install GridSphere. We started installing the
gridsphere portal framework in C drive under the folder-name gridsphere. We should
set your CATALINA HOME and ANT HOME environment variables. GridSphere
normally runs in Tomcat 5.0.2x. As we are using Tomcat 5.5.x, we should a) install
the java 1.4.2 compatibility package as instructed above, and b) copy ant.jar and ant-
launcher.jar from Tomcat 5.0.2x into 5.5.x's common/lib.

The procedure to a successful Installation is given.

First set a gridsphere environment variable GRIDSPHERE HOME=C:\gridsphere.
GridSphere relies on Ant for its compilation and deployment. The build script,

build.xml, provides various targets for compiling, deploying, building javadoc api

documentation, creating new portlet projects. From inside the GridSphere source
directory, we will run:

ant install

This will compile the framework code, create documentation if necessary and deploy
GridSphere to a Tomcat container.

Before we run gridsphere, we need to modify the following files:
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¢ To enable deploying portlets in a running GridSphere modify the file:
C:\tomcat\conf\tomcat-users.xml. We have to make the following entry in the
<tomcat-users> section of the file.

<user username="gridsphere" password="gridsphere" roles="manager, admin"/>

#+ Edit the file C:\tomcat\webapps\gridsphere\WEB-INF\GridSphereServices.xml. In this

file, edit the user name and password used in the Portlet Manager Service entry to

be the name and password used in the tomcat-users.xml.

# To ensure that clients cannot access the manager webapp directly, add as a child of
<host>C:\tomcat\confiserver.xml. We need to edit the following code:
<Context path="/manager" debug="0" privileged="true"
docBase="C;\tomcat\server\webapps\manager">
<Valve className="org.apache.catalina.valves.RemoteAddrValve"
allow="127.0.0.1"/>

</Context>
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INNT  system32',cmid.exe - ant install

Microsoft Windows 2088 [Uersion 5.00.21951]
(C)> Copyright 1985-2888 Microsoft Corp.

C:\Documents and Settings™Administratorcds

C:s2>ed gridsphere

C:ngridsphereant install
Buildfile: build.xml

clean:
[delete]

license:
[echo]
[echol
[echo]
[echo]
nder
[echol
bhe used
[echo]
[echo]
[echol
Lah
[echo]

[echol
[echo]
[echo]
[echo]
[echol

[echo]
[echo]
[echol

[echo]

[echol
[echol
[echo]
[echol
ith
[echol
[echo]
[echol
[echol
[echo]
[echo]
[echol
[echol
[echo]
[echo]
[echol
[echol
[echo ]

Deleting directory G::gridspheresbuild

GRIDSPHERE SOFTWARE LICENSE
All software developed by the GridSphere Project is made availahle u
a liberal open source license. This license allows the software to
by anyone and for any purpose, without restriction.
The GridSphere software was developed under funding from the EU Grid
project,. supported hy the European Commission 5th Framework program,
(grant I8T-2801-32133)
The GridSphere Open License wording iz as follows.
GridSphere Open License (GOL) Copyright (c) 2883
Max-Planck—Gesellschaf t/Max-Planck-Institut fur Gravitationsphysik.

All Rights Reserved.

1) The "Software", below, refers to the GridSphere Portal (in eithe

source—code, or hinary form and accompanying documentation) and

"work hased on the Software" means a work bhased on either the
Software, on part of the Software. or on any derivative work of
the Software under applicable copyright law: that is. a work
containing all or a portion of the Software either verbatim or u

modifications. Each licensee is addressed as “you" or "Licensee
A copy or copies of the Software may he given to others, if you
meet the following conditions:

a) Copies in source code must include the copyright notice and
this license.

b> Copies in binary form must include the copyright notice and
this license in the documentation and/or other materials
provided with the copy.

3) All advertising materials, journal articles and documentation

Figure 5.7: Installing Gridsphere
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[54]C:\ WINNT  system32'crnd.exe - ant install -0 ﬂ

[echo] makes any warranty express or implied. or assumes any legal Il
[echol liability or responsihility for the usefulness of any informatio

[echol apparatus, product, or process disclosed.

[echo]

[echol The GridSphere Project’s liability for any damages sustained hy
[echol or your contract—partners, irrespective of its factual or legal
[echo] cause but excluded in case of damages to body or injury. shall b
[echo] limited as follows:

[echol

[echo] a? Willful Misconduct, Product Liability. The GridSphere Project
[echo] liability for wilful misconduct and claims asserted under the
[echol German Product Liahility Act and personal injuries iz governe
[echol by the applicabhle statutory provisions.

[echol

[echol Gross MNegligence. The GridSphere Project’s liability for gros
[echol negligence is limited to reasonably foreseeable damages; this
[echol limitation does not apply, if damages are caused by managing
[echol employees of the The GridSphere Project.

[echo]

[echol Slight Negligence. The GridSphere Project’s liability for sli

[echol negligence is limited to cases of material breach and cases o

[echol default ("Uerzug"? or impossibility of performance

[echol ("Unmoeglichkeit">. In such cases,. The GridSphere Project’s
Eec?o} liability iz limited to reasonably forseeahle damages.

echo

[echo] d> Loss of Data. The GridSphere Project is not liabhle for any lo

[echol of data.
[echol
[echo] e? The GridSphere Project is not liable for any consequential da

1
[echo]l 23 This Agreement shall be governed hy the laws of the Federal Repub)
lic of
[echol Germany. The application of the UN Convention on Contracts for th
e
[echol International Sale of Goods is excluded. The exclusive place of
[echol jurisdiction for any legal disputes arising from or in connection
with
[echol this License Agreement shall bhe Berlin-/Germany.
[echo]
[echol END OF LICENSE
[echo]
[input] Do you agree to these terms? Hit vy or ndy.nd

Figure 5.8: Installation (Contd.)
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INNT' system32' cmd.exe
[dhtask] 1375 I[mainl (DBTask.java:188>
istence.hibernate .DBTask - add hbm file

ersistencesPersistencePreferencefttribute
[dhtask]l 1422 Imainl (DBTask.java:188>

=101 %]

DEBUG org.gridlah.gridsphere.core.persl!

:Gintomcat/uebapps /gridsphere \WEB-INF\p,
-hbm.xml

DEBUG org.gridlab.gridsphere.core.pers

istence.hibernate .DBTask - add hbm file
ersistencesPortalConfigSettings .hbm.xml

[dbtask] 1454 [mainl] (DBTask.java:188>
istence . hibernate .DBTask — add hbm file
ersistencesPortletPreferencesImpl.hbm.xml

[dhtask] 1485 Imainl] (DBTask.java:188>
istence . hibernate .DBTask — add hbm file
ersistencesRequest.hbm.xml

[dbtask] 1588 [mainl] (DBTask.java:188>
istence . hibernate .DBTask — add hbm file
ersistencesSportletData.hbm.xml

[dhtask] 1516 [mainl] (DBTask.java:188>
istence . hibernate .DBTask — add hbm file
ersistenceSportletGroup.hbm.xml

[dbtask]l 1547 [main] (DBTask.java:188>
istence . hibernate .DBTask — add hbm file
ersistencesSportletRole.hbm.xml

[dbhtask] 1563 [mainl] {(DBTask.java:188>
istence.hibernate.DBTask - add hbm file
ersistence™SportletRolelnfo.hbm.xml

[dbtask]l 157? [mainl] {(DBTask.java:188>
istence.hibernate.DBTask - add hbm file
ersistencesSportletUserinpl.hbm.xml

[dbhtask] 1594 [mainl] {(DBTask.java:188>

hbn file
Java:22@8)

:Cintomcat/wehapps/gridsphere \WEB-TNF\p|

DEBUG org.gridlab.gridsphere.core.pers
:C:ntomcat /webapps /gridsphere\WEB-INF\p|

DEBUG org.gridlab.gridsphere.core.pers
C:ntomcat/webapps/gridsphere \WEB-INF-\p|

DEBUG org.gridlab.gridsphere.core.pers
C:ntomcat /webapps /gridsphere\WEB-INF\p|

DEBUG org.gridlab.gridsphere.core.pers
C:ntomcat/webapps/gridsphere \WEB-INF-\p|

DEBUG org.gridlab.gridsphere.core.pers
C:ntomcat /webapps /gridsphere\WEB-INF\p|

DEBUG org.gridlab.gridsphere.core.pers
:C:stomcat/webapps/gridsphere \WEB-INF\p|

DEBUG org.gridlab.gridsphere.core.pers
:C:ntomcat /webapps/gridsphere \WEB-INF\p|

DEBUG org.gridlab.gridsphere.core.pers
:C:stomcat/webapps/gridsphere \WEB-INF\p|

INFO

istence.hibernate.DBTask - add
ersistence~TrackerInfo.hbm.xml
[dbtazk] 1618 I[mainl] (DBTask.
istence.hibernate.DBTask - Got
[dbhtask] Initializing c3p® pool... com.mchange.v?.c3pB.PoolBackedDataSourcell
78c498 [ connectionPoolDataSource -2 com.mchange.v2.c3pB.WrapperConnectionPoollal
taSource@Bfaldl [ acquirelncrement -2 2, autoCommitOnClose -> false, connectionT
esterClassName —» com.mchange.v2.c3p@.impl.DefaultConnectionTester, factoryClass
Location —> null, forcelgnorelnresolvedIransactions —-» false, idleConnectionTest
Period —» 3888, initialPoolSize —-> 2, maxIdleTime —> 5888, maxPoolSize —-> 18, nal
xStatements —» B, minPoolSize -> 2. nestedDataSource -> com.mchange .v2.c3pB.Driv
erManagerDataSource@1hBde2e [ description —> null, driverClass —> null, factory(
lassLocation —» null, jdhclrl -> jdhc:hsqldbh:C:/tomcat/wehapps/gridsphere UWEB-IN
F/CustomPortal/database/gridsphere,. properties —> {user=sa. password=, autocomni
t=true, shutdown=true> 1 ., propertyCycle —> 30@, testConnectionOnCheckout -> fal
ze 1 . factoryClassLocation —> null, nunmHelperThreads -> 3 1
[dbtask] 2797 Imainl (DBTask.java:82) INFO org.gridlab.gridsphere.core.persi
stence.hibernate .DBTask - Successfully created DB
[echol GridSphere successfully installed.
[echol
[piphin:] - mmmmtmimin i

org.gridlab.gridsphere.core.pers
DB configuration.

BUILD SUCCESSFUL
Total time: 1 minute 47 seconds

Cohvgri -
7 T TR TR R |

Figure 5.9: Installation Complete

Ix1




After the installation completes and we see "BUILD SUCCESSFUL" (in screen shot
5.7 ). Next we start the Tomcat container .To start Tomcat we have to run the
following command: startup.bat. The details can be seen in the screen shots below:

'\ WINNT  system32' cmd.exe

Microsoft Windows 2008 [Uersion 5.088.2195]
(G> Copyright 1985-2088 Microsoft Corp.

C:“\Documents and Settings“Administrator>cds

C:s>cd tomcat

C:\tomcat ystartup.hat

Using CATALINA_BASE: C:\tomcat
Using CATALIMA_HOME: C:\tomcat
lsing CATALINA_THMPDIR: C:\tomcat“temp
Using JRE_HOME: C:nj2edknjdk

C:\tomcat >

Figure 5.10: Starting Tomcat

Tnmcat

May 19, 2806 12:57:87 PM org.apache.catalina.core.fprLifecycleListener lifecyclell

Event

INFO: The Apache Tomcat Wative library which allows optimal performance in produl
ction environments was not found on the java.lihrary.path: C:nj2sdksjdkshin;.;C:
SHINKT\system3d2 ;CiNUINNT s Conj2adks jresbinsserver; Co\HINNT Ssystemnd2 ; CoSWINNT ;G2\
[HNTSSystem32sWhemn; C:vantsbin; Cisants1ihs CiNj2sdks jdksbins C:MJjunit3 ;G\ Jjunit3sju
nit.jar;C:hgtdshin;Cingtdhete;Cinhsgldbslib;C:NCondorsbin ;s C:\HPTCH S mpdShin; C25\MP
[CHsmpdSine lude s Cisgtd;Cinj2sdksjdksbin; Cistomcatshin s CoNantshin; Cavants1ih

May 19, 2806 12:57:88 PM org.apache.coyote.httpll.HttpliBaseProtocol init

INFO: Initializing Coyote HTTP/1.1 on http-8880

May 19, 2806 12:57:88 PM org.apache.catalina.startup.Catalina load

INFO: Initialization processed in 1922 ms

May 19, 2806 12:57:88 PM org.apache.catalina.core.StandardService start

[NFO: Starting service Catalina

May 19, 2806 12:57:88 PM org.apache.catalina.core.StandardEngine start

[NFO: Starting Servlet Engine: Apache Tomcats5.5.17

May 19, 2806 12:57:88 PM org.apache.catalina.core.StandardHost start

INFO: XML validation dizahled

May 19, 2806 12:57:88 PM org.apache.catalina.core.StandardContext resourcesStart

SEVERE: Error starting static Resources

java.lang.Il1legalfArgunentException: Document hase C:\tomcat“webappssSCATALINA_HO

MEsserverswehappssmanager does not exist or is not a readable directory

] 14@§t org.apache .naming.resources.FileDirContext .setDocBase(FileDirContext.
ava:

Figure 5.11: Tomcat Running
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'a Apache Tomcat/5.5.17 - Microsoft Internet Explorer — =] x|

J File Edit Wiew Favorites Tools Help ‘-
J gupack - o= - 2 [0 | Dsearch [iravorkes ieda 0% | By S -H GBS S O .| E 8
JSearch the Webl [pSEarch|'| Address |@ httpe fflocalhost G080 j (PGD
Apache Tomcati55.17 i
3 The Apache Software Foundation
= http://www.apache.org/
Administration T If you're seeing this page via a web browser, it means you've setup Tomcat successfully.
= e = Congratulations!
Status )
Tomcat Administration As you may have guessed by now, this is the default Tomcat home page. It can be found on the local
Tomcat Manager filesystem at:

SCATALINA HOME/webapps/ROOT/ index.jsp

where "$CATALINA_HOME" is the root of the Tomcat installation directory. If you're seeing this page, and you

Release Notes don't think you should be, then either you're either a user who has arrived at new installation of Tomeat, or

Change Log ) you're an administrator who hasn't got histher setup quite right. Froviding the latter is the case, please refer to
Tomcat Docurmentation the Tomcat Diocumentation for more detailed setup and administration information than is found in the
IMNSTALL file.

'Tﬁf NOTE: This page is precompiled. If you change it, this page will not change since itwas compiled into a
servlet at build time. (See $CATALINL HOME/ webapps/ ROOT/ WEE- INF/ web . xml 85 (o how itwas mapped.)
Home Page

EAQ NOTE: For security reasons, using the administration webapp is restricted to users with role
Bug Database "admin". The manager webapp is restricted to users with role "manager". Users are defined in
Open Bugs

i 5 §CATALINA HOME/conf/tomoat-—UsSers. xml.
Users Mailing List -

:%?:velo ors Mailing List Included with this release are a host of sample Servists and JSPs (with associated source code), extensive

documentation {including the Servlet 2.4 and JSP 2.0 AP| JavaDoc), and an introductory guide to developing
wieh applications.

\,@fﬁiﬁﬂﬁs | Tomcat mailing lists are available at the Tomcat project web site: [

|éj Downloading From site: about:blank ,7 ,7 ,7 |E Local intrangt
i start |J 8w :g_f‘] |J @Gmai...l @Drku...l o oy P I @chan...l @Neem I mAcmml {—jC:\D...l Bl | mTamcatI @Docum“@d\pa." I(ﬂ%@ﬂ} 1:02 PM

Figure 5.12: Testing Tomcat

After it is confirmed that Tomcat is running properly, we can then migrate to

http://localhost:8080/gridsphere/gridsphere .
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- Gridsphere Portal - Microsoft Internet Explorer - 1[

J File Edit Miew Fsvorites Took  Help ‘

| wBack » = - D [7) G| Doearch [EfFavories Feda B |Eh- S H LSO M R 5
| search the web | (Psearch [-] address [ ] hitpi flocahost amnfgridsphere/oridsphers =] @60

EEIEnghsh "I =

Welcome to GridSphere 2.1 User Mame |

Thank you for downloading and installing the GridSphere portal, Password |

Below vou will find links to docurmnents relating to Gridsphere installation,

™ Remember my login
administration and portlet development, e

o Gridsphere User's Guide (HTML) (PDF M
« GridSphere Portal administrator's Guide (HTMLY (PDF) Forget your password?

« GridSphere Portlet Reference Guide (HTML) (PDF)
« GridsSphere Tag Library User's Guide (HTMLY (FDF)

« GridSphere Frequently Asked Questions (HTHL) (FOF)

« Gridsphere JavaDoc APT (HTML)
Please joln the mailing lists for more involvement:

« Developers List Discussions relating to overall GridSphere and portlet
developrmeant,

o —— : PR A i
[&] Done [ [BE Local intranet
iﬂstarl |J 8% @ “ @Gm&i...l Eurku...l = [ I @._chap...l @Neem | mnzmml Bc.. | MTUm;atl Ducu...”@f.rid..; @Eg@ﬂ} 1:05 PM

Figure 5.13: TIET Portal Main Screen
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- Gridsphere Portal - Microsoft Internet Explorer _i& EI

| Fle Edt Wiew Fovorites Took Help ‘

| ek - = - D [0 B3| Doearch [Eravortes Pivedia B |- G- H B @O W 5
| search the web | (Pseareh [-] address [ ] hitp: flocahost aingridsphere/oridsphers?gs_action—gs logoutturid—logoutaTavascript—enabled =] @60

EEIEnghsh "I =

Welcome to GridSphere 2.1 llseriams W
Thank you for downloading and installing the GridSphere portal, Password |

Below vou will find links to docurmnents relating to Gridsphere installation,

™ Remember my login
administration and portlet development, e

o Gridsphere User's Guide (HTML) (PDF
« GridSphere Portal administrator's Guide (HTMLY (PDF) Forget your password?

« GridSphere Portlet Reference Guide (HTML) (PDF)
« GridsSphere Tag Library User's Guide (HTMLY (FDF)

« GridSphere Frequently Asked Questions (HTHL) (FOF)

« Gridsphere JavaDoc APT (HTML)
Please joln the mailing lists for more involvement:

« Developers List Discussions relating to overall GridSphere and portlet
developrmeant,

o —— : PR A i
[&] Done [ [BE Local intranet
iﬂstarl |J 8% @ “ @Gm&i...l Eurku...l = [ I @._chap...l @Neem | mnzmml Bc.. | MTUm;atl Ducu...”@f.rid..; @Eg@ﬂ} 1:07 PM

Figure 5.14: TIET Portal Login Portlet
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J File Edit Wiew Favorites Took  Help

-3 GridSphere Portal - Microsoft Internet Explorer

| wBack » = - @D @ & Disearch [EiFavortes Dveda | B- S W -H 5 @ |

O = E

J Search the teb I

lpﬁearlth lvl Address IE http:fflocalhost:8080/gridsphere/aridspherercid=login

T.I.E.T Grid Portal
[ administration || Grid Portiets || Hello world |

Logout

Welcome,
Gurleen Kaur

Profile Manager

rEdit Settings for

=20

Last Login Time; Friday, May 19, 2006 1:06:18 PM GMT+05:30

User Mame: Gurleen

Full Mame: IGurIeen J<aur
Organization: |T.\.E T

EMail; |S\rkarekha|sa@gmai\.cum Locale:

Save |

Timezone:

= English x

Africasibidjan
Africaticora
Africaddddis_Ababa
AfricatAlgiers
AfricadAsmera
Aftica/Bamako

Update password
Enter original password: |
Password: |

rConfigure

F gridsphere

Core Gridsphere Group  ADMIN

Confirm passwaord,

I Hello World UL Hello World Example USER
W helloworld UL Hello World Exampla USER

—

Save |

¥ Grid Portlets Grid Portlets

™ gridportlets Grid Portlets

ADMIN
USER

=l
W |

(]
§ﬁ5tart |J 8= H “ @Gma\l @Drku...l = [ I @.chan...l @Neem | mncr’oml Bc.. | mTom:atl @Docu...”@ﬁrid.h

CERLr

1:10FM

Figure 5.15: TIET Portal Profile Manager Portlet

Next we have to develop a portlet for

GRIDSPHERE HOME run ‘ant new-project’.

our HelloWorldService. In

# You will be asked for a project title, enter Hello World.

% You we will be asked for a project name, this will be used for the web
application name, enter helloworld (this will be used as directory name for the
project).

# You will be asked whether we want this to be a GS or JSR portletwebapp, enter
jst.
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All template files are now created in GRIDSPHERE HOME\projects\helloworld. We

demonstrate all the above steps with the following screen shots.

stem32'.cmd.exe - ant new-project

Microsoft Windows 2080 [Uersion 5.008.21951
CC» Copyright 1985-28000 Microsoft Corp.

C:wDocuments and Settings™Administratorircd™

C:w>cd gridsphere

C:-wgridsphere>ant new-project
Buildfile: build.xml

setenv:
[echo]l Installing for Toncat
[echo] GridSphere Webserver is tomcat
[echo]l GridSphere will he deployed to C:“tomcat

new—project:

new—project:
[echo] Creating a Mew Portlet Project
[input] Please enter a Project Title e.g. Cool Portlets
Hello World
[input] Please enter a Project Hame thiz will bhe used for your portlet wehbh a
pplication and should be lowercase e.g. coolportlets
helloworld

Figure 5.16:Creating a Gridsphere Portlet

INNT ' system32"

GCopying filez to C:sgridspheresprojectsshelloworldswehbappsWEB—INF
Copying 1 file to C:sgridspheresprojectsshelloworldswebapps\WEB-INFp
erszisztence

checkjsr:
[copy]l Gopying file to GC:ngridspheresprojectsshelloworldswehappsWEB—INF
[copy] Copying file to C:sgridspheresprojectsshelloworldswehappsHWEB—INF
[copy]l Copying file to C:osgridspheresprojectsshelloworldswebapps\HWEB-INF
[copy]l Gopying file to GC:ngridspheresprojectsshelloworldswebhappsWEB—INF
Copying file to C:sgridspheresprojectsshelloworldswehappsHWEB-INF

Created dir: C:gridspheresprojectsshelloworldswebappshtml
[mkdir]1 Created dir: G:sgridspheresprojectsshelloworldswebappsjsp
[echo] Creation of new portlet project Hello World in projectsshelloworld
is complete.
[echo]l Please edit src/ webapps/ and webapps WEB-INF-{uweb.xml, layout.xml,
PortletServices.xml} appropriately
[echo]l Please place portlets in src/®%/portlets/ directory and service in s
rc/*%sseruices directory for proper compilationt?

BUILD SUCCESSFUL
Total time: 1 minute 5 seconds

Figure 5.17: Portlet Built
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Towards the end of this step all template files will be created in
GRIDSPHERE HOME\projects\helloworld.
After the portlet template has been developed, we need to follow some steps to build
the actual portlet:
a Creating the JSP (Java Server Pages)
@ JSP’s are stored in webapp)\jsp subdirectory of the just created helloworld
project.
@ Create a subdirectory helloworld in the jsp directory.
@Create a jsp file helloworld.jsp:

0 Creating the portlet
@ Create a directory src\org\gridlab\gridsphere\jsrtutorial\portlets\helloworld.
@ The client code for the Globus service should be incorporated into the
processAction () method of the GenericPortlet class.
@ Create the following portlet code in HelloWorld.java: The code for the
service is drawn from the GT4 container.
o All files are located in GRIDSPHERE HOME/webapp/WEB-INF. We need
to edit a couple of deployment descriptor files.
@ portlet.xml - JSR 168 standard, describing the portlet. Edit the</portlet>
section of portlet.xml shown below:
@ layout.xml - GridSphere file, describing the layout of the portlet within a
page.
@ group.xml - GridSphere file, Describing a collection of portlets. The contents

are shown below:

Run ‘ant install’ at command prompt to deploy the portlet to GridSphere. Start
GridSphere. Subscribe to the HelloWorld group in the Profile Manager as shown

below:
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WINNT  system32' cmd.exe
C:\gridspheresprojects>cd helloworld

C:ngridspheresprojectsshelloworld>ant install
Buildfile: build.xml

Installing for Tomcat

——= Build environment for Helle World 1.8 RC 1 —-

——= Flags (Note: If the {property name} is displayed.
[echo] then the component is not present)

[echo]l ANT_HOME is set to = c:\an

[echo]l JAUA_HOME is set to = C: \32 dksjdk

[echo]l GridSphere Wehserver is tomcat

[echo]l This project will he deployed to C:“\tomcat/webapps
[echo]l —— Property values ———

[echo]l debug=on

[echo]l deprecation=true

[echo] optimize=Ffalse

compile:
[echo]l Compiling project source code

portletsz—jar:
[echo] Creating JAR

Figure 5.18: Portlet Configuration

WINNT system32 cmd.exe

Installing for Tomcat

——— Build environment for Hello Yorld 1.8 RC 1 ——
[echo]l —— Flags (Mote: If the {property name} iz displayed.
[echol then the component is not present)

[echo] ANT_HOME is set to = c:\ant

[echo]l JAUA_HOME iz set to = Cing2sdkhjdk

[echo] GridSphere UWehzerver is tomcat

[echo] This project will be deployed to C:stomcat/wehapps
[echo]l —— Property values —-

[echo] debug=on

[echo] deprecation=true

[echo] optimize=false

conf iqure-datahase:
[copy]l Copying 1 file to C:stomcatswebappsshelloworldsWEB-INFspersistence

create—database:
[echo] Creating databhase

BUILD SUCCESSFUL
Tutal t1me 12 seconds
rojectsshelloworld?

Figure 5.19: Portlet Configuration Complete
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After “BUILD SUCCESSFUL” pops up on the screen we can now restart Tomcat and
go to gridsphere.
Under the administration tab, click Groups.

il
J File Edit Miew Fsvorites Took  Help i
J wmBack + = - G [7] 4| Bsearch [EFavories @Medla %] | Ev-SE T2 a® =k E 5]
| Search the web | [Psearch [-] address @http.mncamnst.snen;gndsphere;gmdsphere?gs_amnn_dncreateNewGmup&IcQ_gmupm=2c9fssh7nh464hj oo

a

Logout

. Welcome,
TI ET Gl’ld POFta| Gurleen Kaur
Mmmﬂ[ Grid Portlets !

Group Creation W|zard (Step 1 of 2)

Group information

Emter group name;  [Hello World Enter & brief description of group:
|UI Hello Warld Example

Group visibility

Select if group should be public ar private. Anyone can add themselves to a public
groudp, while private groups require administrator approval. & hidden group is not
displayed to users. Only a portal administrator may add a user to a hidden group.
Please make sure a valid group administrator (with valid e-rnail} is added to the
group to approve membership requests.

& public © private © hidden
Select portlets

Select portlets that will be made available to the group. Users in this group will
have the chance to add these portlets to their layout, In addition, reguired role
levels may be associated with the portlets

i
[i&] Done ’_’_’_ ﬁ' Local intranet
il start |J 28 e H “ @Gmailml @Urkutml @chap...l & JHow I [Hacra... I @Ducuml E{C:!\gr.ul EC:'\W‘Hl mT_DmEat“@Grid"_ |@gg@ﬁ} @ zneeM

Figure 5.20: Group Creation Wizard (Step1)
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-3 GridSphere Portal - Microsoft Internet Explorer

=isx]
J File Edit Wiew Favorites Took  Help ‘
| ok - = - @ [E G| Doeorch [ravortes FPreda (BB S H TSm0 Hp§ 54
JSéar_cH'ﬁwé_We_bI lpﬁearith'l"‘l Address IEhttp:,l’,l’localhost:8080,|'gridsphereJ‘gr\dsphere?cid=groupmanaqar j o

E
Logout

: Welcame,
T. I . E .T Gr|d POFta| Gurleen Keaur
| welcome |[administration || crid portets |

Portlet Group Manager =}

|SUCCESSFULLY SAVED GROUP INFORMATION ‘

Group Creation Wizard (Step 2 of 2)

Each group has a layout associated with it, First you must create a template
layout, Afterwards you can customize the layvout using the Layout Manager Portlet,

The template layout creates a tab and places each portlet defined by the group
within a subtab.

Enter a valid filename for the |layout descriptor; [Hella Warld
| Create Template Layout

May 19, 2006

-
]

’7’7’7 E.' Local intranet
§ﬂ5tart |J -] @ @ “ @Gmailml_ @orkutml chap...l @H\:w I Eﬂcm... I'@Documl {_jt:igr.ul Ec:\,wm| mTorncat“@Erid.._ |(I|§g@ﬁ? @@ 2:19FM

Figure 5.21: Group Creation Wizard (Step2)
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a GridSphere Portal - Microsoft Internet Explorer ;.Lﬂﬁ

| Fie Edt View Fevortss Took  Heln \
| ok - = - @ [E G| Doeorh Gdravores GPrreda H|E- SEIEH S| 0 =R G 2
J"s‘e Wébl lpSBan:hI"l Address @http:,l’,l’localhost:8080,|'gridsphereJ‘gr\dsphere?cid=groupmanagar ;I ﬁ’ﬂiﬁs
E
Logout
‘Welcome,

T.I. E.T Gr|d POrta| Gurleen Kaur

[ Grid Portlets " Hello Waorld ]

Welcome

2 Portlet Group Manager =0
gridsphere  Select portlets Core GridSphere Group

; UT Hello World
Hello World Select portlets  Edit Users Cor Delste |

: UT Hello World
helloworld  Select portlets  Edit Lsers i Delete |
Grid Portlets Select portlets  Edit Users Grid Portlets Delate |
gridportlets  Select portlets  Edit Users Grid Portlets Delete |

May 19, 2006
|
l@ lililii Lacal intranst

ﬁstart]“ £ = H || @iamal., | &lorut.. | @ichap... | EHow .| Pace... | @iooc. | Cicher...| B, | Bivancat |[E)6rid.. ](Elfg@ﬁ} S 2z0RM

Figure 5.22: Group Created Successfully
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Finally we have the portlet ready.

a GridSphere Portal - Microsoft Internet Explorer

=lslx
| Fie Edt Wiew Favoritss Took Help ‘
| ek - = - Q[ | Qsearch Cravortes Greds F|B-FTH v |0 W E 8
J'Séar_t_ﬁ’ﬁﬁé;.ﬁ\le}jl lpS’iaarf{:H:I'vél Address @http:,l’,l’localhost:8080,!’9ridsphereJ‘gr\dsphere?cid=HaHo+WorId ;I o

=
Logout

i Welcome,
T.I. E.T Gr|d POrta| Gurleen Kaur
[ V\.fel‘cor.ne " adrinistration " Grid Portlets IW

Hello, | ISatwantl Say Hello!

Ui Hello World

May 19, 2006

|&] bone

;[
lililii Local intranet |
astart]” g @ @ “ aGﬁ'ﬂ“‘l_ @orkutml _chap...l @Hﬂw I ﬂrkcm... I..@_DDCU\HI "aﬁ.".(gr,.ml_m@.ﬂwml B romeat “@Erid.._

G B@UZ @ 2z

Figure 5.23: Hello World Portlet
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Liaix
| Fle Edt Wew Favortes Took Help \
| ek » = - [ | Doearch Giravorces Predia F|E- S EH TS0 ®Hh F 8
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Figure 5.24: Hello World Portlet at work
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CHAPTER 6
CONCLUSION & FUTURE SCOPE

6.1 Conclusion

The thesis explores the field of grid computing, which is emerging as a new
infrastructure of the 21% century. We have addressed all the information
(characteristics, architecture, nature of applications and history of grid computing)
required to develop a rapport with this budding technology.

We have discussed Globus Toolkit4, which is widely adopted as a Grid technology
solution for scientific and technical computing, and Web services, which have
emerged as a popular standards-based framework for accessing network applications.
Next, we discussed briefly about Grid Portals. A Grid Portal is a web-based
application that provides personalization, single sign on, content aggregation from
different sources and hosts the presentation layer of information systems. Thus a
portal liberates the end-user from details of grid middleware programming and allows

seamless access to applications and services running on remote resources.

We focused on two specific issues:
@ Capturing a Grid application as a Web service.
@ Generating an application specific interface that can be provided to the end user

through the portal.

6.2 Future Scope

Grid computing has a lot of vested interest by large companies that can use it to
connect geographically diverse offices and unify the supply chain. Portals are the way
to do this. In industrial sector, IBM is the leader in this field and expending myriads
of funds. A number of other organizations such as HP, Oracle and Sun are also
getting engaged. Good numbers of academic institutions like IITs are also adding to

their grid computing resources.
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From the above details we can conclude that the future of Grid services, based on the
array of current technologies, is very healthy. We have been able to harness only
some capabilities of Gridsphere portal framework. An integration of GT4 and
Gridsphere gas been accomplished as a part of this thesis. Whereas in the future, we
can work towards integrating GridSphere with other grid middleware such as

Alchemi (a .NET based framework), Condor, Nimrod/G and several others.
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