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Change Log

<-- Back

0.2.2
28/07/2003

. Added two new FAQ entries, plus alink to one of them in the notifications section.
. Severa minor bug and typo fixes.

0.2.1
30/06/2003

« Several minor bug and typo fixes.

. Commands for compiling the clients now correctly includethe - cl asspath ./ buil d/
cl asses: $CLASSPATH parameter.

. Added new entry in FAQ related to compiling clients.

0.2
25/06/2003

. First version of the tutorial compliant with OGS v1.0 Draft 29 (GT3 Alpha 4, Beta, and Find
release).
. New sections:
o Operation Providers
Logging
Callbacks
Lifecycle Management
"How to..."

O [} O [}

0.1.x
March + April + May 2003

« Alpha-compliant version of the tutorial.
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"To do" list

<-- Back

Thisisalist of well defined tasks that have to be done in the tutorial, or that have been suggested by
readers. | hope to eventually do them myself, but if anyone wants to volunteer to do one of them, or to
help out with one, their assistance will be very appreciated :-) Please contact meif you'd like to help

out.

. Installation: Write a step-by-step installation guide, instead of linking to other sites.

. Include instructions on how to deploy Grid Services in other host environments, such as
Tomcat.

. Include instructions on how to use the handy multipurpose buildfile for other projects.

. Include a'compileClient' task in the buildfile.

. GT3 Core (Lifecycle): Expand this section to include properties, persistent properties,
request Ter m nat i onAf t er andr equest Ter m nat i onBef or e.

. GT3 Core (Service Data): Make introduction to Service Data a bit clearer. All the different
concepts (Service Data Sets, Service Data Elements, type of the SDE, value of the SDE,
multivalued SDES, single valued SDES, etc.) can be abit confusing some times.

. GT3 Core (Service Data): Write an example that shows how a Service Data Set can have more
than one Service Data Element.

. Add a section on the BottomUp and TopDown tools (replace handy multipurpose buildfile with
these tool s?)

. Instead of having one GWSDL file for each example, have two or three 'central' GWDSL files
(since most of the interfaces in the examples are practically identical)

The following are more general objectives which following versions of the tutorial will (hopefully)
cover:

. Include sections on GT3 higher-level services (Security Services, Base Services, Data Services)

. Migrate the whole tutorial from plain XHTML to a more manageable system (DocBook?). This
should improve navegation, broken links, etc.

. Include acomplete list of easy and simple examples, besides the ones seen in the tutorial.

. Include more "How to..." pages.

. Add JUnit modules for automated testing.

. Thetutoria isprimarily UNIX-oriented. It should also take into account Windows users.

<-- Back
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Introduction
AUp™  Next -->

Welcome to the Globus Toolkit 3 Programmer's Tutorial! This document is intended as a starting point
for anyone who is going to program grid-based applications using the Globus Toolkit 3 (GT3). We aso
hope experienced GT3 programmers will find it useful to learn about the more advanced aspects of
GT3 and Grid Services.

Thetutoria isdivided into 3 main areas:

. Introduction: Includes information about the whole tutorial, as well as an introduction to key
concepts related with Grid Services and GT3.

. GT3Core: A guideto programming basic Grid Services which only use the core servicesin
GT3.

. GT3 Security Services: A guide to programming secure Grid Services which use the toolkit's
Security Services,

Future versions of the tutorial will include sections related to GT3 Higher-Level Services
(programming Grid Services which use GT3 services such as Index Service, Job Management, File
Transfer, etc.)

AUpM  Next -->

Borja Sotomayor
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Introduction

GT3 Prerequisite Documents
<-- Previous "“Up™ Next -->

Thistutorial has no GT3 prerequisite documents, sinceit isintended as a starting point for GT3
programmers. However, you should already be familiar with Grid Computing. The following book can
help you get up to speed: The Grid: Blueprint for a New Computing Infrastructure (Edited by lan
Foster and Carl Kesselman). Most of the book is easy to read and not too technical. It is also known as
"The Grid Bible". With a name like that, you can assume it's worth taking alook at it :-)

Y ou might also be interested in taking alook at the 'Publications' section in the Globus website,
specialy the documents listed below. However, these documents are rather technical and might be too
hard for a beginner. Y ou might want to just skim through them at first, and then reread them once
you're familiar with GT3.

. The Anatomy of the Grid: Enabling Scalable Virtual Organizations. |. Foster, C. Kesselman, S.

Tuecke.
. The Physiology of the Grid: An Open Grid Services Architecture for Distributed Systems

Integration. |. Foster, C. Kesselman, J. Nick, S. Tuecke.

<-- Previous "Up”" Next -->
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Audience
<-- Previous "Up”" Next -->

This document isintended for programmers who wish to program grid-based applications with GT3.
Readers who have absolutely no experience with Web Services or the Globus Toolkit should read the
whole document. Readers who have some experience with GT3 can safely skip most of the
introductory material.

<-- Previous "Up”™ Next -->
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Introduction

Assumptions
<-- Previous "Up”" Next -->
The following knowledge is assumed:

. Programming in Java. If you don't know Java, you can find some useful links here. Also, prior

experience of distributed systems programming with Java (with CORBA, RMI, etc.) will
certainly come in handy, but is not strictly required.

. Basic knowledge of XML. If you have no idea of XML, you can find some useful links here.

« You should know your way around a UNIX system. Thistutorial is mainly UNIX-oriented,
although in the future we hope to include sections for Windows users.

. Basic knowledge of what The Grid and grid-based applications are. This tutorial is not intended
as an introduction to Grid Computing, but rather as an introduction to atoolkit which can
enable you to program grid-based applications.

The following knowledge is not required:

. Web Services. Thetutorial includes an introduction to fundamental Web Services concepts
needed to program Grid Services.
. Globus Toolkit 2.

<-- Previous "Up”™ Next -->
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Related Documents
<-- Previous "“Up™ Next -->
The Globus Toolkit includes some very useful documents. The ones most related to this document are:

. JavaUser's Guide: $G.OBUS_LOCATI ON/ docs/ users_gui de. ht m

. JavaProgrammer's Guide: $GLOBUS_LOCATI ON/ docs/ j ava_pr ogr amrer s_gui de.
ht m

. Programmer's API: $GLOBUS_LOCATI OV docs/ api /i ndex. ht m

Substitute $GLOBUS _LOCATION for the root of your GT3 installation.

GT3 users have also contributed installation and programming guides. Although some of these versions
still refer to Alpha and Beta versions of GT3, some users might find them useful.

. GT3Alphalnstalation (for Redhat 7.x): Complete installation guide. Includes information on

configuring certificates, databases, and MMJFS. Written by Xin Ling.
. Step-By-Step Example for the Globus Toolkit 3.0: Written by Javier Cano.

. Grid Install for Windows 2000 Platform: Excellent starting point for Windows users. Includes
plenty of screenshots. Written by Michael Schneider.

Once you've become a Grid Services expert, you might have to occasionally take alook at the Grid
Services Specification (OGSI).

<-- Previous "Up”™ Next -->
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Document Conventions

<-- Previous "“Up™ Next -->
The following conventions will be observed in this document.

Code

public class Hellowrld

{
public static final void main( String args[] )
{
/1l Code in bold is inportant
Systemout.printin("Hello Wrld");
}

Thisisacomment related to the block of code.

Shell commands

javac Hell oWwrld.java

Author notes

NOTE: Thisisanote by the author, referring to the
document itself. For example, to point out that a section
will be rewritten, that an example needs to be changed, etc.
Usually these comments are left for the "To do" list, but
sometimes it's interesting to point them out explicitly in the

text.

<-- Previous "“Up™ Next -->
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Download tutorial files

<-- Previous "“Up™ Next -->

These links are for the 0.2 files. For the 0.3 files please use
the link in the index of the tutorial.

The following files are available for download:

. Tutorial examples. All the source filesfor the examples. The directory structure is the same as

the one described in the tutorial.
. Handy multipurpose buildfile. Thisis the buildfile described in the Our handy multipurpose

buildfile section.
« Handy multipurpose shell script. Thisis the script described in the Our handy multipurpose
buildfile section.

<-- Previous "“Up" Next -->
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About the author & acknowledgements
<-- Previous "Up”" Next -->
The Globus Toolkit 3 Programmer's Tutorial is maintained by Borja Sotomayor, a Computer Science

Engineer in the University of Deusto (Bilbao, Spain). Y ou can find out more about me in my weblog,
BorjaNet.
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typos, as well as making very constructive comments and suggestions:

Thomas Becker, Javier Cano, Qin Feng, Fernando Fraticelli, Steve Mock, Michael
Schneider, Shiva Shankar Chetan, Nelson Sproul

If you've reported a bug, typo, or helped out in any way, and you are not listed here, please do let me
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Key Concepts
<-- Previous "Up™ Next -->

There are certain key concepts that must be well understood before being able to program with GT3.
This section gives a brief overview of al those fundamental concepts.

. OGSA, OGS, and GT3: Well take alook at what these oft-mentioned acronyms mean, and
how they are related.

. Web Services: OGSA, OGS, and GT3 are based on standard Web Services technol ogies such
as SOAP and WSDL.. You don't need to be a Web Services expert to program with GT3, but
you should be familiar with the Web Services architecture and languages. We provide abasic
introduction and give you pointers to interesting sites about Web Services.

. Grid Services: Grid Services are the core of GT3. We take alook at what a Grid Serviceis,
and how it isrelated to Web Services.

. The GT3 Architecture: After seeing both Grid Services and Web Services, we take alook at
the whole GT3 architecture, and how Grid Servicesfitinit.

. Java & XML: Finaly, if you want to use GT3, you need to be able to program in Java, and to
understand basic XML. If you're new to Javaand XML, we provide a couple links that can help
you get started.

<-- Previous "Up”" Next -->
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OGSA, OGS, and GT3
<-- Previous "“Up™ Next -->

The Globus Toolkit is a software toolkit that allows usto program grid-based applications. The third
and latest version of the toolkit is based on something called Grid Services. Before defining Grid
Services, we're going to see how Grid Services are related to alot of acronyms you've probably heard
(OGSA, OGS, ...), but aren't quite sure what they mean exactly. The following diagram summarizes
the major playersin the Grid Service world:

OGSA OGS

— \ specifies

JAN
Ho
defines \

implaments

Grid

/ Service

axtanzsion of

Standard interoperable

. technologies
Web Service

XML, WSDL, S0AP, ...

Grid Services are defined by OGSA. The Open Grid Services Architecture (OGSA) aimsto define a
new common and standard architecture for grid-based applications. Right at the center of this new
architecture is the concept of a Grid Service. OGSA defines what Grid Services are, what they should
be capable of, what types of technologies they should be based on, but doesn't give a technica and
detailed specification (which would be needed to implement a Grid Service). A link to the document
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"Physiology of the Grid" (which introduces OGSA) can be found in the Prerequisite Documents
section.

Grid Services are specified by OGSI. The Open Grid Services Infrastructure is aformal and technical
specification of the concepts described in OGSA, including Grid Services. The Related Documents

section has alink to the Grid Service Specification. This document is much more technical than the
OGSA document.

The Globus Toolkit 3isan implementation of OGSI. GT3 is a usable implementation of everything
that is specified in OGSI (and, therefore, of everything that is defined in OGSA).

Grid Services are based on Web Services. Grid Services are an extension of Web Services. We'll see
what Web Services are in the next page, and what Grid Services are in the page after that.

| still don't get it: What isthe difference between OGSA, OGSI, and GT3? Consider the following
simple example. Suppose you want to build a new house. The first thing you need to do isto hire an
architect to draw up all the plans, so you can get an idea of what your house will look like. Once you're
happy with the architect's job, it's time to hire an engineer who will make detailed blueprints that
specify construction details (like where to put the master beams, the power cables, the plumbing, etc.).
The engineer then passes all those blueprints to qualified professional workers (construction workers,
electricians, plumbers, etc) who will actually build the house. We could say that OGSA (the definition)
isthe architect, OGSI (the specification) is the engineer, and GT3 (the implementation) is the workers.

<-- Previous "“Up™ Next -->
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A short introduction to Web Services
<-- Previous "Up”" Next -->

Web Services are the basis for Grid Services, which are the cornerstones of OGSA and OGSl (and, therefore, of the Globus
Toolkit 3). Understanding the Web Services architecture is fundamental to using GT3 and programming Grid Services.

Lately, there has been alot of buzz about "Web Services', and many companies have begun to rely on them for their enterprise
applications. So, what exactly are Web Services? To put it quite simply, they are yet another distributed computing technology
(like CORBA, RMI, EJB, etc.) They allow usto create client/server applications.

For example, let's suppose | have to develop an application for a chain of stores. These stores are al around the country, but my
master catalog of productsisonly available in a database at my central offices, yet the software at the stores must be able to
access that catalog. | could publish the catal og through a Web Service called ShopService.

IMPORTANT: Don't mistake this with publishing something on awebsite. Information on awebsite (like the
one you're reading right now) isintended for humans. Information which is available through a Web Service will
always be accessed by software, never directly by a human (despite the fact that there might be a human using
that software). Even though Web Services rely heavily on existing Web technologies (such asHTTP, aswe will
see in amoment), they have no relation to web browsers and HTML. Repeat after me: websites for humans, Web

Services for software :-)

The clients (the PCs at the store) would then contact the Web Service (in the server), and send a service request asking for the
catalog. The server would return the catalog through a service response. Of course, thisis avery sketchy example of how aWeb
Service works. In amoment we'll see al the details.

Service Request:
Get catalog of products

== || 2
T = 2
— E
Dratabase —| || va
||l &
— | e
= & Cliart
Server

Service Response:;
Catalog of products

Some of you might be thinking: "Hey! Wait a moment! | can do that with RMI, CORBA, EJBs, and countless other
technologies!" So, what makes Web Services special? Well, 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). Thisisamajor
advantage if you want to build an Internet-scal e application, since most of the Internet's proxies and firewalls won't mess
with HTTP traffic (unlike CORBA, which usually has trouble with firewalls)

Of course, Web Services also have some disadvantages:

. Overhead. Transmitting all your datain 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
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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 alot of supporting services (such as persistency,
notifications, lifecycle management, transactions, etc.) In fact, in the next page we'll see that Grid Services actually make
up for thislack of versatility.

However, there is one important characteristic that distinguishes Web Services. While technologies such as CORBA and EJB are
oriented toward highly coupled distributed systems, where the client and the server are very dependent on each other, Web
Services are oriented towards loosely coupled systems, where the client might have no prior knowledge of the Web Service until
it actually invokesit. Highly coupled systems are ideal for intranet applications, but perform poorly on an Internet scale. Web
Services, however, are better suited to meet the demands of an Internet-wide application, such as grid-oriented applications.

A Typical Web Service Invocation

So how does this all actually work? Let's take alook at al the stepsinvolved in a complete Web Service invokation. For now,
don't worry about al the acronyms (SOAP, WSDL, ...) We'll explain them in detail in just a moment.

oo
2. Servar A s capabla Reqistr 1. Whe.re can | find a Web
. | ISy Service that does X7
of doing XI uDDl
upol

3. How exactly should |

irvoke you?
=i
—
= 4. Take a look at this:
— WSDL
% 5. Reguest opearation X
= — S0AP
== Client
Web Server A

6. Result of aperation X
SOAP

1. Aswe said before, aclient may have no knowledge of what Web Serviceit is going to invoke. So, our first step will be
to find aWeb Service that meets our requirements. For example, we might be interested in locating a public Web Service
which can give me the temperature in US cities. Welll do this by contacting a UDDI registry.

2. The UDDI registry will reply, telling us what servers can provide us the service we require (e.g. the temperature in US
cities)

3. We now know the location of a Web Service, but we have no idea of how to actually invoke it. Sure, we know it can give
me the temperature of a US city, buy what is the actual service invocation? The method | have to invoke might be called
Tenperature getCityTenperature(int G tyPostal Code), butitcouldalsobecaledi nt
get USCi tyTenp(string cityName, bool isFarenheit).Wehaveto ask the Web Service to describe
itself (i.e. tell us how exactly we should invoke it)

. The Web Service repliesin alanguage called WSDL.

. Wefinally know where the Web Serviceislocated and how to invoke it. The invocation itself is done in alanguage
called SOAP. Therefore, we will first send a SOAP request asking for the temperature of a certain city.

6. The Web Service will kindly reply with a SOAP response which includes the temperature we asked for, or maybe an

error message if our SOAP request was incorrect.

[S2 3

Web Services Addressing

We have just seen a simple Web Service invocation. At one point, the UDDI registry 'told' the client where the Web Serviceis
located. But...how exactly are Web Services addressed? The answer is very simple: just like web pages. We use plain and simple
URIs (Uniform Resource I dentifiers). If you're more familiar with the term URL (Uniform Resource Locator), don't worry: URI
and URL are practically the same thing.
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For example, the UDDI registry might have replied with the following URI:

htt p://webservi ces. nysite. conl weat her/ us/ Weat her Servi ce

This could easily be the address of aweb page. However, remember that Web Services are always used by software (never
directly by humans). If you typed a Web Service URI into your web browser, you would probably get an error message or some
uninteligible code (some web servers will show you a nice graphical interface to the Web Service, but that isn't very common).
When you have a Web Service URI, you will usually need to give that URI to a program. In fact, most of the client programs we
will write will receive the Grid Service URI as a command-line argument.

Web Services Architecture

Now that we've seen the different playersin aWeb Service invocation, let's take a closer look at the Web Services Architecture:

Service Discovery
uDDI

Service Description
WSDL

Service Invocation
SOAP

Transport
HTTP

. Service Discovery: This part of the architecture allows us to find Web Services which meet certain requirements. This
part is usually handled by UDDI (Universal Description, Discovery, and Integration). GT3 currently doesn't include
support for UDDI.

. Service Description: One of the most interesting features of Web Servicesisthat 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 invokeit. Thisis handled by the Web Services Description Language (WSDL).

. Service Invocation: Invoking aWeb Service (and, in general, any kind of distributed service such as a CORBA object
or an Enterprise Java Bean) 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 respondes. In
theory, we could use other service invocation languages (such as XML-RPC, or even some ad hoc XML language).
However, SOAP is by far 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 Protocal), the same protocol used to access
conventional web pages on the Internet. Again, in theory we could be able to use other protocols, but HTTP is currently
the most used one.

What a Web Service Application Looks Like

OK, now that you have an idea of what Web Services are, you are probably anxious to start programming Web Services right
away. Before you do that, you might want to know how Web Services-based applications are structured. If you've ever
programmed with CORBA or RMI, this structure will look pretty familiar.

First of al, you should know that despite having alot of protocols and languages floating around, Web Services programmers
usually never write asingle line of SOAP or WSDL. Once we've reached a point where our client application needsto invoke a
Web Service, we delegate that task on a piece of software called aclient stub. The good news is that there are plenty of tools
available that will generate client stubs automatically for us, usually based on the WSDL description of the Web Service.

Therefore, you shouldn't interpret the "Typical Invocation” diagram literally. A Web Services client doesn't usually do al those
stepsin asingle invocation. A more correct sequence of events would be the following:
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1. Welocate aWeb Service that meets our requirements through UDDI.

2. We obtain that Web Service's WSDL description.

3. We generate the stubs once, and include them in our application.

4. The application uses the stubs each time it needs to invoke the Web Service.

Programming the server sideisjust as easy. We don't have to write a complex server program which dynamically interprets
SOAP requests and generates SOAP responses. We can simply implement all the functionality of our Web Service, and then
generate a server stub (the term skeleton is also used) which will be in charge of interpreting requests and fowarding them to the
service implementation. When the service implementation obtains aresult, it will giveit to the server stub, which will generate
the appropriate SOAP response. The server stub can also be generated from a WSDL description, or from other interface
definition languages (such as IDL). Furthermore, both the service implementation and the server stubs are managed by a piece of
software called the Web Service container, which will make sure that incoming HTTP requests intended for a Web Service are
directed to the server stub.

So, the stepsinvolved in invoking a Web Service are described in the following diagrams.
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Let's suppose that we've already located the Web Service, and generated the client stubs from the WSDL description.
Furthermore, the server-side programmer will have generated the server stubs.

1. Whenever the client application needs to invoke the Web Service, it will actually call the client stub. The client stub will
turn this 'local invocation' into a proper SOAP request. Thisis often called the marshalling process.

2. The SOAP request is sent over a network using the HTTP protocol. The Web Services container receives the SOAP
requests and hands it to the server stub. The server stub will convert the SOAP request into something the service
implementation can understand (thisis usually called unmarshalling)

3. The service implementation receives the request from the service stub, and carries out the work it has been asked to do.
For example, if weareinvokingthei nt add(int a, int b) method, the serviceimplementation will perform an
addition.

4. Theresult of the requested operation is handed to the server stub, which will turn it into a SOAP response.

5. The SOAP response is sent over anetwork using the HTTP protocol. The client stub receives the SOAP response and
turnsit into something the client application can understand.

6. Finally the application receives the result of the Web Service invocation and usesiit.

By the way, in case you're wondering, most of the Web Services Architecture is specified and standardized by the World Wide
Web Consortium, the same organization responsible for XML, HTML, CSS, etc.

<-- Previous "Up”™ Next -->

Borja Sotomayor

http://www.casa-sotomayor.net/gt3-tutorial-working/start/key/web_services.html (4 of 4)18/09/2003 14:42:32


http://www.w3c.org/
http://www.w3c.org/
mailto:borja@borjanet.com

The Globus Toolkit 3 Programmer's Tutoria

The Globus Toolkit 3 Programmer's
Tutorial

Key Concepts

What is a Grid Service?
<-- Previous "“Up™ Next -->

As mentioned before, Web Services are the technology of choice for Internet-based applications with
loosely coupled clients and servers. That makes them the natural choice for making the next generation
of grid-based applications. However, remember Web Services do have certain limitations. In fact, plain
Web Services (as currently specified by the W3C) wouldn't be very helpful for building agrid
application. Enter Grid Services, which are basically Web Services with improved characteristics and
services.

Let'stake atour of these improvements with a simple example. Imagine your organization has areally
big cluster capable of performing the most mind-boggling calculations. However, this cluster islocated
in your central headquarters in Chicago, and you need employees from your officesin New Y ork, Los
Angeles, and Sesttle to conveniently use the cluster's computational power. Thislooks like a perfect
scenario for aWeb Service!
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We could implement a Math Web Service called MathService which offered operations such as
Sol veReal | yBi gSyst en(), Sol veFer nat sLast Theor en{), etc. At first, we would be able
to perform typical Web Service invocations:

1. Invoke MathService, asking it to perform a certain operation.
2. MathService will instruct the cluster to perform that operation.
3. MathService will return the result of the operation.
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So far, so good. However, let's be abit more realistic. If you're going to access aremote cluster to
perform complex mathematical operations, you probably won't perform a single operation, but rather a
chain of operations, which will all be related to each other. However, Web Services are stateless and
non-transient. " Stateless" means that Web Services can't remember what you've done from one
invocation to another. If we wanted to perform a chain of operations, we would have to get the result of
one operation and send it as a parameter to the next operation. Furthermore, even if we solved the
statel ess problem (some Web Services containers actually work around this problem), Web Services
are still non-transient, which means that they outlive al their clients. Thisimplies that, after one client
isdone using aWeb Service, all the information the Web Service is remembering could be accessed by
the next clients. In fact, while one client is using the Web Service, another client could access the Web
Service and potentially mess up the first client's operations. Certainly, thisisn't avery elegant solution!

Factories

Grid Services solve both problems by proposing a factory approach to Web Services. Instead of having
one big stateless MathService shared by all users, we actually have a central MathService factory
which isin charge of maintaining a bunch of MathService instances. When a client wantsto invoke a
MathService operation, it will talk to the instance, not to the factory. When a client needs a new
instance to be created (or destroyed) it will talk to the factory.

Cliant &
MathService
Instance
[ H
(2]
E T
Ee iuﬁl _E | MathService Clhant B
£a Instance
o L
=
MathService g
Instance [« Client C

Create a new
instance

Clismt D

This diagram shows how there doesn't necessarily have to be one instance per client. One instance
could be shared by two clients, and one client could have access to two instances. These instances are
transient, because they have alimited lifetime (the instance will eventually be destroyed). The lifetime
of an instance can vary from application to application. Usually, we want instances to live only as long
as aclient has any use for them. Thisway, every client hasits own personal instance to work with.
However, there are other scenarios where we might want an instance to be shared by several users, and
to self-destruct after no clients have accessed it for a certain time.
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Other Grid Services Improvements

Factories are, by far, the most interesting improvement offered by Grid Services. However, Grid
Services have more to offer:

. Twoimplementation approaches: A Grid Service can be implemented either by inheriting
from a skeleton class or by using a delegation model, where incoming calls are delegated to a
series of classes called operation providers.

. Lifecycle management: Grid Services provide the necessary tools, such as callback functions
during special momentsin a Grid Service's lifetime (creation time, destruction time, etc.), to
effectively manage its lifecycle (for example, to make Grid Services persistent).

. Service Data: A Grid Service can have a set of associated service data that describesit. Thisis
not to be confused with WSDL, which describes details like methods, protocols, etc. Service
datais particularly useful to index Grid Services according to their characteristics and
capabilities.

. Notifications: We can configure a Grid Service to be a notification source, and certain clients
to be notification sinks (or subscribers). This meansthat if a change occursin the Grid Service,
that change is notified to all the subscribers (not all changes are notified, only the ones the Grid
Services programmer wants to). In the MathService example, suppose that al the clients
perform certain calculations using a variable called InterestingCoefficient which is stored in the
Grid Service. Any of the clients can modify that value to improve the overall calculation.
However, al clients must be notified of that change when it occurs. We can achieve this easily
with the Grid Services notifications.

GSH & GSR

Finally, before moving on, we need to learn two very important acronyms which we will see alot from
now on. They are related to Grid Services addressing. In the previous section we saw that Web
Services are addressed with URIs. Since Grid Service are Web Services, they are also addressed with
URIs. However, a"Grid Service URI" is called the Grid Service Handle, or simply GSH.

Each GSH must be unique. There cannot be two Grid Services (or Grid Service instances) with the
same GSH. The only problem with the GSH is that it tells me where the Grid Serviceis, but doesn't
give me any information on how to communicate with the Grid Service (what methods it has, what kind
of messages it accepts/receives, etc.). To do this, we need the Grid Service Reference, or GSR. In
theory, the GSR can take many different forms, but since we will usually use SOAP to communicate
with a Grid Service, the GSR will beaWSDL file (remember that WSDL describes a Web Service:
what methods it has, etc.). In fact, in this tutorial we will only handle WSDL as a GSR format.

<-- Previous "Up”" Next -->
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Key Concepts

The GT3 Architecture
<-- Previous "“Up™ Next -->

Grid Services sound great, don't they? However, if you've already programmed grid-based applications,
you're probably thinking that thisis all very nice, but hardly enough for The Grid. Grid Services are
only asmall (but important!) part of the whole GT3 Architecture, which offers devel opers plenty of
servicesto get serious with Grid programming.

Other Grid Services

GT3 Data
Services
- =

GT3 Base Services

A
GT3 Security Services

o S
T3 Core

Grid Services, which we have already seen, arethe 'GT3 Core' layer. Let'stake alook at the rest of the
layers from the bottom up:

. GT3 Security Services: Security is an important factor in grid-based applications. GT3
Security Services can help us restrict access to our Grid Services, so only authorized clients can
use them. For example, we said that only our New Y ork, Los Angeles, and Seattle offices could
access MathService. We want to make sure only those offices have access to MathService and,
of course, we want all the data exchanged between MathService and clients to be encrypted so
we can keep malicious users from intercepting our data. Besides the usual security measures
(putting the web server behind afirewall, etc.) GT3 gives us one more layer of security with
technologies such as SSL and X.509 digital certificates.

. GT3Base Services: Thislayer actually includes awhole lot of interesting services:
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o Managed Job Service: Suppose some particular operation in MathService might take
hours or even days to be done. Of course, we don't want to ssimply stand in front of a
computer waiting for the result to arrive (specidly if, after 8 hours of waiting, all we
get might smply be an error message!) We need to be able to check on the progress of
the operation periodically, and have some control over it (pauseit, stop it, etc.) Thisis
usually called job management (in this case, the term 'job’ is used instead of
‘operation’), The Managed Job Service allows usto treat our invocations like jobs, and
manage them accordingly.

o Index Service: Remember from A short introduction to Web Services that we usually

know what type of Web Service we need, but we have no idea of where they are. This
also happens with Grid Services. we might know we need a Grid Service which meets
certain requirements, but we have no idea of what itslocation is. While this was solved
in Web Services with UDDI, GT3 hasits own Index Service. For example, we could
have several dozen MathServices all around the country, each with different
characteristics (some might be better suited for statistical analysis, while others might
me better for performing simulations). Index Service will allow isto query what
MathService meets our particular requirements.

o ReliableFile Transfer (RFT) Service: This service allows usto perform large file
transfers between the client and the Grid Service. For example, suppose we have an
operation in MathService which has to crunch several gigabytes of raw data (for a
statistical analysis, for example). Of course, we're not going to send all that information
as parameters. We'll be able to send it as afile. Furthermore, RFT guarantees the
transfer will be reliable (hence its name). For example, if afiletransfer isinterrupted
(dueto a netwok failure, for example), RFT alows us to restart the file transfer from
the moment it broke down, instead of starting all over again.

. GT3 Data Services. Thislayer includes Replica Management, which is very useful in
applications that have to deal with very big sets of data. When working with large amount of
data, we're usually not interested in downloading the whole thing, we just want to work with a
small part of al that data. Replica Management keeps track of those subsets of datawe will be
working with.

. Other Grid Services: Other non-GT3 services can run on top of the GT3 Architecture.

<-- Previous "Up”" Next -->
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Where to learn Java & XML
<-- Previous "Up”" Next -->

After seeing all the theory behind GT3, we're aimost ready to start programming. However, remember
you need to know Javato follow thistutorial. If you're new to Java, you will probably find the
following sites interesting:

. TheJavaTutoria: The official tutorial from Sun, the makers of Java. Very good if you know

absolutely nothing about Java.
. The Coffee Break: Website with resources for Java programmers, including tutorials and FAQs.

Also, you need to be familiar with XML. Y ou don't have to be an XML wizard, but should at |east be
able to read and interpret the different elements of an XML document. If you've never worked with
XML, you should probably take alook at the following sites:

. W3Schools XML Tutorial: Tutorial that covers both the basics and the more advanced aspects

of XML.
. ZVON.org: Tons of XML resources. Includes some very good reference guides.

<-- Previous "Up”" Next -->
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Installation
<-- Previous "Up”" Next -->

Thistutoria currently doesn't include an installation guide. I hope to include one in the future but, in
the meanwhile, there are plenty of good GT3 installation guides available on the Web:

. JavaUser's Guide. The official installation guide from Globus. See Related Documents.

. GT3Alphalnstalation (for Redhat 7.x): Complete installation guide. Includes information on
configuring certificates, databases, and MM JFS. Written by Xin Ling.

. Step-By-Step Example for the Globus Toolkit 3.0: Includes a pretty thorough section on
installation. Written by Javier Cano.

. Grid Install for Windows 2000 Platform: Excellent starting point for Windows users. Includes
plenty of screenshots. Written by Michael Schneider.

. Installing and deploying GT3 on WebSphere Application Server V5.0 (requires registration)

<-- Previous "“Up" Next -->
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Writing Your First Grid Service
<-- Previous "Up™ Next -->

In this first section we are going to write and deploy a ssmple Grid Service. Well, that's not totally true:
we're actually going to write a basic Web Service, without using any of the OGSA extensions
mentioned earlier. However, we'll deploy the service using the GT3 tools, so you can get to know them
alittle better. Even if you have experience with Web Services (and Apache Axis) you should take a
look at this section to get more aquainted with GT3.

Our first Grid Service, which we will use for the rest of the tutorial, is actually the Math Grid Service
mentioned in the What is a Grid Service? and The GT3 Architecture sections. Of course, our Math Grid
Service (from now on, we'll refer to it as MathService) won't need a cluster, and will only provide the
following ssimple operations:

. Addition

. Subtraction

. Multiplication
. Division

High-tech stuff, huh? Don't worry, in the following sections we'll gradually improve MathService to
make it look more like areal Grid Service, by adding things like notifications, persistency, job
management, security, etc.

Since thisis probably your very first Grid Service, we're going to do everything step-by-step, so you
can get aclear idea of what's involved in writing and deploying a Grid Service. However, don't be
discouraged by all the different stepsinvolved in the process. Y ou won't have to repeat them every time
you want to write a Grid Service. At the end of this section we'll see there's awonderful tool called

Ant that allows you to automatically deploy a Grid Service with just one command. Also, remember
that the example we are about to see is actually a plain Web Service. It isintended for you to get
acquainted with GT3 tools and the whole process involved in creating a Grid Service, but it is not
representative of Grid Service programming with the GT3. We will begin seeing real Grid Servicesin
the (appropriately titled) Writing areal Grid Service :-)

Ready to start? Ok! First of al, create an empty directory to put al the files mentioned in this example.
All the paths in the example will be relative to that empty directory. We will also refer to it as
$TUTORI AL_DI R.

<-- Previous "Up™ Next -->
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Writing Your First Grid Service

Defining the Service Interface
<-- Previous "“Up™ Next -->

Thefirst step in writing a Web Service (or a Grid Service) isto define the service interface. We need to
specify what our serviceis going to provide to the outer world. At this point we're not concerned with
the inner workings of that service (what algorithmsit uses, what databases it will access, etc.) We just
need to know what operations will be available to our users. The service interface is also called the port
type in Web Services jargon (usually written PortType).

Remember from A short introduction to Web Services that thereis a special XML language which can

be used to specify what operations aweb service offers: the Web Service Description Language
(WSDL). So, we need to write a description of our MathService using WSDL. Actually we have two
options:

. Writing the WSDL directly. Thisisthe most versatile option. If we write WSDL directly, we
have total control over the description of our service's PortType. However, it is not the most
user-friendly one, since WSDL is arather verbose language.

. Generating WSDL from an interface language. We can generate WSDL automatically from
aJavainterface or an IDL interface. Thisisthe easiest option, but not the most versatile (since
very complicated interfaces are not always converted correctly to WSDL).

We will soon find out (in the GWSDL interface description section) that writing WSDL directly has
many advantages, and is generally the preferred way of describing a Grid Service. However, for now
we'll go with the easy option: describing our Grid Service using a Java interface and using that to
generate the WSDL code.

package gt3tutorial.core.first.inpl;

public interface Math

{ public int add(int a, int b);
public int subtract(int a, int b);
public int multiply(int a, int b);
public float divide(int a, int b);

}
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SavethisfileasMat h. j ava in anew directory named $TUTORI AL_DI R/ gt 3tut ori al / core/
first/inpl/ (noticethat wereincluding thisinterfaceinthegt 3t utori al . core. first.
i npl package). Now that we have the Javainterface, we're ready to generate the MathService WSDL.

<-- Previous "“Up™ Next -->
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Writing Your First Grid Service

Our service interface in WSDL
<-- Previous "Up”" Next -->

Generating the WSDL code from the Java interface is a pretty straightfoward process. We'll smply use
an Apache Axistool called Java2WSDL. First of all, we have to compile the Java interface:

j avac Math.java

Now we can generate the WSDL. Be sure to run this command from $TUTORI AL_DI R/, not from
S$TUTORIAL_DI R/ gt3tutorial/corel/first/inpl/.Otherwise, Java2WSDL will fail.

j ava org. apache. axi s. wsdl . Java2WsDL
-P Mat hPort Type
-S Mat hServi ce
-1 http://1ocal host/ogsal/ services/core/first/
Mat hSer vi ce
-n http://first.core.gt3tutorial/Mth
gt3tutorial.core.first.inpl.Mth

(Read thisif you get a NoClassDefFoundError)

After running this command, you should have afile called Mat hSer vi ce. wsdl in

$TUTORI AL_DI R/ . Take apeek at it; you'll see some familiar names (Add, Subtract, etc.) For the
moment it is safe to ignore the parameters we're sending Java2WSDL. Remember you won't have to
use this command directly. A tool called Ant will make all this process much smpler.

Hold on! We're not finished with WSDL yet. Now we have to decorate the WSDL file. 'Decorating the
WSDL' basically means we have to add some extra stuff to the WSDL file for it to work with GT3. We
won't use Apache Axisto do this. We'll usea GT3 tool called Decor at eWSDL.

j ava org. gl obus. ogsa. t ool s. wsdl . Decor at eWSDL
$GE.OBUS DI RECTORY/ schema/ ogsi / ogsi _bi ndi ngs.
wsdl
Mat hSer vi ce. wsdl
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($GLOBUS_DI RECTORY should point to the root of your GT3 installation)

Now we finally have aWSDL file that accurately describes our Grid Service. So far, we've only said
that our Grid Service can add, subtract, multiply, and divide. We've said what it can do, but we haven't
specified how it will do it. The logical next step isto actually implement our Grid Service. However,
there's still one more thing we have to do first: generate the stubs.

<-- Previous "Up”™ Next -->
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Writing Your First Grid Service

Generating the Stubs
<-- Previous "Up”" Next -->

If you've worked with RMI, CORBA, EJBs, or any other distributed computing technology, you should
have a clear idea of what stubs are. If you don't, now's a good time to reread A short introduction to

Web Services. Stubs basically do all the dirty work. They're in charge of all the SOAP and network
communication, so us programmers can concentrate on the important stuff.

We can generate all necessary stubs (both the client-side and the server-side one) by running the
following command.

j ava org. gl obus. ogsa. t ool s. wsdl . GSDL2Java
Mat hSer vi ce. wsdl

If you take apeek at the $TUTORI AL_DI R/ gt 3t utori al /core/ first/inpl/ directory,
you'll notice there's a new directory called Mat h. This directory contains the stubs. They're Java classes
which we will be using in the following sections. Y ou'll also notice that there'sa$TUTORI AL_DI R/
or g/ directory. You canignoreit, but don't erase it.

<-- Previous "Up”" Next -->
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Writing Your First Grid Service

Implementing your service
<-- Previous "“Up™ Next -->

Now we're finally ready to implement our service. The implementation of a Grid Serviceissimply a
Java class which has to meet certain requirements. In this class we'll provide an implementation for the
methods we specified in the service interface (Mat h. | ava). We can also provide additional private
methods which won't be available through the Grid Service interface, but which our service can use
internally.

WEe'll put the implementation of our Grid Service in the same directory as the service interface:
$TUTORI AL_DI R/ gt3tutorial/first/inpl/.Let'scalthenew fileMat hl npl . java.
Well start with the usual package declaration and i npor t s (we have to import some OGSA classes
which are necessary to implement a Grid Service).

package gt3tutorial.core.first.inpl;

i mport org. gl obus. ogsa.inpl.ogsi.GidServicel npl;
import gt3tutorial.core.first.Math. Mat hPort Type;
i mport java.rm . Renot eException;

Now we'll declare the Mat hl npl class, which will be the implementation of our Grid Service.

public class Mathlnpl extends GidServicelnpl inplenents
Mat hPor t Type

Notice the following:

. Mat hl npl isachildclassof Gri dSer vi cel npl . All Grid Services must extend from the
baseclassGri dSer vi cel npl (thisiswhat isusually called the skeleton class, because it
contains the 'bare bones' -the basic functionality- common to al Grid Services).

« Our Grid Service implements an interface named Mat hPor t Ty pe. Remember that PortType
is another name for "service interface”. We're telling Java that this Grid Service provides a
particular PortType to the outer world: the Math PortType. But, where did Mat hPor t Type
come from? Thisis one of the files generated in the previous step (" Generating the stubs”). If
you take alook at the file Mat hPor t Type. | ava, you'll seethat it isvery similar to the
service interface we wrote in thefirst step (Mat h. j ava). Like the Mat h interface, the
Mat hPor t Ty pe interface also specifies the methods which our service supplies, but includes
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additional code to make it aremote interface (an interface which can be accessed remotely, as
opposed to locally). In fact, Mat hPor t Type. j ava is generated from the WSDL file which,
in turn, was generated from Mat h. j ava.

Next, we have to write a constructor for our Grid Service. Our constructor will smply call the
G i dServi cel npl constructor, which receives a String with a description of the Grid Service.

public Mathl npl ()
{

}

super (" Sinple Math Service");

Finally, we implement the methods specified in the service interface: add, subtract, multiply, and
divide. Notice how, despite being very simple methods, they can all throw a Renot eExcept i on.
Since they are remote methods (methods which can be accessed remotely, through the Grid Service), a
Renpt eExcept i on can be thrown if there is a problem between the server and the client (for
example, if thereis a network error).

public int add(int a, int b) throws RenoteException

{
return a + b;
}
public int subtract(int a, int b) throws RenoteException
{
return a - b;
}
public int multiply(int a, int b) throws RenpteException
{
return a * b;
}
public float divide(int a, int b) throws RenpteException
{
return a / b;
}

With that, we have finished implementing our Grid Service. Now we only have a couple of simple
steps before we can finally see it work!

The complete code for the implementation is shown here:

package gt3tutorial.core.first.inpl;

i nport org. gl obus. ogsa.inpl.ogsi.GidServicelnpl;
import gt3tutorial.core.first. Math. Mat hPort Type;
i mport java.rm . RenoteException;
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Mat hPor t Type

{
public Mathl nmpl ()

{
}

{

return a + b;

}

public int subtract(int a,
Renot eExcepti on

{

return a - b;

}

public int multiply(int a,
Renot eExcepti on

{

return a * b;

}

public float divide(int a,
Renot eExcepti on

{

return a / b;

}

super (" Sinple Math Service");

i nt

i nt

i nt

public class Mathl npl extends GidServicel npl inplements

public int add(int a, int b) throws RenoteException

b) throws

b) throws

b) throws

<-- Previous "Up”" Next -->
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Writing Your First Grid Service

The deployment descriptor
<-- Previous "“Up™ Next -->

Up to this point, we have written all the Java code our Grid Service needs. We have (1) a service
interface, (2) aWSDL file, (3) abunch of stub files, and (4) an implementation of the service. Now, we
somehow have to put all these pieces together, and make them available through a Grid Services-
enabled web server! This step is called the deployment of the Grid Service.

One of the key components of the deployment phaseis afile called the deployment descriptor. It's the
file that tells the web server how it should publish our Grid Service (for example, telling it what the
Grid Service's URL will be). The deployment descriptor iswritten in WSDD format (Web Service
Deployment Descriptor). The deployment descriptor for our Grid Service could be something like this:

<?xm version="1.0""?>
<depl oynent nane="def aul t Server Confi g" xm ns="http://xmn .
apache. or g/ axi s/ wsdd/ "

xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
provi ders/java">

<servi ce nanme="tutorial/core/first/MthService"
provi der ="j ava: RPC' >
<par anet er nane="al | ownedMet hods" val ue="*"/
>
<par anmet er name="cl assNane"
val ue="gt3tutorial.core.first.inpl.Mthlnpl"/>
</ service>

</ depl oynent >

Savethisas$TUTORI AL_DI R/ gt 3tutorial/core/first/Mth. wsdd

In the following sections we will write deployment descriptors which are much more complete, and
which use GT3-gpecific functionality. As mentioned before, we are actually writing a plain Web
Service, so this deployment descriptor would be equally valid in an Apache Axis installation without
GT3.

However, pay special attention at the following parts of the descriptor:

. nane="tutorial/core/first/ MathServi ce": Thisspecifiesthe name of our Grid
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Service. If we combine this with the base address of our Grid Service container, we will get the
full GSH of our Grid Service. For example, if we are using the GT3 standalone container, the
base URL will probably behtt p: / /1 ocal host : 8080/ ogsa/ ser vi ces. Therefore, our
services GSH would be: ht t p: / /1 ocal host : 8080/ ogsa/ servi ces/tutorial/
core/first/ MathServi ce.

. <paraneter nane="al |l owedMet hods" val ue="*"/>: Thistellsthe web server
that all the methods in the service interface should be available publicly.

. <par aneter nane="cl assNane" val ue="gt3tutorial.core.first.inpl.
Mat hl npl "/ >. Thistells the web server what Java class provides an implementation for this
particular Grid Service. That way, when the web server recieves acall for the 'add’ method on
the 'tutorial/coreffirst/MathService' Grid Service, it knows that the class responsible for dealing
withthat call isgt 3tutorial .core.first.inpl. Mathlnpl.

<-- Previous "Up”" Next -->
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Writing Your First Grid Service
Compiling and deploying step-by-step
<-- Previous "Up”" Next -->

We've finally reached the point when we are ready to compile everything and deploy it into aweb
server (in our case, the GT3 standalone container). Right now we're going to do it step-by-step. In the
following section we will see that this whole process can be done automatically using the Ant tool.
Remember, you won't have to do all these steps every time you want to write a Grid Service.

First of al, we'll compile the stubs:

j avac -sourcepath ./ gt3tutorial/core/first/Math/*.
j ava

Next, we compile the implementation:

javac -sourcepath ./ gt3tutorial/core/first/inpl/*.
j ava

Now, we need to JAR all the stub classes:

jar cvf Math-stub.jar gt3tutorial/core/first/ Math/*.
cl ass

We also need to JAR the implementation class:
jar cvf Math.jar gt3tutorial/core/first/inpl/*.class

Now we have to create a special kind of JAR called a GAR, or Grid ARchive. Thisisthe actual file that
we will deploy into the web server. The fact that it's al neatly packaged into one GAR package makes
it very easy to program a Grid Service on one computer, and then deploy it in a different computer.
Create adirectory caled gar / and copy the following filesinto it:
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./ gar/ Math.jar

./ gar/ Mat h-stub. j ar

.l gar/ server-depl oy. wsdd

./ gar/schenma/tutorial/MuthService. wsdl

Notice how the WSDD file must be named ser ver - depl oy. wsdd. Also, be sure to recreate that
same directory structure (the WSDL file must beinsidetheschena/ t ut ori al / directory)

Now, we can create the GAR:

jar cvf Math.gar -C gar/ ./

This GAR, as mention above, contains al the files and information the web server needs to deploy the
Grid Service. We're going to do the actual deployment with the Ant tool, because thisis one particular
step which would be too long if done by hand. However, if you are anxious to know, this command
copies parts of the GAR file (such asthe WSDL file and the stubs) into key locationsin the GT3
directory tree. It also reads our deployment descriptor and configures the web server to take our new
Grid Service into account.

This deployment command must be run from the root of your GT3 installation. Furthermore, you need
to run it with a user that has write permission in that directory.

ant depl oy -Dgar.name=GAR_PATH

GAR_PATH is the path where the GAR fileis. Supposing you're user gr i d, and that the GAR fileisin
your home directory, the command would be:

ant depl oy -Dgar.name=/ hone/ gri d/ Mat h. gar

If everything went smoothly: Congratulations! Y ou just deployed your first Grid Service! Now comes
the fun part, when we finally put it to the test.

<-- Previous "Up”™ Next -->
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Writing Your First Grid Service

A simple client
<-- Previous "“Up™ Next -->

We're going to test our Grid Service with avery simple command-line client which will call the ‘add’
method. This client will receive three arguments from the command line:

1. The Grid Service Handle (GSH)
2. First number
3. Second number

Create anew directory called cl i ent / insidethegt 3t ut ori al /core/ first/ directory. Inthe
new directory, create afilecalled Mat hCl i ent . j ava

package gt3tutorial.core.first.client;

inport gt3tutorial.core.first. Math. Mat hServi celLocat or;
import gt3tutorial.core.first. Math. Mat hPort Type;

i mport java. net. URL;

public class Mat hd i ent

{
public static void main(String[] args)
{
try
{

/'l Get conmand-|ine argunents

int a = Integer.parselnt(args[1]);
int b = Integer.parselnt(args[?2]);
URL GSH = new j ava. net. URL(args

[0]);

I/ Get a reference to the renpte
web service

Mat hSer vi ceLocat or mat hService =
new Mat hServi ceLocat or();

Mat hPort Type nmath = mat hServi ce.
get Mat hSer vi ce( GSH) ;

/] Call rempte nethod 'add'
int sum = math. add(a, b);

/] Print result
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Systemout.println(a +" +" + b +
=" + sum;

}cat ch( Exception e)

{
System out. println("ERROR ") ;
e. printStackTrace();

}

}
}

Asyou can see, writing a Grid Service client is very easy. With only two lines we obtain areference to
the Math PortType. In following sections, as we introduce things like factories and notifications, the
code to obtain that reference will be slightly longer. However, the important point is that, once we have
that reference, we can work with the Grid Service asif it were alocal object. Notice, however, that we
have to put the whole code inside a try/catch block, because the Grid Service methods (in this example,
the add method) can throw Renot eExcept i ons.

Let's compile the client:

j avac -sourcepath ./ gt3tutorial/core/first/client/*.
j ava

Before running it, we need to to start up the standalone container. Otherwise, our Grid Service won't be
available, and the client will crash. The following command must be run from the root of your GT3
installation:

gl obus-start -cont ai ner

Y ou need to setup the GT3 command-line clients for this command to work. If you have no idea what
I'm talking about, take alook at this: How to setup the GT3 scripts (globus-start-container, ogsi-create-

service, ...)

After the container starts up (you should see a couple of debug messages on your terminal), we can run
the client:

java gt3tutorial.core.first.client. MathCient http://
| ocal host : 8080/ ogsa/ servi ces/tutorial/core/first/
Mat hService 3 2

I'm supposing a default GT3 installation, with the standalone container located inhtt p: / /
| ocal host : 8080/ ogsa/ ser vi ces. You may have to modify the URL if you've changed the
location of the container.

If all goeswell, you should see the following:
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3+2=5

Voilal You are now one step closer to the Grid Service Nirvana :-)
<-- Previous "Up”" Next -->
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Compiling and deploying in one step: Ant
<-- Previous "Up™ Next -->

After programming and deploying your first Grid Service, you're probably thinking you'll have to
return constantly to thistutorial to remember all the different steps ("Did | have to generate the stubs
first and then implement, or the other way around?' "What files did | have to put in the GAR?' etc.) If
you're wondering if there's an easier way to do this, don't worry: there is. In this section we are going to
learn about awonderful tool called Ant that will make our life much easier.

First of all well review the steps we took to create a Grid Service, and then see how Ant makes the
whole process simpler. Finally, we'll see avery handy Ant buildfile which we will use for the
remaining examplesin the tutorial.

<-- Previous "Up”™ Next -->
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Compiling and deploying in one step: Ant

The big picture

<-- Previous "Up" Next -->

The Grid Service we programmed in the previous section was a fairly ssmple one. However, we had to take quite alot of stepsto implement and
deploy it. All those steps are summarized in the big picture:

dath.Java
Service inferface
{Java)

'

HavaZWEDL

Mathservice  wWiDL
Sorvice inferface
(WSDL)

EEOL 2 lawa

Stk Files
{Java)

MathImpl.Java
Sefwce implamaniation
(Javs)

JAVAD

Mathservice  wihD

Deployment
Dasaoriptor (WSDD)

JAR

marthImpl.class
Senice Implementalion

JAVAD

Math.lar

Senvice implemantation

JAR

Carmpiied
Siuh Files

Mmath-stub.Jar
Sarvice Shi

Clignt

JaR

Mathservice . wWsDL
Decoraled Sendoe
Intarface (WEDL)

- —=Deplnyrent

Math.Gar
Gnd Archive

Files with athick line are the ones we had to write on our own. The ones with fine lines are generated automatically by one of the programs we saw in the

previous step.

Thanksto Ant , arriving at the GAR won't involve so many steps (in fact, it will only involve one step). Go to the next page, and you'll see how the
'big picture' turnsinto the 'small picture'.

<-- Previous ~“Up" Next -->
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Compiling and deploying in one step: Ant
Ant: A Java build tool

<-- Previous "“Up™ Next -->

Ant , an Apache Software Foundation project, isa Java build tool. In concept, it isvery similar to the

classic make command. It allows programmers to forget about the individual stepsinvolved in
obtaining an executable from the source files, which will be taken care of by Ant . Each project is
different, so theindividual steps are described in abuild file (‘'Makefile' in the make jargon). This build
filedirects Ant on what it should compile, how it should compileit, and in what order. This simplifies
the whole process considerably. In fact, it reduces the number of stepsto one! With Ant , all we haveto
worry about is writing the service interface, the service implementation, and the deployment descriptor.
Ant takes care of therest:

Math. Java MathImpl.Jlava Mathservice  wsDD
Sandce Interface Sanvice Implementalion Deployrmant
[(Java) {Java) Dascriptor (WSDD)
L

= ANT |
Ty build. xml
GT3 build files Ant build fle

Math-stub.Jar ) Math.Jar
Service Sfub :'j Service Implemeniation
Math.Gar
Gnd Archive

Asyou can see, Ant generates the JARs and the GAR directly from the three source files. Internaly, it
iscarrying out all the stepsin the big picture, but now we don't have to do them ourselves. InaGT3
project, Ant usestwo sets of build files: a couple of build fileswhich are a part of GT3, and abuild file
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welll have to write on our own. The GT3 build files cover al the important steps (generating the WSDL
code, generating the stubs, ...). Our build file essentially has all the unique parameters of our Grid
Service, and abunch of callsto the GT3 build files. At first, it is safe to know practically nothing about
Ant and build files; you can usually write a'generic' build file which will work with more than one
Grid Service, and then you won't have to see build files ever again. In fact, this tutorial includes a
handy build file that works with all the examples we'll see. However, as you move on to more complex
projects, you'll probably need to write custom build files to fine tune the whole build process.

If you want to learn more about Ant , take alook at the Ant Website. It includes plenty of
documentation, tutorials, etc.

<-- Previous "Up”" Next -->
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Compiling and deploying in one step: Ant
Our handy multipurpose buildfile

<-- Previous "Up”™ Next -->

For the rest of the tutorial, we are going to use avery handy Ant build file which will work with all the
examples welll see. That way, we won't have to rewrite the build file each time we get to a new
example. Y ou can download it here (save it into the directory you're using for the tutorial,
$TUTORIAL_DIR). Since thistutoria isn't meant asan Ant tutorial, we won't see what's inside the
build file, but feel free to take alook inside.

You also need to create afile called bui | d. properti es in STUTORIAL_DIR with the following
line:

ogsa.root=path to GI3 installation

Replace path to GT3 installation with the path where you installed GT3. For example: ogsa. r oot =/
usr/ |l ocal / gt 3/

Now, we're going to try out the build file on our first Grid Service.

ant -D ava.interface=true

- Dpackage=gt 3tutorial .core.first -
Di nterface. nanme=Mat h

- Dpackage. dir=gt 3tutorial/core/first/ -
Dservi ces. nanespace=first.core. gt3tutori al

Just by executing this single command, you'll get your JARs and your GAR ready to use in adirectory
caled $TUTORIAL_DIR/build/lib. The only thing left to do isto deploy the GAR.

Hey, wait a second! This might be 'multipurpose’, but sure isn't ‘handy'! You're right, having to write
those four parameter can be a bit of a nuisance. That's why we'll also use a handy shell script which
makes things even simpler. Y ou can download it here. With this script, building your Grid Service will

be as simple as doing the following:

.Jtutorial _build.sh gt3tutorial/core/first/inpl/Math.
j ava
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Be sure to run thisfrom $STUTORIAL_DIR.

Of course, you can use this shell script and build file for your own projects. However, bear in mind that
they have certain limitations (see this FAQ entry for more details).

P.S.- By theway, I'm not really very good at shell script programming, so if you look at the source code,
I'm sure some people will consider it abit...errr...crude. I'm sure shell gurus could do the same thing with
only three lines (and alot more pipes). Suggestions are more than welcome :-)

<-- Previous "Up”™ Next -->
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Writing a Real Grid Service
<-- Previous "Up™ Next -->

Now that we've written asimple Grid Service and know what Ant is, we're ready to write areal Grid
Service. Remember, our first MathService wasn't really a Grid Service. It was actually asimple Web
Service which we deployed using GT3 tools. What we're going to do now is 100% Grid Service.
Really. No strings attached thistime.

This might be a good time to reread What is a Grid Service?, where we saw that Grid Services are

actually just 'improved Web Services. In this section we're going to start by seeing one of the main
improvements: factories.

<-- Previous "Up”™ Next -->
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Writing a Real Grid Service

The Math Factory
<-- Previous "Up”" Next -->

To understand how factories work, we're going to continue with the MathService example. However,
this time we're not going to have one single MathService, but a MathService Factory that can create
multiple MathService Instances. These instances are the ones that will peform operations for the
clients. In this section we are going to see two ways of using these instances:

. Oneinstance for each client. In this case, each client will work with its own instance, so no one
else can access hisinformation. This could be called a stateful transient approach. Sateful
means that the Grid Service remembers information from one call to the next. Transient means
that an instance will eventually be destroyed, usually by the client when it has no use for it. In
one of the examples we'll see, clientswill be able to explicitly tell the Grid Service instancesto
self-destruct.

. Oneinstance shared by several clients: In this case, al the clients will have accessto the
information contained in the Grid Service. Thisis a stateful non-transient approach. Non-
transient means that the instance is not outlived by its clients (i.e. the instance isn't destroyed
when a client finishes with it, because other clients might need to accessit). Usually some
central authority will be in charge of creating and destroying the instances.

NOTE: Sometimes the term 'persistent’ is used as the opposite of ‘transient’. | am using 'non-transient’ so
you won't get confused when, later on, we see atype of persistency which isn't related to transient/non-
transient.

The "1 instance, 1 client" approach is probably the most interesting novelty in Grid Services (with
respect to Web Services), since the other approach can be simulated (to some extent) by plain Web
Services. However, when we see notifications in the next section, we will see that the "1 instance, N
clients' aso hasits advantages.

Defining a MathService Factory is very similar to the smple MathService we saw earlier. We still need
three fundamental files:

. The service interface: Directly in WSDL, or generated from a Java interface.
. The service implementation: Written in Java.
« The deployment descriptor: Written in WSSD.

The Service Interface
We're going to make a couple changes in the service interface of MathService, but only so we can see
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the advantages of Grid Services better. First of all, to keep the example simple, we're getting rid of the
mul ti ply anddi vi de methods (you can add them later on as an exercise). Another big changeis
that the remaining add and subt r act method will have only one argument, and won't return any
value. We're also adding a new method calledi nt get Val ue() . Thiswill be explained shortly.

package gt3tutorial.core.factory.inpl;

public interface Math

{
public void add(int a);
public void subtract(int a);
public int getValue();

}

Save thisfile as STUTORIAL _DIR/gt3tutorial/core/factory/impl/Math.java

The Service Implementation

Take alook at the implementation code, and try to figure out what it does. Then, read the comments
below, which explain exactly why theadd and subt r act receive only one argument (instead of two,
which seems like the more logical choice).

package gt3tutorial.core.factory.inpl;

i mport org. gl obus. ogsa.inpl.ogsi.GidServicel npl;
i nport gt3tutorial.core.factory. Math. Mat hPort Type;
i mport java.rm . RenoteException;

public class Mathlnpl extends GidServicelnpl inplenents
Mat hPor t Type

{

private int value = 0;

public Mathl npl ()

{

super (" Sinple Math Factory Service");
}
public void add(int a) throws RenoteException
{

val ue = value + a;
}
public void subtract(int a) throws RenoteException
{

val ue = value - a;
}
public int getValue() throws RenoteException
{
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return val ue;

Savethisfile as $STUTORIAL_DIR/gt3tutorial/core/factory/impl/Mathimpl.java

After reading the implementation code, you've probably figured out what has changed in this
MathService: it isastateful service (unlike our first MathService which was stateless). The Grid
Service now has a private attribute called val ue which has an initial value of zero. add and

subt r act work with that internal value along with the parameter sent in the call. Notice how add
and subt r act don't return any value. The only way of checking the current internal value is by
calling the get Val ue method. Thiswill help us see the statefulness of Grid Servicein action
(remember, anormal Web Service would be unable to remember an 'interna value').

The Deployment Descriptor

The deployment descriptor is the file that has the most changes:

<?xm version="1.0"7?>
<depl oynent nane="def aul t Server Confi g" xm ns="http://xm .
apache. or g/ axi s/ wsdd/ "

xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
provi ders/java">

<service name="tutorial/corel/factory/
Mat hFact oryServi ce" provi der="Handl er" styl e="w apped">
<par anet er name="nane"
val ue="Mat hServi ce Factory"/>
<par anet er nane="i nst ance- nane"
val ue="Mat hServi ce | nstance"/>
<par anet er nanme="i nst ance- schenaPat h"
val ue="schena/ gt 3tutorial . core.
factory/ Mat h/ Mat hServi ce. wsdl "/ >
<par armet er nane="i nst ance- baseCl assNane"
val ue="gt3tutorial.core.factory.
i mpl . Mat hl npl "/ >

<l-- Start common paraneters -->
<par anet er nane="al | onedMet hods"
val ue="*"/>
<par anet er nane="persistent"
val ue="true"/>
<par anet er nane="cl assNane"
val ue="org. gri df orum ogsi . Factory"/

<par anet er name="baseC assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
Persi stent Gi dServi cel npl "/ >
<par anet er nane="schenmaPat h"
val ue="schema/ ogsi /
ogsi _factory_service.wsdl "/ >
<par anet er nane="handl er Cl ass"
val ue="org. gl obus. ogsa. handl ers.
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RPCURI Pr ovi der"/ >
<par anet er nane="factoryCal | back"

val ue="org. gl obus. ogsa. i npl . ogsi .
Dynam cFact oryCal | backl npl "/ >

<par armet er name="operati onProvi ders"

val ue="org. gl obus. ogsa. i npl . ogsi .
Fact oryProvi der"/ >

</ servi ce>

</ depl oynment >

Save thisfile as STUTORIAL _DIR/gt3tutorial/core/factory/Math.wsdd

Asyou can see, this deployment descriptor has much more parameters than our first deployment
descriptor. The last 8 parameters are usually the same for all Grid Services, and rarely have to be

modified (when we see notifications, we'll see that two of those parameters have to be changed so the
Grid Service can support notifications).

The parameters that will usually change from one Grid Service to the other are the first four:

. nhane: Description of the Grid Service

. I nstance- name: Description of a Grid Service instance

. i nstance- schenmaPat h: The path where the WSDL file can be found. In the tutorial, we'll
be using the following general path for the WSDL files: schenma/ name-of-package/ name-of-
PortType/ name-of-PortTypeSer vi ce. wsdl However, don't worry too much about this. Our
handy multipurpose buildfile and script will take care of putting every filein the right directory.

. i nstance-baseC assNane: Base class of the Grid Service instances. In this case, thisis
the class Mat hl npl we've just seen.

<-- Previous "Up”" Next -->

Borja Sotomayor
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Deploying the Grid Service
<-- Previous "“Up™ Next -->

Ok, now let's deploy our MathService Factory. First of al, let's build the Grid Service using our handy
buildfile and script:

./tutorial build.sh gt3tutorial/core/factory/inpl/
Mat h. j ava

Run from $TUTORIAL_DIR/

Now, deploy the GAR file:

ant depl oy -Dgar.nane=$TUTORI AL_DI R/ bui I d/Ii b/
gt3tutorial.core.factory. Mat h. gar

Remember, you have to run this from your GT3 installation directory, with a user with write permissions
on that directory.

Start the services container:

gl obus-start -cont ai ner

Remember you need to setup the GT3 command-line clients for this command to work. If you haven't
done this, take alook at the following page: How to setup the GT3 scripts (globus-start-container, ogsi-

create-service, ...)
<-- Previous "“Up™ Next -->

Borja Sotomayor
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Writing a Real Grid Service

Writing a factory client #1
<-- Previous "Up”" Next -->

Now we're going to test the MathService Factory with our own client. Thisfirst client will connect to
an existing instance, which we can create from the Service Browser, or using a GT3 command we will
see later. Thisclient will receive two arguments from the command line

1. The Grid Service Handle (GSH)
2. Number

Here is the whole source code for the client. You'll notice that it is very similar to the client we wrote
for our first MathService. In fact, the only difference is that we're making two calls to MathService: one
call to add to add a number, and acall to get Val ue to see what the internal value of MathServiceis.

package gt3tutorial.core.factory.client;

import gt3tutorial.core.factory. Math.

Mat hSer vi ceG i dLocat or ;

i mport gt3tutorial.core.factory. Mat h. Mat hPort Type;
i nport java. net. URL;

public class Mathd i ent

{
public static void main(String[] args)
{
try
{

/'l Get command-line argunents
URL GSH = new j ava. net. URL(args
[0]);

int a = Integer.parselnt(args[1]);

/Il Get a reference to the
Mat hSer vi ce i nstance
Mat hSer vi ceG i dLocat or
mat hServi ceLocat or = new Mat hServi ceGi dLocator ();
Mat hPort Type math =
mat hSer vi ceLocat or . get Mat hSer vi ce( GSH) ;

/1 Call renote nethod 'add'
mat h. add( a) ;
Systemout.println("Added " + a);
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/1l Get current val ue through
renot e nmet hod ' get Val ue’

int value = nmath. get Val ue();

Systemout. println("Current val ue:

" + val ue);
}cat ch( Exception e)
{
Systemout. println("ERROR ") ;
e.printStackTrace();
}
}

Savethisfile as $TUTORIAL_DIR/gt3tutorial/core/factory/client/MathClient.java

Let's compile the client:

javac -classpath ./build/cl asses: $CLASSPATH
gt3tutorial/core/factory/client/Mathdient.
j ava

./ bui | d/ cl asses isadirectory generated by Ant were all the compiled stub classes are left. We
need to include this directory in the Classpath so our client can access generated stub classes such as
Mat hSer vi ceGri dLocat or.

0ogsi - creat e-service

http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ factory/ Mat hFact oryServi ce

mat h

Aswith gl obus- st art - cont ai ner, you need to setup the GT3 command-line clients for this
command to work. If you haven't done so yet, take alook at the following page: How to setup the GT3

scripts (globus-start-container, ogsi-create-service, ...)

Notice how ogsi-create-service receives two arguments: the MathService factory GSH and the name of
the instance we want to create.

Now you can go ahead and test the client:

java gt3tutorial.core.factory.client. Mathd i ent
http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ factory/ Mat hFact orySer vi ce/ mat h
5

If you run the client several times, you'll see how MathService's internal value changes after each call.
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<-- Previous "Up”" Next -->
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Writing a factory client #2
<-- Previous "Up”" Next -->

This second client doesn't connect to an existing instance. Instead, it first connects to the MathService
factory, requests that a new instance be created, uses it, and then destroysit. Thisis asimple example
of how we can use transient Grid Services with GT3. This example has some important differences
with respect to prior examples, so besides just printing the whole source code, we'll see some important
lines in more detail.

package gt3tutorial.core.factory.client;

i mport org.gridforum ogsi.OGSI Servi ceG i dLocat or;
i mport org.gridforumogsi.GidService;

i mport org.gridforum ogsi.Factory;

i nport org.gridforum ogsi.Locator Type;

i mport org.globus. ogsa.utils.GidServiceFactory;

i mport gt3tutorial.core.factory. Math.

Mat hServi ceGri dLocat or;

import gt3tutorial.core.factory. Math. Mat hPort Type;
i mport java. net. URL;

public class Mathdient2

{
public static void main(String[] args)
{
try
{

/'l Get conmand-|ine argunents
URL GSH = new j ava. net. URL(args
[0]);

int a = Integer.parselnt(args[1]);

/[l Get a reference to the
Mat hServi ce Factory

OGSl Servi ceGi dLocat or gridLocat or
= new OGSI Servi ceGi dLocator();

Factory factory = gridLocator.
get Fact oryPort ( GSH) ;

G i dServi ceFactory mat hFactory =
new Gi dServi ceFactory(factory);
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/'l Create a new Mat hService
i nstance and get a reference to its

/1l to its Math Port Type.

Locat or Type | ocator = mathFactory.
createService();

Mat hSer vi ceGri dLocat or mat hLocat or
= new Mat hServi ceG i dLocator();

Mat hPort Type nmath = mat hLocat or.
get Mat hServi ce(l ocat or);

/1 Call renote method 'add'
mat h. add(a) ;
Systemout.println("Added " + a);

/1l Get current value through
renote net hod ' get Val ue'
i nt value = math. get Val ue();
Systemout. println("Current val ue:
+ val ue) ;

/[l Get a reference to the
G i dService Port Type
/1 and destroy the instance
GidService gridService =
gridLocator.get Gi dServicePort (|l ocator);
gridService. destroy();
}cat ch( Exception e)
{
System out. println("ERROR ") ;
e. printStackTrace();

Save thisfile as STUTORIAL_DIR/gt3tutorial/core/factory/client/MathClient2.java

First off, let'stake alook at how we make the connection to the MathService Factory:

OGSl Servi ceGi dLocator gridLocator = new

OGSI Servi ceG i dLocator () ;

Factory factory = gridLocator. get FactoryPort (GSH);

Gri dServi ceFactory mat hFactory = new GidServi ceFactory
(factory);

This should look dlightly familiar. Remember how, in previous examples, we could connect to
MathService with just two lines (which ook suspiciously like these two...just replace

OGSl ServiceGridLocator with MathServiceGridL ocator and Factory with MathPortType). Remember:
factories are themselves Grid Services. The following lines show how we can create a new
MathService instance with the factory:

Locat or Type | ocator = mat hFactory. createService();
Mat hServi ceGi dLocat or mat hLocat or = new
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Mat hSer vi ceGri dLocat or () ;
Mat hPort Type mat h = mat hLocat or. get Mat hSer vi ce(| ocator);

First of all we call thecr eat eSer vi ce method, which is afactory operation. This method returns
the instance's locator, which we will use to get areference to the Math PortType in the remaining two
lines. After these three lines, we are ready to call the instance. These calls are exactly the same as the
previous client. However, after we've made the calls, we have to destroy the instance. Thisis done by
making a call to aspecia PortType that all Grid Services have: the GridService PortType. This
PortType has a set of useful methods which we will discover throughout the tutorial. The method we're
interested in now isdest r oy () , which orders a Grid Service to destroy itself.

GridService gridService = gridLocator.getG&idServicePort
(l ocator);
gridService.destroy();

Notice how, before making thedest r oy() call, we need to get areference to the GridService
PortType (using theget Gri dSer vi cePort method inthe OGSI Ser vi ceG'i dLocat or object
we created earlier).

Let'sgivethisnew client atry:

javac -classpath ./build/classes: $CLASSPATH
gt3tutorial/core/factory/client/NMathd ient2.
j ava

Now, let's run it. Remember, we don't have to create an instance because the client takes care of it.
Also, the URL we pass as an argument is the factory GSH, not an instance GSH.

java gt3tutorial.core.factory.client. MathCient?2
http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ factory/ Mat hFact oryServi ce
5

If you run this program several times, you'll notice that the internal value is aways the same. Thisis
because each time we run the client, we're using a different instance (so each time we run the client, the
instance always has an initia value of 0). Of course, in this example this might not make much sense.
However, imagine that MathService offers dozens of complicated operations which require
intermediate values to be remembered and that, once you've arrived at afina result, you have no more
need for the instance. In that case, it makes sense to destroy the instance as soon as we're done with it,
S0 we can free system resources.

<-- Previous ~Up™ Next -->

Borja Sotomayor
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GWSDL interface description
<-- Previous "Up™ Next -->

In the two examples we've done so far, we've seen that the very first step in writing a Grid Serviceis
defining the service interface. In the end, this service interface will have to be WSDL, since that is the
language used in the Web Services architecture to describe service interfaces. However, in our very
first example we saw that it wasn't strictly necessary to directly write the WSDL code. We could start
out with a Java interface, and generate the WSDL code from the Java code. In fact, that what we've
done in the previous examples.

However, although writing a Java interface is certainly ssmple, it does have its shortcomings. Writing
WSDL code directly might seem more dificult but, in the long run, is definitely the best choice.

In this section we'll write and deploy a Grid Service with the same functionality seen in the previous
section (add, subtract, and getValue), but we'll start with aWSDL description, not with a Java interface.
Furthermore, we'll introduce a special kind of WSDL used currently in the Globus Toolkit: the Grid
WSDL (or GWSDL).

<-- Previous "Up™ Next -->

Borja Sotomayor
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Java interface versus WSDL description
<-- Previous "Up”" Next -->

Before starting to write code, let's take alook at why WSDL (and GWSDL) are better than starting
from an interface language (such as Javaor IDL).

. Semantically richer: Y ou can be much more 'expressive’ with WSDL than with interface
languages. In other words, you might find that there are certain operations or requirements that
you are unable to expressin Java, which you can expressin WSDL.

. More control: Starting out from an interface language means that, at some point, you'll have to
run some translation program that will turn your Java code to WSDL code. And let's faceit:
each time you add a new layer of abstraction over anything (be it software or hardware) you
lose a bit of control over the final result, despite making your job easier. This means that the
final WSDL code might not be exactly what you need it to be.

Of course, interface languages do have an important advantage over WSDL.: they're much easier to
write. A 10 line Javainterface can easily turn into a 50-100 line WSDL document (which, being an
XML language, includes a wide assortment of tags, attributes, namespaces,... fun!).

Even so, don't let yourself be intimidated by WSDL. When you see your first WSDL document in the
next page, you might think of saying "No way! I'm sticking with Java!", but you'll eventually realize
that writing WSDL is not so difficult after al. Besides, the rest of the tutorial examples start from
GWSDL descriptions, so you don't have much of a choice, do you? :-)

<-- Previous "Up”™ Next -->

Borja Sotomayor
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Writing the GWSDL description
<-- Previous "Up”" Next -->

As mentioned before, the Grid Service we are going to write and deploy is practically the same as the
one seen in the previous section, except we're starting with a WSDL description, not a Java interface
likethis:

package gt3tutorial.core.gwsdl.inpl;

public interface Math

{
public void add(int a);
public void subtract(int a);
public int getVal ue();

}

Actualy, what we're going to write is not WSDL, but Grid WSDL (or GWSDL), which is an extension
of WSDL used in the OGSl specification (and, therefore, in the Globus Toolkit). In amoment we'll see
the differences between WSDL and GWSDL. Before that, we'll take a good look at the GWSDL code
which is equivalent to the Java interface shown above.

However, the goal of this pageis not to give a detailed explanation of how to write a GWSDL file, but
rather to present the GWSDL file for this particular example and explain the main differences between
WSDL and GWSDL. If you have no idea whatsoever of how to write WSDL, now isagood time to

take alook at the following page of the How to... section: How to write a GWSDL description of your

Grid Service.

Ok, so supposing you either know WSDL or have visited the above link, take a good thorough look at
this GWSDL code:

<?xm version="1.0" encodi ng="UTF-8"?>
<defi ni ti ons nanme="Mat hServi ce"

t ar get Nanmespace="htt p://ww. gt 3tutori al . org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"

xm ns:tns="http://ww. gt3tutorial.org/
nanmespaces/ 0. 2/ cor e/ gwsdl / Mat h"
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xm ns: ogsi ="http://ww. gridforum org/
nanespaces/ 2003/ 03/ OGSI "

xm ns: gwsdl ="http://ww. gridf orum org/
nanmespaces/ 2003/ 03/ gri dWSDLExt ensi ons™

xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema"

xm ns="http://schemas. xm soap. org/ wsdl /">

<inport location="../../ogsi/ogsi.gwsdl"
nanmespace="http://ww. gri df orum or g/
nanespaces/ 2003/ 03/ OGSI "/ >

<types>
<xsd: schema t ar get Nanespace="http://ww. gt 3tutorial.org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"
attri but eFor mDef aul t =" qual i fi ed"
el ement For mDef aul t ="qual i fi ed"
xm ns="http://ww. w3. org/ 2001/ XM_Schema" >
<xsd: el ement nane="add">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el emrent nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >
<xsd: el ement nane="addResponse" >
<xsd: conpl exType/ >
</ xsd: el enent >
<xsd: el emrent nane="subtract">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el emrent nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >
<xsd: el ement nane="subtract Response">
<xsd: conpl exType/ >
</ xsd: el ement >
<xsd: el ement nane="get Val ue" >
<xsd: conpl exType/ >
</ xsd: el enent >
<xsd: el ement nane="get Val ueResponse" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >
</ xsd: schema>
</types>

<nessage nane="Addl nput Message" >

<part name="paraneters" el enment="tns:add"/>
</ message>
<nessage nane="AddQut put Message" >
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<part name="paraneters" el enent="tns: addResponse"/>
</ message>
<nessage nane="Subtract | nput Message" >
<part name="paraneters" elenent="tns:subtract"/>
</ message>
<nessage nane="Subtract Qut put Message" >
<part name="paraneters" el enment="tns:
subtract Response"/ >
</ message>
<nessage nane="Cet Val uel nput Message" >
<part name="paraneters" el ement="tns: getVal ue"/>
</ message>
<nessage nane="Cet Val ueCut put Message" >
<part name="paraneters" el enment="tns:
get Val ueResponse"/ >
</ message>

<gwsdl| : port Type nanme="Mat hPort Type" extends="ogsi :
GidService">
<operati on nanme="add">
<i nput nessage="t ns: Addl nput Message"/ >
<out put message="t ns: AddQut put Message"/ >
<fault name="Fault" nessage="o0gsi:
Faul t Message"/ >
</ oper ati on>
<operati on nanme="subtract">
<i nput nessage="tns: Subtract | nput Message"/ >
<out put nessage="tns:
Subt r act Qut put Message"/ >
<fault name="Fault" nessage="o0gsi:
Faul t Message"/ >
</ operati on>
<oper ati on nane="get Val ue">
<i nput nessage="t ns: Cet Val uel nput Message"/ >
<out put nessage="tns:
Cet Val ueCQut put Message"/ >
<fault nane="Fault" nessage="o0gsi:
Faul t Message"/ >
</ oper ati on>
</ gwsdl : port Type>

</ definitions>

Save thisfile as STUTORIAL_DIR/gt3tutorial/core/gwsdl/schema/Math.gwsdl

If you know WSDL, you'll recognize this as a pretty straightforward WSDL file which defines three
operations. add, subtract, and getValue (along with all the necessary messages and types). Let'stake a
closer look at some important parts of the code. First of all, notice how the target namespace for the
Grid Serviceis:

http://ww. gt 3tutorial.org/ namespaces/ 0. 2/ cor e/ gwsdl / Mat h

Furthermore, we have to include the following OGSI namespaces:
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xm ns: ogsi ="http://ww. gridf orum or g/ nanespaces/ 2003/ 03/
oGSl "

xm ns: gwsdl ="http://ww. gri df orum or g/ namespaces/ 2003/ 03/
gr i dWSDLExt ensi ons"

We also have to import a GWSDL file that defines all the OGSI-specific types, messages, and
portTypes.

<inmport |ocation="../../ogsi/ogsi.gwsdl"
nanespace="http://ww. gri df orum or g/ nanespaces/ 2003/ 03/
oGSl "/ >

Finally, notice how we have no bindings whatsoever in our GWSDL file. We don't have to add them
manually, since they are generated automatically with a GT3 tool. We won't even have to use that tool
manually, sinceit isapart of the build process defined in the GT3 Ant build files (so each time we
want to generate the stubs for our Grid Service starting from a GWSDL file, the bindings will be
generated automatically for us).

Differences between WSDL and GWSDL

Remember that thisis GWSDL, an extension of WSDL. Actually, thisis not entirely true. GWSDL has
certain features that WSDL 1.1 doesn't have, but which will be available in WSDL 1.2. Since WSDL
1.2 isstill aW3C Working Draft (in other words, not a stable standard, and bound to change in the near
future), the Global Grid Forum was unable to use WSDL 1.2 (with all its great Grid-friendly
improvements) in OGSI. So, they created GWSDL as atemporary solution. In fact, the Globa Grid
Forum has said that, as soon asWSDL 1.2 is a W3C Recommendation (a stable standard), it will
substitute GWSDL for WSDL 1.2.

So, what exactly are the improvementsin GWSDL (and, therefore, in WSDL 1.2)? Well, if you are
WSDL -literate, you have probably spotted one improvement in the above code:

<gwsdl| : port Type nane="Mat hPort Type" extends="ogsi :
GidService">

</ gwsdl : port Type>

First of al, notice how we're not using the WSDL <por t Type> tag, but atag from the GWSDL
namespace: <gwsdl| : port Type>. Thisnew tag has an ext ends attribute. Thisisthe first mgjor
improvement in GWSDL/WSDL 1.2: PortType inheritance. Y ou can define a PortType as an extension
of one of more PortTypes. In this case, we're extending from an OGSI PortType called GridService (all
Grid Services must implement this interface).

Of course, you might be wondering why we haven't seen the GridService interface before. Wel'll,
remember how in the previous example our Mat hl npl class extended from a base class called
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G i dSer vi cel npl ?WEéll, that class implements the GridService interface.

The second major improvement is related to Service Data, which we will see in one of the following
sections.

<-- Previous "“Up™ Next -->
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GWSDL interface description

Mapping the namespaces to packages
<-- Previous "“Up™ Next -->

We're done defining the service interface, so the next step isto implement the Grid Service. However,
before doing that, we have to do asmall (but important) task. Remember that we said that the GWSDL
code would be equivalent to the following Javainterface?

package gt3tutorial.core.gwsdl.inpl;

public interface Math

{
public void add(int a);
public void subtract(int a);
public int getVal ue();

}

Sure, our GWSDL specifies those three operations, with al their parameters and return values. But
what about the package name? During the build process, a set of stubswill be generated which we will
need to use both in the server side and the client side. But there is no mention whatsoever in the
GWSDL file of what Java package those stubs will belong to. In fact, the default behaviour isto
generate the package name from the target namespace of the GWSDL file. Left to itself, the stub
generator would create the following package:

package org.gt3tutorial.ww. nanespaces. 0. 2. core. gwsd| . Mat h;

Or something equally hideous. Fortunately, we can tell the stub generator to map certain namespaces to
specific package names by creating a mapping file:

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/ gwsdl /

Mat h=gt 3t ut ori al . core. gwsdl . wsdl

http\://ww. gt 3tutorial.org/ nanespaces/ 0. 2/ cor e/ gwsdl / Mat h/
bi ndi ngs=gt 3tutori al . core. gwsdl . wsdl . bi ndi ngs

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/ gwsdl / Mat h/
servi ce=gt 3tutorial.core. gwsdl.wsdl.service
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Savethisfile as $TUTORIAL_DIR/namespace2package.mappings
Y es, the backslash beforethecolon (htt p\: / /... ) isintentional.

The first namespace is the target namespace of the GWSDL file. The other two namespaces (our
namespace plus/ bi ndi ngs and/ ser vi ce) are created by the stub generator, so we have to define
amapping for them too.

<-- Previous "Up”" Next -->
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GWSDL interface description
Implementing the Grid Service
<-- Previous "“Up™ Next -->

We're finaly ready to implement the Grid Service. Since its behaviour is exactly the same as the
previous example, the implementation is practically the same:

package gt3tutorial.core.gwsdl.inpl
i nport org. gl obus. ogsa.inpl.ogsi.GidServicelnpl;
i mport gt3tutorial.core.gwsdl.wsdl.MthPort Type;
i mport java.rm . Renot eException;
public class Mathlnpl extends GidServicel npl inplenents
Mat hPor t Type
{
private int value = 0;
publ i c Mat hl npl ()
{
super ("Sinple Math Factory Service");
}
public void add(int a) throws RenoteException
{
val ue = value + ga;
}
public void subtract(int a) throws RenpteException
{
val ue = value - a;
}
public int getValue() throws RenoteException
{
return val ue;
}
}

Save thisfile as STUTORIAL _DIR/gt3tutorial/core/gwsdl/impl/Mathl mpl.java

Thereis, however, asmall difference. In our previous example, the MathPortType Java interface
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belonged to the following package:

gt3tutorial.core.factory. Math

However, we mapped the WSDL target namespace to the following package:

gt3tutorial.core. gwsdl . wsdl

S0, basically, the stub classes are no longer stored in a subpackage named after the original Java
interface (Mat h), but in the package we explicitly specify in the mappingsfile.

The Deployment Descriptor

The deployment descriptor is also practically the same as the one in the previous example.

<?xm version="1.0"?7>
<depl oynent nanme="defaul t Server Config" xm ns="http://xm.
apache. or g/ axi s/ wsdd/ "

xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
provi ders/java">

<service name="tutorial/core/gwsdl/
Mat hFact oryServi ce" provi der="Handl er" styl e="w apped">
<par anet er nanme="nane"
val ue="Mat hServi ce Factory
(GNBDL) "/ >
<par anet er nanme="i nstance- nane"
val ue="Mat hServi ce | nstance
(GwWsDL) "/ >
<par anet er nanme="i nst ance- schenaPat h"
val ue="schena/ gt 3tutorial . core.
gwsdl / Mat h/ Mat h_servi ce. wsdl "/ >
<par anet er nanme="i nst ance- baseCl assNane"
val ue="gt 3tutorial.core.gwsdl.inpl.

Mat hl mpl "/ >

<l-- Start common paraneters -->

<par anet er nane="al | onedMet hods" val ue="*"/
>

<par anet er nane="persi stent" val ue="true"/>

<par anet er nane="cl assNane"

val ue="org. gri df orum ogsi . Factory"/

>

<par anet er nane="baseC assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
Persi stent Gi dServi cel npl "/ >
<par anet er nane="schenmaPat h"
val ue="schena/ ogsi /
ogsi _factory_service.wsdl "/ >
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<par anet er nanme="handl er Cl ass"
val ue="or g. gl obus. ogsa. handl ers.
RPCURI Pr ovi der "/ >
<par anmet er nane="factoryCal | back"
val ue="org. gl obus. ogsa. i npl . ogsi .
Dynam cFact oryCal | backl mpl "/ >
<par anet er nane="operati onProvi ders"
val ue="org. gl obus. ogsa. i npl . ogsi .
Fact oryProvi der"/ >
</ service>

</ depl oynent >

Save thisfile as STUTORIAL_DIR/gt3tutorial/core/gwsdl/Math.wsdd

Aside from minor name changes (the package for this Grid Serviceiscalled gwsdl , not f act ory),
there is one noteworthy change: when we start from a GWSDL description, the name of the generated
WSDL filewill not be interface-nameSer vi ce. wsdl (for example, Mat hSer vi ce. wsdl ), but
interface-name_ser vi ce. wsdl (inthiscase: Mat h_servi ce. wsdl ).

Compile and Deploy

Our handy multipurpose buildfile and script work just as well when starting from a GWSDL
description. Instead of passing the Java interface to the script, we'll pass the GWSDL file:

./tutorial build.sh gt3tutorial/core/gwsdl/schena/
Mat h. gwsdl

Once you've compiled the Grid Service, deploy it:

ant depl oy -Dgar.nanme=$TUTCRI AL_DI R/ bui I d/Ii b/
gt3tutorial.core.gwsdl.Mth. gar

Finally, start the Grid Services container, and create an instance of the Grid Service, which we will
access from our client.

gl obus-start-contai ner
0ogsi - creat e-service
http://1 ocal host: 8080/ ogsa/ services/tutorial/

cor e/ gwsdl / Mat hFact or ySer vi ce
mat h

<-- Previous "Up”™ Next -->
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GWSDL interface description
A simple client
<-- Previous "“Up™ Next -->

Once again, since this examplesis nearly identical to the previous one, the client we'll use to test the
Grid Service is aso the same:

package gt3tutorial.core.gwsdl.client;

i mport gt3tutorial.core.gwsdl.wsdl.service.

Mat hServi ceGri dLocat or;

i mport gt3tutorial.core.gwsdl.wsdl.MthPort Type;
i mport java. net. URL;

public class MathC i ent

{
public static void main(String[] args)
{
try
{

/'l Get conmand-|ine argunments
URL GSH = new j ava. net. URL(args
[0]);

int a = Integer.parselnt(args[1]);

/Il Get a reference to the
Mat hServi ce i nstance
Mat hSer vi ceGri dLocat or
mat hSer vi ceLocat or = new Mat hServi ceGi dLocator () ;
Mat hPort Type math =
mat hSer vi ceLocat or. get Mat hSer vi cePort ( GSH) ;

/1 Call renote nethod 'add'
mat h. add( a) ;
Systemout.println("Added " + a);

/1l Get current value through
renot e met hod ' get Val ue'
i nt value = mat h. get Val ue();
System out. println("Current val ue:
+ val ue) ;
}cat ch( Exception e)

{
Systemout.println("ERROR");
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e.printStackTrace();

Just notice how the stub generator doesn't place all the stub classes in one same package. While the
Mat hPor t Type interface isin the following package:

gt3tutorial.core. gwsdl . wsdl

The Mat hSer vi ceG i dLocat or isinthefollowing package:

gt3tutorial.core.gwsdl.wsdl.service

Let'sgivetheclient atry. First of al, compileit:

javac -classpath ./build/classes: $CLASSPATH
gt3tutorial/core/gwsdl/client/MathCient.java

And run it;

java gt3tutorial.core.gwsdl.client.Mathd i ent
http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ gwsdl / Mat hFact oryServi ce/ mat h
5

<-- Previous "Up”" Next -->
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Operation Providers

<-- Previous "“Up" Next -->

In all the examples we've seen up until now, when implementing our Grid Service we had to create a
Java class which extended from G- i dSer vi cel npl , which all Grid Services must extend from. For
example:

public class Mathlnpl extends GidServicel npl inplenents
Mat hPor t Type

Thisis an implementation approach known as implementation by inheritance, because we get al the
basic functionality of a Grid Service from a base class. The Globus Toolkit 3 offers another approach:
implementation by delegation (or Operation Providers, in the GT3 jargon). If you're familiar with
object-oriented design patterns, you might already know about this approach (also, if you've worked
with CORBA, thisis the approach used in the CORBA Tie mechanism). If you have no idea what
'implementation by delegation' is, don't worry: we'll talk about it briefly in the next page.

<-- Previous "Up”™ Next -->
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Operation Providers

Inheritance versus Operation Providers
<-- Previous ~Up" Next -->
The Globus Toolki3 provides two implementation approaches:

. Implementation by inheritance
. Implementation by delegation (Operation Providers)

The inheritance approach is the one we've seen in al the previous examples. All our Grid Services extend from a class called
G i dServi cel npl , which contains al the basic functionality of a Grid Service. Our class simply hasto provide al the
operations we want in our Grid Service (al the operationsin our MathPortType):

GridServicelmpl
I'm in
charge of
everything!
Mathimpl 5
o

MathPortType o—+add{in a : int, in b : int) © Int /
+subtractiin a :int, in b ;int) ; int

+divide(in a ¢ int, in b :int) - float

Hmultiglylin a @ int, in b int) @ int

+sina(in a : float) : float

+oosine(in a : float) | float

+Hangent{in a : float) @ float

+matrixAdd(in a : Mafrix, in b : Matrix) : Matrix

+matnxinverse(in a - Matrix) : Matrix

The delegation approach, on the other hand, allows us to distribute the operations of our PortType in several classes. For
example, it might make sense to separate the previous Mat hl npl into three classes: one for the arithmetic operations, one for
the trigonometry operations, and one for the matrix operations. Each of these classes is called an operation provider.
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I'm in charge I'm in charge of
of arithmetic. trigonometry.
ArithmeticProvider
OperationProvider o— OperationProvider Trigano mairyProvidec

f+addiin a :int, in b int) ;int o — .

Hsubtract{im a @ int, inb < int) ¢ int :Qgﬁ:ﬁ;@ﬂgﬁ;hj’;&a[

Hdivide(ina @ int, in b @ int) : float T ik

smultiply(in a - int, in b int) - int *tangent(in a - float) : float

I'm

in charge of

matrix operations.

OperationProvider MatrixProvider

HmatrixAdd(in a - Matrix, in b : Matrix) ; Matrix
Hinatixlmeersedin a @ Matrx) : Matrix

Notice how these classes don't extend from any base class. They only have to implement an interface called

Oper ati onProvi der . Of course, you might be wondering: If there is no base class to extend from, where do these classes
get their 'basic Grid Service functionality'? Actually, Gri dSer vi cel npl isstill present in this approach. The only
difference iswe're not forced to extend from it. We'll just need to tell the Grid Service container that Gri dSer vi cel npl
will supply the basic functionality (this is done with the deployment descriptor; we'll see that in the next page).

So, why is the del egation approach better that the inheritance approach? First of all, imagine you want to write and deploy a
Grid Service which has to extend from a Java class you aready have. With the inheritance approach, you couldn't do this,
because your Grid Service already hasto extend from Gri dSer vi cel npl , And, of course, multiple inheritance is not
allowed in Java (and, even if it were, multiple inheritance is considered very bad design).

AnotherClass

GridServicelmpl

Mathimpl

MathPortType o—+add{in a :int, in b :int): int
+subtract(ina ;int, in b int) ;int
+divide(in a : int, in b ; int) ; float
+rmultiply(in & ; int, in b it int
+sine(in a ; float) : float
+oosine(in a ; float) : float
+langent(in a : Mloat) : Aoat

+mafrixAddiin a : Matrix, in b - Matrix) ; Matrix
+maftrixinverse(in a ; Matrix) - Matrix

Using the delegation approach, your provider classis free to extend from any class.
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AnotherClass

TV

TrigonometryProvider

OperatiocnProvider

tsinefin a ; float) - float
+oosinelin a ; float) ; float
+Hangent(in & : foat) | float

The delegation approach has other advantages, such as favoring more modular, uncoupled, and reusable designs (you can
distribute all your operationsinto several operation providers, and then reuse providersin different Grid Services).

The only disadvantage of using the delegation approach isthat it requires just alittle bit more work and code than the
inheritance approach. The deployment descriptor needs a couple of extralines, and you need to implement the methodsin the
OperationProvider interface. However, this requires only asmall (really small) amount of extrawork.

<-- Previous "Up™ Next -->
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Operation Providers

Writing an operation provider
<-- Previous "Up”" Next -->

The following example, which uses an operation provider instead of extending from

Gi dServi cel npl , has the exact same GWSDL file we saw in the previous example (the only
difference is the target namespace of the GWSDL file). This means that using the inheritance approach
or the delegation approach has no effect whatsoever on the GWDSL description. The GWSDL file for
thisexampleis$TUTORI AL_DI R/ gt 3tut ori al / cor e/ provi der s/ schena/ Mat h. gwsdl .

The operation provider class (which we will call Mat hPr ovi der ) isvery similar to al the

Mat hl npl classes we saw in the previous examples. The main difference is that, in this class, we need
to implement the Oper at i onPr ovi der interface. Let'stake alook at the whole code, and then take
acloser look at the new code:

package gt3tutorial.core.providers.inpl;

i mport org. gl obus. ogsa. Gi dServi ceBase;

i nport org. gl obus. ogsa. Gi dServi ceExcepti on;
i mport org. gl obus. ogsa. Operati onProvi der;

i nport org. gl obus. ogsa. Gi dCont ext ;

i nport java.rm . RenpoteException;
i mport javax.xnl . nanmespace. QNane;

public class MathProvi der inplenments Qperati onProvider
{
/1 Operation provider properties
private static final QNane[] operations = new QName

[1{new Qame("", "*")};

private GidServi ceBase base;

/1l Operation Provider nethods
public void initialize(GidServiceBase base)
throws GidServi ceException

{
t hi s. base = base;
}
public QNane[] getOperations()
{
return operations;
}
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private int value = 0;
public void add(int a) throws RenoteException
{
val ue = value + a;
}
public void subtract(int a) throws RenoteException
{
val ue = value - a;
}
public int getValue() throws RenpteException
{
return val ue;
}
}

Savethisfile as $TUTORIAL_DIR/gt3tutorial/core/providersimpl/MathProvider.java

As mentioned before, this classimplementsthe Oper at i onPr ovi der interface, and doesn't extend
from any base class:

public class MathProvi der inplenments OperationProvider

Next, we need to implement the two methodsin the Oper at i onPr ovi der interface:i niti ali ze
() andget Oper ati ons() . These two methods will require two private properties. base and
oper ati ons.

private static final QNane[] operations = new QNane[]{new

Qame("", "*")};

private GidServi ceBase base,;

public void initialize(GidServiceBase base) throws
Gi dServi ceException

{
thi s. base = base;
}
public OQNanme[] getOperations()
{
return operations;
}

These two methods and properties are basically what make the operation provider fit into the Grid
Service. Theoper at i ons property specifies what operations this class provides. The Grid Services
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container usesthe get Oper at i ons() method to ‘ask’ our class what operations it provides.

Since our example has only one operation provider, we can use awildcard inthe oper at i ons
property:

private static final QNane[] operations = new QNane[]{new

Quame("", "*")};

However, if we had more than one operation provider, we would have to list every single method in the
oper at i ons property, like so:

private static final QNane[] operations = new QNane[]{

new QNane("", "add"),

new Nanme("", "subtract"),
new Nanme("", "getVal ue")
1

Besides those two methods, the rest of the implementation isjust like all the previous examples:

private int value = 0;

public void add(int a) throws RenoteException

{ val ue = val ue + a;

}

public void subtract(int a) throws RenpteException
{ val ue = value - a;

}

public int getValue() throws RenpteException

{ return val ue;

}

<-- Previous "Up”" Next -->
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Operation Providers
Deploying the Grid Service
<-- Previous "“Up™ Next -->

Let's deploy this Grid Service. First of all, we need to add the following namespace-to-package
mappings to our mappingsfile:

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/ providers/
Mat h=gt 3tutori al . core. provi ders. wsdl

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/ providers/
Mat h/ bi ndi ngs=gt 3tutorial.core. providers. wsdl . bi ndi ngs
http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/ providers/
Mat h/ servi ce=gt 3tutorial . core. provi ders. wsdl . service

Add thisto file $TUTORIAL_DIR/namespace2package.mappings

The deployment descriptor needs some slight changes:

<?xm version="1.0""?>
<depl oynent nane="def aul t Server Confi g" xm ns="http://xmn .
apache. or g/ axi s/ wsdd/ "

xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
provi ders/java">

<servi ce name="tutorial/core/providers/
Mat hFact oryServi ce" provi der="Handl er" styl e="w apped">
<par anet er nanme="nane"
val ue="Mat hServi ce Factory (with
provider)"/>
<par anet er nanme="i nst ance- nane"
val ue="Mat hServi ce I nstance (wth
provider)"/>
<par anmet er nane="i nst ance- schenaPat h"
val ue="schema/ gt 3tutori al . core.
provi ders/ Mat h/ Mat h_servi ce. wsdl "/ >
<par anet er nane="i nst ance-cl assNanme"
val ue="gt 3tutorial.core. provi ders.
wsdl . Mat hPor t Type"/ >
<par anet er nane="inst ance-
oper ati onProvi der s"
val ue="gt 3tutorial.core. provi ders.
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i npl . Mat hProvi der"/ >
<par anet er nane="i nst ance- baseCl assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
GidServicelnpl"/>

<l-- Start common paraneters -->
<par anet er nane="al | ownedMet hods" val ue="*"/
>
<par aneter nane="persistent" value="true"/>
<par anet er nane="cl assNane"
val ue="org. gri df orum ogsi . Factory"/
>

<par anet er nane="baseC assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
Persi stent Gi dServi cel npl "/ >
<par anmet er name="schemaPat h"
val ue="schema/ ogsi /
ogsi _factory_service.wsdl "/ >
<par anet er nane="handl er Cl ass"
val ue="org. gl obus. ogsa. handl ers.
RPCURI Pr ovi der "/ >
<par aneter nanme="factoryCal | back"
val ue="org. gl obus. ogsa. i npl . ogsi .
Dynam cFact oryCal | backl npl "/ >
<par anet er nane="operati onProvi ders"
val ue="org. gl obus. ogsa. i npl . ogsi .
Fact oryProvi der"/ >
</ service>

</ depl oyment >

Save thisfile as STUTORIAL_DIR/gt3tutorial/core/providers/Math.wsdd

Notice how thei nst ance- baseCl assNane isno longer Mat hl npl , or any class programmed by
us (such as Mat hPr ovi der).

<par anet er nanme="i nst ance- baseCl assNane"
val ue="org. gl obus. ogsa. i npl . ogsi . Gi dServi cel npl "/ >

Now we're using this parameter to tell the Grid Services container that Gr i dSer vi cel npl will
provide the basic functionality of our Grid Service. The implementation of the methods in our Math
PortType will be found in an operation provider, which we specify inthei nst ance-

oper ati onProvi der s parameter:

<par anet er nane="i nst ance- operati onProvi ders"
val ue="gt 3tutorial.core. providers.inpl.
Mat hPr ovi der "/ >

Finally, we need to specify the PortType of our GridService (remember that the operation providers
don't havean"i npl ement s Mat hPor t Type", so the Grid Services container can't use the
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operation providersto figure out what the PortTypeis).

<par anet er nane="inst ance-cl assNanme"
val ue="gt3tutorial.core. providers. wsdl .
Mat hPort Type"/ >

Now, let's build the Grid Service:

./tutorial build.sh gt3tutorial/corel/providers/
schema/ Mat h. gwsdl

And, finaly, let's deploy it and start the Grid Services container:

ant depl oy -Dgar.nane=$TUTORI AL_DI R/ bui I d/ i b/
gt 3tutorial.core. providers. Mat h. gar

gl obus- st art - cont ai ner

<-- Previous ~Up™ Next -->
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Operation Providers

A simple client
<-- Previous "“Up™ Next -->

Thisclient is practically identical to the factory client #2 (the one that created, used, and destroyed an

instance). In fact, the only change is the package names. When switching from an inheritance
implementation to a delegation implementation, the client is not affected.

package gt3tutorial.core.providers.client;

i mport org.gridforum ogsi.OGSI Servi ceGi dLocat or;
i mport org.gridforum ogsi.GidService;

i nport org.gridforum ogsi.Factory;

i mport org.gridforum ogsi.LocatorType;

i mport org. gl obus.ogsa.utils.GidServiceFactory;

i nport gt3tutorial.core.providers.wsdl.service.

Mat hSer vi ceG i dLocat or;

i mport gt3tutorial.core.providers.wsdl.MthPort Type;
i nport java. net. URL;

public class Mathd i ent

{
public static void main(String[] args)
{
try
{

/1l Get command-line argunents
URL GSH = new j ava. net. URL(args
[0]);

int a = Integer.parselnt(args[1]);

I/l Get a reference to the
Mat hSer vi ce Factory

OGSl Servi ceGi dLocat or gridLocat or
= new OGSI Servi ceGidLocator();

Factory factory = gridLocator.
get Fact oryPort ( GSH) ;

GidServi ceFactory mat hFactory =
new Gi dServi ceFactory(factory);

/'l Create a new Mat hService
i nstance and get a reference
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/[l toits Math Port Type

Locat or Type | ocator = mat hFactory.
createService();

Mat hServi ceGi dLocat or mat hLocat or
= new Mat hServi ceG i dLocator();

Mat hPort Type mat h = mat hLocat or.
get Mat hSer vi cePort (| ocator);

/'l Call renpte method 'add'
mat h. add( a) ;
Systemout.println("Added " + a);

/1l Get current val ue through
renot e nmet hod ' get Val ue’
i nt value = nmath. get Val ue();
Systemout.println("Current val ue:
+ val ue) ;

/Il Get a reference to the
GidService PortType
/1 and destroy the instance
GidService gridService =
gridLocat or.get Gi dServi cePort (|l ocator);
gridService. destroy();
}cat ch( Exception e)
{
Systemout. println("ERROR ") ;
e.printStackTrace();

Compile the client:

javac -classpath ./build/classes: $CLASSPATH
gt3tutorial/core/providers/client/Mathd ient.
] ava

And giveit atry:

java gt3tutorial.core.providers.client.MthC ient
http://1 ocal host: 8080/ ogsal/ services/tutorial/
core/ provi der s/ Mat hFact oryServi ce
5

<-- Previous "Up™ Next -->
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Logging
<-- Previous "Up™ Next -->

One of the interesting features in the Globus Toolkit 3 is the possibility of writing alog of interesting
events (warnings, errors, debug information, etc.) to the console or to afile. This feature is based on the
Apache Jakarta Commons L ogging component. In this section we'll add logging to the previous
example (the Operation Providers example). Even so, the pr ovi der s package ($TUTORI AL_DI R/
cor e/ provi der s/ ) inthe examples file doesn't have these modifications. You can find themin a

separate package: $TUTORI AL_DI R/ cor e/ | oggi ng/

<-- Previous "Up”" Next -->
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Logging
The Jakarta Commons Logging architecture
<-- Previous "Up”" Next -->

The goal of the Apache Jakarta Commons Project is the development of reusable Java components,

such as validation classes, command line option parsers, etc. Once of the componentsin this project is
the Commons L ogging component, which allows usto easily produce alog from our Java class.

The Commons Logging component has 6 levels of logging. This means that we are not limited to just
one type of log message, but 6 types of messages with varying degree of 'severity'. Thisallows usto
filter the types of messages, so we have alog with only the information we want. For example, at one
point we might be interested in producing alog with all the debugging information, but later on we will
probably only want alog with errors and warnings produced by our program.

The six levels of log messages are:

. Debug
. Trace
. Info
. Warn
. Error
. Fatal

What messages go into each category is entirely up to the programmer, as we will seein the next page.
<-- Previous "Up™ Next -->
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Logging
Adding logging to MathService
<-- Previous "Up”" Next -->

Enabling logging in our Grid Service is very easy. The following code shows all the necessary changes
in bold. We'll take a closer ook in a moment.

I

i mport org.apache. conmons. | oggi ng. Log;
i nport org. apache. comons. | oggi ng. LogFact orvy;

/11

public class MthProvider inplenments OperationProvider
{

/| Create this class's |ogger

static Log | ogger = LogFactory. getLog(MathProvi der.
cl ass. get Nane()) ;

/1
public void add(int a) throws RenpteException

{
| ogger.info("Addition invoked with
paraneter a=" + String.valueO(a));
if (a==0)
| ogger . warn("Addi ng zero doesn't
nodi fy the internal value!");
val ue = val ue + a;

}

public void subtract(int a) throws RenoteException
{
| ogger.info("Addition invoked with
paraneter a=" + String.valueO(a));
if (a==0)
| ogger.warn("Subtracting zero
doesn't nodify the internal value!");
val ue = value - a;
}

public int getValue() throws RenoteException

{
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| ogger.info("getVal ue() invoked");
return val ue;

Add these modifications to $STUTORIAL_DIR/core/providers/impl/MathProvider.java

Asyou can see, the modifications are very simple. First of all, we need to import two packages from
the Commons Logging component. After that, we need to create a static Log attribute. This attribute is
created using aLogFact or y. Notice how we have to pass the name of our classto theget Log
method.

static Log | ogger = LogFactory. getLog(Mat hProvi der. cl ass.
get Nane() ) ;

After these two modifications, our Mat hPr ovi der classisready to do some serious logging. We're
going to generate some Info and Warn messages. Thisisas simple as calling thei nf o or war n
method inthe | ogger static attribute. The only necessary parameter is the message we want to write
in the log.

| ogger.info("Addition invoked with paranmeter a=" + String.
val ued¥ (a));

if (a==0)
| ogger . warn("Addi ng zero doesn't nodify the
internal value!");

Asyou can see, we're generating an info message every time any of the methods isinvoked, and a
warning message whenever the add or subt r act method is called with an argument equal to zero.

Of course, you can generate messages in any of the other levels by calling:

. l ogger. debug(" Message")
. logger.trace("Message")
. logger.error("Message")
. logger.fatal ("Message")

After you've added these modifications, compile and deploy as described in the previous section.

<-- Previous "Up™ Next -->
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Logging
Viewing log output
<-- Previous "“Up™ Next -->

Our Mat hPr ovi der classisnow ready to generate logs. But, where do all those log messages end
up? Well, we can either write them to the console output of the Grid Services container, or write them
inafile. Thisis specified in afile you'll find at the root of your GT3 installation:

$G.OBUS DI RECTORY/ ogsi | oggi ng. properti es. Just add the following line at the end of
that file:

gt3tutorial.core.providers.inpl.MthProvider=consol e, i nfo

Each line of that file specifies how logging must be handled in those classes that are 1ogging-enabled.
In our case, the class where we've enabled logging isgt 3t ut ori al . core. provi ders. i npl.
Mat hPr ovi der . The two options after the equals sign (=) tell the logger where it should write the
messages, and how to filter them (according to their level).

The messages can either be written to the console, by specifying the consol e option, or to afile, by
writing the file name. Thisfile will be created in the directory specified in another file called
$G.OBUS_DI RECTORY/ ogsi | oggi ng_par m properti es (intheoption

| ogDest i nati onBasePat h).

The filtering option can take any of the following values:

. all or debug
. trace

. info

. warn

. error

. fatal

. Off

Each of these correspond to the logging levels we saw earlier. We can aso ask for al or none of the
messages to be displayed. Take into account that you can only specify one level of filtering. For
example, if you select thewar n level, you will get all the messages generated at that level and at 'more
severe levels(error andf at al ). Thelogic behind thisisthat usually you don't want the log
message from one specific level, but all the messages which have at |east a certain severity (if you're
interested in the warnings, you're probably also interested in the errors and the fatal exceptions).
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Let's put al thisto the test. We'll use the operation providers client from the previous section. Since
that client creates and destroys its own instance, we won't have to create it first. Just make sure you've
started the Grid Services container before running the client.

java gt3tutorial.core.providers.client.MathC i ent
http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
cor e/ provi der s/ Mat hFact oryServi ce
5

Since we've set the log level to i nf o, we should get both Info and Warn messages. Y ou should see this
in the console output of the services container:

[ DATE TIME ] CLASS NAME [add: 39] INFO Addition

i nvoked wi th paraneter a=5

[ DATE TIME ] CLASS NAME [ get Val ue: 55] | NFO get Val ue
() invoked

Each log entry includes the date and time of the entry, plus the name of the class which produced the log
entry (inour casegt 3t utori al . core. provi ders.inpl. Mt hProvi der)

We didn't get any Warn message because we need to invoke the add method with the value zero. Let's
try to do that:

java gt3tutorial.core.providers.client.MathC i ent
http:/ /1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ provi ders/ Mat hFact oryServi ce
0

Y ou should see thisin the console:

[ DATE TIME ] CLASS _NAME [add: 39] INFO Addition

i nvoked with paraneter a=0

[ DATE TI ME ] CLASS NAME [ add: 41] WARN: Addi ng zero
doesn't nodify the internal val ue!

[ DATE TI ME ] CLASS NAME [ get Val ue: 55] I NFO get Val ue
() invoked

Finaly, let'stry changing the log level in the $GLOBUS_LOCATI ON/ ogsi | oggi ng. properties
file:

gt3tutorial.core.providers.inpl.MthProvi der=consol e, war n
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Y ou will need to restart your Grid Services container for this change to have effect. Once you've done
S0, try running the client again (passing a zero as the value to add). Y ou should see this in the console:

[ DATE TI ME ] CLASS NAME [ add: 41] WARN: Addi ng zero
doesn't nodify the internal val ue!

Sincethe log level is Warn, this means that the logger will only output messages which are'al least as
severe asawarning'. Since an Info message is not as severe as a Warn message, it will not pass the
filter.

<-- Previous "Up”™ Next -->
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Lifecycle Management
<-- Previous "Up™ Next -->

In most object systems, instances are usually said to have alifecycle. On one hand, thisrefersto the
time between instance creation and destruction. On the other hand, lifecycle is also understood in a
broader sense: some instances will need to outlive not only the lifetime of their clients, but also the
lifetime of the server they are contained in. This means that if the server isrestarted, the instance
should be loaded with the exact same internal valuesit had right before the server was stopped.

Most distributed object technologies, including GT3, provide the necessary tools to manage the
lifecycle of Grid Services. For example, we can tell our instance to run some code right beforeitis
created and right before it is destroyed (to load and unload its internal values to secondary storage). In
this section we will see some of the lifecycle management tools we can find in GT3.

Once again, we'll work with the Operation Providers example. Remember that the pr ovi der s
package ($TUTORI AL_DI R/ cor e/ provi der s/) inthe examples file doesn't have the

modifications we did in the Logging section, and the same applies to the modifications we'll do in this
section. You can find them in a separate package: $TUTORI AL_DI R/ core/ | i fecycl e/

<-- Previous "Up™ Next -->
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Lifecycle Management

The callback methods
<-- Previous "“Up™ Next -->

One of the ways to manage an instance's lifecycle in GT3 is through callback methods. These methods
are called at specific points during an instance lifetime (such as instance creation and destruction).

Using callback methodsis very smple. Our class must implement the G i dSer vi ceCal | back
interface, which includes all the callback methods. The following class implements all the callback
methods:

I
i mport org. gl obus. ogsa. Gri dServi ceCal | back;
I

public class MathProvider inplenments QperationProvider,
G i dServi ceCal | back

{
/1

/1 Call back nethods
public void preCreate(Gi dServi ceBase base) throws
Gi dServi ceException

{

| ogger.info("lInstance is going to be
created (preCreate)”);

}

public void postCreate(GidContext context) throws
G i dServi ceException

{
| ogger.info("lnstance has been created
(postCreate)");

}

public void activate(GidContext context) throws
Gi dServi ceException

{

(activate)");

| ogger.info("Instance has been activated
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}

G i dServi ceException

(deactivate)");

Gi dServi ceException

destroyed (preDestroy)");

}

public void deactivate(GidContext context) throws

{

| ogger.info("Instance has been deacti vated

}

public void preDestroy(GidContext context) throws

{

| ogger.info("lInstance is going to be

}

Asyou can see, the only thing we're doing in the callback methods iswriting log messages. If you
compile and deploy this modified Grid Service (just as we did in the Operation Providers section), and
run the client (which creates and destroys an instance) you'll see some of those messages in the console
output of the Grid Services container, informing you that the instance has been created and then

destroyed.

Let's take a closer look at when each callback method is called:

. preCreate: This method is called when a Grid Service starts the creation process. At this stage,
its configuration has not been loaded.

. postCreate: This method is called when a service has been created and all of its configuration
has been set up.

. activate: All Grid Services arein a'deactivated' state by default (which means they still haven't
been loaded into memory). This callback method is invoked when a service is activated.

. deactivate: This method is called before a service is deactivated.

. preDestroy: Thismethod is caled right before a service is destroyed.

<-- Previous "Up”" Next -->
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Lifecycle Management

The lifecycle monitor
<-- Previous "Up”" Next -->

The callback methods we just saw are pretty nice, but they're not very reusable. Imagine you wanted to
use the same pr eCr eat e and post Cr eat e methodsin several Grid Services. The only way to do
this would be to make a base class with those two common methods, and have all your Grid Services
extend that class. Of course, thisis avery strong restriction, since our Grid Service might already
extend from an existing class (as we saw in the Operation Providers section).

The solution to thisin GT3 isthe lifecycle monitor. A lifecycle monitor is a class that implements
Servi celLi f ecycl eMoni t or, aninterface with callback methods that are called at specific points
in aGrid Service's lifetime. We won't need to extend from this class, or even reference it directly from
our code. We'll just add aline to our deployment descriptor saying that we want a certain lifecycle
monitor to be called when those special events happen. Of course, we can use the same lifecycle
monitor in different Grid Services (including it in their deployment descriptors).

The following would be avery basic lifecycle monitor class, which ssmply writes messagesto alog:

package gt3tutorial.core.lifecycle.inpl;

i mport org. gl obus. ogsa. Gi dServi ceExcepti on;
i mport org. gl obus. ogsa. Servi celLi fecycl eMoni tor;
i nport org. gl obus. ogsa. Gi dCont ext ;

i mport org.apache. conmons. | oggi ng. Log;
i mport org.apache. conmons. | oggi ng. LogFactory;

public class MathLifecycl eMonitor inplenments
Servi ceLi f ecycl eMoni t or
{

/Il Create this class's |ogger

static Log | ogger = LogFactory. getLog
(Mat hLi f ecycl eMoni tor. cl ass. get Name() ) ;

public void create(GidContext context) throws
G i dServi ceException

{
| ogger.info("lInstance is going to be
created (create)");
}
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public void destroy(Gi dContext context) throws
G i dServi ceException
{
| ogger.info("lnstance is going to be
destroyed (destroy)");

}

public void preCall (GidContext context) throws
Gi dServi ceException

{
| ogger.info("Service is going to be
i nvoked (preCall)");
}

public void postCall (G idContext context) throws
G i dServi ceException

{
| ogger.info("Service invocation has
finished (postCall)");
}

public void preSerializationCall (G idContext
cont ext)
{
| ogger.info("lnput paranmeters are going to
be deserialized (preSerializationCall)");

}

public void postSerializationCall (G idContext
cont ext)

{
| ogger.info("lnput parameters have been
deserialized (postSerializationCall)");

}
}

Thisfileis$TUTORIAL_DIR/gt3tutorial/coreflifecyclelimpl/MathLifecycleMonitor.java

To make sure the log messages are printed out, you need to add the following line to the
$GLOBUS_LOCATI OV ogsi | oggi ng. properti es file

gt3tutorial.core.lifecycle.inpl.
Mat hLi f ecycl eMoni t or =consol e, i nfo

To tell the Grid Services container that you want it to use this lifecycle monitor, you need to add the
following parameter to the deployment descriptor:

<par aneter nane="lifecycl eMonitord ass"
val ue="gt3tutorial.core.lifecycle.inpl
Mat hLi f ecycl eMoni tor™/ >
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To try this out, just recompile and redeploy the Grid Service (just as we did in the Operation Providers

section).

<-- Previous "Up”™ Next -->
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Lifecycle Management
Lifecycle parameters in the deployment descriptor
<-- Previous "Up”" Next -->

We can control some lifecycle parameters in the deployment descriptor. For example, the following
parameter allows us to control when an instance will be deactivated:

<par anet er nane="inst ance-deactivation" val ue="10000"/>

Thetimeis expressed in milliseconds. After the instance has been idle for 10 seconds, it will be
deactivated. Remember instances can be in an activated or deactivated state. Instances are created in a
deactivated state (not loaded into memory), and are activated upon their first use. By default, they
remain activated indefinitely. In some cases, it might be interesting to unload the instances after a
certain time to save system resources. Of course, once the instance isinvoked again, it will once again
be activated.

<-- Previous "Up™ Next -->
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Service Data
<-- Previous "Up™ Next -->

This section introduces the concept of Service Data. After introducing what Service Datais, and what
itsmain uses are in OGSA, we'll see asimple example.

<-- Previous "Up”™ Next -->
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Service Data

The logic behind Service Data
<-- Previous "“Up™ Next -->

In A short introduction to Web Services we saw that one of the important parts of the Web Services

architecture is service discovery, which allows us to find out the URI of a Web Service which meets
our requirements. We mentioned one example: we might need a Web Service that is capable of giving
us the temperature in US cities. We saw that a UDDI registry would help us find those Web Services,
but there was something we didn't mention: How exactly does a Web Service advertise what kind of
servicesit offers? Your first guess might be WSDL, since it is the description language of the Web
Services architecture. However, WSDL istoo ‘technical’. It is concerned with details such as method
invocation, protocols, etc. We need something which is easier to classify and index. Thisis what we
can achieve with Service Data. Although Service Data can be handled in different waysin standard
Web Services, in this section we will only see the solution proposed by OGSA.

Service Datais a structured collection of information that is associated to a Grid Service. This
information must be easy to query, so Grid Services can be classified and indexed according to their
characteristics. For example, we might have a client that needs to use a MathService to perform a mind-
boggling calculation. We might have many different MathServicesin our organization, and the client
needs to know which one can satisfy its needs.

I'monly a
server, but
I'm cheap!

Who should |
choose?

O I'm a powerful
O mainframe,
but I'm very

expansive

""'-‘_.\,::aa\k

Client

Sarver B

I'm optimized
for statistical
analysis
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The client can choose thanks to the Service Data associated to each MathService. If the client needs the
most powerful service, without any consideration to how much it will cost, then it will probably choose
the mainframe. If the decisive factor is cost, then Server A will probably be the best choice. However,

if the client wantsto do some sort of statistic analysis, then Server C isthe best bet. Of course, thisis an
over-ssmplification: usually the client won't implement some complicated algorithm to query Service
Data and choose a service. It will probably delegate that task on an index service, which will make the
decision based on multiple criteria: speed, cost, availability, etc. The criteriaare usually specific to each
particular problem; in the 'US city temperature’ example, the criteria might be 'number of cities
available, ‘availability of temperature, humidity, pressure, etc.’, 'frequency of updates, etc.

Summing up, Service Datais an essential part of service discovery. However, we will also seein the
next section that Service Data and notifications are closely related.

<-- Previous "“Up™ Next -->
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Service Data

Service Data in OGSA
<-- Previous “Up™ Next -->
Any Grid Service instance can have Service Data associated to it. The following diagram shows how Service Datais structured in OGSA.

MathService
Factory

MathService
Instance

MathService
Instance

Sarvice Sarvica Service Sarvice
Data Elament Data Elemeant Data Elermant Data Elament
{Type Al (Typse A} iType B) {Type A)

oo oo

First of all, notice how every instance has a Service Data Set. A Service Data Set can contain zero or more Service Data Elements (or SDESs). Each
SDE can be of adifferent type. In the diagram, the first instance has two 'type A' SDEs and one 'type B' SDE. The second instance has only one 'type
A' SDE. The third instance has no SDEs at all (even so, it does have an empty Service Data Set). Notice how SDEs of the same type always contain
the same information (‘type A" has X, Y, Z; 'type B' hasR and S). The SDEs are the ones that actually contain the data (X, Y, Z, R, S).

If this diagram istoo abstract for you, let's take alook at something alittle bit more 'real’. Suppose we want to include Service Datain our
MathService instances from the previous page. We want all the instances to include data about the 'mathematical characteristics and, in case they're
capable of performing statistical analysis, data about the 'statistical characteristics. We could define two types of SDEs: aMVat hDat aType for the
mathematical data, and aSt at i sti csDat aType for those services with statistics capabilities. Mat hDat aType SDEswould include
information like the speed and cost of the service. St at i st i csDat aType SDEswould include information like the types of analysis the service
is capable of performing.

Our MathService instances could look like this:
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SDE:MathData
Speed: 5
Cost: $30
Statistic: false
Service Data Type:
MathDataType Server A

Speed: 9
Cost: §125
Statistic: false

Service Data Type:
MathDataType Server B

Client

SDE:MathData
Speed: 7 ——+
Cost: $90
Statistic: true
Service Data Type:
MathDataType

Server C

SDE:StatisticsData
Software Version: 3
Supported clients:
{ABCFTY}

Service Data Type:
StatisticsDataTyps

In this diagram, we have three MathService instances. Each has a Service Data Set (not shown on the diagram). The first two instances each have
one Mat hDat aType SDE. Notice how both SDESs contain the same type of information (speed, cost, and statistics). The difference between those
two SDEsisthe values. The third instance has two SDEs: aMat hDat aType andaSt ati sti csDat aType one. Notice how the

Stati sti csDat aType has adifferent type of information (software version, supported clients)

Imagine our client needed a MathService to perform a calculation, and that it isimperative to perform it as quickly as possible. The client would ask
each MathService for its Mat hDat a SDE, then it would look at the speed property, and then choose the service with the highest speed. If our client
needed to perform statistical analysis, it would choose the third instance (the only one with the "statistics' property set to true). Then, it would ask
forthe St at i st i csDat a SDE to make sure details like the software version and the supported clients are acceptable.

Again, remember that a client usually doesn't have to mess around with these kind of algorithms to decide what service is better. Thistask is usually
handled by an index service.

Finally, take alook at the following:

. Each SDE must have a name, which must be locally unique (unique inside the instance). All the Mat hDat aType SDEs have the same
name ("MathData"), but since they're in different instances, that's not a problem. The third instance has two SDEs with different names
("MathData" and "StatisticsData"). The name, of course, allows us to address one particular SDE inside the instance.

. AnSDE isn'tjust alist of 'name-value' pairs. It can have complex information structures. For example, the St at i st i csDat aType SDE
has an array ("Supported clients’, alist of the clients this service supports).

Service Data & Java Beans

Ok, you'll agreethat Service Datais definitely agood idea. However, how exactly do we implement Service Data? For example, should we simply
add 'speed’, 'cost', and 'statistics properties to the MathService interface? Well, this could be away to expose data about our service, but it's not a
very elegant solution. What about having more than one SDE? What about not having any SDES?

The solution isto have a separate Java class for each SDE type. In our example, we would have a class for the Mat hDat aType and a classfor the
Ser vi ceDat aType. Anindividual SDE would be an instance of one of those classes.

However, these 'SDE classes' are no ordinary Java classes. They have to be Java Beans. If you've programmed alot with Java, you'll know what I'm
talking about. If you're not sure what a Java Bean is, don't worry: just think of them as 'special Java classes which have to meet a set of
requirements. For example, in a Java Bean every attribute must have corresponding get/set methods. Just one thing: don't mistake them with
Enterprise Java Beans. That's a completely different kind of bean.

Actualy, it doesn't really matter if you know or don't know about Java Beans, because we don't have to write them directly. We'll generate them
automatically from a Service Data Description.

Service Data Description
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The Service Data Description (or SDD) describes a 'type of SDE'. For example, the Mat hDat aType SDD would specify how this type of SDD
must include information about the speed, cost, and 'statistic capability' of the service. This SDD iswritten in XML Schema, alanguage originally

intended to describe the structure and vocabulary of XML documents. However, it can also be used to define other types of structures (including

databases, objects, etc.)

The SDE Java Bean is generated from the XML Schema description:

<sChenas
cooHplexType name="MathbDataType'"»
cattribute name="speed"” type="dint" /=
<attribute name="cost"” type="float"/=
<attribute name="statistic” type="boolean”/=
</complaxTypes
< fachemas

Description of Service Data
Element in XML Schema

This code is not 100% correct...it has been shortened for simplicity.

E1ass MathDataType

public
public

public
public

public
public

int getspeed(];
void setspeed{int speed);

float getcost();
void setCost{int cost),

boolean getStatistic);
void setstatistic(boolean statistic);

Java Bean

The SDD isplaced in an XML Schema file which will be imported into the GWSDL description of the Grid Service. We will see how to do thisin

the following page.

<-- Previous “Up™ Next -->
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Service Data

A service with Service Data
<-- Previous "“Up™ Next -->

We're going to modify the MathService example to add some Service Data. Since some of thefiles are
abit long, we won't show the whole code in this page, only the important parts. For the complete code,
please go to the download section.

The MathDataType SDD

First of al, we have to define what Service Data we want to offer. We're only going to have asingle
SDE type, caled Mat hDat aType. This SDE will tell uswhat is the last operation done by
MathService, and the total number of operations done. The following is an extract from thefile

Mat hDat aType. xsd.

<conpl exType nane="Mat hDat aType" >
<sequence>
<el ement nane="|ast Op" type="string"/>
<el enent name="nunmOps" type="int"/>
</ sequence>
</ conpl exType>

Thisisapart of STUTORIAL_DIR/gt3tutorial/core/servicedata/schema/M athDataT ype.xsd

If you take acloselook at Mat hDat aType. xsd, you'll seethat it isn't actually pure XML Schema. It
isavery simple GWSDL description with a<t ypes> tag (no messages, PortTypes or bindings) with
just onetype: the Mat hDat aType. If you need to create your own SDDs, the only change you would
need to make to the file (besides defining your own schema) would be to define a new target
namespace.

The Java Bean generated from the XML Schema would look something like this:

public class MathDataType inplenents java.io.Serializable

{
private java.lang.String lastOp; // attribute

private int nunOps; [// attribute

publ i c Mat hDat aType() {
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}

public java.lang. String getlLastOp() {
return | astQp;
}

public void setlLastOp(java.lang. String |astQp) {
this.lastOp = | ast Qp;
}

public int getNumOps() {
return nunOps;
}

public void set NumOps(int nunQOps) {
this. nunOps = nun(ps;
}

Thisis an extract from the code generated from the XML Schema file. Remember that this JavaBean is
generated in the compile/deploy process by Ant , so don't use this code directly.

Service Interface

The service interface (expressed in Java) would be the following:

public interface MathPort Type

{ public int add(int a, int b);
public int subtract(int a, int b);
public int nultiply(int a, int b);

\ public float divide(int a, int b);

The equivalent GWSDL file can befound at $TUTORI AL_DI R/ gt 3tut ori al / cor e/

servi cedat a/ schema/ Mat h. gwsdl . Unlike the previous GWSDL files, which were all very
similar, this GWSDL has one important change. Remember back when we introduced GWSDL? We
said that GWSDL (and WSDL 1.2) had two major improvements: PortType inheritance and service
data. Well, now we're going to take a closer look at that second improvement.

GWSDL alows us to specify the properties of a Grid Service's service data, such as the minimum and
maximum amount of SDEs of a certain type that a Grid Service can have. Let's take alook at the
relevant modifications we have to do in the GWSDL description to include service data.

First of al, we need to include two new namespaces. The first corresponds to the SDE type (if you take
alook at Mat hDat aType. xsd, you'll see what the target namespace of the SDE typeis). The second
namespace is an OGSl namespace which contains a set of service data-related tags.
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<definitions nane="Mat hServi ce"

t ar get Namespace="htt p://ww. gt 3tutori al . or g/
namespaces/ 0. 2/ cor e/ servi cedat a/ Mat h"

xm ns:tns="http://ww. gt3tutorial.org/
nanespaces/ 0. 2/ cor e/ servi cedat a/ Mat h"

xm ns: data="http://ww. gt3tutorial.org/
namespaces/ 0. 2/ cor e/ servi cedat a/ Mat hDat a"

xm ns: ogsi ="http://ww.gridforum org/
nanespaces/ 2003/ 03/ OGSI "

xm ns: gwsdl =" http://ww. gridf orum org/
namespaces/ 2003/ 03/ gri dWSDLExt ensi ons™

xm ns: sd="http://ww. gridf orum org/
nanespaces/ 2003/ 03/ servi ceDat a"

xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema"

xm ns="http://schenmas. xnl soap. org/ wsdl /">

Next, we'll need to import the schema file with the description of our Mat hDat aType. Once again,
notice how the namespace must correspond with the target namespace in Mat hDat aType. xsd.

<i mport | ocation="Mat hDat aType. xsd"
namespace="http://ww. gt 3tutorial.org/
nanespaces/ 0. 2/ cor e/ servi cedat a/ Mat hDat a"/ >

Finally, we have to add a new tag (from the service data namespace) inside the <gwsdl : port Type>
tag. Thisnew tagis<sd: ser vi ceDat a>, and allows us to specify the properties of each of the
SDEsiin this Grid Service.

<gwsdl| : port Type nanme="Mat hPort Type" extends="ogsi :
G i dService">

<l-- <operation>s -->

<sd: servi ceDat a nane="Mat hDat a"
t ype="dat a: Mat hDat aType"
m nCccurs="1"
maxQccurs="1"
mut abi I i ty="nut abl e"
nodi fi abl e="f al se"
nillabl e="fal se">
</ sd: servi ceDat a>
</ gwsdl : port Type>

The first attribute is the name of the SDE. Remember, the name of an SDE must be locally unique
(unique within this particular Grid Service). The following attribute specifies the type of this SDE,
which is specified in Mat hDat aType. xsd (notice how we're using the dat a namespace, which
corresponds with the target namespace of Mat hDat aType. xsd).

The following attributes refer to various properties of the SDE:
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. minOccurs: The minimum number of values that this SDE can have.
. maxOccurs: The maximum number of values that this SDE can have. The value of this
attribute can be unbounded, which indicates an array with no size limit.
. modifiable: True or false. Specifiesif the value of this SDE can be changed by aclient.
. nillable: True or false. Specifiesif the value of this SDE can be NULL.
. mutability: This attribute can have the following values:
o static: The value of the SDE is provided in the GWSDL description.
o constant: The value of the SDE is set when the Grid Service is created, but remains
constant after that.
o extendable: New elements can be added to the SDE, but not removed.
o mutable: New el ements can be added and removed.

In our example, the Mat hDat a SDE will have one and only one value, will be allowed to change
during the lifetime of the Grid Service, but cannot be NULL or be modified by the client.

Service Implementation

The're also alot of new thingsin the service implementation ($TUTORI AL_DI R/ gt 3t ut ori al /
core/ servi cedat a/ i npl / Mat hl npl . j ava). The class declaration, however, is still the same:

public class Mathlnpl extends GidServicel npl inplenments
Mat hPor t Type

The class will now have two new private attributes. Oneisthe SDE (Ser vi ceDat a
ser vi ceDat a) and the other isthe value of the SDE (Mat hDat aType mat hDat a) .

private ServiceData serviceDat a;
private Mat hDat aType mat hDat a;

The creation of the SDEstakes placein the post Cr eat e callback method, where we will also set the
initial value of the SDE.

public void postCreate(GidContext context) throws
Gi dServi ceException

{

/'l Create Service Data El enent

serviceData = this.getServiceDataSet().create
("Mat hDat a") ;

/1l Set the value of the SDE to a Mat hDat aType
i nstance

mat hDat a = new Mat hDat aType();

servi ceDat a. set Val ue( mat hDat a) ;

/] Set intial values of MathServiceData
mat hDat a. set Last Op(" NONE") ;
mat hDat a. set NunOps(0) ;
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/!l Add SDE to Service Data Set
t hi s. get Servi ceDat aSet (). add(servi ceDat a) ;

The steps we must follow to create an SDE and add it to the Service Data Set are:

1. Create anew SDE. Notice how we don't create it directly: we haveto call thecr eat e method
of the instance's Service Data Set. This SDE isinitially empty, it has no value. Also, the name
of the SDE will be Mat hDat a

2. Set avauefor the SDE. The value of the SDE will be aMat hDat aType that we create
ourselves.

3. Settheinital values of Mat hDat aType. In our example, the last operation is"NONE" and the
number of operations done is zero.

4. Add the SDE to the Service Data Set.

All the public remote methods (add, subtract, multiply, and divide) now have to modify the Service
Data each time they are called (to update the 'last operation' and the ‘'number of operations done’). We
do this using the private mat hDat a attribute, and an extramethod calledi ncr enment Ops.

public int add(int a, int b) throws RenoteException
{

mat hDat a. set Last Op(" Addi ti on");

i ncrenment Ops();

return a + b;
}

Thei ncr enment Qps method is a simple private method that increments the number of operations (in
the Service Data) by one.

/1 This method updates the MathServi ceData SDE i ncreasing
t he
/'l nunber of operations by one
private void increnment Qps()
{
i nt nunOps = mat hDat a. get NumOps() ;
mat hDat a. set NunOps( numQOps + 1);

Deployment Descriptor

The deployment descriptor barely changes: new name, new instance class, and new instance schema
path.

<depl oynent nane="def aul t Server Confi g" xm ns="http://xm .
apache. or g/ axi s/ wsdd/ "
xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
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provi ders/java">

<service name="tutorial/core/servicedatal
Mat hFact oryServi ce" provi der="Handl er" styl e="w apped">
<par anet er nanme="nane"
val ue="Mat hServi ce Factory (with
Service Data)"/>
<par anet er name="i nst ance- nane"
val ue="Mat hServi ce Instance (with
Service Data)"/>
<par anet er nanme="i nst ance- schenmaPat h"
val ue="schema/ gt 3tutori al . core.
servi cedat a/ Mat h/ Mat h_servi ce. wsdl "/ >
<par anet er nanme="i nst ance- baseCl assNane"
val ue="gt 3tutorial.core.
servi cedata.inpl. Mathlnpl"/>

<l-- Start common paraneters -->
<par anet er nane="al | onedMet hods" val ue="*"/

<par aneter nane="persistent" value="true"/>
<par anet er nane="cl assNane" val ue="org.
gri df orum ogsi . Factory"/ >
<par anet er name="baseC assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
Persi stent Gi dServi cel npl "/ >
<par anet er nane="schenmaPat h"
val ue="schena/ ogsi /
ogsi _factory_service.wsdl "/ >
<par anet er nane="handl er Cl ass"
val ue="or g. gl obus. ogsa. handl ers.
RPCURI Pr ovi der"/ >
<par anet er nane="factoryCal | back"
val ue="org. gl obus. ogsa. i npl . ogsi .
Dynam cFact oryCal | backl npl "/ >
<par anmet er name="operati onProvi ders"
val ue="org. gl obus. ogsa. i npl . ogsi .
Fact or yProvi der"/>
</ service>

</ depl oynment >

Thisfileis$TUTORIAL_DIR/gt3tutorial/core/servicedatalM ath.wsdd
Namespace Mappings

We need to add the following namespace-to-package mappings to our mappingsfile:

http\://ww. gt 3tutorial.org/ nanespaces/ 0. 2/ core/

servi cedat a/ Mat h=gt 3t ut ori al . core. servi cedat a. wsdl
http\://ww. gt3tutorial.org/nanespaces/0. 2/ core/

servi cedat a/ Mat h/ bi ndi ngs=gt 3tutori al . core. servi cedat a.
wsdl . bi ndi ngs

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/
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servi cedat a/ Mat h/ servi ce=gt 3tut ori al . core. servi cedat a. wsdl .
service

Add thisto file $TUTORIAL_DIR/namespace2package.mappings

Compile and deploy

Once again, we'll build the Grid Service using our handy buildfile and script:

./tutorial build.sh gt3tutorial/core/servicedatal
schema/ Mat h. gwsdl

Run from $TUTORIAL_DIR/

Now, deploy the GAR file, start the service container, and create a MathService instance:

ant depl oy -Dgar.nane=$TUTORI AL_DI R/ bui | d/1i b/
gt 3tutorial.core. servi cedat a. Mat h. gar

gl obus-start-contai ner

0gsi - create-service

http://| ocal host: 8080/ ogsa/ servi ces/tutorial/
cor e/ servi cedat a/ Mat hFact orySer vi ce

mat h

Remember, you have to run this from your GT3 installation directory, with a user with write permissions
on that directory.

Notice how we're creating one instance for al the clients (using the ogsi - cr eat e- servi ce
command). We can't have the clients using transient instances (i.e.having them create an instance, using
it, and then destroying it), because that kind of instances are intended to avoid information sharing
among clients. If we used transient instances, the service datawould only be available to one client.

<-- Previous "Up™ Next -->
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Service Data

A client that accesses Service Data
<-- Previous "“Up™ Next -->

We will now modify the factory client #1 (the one that accessed a precreated instance). Instead of just

adding two numbers, it will also ask for the Mat hDat a SDE. Before performing the addition, it will
show us the content of the SDE (the previous operation, and the number of operations performed). First
let's take alook at the complete source code:

package gt3tutorial.core.servicedata.client;

i mport org.gridforum ogsi.OGSI Servi ceG i dLocat or;
i mport org.gridforumogsi.GidService;

i mport org.gridforum ogsi.ExtensibilityType;

i nport org.gridforum ogsi. Servi ceDat aval uesType;

i mport org. gl obus. ogsa. utils. AnyHel per;

i mport org. gl obus. ogsa. utils. QueryHel per;

i mport gt3tutorial.core.servicedata.wsdl.service.
Mat hServi ceG i dLocat or;

import gt3tutorial.core.servicedata.wsdl.MthPort Type;
import gt3tutorial.core.servicedata. servicedat a.
Mat hDat aType;

i nport java. net. URL;

public class Mathd i ent

{
public static void main(String[] args)
{
try
{
/'l Get command-line argunents
URL GSH = new j ava. net. URL(args
[0]);
int a = Integer.parselnt(args[1]);
int b = Integer.parselnt(args[?2]);
I/l Get a reference to the Math
Port Type

Mat hSer vi ceGi dLocat or

mat hSer vi ceLocat or = new Mat hServi ceGi dLocator ();
Mat hPort Type math =

mat hSer vi ceLocat or . get Mat hSer vi cePort ( GSH) ;

/] Get a reference to the
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GidService PortType

OGSl Servi ceGi dLocator | ocator =
new OGSI Servi ceGi dLocator();

GidService gridService = |ocator.
get Gi dServi cePort ( GSH) ;

/]l Get Service Data El ement
" Mat hDat a"
ExtensibilityType extensibility =
gridService.findServiceDat a
(Quer yHel per. get NanesQuery(" Mat hData")) ;
Servi ceDat aVal uesType serviceData =
AnyHel per.
get AsSer vi ceDat aVal ues(extensibility);
Mat hDat aType mat hData =
(Mat hDat aType) AnyHel per.
get AsSi ngl e(bj ect (servi ceData, Mt hDat aType. cl ass);

/] Wite service data

System out. println("Previous
operation: " + mathData. getLast Op());

System out. println("# of
operations: " + mathData. get NunOps());

// Call renote nethod
int sum = nmath. add(a, b);

[l Print result
Systemout.println(a +" +" + b +

=" + sum;
}cat ch( Exception e)
{
System out. println("ERROR ") ;
e. printStackTrace();
}
}

Thisfileis$TUTORIAL_DIR/gt3tutorial/core/servicedata/client/MathClient.java

The only new code (besides the different package names) is shown in bold. First of all, we need to get a
reference to the GridService port type, which will allow us to access the service data (the MathService
port only allows usto call add(), subtract(), etc.).

OGSl Servi ceGi dLocator | ocator = new OGSI| Servi ceGri dLocat or

();
GridService gridService = |ocator.getG&GidServicePort (GSH);

Now we have to get the SDE called Mat hDat a. We use a GridService method called

fi ndSer vi ceDat a, and a'helper’ class to resolve the name into something the Grid Service can
understand. If you're unfamiliar with 'helper' classes, they're very usual in distributed systems
programming (if you've used CORBA, you should be familiar with helper classes and the infamous
nar r ow method). Just think of 'hel per' classes as set of classes that allow usto perform really
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complicated casting operations.

ExtensibilityType extensibility =
gri dServi ce. findServi ceDat a( Quer yHel per.
get NamesQuery(" Mat hData")) ;

Notice how thef i ndSer vi ceDat a doesn't return aMat hDat aType class, but an
Ext ensi bi | it yType class. Now we heed to cast it into aMat hDat aType using more hel per
classes:

Servi ceDat aVal uesType servi ceData =

AnyHel per . get AsSer vi ceDat aVal ues(extensibility);
Mat hDat aType mat hData =

(Mat hDat aType) AnyHel per. get AsSi ngl eQbj ect
(serviceData, MathDataType. cl ass);

Now that we have aVat hDat aType object, we can use it like any other local object.

System out . println("Previous operation: " + mathDat a.

get Last Op());
Systemout.println("# of operations: " + mathData. get NumOps

()

Compile and run

Let's compile the client:

javac -classpath ./build/classes: $CLASSPATH
gt3tutorial/core/servicedatal/client/
Mat hCl i ent.java

The client receives three parameters:

1. The GSH
2. First number
3. Second number

If you run it several times:

java gt3tutorial.core.servicedata.client.Mathd ient
http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ servi cedat a/ Mat hFact or ySer vi ce/ mat h
5
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5

...you will notice how the number of operations increases with each call. However, since we're only
performing addition, the 'previous operation’ will always be the same.

<-- Previous "Up™ Next -->
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Service Data

The GridService Service Data
<-- Previous "Up”" Next -->

Besides all the Service Datawe might add by ourselves to a Grid Service (such as our MathData), all
Grid Services have a set of common Service Data Elements which describe certain characteristics of
the Grid Service, such asthe GSH of the instance. These SDEs are part of the GridService PortType
which, as we've seen in previous sections (for example, when seeing the Factory Client #2), isa

PortType which is present in all Grid Services.

We're going to take a brief look at these SDEs just "for the fun of it", since you probably won't need to
access them unless you're writing a program that has to dynamically discover data about the Grid
Service. However, since we'll also see a small program which displays al the values of these SDEs, it'll
give us a chance to see how to deal with more elaborate Service Data scenarios (such as multivalued
SDEs and nillable SDEs).

The following are perhaps the most interesting GridService SDES:

. gridServiceHandle. Multivalued SDE which contains the GridService's GSHs.

. factoryL ocator. Single valued SDE with the locator for the factory which created this Grid
Service. If the Grid Service was not created by afactory, the value of this SDE will be null.

. terminationTime. Single valued SDE with information about the termination time of the Grid
Service.

. serviceDataNames. Multivalued SDE with the names of all the SDEs in the Grid Service.

. Interfaces. Multivalued SDE with the names of all the interfaces (PortTypes) implemented by
this Grid Service.

The GridService PortType does have more SDEs (gridServiceReference, findServiceDataExtensibility,
and setServiceDataExtensibility) but they have not been included since thisis not intended as an
exhaustive text on GridService SDEs. For more details on the remaining SDEs, take alook at the OGS
specification (you can find alink to it in the Related Documents page).

The Print Gi dServi ceDat a client

The examplesfile (available in the Download tutorial files page) includes a program which, given a

GSH, prints all the GridService SDEs mentioned above. Y ou can find the source code at

$TUTORI AL_DI R/ gt 3tutorial /core/ servicedatal/client/

Print Gi dServi ceDat a. j ava.Wewill not review the code here, but feel free to take a close
look at it, to see how multivalued SDEs and nillable SDEs are handled.
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We're going to test the program with a Grid Service factory and a Grid Service instance, to see what
Service Datais printed out. First of all, compile the client:

javac gt3tutorial/core/servicedatal/client/
PrintGidServiceData.java

We're going to try it out with the Grid Service we've written in this section. Of course, you can try the
program with any of the Grid Services we've seen so far. The client receives only one parameter: the
Grid Service GSH.

java gt3tutorial.core.servicedata.client.
PrintGidServi ceDat a

http://1 ocal host: 8080/ ogsal/ services/tutorial/
corel/ servi cedat a/ Mat hFact or ySer vi ce

Y ou should see the following on your terminal:

gridServi ceHandl e: http://1P_address: 8080/ ogsa/
services/tutorial/core/servicedat a/ Mat hFact oryServi ce

factorylLocat or:

indefinitely

term nationTinme (before):

to term nate.

term nationTinme (timestanp):

Not created by a factory!
term nationTinme (after):

The service plans to exi st
The service has no pl ans

Wed Jun 25 11: 30:49

CEST 2003

servi ceDat aNane: gri dServi ceHandl e

servi ceDat aNane: entry

servi ceDat aNane: factorylLocat or

servi ceDat aNane: createServiceExtensibility
servi ceDat aNane: servi ceDat aNane

servi ceDat aNane: interface

servi ceDat aNane: term nationTi ne

servi ceDat aNanme: set Servi ceDataExtensibility
servi ceDat aNane: nenber shi pCont ent Rul e

servi ceDat aNanme: gri dServi ceRef erence

servi ceDat aNane: findServiceDataExtensibility
interface: {http://ogsi.gridforumorg}

Fact oryServi ceG oup

interface: Factory

interface: ServiceG oup

interface: GidService

Notice how, being afactory, this Grid Service has no factory locator (Not created by a
fact ory!). Also, notice how this Grid Service implements the Factory and GridService PortTypes.
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Now, let'stry it out with an instance. The following supposes you have created an instance called
mat h. Again, you can substitute the GSH with the handle of any instance (of any Grid Service) you
have created so far.

java gt3tutorial.core.servicedata.client.
PrintGidServiceDat a

http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
cor e/ servi cedat a/ Mat hFact orySer vi ce/ mat h

Y ou should see the following:

gridServi ceHandl e: http://1P_address: 8080/ ogsa/
services/tutorial/core/servicedatal

Mat hFact or ySer vi ce/ mat h

factoryLocator: http://1P_address: 8080/ ogsal/ servi ces/
tutorial/core/servicedat a/ Mat hFact oryServi ce
termnationTime (after): The service plans to exi st
indefinitely

termnationTinme (before): The service has no pl ans
to term nate.

termnationTinme (tinmestanp): Wed Jun 25 11:30: 55
CEST 2003

servi ceDat aNanme: gri dServi ceHandl e

servi ceDat aNane: factorylLocat or

servi ceDat aNanme: {http://ww. gt3tutorial.org/
nanmespaces/ 0. 2/ cor e/ servi cedat a/ Mat h} Mat hDat a
servi ceDat aNane: servi ceDat aNane

servi ceDat aNane: interface

servi ceDat aNane: term nationTi ne

servi ceDat aNanme: set Servi ceDataExtensibility

servi ceDat aNanme: gri dServi ceRef erence

servi ceDat aNane: findServiceDataExtensibility
interface: {http://ww.gt3tutorial.org/
nanmespaces/ 0. 2/ cor e/ servi cedat a/ Mat h} Mat hPor t Type
interface: GidService

Now, notice how we can access the factory locator (since thisis an instance created by afactory). Also,
notice how the implemented PortTypes are GridService (the PortType all Grid Services must
implement) and our very own Mat hPor t Type. Mat hDat a isalso present in the

servi ceDat aNane SDE.

As mentioned above, remember we are doing thisjust "for the fun of it". Try this client with other Grid
Services, and notice how the values vary according to the characteristics of the Grid Service. For
example, if you try the client with the notification examples we will see in the following section, you'll
see that our Grid Service now implements anew PortType: theNot i fi cati onSour ce PortType.

<-- Previous "“Up™ Next -->
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Notifications
<-- Previous "Up™ Next -->

In this section we will see notifications, a core service which is closely related to service data.
Notifications alow clients to be notified of changes that occur in a Grid Service. After explaining what
notifications are, and how they are approached in GT3, we will see two examples which use
notifications. The first example is a simple one (without service data), and the second one shows how
notifications are related to service data

<-- Previous "Up”" Next -->
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Notifications

What are notifications?
<-- Previous ~Up" Next -->

Notifications are nothing new. It's a frequently used software design pattern, although you might know it
with a different name: Observer/Observable, Model-View-Controler, etc. Let's suppose that our software had
several distinct parts (e.g. a GUI and the application logic, a client and a server, etc.) and that one of the parts
of the software needs to be aware of the changes that happen in one of the other parts. For example, the GUI
might need to know when a value is changed in a database, so that new value isinmediately displayed to the
user. Taking this to the client/server world is easy: suppose a client needs to know when the server reaches a
certain state, so the client can make a set of specific callsto the server.

The most crude approach to keep the client informed is a polling approach. The client periodically pollsthe
server (asksif there are any changes). For example, let's suppose we have a server where clients can sign up
for aspecial newsletter. The newsletter is sent as soon as a certain number of clients have signed up, but the
newsletter e-mails are sent by another server. This other server needs to know when enough clients have
signed up, so it can send the e-mails. Thefirst server is called the observable part, and the second server is
called the observer part. The polling approach would go like this:

1 Do we have enough clients? 2 Do we have enough clients?
Observable No Obsarver No
3 Do we have enough clients? 4 Give me the dlients’ e-mails

1. The observer asks the observable if there are any changes. The observable replies"No", so the
observer waits awhile before making another call.

2. Once again, the observer asks the observable if there are any changes. The observable replies"No",
so the observer waits a while before making another call.

3. Once again, the observer asks the observable if there are any changes. Thistime the observable
replies"Yes'".

4. Now that the datais available, the observer asks the observable for the e-mails.
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This approach isn't very efficient, specially if you consider the following:

. If thetime between calsis very small, the amount of network traffic and CPU use increases.
. There can be more than one observer. If we have dozens of observers, the observable could get
saturated with calls asking it if there are any changes.

The answer to this problem is actually terribly simple (and common sense). Instead of periodically asking the
observable if there are any changes, we make an initial call asking the observable to notify whenever there
are any changes. The observable will contact us as soon as a change occurs, and then we can act accordingly.
Thisisthe notification approach.

1 Maotify me when we have 2
enough dients

3

Give me the dients” e-mails

1. The observer asks the server to notify him as soon as there are enough clients. The observable keeps

alist of all itsregistered observers. This step is normally called the subscription or registration step.

The observer and the observable go about their business. So far, there aren't enough clients.

3. Enough clients have subscribed. The observable notifies all its observers (remember, there can be
more than one) that there are enough clients.

4. The observer asks the observable to send the e-mail addresses.

N

Asyou can see, this approach is much more efficient (in this simple example, network traffic has been sliced
in half with respect to the polling approach).

Pull Notifications vs. Push Notifications

There are two ways of applying the Observer/Observable design pattern: the pull approach or the push
approach. Each approach has its advantages and its disadvantages.

« Pull: The pull approach is the one shown in the above diagrams. In a strict implementation, the
observable will smply tell the observers that ‘a change' has occured. The notification can specify
what type of changeit is (e.g. "We have enough clients") but will never include the information
relative to that change. Notice how, after the notification, the observer must make another call to the
observable to get the e-mails. This might seem like a redundant call (we could have sent the e-mails
along with the notification), but this approach is useful in the following cases:

o Each observer needs to get different information from the observable once a change occurs.
o When anotification doesn't imply that the observer will request data from the observable (the
observer might choose to ignore the notification)

. Push: In this approach, we allow datato travel aong with the notification. In our example, the
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notification would include all the e-mail addresses. This approach is useful when:
o Each observer needs to obtain the same information once a change occurs.

In general, the pull approach gives the client more control over the datait will get after the notification. The
loose approach limits what information the client receives, but is more efficient since we save an extratrip to
the observable. In this section we'll see how to implement both pull and push notificationsin GT3.

Notifications in GT3

Notificationsin GT3 are closely related to service data. In fact, the observers don't subscribe to awhole
instance, but to a particular Service Data Element (SDE) in that instance. The following diagram shows how
aMathService instance has a single SDE, and how several clients subscribe to it.

"'\.\K

8 MathService ] —\
E:g Instance ;: il -. ’
w m—
£ m , [: :' ]
= W SEMVICE .
= Data Element \ f /

S

@ Subscribers

1. addLi st ener : Thiscall subscribes the calling client to a particular SDE (which is specified in the

cal)
2. not i f yChange: Whenever a change happens, the MathService instance will ask the SDE to notify

its subscribers.
3. deliverNotificati on: The SDE notifies the subscribers that a change had happened.

This notification sent in the third step includes the actual service data, so the subscriber doesn't need to make
any more calls to the service. Of course, thisis aloose notification pattern. However, we'll seethat it isalso
possible to implement a strict notification patternin GT3.

Finally, take into account that (in GT3 jargon) the observables are usually called the notification sources and
the observers are usualy called the notification sinks.

<-- Previous "Up™ Next -->
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A 'pull' notification service
<-- Previous "“Up™ Next -->

Let's suppose that we have several clients connected to our MathService, and that all of them want to
know what the internal valueis at all times. Aswe just saw, we could do this simply by making the
clients call the get Val ue method every couple seconds. However, we're going to do thisusing
notifications. Each time any client makes acall to add or subt r act , all the subscribed clients will
receive a notification.

Thisfirst example we're going to write uses a 'pull’ notification pattern. This means that after a
notification is received, the clients will have to make acall to get Val ue to find out what the new
valueis.

Service Interface

The service interface (in Java) would be this:

public interface Math

{ public void add(int a);
public void subtract(int a);
public int getVal ue();

}

The corresponding GWSDL file can befound at $TUTORI AL_DI R/ gt 3t ut ori al / cor e/
notificationsPull/schema/ Mat h. gwsdl . Itisvery similar to the previous GWSDL files
we've seen, with one important addition:

<gwsdl| : port Type nanme="Mat hPort Type" extends="ogsi :
GridService ogsi:NotificationSource">

<l-- Qperations -->

</ gwsdl : port Type>
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Since we want our GridService to act as a notification source, it must extend from an OGS| PortType
called NotificationSource.

Service Implementation

The service implementation has to be modified. However, in the case of a'pull’ notification pattern,
these changes are very simple. First let's take alook at the whole source code, and then at the changes.

package gt3tutorial.core.notificationsPull.inpl;

i mport org. gl obus. ogsa.inpl.ogsi.GidServicel npl;
i nport org. gl obus. ogsa. Oper ati onProvi der;

i nport org. gl obus. ogsa. Gi dServi ceBase;

i mport org. gl obus. ogsa. Gi dCont ext ;

i mport org. gl obus. ogsa. Servi ceDat a;

i nport org. gl obus. ogsa. Gi dServi ceCal | back;

i mport org. gl obus. ogsa. Gi dServi ceExcepti on;
import gt3tutorial.core.notificationsPull.wsdl.
Mat hPor t Type;

i nport java.rm . RenoteException,;

i nport javax.xnl . nanespace. QNane;

public class MathProvider inplenments Qperati onProvider,
G i dServi ceCal | back
{

private int value = 0;

private ServiceData serviceDat a;

/1 Operation provider properties
private static final QNane[] operations = new QNane

[1{new Qame("", "*")};

private GidServi ceBase base;

/1 Operation Provider nethods
public void initialize(GidServiceBase base)
throws GidServi ceException

{
t hi s. base = base;
}
public QNane[] getOperations()
{
return operations;
}

public void postCreate(GidContext context) throws
Gi dServi ceException

{
servi ceData = base. get Servi ceDataSet ().
creat e(" DumySDE") ;
base. get Servi ceDat aSet () . add(servi ceDat a) ;
}

public void add(int a) throws RenoteException

{

http://www.casa-sotomayor.net/gt3-tutorial-working/core/notifications/pull_service.html (2 of 6)18/09/2003 14:48:00



The Globus Toolkit 3 Programmer's Tutoria

val ue = value + a;
servi ceDat a. noti f yChange() ;

}
public void subtract(int a) throws RenpteException
{
val ue = value - a;
servi ceDat a. noti f yChange() ;
}
public int getValue() throws RenoteException
{
return val ue;
}

Thisfile has been shortened for smplicity. It is missing empty implementations of the callback methods.
The complete fileis$TUTORI AL_DI R/ gt 3tutori al /core/notificationsPull/inpl/
Mat hPr ovi der . j ava

First of al, the service needs to have service data, so clients can subscribe to it:

private ServiceData serviceDat a;

The Service Data Element is created in the post Cr eat e callback. Since we're implementing a 'pull'
notification pattern, the SDE will be empty (notice how we're not assigning any value, likewedid in
the Service Data example). In asense, thisis going to be a'dummy' SDE, which will only be used to
send 'blind notifications ("A change has occured”, but without giving any more information). Wel'll use
service data more exhaustively when we apply a'push’ notification pattern.

servi ceData = base. get Servi ceDat aSet (). creat e(" DummySDE") ;
base. get Servi ceDat aSet () . add(servi ceDat a) ;

Finally, each time an addition or a subtraction is performed, we deliver a notification to the clients.

servi ceDat a. noti f yChange() ;

Deployment Descriptor

The deployment descriptor has no new paramaters although, as usual, we have to change the
service nanme="..." attribute, andthei nst anceC ass andi nst anceSchenaPat h
parameters.

<?xm version="1.0"7?>
<depl oynent nane="def aul t Server Confi g" xmns="http://xm.
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apache. or g/ axi s/ wsdd/ "
xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
provi ders/java">

<servi ce nane="tutorial/core/notificationsPull/
Mat hFact oryServi ce” provi der="Handl er" styl e="w apped">
<par anet er nanme="nane"
val ue="Mat hServi ce Factory (with
Notifications - Pull aproach)"/>
<par anet er nanme="i nstance- nane"
val ue="Mat hServi ce I nstance (with
Notifications - Pull aproach)"/>
<par anet er nane="inst ance- schenaPat h"
val ue="schena/ gt 3tutorial . core.
notificationsPull/Math/Math_service.wsdl "/ >
<par anmet er nanme="i nst ance- cl assNane"
val ue="gt3tutorial.core.
notificationsPull.wsdl.MthPortType" />
<par anet er nane="i nst ance- baseCl assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
GidServicelnml"/>
<par anet er nane="instance-
oper ati onProvi der s"
val ue="gt3tutorial.core.
notificationsPull.inpl.MuthProvider
or g. gl obus. ogsa. i npl . ogsi .
Noti fi cati onSour ceProvider" />

<l-- Start common paraneters -->
<par anet er nane="al | onedMet hods" val ue="*"/

<par armet er nanme="persistent" value="true"/>
<par anet er nane="cl assNane"
val ue="org. gri df orum ogsi .
Noti fi cati onFactory"/>
<par anet er name="baseC assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
Persi stent Gi dServi cel npl "/ >
<par anet er nane="schenmaPat h"
val ue="schema/ ogsi /
ogsi _notification_factory_service.wsdl"/>
<par anet er nane="handl er Cl ass"
val ue="or g. gl obus. ogsa. handl ers.
RPCURI Pr ovi der"/ >
<par anet er nane="factoryCal | back"
val ue="org. gl obus. ogsa. i npl . ogsi .
Dynam cFact oryCal | backl npl "/ >
<par anmet er nane="operati onProvi ders"
val ue="org. gl obus. ogsa. i npl . ogsi .
Fact oryProvi der
or g. gl obus. ogsa. i npl . ogsi .
Noti fi cati onSour ceProvi der"/>
</service>
</ depl oyment >

Save thisfile as STUTORIAL_DIR/gt3tutorial/core/notificationsPull/Math.wsdd
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Namespace Mappings

We need to add the following namespace-to-package mappings to our mappings file:

http\://ww. gt3tutorial.org/nanespaces/0. 2/ core/
notificationsPull/Mth=gt3tutorial.core.notificationsPull.
wsdl

http\://ww. gt 3tutorial.org/ nanespaces/ 0. 2/ core/
notificationsPull/Math/bindi ngs=gt3tutorial.core.
notificationsPull.wsdl.bindings

http\://ww. gt3tutorial.org/nanespaces/0. 2/ core/
notificationsPull/Mth/service=gt3tutorial.core.
notificationsPull.wsdl.service

Add thisto file $TUTORIAL_DIR/namespace2package.mappings

Compile and deploy

Once again, we'll build the Grid Service using our handy buildfile and script:

./tutorial build.sh gt3tutorial/core/
notificationsPull/schema/ Mat h. gwsdl

Run from $TUTORIAL_DIR/

Now, deploy the GAR file, start the service container, and create a MathService instance:

ant depl oy -Dgar.nane=$TUTORI AL_DI R/ bui | d/1i b/
gt3tutorial.core.notificationsPull.Mth.gar

gl obus-start-contai ner

0ogsi - creat e-service

http://| ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ notificationsPul |/ MthFactoryService

mat h

Remember, you have to run this from your GT3 installation directory, with a user with write permissions

on that directory.

It isimportant to realize that, in this scenario, we need to create an instance which clients will subscribe
to. We can't have the clients using transient instances (i.e.having them create an instance, using it, and
then destroying it), because that kind of instances are intended to avoid information sharing among
clients. This doesn't necesarily mean that we can't use notifications with transient services: a client
might use an instance for several hours and, despite being the only subscriber, he might need to receive
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notifications (e.g.changes in the Grid Service which are done by athird system, which is not a Grid
Service client).

<-- Previous "“Up™ Next -->

Borja Sotomayor
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Notifications

A 'pull' notification client
<-- Previous "Up”" Next -->

This client isabit more complex than all the previous clients we've seen. First of all, we can't put all
the code in the mai n method. A notification client (of more correctly: a class which is going to receive
notification) must implement adel i ver Not i fi cat i on method, which is the method that the Grid
Service will call when a changeis produced.

Also, we're actually going to write two clients. Thefirst oneis the important one: it isthe one that is
going to subscribe to MathService and receive notifications. The second one is a very simple one which
callsthe add method. Thisway, we can have several 'listener clients running at the same time, and
then see how they are all updated when we run the ‘adder client'.

Listener Client

package gt3tutorial.core.notificationsPull.client;

i mport org. gl obus. ogsa. client.managers.

Noti fi cati onSi nkManager ;

i mport org. gl obus. ogsa. NotificationSi nkCal | back;
i mport org. gl obus. ogsa.inpl.core. service.

Servi cePropertieslnpl;

i mport org.gridforum ogsi.ExtensibilityType;

i mport org.gridforum ogsi.Handl eType;

import gt3tutorial.core.notificationsPull.wsdl.service.
Mat hSer vi ceG'i dLocat or ;

import gt3tutorial.core.notificationsPull.wsdl.
Mat hPor t Type;

i mport java. net. URL;

i mport java.rm . Renot eExcepti on;

public class Mt hLi stener extends Servi cePropertieslnpl
i npl ements NotificationSinkCall back

{
private Mt hPort Type nat h;

public static void main(String[] args)
{

try

{

/1l Get command-line argunents
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Handl eType GSH = new Handl eType
(args[0]);

Mat hLi st ener ( GSH) ;
}cat ch( Exception e)

Mat hLi st ener nat hLi st ener = new

{
Systemout. println("ERROR ") ;
e.printStackTrace();
}
}
public Mt hLi st ener (Handl eType GSH) t hrows
Excepti on
{
I/l Get a reference to the Gid Service
i nstance

Mat hServi ceGi dLocat or mat hServi celLocat or
= new Mat hServi ceG i dLocator ();

mat h = mat hSer vi celLocat or
get Mat hSer vi cePort (GSH) ;

/] Start listening to the MathService

Noti fi cati onSi nkManager noti f Manager =
Noti fi cati onSi nkManager . get Manager () ;

not i f Manager. startLi steni ng
(NotificationSi nkManager . MAI N_THREAD) ;

String sink = notifManager. addLi st ener
("DumySDE", null, GSH, this);

Systemout.println("Listening...");

/1 Wait for key press
Systemin.read();

/1 Stop listening

not i f Manager . r enoveli st ener (si nk);

not i f Manager . st opLi steni ng() ;

Systemout.println("Not |istening
anynore!");

}

public void deliverNotification(ExtensibilityType
any) throws Renot eException
{
try
{

to get the new val ue

/1l Val ue has changed, so we need

i nt val ue = mat h. get Val ue();
System out. println("Val ue has

changed: " + val ue);
}cat ch( Excepti on exc)
{
System out. println("ERROR ") ;
exc. print StackTrace();
}
}
}
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Save thisfile as STUTORIAL_DIR/gt3tutorial/core/notificationsPull/client/MathL istener.java

Let'stake aclose ook at the class declaration:

public class Mt hLi stener extends ServicePropertieslnpl
i npl ements NotificationSinkCall back

Unlike all our previous clients, this one extends from a class and implements an interface.

. extends ServicePropertieslnpl: Thisclassisthe base class of
G i dSer vi cel npl . Why would we want our client to extend from a class which isintended
for the server-side of our application? Well, consider this: since our client is going to receive
calls from the server...our client isaso a server! This might sound a bit confusing, but consider
the following rule of thumb in distributed systems: "Clients make calls, servers receive them".
According to this definition, our "client” is both a client and a server, because it is going to
make callsto MathService (get Val ue), but also receivethem (del i ver Not i fi cati on).
So, our client needs a server infrastructure, which the ServicePropertiesimpl class provides.

. inplenments NotificationSi nkCal | back: Thisinterface must be implemented by
classes that wish to subscribe to notifications. One of the requirements of this interface is that
we havetoimplement adel i ver Not i fi cati on method.

The mai n method is very simple. It gets the only argument to the program (the MathService instance
URL) and then creates a MathListener class. All the 'listening' is done in the constructor of
MathListener. This, of course, is not agood design, but it keeps the code simple enough. More elegant
solutions should use threads.

Thefirst interesting snippet of code in the constructor isthis:

Noti fi cati onSi nkManager notifManager =
Noti fi cati onSi nkManager . get Manager () ;
noti f Manager . startLi stening(NotificationSi nkManager .

MAI N_THREAD) ;
String sink = notifMnager. addLi stener (" DunmySDE", nul |,
GSH, this);

The NotificationSinkManager is a class that takes care of the whole subscription process, which is done
in two simple steps: telling the manager to "start listening” and then telling it what it hasto listen to.
TheaddLi st ener merits special atention. Let'stake a closer ook at the parametersit receives:

. The Service Data Element we want to subscribe to.

. A timeout (nul | , in the example; we don't want to stop listening)

. The GSH of the Grid Service that has the Service Data Element we want to subscribe to

. The classwhich will take care of receiving the notifications (in the example, itist hi s,
although we could delegate the notifications to a different class)

Once we're listening, we'll wait for akey press. As soon as you press akey, we'll ‘unsubscribe’ in two
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steps: removing the listener we created previously, and then stopping the notification manager listening
thread.

not i f Manager . renoveli st ener (si nk) ;
not i f Manager . st opLi steni ng();

Now, takealook at del i ver Not i fi cati on. It hasan argument called Ext ensi bi | i t yType
any. Thisisthe SDE which is sent along with the notification. However, since thisisa'pull’
notification pattern, we're not going to use it. When a notification arrives, we make acall to

get Val ue and print the current value on screen.

Finaly, let's compile and run the client:

javac -classpath ./buil d/cl asses: $CLASSPATH
gt3tutorial/core/notificationsPull/client/
Mat hLi st ener. j ava

j ava - Dorg. gl obus. ogsa. schema. root =http://
| ocal host: 8080/
gt3tutorial.notificationsStrict.client.
Mat hLi st ener
http://| ocal host: 8080/ ogsa/ servi ces/tutorial/
core/notificationsPull/MthFact oryServi ce/ mat h

Read this FAQ entry if you get an error related to thecl i ent - server - confi g. wsdd file.

Notice how we have to define a property called or g. gl obus. ogsa. schena. r oot . Thisshould
be set to the base URL of your Grid Services container. If all goes well, you should see a"Listening..."
message. Since we're not making any changes to MathService, you're not receiving any notifications
yet. That's what the adder client will take care of.

Adder Client

The code for this client is pretty straightfoward, and isidentical to previous examples.

package gt3tutorial.core.notificationsPull.client;

import gt3tutorial.core.notificationsPull.wsdl.service.
Mat hServi ceGri dLocat or;

import gt3tutorial.core.notificationsPull.wsdl.

Mat hPor t Type;

i mport java. net. URL;

public class Mat hAdder
{

public static void main(String[] args)

{
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try

/'l Get conmand-|ine argunents
URL GSH = new j ava. net. URL(args
[0]);

int a = Integer.parselnt(args[1]);

/[l Get a reference to the Gid
Servi ce instance

Mat hSer vi ceGri dLocat or
mat hSer vi ceLocat or = new Mat hServi ceGi dLocator () ;

Mat hPort Type nath =
mat hSer vi ceLocat or . get Mat hSer vi cePort ( GSH) ;

// Call renpte nethod 'add
mat h. add(a) ;
Systemout.println("Added " + a);
}cat ch( Exception e)
{
Systemout.println("ERROR ") ;
e.printStackTrace();

Save thisfile as STUTORIAL _DIR/gt3tutorial/core/notificationsPull/client/M athAdder.java

Now, compile and runiit:

javac -classpath ./buil d/cl asses: $CLASSPATH
gt3tutorial/core/notificationsPull/client/
Mat hAdder . j ava

java gt3tutorial.core.notificationsPull.client.
Mat hAdder

http://| ocal host: 8080/ ogsa/ servi ces/tutorial/
core/notificationsPull/MthFact oryService/ math

15

Remember to keep the listener client running somewhere else (another terminal, etc.) Once you run the
adder client, the listener should receive a notification, informing you of the new value. To see the full
potential of notification, try opening up several listeners, and then running the adder.

<-- Previous "Up™ Next -->

Borja Sotomayor
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Notifications

A 'push' notification service
<-- Previous "“Up™ Next -->

Now we're going to write up the same example, except we're going to use a'push’ notification pattern.
Instead of making an extra call to MathService each time we get a notification, the information we need
(the internal value of MathService) will be sent along with the notification. This exampleis very
similar to the one seen in the Service Data section, so you might want to review it first.

The MathDataType SDD

Since we need to send the internal value with the notification, the MathService SDE can't be empty like
in the previous example. It will contain the value of the additions and subtractions performed by
clients, along with other information. The SDD would look like this:

<conpl exType nanme="Mat hDat aType" >
<sequence>
<el ement nane="val ue" type="int"/>
<el enent name="| ast Op" type="string"/>
<el ement nanme="nunmOps" type="int"/>
</ sequence>
</ conpl exType>

Thisis an extract from file STUTORIAL _DIR/gt3tutorial/core/notificationsPush/schema/M athDataType.
xd

Service Interface

The service interface is almost the same. However, notice how the get Val ue() method has
disappeared. For this example we won't need it any more, since the value will travel along with the
notification. The Javainterface would be:

public interface Math
{
public void add(int a);
public void subtract(int a);
}
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The corresponding GWSDL file can befound at $TUTORI AL_DI R/ gt 3t ut ori al / cor e/
notificati onsPush/ schema/ Mat h. gwsdl . Itisvery similar to the GWSDL filewe saw in
the Service Data section. Asin that GWSDL file, we need to include the namespace of the SDD:

<defi ni ti ons nane="Mat hServi ce"

t ar get Namespace="http://ww. gt 3tutorial .org/
nanespaces/ 0. 2/ core/ noti fi cati onsPush/ Mat h"

xmns:tns="http://ww. gt3tutorial.org/nanmespaces/0. 2/
core/notificationsPush/ Math"

xm ns: data="http://ww. gt 3tutorial.org/ nanespaces/ 0. 2/
core/ notificationsPush/ Mat hDat a"

xm ns: ogsi ="http://ww. gridforum org/
nanmespaces/ 2003/ 03/ OGSI "

xm ns: gwsdl ="http://wwv. gri df orum or g/
nanespaces/ 2003/ 03/ gr i dWSDLEXt ensi ons"

xm ns: sd="http://ww. gri df orum or g/ namespaces/ 2003/ 03/
servi ceDat a"

xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena"

xm ns="http://schemas. xm soap. org/ wsdl /">

Import the XML Schemafile that contains the SDD:

<i mport | ocation="Mat hDat aType. xsd"
nanespace="http://ww. gt 3tutori al . or g/ nanespaces/ 0. 2/
core/notificationsPush/ Mat hData"/ >

And, finally, extend the NotificationSource PortType and specify the characteristics of the service data
element of our Grid Service (which, asin the Service Data section, will be called Mat hDat a).

<gwsdl| : port Type nane="Mat hPort Type" extends="ogsi: G i dService ogsi:
Noti fi cati onSource">

<l-- <operation>s -->

<sd: servi ceDat a nane=" Mat hDat a"
t ype="dat a: Mat hDat aType"
m nCccurs="1"
maxQccur s="1"
mut abi | i t y="nut abl e"
nodi fi abl e="f al se"
nillable="fal se">

</ gwsdl : port Type>
Service Implementation

The service implementation has to be modified, and now looks very similar to the Service Data
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example we saw earlier. Let'stake alook at the whole source code, and then at the changes.

package gt3tutorial.core.notificationsPush.inpl;

i mport org.globus. ogsa.inpl.ogsi.GidServicel npl;
i mport org. gl obus. ogsa. Operati onProvi der;

i mport org. gl obus. ogsa. Gi dServi ceBase;

i nport org. gl obus. ogsa. Gi dCont ext ;

i mport org. gl obus. ogsa. Servi ceDat a;

i mport org. gl obus. ogsa. Gi dServi ceCal | back;

i mport org. gl obus. ogsa. Gi dServi ceExcepti on;
inport gt3tutorial.core.notificationsPush.wsdl.
Mat hPor t Type;

import gt3tutorial.core.notificationsPush. servicedat a.
Mat hDat aType;

i nport java.rm . RenpteException;

i mport javax.xnl . nanmespace. QNane;

public class MathProvider inplenments QperationProvider,
G i dServi ceCal | back
{

private ServiceData serviceDat a;

private Mat hDat aType mat hDat a;

/1 Operation provider properties
private static final QNane[] operations = new QNane

[1{new Qame("", "*")};

private GidServi ceBase base;

/1l Operation Provider nethods
public void initialize(GidServiceBase base)
throws GidServi ceException

{
t hi s. base = base;
}
public QNane[] getOperations()
{
return operations;
}

public void postCreate(GidContext context) throws
G i dServi ceException

{
servi ceData = base. get Servi ceDataSet ().
create("MathData");

mat hDat a = new Mat hDat aType() ;
servi ceDat a. set Val ue( mat hDat a) ;

mat hDat a. set Val ue(0);
mat hDat a. set Last Op( " NONE") ;
mat hDat a. set NunOps(0) ;

base. get Servi ceDat aSet () . add(servi ceDat a) ;
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private void increnent Qps()
{
i nt nunOps = mat hDat a. get NunOps() ;
mat hDat a. set NunOps( numOps + 1);
}
public void add(int a) throws RenpteException
{
mat hDat a. set Last Op(" Addi ti on");
i ncrement OQps();
mat hDat a. set Val ue( mat hDat a. get Val ue() + a);
servi ceDat a. noti f yChange() ;
}
public void subtract(int a) throws RenbteException
{
mat hDat a. set Last Op(" Subtracti on");
i ncrenment Ops();
mat hDat a. set Val ue( mat hDat a. get Val ue() - a);
servi ceDat a. noti f yChange() ;
}
}

Savethisfile as $TUTORIAL_DIR/gt3tutorial/core/notificationsPush/impl/MathProvider.java

First of al, wenolonger haveapri vat e i nt val ue attribute, since that information is now
contained in the MathDataType value of the MathData SDE:

private Mat hDat aType mat hDat a;

The SDE isno longer a'dummy SDE' (like the one we used in the 'pull’ notification pattern). It will
contain real data, so we have to create aMat hDat aType instance and giveit initial values. We do so
in the PostCreate callback method.

mat hDat a = new Mat hDat aType();
servi ceDat a. set Val ue( mat hDat a) ;

mat hDat a. set Val ue(0);
mat hDat a. set Last Op(" NONE") ;
mat hDat a. set NunOps(0) ;

Both the addition and subtraction operations have changed. Instead of working with theval ue
attribute, we now work with the MathData SDE. The new value is set there, along with the ‘previous
operation' and the 'number of operations.

mat hDat a. set Last Op(" Addi ti on");
i ncrement Qps() ;
mat hDat a. set Val ue( mat hDat a. get Val ue() + a);
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servi ceDat a. noti f yChange() ;

The number of operationsisincreased in aprivate method calledi ncr emrent Qps() :

private void increnment Qps()

{
i nt numOps = mat hDat a. get NunOps() ;
mat hDat a. set NunOps( nunQps + 1);

Deployment Descriptor

The deployment descriptor remains practically the same:

<?xm version="1.0"?7>
<depl oynent nanme="defaul t Server Config" xm ns="http://xm.
apache. or g/ axi s/ wsdd/ "

xm ns:java="http://xm . apache. or g/ axi s/ wsdd/
provi ders/java">

<servi ce nane="tutorial/core/notificationsPush/
Mat hFact oryServi ce" provi der="Handl er" styl e="w apped">
<par anet er nanme="nane"
val ue="Mat hServi ce Factory (with
Notifications - Push aproach)"/>
<par anet er nanme="i nstance- nane"
val ue="Mat hServi ce I nstance (with
Notifications - Push aproach)"/>
<par anet er nane="i nst ance- schenaPat h"
val ue="schena/ gt 3tutorial . core.
notificationsPush/ Mat h/ Mat h_servi ce. wsdl "/ >
<par anet er nanme="inst ance-cl assNane"
val ue="gt 3tutorial.core.
noti ficationsPush. wsdl . Mat hPort Type" />
<par anet er nane="i nst ance- baseCl assNang"
val ue="org. gl obus. ogsa. i npl . ogsi .
GidServicelml"/>
<par anet er nane="instance-
oper ati onProvi der s"
val ue="gt3tutorial.core.
notificati onsPush.inpl. Mt hProvi der
or g. gl obus. ogsa. i npl . ogsi .
Noti fi cati onSour ceProvider" />

<l-- Start comon paraneters -->
<par anet er nanme="al | onedMet hods" val ue="*"/

<par aneter nane="persistent" value="true"/>
<par anet er nanme="cl assNane"
val ue="org. gri df orum ogsi .
Noti fi cati onFactory"/>

http://www.casa-sotomayor.net/gt3-tutorial-working/core/notifications/push_service.html (5 of 7)18/09/2003 14:48:16




The Globus Toolkit 3 Programmer's Tutoria

<par anet er nane="baseC assNane"
val ue="org. gl obus. ogsa. i npl . ogsi .
Persi stent Gi dServi cel npl "/ >
<par anmet er name="schemaPat h"
val ue="schema/ ogsi /
ogsi _notification_factory_service.wsdl"/>
<par anet er nane="handl er Cl ass"
val ue="org. gl obus. ogsa. handl ers.
RPCURI Pr ovi der "/ >
<par aneter nanme="factoryCal | back"
val ue="org. gl obus. ogsa. i npl . ogsi .
Dynam cFact oryCal | backl nmpl "/ >
<par anet er nane="operati onProvi ders"
val ue="org. gl obus. ogsa. i npl . ogsi .
Fact oryProvi der
org. gl obus. ogsa. i npl . ogsi .
Noti fi cati onSour ceProvi der"/>
</ service>

</ depl oynent >

Savethisfile as $TUTORIAL_DIR/gt3tutorial/core/notificationsPush/M ath.wsdd

Namespace Mappings

We need to add the following namespace-to-package mappings to our mappings file:

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/

notifi cati onsPush/ Mat h=gt 3tutori al . core. notificati onsPush.
wsdl

http\://ww. gt3tutorial.org/nanespaces/0. 2/ core/

noti ficati onsPush/ Mat h/ bi ndi ngs=gt 3tutori al . core.
notificati onsPush. wsdl . bi ndi ngs

http\://ww. gt3tutorial.org/nanespaces/ 0. 2/ core/
notificationsPush/ Mat h/ servi ce=gt3tutorial.core.
notificati onsPush. wsdl . service

Add thisto file STUTORIAL_DIR/namespace2package.mappings

Compile and deploy

Once again, well build the Grid Service using our handy buildfile and script:

.Jtutorial _build.sh gt3tutorial/core/
noti ficati onsPush/ schema/ Mat h. gwsdl

Run from $TUTORIAL_DIR/
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Now, deploy the GAR file, start the service container, and create a MathService instance:
ant depl oy -Dgar.nane=$TUTORI AL_DI R/ bui | d/1i b/
gt3tutorial.core.notificationsPush. Math. gar
gl obus-start-contai ner
0ogsi - creat e-service

http://| ocal host: 8080/ ogsa/ servi ces/tutorial/

core/ notificati onsPush/ Mat hFact oryServi ce
mat h

Remember, you have to run this from your GT3 installation directory, with a user with write permissions
on that directory.

Asin the previous example, we're creating an instance ourselves, instead of |etting the clients create

and destroy their own instances. Thisway, we'll be able to subscribe multiple clients to the same
MathService instance and see the notifications in action.

<-- Previous "Up™ Next -->

Borja Sotomayor
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Notifications
A 'push' notification client
<-- Previous ~Up”

Math Listener

The code for the client is almost identical to the 'pull’ notification client.

package gt3tutorial.core.notificationsPush.client;

i mport org. gl obus. ogsa. client. managers.

Noti fi cati onSi nkManager ;

i mport org. gl obus. ogsa. NotificationSi nkCal | back;

i nport org. gl obus. ogsa.inpl.core. service.

Servi cePropertieslnpl;

i mport org.gridforumogsi.ExtensibilityType;

i mport org.gridforum ogsi.Handl eType;

i nport org.gridforum ogsi. Servi ceDat aval uesType;

i mport org. gl obus. ogsa. utils. AnyHel per;

import gt3tutorial.core.notificationsPull.wsdl.service.
Mat hSer vi ceG i dLocat or ;

i nport gt3tutorial.core.notificationsPull.wsdl.

Mat hPor t Type;

import gt3tutorial.core.notificationsPush. servicedat a.
Mat hDat aType;

i nport java. net. URL;

i mport java.rm . RenoteException;

public class MathLi stener extends ServicePropertieslnpl
i npl ements NotificationSi nkCal | back

{
private MathPort Type mat h;
public static void main(String[] args)
{
try
{
/'l Get command-line argunents
Handl eType GSH = new Handl eType
(args[0]);

Mat hLi st ener mat hLi st ener = new
Mat hLi st ener ( GSH) ;
}cat ch( Exception e)
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{
System out. println("ERROR ");
e. printStackTrace();
}
}
publ i c Mat hLi st ener (Handl eType GSH) t hrows
Exception
{
/Il Get a reference to the Gid Service
i nstance

Mat hServi ceGi dLocat or mat hServi celLocat or
= new Mat hServi ceGi dLocator();

mat h = mat hSer vi celLocat or.
get Mat hSer vi cePort ( GSH) ;

/[l Start listening to the MathService

Noti fi cati onSi nkManager noti f Manager =
Not i fi cati onSi nkManager . get Manager () ;

not i f Manager . start Li st eni ng
(NotificationSi nkManager. MAI N_THREAD) ;

String sink = notifMnager. addLi st ener
("Mat hData", null, GSH, this);
Systemout.println("Listening...");

/1 Wait for key press
Systemin.read();

[l Stop listening

not i f Manager . r enovelLi st ener (si nk);

not i f Manager . st opLi steni ng();

Systemout.println("Not |istening
anynore!");

}

public void deliverNotification(ExtensibilityType
any) throws Renot eException

{
try
{
/1l Service Data has changed. Show
new dat a.
Ser vi ceDat aVal uesType servi ceDat a
= AnyHel per. get AsSer vi ceDat aVal ues(any) ;
Mat hDat aType mat hData =
(Mat hDat aType) AnyHel per. get AsSi ngl eQbj ect (servi ceDat a,
Mat hDat aType. cl ass) ;

/1 Wite service data

System out. println("Current val ue:
" + mat hDat a. get Val ue()) ;

System out. println("Previous
operation: " + mathData. getLast Op());

System out. println("# of
operations: " + mathData. get NunOps());

}cat ch( Excepti on exc)

{
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Systemout.println("ERROR");
exc. print StackTrace();

Save thisfile as STUTORIAL _DIR/gt3tutorial/core/natificationsPush/client/MathListener.java

Themain changesareinthedel i ver Not i fi cat i on method. Now, instead of calling the

get Val ue method, we access the SDE which had been sent along with the notification and that
already includes the information we want to show on screen. As we saw in the Service Data section, we
first have to cast the Ext ensi bi | i t yTYpe intoaMat hDat aType using 'helper’ classes.

Also, since we don't have to make any callsto MathService, we don't have to get areferenceto a
MathPortType like we did in the previous example.

Now, let's compile and run the client:

javac -classpath ./build/classes: $CLASSPATH
gt3tutorial/core/notificationsPush/client/
Mat hLi st ener. j ava

j ava -Dorg. gl obus. ogsa. schema. root =http://
| ocal host: 8080/
gt3tutorial.core.notificationsPush.client.
Mat hLi st ener
http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ notificationsPush/ Mat hFact oryServi ce/ mat h

Read this FAQ entry if you get an error related to thecl i ent - server - confi g. wsdd file.

Remember, this client isonly listening for notifications. Now we have to produce changes using a
'Math Adder' to see how the notifications are delivered. To see how notifications can be delivered to
multiple listeners, you can run more than one MathListener at the same time.

Math Adder

The code for the Math Adder is practically the same:

package gt3tutorial.core.notificationsPush.client;

import gt3tutorial.core.notificationsPush.wsdl.service.
Mat hSer vi ceGi dLocat or ;

import gt3tutorial.core.notificationsPush.wsdl.

Mat hPor t Type;

i mport java. net. URL;

public class Mat hAdder
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{
public static void main(String[] args)
{
try
{

/1l Get command-line argunents
URL GSH = new j ava. net. URL(args
[0]);

int a = Integer.parselnt(args[1]);

I/l CGet a reference to the Gid
Servi ce instance

Mat hSer vi ceGi dLocat or
mat hSer vi ceLocat or = new Mat hServi ceGi dLocator ();

Mat hPort Type math =
mat hSer vi ceLocat or . get Mat hSer vi cePort ( GSH) ;

// Call renpte nethod 'add
mat h. add( a) ;
Systemout.println("Added " + a);
}catch(Exception e)
{
System out. println("ERROR ") ;
e.printStackTrace();

Save thisfile as STUTORIAL _DIR/gt3tutorial/core/notificationsPush/client/MathAdder.java

Compile and run it:

javac -classpath ./build/classes: $CLASSPATH
gt3tutorial/notificationsPush/client/
Mat hAdder . j ava

java gt3tutorial.core.notificationsPush.client.
Mat hAdder

http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ notificationsPush/ Mat hFact oryServi ce/ mat h

30

If al goeswell, you'll see how the listener/s receivel/s a notification each time you run MathAdder. The
internal value, along with then 'number of operations' should increase with each run of MathAdder.
Since we're only adding, the ‘previous operation’ will always be 'Addition'.

<-- Previous ~Up"

Borja Sotomayor

http://www.casa-sotomayor.net/gt3-tutorial -working/core/notifications/push_client.html (4 of 4)18/09/2003 14:48:21


mailto:borja@borjanet.com

The Globus Toolkit 3 Programmer's Tutoria

The Globus Toolkit 3 Programmer's
Tutorial

Freqguently Asked Questions
<-- Back

Scope of this FAQ: This document is not intended as a general GT3 FAQ, but only aims to answer
guestions related to the tutorial. If you're looking for a complete GT3 FAQ, you can find one here (in

the Globus website).

. | get aNod assDef FoundEr r or when trying to run a GT3 command.

. I getalotof cannot resol ve synbol errorswhen trying to compile aclient (mostly in
Globus classes)

. | followed dl the stepsin "Writing your first Grid Service' to write adifferent Grid Service,
but | can't get it to work.

. Can | use the 'handy multipurpose' buildfile for personal projects? If so, what limitations does it

have?
. | get aweird error when trying to run the Mat hLi st ener program in the notification
examples. Something about not finding thecl i ent - ser ver - confi g. wsdd file. What's

the problem?
. Isthe GT3 Programmer's Tutorial available for download as a single file? (something easy to

print)

| get a NoCl assDef FoundEr r or when trying to run a GT3
command.

Whenever you run a GT3 command without Ant (for example, to create a service instance), you need
to manually set a couple of environment variablesfirst. Y ou can do this by going to your GT3
installation root, and running the following command:

./ setenv. sh

Y ou must run this from your GT3 installation root. Running from any other directory will not work.
Also, notice the single dot before . / set env. sh. That isnot atypo, you really have to write that.

If you'reusing Ant , Ant takes care of setting the environment variables for you. If you still get that
error, make sure GT3 and Ant are properly installed (double-check the environment variables).

| get a lot of cannot resol ve synbol errors when trying to
compile a client (mostly in Globus classes)
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The same answer to the previous question applies to this one. Since we're not using Ant to compile the
clients, some environment variables must be set up first (the set env. sh script takes care of it). You
need to run this command once (not each time you want to compile a client).

If you get cannot resol ve synbol errorson stub classes (Mat hPor t Type,

Mat hServi ceGi dLocat or, etc.) make sureyou'reusing the- cl asspath ./ buil d/

cl asses: $CLASSPATH argument when running the Java compiler (versions of the tutorial previous
to 0.2.1 did not include this argument).

| followed all the steps in "Writing your first Grid Service" to write a
different Grid Service, but | can't get it to work.

The MathService example is compiled and deployed step by step simply so you can get acquainted
with all the stepsinvolved in writing a Grid Service. The particular steps described in Writing your first

Grid Service work for MathService, but probably won't work for other Grid Services (without major

changes). Y ou should always use Ant for 'real’ Grid Services. Also, remember the first MathService
isn't even a Grid Service: it'saplain vanillaWeb Service deployed in the GT3 container. Bottom line:
awaysuse Ant .

Can | use the 'handy multipurpose' buildfile for personal projects?
If so, what limitations does it have?

Feel free to use the handy buildfile and script in your projects. However, take into account that they
have certain limitations, since they assume a very specific directory structure. Aslong as any examples
you write are similar to the ones shown in the tutorial, you should be safe. In the near future (version
0.4 of the tutorial? :-) | hope to thoroughly document and expand the 'handy multipurpose’ buildfile so
it can be easily used in non-tutorial examples.

| get a weird error when trying to run the Mat hLi st ener program
in the notification examples. Something about not finding the
client-server-config.wsdd file. What's the problem?

Thisisactually abug in the final release of GT3, which will be fixed in future releases. If you're
encountering this error, you can try one of the following workarounds:

. Put 3GLOBUS LOCATION inyour $CLASSPATH.

. Copytheclient-server-config.wsdd filefrom $GLOBUS LOCATION to the
directory where Mat hLi st ener . cl ass islocated.

. Runthelistener from $GLOBUS LOCATION.

Is the GT3 Programmer's Tutorial available for download as a
single file? (something easy to print)

The GT3 Programmer's Tutorial is currently only available as multiple HTML files. However, | planto
eventually change to an SGML or XML format (such as DocBook) so other formats (besides the
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current 'multiple HTML files format) can be generated. This would include a single downloadable PDF
or HTML file.

<-- Back

Borja Sotomayor
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How to...

...write a GWSDL description of your Grid Service
<-- Back

This"How to..." page shows how to write asimple GWSDL description of a PortType in a step-by-step
fashion. Although it should be easy to extrapolate from the example we are going to see and create
other smple GWSDL files, thisis not meant as an exhaustive guide of GWSDL or WSDL. Anyone
seeking to write more complex PortTypes (for example, passing complex classes instead of primive
types -int. string, etc.- as parameters or return values) should definitely consider learning WSDL and
XML Schema.

That said, let's start writing GWSDL! We are going to write the GWSDL description corresponding to
the following Java interface:

public interface Math

{ public void add(int a);
public void subtract(int a);
public int getVal ue();

}

Thisistheinterface of many of the examples of the tutorial.

First of all, we have to write the root e ement of the GWSDL file, whichis<defi ni ti ons>.

<?xm version="1.0" encodi ng="UTF-8"?>
<defi ni ti ons nanme="Mat hServi ce"

t ar get Namespace="htt p://ww. gt 3tutori al . org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"

xm ns:tns="http://ww. gt3tutorial.org/
namespaces/ 0. 2/ cor e/ gwsdl / Mat h"

xm ns: ogsi ="http://ww.gridforum org/
nanespaces/ 2003/ 03/ OGSI "

xm ns: gwsdl ="http://ww. gridf orum org/
namespaces/ 2003/ 03/ gri dWSDLExt ensi ons™

xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema"

xm ns="http://schemas. xm soap. org/ wsdl /">
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</ definitions>

This tag has two important attributes:

. name: The'name' of the GWSDL file. Not related with the name of the PortType.

. target Nanespace: The target namespace of the GWSDL file. This meansthat all the
PortTypes and operations defined in this GWSDL file will belong to this namespace. In case
you're not familiar with XML namespace, they're basically away of grouping similar 'things
into agroup (similar. I'm using the somewhat vague term 'things' because XML Namespaceis
used not only in WSDL/GWSDL, but in many XML languages, so just about anything can be
grouped into an XML Namespace (not only PortTypes and operations, which are specific to
WSDL). Furthermore, notice how we can make up the target namespace (the gt 3t ut ori al .
or g doesn't actually exist (an XML Namespace has to be a URI, but doesn't have to actually
point anywhere).

The root element is al'so used to declare all the namespaces we are going to use. Notice how thet ns
namespace is the Target NameSpace. The rest of the namespace declarations should be copied
verbatim.

Next up, we need to import an OGSl GWSDL file with definitions we'll need later on.

<import |ocation="../../ogsi/ogsi.gwsdl"
nanmespace="http://ww. gri df orum or g/
nanespaces/ 2003/ 03/ OGSI "/ >

Now we're going to define our PortType, using the <gwsdl : port Type> tag (if this were ordinary
WSDL, we would simply use a<por t Type> tag). Notice how we declared the gwsdl namespacein
the root element.

<definitions ... ">

<gwsdl : port Type nanme="Mat hPort Type" extends="ogsi:
GidService">
<oper ati on nane="add">
<i nput nessage="t ns: Addl nput Message"/ >
<out put nessage="t ns: AddQut put Message"/ >
<fault nane="Fault" nessage="o0gsi:
Faul t Message"/ >
</ oper ati on>
<operati on name="subtract">
<i nput nessage="tns: Subtract | nput Message"/ >
<out put nessage="t ns:
Subt r act Qut put Message"/ >
<fault nanme="Fault" nessage="o0gsi:
Faul t Message"/ >
</ oper ati on>
<oper ati on nane="get Val ue" >
<i nput nessage="t ns: Get Val uel nput Message"/ >
<out put nessage="tns:
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CGet Val ueQut put Message" / >
<fault name="Fault" nessage="o0gsi:
Faul t Message"/ >
</ operati on>
</ gwsdl : port Type>

</ definitions>

The<gwsdl : port Type> tag has two important attributes:

. name: Name of the PortType.

. ext ends: Asmentioned in the section on writing Grid Services with GWSDL, thisis one of
the main differences with plain WSDL. These attributes allow us to define our PortType as an
extension of an existing PortType. In this case, we extend from ogsi : G'i dSer vi ce
PortType, which all Grid Services must extend from.

Insidethe <gwsdl : port Type> we have an <oper at i on> tag for each method in our PortType:
add, subtract, and getValue. They are al very similar, so let's take a closer look at the add
<oper ati on> tag:

<oper ati on nane="add">

<i nput nessage="t ns: Addl nput Message"/ >

<out put nessage="tns: AddQut put Message"/ >

<fault name="Faul t" nmessage="ogsi: Faul t Message"/>
</ oper ati on>

The <oper at i on> tag has an <i nput > tag, an <out put > tag and a<f aul t > tag. These three
tags have anessage attribute, which specifies what message should be passed along when the
operation isinvoked (input message), when it returns succesfully (output message) or when an error
occurs (fault message). The fault message is defined in the OGSI GWSDL we included earlier.
However, we'll need to define the messages of our operations. The following are the messages for the
add operation. The messages for the subtract operation are identical (just change 'add’ for 'subtract’ :-)

<?xm version="1.0" encodi ng="UTF- 8" ?>
<definitions ... >

<nessage nane="Addl nput Message" >
<part name="paraneters" el ement="tns:add"/>
</ message>
<nessage nane="AddQut put Message" >
<part name="paraneters" el enent="tns: addResponse"/>
</ message>

<l-- PortType -->

</ definitions>

Notice how the name of each message has to be the same as the one written in the nessage attribute
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of the <i nput > and <out put > tags. However, it turns out messages are composed of <par t >s. Our
messages will only have one part, in which asingle XML element is passed along. For example, the
AddQut put Message will contain theaddResponse element (notice how it is part of thet ns
namespace, the target namespace).

The definition of these elementsis done using XML Schemainside anew tag: the <t ypes> tag. The
following would be the definition of the add and addResponse elements:

<types>
<xsd: schema t ar get Nanespace="http://ww. gt 3tutorial . org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"

attri but eFor mDef aul t ="qual i fied"

el enent For mDef aul t =" qual i fi ed"

xm ns="http://ww. w3. org/ 2001/ XM_Schema" >

<xsd: el ement nane="add" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el emrent nane="addResponse" >
<xsd: conpl exType/ >
</ xsd: el enent >

</ xsd: schema>
</types>

<!-- Messages -->
<l-- PortType -->

</ definitions>

The <t ypes> tag contains an <xsd: schema> tag. The attributes of the <xsd: schena> should be
copied verbatim, except thet ar get Nanespace, which should be the same as the target namespace
of the GWSDL document.

The add element (which, remember, is part of the input message of the add operation) contains an
element called val ue which isthe parameter of the add operation (notice how thet ype attributeis
equal to xsd: i nt , theinteger typein XML Schema).

On the other hand, theaddResponse element (part of the output message of the add operation, i.e.
the return value) contains no elements at all, since the add operation doesn't return anything.

Therest of the<nessages> and element types are defined in a similar fashion. The whole GWSDL
filewould be:
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<?xm version="1.0" encodi ng="UTF-8"?>
<definitions nane="Mat hServi ce"

t ar get Nanmespace="htt p: //ww. gt 3tutori al . org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"

xm ns:tns="http://ww. gt3tutorial.org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"

xm ns:ogsi ="http://ww.gridforum org/
nanmespaces/ 2003/ 03/ OGSI "

xm ns: gwsdl ="http://ww. gri df orum or g/
nanespaces/ 2003/ 03/ gr i dWSDLEXt ensi ons"

xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema"

xm ns="http://schemas. xm soap. org/ wsdl /">

<inmport location="../../ogsi/ogsi.gwsdl"
nanmespace="http://ww. gri df orum or g/
nanespaces/ 2003/ 03/ OGSI "/ >

<types>
<xsd: schema t ar get Nanespace="http://ww. gt 3tutorial . org/
nanespaces/ 0. 2/ cor e/ gwsdl / Mat h"
attri but eFor mDef aul t =" qual i fi ed"
el enent For mDef aul t =" qual i fi ed"
xm ns="http://ww. w3. org/ 2001/ XM_Schema" >
<xsd: el ement nane="add" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el emrent nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >
<xsd: el ement nane="addResponse" >
<xsd: conpl exType/ >
</ xsd: el ement >
<xsd: el emrent nane="subtract">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el ement nane="subtract Response">
<xsd: conpl exType/ >
</ xsd: el enent >
<xsd: el ement nane="get Val ue" >
<xsd: conpl exType/ >
</ xsd: el enent >
<xsd: el ement nane="get Val ueResponse" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nane="val ue"
type="xsd:int"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >
</ xsd: schema>
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</types>

<nessage nane="Addl nput Message" >
<part name="paraneters" el enent="tns:add"/>
</ message>
<nessage nane="AddQut put Message" >
<part name="paraneters" el enment="tns: addResponse"/>
</ message>
<nessage nane="Subtract | nput Message" >
<part name="paraneters" el enment="tns:subtract"/>
</ message>
<nmessage name="Subtract Qut put Message" >
<part name="paraneters" el enment="tns:
subt ract Response"/ >
</ message>
<nmessage name=" Get Val uel nput Message" >
<part name="paraneters" el enent="tns: get Val ue"/>
</ message>
<nessage nane=" Cet Val ueCut put Message" >
<part name="paraneters" el enent="tns:
get Val ueResponse"/ >
</ message>

<gwsdl : port Type name="Mat hPort Type" extends="o0gsi:
GidService">
<operati on nane="add">
<i nput nessage="t ns: Addl nput Message"/ >
<out put nessage="t ns: AddQut put Message"/ >
<fault nanme="Fault" nessage="o0gsi:
Faul t Message"/ >
</ oper ati on>
<operation name="subtract">
<i nput nessage="tns: Subtract | nput Message"/ >
<out put nessage="t ns:
Subt r act Qut put Message"/ >
<fault nanme="Fault" nessage="o0gsi :
Faul t Message"/ >
</ oper ati on>
<oper ati on nane="get Val ue" >
<i nput nessage="t ns: Get Val uel nput Message"/ >
<out put nessage="tns:
CGet Val ueQut put Message" / >
<fault name="Fault" nessage="o0gsi:
Faul t Message"/ >
</ oper ati on>
</ gwsdl : port Type>

</ definitions>

Summing up, the basic stepsinvolved in writing a GWSDL file would be the following:

1. Writetheroot element <defi ni ti ons>

2. Writethe<gwsdl : Port Type>

3. Write an input and output <message> for each operation in the PortType.
4. Writethe<t ypes>
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As any experienced WSDL writer should be able to tell you, there are many ways of writing WSDL
(ways that allow you to write more compact WSDL ). However, thisis the most step-by-step method,
which is probably best for beginners. Furthermore, remember thisisjust avery brief guide on how to
write very basic GWSDL. Y ou should have no trouble adding basic operations such asvoi d

mul tiply(int a),butmorecomplex PortTypeswill require more advanced knowledge of WSDL
and XML Schema.

<-- Back
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How to...

...setup the GT3 command line clients (gl obus-start -cont ai ner,
0ogsi - creat e-servi ce, ...)

<-- Back

Most of the examplesin the tutorial depend on a set of very handy command line clientsincluded in
GT3. For example, to create a Grid Service instance we can usethe ogsi - cr eat e- servi ce
command:

0gsi - create-service

http://1 ocal host: 8080/ ogsa/ servi ces/tutorial/
core/ factory/ Mat hFact oryServi ce

mat h

Without the command line clients, we would need to run a Java class, which is not as easy to remember
asogsi - creat e-service.

j ava org. gl obus. ogsa. client. CreateService

http://| ocal host: 8080/ ogsa/ servi ces/tutorial/
core/factory/ Mat hFact oryServi ce

mat h

Furthermore, using the Java class directly, we would first have to set all the necessary environment
variablesfirst (the CLASSPATH, etc.). The command line clients take care of all this automatically.

However, these command line clients are, by default, not setup. To do so, follow these simple steps:

1. Set an environment variable called GLOBUS_DI RECTORY with the path of the root of your
GT3instalation. For example, / usr/ | ocal / gt 3/

2. Runthecommand ant set up from the root of your GT3 installation. Make sure you run this
with a user with write permissions on that directory.

3. All the command line clients will be created in $GLOBUS_DI RECTORY/ bi n. Y ou can now
run the commands from that directory.

4. (Optional) To run the commands from any directory, add $G_.0BUS_DI RECTORY/ bi n to
your PATH variable.

Y ou can find more detailed instructions on how to setup the clients, along with a description of all the
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available clients, in the User's Guide included with GT3, which you can find in:
$G.OBUS DI RECTORY/ docs/ users_gui de. ht nl (11 - Command Line Clients)

<-- Back
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Appendix

Stub security options

<-- Back

Authentication

stub. setProperty(Constants. GSI _SEC CONV, Const ant s.
ENCRYPTI ON) ;

stub. _set Property(Constants. GSI _SEC CONV, Const ant s.
S| GNATURE) ;

X.509 Signature

stub. _set Property(Constants. GSI _XM._SI GNATURE, Bool ean.
TRUE) ;

stub. setProperty(Constants. GSI _XM._SI GNATURE, Bool ean.
FALSE) ;

Authorization

stub. _set Property(Const ants. AUTHORI ZATI ON, NoAut hori zat i on.
getInstance());

stub. _set Property(Constants. AUTHORI ZATI ON,
Sel f Aut hori zati on. getl nstance());

stub. set Property(Constants. AUTHORI ZATI ON,
Host Aut hori zati on. get Il nstance());

http://www.casa-sotomayor.net/gt3-tutorial -working/appendices/security_options.html (1 of 2)18/09/2003 14:51.07


http://www.casa-sotomayor.net/gt3-tutorial-working/index.html

The Globus Toolkit 3 Programmer's Tutoria

Delegation

stub. _set Property(GSI Const ant s. GSI _MODE, GSI Const ant s.
GSI _MODE_NO DELEG ;

stub. _set Property(GSI Const ants. GSI _MODE, GSI Const ant s.
GSI _MODE_LI M TED DELEG) ;

stub. set Property(GSI Const ants. GSI _MODE, GSI Const ant s.
GSI _MODE_FULL_DELEG) ;

<-- Back
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Introduction
AUp™  Next -->

Welcome to the Globus Toolkit 3 Programmer's Tutorial! This document is intended as a starting point
for anyone who is going to program grid-based applications using the Globus Toolkit 3 (GT3). We aso
hope experienced GT3 programmers will find it useful to learn about the more advanced aspects of
GT3 and Grid Services.

Thetutoria isdivided into 2 main areas:

. Introduction: Includesinformation about the whole tutorial, as well as an introduction to key
concepts related with Grid Services and GT3.

. GT3Core: A guideto programming basic Grid Services which only use the core servicesin
GT3.

Future versions of the tutorial will include athird main arearelated to GT3 Higher-Level Services
(programming Grid Services which use GT3 services such as Security, Job Management, File Transfer,
etc.)

AUpM  Next -->
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Introduction

Download tutorial files
<-- Previous "“Up™ Next -->
The following files are available for download:

. Tutorial examples. All the source files for the examples. The directory structure is the same as
the one described in the tutorial.

. Handy multipurpose buildfile. Thisis the buildfile described in the Our handy multipurpose
buildfile section.

. Handy multipurpose shell script. Thisisthe script described in the Our handy multipurpose
buildfile section.

<-- Previous "Up”™ Next -->
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Introduction
About the author

<-- Previous "Up”" Next -->

The Globus Toolkit 3 Programmer's Tutorial is maintained by Borja Sotomayor, a Computer Science
Engineering student in the University of Deusto (Bilbao, Spain). Y ou can find out more about me in my

weblog, BorjaNet.
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