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It’s not unusual for the January issue of
a magazine to have a column discus-

sing the past, or predicting the future.
This year, I thought we might try some-
thing a little different. Rather than remi-
nisce or prognosticate, I thought I’d toss out
my list of Web service needs in the form of a hol-
iday wish list.Here goes:

Wish 1: A unified security standard. SAML, WS-Security, I don’t much care
which, but I want a single standard to prevail, so that we can all get past the “Web
services aren’t secure” issue and get on with the real work. Let’s have the imple-
menters innovate around a single standard instead of dancing around trying to
support competing standards, or waiting on the sidelines for the dust to settle.

Wish 2: A better UDDI. UDDI is too much of an all-or-nothing technology.
You publish something publicly and the whole world knows. Almost no one
wants that type of visibility. That’s one of the reasons why people are either
using private UDDI registries or foregoing UDDI altogether. Even in private reg-

istries, this causes problems when you have a segmented user community. UDDI should work
seamlessly with the security standard (see Wish 1) to allow creation of private communities
within the same UDDI tree. And don’t tell me I can do this with multiple UDDI servers – that’s
a workaround, not a solution.

Wish 3: A simple definition of Web services that the world can agree on. Even our advisory
board has trouble with a single definition. Given the issues with UDDI (see Wish 2), it’s hardly
surprising that we can’t agree on that. Add to that the fact that SOAP is really a transport mech-
anism that can be replaced with other technologies and things just get too murky to even put
forth an opinion. Can’t we all just get along?

Most people only get three wishes, but I’m feeling really good about 2003, so I’ll throw out a
few more for good measure.

Wish 4: OASIS, W3C, and WS-I should merge into a single standards body, preferably run by
me. Seriously, the competing standards we deal with are impeding everyone’s progress (see
Wish 1). A single group, like the JCP, would provide a better path toward innovation without
churn. 

Wish 5: A cross-platform development tool so that I never have to look at WSDL or UDDI
entries again in my life. Honestly, it’s like looking at HTML code. I can, but why should I have to
unless there’s a problem I need to debug? Of course, such a tool has to work with Visual Studio
as well as all the Java tools so I know I’m wishing in vain here. But I want something to let me
construct WSDL and UDDI entries graphically, and then let the other IDEs generate the starting
code structures, rather than developing code first, then WSDL and UDDI would be a gigantic
step in the right direction.

Wish 6: An economic upturn. While this is not specific to Web services, as the saying goes “a
rising tide lifts all boats.” With a return to prosperity, all of the things we’re looking for will come
at a faster pace, spurred on by revived business needs. And everyone just feels better in a grow-
ing economy. 

Thanks for listening to my wish list, and for reading Web Services Journal. On behalf of my
staff and all of SYS-CON, I’d like to extend my personal best wishes to you and yours for the
coming year.  

Happy New Year, and good reading. 

Writ ten by
Sean Rhody

Author Bio:
Sean Rhody is the 
editor-in-chief of Web
Services Journal. He 
is a respected industry
expert and a consultant
with a leading Internet
service company.

SEAN@SYS-CON.COM
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According to Gartner, Inc., vice pres-
ident and research fellow Roy

Schulte, “a new form of enterprise ser-
vice bus (ESB) infrastructure will be run-
ning in most major enterprises by 2005.”
ESBs combine Web services, enterprise
messaging, transformation, and routing
to provide an integration network that
can span global enterprises and encom-
pass potentially thousands of applica-
tion end points. Application integration
is a top priority among CIOs, and as the
current IT value center in the enterprise,
IT organizations must shift their focus
from application development to appli-
cation integration. The convergence of
this IT spending trend, and the availabil-
ity of standards-based technology and
tools for integration, means IT develop-
ers are the next integration architects.

While a thorough technical analysis of this ESB infrastructure
is beyond the scope of this brief editorial, I would like to look at
what many consider the defining characteristic of integration:
transformation. As the focus of this month’s issue is tools, tips,
and tricks, It seemed appropriate to focus on the importance of
tools for creating and managing XML and XSLT transformations.

The Role of XSLT Transformation
XML is a common way of representing data that is being routed

between applications within an enterprise, and between business
partners. However, standards for packaging XML are constantly
evolving. We have competing standards in place for representing
common business objects, such as billing and ship-to addresses.
Business partners may have chosen to implement their own propri-
etary XML formats. Yes, we live in a time where we already have lega-
cy XML formats that we have to deal with!

It is fairly common practice for an enterprise to use a single
common format for packaging up XML data as it travels through-
out the enterprise between applications across the ESB, then set
up translation services to convert data to and from the target for-
mats. The translation service can be part of an adapter to an
application, or can serve as part of a collaboration with an exter-
nal business partner. The idea is that each transformation service
at each end point can be solely responsible for translating data
between the common XML format and the target format of the

application consuming the data.
XSLT (eXtensible Stylesheet Language for Transformation) is an

ideal way of converting XML data from one form to another. Using
an XSLT processor, a stylesheet can be applied to a source docu-
ment to produce one or more output documents. The output docu-
ment can be another XML document, HTML, or plain text. The XSLT
processor can add to, copy, remove, or rearrange the contents of the
source document in accordance with the instructions found in the
stylesheet. Extensions may be applied to the transformation in the
form of Java, JavaScript, VBScript, or any language the XSLT proces-
sor supports, to allow more detailed control of the transformation. 

The Role of Tools in Creating 
and Managing XSLT Transformations

You might consider yourself a code-slinger who doesn’t need any
fancy tool stuff. You’ve been using vi for years and that’s all you’ll
ever need. You may even have migrated to Notepad. Why go further?
For starters – XML is extremely verbose! Well, that’s old news, but
that in itself makes one yearn for simple pleasures like color coding,
bracket matching, and tag completion. That’s all well and good, but
how do tools apply to XSLT? What are the issues? Why should you
care? Here are a few reasons:
• XSLT is a declarative language: Unnatural for programmers who

have been trained in and have been doing procedural program-
ming for years. 

• XSLT is heavily driven by the source document: Makes it very
tricky to predict the outcome simply by visually scanning the
source document and the stylesheet.

• Creating transformations: A simple case is a source document
that has <zip-code>, the target document needs <postalCode>. A
stylesheet transformation can also include more complicated
things like extracting multiple line items of a purchase order into
separate XML messages. How about being able to just visually
place the source and target documents side-by-side, connect the
dots, and let a tool generate the XSLT for you?

• Modifying transformations: What’s the round-trip experience of
changing an XML document and updating its associated style-
sheet? Why should you manage this by hand, when you can auto-
matically generate it with a tool?

• Eventually this XML data that is being shipped around needs to
be visualized by humans: Either for diagnostic purposes or for
formal presentation in applications. XSLT is perfect for that job
too. Having a tool that allows you to drag and drop elements and
attributes from an XML document directly onto an HTML can-

Dave Chappell
Dave Chappell is vice president
and chief technology evangelist 
for Sonic Software, the leading
provider of integration products
and services for the real-time
enterprise. Dave is co-author of
Java Web Services (O’Reilly &
Associates, 2002), Professional
ebXML Foundations (Wrox, 2001),
and The Java Message Service
(O’Reilly & Associates, 2000), 
and a frequent contributor to 
Web Services Journal.
CHAPPELL@SONICSOFTWARE.COM

Continued on page 57
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The problem was “speed.” Requesting a
commercial real estate report from a com-
puter system should never be a “Project”
that requires coffee making and donuts to
be consumed while waiting.

The system was ASP based and connected
to MS SQL Server 2000 to query commercial
real estate properties. The reporting portion
of the system was just thrown together!

The agents at Colliers requested that the
reports be in PDF format. Well, that’s good
except getting there from an ASP page is not
as easy as advertised.

Adobe Acrobat allows for PDF creations,
but for more control over the output, for-
mat, and content, Crystal Reports was cho-
sen to control the output because of their
ability to construct the output in PDF for-
mat. At that point, we felt we were almost
there, but not quite.

The COM wrapper for the Crystal engine
to be called from the ASP page to do the job
was “single threaded”: that means if 10
agents hit the site and start printing reports,
they will be worked on one at a time, caus-
ing a jam and complete dissatisfaction,

especially if Agent 005 wants to print all the
available properties in California. You get
the picture.

We found a solution by developing a Bor-
land Delphi-based COM server that receives
the printing requests first and multithread-
ed them to instances of the Crystal engine.

Did I mention Web services yet? Bear
with me.

The solution worked, everybody felt re-
lieved that reports were moving along, no
jams, and they got the job done. 

The reality of the matter was that we didn’t
do anything. We just fixed something that was
supposed to work right from the start. The real
problem was: How could we get Colliers
Agents to be more productive on the go?

If I am a customer requesting knowledge
of commercial real estate availability from a
Colliers agent, the process is for that agent
to print a log of available properties in that
area and hit the road. What happens when I,
the customer, have a question about a spe-
cific property that is not on the printout?
What happens when I choose to change the
location of the search halfway through? Do
we have to go back to the office for more
printouts? What a waste of time.

The goal was to spice up the current
framework to allow for easy access to this
information on the road. Plugging in a lap-
top on the road and hitting the site was not
my idea of “spice up.”

At the time, I wanted to use the SOAP
framework built in Delphi 6 to wrap the COM

requests we built into the framework and allow
access to the data over HTTP from any plat-
form or device worldwide. It was extremely
easy to build this server using Delphi 6, the
only commercially available SOAP framework
at the time. All the SQL queries were routed
straight back to the transaction server already
built using COM and MTS and the responses
were all driven back to the requester using
SOAP (XML over HTTP).

Portable Data Access
“Okay, now that we have a solution, how

are we going to apply it for data access on
the road?”

We chose the PocketPC route; it was the
best choice for wireless development. We
bought several iPAQ 3650s, embedded VC++
for PocketPC and MS SQL for CE and started
playing. We decided to use the PocketSOAP
framework (www.pocketsoap.com) to pro-
vide the client code on the devices for
accessing the Delphi 6 Web service we had
just created. It was amazing how fast every-
thing was put together, and it worked!

One final problem we were facing was
the choice of hardware for wireless access.

When we started this project, Ricochet was
still alive and was our first choice; when they
went under, we had a larger
problem on our hands be-
cause of two major issues:
1. We needed something that

worked as well as Ricochet,
speedwise, because
SOAP was not the
fastest animal on the
block. It was still TEXT
over HTTP.

2. It needed to be finan-
cially equivalent to op-
erate (or even better)
to get the approval for
nationwide use of
the technology.

Well, first there was
nothing even close to
Ricochet. The wireless
modems that we exper-
imented with were at
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least 10 times slower, unreliable, and ex-
tremely expensive to operate monthly with
heavy usage.

Then we started to consider two different
approaches: wireless 802.11b technology for
internal use in all Colliers offices via an Access
Point and Sierra Wireless AirCard 555 for exter-
nal usage. It worked great!

As part of a pilot program, agents were able
to retrieve property information and query
their data wirelessly anywhere in the Bay Area.

Return on Investment
But we still had a major question: “How can

Colliers make money out of Web services?” This
is a question a lot of companies have asked, and
they’ve fallen short of finding a business case
where Web services can generate revenue.

That idea started the second phase of our
project. Jon had explained to Joe and I the
essence of collaboration between compa-
nies in the commercial real estate business.
It was definitely different from regular real
estate. Visiting company XYZ on the Web
and requesting views of properties in spe-
cial areas renders only properties handled,
owned, or contracted by company XYZ.
Bearing in mind that Colliers International
is the biggest commercial real estate com-
pany in the world, a lot of other commercial
real estate companies would really find it
advantageous to tap into a properties inven-
tory like Colliers’.

The original Web service was modified to
allow logging, authenticating, and charging
of data access to the requesting party. It was
based on the same model as a regular
Colliers agent, except a flag was introduced
in the database to identify the agent as a
competitor, which linked in another table
that identified the charge per listing.

So, a potential buyer visits www.xyz.com

(commercial real estate company) and re-
quests a search of properties of a minimum of
10,000 square acres in the Alameda area. XYZ
only has two listings in that area but has a con-
tract with Colliers to access their inventory. A
Web service call is made into the Colliers sys-
tem to authenticate and retrieve the informa-
tion. If the contract with Colliers states, for
example, that each listing will cost 10 cents, the
SOAP dataset returned is counted, logged, and
saved.

A Linux Mirror
Just before we released the pilot pro-

gram for the new system, Borland
Software Corporation announced the
release of Kylix 2.0, a Linux-based RAD
development tool identical to Delphi.
Knowing the power of Linux on the server
side and its cost effectiveness, I was given
the green light to experiment with mirror-
ing the Web service solution under Kylix
2.0 for Apache hosting.

I would have liked to mention that we
worked hard on this task or even con-
tributed much to this effort, but the truth is
that Kylix 2.0 did all the work. It took two
hours to convert the SOAP server and that’s
because we had to mirror the MS SQL Server
to Interbase.

Summary
It was a pleasant conversion, which

almost never happens in real life. Kazoo
Software continues to support Colliers’
efforts to make technology a tool to make
everydays tasks simple, fast, and elegant. 

With the Delphi and Kylix solutions
developed by Kazoo, Colliers supports its
internal team with state-of-the-art applica-
tions designed for speed, flexibility, and per-
formance. 

Founded in 2000, Kazoo is considered one of the fastest growing com-
panies in Silicon Valley. Using its exclusive and proven consulting
process, Kazoo utilizes a wide range of talents that come together to
develop customized solutions that fit customers’ needs. Kazoo is your
partner for powerful business solutions that help your organization
increase efficiency, productivity, and profitability.
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Java Web Services 
Development with Eclipse 

By way of review, IBM released the Eclipse
project (www.eclipse.org) to the open source
community in November 2001. Eclipse is an
open source platform that provides a core,
extensible infrastructure for building soft-
ware development environments. It pro-
vides a basic user interface, and an open API
that supports the extension of the product
through its plug-in mechanism. 

WASP Server for Java is a complete plat-
form for development, deployment, and
management of Web service–based applica-

tions. A set of command-line tools is provided
to allow developers to build Web service–
based applications and application clients in
Java. For those that prefer a friendlier inter-
face WASP Developer is available as a self-
contained module that plugs into your IDE
(Sun ONE Studio/Forte/NetBeans, JBuilder,
Eclipse/WSAD). It enables developers to de-
velop, test, deploy, and manage Web serv-
ice–based applications via the standard fea-
tures and mechanisms available with their
IDE. WASP Developer is built on top of WASP
Server for Java, containing a complete WASP
Server for Java installation, and using its inter-
faces to accomplish required tasks.

Thanks to Eclipse’s plug-in mechanism,

it’s possible for us to extend it to produce a
free Java Web services development, testing,
and deployment environment. By combin-
ing Eclipse (open source IDE) with the Java
platform (free) and the Web services plug-in
from Systinet (free developer license), you
have a comprehensive Java Web services
application development platform that
costs no money, and uses less than 150MB
of hard disk space!

This article will walk you through the
process of setting up this environment on a
Windows 2000 machine (the recommended
platform) and deploying a simple Java Web
service and a client for that service. This
combination of tools will also work on
Windows 98/ME/NT/XP, Linux, Solaris, QNX,
AIX, and HP-UX.

Environment Setup
Before you start, check Table 1 to be sure

that your system has the appropriate re-
sources for this configuration.

Although the minimum and recommend-
ed values in Table 1 are accurate, you’ll be

AUTHOR BIO: 
Kyle Gabhart is a senior mentor for Learning-
Patterns, a dynamic knowledge company 
providing world-class mentoring, training, and 
consulting to clients all over the world. Kyle is a 
popular national speaker and a prolific writer,

with more than a dozen technical articles and books to his
name. You can find Kyle on the web at www.gabhart.com
KYLE@GABHART.COM.

Written by Kyle Gabhart
e W S J  F e a t u r e

The way to deploy a simple Java Web service

10 January 2003

TABLE 1: System Requirements

Processor Speed P 133MHZ PII 266MHZ

RAM 128MB 256MB

Hard Drive Space 160MB 200MB (with 10% of disk free)

Minimum Value Recommended Value

I
n the October issue of Web Services Journal (Vol. 2, issue 10), I wrote an article on how

to assemble a free C# .NET development environment by combining Eclipse, the Java 2

platform, Microsoft’s .NET SDK, and a C# Eclipse plug-in from Improve Technologies. This

time, I’m going to extend the Eclipse workbench to provide a Java Web services development

environment by adding a free plug-in from Systinet (www.systinet.com).
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much happier if you have more horsepower
available. I’m running this configuration on
a P4 1.6 GHZ Dell Inspiron with 512 MB and
plenty of free HD space.

Assuming that your system has the ap-
propriate resources, you will need to down-
load three components:
1. Eclipse 2.0 SDK (www.eclipse.org/down-

loads/index.php): Select the appropriate OS.
2. Java Runtime Environment 1.3.1 or 1.4.x

(http://java.sun.com/j2se/downloads.html):
The SDK is considerably larger than the
JRE. Since the Eclipse SDK has a built-in
Java compiler, you will still be able to do
Java development without downloading
the Java SDK.

3. WASP Developer for Eclipse (www.systinet.
com/products/wasp_developer/down-
load/license-ec40): You’ll need to register
and then log in to download this software.
It’s free for commercial development or
noncommercial development and pro-
duction deployment. Systinet also offers a
“Single-CPU Production License” for its
WASP Server product.

Once you have downloaded the three
files, you can  install the software. To install
Eclipse, simply extract the zip file in the par-
ent directory where you would like to store
Eclipse (it will create a new directory called
‘Eclipse’ to store the software). To install the

JRE or JDK, double-click on the self-install exe-
cutable. A wizard will walk you through the
necessary steps. At this point, you have the
basic Eclipse platform installed (the Eclipse
SDK comes with a suite of Java development
tools and plug-in development tools). We’ll
look at installing the WASP Developer plug-in
in just a moment.

Eclipse Review
The Eclipse IDE is divided into two

basic levels: the Workspace and the Work-
bench: 
• Workspace: Files, packages, projects, and

source control connections
• Workbench: Editors, views, and per-

spectives

This division is not readily apparent,
and is not labeled within the IDE, but it is
an important distinction to understand
when working with Eclipse or an Eclipse-
based tool.

The Workspace is very team-centric,
focusing on projects and file resources, as
well as providing integrated source con-
trol capabilities for these resources. The
Workspace also consists of the Workbench
elements that are currently active (ex-
plained below). When you close Eclipse, it
saves the current state of the local
Workspace, allowing developers to pick

right back up where they left off when Eclipse
is restarted.

The Workbench consists of the visual
artifacts that sit atop the Workspace re-
sources and provide distinct views and role-
based perspectives of the underlying proj-
ects and resources. The user interface para-
digm is based on editors, views, and per-
spectives. An editor is a component that
allows a developer to interact with and
modify the contents of a file (source code,
XML file, properties file, etc.). Views provide
metadata about the currently selected
resource. This data is pertinent to, but not
directly related to, the actual contents of the
resource (the contents would be accessed
via an editor). Finally, a perspective repre-
sents a configuration of related editors and
views as well as customized menu options,
and compile settings. When we install the
WASP plug-in in the next section, two new
perspectives will be added to Eclipse: WASP
Management and Web Service.

Installing the WASP 
Developer Plug-in

As of the writing of this article, the latest
version of WASP Developer is 4.0.1, and the
latest version of Eclipse is 2.0.2. By the time
you read this article, these versions will
probably have been updated. Consequently,
the installation procedure may have changed.
You should verify the installation procedure
online (http://dev.systinet.com/ documen-
tation/index –> “WASP Developer for
Eclipse”–>“Installation”).  Assuming WASP
Developer 4.0.1, Eclipse 2.0.2, and JDK 1.4,
the installation procedure is as follows:
1. Unzip the WASP zip file into the parent

directory for Eclipse (the WASP zip con-
tains a folder named Eclipse, and subfold-
ers that all assume the Eclipse 2.0.x direc-
tory structure). 

2. Create a script (or batch file) to invoke
Eclipse with.  The script requires only one
line, and it passes important parameters
into the tool that allow WASP to use some
important security capabilities built into
JRE 1.4 (JAAS and JCE). You can see the
script contents in Listing 1.

3. Launch Eclipse using this new startup
script, rather than the usual executable
(Eclipse.exe).

These simple instructions work only if
you have JRE 1.4, which has JAAS, JSSE, and
JCE embedded.  If you have an older JDK,
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the process is as follows:
1. Unzip the WASP zip file into the parent

directory for Eclipse (the WASP zip con-
tains a folder named Eclipse, and subfold-
ers that all assume the Eclipse 2.0.x direc-
tory structure).

2. In the Eclipse home directory, rename start-
up.jar to startup.jar.old. Next, rename wd-
startup.jar to startup.jar.

3. Open the ECLIPSE_HOME/plugins/com.syst
inet.wasp_4.0.0/lib folder. Copy the file
named security-ng.jar from this directory
into the JAVA_HOME/jre/lib/ext directory.

4. Launch Eclipse using the standard exe-
cutable, Eclipse.exe.

5. If you have JRE 1.3.1 and you want to uti-
lize the security features built into WASP,
you’ll need to follow additional instruc-
tions included in the online documenta-
tion under the heading “Installing Java
Security.”

The second method will work for both JRE
1.3.1 and 1.4.x.  I prefer the first method, as it
requires that no actual changes be made to
any JAR files.  The second version will work
fine until you decide to install an updated ver-
sion of Eclipse.  Then the startup.jar file could
be overwritten with a pure Eclipse version,
rendering the Systinet-specific launcher files
unavailable.  Now that you know that, howev-
er, you can be sure to save an archived copy of
the WASP Developer startup JAR file in a safe
place in case you need to reapply it after an
upgrade.

Once you’ve opened the WASP zip file,
you can access a local copy of the documen-

tation if you prefer. Launch the following
HTML file: ECLIPSE_HOME/plugins/com.
systinet.waspdeveloper.eclipse.help_4.0.1/
index0.html. This is the index to the WASP
Developer for Eclipse documentation. It
provides detailed installation instructions,
as well as tutorials, a developer’s guide, and
links to additional resources.

WASP Developer Features
WASP Developer 4.0.1 comes with an

impressive list of features, including:
• Exposing any Java class as a Web service:

Develop Java classes in Eclipse, or import
existing ones and deploy them as Web ser-
vices by right-clicking on the class name
and selecting one of two Web service cre-
ation wizards.

• Automatic generation of client-side stubs:
Building a client to access a local service
in development or a remote service in
production is easy. A simple wizard walks
you through the process of generating the
client-side stubs and creates a client Java
class for you to complete.

• Map between Java and WSDL: You can pro-
duce a WSDL document for any service,
and generate skeleton Java code from a
WSDL document.

• Inspect SOAP traffic: SOAPSpy allows you
to inspect the raw SOAP traffic being
exchanged between client and service. It
is even possible to directly manipulate the
SOAP message and resend it for testing
purposes.

• Full integration with UDDI: WASP De-
veloper includes wizards to assist in pub-

lishing your Web services to a UDDI reg-
istry and getting information back from a
UDDI registry to create Web services and
their clients, or just to generate the WSDL
for your project. No knowledge of UDDI is
required. 

• Extensive Web services security capabilities:
You can create Web services using authen-
tication, authorization, and message in-
tegrity checks. WASP Developer ships
with support for three security providers
(WASP Security API for SSL, GSS-API/
SPKM and GSS-API/Kerberos, and HTTP
Basic and Digest Authentication). It also
supports the utilization of other security
provider technologies via pluggable JAAS
modules.

• Local and remote debugging of services:
Eclipse comes with built-in debugging
capabilities for local applications, in-
cluding breakpoints and access to the
JVM stack. WASP Developer for Eclipse
expands on these basic capabilities,
and can debug remote WASP servers as
well as the WASP server that is embed-
ded with Eclipse via the plug-in. So
long as the remote server has been star-
ted in debug mode (a command-line
option), then the WASP Management
console within Eclipse can attach to
that remote server and debug it at run-
time.

Building, Deploying, and Testing a
WASP Web Service

Now we’re ready to walk through the
construction, deployment, and testing of a
simple WASP Web service. We won’t have the
opportunity to explore every feature listed
above, but we will get a solid sense of WASP
Developer’s capabilities as a Web service
application development platform.

Step 1: Transform a Java Class 
into a Web Service
1. Open the Web Service perspective (Win

dow –> Open Perspective –> Other –>
Web Service.

2. Create a Web Service project (New –>
Project –> Select Systinet Web Services
on the left, and Web Service Project on
the right [see Figure 1]).

3. Click  “Next.”
4. Supply a project name and click “Finish.”
5. Create a simple Java class with an instance

field of type String, and a single business

FIGURE 1 Eclipse IDE
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method, public String getMessage(), that
returns the value of the instance field in
the body of the method. See Listing 2 if
you are unsure of how to do this.

6. Save and compile this class (compilation
happens by default in Eclipse when you
save). Resolve any errors that appear in
the Task view.

7. Repeat the previous step until you get a
clean build.

8. Start the WASP Server. In the WASP Ser-
ver view (bottom left), find the Default
WASP server, right-click on it, and select
Start (see Figure 2).

9. In the Package Explorer view, right-click
on the Java class that you have created,
and select “Quickly Deploy as a Web
Service” from the context menu (see
Figure 3).

10. When the dialog box appears, select the
default embedded WASP Server run-
ning on port 6060. Click the “Finish”
button.

11. Verify the successful deployment of the
service by expanding the Package
Manager node underneath the Default
server in the WASP Servers view. If you
can’t locate the service, attempt to
redeploy it.

Step 2: Generate a Java Client 
for Your Web Service
1. In the WASP Servers view, expand the

Package Manager node underneath the
Default server and locate your deployed
service. An icon of a wrench and globe indi-

cates the specific service. The text des-
cription should begin with ‘{urn:’. Right-
click on this line and select “Create
Client” from the context menu (see
Figure 4).

2. When the dialog box appears, browse
and select the package your class is a
member of. Provide a name for the
client in the third text field.

3. Click the “Finish” button.
4. A template class will be generated for

you, along with local proxy classes that
abstract the low-level SOAP messaging
details from you.

5. Add a line after the last comment to
invoke the getMessage() method on the
service object and pass the resulting
String object into a System.out.println()
command. See Listing 3 for the com-
plete client code.

Step 3: Testing the Client and Service
1. Launch the client by selecting the client

class and then clicking the running
man icon in the toolbar, or through the
menu system: Run –> Run…

2. When the Launch Configurations win-
dow comes up, click on the WASP Java
Application configuration and click the
“New” button.

3. Supply a name for the configuration at
the top on the right-hand side.

4. Make sure that the correct project is
selected. If not, then click the “brow-
se…” button and select the correct
project.

5. Verify that the correct class is displayed
in the “Main Class” text field. Locate it
through the “Search…” button if neces-
sary.

6. Click the “Run” button to load the
launcher configuration and execute
the Web service client. In the future,
you won’t have to go through these
steps again, you’ll simply “run” the
client class and these launcher settings
will be used.

7. Watch the console output and verify
that the client successfully invoked the
service. The string message sent back
by the service should be displayed in
blue in the console output.

Step 4: Inspecting SOAP with SOAPSpy
1. In the Web Services perspective, look for

a tab labeled SOAPSpy in the same win-

e W S J  F e a t u r e

FIGURE 2 WASP Server view

FIGURE 3 Package Explorer view

FIGURE 4 Expanded Package Manager node in WASP Server view
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dow area as the Package Explorer view.
Select that tab and the SOAPSpy view
will be pulled to the front.

2. According to the documentation, all
you need to do to use SOAPSpy is to
click the left-most SOAPSpy button at
the top of the view (the bar of SOAP
with sunglasses). This turns SOAPSpy
on. Then you simply run the client
application again. However, if you do
this, nothing will happen.

3. After digging through several forums on
Systinet’s Web site, I discovered that the
client code needs to be modified so that
it uses your computer’s actual name
rather than localhost. Update both the

serviceURI and the wsdlURI in the
client source code. Save the changes
and rerun the client. This time, you
should see one or two entries appear in
the SOAPSpy view. 

4. By clicking on the entries in the
SOAPSpy view, a SOAP editor is opened
in the editor pane, allowing you to
inspect the SOAP messages exchanged
between client and service (see Figure
5). You can even modify the SOAP mes-
sage and click the “Resend” button that
appears at the bottom of the editor.
This will circumvent the client and
send the SOAP message directly to the
targeted service.

Avoiding the Sting of Web
Services with WASP

The WASP Server for Java and WASP
Developer for Eclipse are mature tools
that attempt to take the sting out of devel-
oping, deploying, and testing Web serv-
ice–enabled applications. In this article
we’ve just scraped the surface of what
Eclipse and Systinet’s WASP Developer
can offer Web services developers. With
the documentation and the developer
resources available on Systinet’s Web site
(http://dev.systinet.com), you should be
well on your way to using these tools to
build powerful Web services with relative
ease. Enjoy! 

Listing 1

eclipse -vmargs -

Xbootclasspath/a:ECLIPSE_HOME/plugins/com.systinet.wasp_4.0.

0

/lib/security-ng.jar 

Listing 2

package wasp_examples.hello;

public class HelloWorld {

protected String message = " Howdy Ya'll ";

public String getMessage() {

return message;

}//end getMessage()

}//end HelloWorld

Listing 3

package wasp_examples.hello;

import org.idoox.webservice.client.WebServiceLookup;

import org.idoox.wasp.Context;

import wasp_examples.hello.iface.HelloWorld;

public class HelloWorldClient extends Object {

/** Constructor */

public HelloWorldClient() {

}

/**

* @param args the command line arguments

*/

public static void main (String args[]) throws

Exception {

wasp_examples.hello.iface.HelloWorld service;

// The actual server name must be used for SOAPSpy to

work

String serviceURI =

"http://localhost:6060/HelloWorld/";

String wsdlURI =

"http://localhost:6060/HelloWorld/";

// init the lookup

WebServiceLookup lookup = (WebServiceLookup)

Context.getInstance(Context.WEBSERVICE_LOOKUP);

// get the instance of the Web Service interface

from the lookup

service = (wasp_examples.hello.iface.HelloWorld)

lookup.lookup(wsdlURI,

wasp_examples.hello.iface.HelloWorld.class, serviceURI);

// now, call the methods on your Web Service

interface

//eg. service.getMessage();

System.out.println( service.echo( "Hi there" ) );

}

}

FIGURE 5 SOAP editor in the editor pane

Download the code at

sys-con.com/webservices

Listing 1 

Listing 2 

Listing 3 



As one Web services writer aptly said,
“Both approaches [that is EAI and Web servic-
es] are valid but typically not in the same
business context. As a result, we do expect
that both Web services technology and EAI
will complement each other to offer a portfo-
lio of approaches to build composite applica-

tions upon. Most likely, this will lead sooner
or later to the integration or consolidation of
both approaches.”

From this article, you will gain the ability
first to understand the differences between
Web services and traditional EAI technolo-
gies, and second, to formulate strategies for
augmenting EAI with Web services where it
makes sense.

Strengths of Web Services
The primary strength provided by Web

services is in establishing integration stan-
dards. The benefits of Web services being
based on integration standards are flexibility,
ubiquity, and convenience of deploying inte-
gration solutions. A more detailed look at these
integration standards is found in Table 1.

“The promise of Web services is to enable
a distributed environment in which any num-
ber of applications, or application components,

can interoperate seamlessly among and be-
tween organizations in a platform-neutral,
language-neutral fashion. This interoperation
brings heterogeneity to the world of distrib-
uted computing once and for all.”

Flexibility
Integrating applications using a com-

mon protocol to transfer information is not
a new concept. Traditional EAI technologies
have been doing this since the early 1980’s
with MOM. However, the transports used with
MOM technologies were proprietary and thus
tied to a particular middleware vendor. As
multiple middleware solutions made their
way into an enterprise, it became necessary
to build adapters between the various mid-
dleware software packages. These bridges
made the case for a middleware of middle-
wares. In a sense, enterprises were in the
same boat before the MOMs were installed –
the middlewares became the new applica-
tions to integrate.

The promise Web services addresses is in
providing a cross-platform way to connect
various Web services together, even across
different Web service technology providers
(i.e., Apache, Actional, Microsoft, Sun, etc.).

Ubiquity
With the groundwork laid down by previ-

ous Internet communications
advancements, Web services
paves the way for the perva-
sive enterprise. The strength
here lies in the ability to begin
extending applications be-
yond the boundaries of
the current systems in-
frastructure.

Currently we are in
the early stages of access-
ing applications through
information appliances
such as cell phones and
PDAs. By extending the
enterprise out to these
devices, new interactions
within the enterprise are
possible. Now business
transactions can take
place that were once rel-
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O
nly a few years ago, concepts in 

application integration applied to EAI

technologies such as messaging ori-

ented middleware (MOM). However, now Web

services is the new technology in town. Be-

cause Web Services is a different integration

paradigm than traditional EAI, opportunities

exist for the use of Web services where EAI

falls short.
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TABLE 1: Web services standards

Function Standard Status

Messaging SOAP Available

Web Service Meta language WSDL Available

Repository for lookup and discovery 
UDDI Availableof deployed Web services

Security WS-Security SAML Under development

Quality of Service HTTPR Under development

Transaction handling WS-Transactions Under development

Work flow WSFL
Under development WSCI 

BPEL4WS
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egated only inside the corporate firewall.
However, these types of deployments have

several barriers to entry. One of these barriers
is the existence of numerous architectures
and platforms on which these information
appliances are run. Implementing and expos-
ing needed services through Web services will
facilitate the extension of the integrated
enterprise out to these devices.

Once Web services deployments reach a
critical mass, the friction encountered in con-
necting other systems and appliances will be
reduced to nil. This will primarily be because
companies will see the economies of scale in
developing tools to provide this functionality.
Also, when Web services integration stan-
dards, such as quality of service and security,
become established, the enterprise will be
extended beyond its traditional boundaries,
leading to greater business opportunity and
efficiency. The enterprise, which takes advan-
tage of Web services pervasively, will see
opportunities that were neither seen nor con-
ceived before .

Convenience
Web services provide a mechanism for

easy access and consumption. The conven-
ience rests on the fact that Web services are
based once again on standards. 

Traditional EAI technologies have pro-
gressed to the point where they can expose
services by metadata and repositories. How-
ever, since the technology is proprietary, the
various EAI vendors do not interoperate
natively. In a general sense, unless an EAI
bridge is utilized, this would mean only
TIBCO clients can see and have access to
TIBCO integration objects.

With Web services, every application may
discover and interoperate with comparatively
little or no friction. 

UDDI (Universal Description, Discovery,
and Integration) provides a standard way for
Web services to be deployed and discovered.
Third-party tools can integrate with a UDDI
repository with little or no compatibility
issues. Compared to what it would take to
connect one EAI vendor’s message broker to
another’s repository, this is a significant
improvement.

A Web service deployment has a standard
language for describing its semantics. This

language is called WSDL (pronounced by
some as “wiz-dul”). The acronym stands for
Web Services Description Language. By
describing a Web service using WSDL, a
potential client of the service can quickly
understand how it will communicate with the
service. This is particularly handy for Web
service tool vendors. Web service develop-
ment tools can easily use WSDL to describe in
detail how clients will need to interact with
the service.

Strengths of EAI
The maturity of traditional EAI technolo-

gies, on the other hand, provides capabilities
that have stood the test of time. Industry
demands a reliable, efficient, and robust
infrastructure to operate the mission-critical
applications within an enterprise. 

It should be noted that all of the strengths
listed here also come with the caveat that the
EAI technologies are proprietary. At best, inte-
gration patterns are shared across technolo-
gies, but in platform and execution incom-
patibilities abound. While bridges do occur
between EAI technologies, these bridges are
point-to-point and not cross functional
between other EAI vendors.

Reliability
Traditional EAI technologies typically

provide at least two quality-of-service levels
for message delivery, a standard delivery
and a more dependable delivery service
mechanism. Different vendors use different
nomenclature, but the concepts are basical-
ly the same.

For instance, Vitria labels the standard
message delivery as reliable, while for greater
dependability in guarding against the case of
a server crash, the guaranteed message deliv-
ery quality of service is recommended.

Different quality-of-service levels are used
depending on the business needs and timeli-
ness of the data in transit. If the relevance of a
data message expires within a few seconds,
then a high quality-of-service level is probably
not needed. A real world example would be the
stock ticker example where the real-time
nature of the business dictates the necessity of
speed. Bringing the server back up after a crash
and restoring the stock trades as they came
through will probably not be much good. In

some trade exchanges, after a few minutes
have passed a particular trade price will have
no business value.

In contrast, a trade management system,
the stock trade journal of record, would not
rely as much on the real time aspects, but
rather more on the guarantee that entered
trades get processed into the trading system.
This type of scenario calls for a high quality-of-
service level. A stock trader cannot afford to
have a few trades get lost somewhere because
a thunderstorm causes a power outage.

Efficiency
EAI message transports have the ability to

send thousands of message transactions per
second on a typical network. This is due large-
ly to the close mapping between the EAI mes-
sage transports. 

When large message throughput is need-
ed, traditional EAI technologies have a com-
paratively better chance than Web services of
being able to efficiently handle the load.
Comparatively speaking, the layer of abstrac-
tion that Web services provides for integration
flexibility leads to greater message data vol-
umes and slower transaction throughput
rates. Therefore, efficient message transport is
a clear strength for the traditional EAI tech-
nology camp. 

Some might contend that Web services
are efficient because the nature of Web ser-
vices is both flexible and convenient to
develop, leading to lower development costs
and thus greater efficiency. While this might
be true, there are aspects of project cost
other than just development. In fact, studies
show that 80% of a system’s cost is tied up in
the maintenance and support phase of a
system’s life cycle.

Robustness
As is the case with traditional EAI tech-

nologies, mature technologies are often
robust because they have stood the test of
time. Business issues and problems have
challenged the EAI paradigm, causing the EAI
vendors to provide solutions to difficult prob-
lems. EAI vendors have endured considerable
tribulation in getting their software to effec-
tively integrate disparate systems in the face
of unforeseen mishaps and catastrophes. 

However, through perseverance these EAI
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vendors have developed mature products for
accomplishing the enterprise integration
business objective.

When to Use Web Services 
to Augment EAI

Taking Web services in one hand and tra-
ditional EAI technologies in the other, system
integrators now have access to a greater
toolset of technologies in which to provide
enterprise solutions. There are times where
exposing a system as a Web service is more
effective and times when EAI is better.

Given that Web services standards are
currently in a state of flux, it is not advisable
to integrate the entire enterprise using exist-
ing standards. Doing so will likely result in
your needing to tear down and rebuild
tomorrow. Figure 1 shows an interesting
relationship for integration solutions when
Uncertainty is plotted as a function of
Efficiency Demand.

Uncertainty describes the extent to
which a system environment is known
and understood. Efficiency points to how
well data can be run on a standard net-
work and server configuration. In Figure
1, the less interfaces are understood the
more uncertainty one will have in a par-
ticular integration scenario. Also, the like-
lihood that interfaces will change in the
future increases the amount of uncertain-
ty. The Uncertainty Threshold depicted in
the graph describes an asymptote ap-
proached by the line of demarcation sepa-
rating Web services and EAI. This thresh-
old represents the amount of uncertainty
in an integration solution needed to war-

rant the need of a Web services approach
over a traditional EAI approach.

Integrating the Technologies
The remainder of this article documents

scenarios where it makes sense to augment
an EAI integration strategy with Web services.
The scenarios described are:
• Connectivity beyond the corporate

enterprise
• COTS software approach to integration
• Synchronous transactions
• High uncertainty compared to efficiency

demand

Connectivity Beyond 
the Corporate Enterprise

In spite of Web services security stan-
dards being still under development, con-
nectivity via Web services can be provided
to external business partners with rela-
tively secure mechanisms. This scenario is
probably the largest and most significant
play for Web services in the enterprise. It
was not until the development of the
World Wide Web that companies began to
allow outsiders to access internal systems
through the Web browser. In much the
same way, Web services will allow conven-
ient access to an organization’s enterprise
system in a secure and deliberate fashion.

Traditional EAI technologies did pro-
vide mechanisms for punching through
the corporate firewalls. However, these
mechanisms were proprietary, which led
to inflexible and inconvenient integration
solutions, especially when an organiza-
tion decided to either change EAI vendors
or change a particular line-of-business
system providing the Web service to the
enterprise.

COTS Software Approach to Integration
Commercial Off The Shelf (COTS) prod-

ucts should take advantage of Web services
technologies and begin providing such con-
nectivity in their system via Web services
mechanisms. Even as Web services stan-
dards change through industry innovation,
providing connectivity via Web services
would increase the convenience of integrat-
ing with the existing enterprise by an order
of magnitude.

Synchronous Transactions
Integration scenarios calling for synchro-

nous transactions (i.e., request-reply) are
prime candidates for exposure to the enter-
prise by a Web service. The most common
Web service implementations use HTTP as
their protocol. Unless a proprietary message
provider is employed, the very nature of
HTTP requires a demand-driven transaction
in which the client must make a call to the
service requesting information.

High Uncertainty Compared to 
Low Efficiency Demand

When high uncertainty exists relative to
the efficiency demand of an integration solu-
tion, Web services would likely be a better
candidate. This scenario plays to Web servic-
es’ strengths; however, EAI’s strengths are less
of an advantage in this case. 

Since Web services are based on open stan-
dards, even changing out the Web services
provider should have little impact on the inte-
gration with other systems. This type of change
could be likened to changing the browser used
to view a Web change. Granted there are differ-
ences, but most of these differences are minor
compared to the differences between the
interfaces of line-of-business applications.

Conclusion
From a high level, Web services and EAI

seem to offer similar value propositions. As
demonstrated here, Web services and EAI
provide different strengths to application
integration.

The primary benefit of understanding the
differences between Web services and tradi-
tional EAI solutions is in being able to see where
EAI is inadequate and how to provide solutions
to these inadequacies with Web services.

In a world where Web services and EAI
technologies coexist, opportunities for
creative solutions will provide new venues
for more effective application integration
solutions.
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The ability to penetrate firewalls, as well as
not having to install any code on the client side,
makes it easy for service providers to quickly
deploy and make their services available to a
wide audience over a remote network. All that’s
needed is the service’s definition, usually in the
form of a WSDL file. While this remains a popu-
lar usage pattern for conventional SOAP-based
Web services, an area that has been largely
ignored is the use of Web services within a com-
pany’s enterprise. One of SOAP’s biggest criti-
cisms has been that SOAP-based Web services
don’t perform as well as traditional distributed
architectures like EJB or CORBA. There is some
truth to this.  If the client and server are colocat-
ed on a fast network, the overhead of pumping
messages through SOAP over HTTP may be
much more than a traditional remote call. 

What is less commonly known is that the
Web services standards do not mandate the use
of either SOAP or HTTP. In fact, WSDL, which is
commonly used to describe and publish Web
services, is extensible and allows services to be
implemented over virtually any protocol or
transport. WSDL provides a language- and pro-
tocol-neutral way to describe a service, and
allows extensions that can bind this neutral def-

inition to any specific transport. In WSDL
terms, the tie between the abstract service defi-
nition and its concrete endpoint is called a
“binding.” It is possible to have multiple bind-
ings for a single service, allowing sophisticated
clients running on a fast local network to use
the alternate binding to get significantly im-
proved performance. At the same time, the
service can offer remote clients the same func-
tionality over SOAP and HTTP. This scenario is
depicted in Figure 1.

Overview of WSDL
To understand how multiple bindings may

be defined and exposed for a Web service, let us
first explore the Web Service Definition
Language. WSDL is a W3C working draft for an
XML format for describing network services. A
service definition includes an abstract descrip-
tion of the operations and messages that are
supported, and their bindings to a concrete
protocol.

A WSDL document may define types, mes-
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FIGURE 1 1 Optimized Web service invocation
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sages, operations, and port types, which are
abstract. It may also define services, ports, and
bindings, which are specific to an implementa-
tion. Each of these corresponds to an XML ele-
ment and is described below. Some of these
sections are extensible, which allows WSDL to
support future protocols and formats.
• Types: Contains abstract type definitions for

the data types used by the operations of the
Web service. The most commonly used type
system is XSD.

• Message: Defines an abstract message that
has a unique name and a set of parts. Each
part refers to an intrinsic type, or a type
defined in the types section.

• PortType: Each portType element has a
unique name and defines an abstract set of
operations provided by the service. Each
operation may define input, output, and fault
messages.

• Binding: Defines concrete message and pro-
tocol details for each abstract operation in a
portType and can be extended to support
new protocols. 

• Port: Each port definition section repre-
sents a single endpoint or address for a
binding and can be extended to support
new protocols.

• Service: Defines a single service. It groups all
the ports for that service together.

JAX-RPC: A Higher-Level 
Web Service Interface

By providing a means for clients to call
Web services through a higher-level inter-
face such as Java, we can bypass the use of
SOAP and choose the binding that would be
most appropriate. JAX-RPC addresses this
need. Since the operations provided by a
service are defined in the portType section
of the WSDL definition, a client should the-
oretically be able to invoke operations on
the service based on the service’s abstract
portType definition. 

In an effort to distance the user from the
details of SOAP messages, a group of leading
Java vendors, including Sun, IBM, and BEA,
proposed a Java Specification Request (JSR101)
that defines a Java API for making XML-based
remote procedure calls. This API – called JAX-
RPC – is an open standard for exposing and
invoking Web services from Java. JAX-RPC
enables a service endpoint to be developed
using either a Java servlet or an Enterprise
JavaBean, and can be extended to other imple-
mentations. JAX-RPC provides for mapping
services between Java and WSDL. A service

provider can run a conversion tool and gener-
ate WSDL for a Java interface. This WSDL can be
published, and may be used by clients to invoke
the service. A client may run a conversion tool
on the WSDL for a service, and generate Java
interfaces and client stubs for invoking that
service. Thus, it is possible for both the service
provider and the client to program exclusively
to Java interfaces, and use JAX-RPC–compliant
conversion tools to provide the plumbing
between SOAP and Java. The Apache Foun-
dation’s Axis project (http://xml.apache.org/
axis) provides a free implementation of
WSDL2Java that can be used to generate JAX-
RPC–compliant Java interfaces, as well as SOAP
stubs for any WSDL document. 

For example, consider a WSDL docu-
ment containing a portType for a stock
quote service that had a single operation
that took a symbol and returned its price.
The WSDL fragment containing the
abstract service definition is shown in
Listing 1.

If WSDL2Java were run on the service,
it would generate a JAX-RPC–compliant
Java interface that looked something like:

package quote;

public interface StockQuote extends 

java.rmi.Remote 

{

public double getQuote(String symbol) 

throws java.rmi.RemoteException;

}

It would also generate a factory interface
class for the service, which has methods
that create an instance of StockQuote
(backed by a SOAP implementation), as well
a “locator” that implements this factory  as
interface (see Listing 2).

A SOAP client stub that implements
Stock Quote is also generated. The stub exe-
cutes the getQuote method by making a
SOAP call to the remote server.

A client can use the service without deal-
ing directly with SOAP as follows:

StockQuoteServiceLocator locator = new 

StockQuoteServiceLocator();

StockQuote quote = locator.getStock

Quote();

double price = quote.getQuote("CYSV");

The getStockQuote method returns the
“default” port, which in this case is SOAP.

Optimized Web Services
It is apparent from the code described pre-

viously that the client sees the remote SOAP
service as a local Java object. This is great
because we can replace the implementation
with a more “optimal” protocol without
impacting clients. For example, if we knew that
the Web service was implemented as an EJB,
we could use IIOP or RMI to directly invoke the
service, without the overhead of converting to
and from SOAP. This would be transparent to
the client, but would result in a significant per-
formance improvement.

If the StockQuoteLocator class was en-
hanced, the getStockQuote method could
be changed to return implementations of
different endpoints. Consider a stateless
session EJB implementation of the above
StockQuote service. Its remote interface
would look like:

package ejbquote;

public interface StockQuote extends 

EJBObject

{

public double getQuote(String symbol) 

throws RemoteException;

}

For simplicity, we define the signature of the
getQuote method to be the same as that in the
StockQuote interface. To locate the EJB, we
must capture its location information in an
address-like object. For this purpose, let’s define
an EJBAddressInfo class.

public class EJBAddressInfo

{

public String jndiURL;

public String homeName;

public String homeClass;

public String remoteClass;

public Properties jndiProperties;

}

Now the StockQuoteLocator object can be
modified to add an overloaded version of the
getStockQuote method that takes an EJBAdd
ressInfo instead of a URL:

public quote.StockQuote

getStockQuote(EJBAddressInfo

portAddress) 

throws javax.xml.rpc.ServiceException;

A client that wanted to use the EJB bind-
ing can be coded as shown in Listing 3.

FOCUS: Tools and Tricks
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The locator returns an instance of Stock
Quote backed by an EJB client that makes
an EJB remote request to fulfill the getQuote
operation.

The WSDL Extension Mechanism
This looks great except that the client has to

create an EJBAddressInfo object and populate it
with details about the EJB. This forces the client
to know the specifics of the implementation,
and defeats the purpose of using a pure Java
interface. It would be nice if the address infor-
mation could be specified in a way that didn’t
require the client to know about the service’s
implementation. That’s what the WSDL extensi-
bility mechanism is for. The port section that
appears within a service definition in the WSDL
document can be extended to describe any
kind of address. In the case of EJB, the informa-
tion that is needed to locate the EJB can be rep-
resented in the port section as shown below.

First, let’s define an XML namespace for our
WSDL extension to the definitions element. 

<definitions xmlns:ejb="http://schemas. 

myextensions.org/wsdl/ejb" … />

Then, add the EJB location information to
the port section in the service definition (see
Listing 4).

Next, add a binding section for the EJB Re-
mote interface, referencing the StockQuote
portType. Since we’ve kept things simple by
assuming the method signatures of JAX-RPC
StockQuote and the EJB remote interface are
exactly the same, we really don’t need any addi-
tional binding information. The EJB port’s bind-
ing looks like:

<wsdl:binding name="StockQuoteEJB 

Binding" type="impl:StockQuote">

<ejb:binding/>

</wsdl:binding>

Any additional mapping of method names
or parameters that is needed can be included in
the binding section. 

Now we modify our locator implementa-
tion to extract all the information it needs
from the WSDL. We could publish our WSDL
through a UDDI directory or URL, and the
client could retrieve and save it locally for
better performance. The client code for
both the SOAP and the EJB bindings is now
the same, and looks like:

File wsdlPath = new File("/services/ 

StockQuote.wsdl");

StockQuoteServiceLocator locator = new

StockQuoteServiceLocator(wsdlPath);

StockQuote quote = locator.getStock 

Quote();

double price = quote.getQuote("CYSV");

The locator parses the WSDL to ex-
tract the endpoint information, and cre-
ates the appropriate implementation of
the StockQuote service. In the case of
EJBs, the implementation retrieves the
session bean’s remote interface and dele-
gates all calls to it.

Invoking the Optimized Service
For the locator to be able to extract destina-

tion information, it needs to parse the WSDL.
While a JAXP-compliant XML parser can be
used to parse the WSDL, it’s easier to use a
WSDL library to handle the low-level de-
tails–JSR110, which describes a Java API for
WSDL parsing. There is an open-source imple-
mentation of this JSR called WSDL4J, which is
referenced from the Apache Axis Web page.

WSDL4J has built-in extensions for SOAP
and provides an extensibility mechanism for
defining other types. We can define extensi-
bility elements for handling our EJB exten-
sions, and register them with WSDL4J. When
WSDL4J encounters our elements, it will
invoke our extensions. Building a WSDL4J
extension is beyond the scope of this article,
but the source code is well documented.

In the case of EJBs, the StockQuote imple-
mentation delegates incoming requests to the
EJB’s remote interface. This can be achieved
with very little code by using Java’s Dynamic
Proxy feature. All that is required is to imple-
ment the InvocationHandler interface in Listing
5. The locator instantiates our dynamic proxy
implementation of StockQuote (see Listing 6).

Unlike the generated SOAP stub that is
specific to the interface it was generated
for, the use of dynamic proxies allows the
EJBHandler class to be generic. The same
technique could be used for building
implementations for any service binding,
including local and remote Java objects,
JMS or .NET. The client always talks to a
generic Java interface and doesn’t know or
care what the actual service implementa-
tion is. The preferred binding for a service
can be made configurable, and an imple-
mentation could be switched to a more
optimized transport, without the client
knowing about it.

Conclusion
Using this strategy, a SOAP Web service

can be exposed over alternate, more opti-
mal transports without requiring the client
code to change. The decision as to which
transport is the most optimal is not an easy
one. The service locator can be made as
sophisticated as needed to decide which
binding should be used for a given service.
Often, this decision can be based on
whether the client and server are on the
same network, and an examination of the IP
addresses is all that may be needed. An issue
that I haven’t addressed is the mapping of
complex types. In most cases, types that are
being passed over SOAP can be mapped
directly to JAX-RPC–compliant JavaBean
types. Serializers and deserializers may
need to be written if the mapping is not
straightforward. Most JAX-RPC implemen-
tations provide support for user-defined
serializers and deserializers as well as gener-
ation of Java beans for complex types.

Another issue that must be dealt with is
exception handling. Depending on the binding
transport that is being invoked, different kinds
of exceptions may be thrown. JAX-RPC declares
all methods as throwing RemoteException,
which wraps the actual exception.

There are also security and transactional
implications when multiple bindings are
provided. The Web services community is
working on resolving and standardizing
these issues for Web services in general.
Open-source efforts like the WSIF project
working toward standardizing multiple Web
service bindings, but we have a long way to
go before any standards emerge. We are still
very early in the life cycle, but optimized
Web services looks like something that can
greatly enhance the usability of Web servic-
es within an enterprise.
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Listing 1:  Abstract service definition

<!-- Input and output messages -->

<wsdl:message name="getQuoteResponse">

<wsdl:part name="getQuoteReturn" type="xsd:double"/>

</wsdl:message>

<wsdl:message name="getQuoteRequest">

<wsdl:part name="symbol" type="xsd:string"/>

</wsdl:message>

<!-- portType for the StockQuote service -->

<wsdl:portType name="StockQuote">

<wsdl:operation name="getQuote" parameterOrder="symbol">

<wsdl:input name="getQuoteRequest"

message="impl:getQuoteRequest"/>

<wsdl:output name="getQuoteResponse"

message="impl:getQuoteResponse"/>

</wsdl:operation>

</wsdl:portType>

Listing 2:  Factory interface class

package quote;

public interface StockQuoteService extends

javax.xml.rpc.Service 

{

public java.lang.String getStockQuoteAddress();

public quote.StockQuote getStockQuote() 

throws javax.xml.rpc.ServiceException;

public quote.StockQuote getStockQuote(java.net.URL

portAddress) 

throws javax.xml.rpc.ServiceException;

}

Listing 3: Overloaded version of getStockQuote method

EJBAddressInfo ejbInfo = new EJBAddressInfo();

// set the values of the EJB location in ejbInfo …

StockQuoteServiceLocator locator = new

StockQuoteServiceLocator(ejbInfo);

StockQuote quote = locator.getStockQuote();

double price = quote.getQuote("CYSV");

Listing 4: EJB location information added to port section

<wsdl:service name="StockQuoteService">

<!-- SOAP Port -->

<wsdl:port name="StockQuoteSOAPPort"

binding="impl:StockQuoteSoapBinding">

<wsdlsoap:address

location="http://localhost:8080/axis/services/StockQuote"/>

</wsdl:port>

<!-- EJB Port -->

<wsdl:port name="StockQuoteEJBPort"

binding="impl:StockQuoteEJBBinding">

<ejb:port>

<address location="jnp://localhost:1099">

<property name="jndi-name">ejb/MyStockQuote></proper-

ty>

<property name="initial-ctx-factory">   

org.jnp.interfaces.NamingContextFactory</property>

<property name="home-interface">

ejbquote.StockQuoteHome</property>

<property name="remote-

interface">ejbquote.StockQuote</property>

</address>

</ejb:port>

</wsdl:port>

</wsdl:service>

Listing 5:  InvocationHandler interface

public class EJBHandler implements

java.lang.reflect.InvocationHandler

{

// …

private File wsdlFile = null;

private Object ejbStub = null;

public EJBHandler(File wsdlFile)

{

/* 

Parse the WSDL file, extract the EJB destination 

info.

Retrieve the EJB’s home interface. From it, retrieve 

the remote interface, and assign it to ejbStub.

Be sure to use PortableRemoteObject.narrow() to get 

the correct home and remote interface types …

*/

}

// Called when any method is invoked on the target inter-

face

public Object invoke(Object proxy, Method method, Object[]

args)

throws Throwable

{

Method instanceMethod =

ejbStub.getClass().getMethod(method.getName(),

method.getParameterTypes());

return instanceMethod.invoke(ejbStub, args);    

}

}

Listing 6:  Dynamic proxy implementation of StockQuote

public class StockQuoteServiceLocator 

{

File wsdlFile; // Initialized in the constructor

//…

public StockQuote getStockQuote()

{

// If the preferred port is EJB Instantiate

// an EJBHandler proxy and pass it the WSDL file

return java.lang.reflect.Proxy.newProxyInstance( 

StockQuote.class.getClassLoader(),

new Class[]{quote.StockQuote.class},

new EJBHandler(wsdlFile));

}

}

Download the code at

sys-con.com/webservices
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T
he Web service-based functionality

provided in Sun Microsystems J2EE

1.4 is a culmination of the Java APIs

and utilities that were previously part of the

Java Web Services Developer Pack (WSDP)

and have been repackaged for the most part

into J2EE 1.4. For the sake of this review, I

will cover only the new Web services–relat-

ed features included in the new release.

With that said, let’s explore what J2EE 1.4

has to offer regarding developing and

implementing Web services.

First, there are plenty of Java-based
development platforms out there that
enable you to expose J2EE applications as
Web services, so the technology is not real-

ly all that new. For instance, the concept of
using servlets to consume and process
Web service requests and relying on EJB
components to handle the business logic
and persistent data storage is proven tech-
nology. What is exciting is that this tech-
nology is now officially part of the J2EE
standard, and will enable interoperability
of Web service functionality across various
vendor platforms. What this promises for
developers is that instead of using propri-
etary APIs that come with a particular Java
application server, you will be using stan-
dard J2EE APIs. So, just as JSPs and EJBs
are standardized, you will be seeing the
same for Web service–specific APIs. 

In addition to adding Web services
functionality, J2EE 1.4 comes packaged
with some of the more popular Java-based
open-source software products, including
Jakarta Ant and the Cloudscape relational

database. Install and configure Apache
Tomcat, which also comes with the re-
lease, and you have the makings of a basic,
roll your own, Web service development
platform. You get some really nice features,
and you can’t beat the price. You need to
remember though that large-scale produc-
tion environments will still require the use
of industry-proven application servers
such as WebLogic or WebSphere. What’s
important here is the standardization or
J2EE branding of the Web service Java APIs.

The APIs
OK, at this point you may be asking,

what are these APIs? Let’s go over some of
them. First, what I call the “JAX in a box”
APIs is JAXP. To those familiar with Java-
based XML parsing (SAX and DOM) and
XSLT processing facilities, these are really
our old friends Xerces and Xalan (or is that
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Xalan and Xerces, I can never get them
straight). Both of these started in the open-
source arena and now join the J2EE family,
which they rightfully should. It is difficult to
name any Java-based XML or Web services
product in the market that doesn’t include
some aspect of their functionality and
libraries.

Next on the list to join J2EE is JAXR. This
API provides you with the ability to look up
Web services and other XML-based docu-
ments on ebXML and UDDI-based XML
registries. JAXR also provides rich query
capabilities as well as rich metadata capa-
bilities for classification and association. It
gives programmers the capability to write
abstract registry client programs that are
portable across different target registries

Next in the JAX lineup is JAX-RPC. This
API covers all aspects of implementing RPC-
type SOAP messages, and for the J2EE 1.4
release includes support for SSL-based
authentication, serializers and deserializers
for collection types, and other improve-
ments. You would use the JAX-APIs when
developing your Web service endpoints. It’s
basically the servlet-based stuff that maps
SOAP parameter types from XML to Java
data types, and manages the actually
method calls that implement the service.

In a break from the JAX-based naming
convention, we will next cover SAAJ, or
SOAP with Attachments API for Java. Here
we’re talking about a number of APIs to

cover document-based SOAP service calls
that involve the processing of a SOAP mes-
sage through asynchronous message queues.
The technologies include DOM4J, Jakarta
Common Logging, JAXP, JavaMail, and Java-
Beans Activation Framework.

In addition to the APIs, J2EE 1.4 includes a
number of utilities for developing and deploy-
ing Web services. These include J2EEC, which
helps you to generate stubs, ties, and so on for
JAX-RPC–based services and WSCOMPILE,
which also helps you to generate stubs, ties,
and WSDL files for JAX-RPC services. 

Using J2EE 1.4
Now that we have gone over what the

J2EE 1.4 release contains, how would you
use it? Here’s an example of how all the parts
come together using the APIs provided in
J2EE 1.4. 

Figure 1 shows a synchronous Web ser-
vice using the JAX-RPC APIs. The Web
service endpoint is managed by a JAX-
RPC–based servlet that accesses persist-
ent storage (a database) directly or, in the
case of calling an EJB component, indi-
rectly. In the case where you are building
off of an existing J2EE application, the
SOAP endpoint is considered by the sys-
tem to be just another view or presenta-
tion of the application.

Figure 2 shows another example of using
the J2EE Web service APIs, this time imple-
menting an asynchronous, message-based

service. Clients of asynchronous Web servic-
es do not need to wait around for a response
from the service. Instead, the response will
come some time later in the form of a direct
SOAP call to the client (the client has a serv-
ice also), or by the client polling on a regular
basis for the response to arrive. In this dia-
gram, you will notice that the application is
using JMS (Java Messaging Service) to 
deliver the SOAP XML document tied to 
message-driven enterprise JavaBeans (MDB).

There are a number of excellent white
papers available at the java.sun.com site to
help you learn how to the use these APIs and
how to implement various Web services using
the J2EE architecture. “Using Web Services
Effectively” not only describes the purpose for
each Web service–based API described here,
but also provides information on using J2EE
patterns and other informative tips, such as
how to directly expose an EJB component as a
Web service endpoint.

In addition to documentation, you can
download a sample application involving a Pet
Store order management system. This pro-
vides an excellent start for anyone interested in
developing Web services using the framework.

The J2EE Release 1.4 installation file and
associated documentation can be down-
loaded from the Web site at http://java.sun.
com/j2ee/download.html. While you’re at it,
you’ll also need to download and install the
1.4 version of the Java 2 SDK before in-
stalling J2EE. You will need to become a reg-
istered member of the Java Developer Con-
nection, which is not that difficult (you can
sign up and get started right away).

At the time of this writing, I was looking
at a beta version that was open to everyone
in the Java developer community. 

Conclusion
Compared to other Java-based Web ser-

vice development products on the market
today, developing SOAP services with J2EE
1.4 requires a lot more hands-on work, and
heaven forbid, you may need to actually
read the XML. But for those projects that
require highly customized SOAP-based Web
services, especially on top of existing J2EE
frameworks, the ability to work at the API
level can’t be beat. J2EE 1.4 also provides an
excellent start for those interested in under-
standing Web service and XML processing
basics. 

FIGURE 2 Asynchronous Web service communication
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Written by Brent Carlson

W
eb services tool vendors frequently compete on how quickly their

users can “generate a Web service from scratch” or “expose a

Java/COM+/CORBA class as a Web service.” While speed of develop-

ment is important, the broader business needs of an enterprise must be the main

driver of new technology adoption.  

Blindly applying new technology ulti-
mately results in more poorly conceived
software. These applications are just as dif-
ficult to maintain as existing applications,
only they’re running on yet another techni-
cal infrastructure. As ZapThink, LLC, an
XML- and Web services–focused industry
analyst group, explains, “Just because a new
technology has promise doesn’t guarantee
that it will be applied correctly.”

So how do IT organizations move from
“playing” with Web services development to
providing truly useful services that support
key business objectives? Companies must
be able to view their existing software devel-
opment assets (SDAs) within the context of
the enterprise’s strategic business processes
in order to take full advantage of the prom-
ise of Web services. IT executives need to
understand what assets exist, where they
are located, and how each fits into the cor-
porate business landscape, i.e. a model-
based approach. This approach to Web serv-
ices development gives enterprises an effi-
cient way to enable existing SDAs as Web
services; it can be broken into four steps –
assess, build, locate, and employ. 

Let’s take a simple example – a currency
conversion component – through this process.

Example Component –
CurrencyExchange EJB

Our example component is an EJB that
provides currency conversion services –
converting dollars to euros, setting up con-
version tables, and so on. Figure 1 presents
this example component in UML, showing

the external interfaces of the component
without any of the implementation details
involved in building the component. 

The functional capabilities of this com-
ponent are presented to its users via a
SessionBean interface containing a num-
ber of method definitions. These methods
place dependencies on two supporting
elements of the external component defi-
nition: a set of transfer object types used

AUTHOR BIO: 
Brent Carlson is vice president of technology and
cofounder of LogicLibrary. He is a 17-year veteran 
of IBM, where he served as lead architect for the
WebSphere Business Components project and held
leadership roles on the “IBM SanFrancisco Project.”

Brent is the coauthor of San Francisco Design Patterns: Blueprints for
Business Software and Framework Process Patterns: Lessons Learned
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FIGURE 1 CurrencyExchange component
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FOCUS: Tools and Tricks

to interchange nonprimitive data with the
component, and a specialized exception
that users of the component must handle
when setting exchange rates into the com-
ponent. Also, our CurrencyExchange com-
ponent allows its users to control the con-
version algorithm or algorithms used
when converting one currency to another,
both through a component configuration
interface as well as by allowing the config-
ured conversion strategy to be selectively
overridden on a call-by-call basis.

Applying the 
enABLE Methodology

The four steps in our model-based ap-
proach are:
• Assess what you have and create a busi-

ness roadmap for migrating to Web ser-
vices

• Build a catalog of essential software
development assets (SDAs) mapped to
your business roadmap (i.e., your busi-
ness architectures and models)

• Locate the most appropriate software
assets for your high-priority services
using the catalog you have built

• Employ these assets in your tools of choice
for developing Web services

Assess
A typical IT organization will have thou-

sands of assets that have accumulated over
the years. Assessing which of these assets
are of value to the organization moving for-
ward must incorporate both business and

technical perspectives. Issues that need to
be taken into account during the assess-
ment phase include:
• The technology used to build the asset
• Compatibility of the asset’s technology

with future technical architectures being
defined by the organization

• Level of documentation (i.e., artifacts
resulting from the software development
process) available that describes the as-
set’s business functionality

• Current use of the asset to support the
organization’s business activities

• Expected use of the asset to support
future business needs

As you begin, remember the 80/20 rule;
some SDAs are obvious candidates for your
initial cataloging efforts, while other mar-
ginal assets are best left behind.

How does our example component fit
against our assessment criteria?
• Technology: Built using J2EE technology.
• Future technical architectures: Our organi-

zation is in the process of defining a service-
oriented architecture that includes Web
services as a core element. These Web ser-
vices will be implemented using a combina-
tion of J2EE component technology and
adapter technology, which encapsulates
legacy applications within our environment.

• Level of documentation: Component arti-
facts include source code, a deployable
.jar file, a UML model of the component
that includes both an external client-ori-
ented view as well as an internal design-
oriented view, and javadoc.

• Current use of asset: Component was built
as part of a project to incorporate interna-
tional capabilities into our order manage-
ment application.

• Expected use of asset: As our business
expands its international capabilities, the
need for a currency conversion service
available to multiple departments has be-
come clear.

Based on our assessment, it appears that
our currency conversion component is an
important asset that should be preserved
and managed into the future. This leads us
to the next stage of our model-based
approach.

Build
In the build phase, our task is to align our

FIGURE 2 W-commerce reference model fragment

FIGURE 3 Currency Exchange System reference component detail
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essential SDAs with our business roadmap
(i.e., our business architectures and models
describing current and future business
requirements to be placed on the IT organi-
zation). The end result of this effort is a
ready reference that gives us the ability to
see what aspects of our business architec-
ture are already supported, to identify
redundancies, and to see where gaps exist.
Ultimately, effective use of this reference
model will enable us to build Web services
that present the right level of information
and interact with the right underlying busi-
ness systems.

Our business architecture team has been
busy defining requirements for our next
generation of e-commerce systems, and
they have taken the next step to express
these requirements in the form of a UML
reference model. Figure 2 illustrates a por-
tion of that model that is pertinent to our
example component.

Each class within this UML diagram rep-
resents a coarse-grained reference compo-
nent that supports one or more interfaces. If
we look into the Currency Exchange System
component in more detail, we see that its
two interfaces define a series of operations
as shown in Figure 3.

The operations defined here can be
mapped against the methods defined by our
EJB (see Table 1).

Notice that some of our reference com-
ponent methods are not directly supported
by our EJB, and also that some of the capa-
bilities of our EJB (e.g., our ability to config-
ure conversion strategies) aren’t reflected in
our reference model. However, our mapping
does show that we have a strong affinity
between our desired business capabilities
and this existing SDA. 

Locate
As our development team is tasked to

build out portions of our next-generation

business architecture, they will
take advantage of our previous-
ly built business reference
model to search for candidate
SDAs that can help them do
their work more efficiently. Let’s
assume that our team has the
responsibility to build out a
Web service supporting curren-
cy conversion. Their work
activities flow as follows:

1. They begin their work by identifying the
portion of the business reference model
that applies to their project – specifically,
the Currency Exchange System. 

2. They then investigate the services and
operations defined by that reference com-
ponent.

3. For the set of selected operations, they
initiate a search against the underlying
SDAs mapped against the reference
model. In this case, they discover our
CurrencyExchange EJB.

4. The team then retrieves various artifacts
as part of their evaluation process, ulti-
mately concluding that they can take
advantage of this asset in their Web ser-
vices development project. 

How will they investigate the components
and services associated with this model? While
some groups have built reference models to
asset mappings through spreadsheets and
other similar tools, an SDA mapping and dis-
covery engine can speed and improve this
process dramatically.

Depending upon the area of the model
being investigated, our team might find
multiple assets that support a set of busi-
ness capabilities, at which point they need
to determine if they should select one of
these assets for future development or if
they need to provide an encapsulation ser-
vice that binds all of the existing assets
together and ensures consistent data and
behavior across them (if, for example, mul-
tiple customer information systems must be
supported because of business merger
activity in the past). Or they might discover
that no existing assets support a portion of
our model, indicating that “green-field”
development is needed to support some
expanded business capabilities. Regardless
of the outcome, our team has a better view
of what is available to them to use in the
next stage of the process.

Employ
The employ stage is where all of

today’s “whiz-bang” Web services tooling
comes into play. With our Currency
Exchange example, we will likely retrieve
our EJB .jar file from its repository loca-
tion and deposit it into a project within
our IDE of choice, then use that IDE’s Web
service–generation capabilities to convert
our SessionBean interface into a Web
service with an associated WSDL file, Java
client proxy, and other artifacts. 

As part of the employ phase, we have
some decisions to make: 
• How should we expose the information

from our specialized date range exception
to our Web service client?

• Do we choose to expose our conversion
strategy capability on the Web service?

• Do we create separate Web services for
our currency conversion operations
from our currency maintenance opera-
tions, or do we combine them into one
service?

Ultimately, as these newly built Web
services are created and deployed, our
team will complete the life cycle by feed-
ing them back into their catalog, mapped
against the business roadmap for which
they were built. These Web services now
become part of the developer’s everyday
toolkit – resulting in faster, higher quality,
less expensive application development
and integration. 

Summary 
Taking the time to put our Web services and

the underlying SDAs that already exist in our
infrastructure into an IT library will ensure that
the services we produce will provide true value
to the business and not introduce more tech-
nology for technology’s sake.
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TABLE 2: Operations definitions

Reference Component operation EJB method

getSupportedCurrencies getCurrencyCodes

defineSupportedCurrency No direct equivalent

convertCurrencyValue convert

defineExchangeRate setExchangeRate

deleteExchangeRate clearExchangeRate
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Written by Aravilli Srinivasa Rao

T
he RPC mechanism enables a remote procedure call from a client to be

communicated to a remote server.  SOAP RPC supports three types of

parameter modes – IN, OUT, and INOUT – for remote method invocation.  In

this article I’ll explain how JAX-RPC supports SOAP RPC parameter modes and how

to use JAX-RPC parameter modes with Apache Axis.
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JAX-RPC
JAX-RPC provides a means for perform-

ing RPC over SOAP. It provides rules for
client code generation, SOAP Binding, map-
ping from Java to WSDL and WSDL to Java,
type mappings between Java and XML data
types, and client APIs for constructing Web
service invocations. 

JAX-RPC defines one static model and
two dynamic models for the client side to
invoke a remote procedure. In the static
model, stubs are used and the code-genera-
tion tools generate the stubs. One dynamic
model is based on generating a proxy object
dynamically using java reflection APIs and
another is based on Dynamic Invocation an
Interface (DII) using the Call object. The
examples shown in this article use DII
rather than the static model. 

JAX-RPC interfaces 
On the client side, JAX-RPC defines the

following major interfaces: 
• ServiceFactory: Creates the instances of

Service interface.
• Service: Defines methods for dynamic

proxy invocation and DII. getPort( )

method is used for dynamic proxy in-
vocation.

• Call: createCall( ) method on Service
interface returns the Call object which is
used for DII.

JAX-RPC supports the following three
types of invocation models: 
• Synchronous request-response mode: A

Client invokes a remote method on a
service and receives return values or an
exception. Client blocks the thread until it
gets a response from the remote service.

• One-way RPC Mode: A Client invokes a
remote method on a service endpoint in
the one-way mode. The client invocation
thread does not block and continues exe-
cution without waiting for this remote
method invocation to be processed by the
service.

• Non-blocking RPC invocation: A service
client invokes a remote method on a ser-
vice endpoint and continues processing
in the same thread without waiting for the
return of the remote method invocation. 

The Synchronous Request-Response

Mode and One-Way RPC Mode are achieved
by the JAX-RPC DII Call interface.

JAX-RPC Parameter Modes
JAX-RPC uses pass by copy semantics for

parameter passing in a remote method invoca-
tion. The JAX-RPC specification does not sup-
port the object-by-reference mode for remote
method invocations. JAX-RPC specifies the fol-
lowing rules for the IN, OUT and INOUT
parameter passing modes and return value:
• An IN parameter is passed as copy. The

value of the IN parameter is copied before
a remote method invocation.

• The return value is created as a copy and
returned to the caller from a remote
method invocation.

• The OUT and INOUT parameters are
passed by copy. JAX-RPC uses the Holder
classes to support the INOUT and OUT
parameters. A service client provides an
instance of a Holder class that is passed by
value for either out or inout parameter.
The contents of the Holder class are mod-
ified in the remote method invocation and
the service client uses the changed con-
tents after the method invocation returns.
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• JAX-RPC defines ParameterMode class
with static instances namely IN, OUT, and
INOUT, to specify parameter-passing
modes in Web service invocation. Para-
meterMode class acts as a type safe enu-
meration for parameter modes.

Holder Classes 
Holder classes enable the mapping to

preserve the intended operation signature
and parameter passing semantics. A holder
class is simply a class that contains an
instance of its type. According to the JAX-
RPC specification, each Holder class pro-
vides the following methods and fields
• A public field named value. The type of

value is the mapped Java type
• A default constructor that initializes the

value fields to a default value 
• A constructor that sets the value field to

the passed parameter

For example, the holder for the Double
class would be: 

public final class DoubleHolder imple-

ments Holder {

public double value;

public DoubleHolder() {  }

public DoubleHolder(double  value) {

this.value = value;

}

}

In this article, I’ve used JAX-RPC
Synchronous Request-Response Mode to
explain the following parameter modes
using Apache Axis.
• IN parameters using simple types
• IN and OUT parameters using simple types
• INOUT parameters using simple types
• OUT parameters using complex types

IN Parameters Using Simple Types
This example deals with developing a

currency converter SOAP service (conver-
sion from dollars to rupees).  The service
takes only one input parameter of simple
type and returns a simple type.

Developing the SOAP Service 
For example, develop a currency con-

verter SOAP service as:

package com.mydomain.SampleService;

public class SampleService {

public double convertcurrencyin(dou-

ble in) {

double res = in * 48;

return res;

}

}

Here I’ve used the default rate; it should
be replaced by the actual value. 

Deploying the SOAP Service 
Create a Web Services Deployment Des-

criptor file (deploy.wsdd) in order to deploy
the Web service (see Listing 1). Deploy the
service using the deploy.wsdd file as des-
cribed in the Axis documentation. 

Developing the SOAP Client
Create a service using ServiceFactory in

order to create the Call objects.

Service  service = new Service();

Call call    = (Call)

service.createCall ( );

String endpointURL = http://local-

host:8080/axis/servlet/AxisServlet;

call.setTargetEndpointAddress( new

java.net.URL(endpointURL) ); 

After creating a Call object, configure the
call object with the operation (method)
name, parameter types, and parameter
modes like IN or OUT or INOUT and return
type (see Listing 2).

After setting the parameter modes, param-
eter types, and return types, invoke the target
end point by passing the parameters and get
the result. The invoke( ) method calls a speci-
fied operation using the synchronous request-
response interaction mode. Use the invoke
OneWay( ) method for using the one-way inter-
action mode. The invoke method blocks until
the remote service receives the method call
and return either a response or an exception,
whereas invokeOneWay( ) doesn’t block and
this method is not allowed to propagate a
remote exception to the client.

Double db = new Double (4.0);

Object ret = call.invoke( new Object[]

{ db} );

Use the Axis TCP Monitor tool to see the
request/response message between the
SOAP server and the client on the wire. The
SOAP Messages look like Listing 3.

Observe the request and response mes-
sage and notice that Response is appended
to the name of operation i.e. convertcurren-
cyin. Apache Axis appends operation/
method name for the return element where
as some SOAP servers don’t. (See source
code for this article, available at www.sys-
con.com/webservices/sourcec. cfm.)

IN and OUT Parameters 
Using Simple Types

This example shows how to develop a
service and client using in and out parame-
ters. The out parameters are achieved using
Holder classes. 

Developing the SOAP Service
In this example the client sends the

currency to be converted as an input
parameter to the service and the client
receives the converted currency as output
by using the holder classes. The service
looks like:

package com.mydomain.SampleService;

public class SampleService {

public int convertcurrencyout(double

in, DoubleHolder dh) {

double res = in * 48;

dh.value = res;

return 1;

}

}

Deploying the SOAP Service
Add the following entries to the de-

ploy.wsdd file as a child element of the ser-
vice element and deploy the service. 

<operation name="convertcurrencyout">  

<parameter name="arg1" mode="IN"/>   

<parameter name="result"

mode="OUT"/>

</operation>

A parameter element is used to specify
parameter modes and parameter names. This
is one of the ways that Axis SOAP server gets
the information about the parameters.

Developing the SOAP Client 
Create a Call object and configure the

objects with the service details (see Listing 4).
Parameters of the type OUT need not be
passed to the invoke method.

In order to get the output parameters

FOCUS: Tools and Tricks
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from the target end point service, use the
method getOutputParams( ) on the Call
object as shown in Listing 5.

The messages in Listing 6 are sent and
received from the SOAP server. Observe
the SOAP response, it has an additional
element “result” after the return element.
Each output parameter will have an ele-
ment in the SOAP response with the out-
put value.  

INOUT Parameters 
Using Simple Types

SOAP INOUT parameters are achieved
using Holder classes.  

Developing the SOAP Service
In this example the Client sends the cur-

rency as an instance of DoubleHolder. The
service accesses the currency by using the
holder’s value field and setting the convert-
ed currency in the same field.

The service looks like: 

package com.mydomain;

import javax.xml.rpc.holders.*;

public class SampleService {

public int

convertcurrencyinout(DoubleHolder dh) {

dh.value  = dh.value * 48;

return 1;

}

}

Developing the SOAP Client
Create the Call object and configure it

with the service details in Listing 7.
Observe that code and notice that the

parameter mode is ParameterMode.INOUT
and the passed parameter is the holder’s
wrapper class, i.e., Double.   There is no dif-
ference in getting the output from the serv-
ice for output parameters and INOUT
parameters. On the wire the SOAP message
looks like Listing 8.

So far I’ve discussed simple data types
only. What about complex data types? JAX-
RPC specifies the semantics for Java seriali-
zation in terms of XML mapping. Axis 
provides default serialization and de-
serialization for the JavaBeans. In my next
example I’ve used user-defined holders
(AddressHolder) for the output parameter
and user-defined type (Address) and used
axis default bean serialization. Use
Apache’s Java to WSDL tool to generate a

WSDL file. It generates complex data types
for the user-defined types like Address
Object. I have not used WSDL to invoke
the remote service 

OUT Parameters 
Using Complex Types

In this example the client sends an order
ID to the remote SOAP service and the ser-
vice will return the shipment address as out-
put parameter in the response message.
Since Shipment Address is an output para-
meter, create a holder class to hold the Ad-
dress and create Address class according to
the JavaBeans Specification.

SOAP Service
package com.mydomain;

public class SampleService {{

public String getShipmentDetail(String

orderId, AddressHolder adrh) {

Address adr = new Address();

adr.setstreet("CunninghamRoad"); 

adr.setcountry("INDIA");

adrh.value = adr; 

return orderId;

}

Add the following entries in the
deploy.wsdd file inside the service element
and register the bean mappings as shown
below.

<operation name="getShipmentDetail">  

<parameter name="orderId"

mode="IN"/>   

<parameter name="result"

mode="OUT"/>

</operation>

<beanMapping qname="myNS:Address"

xmlns:myNS="urn:MyService"

languageSpecificType="java:com.mydo-

main.Address"/>

SOAP Client
On the client side, register the serializ-

ers and deserializers for the user-defined
data types, i.e., for the Address object.

QName qn = new QName(

"urn:SampleService", "Address" );

call.registerTypeMapping(Address.class,

qn,

new

org.apache.axis.encoding.ser.BeanSeriali

zerFactory(Address.class, qn),

new

org.apache.axis.encoding.ser.BeanDeseria

lizerFactory(Address.class, qn));

Once the type mappings are registered,
pass the parameters and invoke the service
as shown:

call.setOperationName( new

QName("SampleService",

"getShipmentDetail") );

call.addParameter( "orderId",

XMLType.XSD_STRING, ParameterMode.IN);

call.addParameter(

"result",qn,ParameterMode.OUT);

call.setReturnType(

org.apache.axis.encoding.XMLType.XSD_STR

ING );

String orderId = "ORD_001";

String val = (String)call.invoke( new

Object[] {orderId} );

Retrieving the output parameter is the
same as for the simple types.  Generating
the SOAP message on the wire looks like
Listing 9.

If you want to send a user-defined Holder
(AddressHolder) as an INOUT parameter to
the remote SOAP service, then pass the user-
defined type (Address) as an INOUT parame-
ter and register the type mappings.

References
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• SOAP: www.w3.org/TR/SOAP
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Listing 1:  Web ServicesDeployment Descriptor file

<deployment xmlns= "http://xml.apache.org/axis/wsdd/"

xmlns:java

="http://xml.apache.org/axis/wsdd/providers/java">

<service name="SampleService" provider="java:RPC">

<parameter name="className"

value="com.mydomain.SampleService"/>

<parameter name="allowedMethods" value="*"/>

</service>

</deployment>

Listing 2:  Configure the call object

Call.setOperationName( new Qname("SampleService", "con-

vertcurrencyin") );

call.addParameter( "currency", XMLType.XSD_DOUBLE,

ParameterMode.IN);

call.setReturnType(XMLType. XSD_DOUBLE);

Listing 3: SOAP Message

SOAP Message request

<soapenv:Body>

<convertcurrencyin

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/">

<currency xsi:type="xsd:double">4.0</currency>

</convertcurrencyin>

</soapenv: Body>

SOAP Message response

<soapenv:Body>

<convertcurrencyinResponse

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/">

<convertcurrencyinReturn

xsi:type="xsd:double">192.0</convertcurrencyinReturn>

</convertcurrencyinResponse>

</soapenv:Body>

Listing 4: Service details

call.setOperationName( new

QName("SampleService", "convertcurrencyout") );

call.addParameter( "currency", XMLType.XSD_DOU-

BLE, ParameterMode.IN);

call.addParameter(

"result",XMLType.XSD_DOUBLE,ParameterMode.OUT);

call.setReturnType(

org.apache.axis.encoding.XMLType.XSD_INT);

Double db = new Double(4.0);

Object ret =  call.invoke( new Object[] { db} )

Listing 5:

Map outparams = call.getOutputParams();

Setse = outparams.keySet();

Object obj[] = se.toArray(); // iterate this array get

the parameter names

// To get the actual value from the service

Collection se1 = outparams.values();

Object obj1[] = se1.toArray(); // // iterate this array get

the parameter values

Listing 6:  Messages sent and received from SOAP server

SOAP Message request

<soapenv:Body>

<convertcurrencyout

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/">

<currency xsi:type="xsd:double">4.0</currency>

</convertcurrencyout>

</soapenv:Body>

SOAP Message Response 

<soapenv:Body>

<convertcurrencyoutResponse

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/">

<convertcurrencyoutReturn

xsi:type="xsd:int">1</convertcurrencyoutReturn>

<result xsi:type="xsd:double">192.0</result>

</convertcurrencyoutResponse>

</soapenv:Body>

Listing 7: Service details

call.setOperationName( new QName("SampleService", "con-

vertcurrencyinout") );

call.addParameter( "currency", XMLType.XSD_DOUBLE,

ParameterMode.INOUT);

call.setReturnType(

org.apache.axis.encoding.XMLType.XSD_INT);

Double dbinout = new Double(5.0);

call.invoke( new Object[] {dbinout} );

Listing 8

SOAP Message request

<soapenv:Body>

<convertcurrencyinout 

soapenv:encodingStyle ="http://schemas.xmlsoap.org/soap/encod-

ing/" >

<currency xsi:type="xsd:double">4.0</currency>

</convertcurrencyinout>

</soapenv:Body>

SOAP Message Response 

<soapenv:Body>

<convertcurrencyinoutResponse 

soapenv:encodingStyle =

"http://schemas.xmlsoap.org/soap/encoding/" >
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<convertcurrencyinoutReturn

xsi:type="xsd:int">1</convertcurrencyinoutReturn>

<currency xsi:type="xsd:double">192.0</currency>

</convertcurrencyinoutResponse>

</soapenv:Body>

Listing 9: SOAP Message request

<soapenv:Body>

<getShipmentDetail

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/">

<orderId xsi:type="xsd:string">ORD_001</orderId>

<getShipmentDetail>

</soapenv:Body>

SOAP Message response

<soapenv:Body>

<ns1:getShipmentDetailResponse

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/" 

xmlns:ns1="SampleService">

<getShipmentDetailReturn

xsi:type="xsd:string">ORD_001</getShipmentDetailReturn>

<result href="#id0"/>

</ns1:getShipmentDetailResponse>

<multiRef id="id0" soapenc:root="0"

soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encod-

ing/" 

xsi:type="ns2:Address" xmlns:soapenc="http://schemas.xml-

soap.org/soap/encoding/" 

xmlns:ns2="urn:SampleService">

<country xsi:type="xsd:string">INDIA</country>

<street xsi:type="xsd:string">CunninghamRoad</street>

</multiRef>

</soapenv:Body>

Download the code at

sys-con.com/webservices
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Introduction
Web services are loosely defined as the

use of Internet technologies to make distrib-
uted software programs talk to each other.
Programs that want to interact with one
another over the Web must be able to find
one another. They also must figure out what
the expected interaction patterns are, such
as what methods the services offer, what
data types the services accept, what proto-
cols they can use to communicate with each
other, and the quality of services such as
security, transaction, and reliable messag-
ing. Then they must have an agreement on
messaging systems so they can understand
each other. 

To meet these requirements, W3C has
developed a collection of standards such as
Web Services Description Language (WSDL),
Simple Object Access Protocol (SOAP), and
Universal Description, Discovery, and
Integration (UDDI). With these specifica-
tions, developers may create and consume
Web services as well. However, these specifi-
cations are too complex for application
developers. PowerBuilder abstracts the

complexity and provides a simplified and
productive 4GL development environment
for developers to use instead.

Building a Web Services Client
PowerBuilder has always been an open

development environment for building
client-side applications. PowerBuilder 9
allows developers to build a generic client to
consume Web services in Windows applica-
tions and Web applications. They can make
use of any Web services no matter if the
services are created in PowerBuilder, .NET,
Java, or other third-party tools. In the next
two sections, we’ll show you how to easily
consume Web services in these two kinds of
applications. We’ll use http://www. xmeth-
ods.net/sd/2001/CurrencyExchangeService
.wsdl for the example.

Consuming Web Services in a
Windows Application

To consume Web services in Power-
Builder Windows applications, you first
need to create a Web Service proxy, which
represents the remote Web service. Then

you may call the Web service via the proxy in
the application. The following steps provide
more details. 

Step 1: Use Web Service Proxy Wizard to
Create a Proxy from WSDL File

In PowerBuilder 9, the Web Service Proxy
Wizard helps developers generate the proxy
for developing an application. To start the
wizard, select the Web Service Proxy Wizard
icon from the Project page of the New dialog
box. Following the wizard:
• Specify WSDL file: It may be a local file or a

remote file from the Internet. In this sam-
ple, we use www.xmethods.net/sd/2001/C
urrencyExchangeService.wsdl.

• Select the service from the service list within
the WSDL file.

• Choose the port or ports to use: Only SOAP
ports are supported in PowerBuilder 9. So
selecting ports with other type (such as
Get, Post) will result in error.

• Give a prefix that is appended to the port
name: It becomes the proxy name.

• Specify the PowerBuilder library where the
proxy will be deployed.
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• Give a project name: It will store the infor-
mation given above and deploy the proxy.

Once finished, the wizard will create the
project into its current PowerBuilder library.
The project looks like Figure 1. Right-click
the project in the system tree and select
Deploy. The project will generate the proxy
automatically. If there are complex types in
the WSDL file, the project will generate PB
structures for them too. Now the proxy is
ready for PowerScript.

Step 2: Use the Proxy 
to Call Web Services

Invoking Web services through SOAP
requires serialization and deserialization of
data type, building SOAP messages, and
parsing SOAP messages. In PowerBuilder 9,
PBSoapClient90.pbd and PBSoapClient90.
dll are developed for this task. These two
files are installed in the Shared/Power-
Builder directory when PowerBuilder 9 is
installed. The PBSoapClient90.pbd must be
added into the applications and PBSoap-
Client90.dll must be deployed with your
application executables. PowerBuilder 9
(GA release) will add PBSoapClient90.pbd
into the system tree automatically when you
create an application. 

If you’re using a beta version, you may
need to do this manually. To do so, right-
click the application in the system tree and
select Properties, then type in the full path
and name in the Library List or browse the
file from the hard disk. 

There are two classes in PBSoapClient90.
pbd, namely SoapConnection and Soap-
Exception. The SoapConnection class is
used to instantiate the proxy object, popu-

late the SOAP options, and connect to the
SOAP server. It has three public methods
that we can use immediately.
• CreateInstance(proxy_object, proxy_class-

name): Create proxy instance using
default endpoint, which is stored in the
proxy.

• CreateInstance(proxy_object, proxy_class-
name, endpoint): Create proxy instance
using the endpoint specified. The default
endpoint will be ignored.

• SetOptions(optionString): Set options for
the SoapConnection. There are three
options available: SoapLog, UserID, and
Password. The string values for the option
names are case insensitive. The format for
option string is name/value pairs. For
example, the option string could be:

"SoapLog=~"Logpath~", userID=~"user-

name~", Password=~"password~"

The SoapException class is used to
process exception. It inherits from the
PowerBuilder Runtime error class. All ex-
ceptions and errors during the execution of
Web services will be converted to Soap
Exception and thrown to calling script.
PowerScript can use try-catch black to cap-
ture this exception.

The script in Listing 1 shows you how
to invoke Web services in PowerScript. It
creates an instance of SoapConnection
and sets the options for the connection
first. In the example, we only set the SOAP
log file to capture the exchanged messages
between PowerBuilder client and SOAP
server. Then it creates an instance for the
proxy. Next, it invokes the method (“get
Rate”) of the Web service and prints out
the result. If anything goes wrong, the
script will capture the exception and print
out an error message. 

Result
Now we can run

our application; we
can see a message box
with the correct return
value (see Figure 2).

It’s really simple
to build PowerBuil-
der applications to
consume Web ser-
vices. The sample Web
service used here is
developed in Java.

And we can make use of it in our Power-
Script. Besides that, PowerBuilder can
also consume Web services that are devel-
oped in any other language and run on
any Web servers. such as .NET server,
Apache, WebLogic, WebSphere, and EAServer.
Visit www.xmethods.com for more informa-
tion or to create your own Web services in
PowerBuilder 9. 

Consuming Web services 
in a JSP Application 

PowerBuilder 9 enables developers to
build and use JavaServer Pages (JSPs) in
their PowerBuilder Web applications. A JSP
application in PowerBuilder 9 may consume
Web services as well. Create a JSP target with
the source and build folder and deployment
configuration first. The JSP may be deployed
to EAServer or Tomcat. In this example, we
use EAServer. Then we use the JSP Web
Service Proxy Wizard on the Web page of the
New dialog box to create a custom tag
library with the information necessary for
calling a Web service in a JSP. The JSP Web
Service Proxy Wizard is similar to the Web
Service Proxy Wizard for the PowerBuilder
Windows application. It collects informa-
tion such as the location of a WSDL file, the
service, and port. We can specify overrides
to the WSDL file for a custom bean name,
Java class name, Java package name, TLD
name, JAR file name, output variables, and
the selection of operations within a service.
The wizard creates a TLD file, the Java
source code to process the custom tag, and
the compiled Java class files of the source.

Once the custom tag is generated, it
appears in the system tree. To use custom
tags to invoke Web services, do the fol-
lowing:
• Declare the custom tag library to the JSP

FIGURE 1 Proxy Project for Currency Exchange 
Service

FIGURE 2 Result
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page by dragging the TLD file from the
Components tab of the system tree to
the Page tab of the JSP page. We use “sg”
as the prefix. Once it is dragged to the
JSP page, the tag library is automatical-
ly associated with the page.

• Declare input arguments for the custom
tag in server script if needed. 

• Declare custom tag of Web services to the
JSP page by dragging the method of the
Web service from the Components tab of
the system tree to the Page tab of the JSP
page. Specify the input arguments for the
custom tags for the Web services in the
JSP. We use “US” as country 1 and “Japan”
as country 2.

• Output arguments are stored in the page
Context of the JSP container. Its name is
“returnValue”.

• Set the properties of the JSP target for
deployment and run.

• Build the JSP pages and deploy WAR files
to the EAServer. To do so, right-click the
JSP target and select Deploy. 

The TLD file for the currency exchange ex-
ample used earlier looks like Listing 2. The
source code of the JSP page to call the Web
service is shown in Listing 3. Now run the JSP
page in PowerBuilder or browse to the JSP page
just deployed. If all went well, the correct
exchange rate will show on the page. If any-
thing goes wrong, consult the log file. 

A custom tag for Web services throws a
JspTagException for non-recoverable er-
rors if something goes wrong. The JspTag
Exception contains information about the
root cause of the exception and the point
where the error occurred in processing the
custom tag. This exception can be caught
in a Try-Catch block or mapped to a spe-
cific error page in the Deployment Con-

figuration Properties dialog box for the
JSP target. 

Note: JSP in PowerBuilder 9 now sup-
ports only RPC-style Web services.

Deploying Web Services in
PowerBuilder 9 to EAServer

PowerBuilder, as a 4GL RAD tool, extends
to component and Web service develop-
ment as well. I’ll use EAServer 4.1.3 as both
application server and Web server. What fol-
lows is a five-step program for developing
EAServer components and deploying them
to Web services via EAServer. If you already
have your PowerBuilder components, you
may skip Step 1.

Step 1: Develop EAServer Component 
in PowerBuilder 9

In PowerBuilder, there are several kinds
of wizards – such as application, template
application, EAServer component, COM/
MTS component, and automation server –
to help developers generate PowerBuilder
applications. In our case, we chose the EA-
Server component. Before running the wiz-
ard to generate the EAServer component,
the EAServer must be started and the
EAServer profile must be created in Power-
Builder.

We selected the EAServer Component
Wizard icon from the Target page of the New
dialog box. As you work through the wizard,
you’ll make the following decisions:
• Application name:We call it “hello”. The PB

library and PB target with the same name
will be generated automatically.

• Interface Options: We used new interface.
• PowerBuilder object name: We used “n_

hello”.
• Component name: To be the component

name when deployed to EAServer. 
• Select the EAServer you

want to use.
• Package name: The

package name when
deployed to the EA-
Server. We use “p_hel
lo”.

• Component type: We
use standard type.

• Determine if the in-
stance pooling will be
used.

• Determine if the com-
ponent supports trans-
action

• Select interface options.
• Project name: This project will be used to

deploy the component.

For most wizard pages, we use the de-
fault values. Once finished, you’ll see a PB
target named “hello” within the system tree.
Under the target, a project (“p_hello_eas-
comps”) and a component (“n_hello”) were
already created. Now you may develop any
functions in the component. The following
function is an example:

function string f_hello (string name)

return string("Hello, Web services

from") + string(name)

end function

Step 2: Deploy PowerBuilder Object to
EAServer

Once the development of the compo-
nent is finished, right-click the project
(“p_hello_eascomps”) and select Deploy to
deploy the component to EAServer.

Step 3: Wrap the PowerBuilder
Component to a J2EE Component

In Jaguar manager, an EAServer manage-
ment console, you need to generate a client-
side stub and server skeleton for the deployed
package/component. To generate the stub/
skeleton, right-click the just deployed package,
then select Generate Stub/Skeleton. On the dia-
log, select “Cobra” as the protocol and generate
and compile Java files for stub/skeleton.

Step 4: Create WSDL Documents 
and Services

Web Services Toolkit (WST) will wrap the
components to SOAP components and gener-
ate WSDL files. WST generates two WSDL files
for each component — one is for the interface
of the service and the other is for implementing
information of the service. 

To generate WSDL files, first right-click the
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Listing 1: Calling Web Service from PowerScript

long l_ret

real r_rate

SoapConnection conn 

demo_currencyexchangeport p_obj 

//Create connection instance

conn =  create SoapConnection

//Set options for the connection

conn.SetOptions("SoapLog=~"c:\\soaplog.txt~"")

// Create proxy instance

l_ret = Conn.CreateInstance(p_obj, "demo_currencyexchange-

port")

if l_ret <> 0 then

MessageBox("Error", "Cannot create instance of proxy")

return

end if

// Invoke Web Service

try

r_rate = p_obj.GetRate("us","japan")

MessageBox("Currency Exchange Rate","1 US$ = "+

string(r_rate) + " Japanese Yens")

catch ( SoapException e )

MessageBox ("Error", "Cannot invoke Web Service~n"

+e.getMessage())

end try

destroy conn

Listing 2: TLD File for currency exchange Web Service 

<?xml version="1.0" encoding="ISO-8859-1" ?> 

<!DOCTYPE taglib PUBLIC "-//Sun Microsystems, Inc.//DTD JSP

Tag Library 1.1//EN" 

"http://java.sun.com/j2ee/dtds/web-jsptaglibrary_1_1.dtd"> 

<taglib> 

<tlibversion>1.0</tlibversion>

<jspversion>1.1</jspversion>

<shortname>CurrencyExchangeService</shortname>

<tag> 

<name>getRate</name>

<tagclass>CurrencyExchangeService.getRate</tag-

class> 

<teiclass>CurrencyExchangeService.getRate_tei</teiclass> 

<bodycontent>EMPTY</bodycontent> 

<attribute>

<name>country1</name> 

<required>yes</required>

<rtexprvalue>true</rtexprvalue>

</attribute>

<attribute>

<name>country2</name> 

<required>yes</required>

<rtexprvalue>true</rtexprvalue>

</attribute>

</tag>

</taglib>

Listing 3: Calling Web Service from JSP application

<%@ taglib prefix="sg" uri="WEB-

INF/tlds/CurrencyExchangeService.tld" %>

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0

Transitional//EN">

<HTML>

<HEAD>

<META HTTP-EQUIV="PowerSiteData" NAME="SERVERLANGUAGE"

CONTENT="Java">

<TITLE>DemoPage</TITLE>

<META http-equiv="Content-Type" content="text/html;

charset=windows-1252">

<META content="PB9.0.0.5001" name="GENERATOR">

</HEAD>

<BODY bgColor="white" PSPARAMS="">

<P>1US$ = &nbsp;</P>

<P><sg:getRate country1="us" country2="japan" /></P>

<P><%= CurrencyExchangeService_getRate_returnValue %></P>

<P>Japanese Yens &nbsp;</P>

</BODY>

</HTML>

Listing 2: T L D  F i l e  f o r  c u r r e n c y  e x c h a n g e  W e b  s e r v i c e

Listing 3: C a l l  W e b  S e r v i c e  f r o m  J S P  a p p l i c a t i o n

Download the code at

sys-con.com/webservices

WSDL Documents folder and select New
WSDL Document. Figure 3 shows the dia-
log for Create WSDL Document. Give the
definition name (“helloDemo”) and target
namespace. The target namespace not only
works as the “TargetNamespace” attribute
in the WSDL file, but also specifies the loca-
tion where the implementation WSDL try
to look for the interface WSDL file. So it’s
critical for WST to generate a workable Web
service. Give a URL where you want to put
the interface WSDL file. Secondly, create a
new Web service by right-clicking “hello
Demo” document and select New Web

service. You can browse all EAServer com-
ponents and select any one to use. For this
article, we selected package “p_hello” and
component “n_ hello”. Finally, add proper-
ties to the Web service. You need to specify
the address for SOAP listener and which
functions in the component to be exposed
to Web services. 

Step 5: Copy the WSDL Files For Use
The two WSDL files generated at the last

step reside under <EAServer host fold-
er>\WebServices\work\wsdl\. Copy them
to the virtual directory of the Web server. In

this tutorial, we copied them to the virtual
directory of http://localhost: 8090. Now the
Web services are ready for use.

Summary
PowerBuilder 9 abstracts the complexity of

the Web services development and provides a
wizard-guided development environment.
The sample applications in this article
demonstrate the ease of Web services devel-
opment. PowerBuilder 9.0 is an excellent
development tool to build Web service clients
both in Windows and JSP applications, and
produce Web service components.  

Listing 1: C a l l i n g  W e b  S e r v i c e  f r o m  P o w e r S c r i p t
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In his essay “The Medusa and the Snail”
(from the book of the same name), biologist
and author Lewis Thomas demonstrated
how innovative forms of cooperation offer a
better way for organisms to propagate than
simple competition. To make his point,
Lewis wrote about the symbiotic relation-
ship between a jellyfish and a snail. At vari-
ous points in their interconnected life
cycles, the jellyfish and snail must feed off
each other in order to reproduce. Somehow,
over a period of eons, these two species
evolved this unique relationship of mutual
dependence and mutual benefit to ensure
the proliferation of both species.

You can see a similar form of innovative
cooperation taking shape today in the realm
of Web services development. In this case,
it’s Java tools and industry standards that
have formed a symbiotic relationship. The
integration of Java technology and stan-
dards is making it easier for developers to
create Web services that solve real business
problems and innovate new solutions.
Furthermore, the ongoing evolution of this
relationship will ensure that Web services –
and the innovations they make possible –

will continue to proliferate and grow.
The importance of standards in Web

services is widely recognized. According to a
recent survey of CIOs in Europe, their top
priority when considering Web services was
to find a solution based on standards. This
was the most important factor (31%), fol-
lowed by scalability/extensibility (28%),
comprehensiveness of a solution (15%),
price (7%), and performance (6%).

Web Services Require Standards
The very notion of Web services is predicat-

ed on a model of mutual dependence and
mutual benefit. Web services (or services on
demand) cannot exist unless all of the applica-
tions and services involved are able to com-
municate and interact fully – not simply
exchange data in a common format.

To solve real business problems, applica-
tions and Web services must be able to col-
laborate immediately as a seamless, coordi-
nated team. It’s no coincidence that many
experts are now using words like “choreogra-
phy” and “orchestration” to describe the high
degree of interaction required between par-
ties in Web services. When the interaction
between an application and a Web service is
that well coordinated, rich, and seamless,
they can collaborate as flawlessly and grace-
fully as Fred Astaire and Ginger Rogers.

That kind of interaction requires a rela-
tionship as full and complex as the one
shared by the jellyfish and the snail and is
only possible through the continuing devel-

opment and evolution of industry stan-
dards, from XML to WSDL to SOAP to WSCI.

By supplying the language, syntax,
business registries, message protocol, and
message flow descriptions of Web services,
these and other standards improve the
meaningfulness and quality of Web servic-
es interaction.

Web services require open development
tools. While standards bodies do the job of
establishing the rules and means of Web
services interaction, they cannot ensure
that Web services will be available on
demand, to anyone, anywhere. That can
only happen if developers use nonpropri-
etary tools that support the development of
open, portable, interoperable, and extensi-
ble Web services.

For many developers, that has meant
Java tools. While Sun Microsystems invent-
ed the Java programming language and pio-
neered its use for enterprise services, the
Java 2 Enterprise Edition (J2EE) standard
represents a collaboration among leaders
from throughout the enterprise software
arena. Sun’s partners include OS and data-
base management system providers, mid-
dleware and tool vendors, and vertical mar-
ket applications and component develop-
ers. Working with these partners, Sun has
defined a portable and open platform that
can be implemented on an
array of enterprise systems
and that supports the de-
ployment of Web services.

Developers seeking to build
standards-based Java Web
services can choose from
a number of integrated
development environ-
ments (IDEs) from a vari-
ety of other vendors.

The Evolution of
Standards from
Data Exchange 
to Collaboration

Like the jellyfish and
the snail, standards and
Java tools can be seen
as living organisms,
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and as in nature, symbiosis is an ongoing
process, not a permanent state of being.
To continue delivering benefits to users
and enable further innovation, both stan-
dards and Java tools must constantly
evolve in response to their environment,
their needs, and each other.

The earliest and most important stan-
dard in the development of Web services
was XML. As the standard for exchanging
data on the Internet, XML has spawned its
own growing family of follow-on stan-
dards, including SOAP, WSDL, UDDI, and
ebXML.

These standards have enriched the
interaction between applications and Web
services, helping their relationships
evolve beyond simple data exchange
toward more problem-solving needs, such
as describing business processes for more
successful B2B collaboration.

Indeed, business collaboration – another
relationship analogous to that of the
Medusa and the snail – is a growing focus
for Web services standards. Take WSCI, for
example. WSCI builds upon current Web
service technologies by enabling users of
a service – such as another Web service or
an application – to understand how to
interact with it in a way that is meaningful
to a greater collaboration. As a result,
developers and architects will be better
able to design and create collaborative
business processes based on the Web
service model.

WSCI also enables developers and
architects to describe and compose a
global view of the dynamic of the message
exchange, another important part of cre-
ating a meaningful collaboration. By pro-
viding a standard XML syntax for service
choreography, WSCI is also essential to
ensuring interoperability of Web services.

Understanding their importance to
solving real business problems, the Java
community has ensured that Java tools
support all of these standards.

Forbes.com: A Web Services 
with Java Success Story

How well does the symbiosis of Java

development tools and industry standards
solve real business problems? The experi-
ence of Forbes.com provides one example.

CEOs, CIOs, COOs, and other key exec-
utives depend daily on Forbes.com to
deliver up-to-the-minute financial and
business news. For Forbes.com – which
calls its site the “Home Page for the
World's Business Leaders” – the challenge
is to continually innovate to provide its
executive audience with new and vital
information. At the same time, news and
financial data are constantly changing,
posing an additional challenge of broad-
casting the news via the Web in real time.

To meet this challenge, Forbes.com
employs over 50 marquee software prod-
ucts, including the J2EE platform. The
Forbes.com development team used J2EE
to build both its content-management
and advertising serving systems. J2EE has
also been used to create Forbes.com lists,
such as “The Best Cities for Singles.”

“We like the rapid development envi-
ronment that Java technology gives us,
because we deploy applications on the
site every Thursday,” said Mike Smith,
chief technology officer for Forbes.com.
“We make innovations to the site con-
stantly, and do custom work for advertis-
ers, such as targeting ads demographical-
ly and contextually. Java technology’s
quick deployment capabilities allow us to
turn things around overnight. The scala-
bility of J2EE is also critical. It enables us
to grow without worrying about overtax-
ing the system.”

Forbes.com also uses Jitzu, from In-
formation Architects, to create Web serv-
ices. Jitzu, built with the Sun ONE Studio
IDE, manages complex components via
the Web. Jitzu uses UDDI and SOAP to ini-
tiate conversations with a UDDI service.
SOAP simplifies remote object access by
allowing applications to invoke object
methods, or functions, residing on remote
servers. A SOAP application creates a
request block in XML, supplying the data
needed by the remote method, as well as
the location of the remote object itself.
WSDL (Web Service Description Lang-

uage) messages are embedded within the
SOAP envelope.

Through the use of these Web service
protocols and standards, the Jitzu portal
server can be located anywhere while
allowing complex components such as
databases, flat files, or graphics to be
downloaded from remote servers in any
location worldwide. This all happens
transparently to the end user, who simply
drags and drops the Web content. This is
different from many portals, which
require all content to be located on the
local application server, thereby severely
restricting access to complex compo-
nents.

“By employing this service-based
architecture, Jitzu eliminates the need for
us to employ large teams of engineers,
Web designers, and developers,” said Mr.
Smith. “To Web-enable content, we simply
set up a component server and register it
with a primary server.” Once registered,
the Jitzu solution downloads the request-
ed complex components to the end user.
Forbes.com uses XML to share documents
and data from its content repository with
its syndication partners. Forbes.com syn-
dicates its content, such as news feeds, to
Yahoo, Dow Jones, MSN, Netscape,
LexisNexis, and others. These syndication
partners also use XML. As a result,
Forbes.com can turn syndication imple-
mentations around in a day.

The Java Community
Such early successes point to the need

to ensure the continuing symbiosis of Java
tools and standards, unfettered by propri-
etary roadblocks or creeping incompati-
bilities. Fortunately, Java technology ben-
efits from having a large, active user com-
munity that has taken major strides to
ensure that all applications written in the
Java language can communicate fully with
each other in the realm of Web services.

The focus of their efforts is the Java
Community Process. Since its introduc-
tion in 1995 as the open, inclusive process
to develop and revise Java technology
specifications, reference implementa-
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tions, and technology compatibility kits,
the Java Community Process program has
fostered the evolution of the Java platform
in cooperation with the international Java
developer community. More than 120 Java
technology specifications are in develop-
ment in the Java Community Process pro-
gram, which has over 350 company and
individual participants.

Each Java standard API that is devel-
oped through the JCP consists of: 
1. A specification that must be approved

by the expert group and the Java execu-
tive council

2. A reference implementation that proves
that all features in the specification can
be implemented 

3. A Technology Compatibility Kit (TCK)
so that all vendors can test their imple-
mentations to make sure that they are
compatible

Java Specification Requests
New enhancements to Java specifica-

tions are submitted as Java Specification
Requests (JSRs). A look at three of the
most recent JSRs reveals how committed
the Java community is to ensuring the
openness of Web services. It also provides
some ideas about how Java tools will help
companies address business problems via
Web services in the near future.

JSR 168
JSR 168 defines a set of APIs for portal

computing addressing aggregation, person-
alization, presentation, and security. This
will enable interoperability between port-
lets (Web components similar to servlets)
and portals. Developers will be able to write
portlets in a way that makes them universal-
ly applicable across all portals from all ven-
dors. This will represent a significant step
forward in defining portlets as a prime
interface to Web services, which can be con-
veniently aggregated and personalized
within portals.

By making portlets and portals more
open, JSR 168 will simplify portal deploy-
ment for companies, while also allowing
third-party developers to create a single,

widely deployable portlet, reducing devel-
opment efforts. Portlets will also be able
to interact and share information with
each other and Web services, creating a
common integration layer below the pres-
entation of the portal itself.

JSR 172
JSR 172 is designed to bring the full benefits

of Web services to Java 2 Micro Edition (J2ME),
the optimized Java runtime environment for
smaller devices such as smart cards, pagers,
and cell phones. JSR 172 is designed to provide
basic XML processing capabilities; enable

reuse of Web service concepts when designing
J2ME clients to enterprise services; provide
APIs and conventions for programming J2ME
clients of enterprise services; adhere to Web
service standards and conventions around
which the Web services and Java developer
community is consolidating; enable interoper-
ability of J2ME clients with Web services; and
provide a programming model for J2ME client
communication with Web services, consistent
with that for other Java clients, such as J2SE.

JSR 198
JSR 198 is a proposal to create a stan-

Sean Rhody is the editor-in-chief of Web Services
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Sun’s tools, including the Sun ONE Studio IDE (formerly Forte for Java) and the Java Web Services
Developer Pack, support the development of standards-based Web services.

As part of the Sun Open Net Environment (Sun ONE) framework, (see “The Sun ONE Architecture, Why
Care?” WSJ, Vol. 2, issue 11) the Sun ONE Studio IDE, based on the open-source NetBeans platform, pro-
vides standards-based tools for the Java, C++, C, and Fortran languages. The Sun ONE Studio IDE’s mod-
ules, wizards, templates, and generators enable development and deployment of J2EE technology–based
applications and standards-based Web services to the market-leading application servers, including the Sun
ONE Application Server, BEA’s WebLogic Server, and, through Extension Partners, to the Oracle9i Application
Server, IBM WebSphere, JBoss, and more. Its open architecture also facilitates integration with many third-
party tools from vendors such as Embarcadero Technologies, Sitraka, Aqris Software, and many others. These
vendors have plug-ins that can easily be integrated into the Sun ONE Studio IDE. Vendors can take advan-
tage of the productivity tools provided by the IDE, and customers can take advantage of the added function-
ality the third-party vendors bring to the IDE.

Sun’s Java WSDP
Sun’s Java Web Services Developer Pack (Java WSDP) is an integrated toolset available at no charge over

the Internet. In conjunction with the Java platform, Java WSDP allows developers to build, test, and deploy
XML applications, Web services, and Web applications. The Java WSDP provides Java standard implementa-
tions of existing key Web services standards including XML parsing (DOM, SAX, W3C Schema), WSDL, SOAP,
ebXML, and UDDI as well as Java standard implementations for Web application development, such as
JavaServer Pages (JSP) and the JSP Standard Tag Library. These Java standards are developed through the
Java Community Process (JCP), and as such ensure portability and compatibility across vendor implemen-
tations.

The Sun ONE Studio IDE incorporates the Java standard APIs included in the Java WSDP, thereby broad-
ening its Web services capabilities. The Sun ONE Studio software implements easy-to-use wizards that uti-
lize the Java APIs for XML and Web services under the hood. For example, it uses the Java API for XML-based
RPC (JAX-RPC) to develop SOAP-based Web services and to automatically generate WSDL files that describe
the SOAP service. Sun ONE Studio also includes such Java WSDP features as a lightweight UDDI registry, and
support for Apache’s Tomcat Web server. For Web tier development, Sun ONE Studio includes JSP Standard
Tag Library for development of custom tags, and support for multiple client types (Web, mobile, etc.), allow-
ing for different SOAP styles on the client.

How Sun’s Tools Support Standards 
and Web Services Development 
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dard interface for adding extensions to
Java IDEs. This will allow vendors to write
an IDE extension once and have it work
on any J2SE-compliant IDE.

Web Services Interoperability
Like the jellyfish and the snail, Java tools

and industry standards must coexist peace-
fully, not only with each other, but also with
the other “organisms” in the Web services
environment. To that end, Sun recently
joined the Web Services Interoperability
Organization (WS-I) as a contributing
member. WS-I is an open industry effort
chartered to promote Web services interop-
erability across platforms, applications, and
programming languages. Sun plans to play
an active role in WS-I technology guideline

areas, including key foundational work cur-
rently being developed under the Web Ser-
vices Basic Profile.

Sun is also a significant participant and
contributor to the SOAPBuilders interop-
erability group. Sun’s Web services end-
points are available over the Internet for
interoperability testing by anyone, and
can be found at http://soapinterop.java.
sun.com.

The Future of Java Tools 
and Web Services

A student of evolution can’t help but marvel
at the ruthless efficiency and remarkable
adaptability of nature. Of course, such adapta-
tions as that between the Medusa and the snail
usually take place over a period of millennia.

The business world isn’t quite so patient.
The Java community and the stan-

dards organizations have already demon-
strated how a relationship of mutual
dependence and mutual benefit can
accelerate the evolution of Web services.
This ongoing evolution will in turn afford
businesses the opportunity to more easi-
ly form symbiotic relationships with
complementary partners throughout the
world, thereby solving many of their
most critical problems and ensuring
their continued survival.
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Since virtually all valuable Web services
both access corporate data and enforce some
form of business logic, any productivity gains
you can realize during development for these
common tasks will prove invaluable as well.
This article explores two techniques for data-
base-driven Web service development that I
used on a recent project, a system to manage
development-team responses to customer
questions on the Oracle Technology Network
(http://otn.oracle.com) online discussion
forum. On this project, due to time pressure,
wherever application functionality had already
been written by other developers in a reusable
way, I did my best to utilize it. In fact, I made
quick work of some of my tasks by directly
exposing their existing database stored proce-
dures as Web services. For new functionality, I
exploited a widely-used J2EE application
framework to simplify my data access, XML
message handling, and business logic enforce-
ment instead of coding the “design patterns” to
implement these aspects by hand. We will

examine simplified versions of a few represen-
tative cases that I encountered in my applica-
tion. This should make it easy to understand
the basics of the approach I used.

Rolling Up Our Sleeves: 
Toolset or Tool Belt?

While you’re targeting the J2EE platform
with your enterprise Web service development,
it’s clear that you will exercise a healthy mix of
J2EE technologies along the way. For example,
at a minimum you’ll use JDBC APIs for data
access, JAXP for XML processing, and JMS for
working with message queues, and there’s a
good chance you’ll incorporate some use of
EJB for building transactional services that
coordinate with other components and re-
sources. I’ve found that J2EE developers build-
ing Web services typically fall into two camps:
they either adopt an integrated development
environment supporting the entire J2EE devel-
opment life cycle, or they stitch together a
patchwork quilt of favorite command-line

tools and toolkits using popular build automa-
tion tools such as Apache Ant. 

Both are valid approaches, to be sure, but
the convenience offered by tools with every-
thing under one roof is getting harder to ig-
nore. Over the last year, the adoption rate of
what industry analysts call the “Enterprise
Development Studios” for J2EE develop-
ment from companies like IBM, Borland,
and Oracle has grown substantially. Since
I’m not much of a command-line handy-
man, I used Oracle9i JDeveloper for my Web
services project. Other IDEs may offer  fea-
tures similar to the ones I describe below,
but I’ll detail what I’ve done with Oracle9i
JDeveloper for my project as I’m most famil-
iar with those capabilities. 

Repurposing Existing Assets
for Fun and Profit

In the online discussion forum manage-
ment system I work on, we wanted to expose
the ability for external customers to program-

Written by Steve Muench

Web services have now officially outlived the initial wave of hype, and many 

corporate developers are in some phase of designing, building, testing, or

deploying their first mission-critical services. While Web services offer a new

way to expose your application functionality to programmatic clients on different 

platforms, it’s no surprise that they are developed following the same process you use to

deliver any high-quality software. This means the life cycle for developing Web services

will start with good design and modeling, and include revision control, coding, debugging,

and performance profiling, as well as both unit testing and system testing. Adopting a

strong toolset that supports this complete Web services and application development life

cycle will positively impact the success of your initial rollout and ongoing maintenance.
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matically check on the discussion forum
threads they’ve posted. After a little initial
research, I found that other Oracle developers
had already written something that would do
most of the job. Their Forum_Info package of
database stored procedures had a Forum_
Thread_Summary_Info function that accepts
the ID number of a forum, and the ID number
of a thread in that forum, and returns key sum-
mary information about the current state of the
discussion thread. A simplified signature of
their PL/SQL package looked like this:

/* Specification (Public Interface) for

Forum Info Package */

PACKAGE Forum_Info IS

FUNCTION Forum_Thread_Summary_Info(

the_forum_id  NUMBER,

the_thread_id NUMBER)

RETURN Forum_Thread;

END;

These developers had leveraged the object
features of the Oracle9i Database to create an
object type named Forum_Thread to represent
a single, named structure of information about
a discussion forum thread. They created its
definition using syntax like this:

CREATE TYPE Forum_Thread AS OBJECT (

forum_id              NUMBER(8),

thread_id             NUMBER(8),

title                 VARCHAR2(80),

author                VARCHAR2(40),

last_reply            DATE,

awaiting_oracle_reply VARCHAR2(1),

last_reply_from       VARCHAR2(40),

total_replies         NUMBER(4)

);

Out of curiosity, I asked them to mail me
the code for the private implementation of
their function so I could have a look, just to
make sure their code was using the same inter-
pretation of “awaiting Oracle reply” that I
needed to support. Their code used a SELECT
statement to retrieve the current state of the
forum thread (see Listing 1; code for this article
can be found online at www.sys-con.com/web
services/sourcec.cfm).

The query does an outer-join between the
Forum_Threads table and the Oracle_Team
table so that they can detect whether the last
person to reply to the discussion thread was an
Oracle team member or a customer, and
decode that fact into a letter Y or N, indicating
whether the thread is still waiting on an Oracle

team reply. Seeing this confirmed that it was
just what I needed.

After creating a named connection to
access their database, I used Oracle9i
JDeveloper’s PL/SQL Web service wizard to
expose the existing package as a Web service.
This involved selecting the appropriate pack-
age name from a list and ticking the box next to
the particular procedures and functions I
wanted to be part of the external Web service
interface. After finishing the wizard, the WSDL
describing the interface for my Web service
had been created for me automatically, and a
deployment profile was set up so that deploy-
ment to my application server – in my case
Oracle9i Application Server – took literally just
another click.

Testing the New Web Service
from a .NET Client 

Since a key benefit of Web services is inter-
operability, I thought it would be a good idea to
test my new J2EE Web service from a Microsoft
.NET client tool. This would guarantee that
customers wanting to programmatically check
the status of their forum threads could really
do it from any type of client. I pointed my
browser to the correct service URL on the serv-
er hosting my new ForumInfo Web service and
was greeted by a browser test page. After exer-
cising the basic functionality from the browser,
I copied the URL for the service description
and pasted it into the Visual Studio .NET “Add
Web Reference…” dialog. As it showed me the
ForumInfo service’s WSDL contract, I noticed
something I hadn’t paid attention to before:
Oracle9i JDeveloper had automatically gener-
ated the XML Schema type description shown
in Listing 2 for the ForumThread return type
into the WSDL.

Visual Studio knew how to leverage this
schema information, so after finishing the wiz-
ard I had two new C# language objects in my
“Web References” folder: a ForumInfo Web
service stub, and a ForumThread class that
mimicked the structure of my service’s
ForumThread return type. I cobbled together a
simple C# program to verify that everything
was working (see Listing 3). Running the pro-
gram produced the expected output:

Title: BC4J deployment questions

Author: Peter Verhage

Waiting on Oracle?: Y

So for one aspect of my Web services appli-
cation, I was already done. If your application

server works similarly to Oracle9i Application
Server, your database-driven Web services will
exploit the J2EE container’s connection pool-
ing facilities for scalability, and the PL/SQL
stored procedure implementation leverages
the robustness of the database – and saved me
from reinventing the wheel.

Tackling the New Functionality
When I ran out of Web service functionality

that I could implement “for free” by exposing
existing stored procedures, it was time to
design the services that I needed to implement
from scratch. One of them was implementing a
customer request to supply the complete
details of a discussion forum thread as an XML
document.

To support other new business functionali-
ty in the system, I had already used a combina-
tion of tools to design a set of Java business
components to cleanly encapsulate the gener-
ic business logic and persistence implementa-
tion. Rather than coding these business do-
main classes by hand, I used the built-in J2EE
framework called Business Components for
Java (BC4J). It’s the same one that is used inter-
nally by over 800 developers in the Oracle E-
Business Suite division, who use it to save time
building Oracle’s own self-service Web applica-
tion suite and Web services.

By using various wizards, editors, and UML
modeling tools to derive my components from
a handy business logic and data access frame-
work, I avoided the pain of having to invent a
custom J2EE application architecture on my
own. In addition, I spared myself the chore of
writing code by hand to implement the scores
of J2EE design patterns that my analysis had
warned I’d need. As even my simple example
confirms, following a J2EE framework approach
I was able to focus on writing business code that
was relevant to satisfying my end-user func-
tionality requirements instead of having to
write low-level application plumbing code. 

In addition to a set of “Entity Object” frame-
work components comprising my shared busi-
ness domain layer, I was able to leverage other
BC4J components as well. Both for my Struts-
based JSP Web user interface and for my new
getForumThread AsXML() Web service, I creat-
ed query components called “View Objects.”
These conveniently handle all of the JDBC
interaction for me and cleanly encapsulate all
the database queries my application has to
perform. I used the built-in “Explain Plan” but-
ton on the component editor to validate ahead
of time that the queries would use all of the

FOCUS: Tools and Tricks
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expected indices for best runtime performance.
When creation, removal, or modification of
rows of business data is required, the view
object components delegate automatically to
the underlying entity object components that
enforce relevant business logic. To complete the
job, I used BC4J “Application Module” compo-
nents to encapsulate any service-related code
in a convenient place and centralize the defini-
tion of the collections of business data needed
by my client applications and Web services. 

Figure 1 shows my ForumWebService
project in Oracle9i JDeveloper, with the
ForumService Web service in the UML mod-
eler, along with the three key business
domain components of interest to this ser-
vice. To keep the diagram simple, I've hid-
den the methods on my domain compo-
nents, though of course with a click I could
show them again for my reference. In the
System Navigator, you can see the com.ora-
cle. forums package of shared business
domain components (entity objects), and
the com.oracle.forums.service package con-
taining my data access components (view
objects) and ForumService service compo-
nent (application module).

The ThreadInfo component (SQL icon)
contains the query to retrieve the information I
want to expose to clients about forum threads,
while the ThreadPosting component has the
query for the “slice” of details I want to expose

for the individual postings in a discussion
thread. By creating the PostingDetailsFor
Thread view link component, I define a mas-
ter/detail data relationship between the two
view objects so that each value object “row”
produced by the query result of the ThreadInfo
view will automatically have a coordinated
detail collection of value objects for the post-
ings in that thread. 

Since I was leveraging a J2EE framework,
my code was limited to a few lines in two meth-
ods. First I wrote the following method in my
ThreadInfo view object component to encap-
sulate the setting of its WHERE clause bind
variables:

/**

* Encapsulate bind variable setting   

* inside ForumThread view object

*/

public void findByThreadId(int

forumId,int threadId) {

setWhereClauseParam(0,new

Integer(forumId));  // set the

setWhereClauseParam(1,new

Integer(threadId)); // bind vars

executeQuery();

}

Then I wrote the main getForumThread
AsXML() service method in the ForumService
application module class:  

/**

* Use an instance of the "ThreadInfo" 

* view object to query the thread data, 

* the related thread posting data (via

* the view link), and return a

* multi-level XML message to the client.

* /

public Element getForumThreadAsXML( int

forumid, int threadid) {

ThreadInfo info =

(ThreadInfo)getThreadInfo();

info.findByThreadId(forumid,threa-

did);

return (Element)

info.writeXML(1,info.XML_OPT_ALL_ROWS);

}

Then I just published the application mod-
ule component as a Web service and
deployed it to the target application server
– in my case Oracle9i Application Server.
To write out multilevel hierarchical XML
messages, we use just one method, write
XML(). It’s interesting to note as well that
for other aspects of my application’s func-
tionality, instead of using writeXML() I
found the view object’s companion read
XML() invaluable. It let me process incom-
ing, multilevel XML messages using my
shared business domain components with
a single method call.

Conclusion
If you take home one message from this

article, I hope it is: “Above all, don't reinvent
the wheel!” By using appropriate tools, it
can be easy to repurpose existing assets like
database stored procedures into Internet-
ready Web services that interoperate with
any kind of client. 

For green field Web services develop-
ment on the J2EE platform, rather than
starting from scratch or risk making costly
mistakes on our own, we saw that a J2EE
framework tightly integrated with your Web
services development tool can provide a
proven application architecture out of the
box, leaving only the “fun” code to write
ourselves. 

As I found in my project, you’ll likely end
up using a combination of these time-sav-
ing techniques. Along the way, if you’re any-
thing like me, you’ll thank yourself time and
again for adopting your favorite full life
cycle J2EE tool and a J2EE framework that
let you finish faster and go home a little ear-
lier every night! 

FIGURE 1 ForumWebService project in Oracle9i JDeveloper
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First, we need a service to work with. For
our example we’ll focus on the RPC-style Web
services as these are the most common and
easiest of the Web service solutions to imple-
ment. Since UDDI is still a relatively distant
option for discovering services, we will turn to
our good friends over at Xmethods.net, who
have an extensive listing of available Web ser-
vices. Let’s select the Global Ski Resort Finder
(GSRF) service (a nifty little tool that locates ski
resorts within a certain radius of a given longi-
tude/latitude point) and take a brief look at the
WSDL file, located at www.transactionalweb.
com/SOAP/globalskilocator.wsdl.

WSDL Architecture
The WSDL file, which is simply an XML file

that describes the Web service, contains the
following general format (for brevity, we will
discuss the main contents of a WSDL file and
try to apply them to our example file).

<description> element has at least one each
of the following children elements: <type/>,
<message/>, <portType/>, <service Type/>,
<binding/>, <service/>, </description>.

The <description> element is the root ele-
ment. This is where you see the namespaces

for the collective properties of the WSDL file.
The <type> element contains the definitions of
the datatypes used for the services operations.
In the GSRF file, notice that the <type> ele-
ment contains a definition for the “Entry”
datatype, which in this case is of type array.
(We won’t discuss this custom type in this arti-
cle.) Next is the <message> element that
defines the structure of the messages sent
between the client and the host. We have two
<message> elements of names “findWithin
RadiusResponse” and “ski”. Notice that each
<message> element contains a <part> ele-
ment. The <part> element defines the encod-
ing type for that particular message (either a
response message or a call message). After
that, we have the <portType> element that
defines the parameters for all operations avail-
able. The <portType> attribute “name” is used
as an internal reference, which we will tie
together a little later. Next comes the <bind-
ing> element, which is used to provide the
operation details. 

In our example, we see an <operation> ele-
ment inside the <binding> element, which
defines the input and output parameters for
the service named “findWithinRadius”. Finally,

we have our <service> element, which con-
tains the names of the services available. The
GSRF has one <operation> tag with a name
attribute whose value is “findWithinRadius”.
The <operation> tag will have any of the fol-
lowing children elements: <input>, <output>,
and/or <fault>. The children tags inform us of
the existence of input, output, and fault
parameters.

XPath and Scripting
XPath has been a W3C recommendation

since November 1999. XPath is designed to
provide a common interface to searching XML
documents for XSLT and Xpointer, but it can
also be incorporated into scripting languages
such as JSP, PHP, and ColdFusion. By imple-
menting XPath syntax and expressions in a
scripting language, you can search the WSDL
file and dynamically map all the properties of
a Web service. Most scripting languages that
have integrated XPath support will allow XML
path searches. Specifically, it’s possible to
locate nodes and discover XML attributes of
those nodes. Within the XPath recommenda-
tion, there are additional node tests available
that can be used to discover further attributes
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of the returned XML nodes. We will assume
here that the scripting language makes these
attributes available with a standard API. In our
example, we would take the following steps to
discover the Web service properties:

1. Make sure that we are working with an RPC-
style service, using this bit of code: 

//*[contains(name(),‘binding’)][@style=]

Select any nodes named ‘binding’ that
have an attribute named ‘style’ with the value
‘encoded’

2. Next, we want to discover the name of the
service: 

//*[contains(name(), 'service')]

Select the <service> node. (This will return
the name of the Web service.)

3. Now, let’s discover what ports (methods) are
available for this service:

//*[contains(name(), 'binding')]/[@name]

Select all of the children of the <binding>
node that have children with an attribute
name.

4. From step 3, we now know that the context
node (our first node returned from the
search) will have an attribute ‘name’ and the
value of this attribute will be the method. (It
is possible to have multiple methods
returned from this initial query, which
means each sibling node, at the same level
as the context node, would also have an
attribute ‘name’ and the value of it would be
its method name.)

5. Next, in order to discover the input, output,
and/or fault codes available for each port
(method), we make the following call on our
WSDL file: 

//*[contains(name(), 'binding')]/*[con

tains(name(),

'operation')][@name='$port']

Select all of the nodes that exist in the
<binding> node that have the name ‘opera-
tion’ and contain the attribute ‘name’ whose
value is $port' (note: the use of the $ here
denotes that we are working with a variable

of some sort). Basically you would want to
do this for each <operation> node returned
from step 2.

6. From step 4, we can search for the existence
of either an <input> and/or <output>
and/or <fault> node, which indicates what
is in use for this service. Commonly, a ser-
vice will have an <input> and <output>, but
it’s entirely possible for a service to have just
an <input> or just an <output>.

<breath> What we have done so far is sig-
nificant enough for reflection. Basically, we
have just discovered the Method names for all
of the services available and for each Method,
whether or not it has input, output, and/or
fault messages. This is only the beginning, but
it is a solid foundation with which to work.

<breath/>

7. The portType will help us discover the map-
ping for the datatypes of the messages relat-
ed to the service. For each found node in
step 5, execute the following to discover the
mapping for the node’s datatype: 

//*[contains(name(), ‘portType’)][*[con 

tains(name(),

‘operation’)][@name=’$port’]]/*/*

Select all nodes whose names contain
‘portType’ with children nodes whose
names contain ‘operation’ and have an
attributed called ‘name’ with value $port.
(Note: XML is a case-sensitive language so
“findwithinradius” is NOT the same as
“findWithinRadius”.)

8. What we need from step 7 is the value of the
message ‘attribute’ for each of the available
messages (input/output and/or fault). The
value for each will help us find in the WSDL
document the datatype expected from the
client for that message. (Note: each message
will be prefaced with the namespace for its
encoding style. Commonly, this will appear
as tns:mapping. In our case, we are merely
interested in the ‘mapping’, not the ‘tns:’.)

9. For each value returned by step 7, we can
perform the following search to determine
the location of the datatype: 

//*[contains(name(),

‘message’][@name=$mapping]

Select all nodes whose names contain
‘message’ with an attribute ‘name’ whose value
is $mapping (again, we use the $ to denote
dynamic variable here)

10. The data from step 8 will contain a <part>
element(s) that define the name of the
expected part, but more importantly, we
now have the datatype. Here is where
things get a little tricky. The datatype can
either be a standard datatype like String or
Boolean, in which case we are done with
the discovery process. However, if this
datatype is a custom or complex datatype
(denoted by a prefix other than “tns:”), a
little more discovery is required. The com-
plex data type is just that - complex. For
now, we will leave that for another article.

What Should We See?
From our example (The Global Ski Resort

Finder), you should have discovered the fol-
lowing properties:
1. A service named “QueryInterfaceService”.
2. A port (method) named “findWithin Radius”

with an input and output parameter.
3. The input message for the “findWithin

Radius” port was mapped to the "intf:ski"
message type.

4. The output message for the “findWithin
Radius” port was mapped to the “intf:find
WithinRadiusResponse” message type.

5. The “ski” message contained three parts
a. Latitude (of type string)
b. Longitude (of type string)
c. Radius (of type string)

6. The "findWithinRadiusResponse" message
contained one part: Noname (of type
ArrayOfEntry – the locally defined complex
type).

You now have all of the information you
need to dynamically call this service and
systematically incorporate it into your
application.

The Revolution Begins
We all know that Web services are here,

and that Web services create a new para-
digm for the distributed application
model. Once the security model is put in
place (hopefully by the WS-I), we can use
examples like these to at least understand
what is needed to architect dynamic dis-
covery and use of the ever-growing popu-
lation of publicly available services.
Happy Web servicing!



OASIS Forms e-Gov 
Technical Committee

(Boston) – The OASIS interoperability consortium has

announced that it is providing an interna-

tional forum for governments to voice their

needs and requirements with respect to XML-based

standards.

The OASIS e-Gov Technical Committee will assist in the

electronic delivery of services to citizens and businesses

through the coordination and adoption of XML standards.

The committee will coordinate input from governments

on emerging technologies, such as ebXML and Web servic-

es, to ensure that existing specifications are not developed

solely for the benefit of the private sector.

www.oasis-open.org

AdventNet Debuts ManageEngine Suite 
(Pleasanton, CA) – AdventNet, a provider of 

standards-based J2EE management

solutions, has introduced

ManageEngine Suite 5, the first software framework that

allows customers using the Java Management Extensions

(JMX) standard to track the business impact of application

performance. ManageEngine Suite 5 automates instrumen-

tation for the management of business applications, pro-

vides automated tools to build custom consoles, and inte-

grates with existing management consoles. Developers can

graphically pick attributes to monitor and measure, creating

rules for when IT or even business managers are alerted to

kinks in the system. No additional code needs to be written.

www.adventnet.com

Fiorano Software Ships Tifosi 2002
(Los Gatos, CA) – Fiorano Software, Inc., has released

Tifosi 2002, a service-based

integration platform to extend

its offerings in the EAI, BPM, and B2B integration market.

Tifosi is based on super-peer architecture that facilitates the

composition, deployment, and management of distributed

enterprise applications. It also links individual enterprises

together for extended process efficiency across the supply

chain, allowing them more flexibility and adaptability to 

rapidly changing business requirements.

www.fiorano.com

DataDirect Technologies Adds Distributed
Transaction Support to DataDirect Connect
for .NET

(Rockville, MD) – DataDirect Technologies, Inc., has

announced DataDirect Connect 

for .NET 1.1, newly updated data 

connectivity components that enable software developers 

to access enterprise data using .NET. The new release adds

support for distributed transactions for Oracle and Sybase,

and updated support for several Oracle data types.

DataDirect Connect for .NET allows developers to 

implement serviced components that require distributed

transaction support and use ADO.NET Data Providers.

The MS DTC can update multiple databases and files

from a single application, update geographically distributed

databases, and update databases that have been 

partitioned for scalability.

www.datadirect-technologies.com

Fujitsu Selects The Mind Electric to
Develop Open Grid Services Architecture

(Dallas) – The Mind Electric (TME), a provider of 

software for service-oriented architec-

tures, will collaborate with Fujitsu

Laboratories to develop innovative applications of grid 

technologies based on service-oriented architectures and

Web services.

Fujitsu Laboratories Europe and TME are 

collaborating to develop OGSA extensions to

GLUE to support a cross-platform grid 

infrastructure that is secure and reliable.

www.themindelectric.com, www.fujitsu.com

webMethods, J.D. Edwards, and HP
Collaborate on BPM Solution

(Fairfax, VA and Denver, CO) –  webMethods, Inc.,

and J.D. Edwards have

announced an initiative

between webMethods and HP to add significant value

to J.D. Edwards’ XPI offering. webMethods and HP will

provide systems management technology for J.D.

Edwards’ applications, making it easier to monitor and

manage the business processes enabled by J.D.

Edwards’ XPI technology.

J.D. Edwards currently embeds webMethods’ 

integration software into their 

collaborative enterprise applica-

tions, including J.D. Edwards 5, creating an integration

backbone for J.D. Edwards’ technology, J.D. Edwards

XPI, which decreases the cost of integrating applica-

tions through a centralized model of integration.

webMethods and HP collaborated to write the Open

Management Interface specification, linking

the technology and business components

that drive an organization, exposing them in a common

interface for monitoring and analysis through the HP

OpenView Smart Plug-in for webMethods.

www.webMethods.com, www.hp.com,

www.jdedwards.com

Microsoft  Launches Small Business
Manager 7.0

(Fargo, ND) – Microsoft Business Solutions Small

Business Manager 7.0, an afford-

able, integrated software applica-

tion developed to help small businesses manage a

broad range of business functions, is now available.

The new offering enables small businesses to

increase productivity and realize maximum flexibility

through streamlined sales and purchasing, tight fiscal

and inventory control, and enhanced integration. Built

for small businesses that need more than basic book-

keeping software, Microsoft Business Solutions Small

Business Manager 7.0 includes includes integrated

modules that allow small businesses to more efficiently

manage financial, banking, inventory, sales, purchas-

ing, U.S. payroll, and reporting and analysis functions.

www.microsoft.com
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vas can be very handy for creating the XML-to-HTML trans-
formation.

The instant gratification using the IDE-style metaphor of
“edit/compile/run” that most of us have grown accustomed to
should apply to writing transformations as well. There’s no
substitute for being able to automatically apply a stylesheet to
a piece of data and immediately see the output. For some
folks the IDE metaphor is more often “edit/compile/debug,”
and that should be OK in this world too. Think of being able to
set breakpoints in the XSLT document, or in an associated
Java extension, and being able to step through a transforma-
tion and watch it happen. How about back-mapping from a
destination document – being able to click on the piece of
data in the output document and to automatically be brought
to the line of XSLT code that produced that data? You just
don’t get that in Notepad.

As you and your IT staff gain responsibility for a greater
share of integration projects, XML technology, skills, and tool
sets will become increasingly important to the success of your
integration projects, and indeed your success as well. 
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extending the functionality of an 
existing framework

Web Services: 
Reaching Back to 

Unlock Legacy Systems
Today, companies can get more 

from their mainframe legacy 
systems by integrating the data 

with a Web services solution

Focus: Managing Web Services 
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Thankfully, the myth that Web servic-
es standards begin and end with

SOAP, WSDL, and UDDI is fast dissolv-
ing. Most developers now appreciate
that mission-critical Web services must
also extend to include standards in secu-
rity, resource management, remote
application access, choreography, se-
mantics, and much more.

A number of consortia and industry
groups are defining the expanding scope of Web services standards.
The two major standards-setting bodies for Web services are the World
Wide Web Consortium (W3C), and the Organization for the Ad-
vancement of Structured Information Standards (OASIS). (WS-I, the
Web Services Interoperability Organization, does not develop stan-
dards; its mission is to provide guidance, best practices, and resources
for developing solutions. WS-I’s deliverables [profile definitions, test-
ing tools and sample applications] are based on the standards devel-
oped by OASIS and W3C.)

OASIS and W3C maintain close ties with one another. Sharing
many of the same members, the groups acknowledge that Web servic-
es standards are far too broad for any one organization to own, and
they work hard to avoid overlap or duplication of effort. Nevertheless,
their approaches are substantially different.

The OASIS technical process lets members take the lead, identify-
ing needs based on their own technology and domain expertise and
forming technical committees to address those needs. The member-
ship is a rich mixture of software vendors, end-user companies, gov-
ernmental agencies, industry associations, educational institutions,
and individuals.

There are two levels of approved work at OASIS. The first, OASIS
Committee Specifications, refers to work that is approved by members
of an OASIS Technical Committee. The second, OASIS Open Standards,
signifies work that has been approved by the committee members,
proven in at least three real-world implementations, passed a 30-day
public review, and ratified by the OASIS membership-at-large.

The Security Assertion Markup Language (SAML) has achieved
OASIS Open Standard status as an XML-based framework for Web
services that allows the exchange of authentication and authorization
information among business partners. SAML enables Web-based
security interoperability functions, such as single sign-on, across sites
hosted by multiple companies. It is an important industry standard for
federating diverse security domains across Web services environments
and incorporates industry-standard protocols and messaging frame-
works from W3C, such as XML Signature, XML Encryption, and SOAP.

Most vendors of Web access management solutions have committed
to SAML and are implementing the specification in their products.

The WS-Security specification provides a foundation for secure
Web services, laying the groundwork for higher-level facilities such as
federation, policy, and trust. WS-Security defines a standard set of
SOAP extensions, or message headers, that can be used to implement
integrity and confidentiality in applications. It is one of the first Web
services standards to support, integrate, and unify multiple security
models, mechanisms, and technologies, allowing a variety of systems
to interoperate in a platform- and language-neutral manner.

The widespread need for the integration of systems and network
management tools is causing the industry to take a more holistic
approach to the management of networks – and Web services provide
the ideal vehicle for making that happen. OASIS is developing a proto-
col that will enable businesses to manage their own Web services and
oversee their interaction with services offered by other companies.
The OASIS Management Protocol is being designed to manage desk-
tops, services, and networks across an enterprise or Internet environ-
ment, allowing companies to manage systems regardless of the plat-
form they use.

Web Services for Interactive Applications (WSIA) provides interac-
tive application access through a coordinated set of XML vocabularies
and Web services interfaces that allow companies to deliver Web appli-
cations to end users through a variety of channels – directly to a brows-
er, indirectly through a portal, or embedded into a third-party Web
application. It will enable any Web application – a package tracker, a
calendar application, a stock quote – to be delivered and displayed to
an end user as a Web service, regardless of the underlying Web plat-
form, vendor-specific application format, or display device. With
WSIA, companies will be free to syndicate their applications across dif-
ferent portals and Web site platforms without being limited by propri-
etary products. They will be able to dynamically share Web services
without the time and labor of creating multiple vendor-specific con-
nectors written to different Web languages.

Many continue to define Web services against a checklist of stan-
dards that is much too short. In reality, more than 50 different specifi-
cations are under development within OASIS alone, and most of these
relate to Web services to some degree. 

From foundational standards such as UDDI, to intermediary spec-
ifications such as Web Services for Remote Portals (WSRP) and
Business Transaction Protocol (BTP), from traditional technologies
such as Public Key Infrastructure (PKI), to broad solutions such as
ebXML, OASIS standards go beyond the bare-bones definition pro-
posed by many tunnel visionaries. Indeed, mission-critical Web serv-
ices standards require interoperability on a much grander scale. 

Patrick Gannon
Patrick Gannon is president and
CEO of OASIS, the not-for-profit,
global consortium that drives the
development, convergence, and
adoption of e-business standards.
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