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What's This About?

The Javarm Web Services Developer Pack (Javam™™ WSDP) is a package of technologies and tools for building Web
services using the Java programming language, and for building Java applications that access Web services.

This article is the second in a series that describes the Java Web Services Developer Pack. Asits name implies, the first
article in the series, Javarm Web Services Developer Pack Part 1: Registration and the JAXR API, focused on Web
services registration and the Javarm API for XML Registries (JAXR), an API in the Java WSDP that you can use to
register a Web service or to discover aregistered Web service. Thefirst article aso examined some fundamental
technologies that drive the Web services model -- especially those that are specifically pertinent to registration, such as
UDDI and ebXML. Finally, the article presented an example that illustrated how afictitious company named
BooksToGo used JAXR to register aWeb service, and how another fictitious company, BoomingBusiness.com, used
JAXR to discover the service.

In this second article in the series, the focusis on client-to-Web service communication through remote procedure calls
(RPC calls) and through document-oriented messages (commonly called "messaging"). The article highlightstwo APIs
in the Java WSDP: Java API for XML-based RPC (JAX-RPC), and Java API for XML Messaging (JAXM). Their names
describe what the APIs do. JAX-RPC isa Java APl for making XML-based RPC calls. JAXM isaJava API for

XML -based messaging. The article also examines some Web services technol ogies that are specifically pertinent to
making RPC calls and communicating document-oriented messages in the Web services context. Finaly, the article
extends the example introduced in the first article to show how BoomingBusiness.com uses JAX-RPC and JAXM inits
applications to communicate with Web services.

At the time thefirst article in the series was written, Early Access Release 1 of Java
WSDP was available, and so the examplesin that article were based on that (Java
WSDP EA1). Since then the first customer release of Java WSDP became available
and was followed by an update release (Java WSDP 1.0_01). The examplesin this
second article of the series are based on the update rel ease.

If you're familiar with XML and the XML -based technologies that underlie RPC calls and messaging in the Web
services model, skip to the discussion of JAX-RPC or JAXM. Otherwise see XML Technologies for RPC Calls and

Messaging.

For More Information

Java Web Services Developer Pack

The Java Web Services Tutorial

Javam™ 2 Platform, Enterprise Edition (J2EE™)
Web Services and Java Technology

Web Services Technical Articles on java.sun.com
Java APl for XML-Based RPC (JAX-RPC)

Java APl for XML Messaging (JAXM)

SOAP with Attachments API for Java (SAAJ)
Simple Object Access Protocol (SOAP) 1.1
SOAP Messages With Attachments

Web Services Description Language (WSDL) 1.1
ebXML Message Service Specification V1.0
ebXML Transport, Routing & Packaging Version 1.0

In addition, source code for Java WSDP components such as JAX-RPC, SAAJ, JAXM, and JAXP can be obtained from
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http://www.w3.org/TR/SOAP
http://www.w3.org/TR/SOAP-attachments
http://www.w3.org/TR/wsdl
http://www.oasis-open.org/committees/ebxml-msg/documents/ebMS_v1_092.pdf
http://www.ebxml.org/specs/ebMS.pdf

The Java(TM) Web Services Developer Pack, Part 2

the Sun Community Source Licensing page

Also, explore the following Sun products that incorporate Java WSDP technologies:

Sun ONE Studio 4 update 1
Sun ONE Application Server 7

About the Author

Ed Ort isastaff member of the Java Developer Connection. He has written extensively about relational database
technology and programming languages.

Ramesh Mandava is a staff engineer at Sun Microsystems. Currently, he is a member of the Core XML Technologies
and Standards team which is part of the Web Services Technologies and Standards group. Previously, Ramesh was the
lead for the WebServices Interoperability and Quality team, which ensures that Web services deliverables from Sun meet
customer quality expectations and needs.

Bhakti MehtaisaMember of Technical Staff at Sun Microsystems Inc. Sheisin the Web Technologies and Standards
Interoperability and Quality team, and has worked with JAXP, JAXB, JAXR and JAXM.

Java™ Web Services Developer Pack
Part 2: RPC Calls, M essaging, and the JAX-RPC and JAXM API

XML Technologies for RPC Calls and Messaging

One of the things that makes the Web services model so attractive isthat it's built on standard technologies, especially
XML technologies, that have wide industry acceptance. The first article in the series introduced one of these XML
technologies, SOAP, amajor underpinning of the communication mechanism for Web services. It showed how the
SOAP protocol is used in the exchange of messagesin a distributed environment. It also described the structure of a
SOAP message. Both JAX-RPC and JAXM work in conformance with the SOAP 1.1 specification and the SOAP 1.1
with Attachments specification. The RPC calls made through JAX-RPC conform to these specifications, and so too do
the messages exchanged through JAXM. This section highlights some of the important features of SOAP that were
introduced in thefirst article in the series, and shows how you can use SOAP for RPC calls as well as for messaging. The
section also covers another XML -based technology, Web Services Description Language (WSDL), that plays an
important role in RPC calls.

A SOAP Refresher

Here are some of the important characteristics of SOAP
that were presented in thefirst article in the series:

o SOAP (which is defined by the SOAP 1.1
specification) is an XML-based protocol for exchanging information in a distributed environment.

SOAP isan XML -based protocol for exchanging
information in a distributed environment.

« SOAPisageneraly accepted standard for Web services.
o Thebasicitem of transmission in SOAP is the SOAP message.
« A SOAP message consists of amandatory SOAP envelope, an optional SOAP header, and a mandatory SOAP
body.
What those items mean is that if a Web services client exchanges some information with a Web service, what gets
exchanged is a SOAP message that conceptually looks like this:

A SOAP message is an XML document. The envelope is the top element of the XML document, and is represented by an
Envel ope element. The envelope can contain namespace declarations as well as additional attributes such an encoding
style. An XML namespace defines a collection of names that can be used in XML elements and attributes. The



http://wwws.sun.com/software/communitysource/
http://wwws.sun.com/software/sundev/jde/
http://wwws.sun.com/software/products/appsrvr/home_appsrvr.html
/developer/technicalArticles/WebServices/WSPack/index.html#soapdesc
http://www.w3.org/TR/SOAP/
http://www.w3.org/TR/SOAP-attachments
http://www.w3.org/TR/SOAP-attachments
http://www.w3.org/TR/SOAP/
http://www.w3.org/TR/SOAP/
/developer/technicalArticles/WebServices/WSPack/index.html#soapenv
/developer/technicalArticles/WebServices/WSPack/index.html#soaphdr
/developer/technicalArticles/WebServices/WSPack/index.html#soapbdy
/developer/technicalArticles/WebServices/WSPack/index.html#soapbdy

The Java(TM) Web Services Developer Pack, Part 2

S0AP . Envelope

Click imageto enlarge

namespace identifies the scope for a name, so that "name clashes’ can be
avoided. In particular, namespace declarations are designed to distinguish
the names used in the XML document from the names used in an
application that might process the XML document. They also distinguish
names within the XML document, so that two elements with the same
name, but associated with different namespaces, can be correctly
understood as being different. An encoding style identifies the data types
recognized by SOAP messages, and specifies rules for how these data
types are serialized, that is, transformed for transport across the Web.

The header isrepresented by aHeader element. As mentioned before,
the header is optional. However, if it'sincluded in a SOAP message, it
must be the first child of the Envel ope element. The header, through
attributes, extends the SOAP message. In other words, it adds information
beyond what isin the body of the SOAP message. It's important to
understand that as a SOAP message travels from an originator (aclient
application) to afinal destination (for example, an application providing a
requested service), it potentially passes through a set of intermediate
nodes along the path. Each node is an application that can receive and
forward SOAP messages. The SOAP header can be used to indicate some

additional processing at anode, that is, processing independent of the processing done at the final destination. For
example, the header could be used to request that each message be logged at a particular node.

The body, represented by aBody element, contains the "payload”, that is, the information intended for the final
destination. The Body element can optionally contain aFaul t element that is used to hold error and status information
returned by a processing node. The Body element must be an immediate child element of a SOAP Envel ope element.
If the envelope contains a header, the Body element must immediately follow the Header element.

Here's an example of a SOAP message:

<SOAP- ENV: Envel ope
xm ns: SCAP- ENV=

"http://schemas. xm soap. or g/ soap/ envel ope/"

SOAP- ENV:
encodi ngStyl e=

"http://schemas. xm soap. or g/ soap/ encodi ng/ ">

<SQAP- ENV: Header >

<t: Transaction xm ns:t="sone-URl">
SOAP- ENV: nust Under st and="1">

5
</t:Transacti on>
</ SOAP- ENV: Header >
<SQOAP- ENV: Body>

<m Get Last TradePri ce xnl ns: nE"sone- URl " >
<synbol >DEF</ Synbol >
</ m GetlLastTradePrice>

</ SOAP- ENV: Body>
</ SOAP- Envel ope>

The Envel ope element specifies:

« A namespace. TheURI htt p: // schemas. xnl soap. or g/ soap/ envel ope/ identifiesthe namespace
used for this SOAP message. Thisis the standard namespace for all SOAP messages. Notice the prefix
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SOAP- ENV. This prefix maps to the namespace, so that any additional references to the prefix in the SOAP
message, are references to that namespace.

« Anencoding style. TheURI htt p: // schemas. xnm soap. or g/ soap/ encodi ng/ identifies the encoding
style for "Section 5" encodings, that is, the SOAP encoding described in Section 5 of the SOAP specification.
Section 5 define rules for encoding data typesin XML, and rules for serialization.

The Header element specifies:
« ATransacti on element. The URI represented by "some-URI" identifies the namespace for the element.

« A demand to process the header. The attribute value nust Under st and=1 means that the receiver of the header
must process it. SOAP provides an attribute, called the "SOAP actor”, whose value isa URI. The URI identifies
the node that receives the SOAP header (remember that a SOAP message can potentially travel through multiple
nodes before arriving at afinal destination). Because the SOAP actor attribute is not specified in this example, it
means that header should be received at the final destination. And because nust Under st and=1 is specified,
that node must process the header.

« A valueof 5. Presumably, the receiver knows how to process this value.

The Body element specifiesaGet Last Tr adePr i ce element (and its namespace), and a subordinate element DEF.

If you've guessed that this example has something to do
with stock quotes, you're right. The SOAP messageis
designed to retrieve the current price of a stock.
Specifically, the SOAP message includes a request for
the current stock price (Get Last Tr adePr i ce), and passes a symbol (DEF) that identifies the stock. Thislooks
similar to a Remote Procedure Call, where Get Last Tr adePr i ce represents a method, and DEF represents a
parameter to the RPC call. In fact, that's what's happening here. SOAP is being used to transmit an RPC call. Using
SOAP for RPC is one of two approaches to using SOAP. The other is using SOAP for messaging.

SOAP can be used for RPC callsaswell asfor
messaging.

SOAP for RPC

The SOAP specification states:

One of the design goals of SOAP is to encapsulate and exchange RPC calls using the extensibility and
flexibility of XML.

To meet that goal, the SOAP specification includes a section that describes how to represent RPC calls and responses.
The section identifies the following as information needed in an RPC call:

« The URI of thetarget object

« A method name

An optional method signature
The parameters to the method
Optional header data

All of thisinformation, with the exception of the URI of the target object, is carried in a SOAP message. The URI is
provided by the transport protocol, such asHTTP, that is used to communicate the SOAP message. The section then

specifies how the other information needed in the call is represented. Here are some of the significant itemsin the
specification:

RPC method callsand responsesarecarried in the SOAP Body element. In the SOAP message example above, the
Body element contains the following:
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<SQOAP- ENV: Body>
<m CGet Last TradePrice xnl ns: m=" sone- URl " >
<synbol >DEF</ Synbol >
</m GCetLastTradePrice>
</ SOAP- ENV: Body>

This represents amethod call. Here Get Last Tr adePr i ce isthe method called, and DEF is the method parameter.
This indicates something important about using SOAP for RPC (as opposed to using SOAP for messaging). When using
SOAP for RPC, the client knows which procedure it wants to call, and knows what parameters that procedure requires.
(By comparison, when using SOAP for messaging, the client doesn't necessarily know what application will process the
request.)

The response to the method call is also contained in a SOAP message Body element. Assume, for example, that the
Body element of the response looks like this:

<SOAP- ENV: Body>
<m Get Last Tr adePri ceResponse xnl ns: m="sone- URl " >
<price>42.40</price>
</m GCetlLast TradePri ceResponse>
</ SOAP- ENV: Body>

Notice the response element Get Last Tr adePr i ceResponse. Although SOAP does not require it, the convention is
to give the response element the same name as the method name, with the string "Response” appended to it.

Although aresponse is shown here, SOAP does not
require that the receiver of arequest return aresponse. In
fact, "one-way requests’, where a SOAP client asksfor a
service without expecting a response, are perfectly valid.
Another term used for one-way is "asynchronous'. By comparison, a "two-way request” is one where a SOAP client asks
for a service and waits for a response before proceeding. Another term for two-way is "synchronous'.

SOAP can be used for one-way (asynchronous) or
two-way (synchronous) requests.

RPC method calls and responses are modeled as structures. SOAP specifies that:

« A method call and its response are both modeled as structures called structs, and that the structs have the same
name and type as the method call or response.

« A struct isacompound value, each of whose member values, called accessors, have a distinct name.
The struct for the method call must contain an accessor for each method parameter.

The accessors must have the same name and type as the method parameters, and must appear in the struct in the
same order as in the method signature.

So in the example above, the method call Get Last Tr adePr i ce isrepresented by a struct with the same name and
type as the method. That struct contains one accessor, DEF, that has the same name and type as the parameter to the
method.

The same sort of rules apply to the response:
« The struct for the method response must contain an accessor for each output parameter.
« Each of these accessors must have the same name and type as its respective output parameter.
» Each accessor must appear in the struct in the same order as in the method signature.

In the example above, the method response Get Last Tr adePr i ceResponse isrepresented by a struct that contains
one accessor, pri ce, that has the same name and type as the output parameter.

RPC method calls and responses can be encoded accor ding to specified encoding rules. Notice again that the
Envel ope element in the SOAP example identifies an encoding style. Specifically, the URI
http: // schemas. xm soap. or g/ soap/ encodi ng/ identifiesthe encoding style for Section 5 encodings. The
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encoding rules essentially identify the types recognized by SOAP. For example, the Section 5 encoding rules identify
simple types such as int and float, and compound types such as structs and arrays. The serialization rules specify how
objects are represented in XML so that they can be exchanged between a client and a server. For example, the Section 5
serialization rules state that a simple value is represented as character data, that is, without any subelements, and a
compound value is encoded as a sequence of elements.

Together, the Section 5 encoding style and the SOAP for RPC rules provide aframework for using SOAP for RPC. The
framework allows an application to use RPC call semanticsin an XML based, client-server scenario as follows:

1, An application makes RPC calls following the SOAP for RPC rules.

2./ A SOAP client implementation serializes the callsto XML following

S - Section 5 encodings.

g~;f="='=-*=' 0 e SE e 3. A SOAP server implementation deserializes the calls from XML
following Section 5 encodings, for use by a server application.

Then the process is reversed:
e soap cient e soarserver 4| The server application returns a response following the SOAP for RPC

sanalizas sanalizas

call respanse rules_

5./ The SOAP server implementation serializes the response to XML

following Section 5 encodings.

o Pppication G S S 6. The SOAP client implementation deserializes the response following
s el resRen Section 5 encodings, for use by the client application.

[

Click imageto enlarge

Although Section 5 encoding style appears here to be mandatory, it's actually not. Any encoding styleis alowed by
SOAP. Of course, to make the information exchange sensible between the client and the server, both need to agree on the
encoding style. The advantage of using Section 5 encoding is that it's a standardized encoding style, something that
aligns well with the standardized protocols that underlie Web services.

Transport Protocols. One question you might ask at this point is"How does a SOAP message get transported from the
client to the server and back?' The answer isthat it's bound to atransport protocol such asHTTP or SMTP. SOAP does
not require a particular transport binding, although HTTP istypically used to transport SOAP messages and responses. In
fact HTTPisthe only protocol binding that's covered in the SOAP 1.1 specification. Here, for example, isa SOAP
message embedded in an HTTP 1.1 POST request. The POST action transports the SOAP message to an HTTP server.

POST / StockQuote HTTP/ 1.1

Host: www. st ockquot eserver.com

Content - Type: text/xm; charset="utf-8"
Cont ent - Lengt h: nnnn

SOAPAction: "Sone-URI"

<SOAP- ENV: Envel ope
xm ns: SOAP- ENV=
"http://schemas. xm soap. or g/ soap/ envel ope/"
SQOAP- ENV:
encodi ngStyl e=
"http://schemas. xm soap. or g/ soap/ encodi ng/ " >
<SQOAP- ENV: Body>
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<m Get Last TradePri ce xnl ns: n"sone- URl " >
<synbol >DEF</ Synbol >
</m GCetLast TradePrice>
</ SCAP- ENV: Body>
</ SOAP- Envel ope>

SOAP for Messaging

Although the focus so far has been on SOAP for RPC, SOAP can also be used for messaging. In messaging, the client
sends a document (rather than an RPC call) for the server to process. The document contains information in a format that
both the client and server can understand. For example, the document could be something that both the client and server
recognize as a purchase order. The server then processes the purchase order, and could return a response (perhaps
confirming that the purchase order was received).

It's important to understand that the messaging client does not call a specific method -- in the purchase order example,
the messaging client does not call a purchase order method. In fact, the client might not know what program on the
server actually processes the request. Instead, the client relies on the server to invoke the appropriate application to
process the request because the server understands the format of the message it receives. Similarly, what the server
returns is not a method response, but rather a response generated by the processing application.

This example indicates that the server could return aresponse, but it doesn't have to. Asis the case when using SOAP for
RPC, SOAP for messaging does not require that the receiver of arequest return aresponse. In fact, one-way
(asynchronous) requests are probably more typical in messaging than two-way (synchronous) requests.

The architecture of a SOAP message is the same for messaging as it isfor RPC. In both cases, the message contains an
envelope, an optional header, and a body. For messaging, the payload in the body is the document passed by the client
for processing by the server. Here's an example of a SOAP message used for messaging:

<SOAP- ENV: Envel ope
xm ns: SOAP- ENV=
"http://schemas. xm soap. or g/ soap/ envel ope/"
</ SOAP- ENV: Header >
<SOAP- ENV: Body>
<bp: Get BookDet ai | s xm ns: bp="htt p:// bookprovi der. cont' >
<searchCriteria> SBN</searchCriteria>
<sear chVal ue>0123454321</searchCriteri a>
</m GCet BookDet ail s>
</ SCAP- ENV: Body>
</ SOAP- Envel ope>

Notice that the body contains an element Get BookDet ai | s that contains two subelementssear chCriteri a and
sear chVal ue. Assumethat Get BookDet ai | s isrecognized as a structure that contains information about books, in
particular, the International Standard Book Number (I1SBN). Assume too that the server processes the message by
searching a database of book information, using the ISBN value as search criteria. Finally, assume that the server returns
detailed information about the book that has the specified ISBN value.

In other respects, SOAP for messaging is similar to SOAP for RPC. In particular, when used for messaging:

« A SOAP message can potentially pass through a set of intermediate nodes (applications) along the path from the
client to the final destination. Any of these nodes can perform additional processing on the message, such as
security checking, as directed by the SOAP header.

« A SOAP message can identify one or more namespaces that identify the scope of names used in the message.
Notice in the messaging example, the Envel ope element specifies the standard namespace for SOAP messages
(http: //schemas. xm soap. or g/ soap/ envel ope/ ), and the Body element specifies a namespace
(htt p: // bookpr ovi der. com that defines the scope of names for the body.
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« A SOAP message can identify an encoding style, although an encoding style is more typically specified in SOAP
for RPC. Thereis no default encoding style for a SOAP message.

SOAP Messages With Attachments

The SOAP 1.1 specification does not cover attachments to SOAP messages. For example, if you send a SOAP message
that conforms to the SOAP 1.1 specification, you send a payload that either represents an RPC call or that contains a
document for messaging. But what if you want to attach something to the SOAP message, say an image? A standard way
of doing thisis described in the SOAP Messages With Attachments specification. This specification describes how to
attach one or more items to a SOA P message, no matter what content these items hold. For example, an attachment can
be an image, audio, text, even an XML document.

A SOAP message with attachments, which the specification calls a " SOAP message package”, conceptually looks like
this.

The SOAP Messages With Attachments specification takesaMIME
approach in describing how to build a SOAP message package. MIME,
which stands for Multipurpose Internet Mail Extensions, is a standard that
SOAP 5 Envelope extends the format of Internet mail to allow for things like multipart

: message bodies.

MIME Header

- et Root Body Part

-]

el A message that conformsto the MIME standard consists of a header and
AP B abody. The header contains various fields that contain information about
“Payload® the message. For example, the M ME- Ver si on header field specifies
which version of the MIME standard applies to the message. Another
header field, named CONTENT- TYPE specifies the type of datain the
body of the message. For example, the CONTENT- TYPE field value
Text specifiesthat the body containstext, and a value of Audi o
Asinchmant specifies audio data. One CONTENT- TYPE field value has particular
e ——— relevance for SOAP message packages. It's the CONTENT- TYPE field
valueMul ti part/ Rel at ed. Thisvalue specifies that the body
contains a compound object consisting of several interrelated body parts.
Click image to enlarge Thisisthe MIME data type that is used to construct a SOAP message
package.

WESSeunt®  BodyPat

A Ml ti part/ Rel at ed type of compound object has aroot body part (by default, thisisthe first body part in the
compound object) and one or more related body parts. Complicating mattersis that fact that each body part has its own
header and body. The MIME standard further specifies that each body part in a MIME message is separated from another
body part at a boundary, and that a boundary isidentified in a parameter of the CONTENT- TYPE field. So putting al this
together, a SOAP message package consists of a SOAP message that is contained in the root body part, and one or more
attachments that are other body parts separated from each other at a boundary.

Here's an example of a SOAP message package. The SOAP message isin the root body part. The value of the st ar t
parameter in the CONTENT- TYPE field of the header points to content of the SOAP message

(cl ai nD61400a. xm @ ai m ng-it. comn). The package contains an attachment that's an image

(cl ai n061400a.tiff @l ai mng-it.com.

M ME-Version: 1.0
Content - Type: Ml tipart/ Rel at ed;
boundary=M ME_boundary; type=text/xm ;
start="<cl ai n061400a. xm @l ai m ng-it.comp"
Cont ent - Descri pti on:
This is the optional nessage description.
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--M ME_boundary

Content - Type: text/xm; charset=UTF-8

Cont ent - Tr ansf er - Encodi ng: 8bi t

Content-1D: <clai nD61400a. xm @l ai m ng-it.conp

<?xm version="1.0" ?>

<SOAP- ENV: Envel ope

xm ns: SOAP- ENV="htt p: / / schemas. xnl soap. or g/ soap/ envel ope/ " >
<SQOAP- ENV: Body>

<t heSi gnedFor m hr ef ="ci d: cl ai n061400a.tiff @l ai m ng-it.cont/>

</ SOAP- ENV: Body>
</ SCAP- ENV: Envel ope>

--M ME_boundary

Content-Type: image/tiff

Cont ent - Tr ansf er - Encodi ng: bi nary

Content-1D: <clainD61400a.tiff@l aimng-it.conpr

...binary TIFF i mge...
--M ME_boundary- -

Notice that the SOAP message refers to the attached image. SOAP 1.1 allows for an accessor to point to a URI. The URI
can provide any type of resource, including a non-XML resource such as an image.

WSDL

How does a Web services client know what format to use
in making arequest to a server? For that matter, how do
the client and the server know what the request means? In
SOAP for messaging, the answer isthat there's a previous
agreement about the format and meaning of SOAP messages exchanged between the client and the server. The client and
server know what a document representing a purchase order looks like because there's previous agreement about its
format. But what about SOAP for RPC? How does a Web services client know what method to call, what arguments to
pass, and what to expect in response? In fact, how does the client know to expect aresponse? The answersto al these
guestions are provided by information in an XML document, called the WSDL document, that contains a description of

the Web service's interface and semantics.

WSDL isan XML -based language for describing a Web
service.

A WSDL document contains information specified in Web Service Description Language (WSDL ), as defined in the
WSDL specification. WSDL defines an XML schema for describing a Web service. To uncover the description for a

Web service, aWeb services client needs to find the service's WSDL document. One way, perhaps the most typica way,
to do thisisfor the client to find a pointer to the WSDL document in the Web service's UDDI registration. (However the
UDDI specification doesn't mandate such alink.) A typical scenario isthat a business registersits servicein a UDDI
registry. The registry entry includes a pointer to a WSDL file that contains the WSDL document for the service. Another
business searches the registry and finds the service. A programmer uses the interface and semantic information in the
WSDL document to construct the appropriate calls to the service.

Describing the Abstract

WSDL dealsin the abstract. A WSDL document describes a Web service as a collection of abstract items called "ports’
or "endpoints’. A WSDL document also defines the actions performed by a Web service and the data transmitted to these
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actionsin an abstract way. Actions are represented by "operations’, and data is represented by "messages’. A collection
of related operations is known as a"port type". A port type constitutes the collection of actions offered by a Web service.
What turns a WSDL description from abstract to concreteis a"binding”. A binding specifies the network protocol and
message format specifications for a particular port type. A port is defined by associating a network address with a
binding. If arequester locates a WSDL document, and finds the binding and network address for each port, it can call the
service's operations according to the specified protocol and message format.

WSDL Document

What'sin aWSDL document? Here is an example. The exampleillustrates a WSDL document for a service that provides
stock quotes. Thisisthe service that was called in the exampleillustrated in A SOAP Refresher. Recall that the

application that requests this service supplies a symbol for a specific stock. The service responds with the current price
of the stock. Notice that the document contains the following elements:

definitions. In WSDL terms, the description of a Web service'sinterface isits "definition”, marked by the

defi ni ti ons element. Thisisthe root element inaWSDL document. A def i ni t i ons element specifies aname
for the definition (in this example, St ockQuot e) and points (using URIs) to pertinent namespaces. All WSDL files
need to point to a WSDL namespace, a SOAP namespace, and an XML Schema Definition (XSD) namespace. A WSDL
file can aso point to atarget namespace for the associated Web service. In this example, atarget namespace for the Web
serviceislocated at the URI ht t p: / / exanpl e. coni st ockquot e. wsdl . Hereis part of the complete definitions
structure for the stock quote service:

<definitions nanme="St ockQuot e"
t ar get Nanespace="htt p: // exanpl e. com st ockquot e. wsdl "
xm ns:tns="http://exanpl e. conf st ockquot e. wsdl "
xm ns: xsd1="http://exanpl e. com st ockquot e. xsd"
xm ns: soap="http://schenas. xm soap. or g/ wsdl / soap/"
xm ns="http://schemas. xnl soap. org/ wsdl /" >

types. This structure, marked by thet ypes element, contains data type definitions using some type system (such as
XSD). WSDL usesasmall set of primitive data types that are defined in XSD. Using the types structurein aWSDL
document, you can define complex types that build on these basic types. These types can then be used in the operations
defined for the Web service. Notice that the example defines two complex types, one that contains an element named
ti cker Synbol that isbased on the primitive data type string, and another complex type that contains the element
pri ce that is based on the primitive data type float. Here is the types structure for the stock quote service:

<types>
<schema t ar get Nanespace="http://exanpl e. com st ockquot e. xsd"
xm ns="http://ww. w3. or g/ 2000/ 10/ XM_Schema" >
<el ement name="Tr adePri ceRequest " >
<conpl exType>
<al | >
<el enent nane="ti cker Synbol "
type="string"/>
</all>
</ conpl exType>
</ el emrent >
<el ement name="TradePrice">
<conpl exType>

<al | >
<el enent nane="price" type="float"/>
</all>

</ conpl exType>
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</ el enent >
</ schenma>
</types>

message. The message element describes datathat is passed to and from the operations defined for the Web service.
An operation identifies an action or set of actions offered by the Web service. In essence, a message describes the
parameters that are passed to and from an operation. Messages are made up of parts (marked by the par t element). This
allows for multi-part data to be passed to an operation, for example, a purchase order with an accompanying invoice can
be passed to an auditing service. In the St ockQuot e example, two messages are defined:

Get Last TradePri cel nput and Get Last Tr adePr i ceQut put . Each isaone-part message. Notice that
TradePr i ceRequest isthepart defined in Get Last Tr adePr i cel nput . Recall that it was defined in the type
structure as containing thetypet i cker Synbol . Tr adePr i ce, the part defined in Get Last Tr adePr i ceQut put ,
was defined in the type structure as containing the type pr i ce. Here are the messages defined for the stock quote
service:

<nessage name="Cet Last TradePri cel nput ">
<part nanme="body" el ement="xsdl: TradePri ceRequest"/>
</ message>

<nessage name="Cet Last TradePri ceQut put ">
<part nanme="body" el enent="xsdl: TradePrice"/>
</ message>

port type. The por t Type structure defines the operations and messages for the Web service. In other words, it
identifies the distinct actions provided by the Web service, and the data passed to each one. Each operation in the

port Type structure is marked with the oper at i on element. The port type structure has a grammar that identifies the
message-passing protocol for the operation, for example, one-way or request-response. Notice the one operation defined
in the St ockQuot e example. The port type in the example has agrammar for a request-response protocol. The
operation named Get Last Tr adePr i ce specifies an input message (Get Last Tr adePr i cel nput ) and a output
(response) message (Get Last Tr adePr i ceQut put ). Remember that Get Last Tr adePr i cel nput hasthe type
ti cker Synbol ,and Tr adePri ce hasthetypepri ce. This meansthat the Get Last Tr adePr i ce operation
takesat i cker Synbol asinput, and returnsapri ce. Here'sthe port type defined for the stock quote service:

<port Type nanme="St ockQuot ePort Type" >
<oper ati on name="Cet Last TradePri ce">
<i nput nessage="tns: Get Last TradePri cel nput"/>
<out put nessage="tns: CGet Last TradePri ceQut put"/ >
</ operati on>
</ port Type>

binding. The bi ndi ng structure defines the message format and protocol details for operations and messages
associated with a particular por t Type. Typicaly the bi ndi ng structure identifies SOAP as the protocol for the
binding. Thisisthe casein the St ockQuot e example. Notice that the bi ndi ng structure in the example specifies
additional SOAP-specific information. The soap: oper at i on element specifies a SOAPAction header URI of

htt p: / / exanpl e. com Get Last Tr adePr i ce. The URI indicates the intent of the message (in this case, a SOAP
message). Thisalowsit to perform conditional processing based on the presence of the SOAPAction header. The

I nput and out put elementsin the binding indicates that the input and output messages to and from

Get Last Tr adePr i ce reference a concrete schema definition using type attribute. Here's the binding defined for the
stock quote service:

<bi ndi ng name=" St ockQuot eSoapBi ndi ng" type="tns: St ockQuot ePort Type">
<soap: bi ndi ng styl e="docunent™” transport=
"http://schemas. xm soap. or g/ soap/ http"/>
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<oper ati on nane="Cet Last TradePri ce" >
<soap: oper ati on soapActi on=
"http://exanpl e. conf Get Last TradePrice"/>
<i nput >
<soap: body use="literal"/>
</i nput >
<out put >
<soap: body use="literal"/>
</ out put >
</ operation>
</ bi ndi ng>

service. Theser vi ce structure defines a collection of related por t s that comprise a Web service. Each port identifies
abinding and an address for the binding. In the St ockQuot e example, aservice named St ockQuot eSer vi ce is
defined to have one port St ockQuot ePor t . The binding for the port is St ockQuot eBi ndi ng and the address for
thebindingisht t p: / / exanpl e. cont st ockquot e. Here's the service structure defined for the stock quote
service:

<servi ce nanme="St ockQuot eServi ce" >
<docunentati on>My first service</docunentation>
<port name="St ockQuot ePort" bi ndi ng="tns: St ockQuot eBi ndi ng" >
<soap: address | ocation="http://exanpl e.coni st ockquote"/>
</ port>
</ service>

Javarm Web Services Developer Pack
Part 2: RPC Calls, Messaging, and the JAX-RPC and JAXM API

JAX-RPC

JAX-RPC isaJava APl for accessing Web services
through XML (SOAP-based) RPC calls. It allows a
Java-based client to call Web service methodsin a
distributed environment, for example, where the client
and the Web service are on different systems. From an application developer's point of view, JAX-RPC provides away
to call aWeb service. From aWeb service developer's point of view, it provides a way to make a Web service available
so that it can be called from an application.

JAXR-RPC isa Java API for making RPC callsthat
conform to SOAP specifications.

Although JAX-RPC isaJava AP, it doesn't limit the client and the Web service to both be deployed on a Java platform.
A Java-based client can use JAX-RPC to make SOAP-based RPC calls to Web service methods on a non-Java platform.
A client on anon-Java platform can access methods in a JAX-RPC enabled Web service on a Java platform.

Also, though JAX-RPC offers away to make SOAP-based RPC calls, it's designed to hide the complexity of SOAP.
When you use JAX-RPC to make an RPC call, you don't explicitly code a SOAP message. Instead you code the call in
the Java programming language, using the Java API. JAX-RPC converts the RPC call to a SOAP message and then
transports the SOAP message to the server. The server converts the SOAP message and then processesit. Then the
sequence is reversed. The server converts the response to a SOAP message and transports it back to the client.

In order to understand and use JAX-RPC, it'simportant to understand some basic concepts. These concepts include:
 Service endpoints

o Artifacts
o Java-WSDL/XML mappings




The Java(TM) Web Services Developer Pack, Part 2

« Bindings
o Stubs, dynamic proxies, and dynamic invocation

After you're familiar with these concepts, see the JAX-RPC Example.

Service Endpoints

JAX-RPC relieson WSDL for a description of Web services. WSDL describes a Web service as a collection of ports,

also called endpoints, that operate on messages. Each of these endpoints identifies the distinct actions provided by the
Web service, and the data passed to each action. In JAX-RPC, requests are directed to endpoints.

JAX-RPC's reliance on WSDL isimportant for
interoperability. WSDL defines an XML schemafor
describing a Web service, not a Java schema. Because
JAX-RPC doesn't limit the client and the Web service to
both be on a Java platform, it needs away for aWeb
service to be defined such that the definition is
recognized on multiple platforms. WSDL provides for this platform-independent definition.

In JAX-RPC, requests are directed to endpoints. To
make a Web service available to clients through
JAX-RPC, a Web service developer needsto providea
JAX-RPC service endpoint definition.

To make a Web service available to clients through JAX-RPC, a Web service developer needs to provide a JAX-RPC
service endpoint definition. This involves defining two Java classes for each endpoint: one that defines the JAX-RPC
service endpoint interface, and the other that implements the interface. At this point you might ask "what about a Web
service that's not on a Java platform?* For these services, a Web service developer can use a mapping tool to generate the
JAX-RPC service endpoint definition from aWSDL document. See JavaaWSDL/XML Mappings for more details.

The service endpoint interface describes the remote interface to the client. In other words, it identifies the remote
methods that can be called by the client and the method signatures. The implementation class provides the code to be
executed for each method. Here, for example, is a Java class that defines a service endpoint interface,

St ockQuot ePr ovi der , for astock quote service. Only one method is defined in the interface:

get Last Tr adepri ce. The method takes as input a string that represents aticker symbol, t i cker Synbol , and
returns a float value (the last traded price for the stock represented by the ticker symbol).

i nport java.rm . Renote;
I mport java.rm . Renot eExcepti on;

public interface StockQuoteProvider extends Renote {

public float getlLastTradePrice(String tickerSynbol)
t hrows Renot eExcepti on;
}

Notice that the service endpoint definition extends the

j ava. r m . Renot e interface, and the method declares
that it throwsaj ava. rmi . Renot eExcepti on
exception. These are JAX-RPC requirements. All
JAX-RPC service endpoint definitions must extend the

j ava. rm . Renot e interface, and their methods must
declare that they throw aj ava. r m . Renot eExcept i on exception. There are other rules that govern JAX-RPC
service endpoint interfaces. For example, method parameters and return types must be JAX-RPC supported types.

All JAX-RPC service endpoint definitions must extend
thej ava. rm . Renot e interface, and their methods
must declarethat they throw a

j ava. rm . Renot eExcept i on exception.

The service devel oper would then need to provide the implementation class for the get Last Tr adePr i ce method. It
would look something like this:

i mport java.xm .rpc.server. ServicelLifecycl e;
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public class StockQuoteService inplenents
St ockQuot eProvi der, Servi celLifecycle {

public float getlLastTradePrice(String tickerSynbol)

{
/] Code for the nethod

}

Notice that the class implementsthe Ser vi ceLi f ecycl e interface aswell asthe St ockQuot ePr ovi der
interface. The JAX-RPC runtime system uses the implementation of the Ser vi ceLi f ecycl e interface to manage the
lifecycle of the service endpoint class. For example, the runtime system uses the implementation of methods in the
Servi celLi f ecycl e interface to initialize and eliminate instances of the service endpoint class.

After aservice endpoint is defined, it's deployed in a container that implements the JAX-RPC runtime system on the
server. For example, the service endpoint can be deployed as a servlet in a servlet container, or a stateless session bean in
an EJB container. The JAX-RPC specification defines a non-normative deployment descriptor for an endpoint deployed
in aservlet container. The JAX-RPC Reference Implementation, which is part of Java WSDP 1.0_01 FCS, supports only
deployment in a servlet container.

Artifacts

In order to handle communication between a client and a service endpoint, JAX-RPC needs various classes, interfaces,
and other files on both the client and server side of the communication. These files are collectively called artifacts. An
implementation of JAX-RPC must provide atool to generate these artifacts. The specification does not require any
specific tool to do this -- it's implementation dependent. In the Java WSDP, the tool is wscompile.

Among the required artifacts for client-server
communication, are stubs, ties, serializers, and
deserializers. Stubs are classes that represent a service
endpoint on the client. Thisallows a JAX-RPC client to
invoke a remote method on a service endpoint as though
the method were local. Y ou can learn more about stubsin
Stubs. A tieisthe server-side analog to a stub. It
represents the service endpoint on the server. Serializers
and deserializers are classes that are used to seridize a
Javatypeto XML, or XML to Java, respectively.

Use a mapping tool, such asthe wscompiletool in the
Java WSDP, to generate artifacts such as stubs, ties,
serializers, and deserializers. You can also usethe
wscompile tool to producea WSDL document from a
JAX-RPC service endpoint definition, or produce a
JAX-RPC service endpoint definition from a WSDL
document.

Java-WSDL/XML Mappings

Recall that JAX-RPC relieson WSDL for the description of Web services. In fact, being able to access a WSDL
description of aWeb service is arequirement for JAX-RPC interoperability -- remember JAX-RPC does not require both
the client and server to be on a Java platform. To meet this WSDL requirement, all JAX-RPC implementations must be
able to produce a WSDL document from a service endpoint definition. The JAX-RPC specification defines the mapping
between the definition of a JAX-RPC service endpoint and a WSDL service description. For example, it specifiesthat a
service endpoint interface is mapped to aWSDL por t Type structure, and the methods defined in the service endpoint
interface are mapped to oper at i on elementsinthepor t Type structure. A JAX-RPC implementation must be able to
produce a Web service description according to the mappings defined in the JAX-RPC specification. Asisthe case for
generating artifacts, the specification does not require any specific tool to do this. In the Java WSDP, the tool is
wscompile. In other words, you can use the wscompile tool to generate artifacts such as stubs and ties, and also useiit to
produce aWSDL document from a JAX-RPC service endpoint definition. The tool also worksin reverse -- you can use
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it to produce a JAX-RPC service endpoint definition from a WSDL document. Here, for example, isaWSDL document
that the wscompile tool generates for the St ockQuot eSer vi ce service endpoint.

The JAX-RPC specification aso lists the Java data types that a JAX-RPC implementation must support. For example, it
requires support for Java primitive data types such asbool ean, byt e, i nt , and doubl e. In addition, it specifiesthe
mapping of each supported Java data type to an XML datatype, that is, a data type defined in XSD (XML Schema
Definition language). For example, the Java datatype bool ean mapsto the XML datatype xsd: bool ean.
Complying with these specifications, enables JAX-RPC implementations on the client and server to interchange method
parameters and return datain an intelligible way.

Bindings

Notice the bi ndi ng element in the WSDL document
that the wscompile tool generated for

St ockQuot eSer vi ce. In generating aWSDL
document, a mapping tool configures one or more
protocol bindings for each service endpoint. The binding
ties an abstract service endpoint definition to a specific
protocol and transport. The binding in the

St ockQuot eSer vi ce exampleis SOAP 1.1 over
HTTP. It'simportant to note that the JAX-RPC specification does not mandate any specific XML -based protocol for
exchanging and transporting information. However, the specification does state that " An interoperable JAX-RPC system
isrequired to support the SOAP 1.1 with attachment protocol." What this meansis that for interoperability, a JAX-RPC
implementation must support SOAP 1.1 with attachments, but additional protocols can be supported. Similarly, the
JAX-RPC specification requires an implementation to support HTTP 1.1 network transport protocol. However an
implementation can support additional transport protocols. The JAX-RPC 1.0 reference implementation supports SOAP
1.1 and SOAP 1.1 with Attachments as the XML -based protocols for information exchange, and HTTP 1.1 as the
network transport protocol.

The JAX-RPC specification does not mandate any
specific XM L-based protocol for exchanging and
transporting information. But it doesrequire an
inter operable JAX-RPC system to support the SOAP
1.1 with attachment protocol and the HTTP 1.1
network transport protocol.

Stubs, Dynamic Proxies, and Dynamic Invocation

A JAX-RPC client can invoke a remote method on a service endpoint in various ways.
« It caninvoke the remote method through alocal object called a stub.

¢ |t can use adynamic proxy to invoke the method.

« It can dynamically invoke the method using the JAX-RPC Dynamic Invocation Interface (DI1).

Stubs

Stubs are used when a JAX-RPC client knows what
method to call and how to call it (for example, what
parameters to pass). |nvoking a remote method through a
stub islike invoking a remote method using the Java
Remote Method Invocation (RMI) system. Asisthe case for RMI, in JAX-RPC, a stub is designed to simplify remote
method calls, that is, by making them appear like local method calls. A local stub object is used to represent aremote
object. To make aremote method call, al a JAX-RPC client needs to do is make the method call on the local stub. The
stub (using the underlying runtime environment) then formats the method call and directs it to the server -- this processis
called marshalling. On the server, aclass called atie (also called a skeleton) unmarshals this information and makes the
call on the remote object. The processis then reversed for returning information to the client.

A stub isdesigned to simplify remote method calls, that
is, by making them appear likelocal method calls.

The following figure illustrates what happens when a JAX-RPC client invokes a remote method through a stub.
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RPC Call on the client:

1. A client application makes an RPC call
on alocal object called a stub.

2. The stub converts the RPC call to
JAX-RPC runtime system requests.

3. The JAX-RPC runtime system maps
the requests to a SOAP message and
transmitsit as part of an HTTP request.

RPC response on the client:

10. The JAX-RPC runtime system
extracts the SOAP message and maps it
to aresponse on the stub.

11. The stub returns the response to the
client application.

12. The client application gets (and
processes) the response.

RPC Call on the the server:

4. The JAX-RPC runtime system
extracts the SOAP message from
the HTTP request, and mapsit to a
method call on alocal object called
atie.

5. Thetie invokes the method call
on the Web service.

6. The Web service processes the
request.

RPC response on the server:

7. The Web service returns the
response.

8. Thetie converts the response to
JAX-RPC runtime system requests.

9. The JAX-RPC runtime system
maps the response to a SOAP
message and transmits it as part of
an HTTP request.

As mentioned in Artifacts, an application developer uses a mapping tool, such as the wscompile tool, to generate the stub

(aswell as other artifacts). There are actually two ways to generate the stub. The stub can be generated from the service
endpoint definition or from a WSDL document. An application developer can use the wscompile tool to generate the
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stub using either approach.

In order to use astub, it hasto be configured with information such as the service endpoint address. If a stub is generated
from aWSDL document, the mapping tool configures the stub using information in the WSDL document. However if
the stub is generated from a service endpoint interface, the developer needs to provide the configuration information.
JAX-RPC providesaclient-side API, j avax. xm . r pc. St ub, to specify thisinformation.

Here, for example, is part of what the code might look like for a client class that uses a stub to invoke the
get Last Tr adePr i ce method. In this example, the stub was generated from a service endpoint definition:

i mport javax.xnl.rpc. Stub;
I mport javax.xm . rpc. JAXRPCExcepti on;

public class Sqgpdient {
public static void main(String[] args) {
try {
St ockQuot eProvi der _Stub sgp =
( St ockQuot ePr ovi der _St ub) (

new St ockQuot eService_ I npl (). get St ockQuot eProvi derPort());

sqgp. _set Property(

St ub. ENDPO NT_ADDRESS PROPERTY,

“http:// ...")
fl oat quote = sqp. getlLast TradePri ce(
"ACME") ;

} catch (Exception ex) {
ex. printStackTrace();
}

}

Notice how the client class gets an instance of the stub. The JAX-RPC specification does not specify a standard way to
do this. The approach used here assumes that the stub was generated using the wscompile tool. The

St ockQuot eSer vi ce_| npl classisaclient-side implementation class that is generated by the wscompile tool for
the St ockQuot eSer vi ce service endpoint. The St ockQuot eSer vi ce_I npl class provides a method,

get St ockQuot ePr ovi der Por t , to get areference to the stub for the endpoint. Also notice how the endpoint
address is set on the stub using the _set Pr oper t y method. Finally, notice the JAXRPCExcept i on class.
JAXRPCExcept i on isthrown from the core JAX-RPC APIs to indicate an exception related to the JAX-RPC runtime
system.

Dynamic Proxies

A dynamic proxy isaclass that dynamically supports service endpoints at runtime, without the need to generate stubs. A
client creates a dynamic proxy by calling the get Por t method of the interfacej avax. xm . r pc. Servi ce.In
making the call, the client specifies the port for a service endpoint and the service endpoint interface. The method returns
adynamically built implementation of the service endpoint. The client can then invoke a method on the dynamic proxy.
For example, here iswhat the code might look like for aclient class that uses a dynamic proxy to invoke the

get Last Tr adePr i ce method:

I nport java. net. URL;

I mport javax.xm .rpc. Service;

i mport javax.xm . rpc. JAXRPCExcepti on;
I nport javax.xm . nanespace. QNane;
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i mport javax.xm . rpc. Servi ceFactory;

public class Sgpdient {

public static void main(String[] args) {

try {
String Ul String = "http://...";
String nameSpaceUri = "http://proxy.org/wsdl";
String serviceNane = "StockQuot eService";

String portNane = "StockQuot eProviderPort";
URL sgpWsdl Url = new URL(Url String);

Servi ceFactory serviceFactory =
Servi ceFactory. newl nst ance();

Servi ce sgpService =
servi ceFactory. creat eServi ce(sqpWdl Url ,
new QNane( nanmeSpaceUri, serviceNane));

St ockQuot eProvi der sqp =
(St ockQuot eProvi der) sqgpService. get Port (
new QNane( nanmeSpaceUri, portNane),
St ockQuot ePr ovi der. cl ass) ;

fl oat quote = sqp. getlLastTradePrice("ACVE");

} catch (Exception ex) {
ex. print StackTrace();
}

}

Notice how the client classusesthe cr eat eSer vi ce method of the Ser vi ceFact or y classto create an instance of
the service. The method takes as input the URL of the WSDL document location for the service, and a QNanme object
that provides the qualified name for the service.

Dynamic Invocation Interface (DIl)

Sometimes a JAX-RPC client needs to invoke a remote method dynamically. For example, consider a scenario where the
client doesn't know the remote method name or its signature until run time. In cases like these, the client can use the
JAX-RPC Dynamic Invocation Interface (DI1). Asisthe case for dynamic proxies, dynamic invocation does not involve
the use of stubs.

To usetheDII, aclient:

« CreatesaCal | object. The object provides an in-memory model of the WSDL description of aservice. The
JAX-RPC Ser vi ce class acts as afactory for these objects.

» Createsthe call using one of thecr eat eCal | methods on the Ser vi ce object. The configuration of aCal |
object includes the following properties:

o The name of a specific operation
o The port type for the service endpoint
o Binding properties such as the SOAPAction header URI for the SOAP bindingto HTTP
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o The name, type, and mode of input and output parameters
o Thereturn type

If the service endpoint implementation was generated from a WSDL document, the WSDL description can
provide most of the configuration information. Otherwise, a client uses setter methods to specify the configuration
information.

« Invokesthe remote method on the Cal | object.

DIl supports two types of invocation: synchronous request-response mode and one-way mode. In synchronous
request-response mode invocation, the client usesthei nvoke method of the Cal | object to invoke a remote method.
The client then waits (specifically, the client thread blocks) until the operation is complete, that is, until aresponse (or
exception) isreturned. In one-way invocation mode, the client usesthei nvokeOneWay method of the Cal | object to
invoke aremote method. In this case, the client doesn't block -- in other words, the client continues processing without
waiting for the operation to complete.

Hereis an example of aclient that uses DII:

i nport javax.xm .rpc.Call;

I mport javax.xm .rpc. Service;

i mport javax.xnl.rpc. Paranet er Mode;

I mport javax.xm . rpc. JAXRPCExcepti on;
i nport javax.xm . nanespace. QNane;

I mport javax.xnl . rpc. ServiceFactory;

public class SgpCient {

private static String gnaneService =
" St ockQuot eSer vi ce";
private static String gnanePort =
" St ockQuot eProvi der Port";
private static String ENCODI NG STYLE PROPERTY =
"javax.xm .rpc. encodi ngstyl e. nanespace. uri";
private static String NS _XSD =
"http://ww. w3. org/ 2001/ XM_Schema" ;

public static void main(String[] args) {
try {
factory = Servi ceFactory. new nstance();
Service service =
factory. createServi ce(new QNanme(
gnhaneServi ce) ) ;
Q\ane port = new QNanme(gnanePort);
Call call = service.createCall(port);

cal | . set Tar get Endpoi nt Addr ess(
endpoi nt Addr ess) ;

cal | . set Property(
Cal | . SOAPACTI ON_USE_PROPERTY,
new Bool ean(true));

cal | . set Property(
Cal | . SOAPACTI ON_URI _PROPERTY,

")
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}

cal | . set Property( ENCODI NG_STYLE PROPERTY,
URI _ENCODI NG) ;

cal | . addParaneter ("String_1", OQNAME TYPE_STRI NG
Par anet er Mode. I N) ;

cal |l . addParaneter ("String_2", ONAME TYPE_STRI NG
Par anet er Mbde. OUT) ;

call.setReturnType( QNAMVE_TYPE | NT) ;

cal | . set Oper ati onName(
new QNane( BODY_NAMESPACE VALUE,
"get Last TradePrice"));

oj ect[] inParams = new Cbject[] {"ACVE'};

Integer ret = (Integer) call.invoke(inParans);

Map out Paranms = cal | . get Qut put Par ans() ;

String QutValue = (String)outParans. get ("paranm");

} catch (Exception ex) {
ex. print StackTrace();

In this example:

Thenewl nst ance method of the Ser vi ceFact or y class createsa Ser vi ceFact or y object.

Thecr eat eSer vi ce method of the Ser vi ceFact or y object createsa Ser vi ce object. The method call
specifies aqualified name for the service.

Thecr eat eCal | method of the Ser vi ce object createsa Cal | object. The method call specifies aqualified
name for the service endpoint.

Setter methods such asset Tar get Endpoi nt Addr ess and set Oper at i onNane are used to configure the
Cal | object.

Theset Property method is used to set standard properties that are listed in the JAX-RPC specification, such
as SOAPACTI ON_USE_PROPERTY which indicates whether or not SOAPAction is used. In this example,
SOAPACTI ON_USE PROPERTY issettot r ue, so SOAPAction is used.

TheaddPar anet er method is used to add a parameter and type for the operation specified in the
set Oper at i onNane method. Note that the values of these parameters are obtained from the WSDL document
for the service.

Theset Ret ur nType method is used to set the return type for the operation specified in the
set Qper at i onNane method.

Thei nvoke method invokes the operation specified in the set Oper at i onName method, using a synchronous
request-response interaction mode. The method call specifies the input parameters for the invocation.

The get Qut put Par ans method returns a Map of { name, value} for the output parameters of the invoked
operation.

For amore complete DIl example, see A JAX-RPC Example.

JAX-RPC Packages

The JAX-RPC API comprises a number of packages. Two of the packages are used in the examples that illustrate how to



The Java(TM) Web Services Developer Pack, Part 2
use stubs, dynamic proxies, and the Dynamic Invocation Interface. Those packages are:

o javax. xml . r pc. This package contains the core JAX-RPC APIsfor the client programming model. This
includes interfaces and classes that are used by a JAX-RPC client.

The interfaces in the package are:

St ub Thisisthe common base interface for stub
classes. All generated stub classes are
required to implement the St ub interface.

Servi ce | Thisinterface provides support for creating a
dynamic proxy and for creating aCal |
object.

Cal | Thisinterface provides support for the
dynamic invocation of an operation on a
service endpoint.

An important classin the packageis:

Servi ceFactory | Thisisan abstract class that
provides afactory for creating
Ser vi ce objects.

« javax.xm . nanespace. This package contains a class that provides aqualified name. The classis:

Q\ane | Thisclass represents the value of an XML
qualified name as specified in XML Schema

Part2: Datatypes specification.

Other packages in the JAX-RPC API are intended primarily for JAX-RPC implementations. For example, they provide
interfaces and classes for Java- XML seriaization and deserialization, for handling SOAP messages, and for datatype

mapping.

Note that the JAX-RPC API also depends on another package, j avax. xmnl . soap, that is defined by the SOAP with
Attachments API for Java (SAAJ) 1.1 specification. Asits name implies, SAAJisan API that is used to represent a

SOAP message with attachments. The JAX-RPC API has a number of dependencies on the SAAJAPI. For example, it
uses elements of thej avax. xm . soap package to represent the mapping of literal fragmentsin a SOAP message.

The wscompile Tool

wscompile is a mapping tool provided in the Java WSDP to generate stubs, ties, and other artifacts. Y ou can aso use the
wscompile tool to produce aWSDL document from a JAX-RPC service endpoint definition, or produce a JAX-RPC
service endpoint definition from a WSDL document.

wscompile and a companion tool, wsdeploy, replace the xrpcc tool that was provided in earlier releases of
the Java WSDP. The xrpcc tool is still provided in Java WSDP 1.0_01, however its use is deprecated.

Y ou have the option of running the wscompile tool to produce only client-side artifacts such as stubs, server side
artifacts such asties, or both client and server-side artifacts. In any case, you need to provide a configuration file as input
to the tool. The configuration fileisan XML file that contains information needed by the tool, such as what artifacts to
generate, datafor the generated WSDL document (if aWSDL document is generated from a JAX-RPC service endpoint
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definition), or data for the generated service endpoint definition (if the service endpoint definition is generated from a
WSDL document).

Here is an example of a configuration file:

<?xm version="1.0" encodi ng="UTF-8"?>
<configuration xmns="http://java. sun.con’ xm / ns/ | ax-
rpc/ri/config">
<servi ce name="St ockQuote"
t ar get Nanespace="htt p:// exanpl e. com st ockquot e. wsdl "
t ypeNanmespace="htt p:// exanpl e. conf st ockquot e/ t ypes"
packageNane="st ockqt" >
<i nterface name="stockqt. St ockQuot ePr ovi der"
ser vant Nanme="st ockqt . St ockQuot eSer vi cel npl "/ >
</ service>
</ configuration>

Notice that the file startswith aconf i gur at i on element. This element identifies the namespace for the configuration
file, which awaysmust beht t p: / / j ava. sun. coml xm / ns/j ax-rpc/ri/config.Next, theservi ce
element identifies the input as coming from the service endpoint definition. Thisinformation will be used by the
wscompile tool to generate a WSDL document as well as artifacts. If the input was aWSDL document, the configuration
filewould specify awsdl element instead of aser vi ce element. In that case, the tool would use that information to
generate a service endpoint definition.
Theser vi ce element identifies:

o Thename of the service: St ockQuot e

« The namespace for the service: ht t p: / / exanpl e. coni st ockquot e. wsdl

« Thetype namespace for the service: ht t p: / / exanpl e. com st ockquot e/ t ypes

« The package name for artifacts generated by the wscompile tool: st ockqt

Thei nt er f ace element withinthe ser vi ce element structure identifies the service endpoint interface
(St ockQuot ePr ovi der ) and the interface implementation (the "servant name"): St ockQuot eSer vi cel npl .

In addition to the stubs and ties that it generates, the wscompile tool also generates amodel file. This model fileis
designed to be used by the wsdeploy tool in generating a deployable 2EE WAR (web archive) file for aWeb service.

The mode fileisan XML file that contains information about the service, such as dependency relationships.

To run the wscompile tool, you run ascript (in UNIX) or abatch file (in Windows). The UNIX syntax is:

wsconpi |l e. sh options config-fil enane

The Windows syntax is:

wsconpi | e. bat options config-fil enanme

where options are one or more control options for the wscompile tool, and config-filename is the name of a configuration
file.

Some of the wscompile options are:

-gen:both Generates client-side and server-side
artifacts (and depending on the contents of
the configuration file, aWSDL document or
a service endpoint definition)
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-gen:client | Generates client-side artifacts (and
depending on the contents of the
configuration file, aWSDL document or a
service endpoint definition)

-gen:server | Generates server-side artifacts (and
depending on the contents of the
configuration file, aWSDL document or a
service endpoint definition)

-keep K eeps the generated source files after they
are compiled

-Classpath | Specifies where to find the input classfiles

-d Specifies adirectory for generated output
-model Writes the generated model to the specified
file

If you invoke the wscompile tool without specifying an option, it will display the tool invocation syntax and a
description of all the options.

Here's an example of an wscompile tool invocation in UNIX. (Although shown on two lines, the command is specified
ononeline).

wsconpi | e. sh -gen: both -keep -d cl assout
-nmodel wscnodel . xm . gz config. xm

Assume that the contents of the configuration file (conf i g. xm ) are the same as shown in the earlier configuration file
example. As aresult, the wscompile tool will generate client-side and server-side artifacts. It will also generate a WSDL
document from the service endpoint definition identified in the configuration file. Source files that are generated by the
wscompile tool will be kept, the generated classes will be placed inthe cl assout directory, and the model will be
written to filewscnodel . xnl . gz.

The wsdeploy Tool

wsdeploy isatool provided in the Java WSDP to generate a deployable WAR file for aservice. The tool takes asinput a
“raw" (that is, not yet deployable) WAR file for the service, and generates a deployable WAR file. A raw WAR file
contains the following components:

« META-INF
o MANIFEST.MF Containsinformation about the file packaged in the WAR file.
« WEB-INF
o web.xml Containsinformation about the service, such asits display hame and description.
0 model.xml.gz A compressed version of the model.
0 jaxrpc-ri.xml The deployment descriptor for the service.
0 classes A directory that contains the bulk of the components.

Typically, you create araw WAR file with a GUI development tool or through a build tool such asthe Ant Build Tool
packaged in the Java WSDP. A deployable WAR file contains an updated version of the web.xml component. The
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updated version contains additional information about the service, such as the servlet class for the service endpoint. The
deployable WAR file also contains a runtime deployment descriptor, jaxrpc-ri-runtime.xml. The descriptor contains
runtime information, such as the classfor thetie.

In generating the file, wsdeploy examines the deployment descriptor, jaxrpc-ri.xml. If the deployment descriptor
identifies amodel file, the information in the model file is used in generating the deployable WAR file. If the
deployment descriptor does not identify a model file, the wsdeploy tool generates the model.

Also, note that in generating the file, wsdeploy runs wscompile with the -gen:server option. In other words, wsdeploy
generates server-side artifacts (such as atie), and can also generate a WSDL document or a service endpoint definition.
So rather than running wscompile explicitly to generate server-side artifacts (and possible aWSDL document or a
service endpoint definition), you can run wsdeploy to generate the same artifacts, classes, and WSDL file.

To run the wsdeploy tool, you run a script (in UNIX) or abatch file (in Windows). The UNIX syntax is:

wsdepl oy. sh options war-fil enane

The Windows syntax is:

wsconpi |l e. bat options war-fil enane
where options are one or more control options for the wsdeploy tool, and war-filename is the name of araw WAR file.

Some of the wsdeploy options are:

-0 Specifies where to place the generated WAR
file (thisisarequired option)

-keep Keeps temporary files generated during the
process

-classpath | Specifies where to find the input classfiles

-tmpdir Specifies adirectory for temporary files

If you invoke the wsdeploy tool without specifying an option, it will display the tool invocation syntax and a description
of all the options.

Here's an example of an wsdeploy tool invocation in UNIX:

wsdepl oy. sh -0 target.war raw war

In this example, the wsdeploy tool will take the raw WAR file, r aw. war , and generate a deployable version, named
target . war.

A JAX-RPC Example

This section presents an example of JAX-RPC in use. The exampleis based on a
sample application that uses JAX-RPC (aswell as JAXM) to access Web services.
The example aso uses tools, such as the wscompile tool, that are provided in the
Java WSDP. For instructions on building and running the sample application, see
Build and Run the Sample Application.
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Part 1 of this series presented an example that illustrated how a fictitious company named BooksToGo used JAXR to
register a Web service, and how another fictitious company, BoomingBusiness.com, used JAXR to discover the service.
Recall that BoomingBusiness.com provides a Web site to its employees. The Web siteis a portal to avariety of
employee services. One of the services that BoomingBusiness.com plans to make available through its Web siteisan
online service for ordering books. BooksToGo is a provider of that service. (The BoomingBusiness.com employee portal
will access the book ordering service using JAXM. Thisis explained further in A JAXM Example.)

Let's extend the example. Assume that BoomingBusiness.com decides to add another employee serviceto itsportal: a
retirement planning service. Using this service, an employee could search for available retirement funds, identify which
companies provide those funds, and then get quotes from prospective providers for their services. The employee could
then select a provider, and invest money in the funds of choice.

Aswas the case for the book ordering service, BoomingBusiness.com wants to implement this extension as a Web
services-based solution. In particular, BoomingBusiness.com plans to extend the portal so that when an employee
requests the retirement planning service, an underlying program dynamically searches a business registry for retirement
fund providers. BoomingBusiness.com's I T staff further decides to use JAX-RPC for client-to-provider interactions such
as getting alist of funds that the providers offer, and getting quotes from providers.

Pan American Services and Retirements Specialists are two companies that specialize in providing retirement services.
They are both retirement fund providers. Both companies want to make their retirement services available to clients
through JAX-RPC. Let's examine what the retirement fund providers do to make their retirement services available to
clients through JAX-RPC. Then let's examine what BoomingBusiness.com does to access the retirement services through
JAX-RPC.

The retirement fund providers take the following actions:
» Provide the Service Endpoint Interface

« Reqgister the Retirement Service

« Generate the Artifacts

o Deploy the Service

BoomingBusiness.com takes the following actions:
o Createthe Client

Provide the Service Endpoint Interface

For the purposes of this example, assume that the retirement service providers have agreed to support a service endpoint
interface named Ret i r ement Ser vi cel F. Hereis part of the source code for the Ret i r enent Ser vi cel F class:

i mport java.rm . Renote;
I nport java.rm . RenoteException;

public interface RetirenentServicel F extends Renote {

public String[] getAvail abl eFunds( )
t hrows Renot eExcepti on;

publ i ¢ doubl e get Quot g(
Fundl nfo[] reqFunds, doubl e nonthlyl nvest nent )
t hrows Renot eExcepti on;

public String confirmuote(
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Fundl nfo[] reqFunds, doubl e nonthlyl nvest nent,
Enpl oyeel nfo ei) throws RenoteException;

}

The source code shown for the service endpoint interface defines three methods:
« get Avai | abl eFunds. This method returns the retirement funds offered by a provider.

« get Quot e. Thismethod returns a quote from each provider that offersall the funds that the client requests. The
input parameters to the method are an array (r eqFunds) that contains the names of the requested retirement
funds, and a monthly investment amount (nont hl yl nvest nent ) for each fund.

« confirmQuot e. Thismethod confirms that a client has accepted a provider's quote. Like the get Quot e
method, the input parameters to the conf i r mQuot e method are an array of requested funds, and the monthly
investment amount. The method also takes as input an Employeelnfo object ei that contains information about
the employee who is investing in the retirement funds.

To see the complete source code for the Ret i r emrent Ser vi cel F class used in the sample application, ook here.

Each retirement fund provider implementsthe Ret i r ement Ser vi cel F service endpoint interface. For example, here
is part of the source code for the implementation class provided by Pan American Services. To make things simpler for
this example, the funds provided by Pan American Services are specified in the class. In areal-life example, the class
would probably access a database to get the names of the funds.

public class PanAmericanRSI npl inplenents
Reti renent Servi cel F {
public String providerName="PanAneri can";
private Vector avail abl eFunds = nul |;

publ i c PanAneri canRSI npl ()

{
avai | abl eFunds = new Vector ();
avai | abl eFunds. addEl enent ("OA d age funds");
avai | abl eFunds. addEl enent (
"Happy ol d days funds");
avai | abl eFunds. addEl enent (" Sunri se funds");
}
public String[] getAvail abl eFunds ( ) {
if ( availableFunds == null ) {
return null;
}
String[] aFunds =
new String[ avail abl eFunds. si ze() ];
avai | abl eFunds. copyl nto( (Object[])aFunds );
return aFunds;
}

publ i ¢ doubl e get Quot e(
Fundl nfo[] rFunds, double nonthlylnvestnment ) {

for ( int i=0; i<rFunds.length; i++ )
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{
Fundinfo fi = rFunds[i];
System out. printl n("Requested :"
+ fi.get FundNane() + "="
+ fi.get FundPercent() );
if ( 'avail abl eFunds. cont ai ns(
fi.getFundNane() ) ) {
return O;
}
}

return 3.0:;

}
public String confirmuote( Fundlnfo[] rFunds,
doubl e nont hl yl nvest nent
Enpl oyeel nfo ei ) {

for ( int i=0; i<rFunds.length; i++ )

{
Fundlnfo fi = rFunds[i];
Systemout. println("Requested :"
+ fi.get FundNanme() + "="
+ fi.get FundPercent () );
}

return "Fund Request confirnmed";

}

To see the complete source code for the PanAmrer i canRSI npl implementation class used in the sample application,
look here.

After coding the classes for the service endpoint definition, the service providers compile the classes.

Register the Retirement Service

Pan American Services and Retirements Specialists use the JAXR API in the Java WSDP package to register their
retirement services. They choose to register the servicesin aUDDI registry. (In the sample application, the UDDI
registry used is the Java WSDP Registry Server v1.0_02 provided in the Java WSDP v1.0_01.) For a description of the
stepsinvolved in registering a Web service, see the JAXR example in Part 1 of this series.

Each provider publishes information about its retirement service. For example, Pan American Retirement Service
publishes the following information:

Name

Business | Pan American Services
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Contact Primary Contact: Bhakti Mehta
Information Phone number: (408)1234567
Email Address: bhakti.mehta@panamerican.com

Classification | NAICS (Pension Funds, 52511)

Scheme

(classification,

code)

Service Retirement Service

Service Description: JAXRPC-FCS (SOAP/HTTP) based binding
Binding Access Point:

http://local host:8080/PanA mericanRS/jaxrpc/RetirementServicel F

Notice the classification code, 52511. Thisisthe North American Industry Classification System (NAICS) code for

pension funds (in other words, retirement funds). To find retirement fund providers, BooomingBusiness.com's
application program will query aregistry for entries that have the pension fund code in their classification.

Notice too the binding information: JAXRPC-FCS (SOAP/HTTP) based binding. This identifies the service as accessible
through JAX-RPC. In looking for retirement fund providers, BooomingBusiness.com's application program will look for
entries that meet this criteria. The access point identifies the URL for the service endpoint. JAX-RPC clients will specify
this URL to contact the service. In this example, the URL isalocalhost URL, so that the service endpoint is actualy on
your machine. In areal Web service deployment, the service endpoint would probably be on a different machine.

The sample application includes a class that registers the retirement services. To see the source code for the class, ook
here.

Generate the Artifacts

Each retirement service provider uses the wscompile tool to generate the artifacts needed for a client to access and use
the service. For example, here is acommand that Retirement Specialists executes in the UNIX environment to generate
the artifacts (although shown on two lines, the command is entered on one line):

wsconpi | e. sh -classpath tool cl ass -gen: both -keep
-d classout -nodel nodelfile config.xm

toolclass, classout, and modelfile are representative. Retirement Specialists specifies actual class paths for toolclass and
classout. They specify afile name (and path) for modelfile. Based on the options specified in the command, the
wscompile tool generates both client-side and server-side artifacts, keeps source files that it generates, and puts the
generated classesin the cl assout directory. It also creates and stores the model file in the location identified by
nodel fil e.

In the sample application, the wscompile tool isinvoked from an XML file. Here are the contents of the file. Notice the

part of the file that invokes the wscompile tool. For example, here's the XML code that invokes the wscompile tool in
UNIX for Retirement Specialists:

<target nane="wsconpile-retirenentspecialists"
i f="1sNot Wndows" >
<echo nessage="wsconpiling retirenent specialists..."/>
<exec execut abl e="${JWSDP_HQOVE}/ bi n/ wsconpi | e. sh" >
<arg line="-classpath ${buil d}/jaxrpc-providers"/>
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<arg |ine="-gen: both"/>
<arg |line="-keep"/>
<arg line="-d ${buil d}/jaxrpc-providers"/>
<arg line="-nodel "/ >
<arg line="-d ${build}/jaxrpc-providers/rs-nodel.Zz"/>
<arg line="jaxrpc-providers/config/rs-config-rm.xm"/>
</ exec>
</target>

Here are the contents of the configuration file,r s-confi g-rm . xm :

<?xm version="1.0" encodi ng="UTF-8"?>
<configuration
xm ns="http://java. sun.com xm /ns/jax-rpc/ri/config">
<servi ce name="Retirenent Speci al i st sSRS"
t arget Nanespace="http://retirementservice. org/ wsdl"
t ypeNanespace="http://retirenmentservice.org/types”
packageNane="com sun. eportal .retirenent"”
<i nterface name="com sun. eportal . Retirenent Servicel F"
servant Name="com sun. eportal .retirenment. Retirenent Speci alistslnpl"/>
</ service>
</ configuration>

Noticethat it includesaser vi ce element. As aresult, the wscompile tool will generate aWSDL file from the service
endpoint definition identified in the configuration file. Here isthe WSDL file for the Retirement Specialists service.

Hereisthe model file created by the wscompile tool for Retirement Specialists.
Deploy the Service

Both retirement service providers want to deploy their services in a J2EE-compliant container. (In the sample
application, the container is Tomcat.) They also decide to implement the service endpoints for their services as servlets.
To deploy Web server-based components such as servlets in a J2EE-compliant container, each service provider needs to
create aWAR file. The service providers create their respective WAR files using J2EE tools. However the WAR files
are still raw. To make their WAR files deployable, each service provider uses the wsdeploy tool. For example, hereisa
command that Retirement Specialists executes in the UNIX environment to run the wsdeploy tool (although shown on
three lines, the command is entered on one line):

wsdepl oy. sh -keep tnpdir tenpdir
-0 Retirenent Speci al i st sSRS. war
Ret i rement Speci al i st SRSr aw. war

tempdir isrepresentative. Retirement Specialists specifies an actual class path for temporary files generated by the
wsdeploy tool. The wsdeploy tool takesthe WAR file, Ret i r ement Speci al i st SRSr aw. war , asinput. Based on
the options specified in the command, the tool generates a deployable WAR file,

Ret i r ement Speci al i st sRSr aw. war . Temporary files generated during the process are stored in the specified
directory.

Create the Client

BoomingBusiness.com envisions the following flow of events for their retirement planning service. After an employee
clicks a"Retirement Services' link in the employee portal:

Click to enlarge each image
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1. The employee portal displaysalist of available

retirement funds

Please ook over th Bl of available funds Below
Select one or more funds_
Specity the percentage of imeestment for each fund you select.
Spacify a manihly imaesimend amaunt,
Chck Go 1o canfirm

Funds Imvestment Fercentage
Cuiiame Rds
Old npe hnds

||:|||]r'_\.' old days fumnds |
{ireen olive fumnds
Old orchards funeds

=l

3. Providersthat offer all of the selected funds

respond with a quote for their services.

Eequested Funds

Fund Name Fund Percent

(1 orchards fainds T
Happy old days funds 30
Manthly Investment 100.0

Duotes B geeived

Provider Service Fee(})
| Universal Estrement Sernces 3.0
C ||[International Pension Specialists &0

Confim |

2. The employee selects one or more retirement
funds, specifies a percentage of money to be
invested in each fund, and the total monthly
amount of money to be invested.

Fiease lpok over e list of mealleble funda below
Then ¢k o 1o corfinm thad this is whal you would B bo irmes in.

Fends Inveaissinl Peseem aps
Sunnsr Bmids I_
Ched e nmds I_
Happy ald deys fimsds IT

s obive Fanils |
¥ crchards Funsi: |:'IJ
Lerecating Mdoey - RI00 il

4. The employee selects one of the providers that
offers a quote.

Eequested Funds

Fund Name Fund Pereent

d archards fiunds 0
Happy old days funds 30
Monthly Investment 100.0

Quotes Receved

Provider Bervice Feo(T)
& | Unverzal Fetwement Sernces 2.0
© Internanonal FPension Speciahsts &.0)

E:m'ﬁrm|

The selected provider then sends a note to confirm the transaction.

Here's what BoomingBusiness.com's I T staff plans to implement in support of this interaction:
« Alink for "Retirement Service" in the home page of their employee portal.
« An'available funds' JavaServer Page (JSP™) that displays the table of available retirement funds.

o A "401kbidding" JSP that displays bids from retirement fund providers. When an employee selects one or more

retirement funds in the table of available funds, it opens the 401kbidding JSP.

« A "fund lister" JavaBean. The available funds JSP uses the fund lister JavaBean to get an aggregated list of
available retirement funds. The 401kbidding JSP uses the fund lister JavaBean to get a quote from each provider

that offers all of the selected funds.

« A DIl client class. The fund lister JavaBean uses this class to get alist of available funds, and to get quotes from

retirement fund providers.
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« A "confirmation" JSP that confirms the transaction. When an employee selects one of the retirement providers that
offers a quote, the 401kbidding JSP opens the confirmation JSP.

Let'slook at some of these components in more detail.

Available Funds JSP: Here is the source code for the available funds JSP. Notice the use of the fund lister JavaBean.

The JSP invokes the popul at eAvai | abl eFunds method in the fund lister JavaBean to get alist of available funds,
and then invokes the get FundHash method in the fund lister to create a hashtable (that is, a table that maps keys to
values) for the retrieved funds.

<j sp: useBean id="fundLi ster"
cl ass="com sun. eportal . FundLi ster" scope="session" />

fundLi st er. popul at eAvai | abl eFunds() ;
Hasht abl e fundHash = fundLi ster. get FundHash();

The JSP then displays the retirement funds in atable. The user selects one or more funds, specifies an investment
percentage for each, and a monthly investment amount. After the user makes these selections and specifications, the
subsequent action is to invoke the 401kbidding JSP:

<f orm acti on="401kbi ddi ng. j sp">
<TABLE bor der =1>
<TR> <TH> Funds </ TH> <TH> | nvest nent Percentage</ TH> </ TR>

<%

Enunerati on keys = fundHash. keys();
whil e ( keys. hasMreEl enents( ) )

{
String fundNanme= (String)keys. nextEl enment( );
String fundNanePercent = fundNane + "Percent";
%
<TR> <TD>

<% fundNanme % ...</TD>

<TD> <I NPUT TYPE=t ext nane=' <% fundNanePercent % ...

</ TD> </ TR>
<%
}
%
<TR> <TD ...> <...>lnvesting Mney :</FONT> </ TD>
<TD> $<I NPUT type="text" nane="nonthlylnvestnment" ...>/Mnth
</ TD> </ TR>

</ TABLE>

401kbidding JSP: Here is the source code for the 401kbidding JSP. Notice that it invokes the get Al | Quot es method

in the fund lister JavaBean, passing the method an array of the selected funds, and a monthly investment amount. The
get Al | Quot es method gets quotes from providers that offer all of the selected funds.
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<j sp: useBean id="fundLi ster"
cl ass="com sun. eportal . FundLi ster" scope="session" />

Hasht abl e quot eHash = fundLi ster. get Al |l Quot es(
fundl nf oArray, nonthlyl nvestnent );

The 401kbidding JSP then displays two tables, one that lists the selected funds, and another that lists the providers and
their quotes. The user selects a provider and submitsit. This invokes the confirmation JSP.

<FORM net hod=post acti on="confirmation.jsp" >

<FONT ...>Requested Funds </ FONT>
<TABLE ...>
<TR><TH>Fund Name</ TH> <TH>Fund Percent</ TH> </ TR>
</ TABLE>
<TABLE ...>
<TR><TH></ TH><TH> End Poi nt </ TH>
<TH> Service Fee($) </ TH> </ TR>
<%
Enuner ati on keys = quot eHash. keys() ;
whil e ( keys. hasMoreEl ements( ) )
{
String endpoint = (String)keys. next El enent ();
Doubl e quoteD = (Doubl e) quot eHash. get ( endpoi nt);
%
<TR> <TD ... ><I NPUT TYPE=RADI O
NAME=" endpoi nt Radi 0" val ue="<%endpoi nt %" ></ TD>
<TD ...> <% endpoint % </TD> <TD ...>
<% quoteD %
</ TD> </ TR>
<%
}
%
<TR> <TD ...> <INPUT TYPE="Subm t" val ue="Confirni/>
</ TD> </ TR>
</ TABLE>
</ FORW>

Confirmation JSP: Here is the source code for the confirmation JSP. The JSP obtains information about the employee
and the employee's retirement fund provider selection. It then callsthe get Quot e methodintheDI 1 cl i ent to
confirm the transaction.

RSClient DIl rsCient = new RSCient_DI();
String resultString = rsdient. confirmuote(
endPoi nt, fundlnfoArray, nonthlylnvest, ei );

After the transaction is confirmed, the confirmation JSP uses a bean to store employee information in persistent storage
(typically thiswould be a database):
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if (resultString '= null )

{

i nt nunmRows = dbBean. execUpdat e( "Update Servicelnfo
SET retirenmentprovider=""" + endPoint + "'
WHERE enpl oyeei d="" + enpl oyeeld + """ );

I f ( nunRows > 0){
Systemout.println("Service Info created successfully");

}

The confirmation JSP then sends a confirmation message:

H <% firstNane % <% | ast Nane % ...

You will get confirmation email from <% endPoi nt %
with all the details.

Thank you for using Enpl oyeePort al

Fund Lister JavaBean: Here is the source code for the fund lister JavaBean. Notice the

popul at eAvai | abl eFunds method. Thisisthe method that the fund lister JavaBean uses to search for appropriate
providers. The popul at eAvai | abl eFunds method uses a query method in a client query object to search a Web
services registry for providers classified as pension fund (in other words, retirement fund) providers. The parameters
passed to the query method comprise the NAICS classification scheme for pension funds.

public void popul at eAvai | abl eFunds ( ) {
try {
String cScheme="ntis-gov: naics";
String keyName="Pensi on Funds";
String keyVal ue="52511";
String serviceNane="Retirenent Service";

CientQuery clientQuery = new dientQery( );
Vect or serviceProviderlnfoVector =
clientQuery.query( cSchene, keyNane, keyVal ue);

After the the query returns information from the registry, the fund lister JavaBean examines the binding information
exposed by the candidate providers. If the binding is JAX-RPC, the fund lister JavaBean adds the provider's service
endpoint to an array:

Vect or j axrpcEndpoi nt Vect or= new Vector();

for ( int i=0;
| < serviceProviderlnfoVector.size(); i++ ) {
Servi ceProviderInfo spi = (ServiceProviderlnfo)
servi ceProvi derlnfoVector. el ementAt(i);
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if ( spi.getConmunicationType(). equal s(
"JAXRPC") ) {
] axr pcEndpoi nt Vect or . addEl enent (
spi . get Endpoint () );

}
j axr pcEndpoi nt Array =
new String[ | axrpcEndpointVector.size() ];
j axr pcEndpoi nt Vect or. copylnto (
(Qbject[])]jaxrpcEndpointArray );

The fund lister JavaBean then uses a DI client to get alist of available retirement funds offered by the subset of
providers that expose a JAX-RPC binding. It then aggregates the list:

RSClient DIl rsclient_DIl = new RSClient_Dil();
fundHash =rsclient_DII.getAll Avail abl eFunds (
j axr pcEndpoi nt Array );

The fund lister JavaBean then returns the aggregated list to the available funds JSP for display in atable.

After a user selects one or more funds and specifies investment amounts, the available funds JSP invokes the
401kbidding JSP, which, in turn, invokesthe get Al | Quot es method in the fund lister JavaBean. Here is the source
code for theget Al | Quot es method. It callstheget Al | Quot es method in the DIl client to get alist of quotes.

public Hashtable get All Quotes (
Fundl nfo[] regFundsl nfos, double m ) {

RSClient DIl rsclient DIl = new RSClient DIl ();

Hasht abl e quot eHash =

rsclient_DII.getAll Qotes (jaxrpcEndpointArray,
regFundsl nfos, m );

return quot eHash;

}

Client Query Class: Here is the source code for the client query class. The class uses JAXR to search a Web services

registry. Notice how the quer y method in the class searches the registry for organizations that meet the supplied
classification scheme, and retrieves information about service providers that meet the classification criteria:

Cl assi ficati onSchenme cl assificationSchene =
guer yManager . fi ndC assi fi cati onSchenmeByNanme(
findQualifiers, cNanme );
Classification classification =
i feCycl eManager . creat eC assification(
cl assificationSchene, keyNane, keyValue );

Bul kResponse response =


/developer/technicalArticles/WebServices/WSPack2/ClientQuery.java

The Java(TM) Web Services Developer Pack, Part 2

qguer yManager . fi ndOrgani zati ons(findQualifiers,
null, classifications, null, null, null);
Col l ection orgs = response. getCol |l ection();

For more information about using JAXR to search a Web services registry, see Part 1 of the series.

DIl Client: Here isthe source code for the DI client class. The fund lister JavaBean calls the

get Al | Avai | abl eFunds method in the class to get an aggregated list of available funds. The method call specifies
one argument: the array of endpoint addresses for the providers that meet the selection criteria (that is, pension funds)
and that expose a JAX-RPC binding. Theget Al | Avai | abl eFunds method usestheget Avai | abl eFunds
method to build the list of funds. Notice how the get Avai | abl eFunds method creates a serializer and deserializer
for serializing Java data typesto XML, and XML to Java, respectively:

SerializerFactory stringArraySerializerFactory =

new Singl etonSerializerFactory(stringArraySerializer);
DeserializerFactory stringArrayDeserializerFactory =

new Si ngl etonDeseri alizerFactory(stringArraySerializer);

It then createsthe Ser vi ce and Cal | objectsfor the DIl call. (In this example, the local part of the qualified name for
the Ser vi ce isexplicitly specified, that is, "PanAmericanRS". In general, you would obtain the qualified name from a

registry.)

Servi ceFactory factory = Servi ceFactory. new nstance();
Service service = factory. createService(
new QNanme(" PanAneri canRS"));

Call call = service.createCall ();

Theget Avai | abl eFunds method then configuresthe Cal | object.

cal |l . set Port TypeNanme(port);
cal | . set Tar get Endpoi nt Addr ess( endpoi nt Addr ess) ;

call.setProperty(Call.SOAPACTI ON_USE PROPERTY, new Bool ean(true));
call.setProperty(Call.SOAPACTI ON_URI PROPERTY, "");
cal | . set Property( ENCODI NG_STYLE_ PROPERTY,

SOAPConst ant s. URI _ ENCODI NG ;

cal |l .set ReturnType(stringArrayTypeQane);
cal | . set Oper ati onNane( new QName( bodyNanespaceVal ue,
"get Avai | abl eFunds"));

Theget Avai | abl eFunds method then gets the available funds. Notice the use of thei nvoke method of the Cal |
object. Thisinvokes the specified operation ("getAvailableFunds") in synchronous request-response mode. The DI
client will wait until the operation completes before continuing.

cal |l . set ReturnType(stringArrayTypeQane);

cal | . set Oper ati onNane( new QName( bodyNanmespaceVal ue,
"get Avai | abl eFunds"));

System out. println("Invoking avail abl e Funds");


/developer/technicalArticles/WebServices/WSPack/index.html
/developer/technicalArticles/WebServices/WSPack2/RSClient_DII.java

The Java(TM) Web Services Developer Pack, Part 2

String[] avFunds = (String[])call.invoke(null);
if ( avFunds !'= null ) {
for ( int i=0; i< avFunds.length; i++ ) {
System out . printl n(
" Dl -Available Fund[" + i +
"]1->" + avFunds[i] );

}

Another method of interest inthe DI clientisget Al | Quot es. This method is called by the fund lister JavaBean to get
quotes from providers that offer all of the funds that the user selected. The fund lister JavaBean invokes the method with
three arguments: the array of endpoints for retirement fund providers, the selected funds, and the monthly investment.
Theget Al | Quot es method usesthe get Quot e method to get the quotes. The get Quot e method uses the
newBeanCal | object to createthe Ser vi ce and Cal | objectsfor the DIl call, and the newCal | object to set the
port type and endpoint address for the Cal | object. The get Quot e method then specifies the operation for getting the
quotes (get Quot e), and parameters for the operation. It then invokes the operation:

Call call = newBeanCal | (endpoi nt Address, RETI REMENT_SERVI CE,
RETI REMENT _BODY_NAMESPACE, RETI REMENT_PORT ) ;

cal | . set Oper ati onNanme( new QName( RETI REMENT _BODY_NANMESPACE,
"get Quote"));

cal | . addParaneter( "arrayO Fundlinfo_1", fundl nfoArrayTypeQane,
Par anet er Mbde. I N ) ;

cal | . addParaneter( ""double 2", ONAVE TYPE DOUBLE,
Par amet er Mode. I N ) ;

Obj ect[] paranms = new oject|[2];
paranms[ 0] = reqFundl nf os;
parans[ 1] = new Double( m );

guot eCbj ect = (Doubl e)call.invoke( parans );

Notice also theconf i r mMQuot e method. This method is called by the confirmation JSP to confirm the transaction
between the employee and the retirement fund provider. The confirmation JSP invokes the conf i r nQuot e method
with four arguments: the endpoint of the selected retirement fund provider, an array that contains information about the
selected funds, the monthly investment amount that the employee specified, and information about the employee. Asis
the case for the get Quot e method, the conf i r mQuot e method usesthe newBeanCal | object to create the
Servi ce and Cal | objectsfor the DIl call, and the newCal | object to set the port type and endpoint address for the
Cal | object. Theconf i r mQuot e method then specifies the operation for confirming the transaction

(confi r nQuot e), and parameters for the operation. It then invokes the operation:

Call call = newBeanCal | (endpoi nt Address, RETI REMENT_ SERVI CE,
RET|I REMENT _BODY_ NAMESPACE, RETI REMENT_PORT ) ;

cal | . set Operati onNane(new QNanme( RETI REMENT _BODY_NAMESPACE,
"“confirnQuote"));

cal | . addParaneter( "arrayOf Fundlnfo_1", fundl nfoArrayTypeQ@ane,
Par anet er Mbde. I N ) ;

cal | . addParaneter( ""double 2", ONAVE TYPE DOUBLE,
Par amet er Mode. I N ) ;
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cal | . addPar aneter( "Enpl oyeelnfo_3", enpl oyeel nf oQane,
Par anet er Mode. I N ) ;

bj ect[] parans = new OQbject[ 3];

parans[ 0] = reqFundl nf os;

parans[ 1] = new Double( m );

paranms[ 2] = ei;

confirmati onMessage = (String)call.invoke( paranms );

Java™ Web Services Developer Pack
Part 2: RPC Calls, Messaging, and the JAX-RPC and JAXM API

JAXM

JAXM isaJavaAPI for XML-based messaging. In
XML-based messaging, aclient sends an XML document
to the server for processing. What's important in this
context is that both the client and server recognize the
format and meaning of the document. For example, the document could be something that both the client and server
recognize as a purchase order. The server processes the purchase order, and could return a response (perhaps confirming
that the purchase order was received). JAXM is focused on business-to-business messaging. In other words, it's designed
for the exchange of documents, such as purchase orders, that are typically used in business operations.

JAXM isaJava APl for SOAP-based XML
(document-oriented) messaging.

If you read the section on JAX-RPC, you know that a JAX-RPC client calls a specific method on the server. In contrast

to a JAX-RPC client, amessaging client does not call a specific method -- in the purchase order example, the messaging
client does not call a specific purchase order method. In fact, the client might not know what program on the server
actually processes the request. Instead, the client relies on the server to invoke the appropriate application to process the
request because the server understands the document it receives. Similarly, what the server returnsis not a method
response, but rather a response generated by the processing application.

JAXM works in conformance with SOAP, specifically the SOAP 1.1 specification and the SOAP 1.1 with Attachments
specification. What this means is that in a JAXM scenario, documents and responses are SOA P messages or SOAP
messages with attachments. What it also meansis that JAXM implementations must support the SOAP 1.1 and SOAP
1.1 with Attachments specifications. However a JAXM provider can also support messaging protocols (usually
industry-based) that are built on top of SOAP 1.1 and SOAP 1.1 with Attachments, for example, the ebXML Message
Service Specification V1.0.

Like JAX-RPC, JAXM is designed to hide the complexity of SOAP. When you use JAXM, you don't explicitly code a
SOAP request. Instead you code the request in the Java programming language, using a Java API. JAXM converts the
request to a SOAP message (or SOAP message with attachments) and then transportsit to the server. The server converts
the SOAP message (with possible attachments) and then processesit. Then the sequence isreversed. The server converts
the response to a SOAP message (possibly with attachments) and transports it back to the client.

In order to understand and use JAXM, it'simportant to understand some basic concepts. These concepts include:
o Clientsand Providers

o Message Exchanges

o Connection and Message Objects

After you're familiar with these concepts, see the JAXM Example.
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Clients and Providers

There are two roles that can take part in JAXM
messaging: clients and providers. A JAXM clientis
necessary for messaging, a JAXM provider isoptional. A
JAXM client is an application that sends messages using
the JAXM API. If aprovider isn't used, the client sends the message to arecipient (typically a service) on a server,
identified by aURL.

JAXM

A JAXM provider (also called a messaging provider) is an intermediate service that acts on behalf of aclient. If aJAXM
provider is used, the client sends the message to the provider, which then transmits and routes the message to the service.
To do this, a JAXM provider implements and supports the JAXM API.

JAXM q JAxm

A client or client-provider pair can also receive messages, in other words, it can be atarget service of a message. For
example, suppose three businesses use JAXM to exchange purchase orders. One business, Business 1, sends purchase
orders to a service provided by a second business, Business 2, which in turn, sends the purchase order to a service
provided by athird business, Business 3. Business 2's service acts as a service when it receives the purchase order from
Business 1, and acts as a client when it sends the purchase order to Business 3. If aJAXM provider isused in this
scenario, Business 1's JAXM client sends the purchase order to its JAXM provider, which transmits the purchase order
to Business 2's JAXM provider. Business 2's JAXM provider sends the purchase order to its service. The service then
uses Business 2's JAXM provider to transmit the purchase order to Business 3.

A JAXM client is necessary for messaging, a JAXM
provider isoptional.
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Business 1 Business 2 Business 3

=

JAXM JAXM JAXM
< > Provider < > Provider

The choice of whether or not to use a provider has
implications for deployment, level of service, and J2EE Web container or in a J2EE Enterprise

routing: _ _ JavaBeans container. |f you don't use a provider you
« Whereyou deploy aclient. If you use aprovider, | can deploy a standalone client.
you must deploy the client in a J2EE Web

container or in a J2EE Enterprise JavaBeans™ (EJB™) container. If you don't use a provider you don't have to
deploy the client in a J2EE container. Y ou could deploy it, for example, as an application on the 2SE™ platform.
A JAXM client that isn't deployed in a J2EE container is called a standalone client. A standalone client can act
only asaclient -- it can't also act as a service.

o Thelevel of service provided to messages. As mentioned earlier, JAXM supports additional messaging protocols
that are built on top of SOAP 1.1 and SOAP 1.1 with Attachments. For example, JAXM supports the ebXML
Message Service Specification V1.0. In JAXM terminology, these additonally-supported protocols are called
profiles, and the support is provided by a JAXM provider (but not a JAXM client). A JAXM provider can support
one or more profiles (or no profiles). In supporting a profile, the JAXM provider makes available the additional
levels of service offered by the associated protocol. Note that a JAXM client can only take advantage of one
profile at atime when it sends a message to a JAXM provider -- even if the provider supports more than one
profile. In fact, the client and provider must agree on the profile before the client sends the message.

« Additional routing. If aJAXM provider isn't used, aJAXM client sends a message directly to aservice. If a
JAXM provider is used, the message is routed through the provider to the service. However a JAXM provider
allows for even more intricate routing. For example, a message can be routed to a number of intermediate
destinations (for perhaps some intermediate level of processing) before routing to afinal destination.

If you use a provider, you must deploy theclient in a

Message Exchanges

JAXM supports various types of exchanges between a
JAXM client and a service, or between an JAXM
client-JAXM provider pair that sends a message (the
JAXM specification calls a client-provider pair that takes
thisrole asender) and a JAXM client-JAXM provider
pair that receives a message (the JAXM specification calls a client-provider pair that takes thisrole areceiver). First, it
supports two categories of exchanges: asynchronous and synchronous.

JAXM supportsasynchronous (that is, one-way) and
synchronous (that is, two-way) exchanges between a
sender and areceiver.

An asynchronous exchange is a one-way exchange between a sender and receiver. (Notice that client and serviceis not
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mentioned here. If aJAXM provider is not used, a JAXM client can only have a synchronous exchange with a service.)
In an asynchronous exchange, the sender sends a message to the receiver without waiting for a response. The sender can
then continue processing. When the receiver receives the message, it must processiit.

Sarlldar
|

continue
processing

A synchronous exchange is atwo-way exchange (also called a request-response exchange) between aclient and a service
or asender and receiver. In a synchronous exchange, the client or sender sends a message to the receiver and then waits
for aresponse. In other words the client or sender is blocked, it can't continue processing until the service or receiver
replies.

In addition, JAXM supports a number of request types within these categories:

Asynchronousinquiry. In this exchange, a sender uses JAXM to ask areceiver for information. Because it's an
asynchronous request, the sender can continue processing -- it's not blocked. The receiver reads and processes the
request and returns areply message. Sending the reply message is atotally separate operation and can happen long
after the request is sent.

Asynchronous update with acknowledgment. In this exchange, a sender uses JAXM to ask areceiver to update
information. Again, because thisis an asynchronous request, the sender can continue processing -- it's not blocked.
The receiver reads and processes the request. When it successfully completes the processing, the receiver sends
the client an acknowledgment that it made the update.

Synchronous update. Unlike an asynchronous update, a synchronous update forces the client or sender to wait for
an acknowledgment. The acknowledgment, which is correlated to the request, indicates that the update was
successfully made. The acknowledgment unblocks the client or sender.

Synchronousinquiry. This exchangeis avariation of the synchronous update exchange. The one differenceis
that in this exchange the service or receiver returns areply message (rather than acknowledgment message). The
reply message has no correlation to the request. It's only purpose is to unblock the client or sender.

Fireand forget. This exchange does not involve an acknowledgment or reply. The sender makes the request and
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continues processing.

Profiles

A JAXM provider can offer messaging functionality that extends what's offered in support of the SOAP 1.1 and SOAP
1.1 with Attachments specifications. For example, a JAXM provider might support a specification such as the ebXML
Message Service Specification, ebXML Transport, Routing & Packaging Version 1.0, which adds transport, routing, and
packaging features beyond the basic messaging features specified in the SOAP 1.1 and SOAP 1.1 with Attachments
specifications. In this case, the specification documents specifics regarding the content of the SOAP header and the
content of other SOAP elements that is not covered in the basic SOAP model. It's important to note that although this
ebXML specification extends the SOAP specifications, it is also based on the SOAP specifications. In fact, any
additional functionality that a JAXM provider offers must be based on the SOAP specifications. In JAXM, the extended
functions that a JAXM provider offers are represented by a profile. In other words, a JAXM provider that supports the
ebXML Transport, Routing & Packaging Version 1.0 specification, supports a profile for that specification. Support for a
profileis required for asynchronous messaging.

A JAXM provider can support multiple profiles. Each profile can represent a particular set of extensions to basic SOAP
messaging that are agreed on by a particular industry or standards body. Typically, these extensions cover security and
quality-of-service features not covered in the SOAP 1.1 and SOAP 1.1 with Attachments specifications. However, a
profile does not have to be industry-based or standards body-based. It can be application-specific.

Profiles play a part in creating a message for exchange with a JAXM provider. Before a JAXM client creates a message,
it needs to identify a profile for the exchange. This makes the extended functions associated with the profile available to
the exchange. JAXM provides a mechanism that a client can use to determine which profiles a provider supports. After
determining what profiles are supported, the client then specifies one of the supported profiles when it creates a message
for transmission to the provider.

Connection and Message Objects

In JAXM, SOAP messages are sent between a client (or sender) and a service (or receiver) over aconnection. A
connection is either point-to-point, that is, directly from aclient to a destination such asa URL or a service, or
client-to-JAXM provider. A point-to-point connection is represented by a SOAPConnect i on object. A connection to a
JAXM provider isrepresented by aPr ovi der Connect i on object. In other words, you use a SOAPConnect i on
object in a synchronous, request-response exchange between standalone JAXM client and a service. You use a

Pr ovi der Connect i on object in an asynchronous exchange between a sender and receiver.

A SOAP message is represented by a SOAPMessage object. The object models the structure of a SOAP message with
attachments. The SOAPMes sage object is a container that holds other objects that model the parts of a SOAP message

with attachments, that is, the root body part and attachment parts (if there are attachments in the message). In particular,
a SOAPMessage object contains the following object hierarchy:

o SOAPPart
o SCAPEnvel ope
= SOAPHeader
= SOAPBody
o Attachnment Part
o M neHeaders
= M neHeader

JAXM Packages

The JAXM 1.1 API consists of asingle package, j avax. xm . messagi ng. However the JAXM 1.1 specification also
depends on another package, j avax. xml . soap, that is defined by the SOAP with Attachments APl for Java (SAAJ)
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1.1 specification. Originally, both packages were part of JAXM API, however thej avax. xnl . soap package was

decoupled from the JAXM API so that other specifications, such as JAX-RPC 1.0, could depend on this package without
having to depend on the rest of the JAXM specification.

j avax. xm . soap. This package provides the basic building blocks for creating a SOAP message, and for sending it
synchronousdly, that is, in arequest-response exchange. For example, if you use a standalone JAXM client to request a
synchronous update, you use thej avax. xm . soap package. Some of the important classes in the package are:

SQAPConnect i onFact ory | Thisisan abstract base class for factory
classes that create a synchronous,
point-to-point connection. Two important
methodsin the classarenewl nst ance,
which is used to create an instance of a
default SOAPConnect i onFact ory
object, and cr eat eConnect i on, which
creates a SOAPConnect i on object.

MessageFact ory Thisis an abstract base class for factory
classes that create a SOAPMessage object.
Two important methods in the class are
new nst ance, whichisused to create an
instance of adefault MessageFact ory
object, and cr eat eMessage, which
creates a SOAPMessage object.

SOAPPar t Thisisacontainer class for the
SOAPENnvel ope object. An important
method in the classisget Envel ope,
which is used to get the SOAPEnvel ope
object contained in the SOAPPar t object.

SQAPENnvel ope Thisisacontainer class for the
SOAPHeader and SOAPBody objects.
Some of the important methods in the class
are get Header , which is used to get the
SOAPHeader object, get Body, whichis
used to get the SOAPBody object, and

cr eat eNane, whichisused to create a
Name object needed for qualifying and
localizing names in the SOAP message.
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SOAPHeader This class represents a SOAP Header
element, in other words, it adds information
beyond what isin the body of the SOAP
message. For example, it can indicate
additional processing that needs to be done at
an intermediate node along the path to the
final destination. A SOAPEnvel ope object
contains an empty SOAPHeader object by
default. However, a SOAPHeader objectis
optional. If the SOAPHeader object is not
needed, the method det achNode can be
used to remove the object.

SOAPBody This class represents a SOAP Body element.
The class can contain SOAPBody El enent
objects that model the content of the body of
a SOAP message. An important method in
the classisaddBodyEl enent , whichis
used to create a SOAPBody El enent

object, and add it to a SOAPBody object

SOAPBodyEIl enent This class represents content within a
SoapBody object. The set of

SOAPBodyEl enment objects added to a
SoapBody object models the full content in
the body of a SOAP message. An important
method in the classisaddChi | dEl enent ,
which adds a child element to a SOAPBody
object

Att achnent Par t This class represents an attachment to a
SoapMessage object. The content of the
attachment can be XML or some other
content type such asan image. A
SoapMessage object can contain multiple
At t achnent Part objects. Each

At t achnment Par t object contains the
content of the attachment, and MIME

headers that identify the type of content. Two
important methods in the class are

addM MeHeader , which addsaMIME
header to an At t achnent Par t object, and
set Cont ent , which sets the content of the
At t achment Par t object.

j avax. xm . messagi ng. This package providesthe API for using a JAXM provider to send and receive SOAP
messages. The API is also used by arecipient to process a SOAP message and return areply -- even if aJAXM provider
is not used in the exchange with a client. When you send a SOAP message using a JAXM provider, you still need to
create the SOAP message, so you need to usethej avax. xml . soap package in addition to the

j avax. xm . messagi ng package. For example, if you use a JAXM provider to make an asynchronous inquiry, you
need thej avax. xnl . soap package to create the SOAP message and thej avax. xm . messagi ng package to use
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the JAXM provider. Some of the important classes and interfaces in the package are:

Provi der Connect i onFact ory | Thisisan abstract base class for
factory classes that create a connection
to aJAXM provider. Two important
methods in the class are

new nst ance, whichisused to
create an instance of a default

Provi der Connecti onFactory
object, and cr eat eConnect i on,
which creates a

Pr ovi der Connect i on object.

Provi der Connecti on This class represents an active
connection to aJAXM provider. Two
important methods in the class are

get Met aDat a, whichisused to get a
Provi der Met aDat a object that
contains information about a JAXM
provider, and

cr eat eMessageFact ory, which
createsaMessageFact or y object
for sending SOAPMessage objects for
a specified provider profile.

Provi der Met aDat a This class contains information about a
JAXM provider. An important method
intheinterfaceis

get Support edProfil es,whichis
used to retrieve alist of the profiles
supported by the provider.

ReqRespLi st ener Thisis an interface that isimplemented
by arecipient in a synchronous
message exchange with aclient. The
interface defines one method,
onMessage, that isused to passa
SOAP message to the

RegRespLi st ener implementation,
and to return a response.

OnewaylLi st ener Thisis an interface that isimplemented
by arecipient in an asynchronous
message exchange with aclient. The
interface defines one method,
onMessage, that isused to passa
SOAP message to the

OnewaylLi st ener implementation,
and to return aresponse.

Let's see how these classes are used to exchange messages. First let's look at how the classes are used by a JAXM client
that doesn't use a JAXM provider, then let's look at how the classes are used by a JAXM client that does use a JAXM
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provider.
Exchanging Messages Without a JAXM Provider

A standalone JAXM client, that is one that doesn't use a JAXM provider, can only exchange messages synchronously in
areguest-response exchange with arecipient such as a service. Here are the stepsin this kind of exchange.

The JAXM client:
« Gets a connection

« Creates amessage

« Adds content to the message
o Adds Attachments (if any)
o Sends the message to the service (and waits)

The service then processes the message and returns areply.

The client then processes the reply.

Get a Connection

A standalone JAXM client gets a connection by creating a SOAPConnect i on object. This object represents a
connection between the client and the service. The client usesthe newl nst ance method of the static
SOAPConnect i onFact or y classto create an instance of the class. (The SAAJAPI provides a default
implementation of this class.) The client then usesthe cr eat eConnect i on method of that instance to create a
SOAPConnect i on object.

I nport javax.xmnl .soap.*;

SOAPConnecti on conn;
SOAPConnect i onFactory scf =

SOAPConnect i onFact ory. newl nst ance();
conn = scf.createConnection();

Create a Message

A standalone JAXM client creates a message by creating a SOAPMessage object. The client usesthe newl nst ance
method of the static MessageFact or y classto create an instance of the class. (The SAAJ API provides a default
implementation of this class.) The client then usesthe cr eat eMessage method of that instance to create the
SOAPMessage object.

MessageFactory nf = MessageFact ory. newl nstance();
SOAPMessage nsg = nf.creat eMessage();

Add Content to the Message

A SOAPMessage object represents all the elements of a SOAP message, but the elementsinitially have no content. To
add content to the SOAP message, a JAXM client needs to access the appropriate element in the message (that is, the
body and optionally the header), and then add content to that element. To access the header and body elements, the client
first usesthe get SOAPPART method of the SOAPMessage classto get a SOAPPar t object. The SOAPPar t object
contains a hierarchy of objects that represents the envelope, header, and body of the message. After getting the
SOAPPar t object, the client successively gets the objects in hierarchy using the appropriate get methods

(get Envel ope, get Header , get Body).
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SOAPPart sp = nsg. get SOAPPart ()

SOAPEnvel ope envel ope = sp. get Envel ope();
SOAPHeader hdr = envel ope. get Header () ;
SOAPBody bdy = envel ope. get Body() ;

To add content to the header, a client:
« Usesthecr eat eNanme method of the SOAPEnvel ope object to name a SOAPHeader El enent object

o UsestheaddHeader El ement method of the SOAPHeader object to add the SOAPHeader El enent object
to the SOAPHeader object

« Usesthe appropriate add method of the SOAPHeader El enent object to add content to the header element

For example, the following code adds a SOAPHeader El enment object named Onl i neBooks to a SOAPHeader
object, and adds text to the SOAPHeader El enent object. Thetextis" Onl i ne Book Orders":

hdr . addHeader El enent ( envel ope. cr eat eNanme(
"Onl i neBooks", "ob",
“http://ww. bookprovi der.com' )).addText Node(
"Online Book Orders");

To add content to the body of the message, a client adds one or more child elements to the body, and then adds content to
each child element. To do this, the client:

o UsestheaddBodyEl enent method of the SOAPBody object to create a SOAPBody El enent object
o Usesthecr eat eNanme method of the SOAPENnvel ope object to name the SOAPBody El enent object

« Usesthecr eat eNanme method of the SOAPENnvel ope object to name a SOAPEI enent object that represents
achild element

o UsestheaddChi | dEI ement method of the SOAPBodyEl enent object to add the child element to the
SOAPBodyEIl enent object

« Usesthe appropriate add method of the SOAPBodyEl enent object to add content to the child element

For example, the following code creates a SOAPBody El enent object named Get BookDet ai | s, addstwo child
eementstoit named sear chCri t eri a and sear chVal ue, and adds text to each child element. The text for the
searchCriteriachildedementis”aut hor", and thetext for thesear chVal ue child e ement is

" Hemm ngway" :

SOAPBodyEl ement sbe = bdy. addBodyE!l enent
(envel ope. creat eNane( " Get BookDet ai | s, "bp",
"http://ww. bookprovider.cont'));
sbe. addChi | dEl enent ( envel ope. cr eat eName(
"searchCriteria", "bp",
“http://ww. bookprovi der.com' )).addText Node("aut hor");
sbe. addChi | dEl enent ( envel ope. cr eat eNane(
"searchVal ue", "bp",
“http://ww. bookprovi der.com' )).addText Node(" Hemm ngway") ;

The name specified for header and body elements must be alocal name. The SOAPEnvel ope class provides a method,
cr eat eNane, to create the name. Specifically, the method creates a Nane object that isinitialized with the local name.
The SAAJ API provides two signatures for the cr eat eNane method. In one signature, the method is specified with a
single parameter: a string that specifies alocal name. In the other signature, the method is specified with three
parameters: a string that specifies alocal name, a string that specifies a prefix for the namespace to be used for the name,
and a URI for the namespace (thisis the signature that is shown in the previous examples).
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Add Attachments (If Any)

Suppose aJAXM client wants to send an image as part of the message? The SOAP part of a message (as represented by
the SOAPPar t object) can only contain XML content. To include non-XML content such as an image, the client needs
to provide it as an attachment (however, an attachment can also contain XML content). To add an attachment to a
message, the client:
o Usesthecreat eAt t achnment Part method of the SOAPMessage object to create an At t achnent Par t
object that represents an attachment (a SOAP message can have multiple attachments, each requiresits own
At t achment Part object)

« Usestheset Cont ent method of the At t achnment Par t object to set the content of the attachment (this also
setsthe Cont ent - Type header for the attachment)

« Optionally, adds additional headers for the attachment using appropriate methodsin the At t achnent Par t
object

« UsestheaddAt t achnment Par t method of the SOAPMessage object to add the SOAPAL t achment object to
the SOAPMessage object

For example, the following code adds an attachment whose content is a JPEG image:

AttachnentPart ap = nsg.createAttachnmentPart();

byte[] jpegbData = "..."

ap. set Cont ent (new Byt eArrayl nput St rean(j pegbData), "inmage/jpeg")
nmsg. addAt t achment Part (ap) ;

Notice that theaddAt t achnment Par t method is specified with two parameters. The first parameter is an object that
contains the content for the attachment. The second parameter is a string that specifiesthe Cont ent - Type header for
the attachment.

There's another way to add an attachment. In this alternate approach, a JAXM client uses a URL object that is part of the
] ava. net package, and aDat aHandl er object that is part of the JavaBeans™ Activation Framework. Specifically,

the client:
» Createsa URL object that represents a URL that provides the content for the attachment
« CreatesaDat aHandl er object that references the URL object

« Usesthecreat eAtt achnent Part method of the SOAPMessage object to create an At t achnent Par t
object -- this method specifies the Dat aHandl er object as a parameter

» Optionally, adds additional headers for the attachment using appropriate methods in the At t achnent Par t
object

o UsestheaddAt t achnent Part method of the SOAPMessage object to add the SOAPAL t achment object to
the SOAPMessage object

For example, the following code uses a URL object and a Dat ahandl| er object to add an attachment that is a JPEG
Image:

i mport java. net.*;
i mport javax.activation.*;

URL url = new URL("http://nysite.com nmybooks.jpg");
AttachnentPart ap =

neg. creat eAtt achnent Part (new Dat aHandl er (url));
ap. set Cont ent Type("i mage/ | peg");
nmsg. addAt t achment Part (ap) ;
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Send the Message (and Wait)

A standalone JAXM client usesthe cal | method of the SOAPConnect i on object to send amessage. Thecal |
method is specified with two parameters: a SOAPMessage object that represents the SOAP message, and an object that
represents the destination of the message (thisistypically a URL).

For example, the following code sends the SOAP message represented by the nessage object to a URL destination
(" http://www.bookstogo.com/bookordering”):

java. net. URL url endpoi nt = new URL(
“http://ww. bookst ogo. com bookor deri ng";
SOAPMessage reply = conn. cal | (nessage, url Endpoi nt)

Noticethat thecal | method returnsareply that is represented by a SOAPMessage object. Becausethisisa
synchronous exchange, the client waits until it receives the reply. In other words, the reply unblocks the client.

Process the Message

After astandalone JAXM client sends a message to a service, the service processes the message. To process the message
in a synchronous exchange, a service must implement the ReqRespLi st ener interfacein the

j avax. xm . messagi ng package. For example, suppose that the service isimplemented as a servlet. The following
statement declares that the servlet implements the ReqRespLi st ener interface:

I mport javax.xm .nmessaging. *;

public class FunBooks extends JAXMServl et inplenments ReqResplLi stener
Notice the JAXMSer vI et specification. Thisis asuperclass for servlets that receive JAXM messages.

The ReqRespLi st ener interface declares one method, onMessage, that is used to describe how to process a
request. The method takes a SOAPMessage object as a parameter. When the method is called, it passes the
SOAPMessage object to the ReqRespLi st ener implementation, and returns a response. The implementation of the
onMessage method describes how the service processes a request. The service first gets the pertinent elements of the
message, that is, the envelope, body, and child elements. To do that, the service takes actions that are similar to what the
standal one client does to build the message. Specifically, the service uses the get SOAPPar t method of the
SOAPMessage classto get the SOAPPar t object. The service then uses appropriate get methods to get the envel ope,
header, body, and child elements (get Envel ope, get Header , get Body, get Chi | dEl enent s):

publ i c SOAPMessage onMessage( SOAPMessage nessage) {

SOAPEnvel ope nmenv = nessage. get SOAPPart (). get Envel ope();
SOAPBody sb = nenv. get Body();
Iterator sbes = sb. get Chil dEl enent s(nenv. cr eat eNanme

(" Get BookDet ai | s", "bp",

"http://ww. bookprovider.con'));

Theget Chi | dEl enent s method returnsan | t er at or object that represents all the child elements associated with
the Nanme object that is specified as a parameter. In this example, the Nanme object is Get BookDet ai | s. The service
then iterates over the | t er at or object to access each child element, and uses the get Val ue method to get the content
of each child element. For example, the following code accesses the child elements in the body of a SOAP message, and
gets the content in each child element:

while ( sbes.hasNext() ) {
SOAPBodyEl enment sbe = ( SOAPBodyEl enent ) sbes. next () ;
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Iterator sclterator =sbe. get Chi |l dEl enent s(
menv. cr eat eNanme("searchCriteria", "bp",
"http://ww. bookprovider.cont ));
if ( sclterator.hasNext() ) {

SOAPE!l enent child =
( SOAPEI enent ) scl terat or. next ();
searchCriteria=chil d. getVal ue();

} else {
Systemerr.println("ERROR"+
Returning null" );
return null;
}

The service continues processing based on the content of the message. For example, suppose the serviceisan online
book ordering service, and the content in the child elements of the SOAP message sent to the service represent a search
criterion (such as author), and a search value (such as Hemmingway). After getting the content of the child elements, the
service might search alist to find books that meet the search criteria. If it finds a match, the service might then extract
additional information from the list about those books. (The logic for doing the search is not shown here.)

The service then builds the reply message. To do that, it creates a SOAPMessage object to represent the reply message,
and accesses the appropriate el ements of the reply message (the envelope, body, and optionally the header). It then adds
content to the reply message by adding one or more child elements to the body, and then adding content to each child
element. The service can also add content to the header by adding a header element, and adding content to the header
element. For example, the following code builds a reply message that contains the title of a book. The code aso adds text
to the header that identifies the organization providing the book:

SOAPMessage nsg = fac.createMessage();
SOAPEnvel ope env = nsg. get SOAPPart (). get Envel ope();
SOAPHeader header = env. get Header ();
header . addHeader El erent ( env. cr eat eName(
"organi zation", "bp",
"http://ww. bookprovider.cont ) ).
addText Node(" Fun Books" );

env. get Body() .addChil dEl enent (
env. cr eat eNane(" Response"))
addText Node(" Reply: "+bookTitle);

Process the Reply

To process the reply from a service, aJAXM client needs to first get the pertinent elements of the reply message, that is,
the envelope, body, and child elements. The client gets the elements in the same way as the service gets the pertinent
elementsin a SOAP message. The client uses the get SOAPPar t method of the SOAPMessage classto get the
SOAPPar t object, and uses appropriate get methods to get the envel ope, header, body, and child elements

(get Envel ope, get Header , get Body, get Chi | dEl enent s):

SOAPEnvel ope envel ope =

reply. get SOAPPart (). get Envel ope();
SOAPHeader header = envel ope. get Header () ;
SCAPBody sb = env. get Body();
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Theclient then usesthe | t er at or object returned by the get Chi | dEI enent s method to access each child element,
and uses the get Val ue method to get the content of each child element. For example, the following code accesses the
child elements in the body of a SOAP message, and gets the content in each child element:

Iterator bplterator = sb. get Chil dEl enent s(
envel ope. cr eat eNane(| ocal nanme, "bp",
"http://ww. bookprovider.con'));
if ( bplterator.hasNext() ) {
SOAPBodyEl enent sbe = ( SOAPBodyEl enent) bpl terat or. next();
String bookTitle = bodyEl enent. get Val ue() ;
Systemout.print("Book Title: "+bookTitle);
} else {
Systemerr.println("ERROR"+
" Returning null" );
return null;

}
Exchanging Messages With a JAXM Provider

A JAXM client that uses a JAXM provider can exchange messages asynchronously as well as synchronously with a
recipient such as aservice, or with aservice/provider pair (that is, areciever). Here are the stepsin this kind of exchange.

Just like a standalone client, a JAXM client that uses a JAXM provider:
« Gets a connection

o Creates amessage

« Adds content to the message
« Adds Attachments (if any)
« Sends the message

However instead of getting a synchronous, point-to-point, connection with the service or receiver, the JAXM client gets
aconnection to aJAXM provider. The client uses that connection to send a message to the provider, which then
transmits and routes the message to the service, or to the receiver (which then forwards the message to its paired service).
The receiving service then processes the message.

If the client exchanges the message asynchronously, it can continue processing after it sends the message (it does not
have to wait for areply). If the client exchanges the message synchronously, the client waits for the reply. The service
then returns the reply to the JAXM provider (in the asynchronous case, this can be long after the request was sent by the
client). If the service is part of a provider/service pair, it returns the reply to its paired JAXM provider, which then
transmitsit to the JAXM provider paired with the client. The provider forwards the reply to the client. The client then
processes the reply.

Get a Connection With a JAXM Provider

A JAXM client gets a connection with a JAXM provider by creating aPr ovi der Connect i on object. There are two
ways to do this. One way is similar to the way a standalone client gets a connection: that is, it usesthe newl nst ance
method of a static connection factory class to create an instance of the class. The connection factory class for connection
toaJAXM provider isPr ovi der Connect i onFact ory. Theinstance of the Pr ovi der Connect i onFact ory
class connects to a default provider implementation. The client then usesthe cr eat eConnect i on method of that
instance to create aPr ovi der Connect i on object.

I nport javax.xmnl . nmessagi ng. *;
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Provi der Connecti on pc;
Provi der Connecti onFactory pcf =

Provi der Connecti onFact ory. new nst ance() ;
pc = pcf.createConnection();

The second way to get a connection depends on the JAXM provider being registered with a naming service based on the
Java Naming and Directory Interface™ (IJNDI). Registering the provider associates it with alogical name. To get the
connection to the registered provider, the JAXM client uses INDI's| ookup method, passing it the logical name of the
provider. The method returnsa Pr ovi der Connect i onFact or y object. The client then uses the

cr eat eConnect i on method of thereturned Pr ovi der Connect i onFact or y instance to create a

Pr ovi der Connect i on object. Here, for example, a JAXM client gets a connection to a JAXM provider whose
logical nameisbookpr ovi der :

I mport javax.xm .messagi ng. *;
i mport j avax. nam ng. *;

Context ctx = new Initial Context();
Provi der Connecti onFactory pcf =

(Provi der Connecti onFact ory) ct x. | ookup("bookprovi der");
Provi der Connecti on pc = pcf.createConnection();

For this approach to work, the logical name of the provider must be specified to the container when it's deployed.
Remember, if you use a provider, you must deploy the client in a 2EE Web container or in a J2EE Enterprise JavaBeans
container.

Create a Message

Asisthe case for a standalone client, a JAXM client that uses a provider creates a message by producing a
MessageFact or y instance and then using it to generate aa SOAPMessage object. However the client in the
provider case usesthe cr eat eMessageFact or y method of the Pr ovi der Connect i on object to produce the
MessageFact ory instance.

Before a JAXM client creates a message, it needs to identify aprofile. It doesthiswhen it createsaMessageFact ory
instance. Information about a provider, such as its name and the profiles the provider supports, is contained in a

Pr ovi der Met aDat a object. A JAXM client usesthe get Met aDat a method of the Pr ovi der Connect i on
object to create aPr ovi der Met aDat a object for a specific connection to a provider. The client then uses the

get Support edPr of i | es method of the Pr ovi der Met aDat a object to identify the profiles supported by the
provider. For example, the following code identifies the profiles supported by a JAXM provider associated with the

Pr ovi der Connect i on object, pc:

Provi der Met aDat a nmet aData = pc. get Met aDat a() ;
met aDat a. get SupportedProfiles();

The client then createsaMessageFact or y instance, and specifies a String argument for a specific profile. For
example, here a client determines whether the connected-to provider supports the ebXML Message Service Profile, and
then identifies that profile in creating aMessageFact or y object:

String profile = null;

for(int i=0; i < supportedProfiles.length; i++) {
| f (supportedProfiles[i].equal s("ebxm ")) {
profile = supportedProfiles[i];
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br eak;

}
}
MessageFactory nf = pc.createMessageFactory(profile);
After creating aMessageFact or y instance, the client usesthe cr eat eMessage method of that instance to create
the SOAPMes sage object. Because the MessageFact or y isinitialized with a profile, the SOAPMessage object it
generates needs to be cast to an implementation of that profile. The Java WSDP includes a basic ebXML profile

implementation, EbXM_Messagel npl . The following code createsaMessageFact or y instance, using the basic
ebXML profile implementation:

EbXM_.Messagel npl ebxm Msg =
(EbXM_Messagel npl ) nf. cr eat eMessage() ;

Add Content to the Message

A client that uses a JAXM provider adds content to a SOAPMessage object in the same way as a standalone client.
However, because the JAXM provider must support a profile, the client can use methods in the profile implementation to
add content to a header. The client can use these methods instead of, or in addition to, methods provided in the

j avax. xm . soap package for adding header content. For example, the basic ebXML profile implementation,
EbXM_.Messagel npl , provides the method set Sender to identify the location of the client, and set Recei ver to
identify the endpoint address of the recipient in a message exchange. The methods create Par t y objects that hold the
address information -- the information is also added to the message header. A client that uses a JAXM provider that
supportsthe EbXM_Messagel npl profile implementation can specify theset Sender and set Recei ver methods
asfollows:

ebxm Msg. set Sender (new Party(
“http://ww. enpl oyeeportal . conl bookordering"));
ebxm Msg. set Recei ver (new Party("http://ww.funbooks. cont));

Note that because the endpoint address is provided in the header, it does not need to be specified when the message is
sent (see Send the Message).

The client then gets the SOAPPar t object and the objects within, and adds its content:

SOAPPart sp = ebxm Msg. get SOAPPart ()
SOAPEnvel ope envel ope = sp. get Envel ope();
SOAPHeader hdr = envel ope. get Header () ;
SOAPBody bdy = envel ope. get Body() ;
SOAPBodyEl ement sbe = bdy. addBodyE!l enent
(envel ope. creat eNane( " SendBookDet ai | s", "bp",
“http://bookprovider.cont));
sbe. addText Node( " Buyl SBN'+"**" + | sbn);

Add Attachments (If Any)
Attachments are added in the same way as for a standalone client.
Send the Message

A client that uses a JAXM provider sends a message using the send method of the Pr ovi der Connect i on object.
Unlikethecal | method that is used to send messages from a standalone client, the send method is specified with only
one argument: the SOAPMessage object. Thecal | method requires a second argument that specifies the endpoint
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address of the recipient. However, for a client that uses a JAXM provider, the endpoint address is in the header of the
SOAPMessage object, so the address does not need to be specified in the send request:

pc. send( ebxm Msg)
Process the Message

A client that uses a JAXM provider can exchange messages synchronously or asynchronously. if the client sends the
message synchronously, the receiving service processes it in the same way as though the client was standalone. In
particular, the service must implement the ReqRespLi st ener interface, and define within the onMessage method
actions that get the SOAPPar t object and the envelope, header, body, and child elements within the object. The service
can then process the content and build areply.

If the client usesa JAXM provider to exchange messages asynchronously, the service needs to implement the
OnewaylLi st ener interfaceinthej avax. xm . messagi ng package. For example, suppose that the recipient isa
service that isimplemented as a servlet. The following statement declares that the servlet implements the

OnewaylLi st ener interface:

I nport javax.xnl.nmessagi ng. *;

public class PurchaseConfirner extends JAXMServlet inplenments OnewaylLi stener
Notice the JAXVMSer vl et specification. Thisis asuperclass for servlets that receive JAXM messages.

The OnewayLi st ener interface declares one method, onMessage, that is used to describe how to process an
asynchronous request. The method takes a SOAPMessage object as a parameter. When the method is called, it passes
the SOAPMes sage object to the OnewayLi st ener implementation. Unlike the case for a synchronous message
request, the recipient of an asynchronous request does not have to send an immediate response. The time interval
between the request and the response can, in fact, be very long. The implementation of the onMessage method
describes how the recipient processes the asynchronous request. Here, for example, the implementation of the
onMessage method displays a number of messages. It also uses various methods in the basic ebXML profile
implementation, EbXM_Messagel npl , to process the SOAPMessage object:

public void onMessage( SOAPMessage nessage) {
System out . printl n(
"Asynchronous On nessage call in receiving servliet");

Systemout.println("Here's the nessage: ");
nessage. saveChanges() ;
message. witeTo(System out);

System out . printl n(
"Sendi ng an asynchronous nessage to origin ");

EbXM_Messagel npl ebxm Msg = ( EbXM_Messagel npl ) nessage;
Party from = ebxm Msg. get Sender () ;
Party to = ebxm Msg. get Recei ver();

ebxm Msg. set Recei ver (from;
ebxm Msg. set Sender (t o) ;
ebxm Msg. saveChanges() ;

Notice the saveChanges method. This method is used to save changes made to the SOAPnessage object.
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After the service processes the message, it sends the reply using the send method of the Pr ovi der Connect i on
object:

pc. send( ebxm MsQ) ;
ebxm Msg. wri teTo( System out);
System out. printl n(
"***Sent message from ReceivingServlet");

Process the Reply

The way that a client that uses a JAXM provider processes areply from the service is the same as the way that the
service processes a message from the client. If the client usesa JAXM provider to exchange messages synchronously,
the client must implement the ReqRespLi st ener interface, and define within the onMessage method how to
handle the reply.

If the client usesa JAXM provider to exchange messages asynchronously, the client needs to implement the
OnewaylLi st ener interface, and define within the onMessage method how to handle the reply. For example,
suppose a client isimplemented as a servlet. The following statement declares that the servlet implements the
OnewaylLi st ener interface:

public class BookPurchaser extends
JAXMSer vl et i npl enents Onewayli st ener {

Here isthe definition of the onMessage method in the client. The definition describes the actions taken by the client to
process areply from the service. In this example, the client displays changes made by the service to the message initially
sent by the client. The client usesthe saveChanges method in the basic ebXML profile implementation to get the
changes.

public void onMessage( SOAPMessage nessage) {
System out . printl n(
"Sender received asynchronous reply fromreceiver");
try {
Systemout.println("Here's the nmessage: ");
nessage. saveChanges() ;
nmessage. witeTo(System out);
} catch(Exception e) {
e.printStackTrace();
}

}
A JAXM Example

This section presents an example of JAXM in use. The exampleis based on a
sample application that uses JAXM (as well as JAX-RPC) to access Web services.
For instructions on building and running the sample application, see Build and Run
the Sample Application.

Part 1 of this series presented an example that illustrated how afictitious company named BooksToGo uses JAXR to
register a Web service, and how another fictitious company, BoomingBusiness.com, uses JAXR to discover the service.
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Recall that BoomingBusiness.com provides a Web site to its employees. The Web siteis a portal to avariety of
employee services. One of the services that BoomingBusiness.com plans to make available through its Web siteisan
online service for ordering books. BooksToGo is a provider of that service. BooksToGo has recently changed its name to
FunBooks.

BoomingBusiness.com's I T staff decides to take a messaging approach for the book order service. When an employee
requests the online book ordering service from the employee portal, an underlying program will dynamically search a
business registry for online book service providers. JAXM will then be used to exchange messages between employees
submitting book order requests, and the registered book service providers.

In addition to FunBooks, Aerns and Cable is a company that provides online book services. Both FunBooks and Aerns
and Cable want to make their services available to clients. Both companies choose to make their online book services
available through JAXM. Let's examine what FunBooks and Aerns and Cable do to make their online book services
availableto clients through JAXM. Then let's examine what BoomingBusiness.com does to access the online book
services through JAXM.

FunBooks and Aerns and Cable Register Their Online Book Services

FunBooks and Aerns and Cable use the JAXR API in the Java WSDP package to register their online book services.
They choose to register the servicesin a UDDI registry. (In the sample application, the UDDI registry used is the Java
WSDP Registry Server v1.0_01 provided in the Java WSDP v1.0.) For adescription of the stepsinvolved in registering a
Web service, see the JAXR examplein Part 1 of this series.

Each provider publishes information about its online book service. For example, Aerns and Cable publishes the
following information:

Business Aerns and Cable
Name
Contact Primary Contact: Bhakti Mehta

Information Phone number: (877)1111111
Email Address: bhakti.mehta@ae.com

Classification | NAICS (Book Stores, 451211)

Scheme

(classification,

code)

Service Online Book Ordering

Service Description: JAXM-FCS (SOAP/HTTP)
Binding based binding

Access Point:
http://local host:8080/ancbooks/bookordering

Notice the classification code, 451211. Thisisthe North American Industry Classification System (NAICS) code for

book stores. To find the online book service providers, BooomingBusiness.com's application program will query a
registry for entries that have the book stores code in their classification.

Notice too the binding information: JAXM-FCS (SOAP/HTTP) based binding. Thisidentifies the service as accessible
through JAXM. In looking for online book service providers, BooomingBusiness.com's application program will look
for entries that meet this criteria. The access point identifies the URL for the service endpoint. JAXM clients will specify
this URL to contact the service. In this example, the URL isalocalhost URL, so that the service endpoint is actualy on


/developer/technicalArticles/WebServices/WSPack/index.html#jaxrxmp
http://www.census.gov/epcd/naics/naicscod.txt

The Java(TM) Web Services Developer Pack, Part 2
your machine. In areal Web service deployment, the service endpoint would probably be on a different machine.

The sample application includes a class that registers the online book order services. To see the source code for the class,
look here.

FunBooks and Aerns and Cable Deploy Their Online Book Services

Both online book service providers want to deploy their services in a J2EE-compliant container. (In the sample
application, the container is Tomcat.) They also decide to implement the service endpoints for their services as servlets.
To deploy Web server-based components such as servlets in a J2EE-compliant container, each service provider needsto
create aWAR file. The service providers create their respective WAR files using J2EE tools.

To illustrate what the services look like, here is the source code for a servlet in FunBook's online book service that

exchanges messages synchronously with a JAXM client. For example, when a BoomingBusiness.com employee initiates
a book search by submitting search criteriain the online book order form, the "book client” in BoomingBusiness.com's

employee portal sends a SOAP message synchronously to various service endpoints. When the endpoint for FunBook's
online book service receives the message, this servlet processesit. Notice how the servlet:

« Getsthe request

Extracts the query criteria and query value from the request
« Checkstheinventory for the books matching the criteria
Sends the response as a SOAP attachment

Sends any promotion information as another attachment

These actions are further described in the Process the M essage section under Exchanging Messages Without a JAXM
Provider.

Here isthe source code for a servlet in FunBook's online book service that exchanges messages asynchronously with a
JAXM client. For example, when a BoomingBusiness.com employee selects a book from the results page, the book
purchaser in BoomingBusiness.com's employee portal sends a SOAP message asynchronously to a JAXM provider,

which then routes the message to the target endpoint. When the endpoint for FunBook's online book service receives the
message, this servlet processes it and sends a confirmation message back to the sender. Notice how the servlet:

o Implementsthe OnewayLi st ener interface
« Definesthe onMessage method
« Sends the asynchronous reply

These actions are further described in the Process the M essage section under Exchanging Messages With a JAXM
Provider.

BoomingBusiness.com Creates the Client

BoomingBusiness.com envisions the following flow of events for its online book ordering service. After an employee
clicksa"Online Book Ordering Service" link in the employee portal:

Click to enlarge each image

1. The employee portal displays an online book 2. The employee specifies search criteria such as
ordering form. the name of abook or an author.
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The provider of the selected book then sends a note to confirm the transaction.

Here's what BoomingBusiness.com's I T staff plans to implement in support of this interaction:
« Alink for "Online Book Ordering Service" in the home page for their employee portal.
A "book query" JSP that displays the online book ordering form.

A "process book query" JSP that processes the search.

A "process result” JSP that displays the search results.

A "book info handler" JavaBean that validates search criteria entered in the online book order form, and initiates
the search.

A "book lister" class that searches for books that meet the submitted search criteria.
A "client query" class that finds registered online book providers.

« A "book client” class that send a message synchronously to registered online book providers that expose a JAXM
binding.
« A "book purchaser" servlet that sends a message asynchronously to the provider of a selected book.

Let'slook at some of these components in more detail.

Book Query JSP: Hereis the source code for the book query JSP. The JSP displays the online book ordering form.
After the employee enters search criteriain the form, the subsequent action is to invoke the process book query JSP:

<FORM net hod=post acti on=pr ocessBookQuery.jsp>

<font size=+2>Select Criteria and enter information: </font>
<TR val i gn=cent er ><TH al i gn=Il eft >Search Criteri a</ TH>

<TH al i gn=I ef t >Sear ch Val ue</ TH> </ TR>


/developer/technicalArticles/WebServices/WSPack2/orderform.html
/developer/technicalArticles/WebServices/WSPack2/orderentry.html
/developer/technicalArticles/WebServices/WSPack2/booklist.html
/developer/technicalArticles/WebServices/WSPack2/bookselection.html
/developer/technicalArticles/WebServices/WSPack2/bookquery.txt

The Java(TM) Web Services Developer Pack, Part 2

<tr valign=center>
<td align=left> I SBN ...
</td>

Process Book Query JSP: Hereis the source code for the process book query JSP. Notice the use of the book info
handler JavaBean. The JSP invokestheval i dat e method in the book info handler JavaBean to validate that a search

criteriawas selected in the online book order form. The JSP then invokes the execut eTest method in the book info
handler JavaBean to identify which search criteria was selected, and to initiate the search.

<j sp: useBean i d="bookl nf oHandl| er"
cl ass="com sun. eport al . bookor deri ng. BookQuer yBean"
scope="request"/>

<%
i f (bookl nfoHandl er.validate()) {

bookl nf oHandl er. execut eTest () ;

The process book query JSP then invokes the process result JSP to display the search results:

<jsp:forward page="result.jsp?searchCriteria=
% searchCriteria %' &earchVal ue='
% searchValue %'" [>

Process Result JSP: Here is the source code for the process result JSP. The JSP displays the results page. After the
employee selects a book in the results page, the subsequent action is to invoke the book purchaser servlet:

<f or m met hod=get acti on=bookpur chaser >

<hl align=center>...Results of your query ...

<j sp: useBean i d="bookl nf oHandl er"
cl ass="com sun. eport al . bookor deri ng. BookQuer yBean"
scope ="request" />

<t abl e bor der =0>

.<TH...>

<P> Book Supplier</P>
</ TH>
<TH ...>

<P>| SBN</ P>
</ TH>

Notice that the JSP page gets the data returned in the search by the book info handler JavaBean:

<%
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for (int i = 0;i

<tr valign=center bgcol or=666699>
<td align = | eft><I NPUT TYPE="RADI O' NAME=< ...
<td align=center> ...<%Dbookl nfo. get BookProvi der Nane() % ...
<td align=center> ...<%Dbookl nfo. get Bookl SBN() %</font> ...

Book Info Handler JavaBean: Here is the source code for book info handler JavaBean. Noticetheval i dat e method.
Thisisthe method that the process book query JSP uses to validate that search criteriawas selected. Also notice the
execut e test method. This method identifies which search criteria was selected, and then invokesthesendQuer y
method, passing it the search criteria and search value. The sendQuer y method creates a book lister object to search
for books that meet the submitted search criteria and value.

publ i c bool ean validate() {

bool ean al | Ck=t r ue;

if (criteria.equals("")) {
errors.put("criteria","Please choose a criteria ");
criteria="";
al | Gk=f al se;
Systemout.println("criteria ERROR");

}

Systemout.println("Validate returnin -> " + all Ok +criteria);

return all Ck;

}

public void executeTest(){

if (criteria.equals("ISBN")){
sendQuery("i sbn", bookl SBN) ;

}else if (criteria.equal s("bookNane")){
sendQuer y("nane", bookNane) ;

}else if (criteria.equal s("bookAuthor")){
sendQuer y("aut hor 1", bookAut hor1);

}

}

public void sendQuery(String queryType, String queryVal) {

try {
BookLi ster bookLi ster = new BookLister ( );

dat a = bookLi st er. popul at eAvai | abl eBooks(
queryType, queryVal) ;

Book Lister Class: Here isthe source code for the book lister class. Notice the popul at eAvai | abl eBooks method.
Thisisthe method that the book info handler JavaBean uses to search for appropriate providers. The

popul at eAvai | abl eFunds method uses a query method in a client query object to search a Web services registry
for providers classified as book stores. The parameters passed to the query method comprise the NAICS classification
scheme for book stores.

publ i c Vector popul at eAvai | abl eBooks ( String queryType,
String queryVal ue ) {
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bookVect or = new Vector();

try {

String cSchenme="ntis-gov: naics";

String keyNanme="Book Stores";

String keyVal ue="451211";

String serviceNane="Onli ne Book Ordering”;

CientQuery clientQuery = new dientQuery( );
Vector serviceProviderlnfoVector = clientQery. query(
cSchene, keyNanme, keyVal ue);

After the the query returns information from the registry, the book lister examines the binding information exposed by
the candidate providers. If the binding is JAXM, the book lister adds the provider's service endpoint to a vector:

I f ( spi.getComrunicationType().equal s("JAXM) ) {
j axnmEndpoi nt Vect or . addEl enent ( spi . get Endpoint () );
}

The book lister then usesthe const r uct Message method in the book client class to construct a SOAP message for

the online book request, and the get Avai | abl eBooks method to send the SOAP message synchronously to each
endpoint:

BookC i ent bookC ient = new BookC ient();
bookd i ent. construct Message ( queryType, queryVal ue );

bookVect or = bookC i ent. get All Avai | abl eBooks (
j axnEndpoi nt Vector );

Client Query Class: Here is the source code for the client query class. The class uses JAXR to search a Web services

registry. Notice how the quer y method in the class searches the registry for organizations that meet the supplied
classification scheme, and retrieves information about service providers that meet the classification criteria:

Cl assi ficati onSchenme classificationSchene =
guer yManager . fi ndC assi fi cati onSchenmeByNanme(
findQualifiers, cNanme );
Classification classification =
i feCycl eManager. creat e assification(
cl assificationSchene, keyNane, keyValue );

Bul kResponse response =
guer yManager . fi ndOrgani zations(findQualifiers,
null, classifications, null, null, null);
Col l ection orgs = response. get Col |l ection();

For more information about using JAXR to search a Web services registry, see Part 1 of the series.
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Book Client Class: Here is the source code for the book client class. The class uses JAXM to send a SOAP message
synchronously to a URI endpoint. The book lister class usesthe const r uct Message method in the book client class

to construct a SOAP message for the online book request. Here is the source code for theconst r uct Message
method:

public void construct Message(String queryType, String queryVal ue){
try {
MessageFactory nf = MessageFact ory. newl nstance();
SOAPMessage nsg = nf.createMessage();
SOAPPart sp = nsg. get SOAPPart () ;
SOAPENnvel ope envel ope = sp. get Envel ope();

SCAPHeader hdr = envel ope. get Header () ;
SOAPBody bdy = envel ope. get Body();

SOAPBodyEl ement sbe = bdy. addBodyEl enent
(envel ope. cr eat eNane( " Get BookDet ai | s", "bp",
“http://ww. bookprovider.cont'));

sbe. addChi | dEl enent ( envel ope. creat eNane("searchCriteria", "bp",
"http://ww. bookprovi der.cont' )).addText Node( queryType);

sbe. addChi | dEI enrent ( envel ope. cr eat eNane( " sear chval ue", "bp",
“http://ww. bookprovi der.cont )).addText Node( queryVal ue);
nmessage=nsg;
} catch ( Exception e ) {
e.printStackTrace();

}
}

Notice how theconst r uct Message method usesthe MessageFact ory cl ass to create a SOAPMessage
object for the message, and how it adds content (in this case, the search criteria and search value) to the body of the
message. These actions are further explained in Create a Message and Add Content to the Message.

After constructing the SOAP message, the book lister class callsthethe get Avai | abl eBooks method in the book

client class to send the SOAP message synchronously. The method is called for each endpoint associated with a
registered online book provider (and that exposes a JAXM binding). Each call to the method for a specific endpoint
sends the SOAP message synchronously to that endpoint. Because the exchange is synchronous, the

get Avai | abl eBooks method waits after sending the message. Here is part of the source code for the

get Avai | abl eBooks method:

publ i c Vector getAvail abl eBooks (String endPoint) {
try {
Vector retVector = new Vector();
URLEndpoi nt url Endpoi nt =
new URLEndpoi nt (endPoi nt) ;

SOAPConnecti on conn;
SCAPConnecti onFactory scf =
SOAPConnect i onFact ory. new nst ance();
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conn = scf.createConnection();

SOAPMessage reply =
conn. cal | (message, url Endpoint);

Notice how the get Avai | abl eBooks method gets a connection by creating a SOAPConnect i on object. It then
usesthecal | method of the connection to send the message. The two parametersin the call are objects that represent
the message and the target endpoint. These actions are further explained in Get a Connection and Send the Message (and

Wait).

Each service at atarget endpoint processes the SOAP message it receives and returns areply. For example, after
receiving the message, the FunBooks Online Book Service processes the message and returns areply. Here is the source

code for FunBook's online book service.

Because it sent a message synchronously, the get Avai | abl eBooks method is blocked until it receives areply. After
the method receives areply it continues processing. Specifically, it gets the pertinent elements of the reply message, that
IS, the envelope, body, and child elements. It thenusesan | t er at or object to access each child element. Thisis further
explained in Process the Reply.

SdAPEnveI ope envel ope =
reply. get SOAPPart (). get Envel ope();
SOAPHeader header = envel ope. get Header () ;

orgNanme = extract( envel ope, header, "organization");
i nt attachment Count = reply. count Attachnments();

Iterator attachnmentlterator = reply.getAttachnments();
while ( attachmentlterator. hasNext() ) {

ap = (AttachnmentPart)attachnentlterator. next();
System out . printl n(
"Content Type is" + ap.getContentType());

The book client expects the reply to contain two attachments: one, in content type text/xml, that contains book
information, and the other, in content type text/html, that contains promotional information. It saves the promotional
information attachment in afile, and transforms the book information to XML. It does the transform using the Java API
for XML Parsing (JAXP) packages, j avax. xm . t r ansf or mandj avax. xm . t ransf or m st r eam JAXP
v1.2 Olispart of JavaWSDP 1.0 01.

I f ( ap.getContent Type().equal s("text/htm") ) {
String is = (String)ap.getContent();
Fi | eQut put Stream fos = new Fi | eQut put St ream (
"../webapps/ ROOI/" +get Fi | eNanme( endPoi nt) +
“.htm");

fos.write(is.getBytes());
Systemout.println("Attachnent is saved "+
get Fi | eNanme(endPoi nt)+". htm ") ;
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fos.flush();
fos. close();
} else {

j avax. xm . transf orm stream St reanSour ce
bookSource = (StreanSource)ap. get Content ();

TransfornerFactory tfactory = TransfornerFactory
. newl nstance();
Transfornmer transforner =
tfactory. newlransformner();
t ransf or ner. set Qut put Propert y( Qut put Keys. | NDENT,
"yes");
t ransf or ner. set Qut put Propert y( Cut put Keys. METHOD,
"xnl ")

file = getFil eName(endPoint);

String fileName = "../webapps/ ROOT/"+file+".xm";
Fil eQut put Stream fos = new Fi |l eQut put Stream
(fil eNane) ;

transfornmer.transfornm bookSource,
new StreanResul t (fos));
fos.close();

Book Purchaser Servlet: Hereisthe source code for the book purchaser servlet. The servlet isinvoked when a user

selects one of the books in the results page. The servlet uses JAXM to send a SOAP message asynchronously to a JAXM
provider, which then routes the message to the target endpoint. Notice how the servlet:

» Getsaconnection with aJAXM provider by creating aPr ovi der Connect i on object:

pcf = Provider Connecti onFact ory. newl nst ance();
pc = pcf.createConnection();

Thisis further described in Get a Connection With a JAXM Provider.
« ldentifiesaprofile for the exchange:

Provi der Met aDat a net aData = pc. get Met aDat a()
String[] supportedProfiles =

net aDat a. get SupportedProfiles();
String profile = null;

for(int i=0; i < supportedProfiles.length; i++) {
i f(supportedProfiles[i].equals("ebxm") {
profile = supportedProfiles[i];

Thisis further described in Create a M essage.

» Creates amessage from aMessageFact or y instance that isinitialized with the profile -- the
MessageFact or y instance uses the basic ebXML profile implementation provided in the Java WSDP:

nf = pc.createMessageFactory(profile);
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EbXM_Messagel npl ebxm Msg =
(EbXM_Messagel npl ) nf . cr eat eMessage() ;

Thisis further described in Create a M essage.

« Adds content to the message. In this case the content is the ISBN number of the selected book. Notice the use of
the ebXML profile implementation method set Sender and set Recei ver to identify the location of the
client, and to identify the endpoint address of the recipient, respectively:

ebxm Msg. set Sender (new Party(fron));
ebxm Msg. set Recei ver (new Party(endPoint));

SQAPPart sp = ebxm Msg. get SOAPPart () ;
SOAPEnvel ope envel ope = sp. get Envel ope();

SOAPHeader hdr = envel ope. get Header () ;
SOAPBody bdy = envel ope. get Body();

SOAPBodyElI enent sbe = bdy. addBodyEl enent
(envel ope. cr eat eNane( " SendBookDet ai | s", "bp",
“http://bookprovider.cont));
sbe. addText Node( " Buyl SBN'+"**" + | shn);

Thisisfurther described in Add Content to the Message.
« Sends the message using the send method of the Pr ovi der Connecti on obj ect:

pc. send( ebxm Msg) ;

Java™ Web Servi ces Devel oper Pack
Part 2: RPC Calls, Messaging, and the JAX-RPC and JAXM API

Build and Run the Sample Application

You can build and run the sanple application that is highlighted in the JAX-RPC
exanpl e and the JAXM exanpl e.

To build and run the application:

1. Download and install the Java WbServices Devel oper Pack v1.0 01 if it isn't
al ready install ed.

2. Downl oad the enpl oyeeportal -fcs.zip file into a directory. This file
contains the files for the sanple application.

3. Unzip the enpl oyeeportal -fcs.zip file. This will create an
enpl oyeeportal -fcs directory.

4. Change the current directory (using the cd command) to the
enpl oyeeportal -fcs directory.

5. Set the JWSDP_HOME environnent variable to the directory where the Java Wb
Servi ces Devel oper Pack is installed. The command you use to set the

envi ronnent vari abl e depends on your command line or shell. For exanple, if
you installed the Java Wb Services Devel oper Pack in directory



/developer/technicalArticles/WebServices/WSPack2/jaxrpc.html#jaxrpcx
/developer/technicalArticles/WebServices/WSPack2/jaxrpc.html#jaxrpcx
http://java.sun.com/webservices/downloads/webservicespack.html
/servlet/WSPack2EntryServlet

The Java(TM) Web Services Developer Pack, Part 2

/ home/ user/jwsdp-1 0-fcs (UNI X) or /hone/user/jwsdp-1 0-fcs (Wndows), enter
t he conmand:

UNI X Korn shell (ksh):

export JWSDP_HOVE=/ hone/ user/jwsdp-1 0-fcs
UNI X C shell (csh):

setenv JWBDP_HOVE / hone/ user/jwsdp-1 0-fcs

W ndows:

set JWSDP_HOVE=c:\jwsdp-1 0O-fcs

Set the ANT_HOVE environnment variable to JWSDP_HOME.
UNI X Korn shell (ksh):

export ANT_HOVE=$JWSDP_HOVE
UNI X C shell (csh):

set env ANT_HOVE $JWBDP_HOMVE

W ndows:

set ANT_HOVEY%=JWSDP_HOVEY%
Ensure that ANT_HOVE/ bin (UNI X) or ANT_HOVE\bin (Wndows) is in your path.

UNI X Korn shell (ksh):

export PATH=$ANT_ HOME/ bi n: $PATH
UNI X C shell (csh):

set env PATH $ANT_HOVE/ bi n: $PATH

W ndows:

set PATH=%ANT HOVE% bi n; %PATHY%
Enter the command:

ant cl ean
Enter the command:

ant buil d-all
10. Enter the conmmand:

ant depl oy
11. Change the directory (cd) to $IJWSDP_HOVE, and enter the command:

UNI X
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12.

13.
14.

15.

16.

17.

Xi ndi ce-start. sh

W ndows

Xi ndi ce-start. bat

The command starts Java WBDP Regi stry Server v1.0 02. After you enter the
xi ndi ce conmand, exanmine the xindice.log file in the $JWDP_HOWE | ogs
directory. If the Registry Server is started properly, you should see the
following lines in the file:

Dat abase: 'db' initializing

Script: 'CGET' added to script storage
Service: '"db' started

Service: 'HITPServer' started @http://:4080/
Service: 'API Service' started

Server Running

Open a new term nal w ndow, and change the directory to $JWSDP_HOMVE/ bi n
(UNI X) or $IWSDP_HOME/ bin (W ndows). Enter the comand:

UNI X

./catalina.sh run

W ndows

.\catalina.sh run

The command starts the Apache Tontat 4.1.2 container that is packaged with
t he Java WSDP

Open a browser

In the browser, enter the URL:

http://1 ocal host: 8080

The browser should then display the Java WSDP start page.

Go to the first termnal window. Change the current directory to the
enpl oyeeportal -fcs directory, and enter the foll ow ng conmand:

ant publish

Thi s publishes all the service provider information into the Java WSDP
Regi stry Server. (You only need to performthis step once.)

In the browser, enter the URL:

http://1 ocal host: 8080/ eponf cs/i ndex. ht n

The browser should then display the Enpl oyee Portal |ndex Page.

Click on either the Retirenment Service link or Online Book Ordering Service
link on the Enpl oyee Portal |ndex Page.
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If you click on the Retirenment Service link, the browser should
display a table of retirenent funds.

0

Sel ect one or nore funds, for exanple, Happy old days funds and
A d orchards funds.

Speci fy an investnent percentage for each selected fund, for
exanpl e, Happy ol d days funds: 30 and O d orchards funds: 70

Enter a nonthly investnent in the Investing Mney field, for
exanmpl e, $100

Click the Go button. The browser should display a page wwth two
tabl es: one that displays the funds you sel ected, the other

t hat di splays quotes received fromproviders of the sel ected
funds.

Sel ect one of the quotes, by selecting the radio button next to
it.

Click the Confirmbutton. The browser should then display a
confirmati on nessage.

If you click on the Online Book Ordering Service |ink, the browser
shoul d di spl ay a book ordering page.

O

O

a

Enter one of the follow ng search criteria:

Enter 1 in the I SBN field,
or enter Web Services in the Nane of Book field,
or enter Bill Brown in the Author of Book field

The browser should then display a list of books.
Sel ect one book fromthe I|ist.
Cick the Submt button.
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