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Section 1. Getting started

What is this tutorial about?

This tutorial provides an overview of the Java 2 Enterprise Edition (J2EE) Connector
Architecture (JCA). The tutorial starts with a high-level look at JCA, encompassing its place
in the J2EE architecture, how it works to integrate enterprise-level systems, and the base
elements of the architecture. In the sections that follow, you'll explore each of these elements
in more detail, with step-by-step descriptions and examples. The course closes with a look at
a sample application that will help you see how all the parts of a JCA-compliant and enabled
system work together.

Should | take this tutorial?

To get the most from the tutorial, you should be familiar with Java programming and
object-oriented programming concepts. You should also have a high-level understanding of
J2EE and J2EE applications.

Tools, code samples, and installation requirements

Sample code is provided with this tutorial and will be explained as you go along. To execute
and test the sample code, you will need a J2EE application server environment that supports
the J2EE Connector Architecture. The source code is supplied in standard J2EE packaging;
see your J2EE application server environment for deployment details.

About the author

Willy Farrell is an e-business Architect for IBM Developer Relations Technical

Consulting (a.k.a. The DragonSlayers), providing education, enablement, and consulting to
IBM Business Partners. He has been programming computers for a living since 1981, began
using Java in 1996, and joined IBM in 1998. Willy holds the following technical certifications,
among others: Java 2 Programmer, WebSphere Application Server Enterprise Developer,
WebSphere Studio Application Developer Solution Developer, MQSeries Solutions Expert,
and IBM e-business Solution Technologist. You may contact Willy at willyf@us.ibm.com.
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Section 2. Introduction

Integration complexity

As you develop Web-based applications, you probably find that you need to integrate those
applications with the resources and data available in at least one enterprise information
system (EIS), such as an enterprise resource planning (ERP) system, a supply chain
management (SCM) system, or a transaction processing monitor (TPM). Such integration is
the essence of e-business strategy: we leverage and transform existing infrastructure,
combining it with Web and other open technologies to support new business processes, such
as business-to-business (B2B) transactions.

Prior to the advent of the J2EE Connector Architecture, integrating a J2EE application and
an EIS was complex and problematic, because no standard for such integration existed.
Each EIS vendor supplied its own solution to the problem. An EIS vendor usually didn't
support all J2EE application servers. All of this made it difficult to write truly portable
applications that integrated with enterprise information systems; a custom effort was required
to integrate each application server-EIS combination.

The figure below illustrates the J2EE application and EIS integration complexity.

Application servers

Enterprise information systems

JCA simplifies integration

The J2EE Connector Architecture (JCA) resolves the problem of connecting a J2EE
application server to an EIS. By complying with the JCA standard, an EIS vendor ensures
that its EIS will integrate easily with any Java-based application server. Likewise, the
application-server vendor needs only to ensure its product is enabled for JCA connectivity,
rather than customizing its product for every EIS on the market. Any JCA-enabled application
server can integrate with any JCA-compliant EIS.
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The figure below shows how JCA can simplify connecting several application servers to a
single EIS, or a single application server to several EIS.

Application Servers

\

Resource adapter

Enterprise information system

Application Servers

R/esuurce adapters
D\

Enterprise information syslem

Elements of JCA

JCA is composed of three primary elements:

e System contracts
» Client API
» Resource adapter module

Each of these elements plays a specific role in JCA. We'll take a high-level look at each
element separately, then move on to the more complex discussion in the next section.
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System contracts

System contracts define the connection between the application server and the EIS. The EIS
side of the system contract is implemented by a resource adapter -- a system-level software
driver specific to the EIS. The application server and the resource adapter collaborate by
means of the system contract to provide secure, robust, scalable access to the EIS.

Three types of system contracts are defined:

» The connection management contract enables physical connections to the EIS and
provides a mechanism for the application server to pool those connections.

» The transaction management contract supports access to an EIS in a transactional
context. Transactions can be managed by the application server, providing transactions
that incorporate other resources besides the EIS, or they can be internal to the EIS
resource manager, in which case no transaction manager is required.

» The security contract supports secure access to the EIS.

How system contracts are implemented on each side (application server and resource
adapter) is not specified by JCA; they can be implemented as each vendor sees fit.

Client API

The second element of JCA is the client API. The API can be specific to the resource adapter
or it can be the standard Common Client Interface (CCl) as defined by JCA. The CCl is
meant to be used by vendors to provide integration tools and frameworks, making it easier
for developers to access enterprise systems. It is recommended (but not mandated) that the
resource adapter make use of the CCI.

Resource adapter module

The resource adapter module contains all of the elements necessary to provide EIS
connectivity to applications. Specifically, the resource adapter module includes the following
components:

» The Java classes and interfaces that implement the resource adapter
Any utility Java classes required by the resource adapter

Any EIS-specific platform-dependent native libraries

The deployment descriptor

Application servers make use of the deployment descriptor supplied with a resource adapter
to configure it to a specific operational environment.

Resource adapter module packaging
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All of the resource adapter module's files are packaged into a resource adapter archive
(RAR) file using the Java archive (JAR) file format. All Java classes and interfaces are
packaged in a JAR file, which is then contained by the RAR file. The native files are
packaged in the RAR file, also. The deployment descriptor is named ra.xml, and is located in
the META-INF folder of the RAR file.
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Section 3. JCA's infrastructure

Section overview

With a basic understanding of JCA under your belt, you're ready to begin thinking more about
the elements working beneath the architecture. In this section you'll learn about the classes,
interfaces, and libraries that work together to create and manage connections, fulfill complex
transactions, and maintain security for JCA-compliant and -enabled systems.

Obtaining and closing a connection

An application component accesses the resource adapter through Connect i onFact ory
and Connect i on interfaces, which are provided by the resource adapter implementer.
These interfaces can be CCIl interfaces (j avax. r esour ce. cci . Connecti onFactory
and j avax. resour ce. cci . Connect i on) or they can be specific to the resource adapter.
The classes that implement these interfaces are also provided with the resource adapter.

The connection factory is obtained through the Java Naming and Directory Interface (JNDI)
so that the application need have no knowledge of the underlying implementation class.
Once the connection factory is retrieved, a connection is obtained from the connection
factory through the get Connecti on() method. At least one get Connecti on() method
must be provided by the connection factory, though more may be provided. It is important to
note that a Connect i on is an application-level handle to an underlying physical connection
to the EIS, represented by a ManagedConnect i on, which we'll discuss later.

Once the application component is finished with the connection, it calls the cl ose() method
on the connection. A resource adapter is required to provide a method on the connection to
close the connection. This method must delegate the cl ose to the ManagedConnect i on
that created the connection handle. Closing a connection handle should not close the
physical connection to the EIS.

Connection management

The get Connect i on() method in the connection factory does not actually create a
connection; it calls the al | ocat eConnect i on() method on its associated

Connect i onManager . The Connect i onManager interface is implemented by the
application server. It is associated with a connection factory in an implementation-specific
manner when the connection factory is instantiated. The call to the Connect i onManager
allows the application server to "hook in" to the resource adapter functionality to provide
pooling, transaction, and security services. A Connect i onRequest | nf o object may be
passed to al | ocat eConnecti on() to pass connection request-specific information.

The Connect i onManager, in turn, calls on a ManagedConnect i on to obtain the
connection handle. The connection handle is passed back through the
Connect i onManager to the connection factory and on to the application component.

Connection pooling
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To support connection pooling, the resource adapter provides a class that implements the
ManagedConnect i onFact ory interface. The ManagedConnect i onFact ory class acts
as a factory for both connection factory instances and ManagedConnect i on instances.

When the application server needs to create a connection factory, it calls the

cr eat eConnecti onFact ory() method, passing in an instance of Connect i onManager ;
this is the instance that is called when the application component calls get Connecti on()
on the connection factory, as discussed previously.

The application server uses one of two ManagedConnect i onFact or y methods to create
or request managed connections. When the server requires a new instance of
ManagedConnect i on, it calls the cr eat eManagedConnecti on() method. When the
server wants to re-use an existing ManagedConnect i on, it calls the

mat chManagedConnect i ons() method. To find the right match, the server passes in a set
of ManagedConnect i ons that could possibly meet the criteria of the requested connection,
along with information about the desired connection type. Internally, the

mat chiManagedConnect i on() method compares this information with the candidate set to
determine if a match can be made. If so, it returns the matching ManagedConnect i on; if
not, it returns nul | .

Additional connection pooling methods

The application server uses a number of additional ManagedConnect i on methods to
facilitate connection pooling, as follows:

e The cl eanup() method cleans up any client-specific state maintained by a given
ManagedConnect i on, and invalidates all connection handles associated with that
connection.

e The destroy() method is called when the server no longer needs the
ManagedConnect i on in the pool; calling dest r oy () initiates the shutdown of the
physical connection to the EIS.

 The addConnecti onEvent Li st ener () method allows the application server to register
a Connecti onEvent Li st ener with the ManagedConnect i on, so that the application
server can be notified of close, error, and transaction occurrences. The
ManagedConnect i on interface also provides a r enoveConnect i onEvent Li st ener ()
method.

This figure shows the connection pooling process:
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Transaction management

Two types of transaction management are available in JCA. The first type involves a
transaction manager coordinating the activity of multiple resource managers across a single
transaction. The second type involves a transaction with only a single resource manager,
called a local transaction. A resource adapter can also indicate, through its deployment
descriptor, that it does not support transactions.

Multiple resource managers participating in the same transaction are supported by the Java
Transaction API (JTA) XAResour ce interface. This interface allows a transaction manager to
manage transactions among multiple resources that support the interface. The
ManagedConnect i on interface contains a method, get XAResour ce( ), which returns an
XAResour ce object. The application server's transaction manager uses this object to
manage the transaction. For more information on XAResour ce, see the JTA specification.

Supporting local transactions

To support local transactions, the ManagedConnect i on interface provides a

get Local Transacti on() method, which returns a Local Tr ansact i on object. The
Local Transact i on interface has methods on it to begin, commit, and roll back a
transaction for the underlying EIS. In addition, the ManagedConnect i on must notify its
registered Connect i onEvent Li st ener s when an application component begins, commits,
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or rolls back a transaction. The Connect i onEvent Li st ener interface provides

| ocal TransactionStarted(),| ocal Transacti onComm tted(), and

| ocal Transacti onRol | edback() methods for this purpose. This figure shows this
process:
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While the get XAResour ce() and get Local Transacti on() methods, along with the
Connect i onEvent Li st ener notifications, are all that is required for the resource adapter
to support transactions, transaction management is complex, requiring considerable
collaboration between the resource adapter and the application server. A detailed
understanding of JTA, the Java Transaction Service (JTS), and JCA's
transaction-management contract is required to effectively provide transaction support to an
EIS. See Resources on page 28 for further reading on these topics.

Security

JCA's security contract uses the Java Authentication and Authorization Service (JAAS)
Subj ect class to provide security information. When a new ManagedConnecti on is
created, the cr eat eManagedConnecti on() method is passed a Subj ect instance. The
connection uses the Subj ect when it attempts to sign-on to the EIS. A Subj ect contains
information about the Pri nci pal , or name, of the Subj ect , along with information about
the security credentials held by the principal.

JCA defines two types of credentials. A Generi cCredenti al is a Java wrapper,
representing a specific security mechanism, such as a Kerberos credential. A
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Passwor dCr edent i al holds username and password information. An application server
must provide implementations of both of these interfaces.

The resource adapter's deployment descriptor lists the type of security supported, the
authentication mechanism used, the interface of the credentials supported, and whether
re-authentication is supported. The get Connecti on() method of ManagedConnecti on
takes a Subj ect as a parameter to support re-authentication. The following figure shows the
security management process.
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Because only a couple of methods on the resource adapter are concerned with security,
security management seems somewhat simple. Like transaction management, however, the
complexity is in the collaboration between the application server and the resource adapter. A
comprehensive understanding of JAAS and the JCA security contract is required to ensure
effective security. See Resources on page 28 for more information on JAAS.

ManagedConnect i onMet aDat a interface

While not specifically mentioned in JCA's three system contracts, the

ManagedConnect i onMet aDat a interface is an important component of JCA. It provides
methods to retrieve information about the ManagedConnect i on and the connected EIS.
This information includes:

e The product name of the EIS
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e The product version of the EIS

» The maximum number of connections that the EIS can support
» The user name for the connection
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Section 4. Common Client Interface

Overview

The CCl is a standard client API for use by application components. It is designed to provide
a base-level API for EIS access upon which higher level functionality will be built by EAI and
tools vendors. The CCl is divided into five parts, each of which we'll discuss in the panels
that follow. The CCI's five parts are:

« Connection-related interfaces

« Interaction-related interfaces

« Data representation-related interfaces
» Metadata-related interfaces

« Exceptions and warnings

A resource adapter is not required to provide support for the CCI. In fact, the resource
adapter may define its own client API, different from the CCI.

Connection-related interfaces

The CCl uses its Connect i onFact ory interface to get a connection handle to an EIS. The
Connect i onFact or y provides two get Connect i on() methods: one with no parameters
and one that takes a Connect i onSpec instance as a parameter. The second

get Connecti on() is used when connection request-specific information must be provided
with the connection request.

The Connect i onFact ory also provides methods to return metadata information about the
resource adapter (get Resour ceAdapt er Met aDat a() ) and to return a record factory
(get Recor dFact ory()).

Connect i onSpec is an empty interface that may be extended to add whatever properties
are desired. Two standard properties, User Nane and Passwor d, are defined by JCA, but
additional properties (or no properties) may be supported. The resource adapter should map
the properties of Connect i onSpec to those of Connect i onRequest | nf o when calling

al | ocat eConnecti on() onthe Connecti onManager.

Connection methods

The Connect i on interface is an application-level connection handle that is used to access
an EIS. It provides the following methods to manage connections between the application
and the EIS:

» The cl ose() method allows an application to close the connection handle, as required by
the connection-management contract.

» The get Local Transacti on() method allows an application component to use local
transactions.
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« Thecreatel nteraction() method returns an | nt er act i on object, which is used for
accessing EIS functions.

 The get Resul t Set | nf o() method returns information about the result set functionality
supported by the EIS.

e The get Met aDat a() function returns metadata about the connection.

Interaction-related interfaces

An | nt er acti on instance allows an application component to execute EIS functions. It has
two execut e() methods: one that takes an | nt er act i onSpec and an input Recor d and
returns an output Recor d, and one that takes an | nt er act i onSpec, an input Recor d, and
an output Recor d. This method executes the appropriate EIS function, as defined in

I nt eracti onSpec, and updates the output Recor d.

The | nt er act i on must maintain its association with the Connect i on that created it, and
the get Connecti on() must return that Connect i on.

The cl ose() method on an | nt er acti on should release all resources maintained for the
| nt er acti on, but should not close the Connect i on.

Standard interaction properties and values

The | nt er act i onSpec interface provides properties for a specified EIS function. It defines
the following standard properties:

e Functi onNane is a string that represents the name of an EIS function.

* I nteractionVerb is an integer that specifies the mode of interaction with the EIS.
Allowable values for | nt er act i onVer b are:

« SYNC_SEND: The input record is sent to the EIS with no results returned.
* SYNC_SEND_ RECEI VE: The input record is sent to the EIS and a result is returned.

« SYNC_RECEI VE: A result is synchronously retrieved from the EIS.

« ExecutionTi neout is the number of milliseconds to wait for the EIS to execute the
function.

Data representation-related interfaces

The Recor d interface provides for a Java representation of the data used for input or output
to an EIS. Recor d has two standard properties: Recor dNane and
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Recor dShort Descri pti on. Additional properties to represent EIS record data must be
defined by the implementer.

Three additional interfaces that extend Recor d are also provided. The MappedRecor d
interface provides access to the record elements in a key-value map collection. The

I ndexedRecor d interface provides access to the record elements as an ordered collection.
The Resul t Set interface is based on the JDBC Resul t Set and provides similar
functionality for accessing EIS data.

The Recor dFact or y interface provides methods to create MappedRecor d and

| ndexedRecor d instances. One, both, or neither type of record may be supported by the
Recor dFact ory. If neither, then the get Recor dFact or y() method of

Connect i onFact ory should throw an exception.

Metadata-related interfaces

The Connect i onMet aDat a interface provides information about the EIS name, the EIS
version, and the user name, similar to the ManagedConnect i onMet aDat a interface.

The Resour ceAdapt er Met aDat a interface provides information about the adapter name,
version, vendor, description, and the version of JCA supported by the resource adapter. It
also provides methods to determine the following capabilities of the resource adapter:
whether | nt er act i onSpecs are used; which execut e() method variants are supported;
and whether local transactions can be demarcated by application components.

Exceptions and warnings

Resour ceExcept i on is the root of the exception hierarchy for the system contracts and for
CCI. It provides a string describing the error, an error code, and a reference to another
exception, which may be the lower-level problem that caused the Resour ceExcept i on.

Resour ceWar ni ng provides information about warnings that have been returned by an EIS
as the result of an | nt er act i on. Resour ceWar ni ngs form a chain; a call to

get Warni ngs() onl nteracti on retrieves the first warning, and the rest of the chain is
accessed through that warning.
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Section 5. Sample resource adapter

Section overview

In this section we'll look at a simple implementation of a JCA resource adapter. You'll find the
sample resource adapter in the file hel | owor | dr a. r ar . The Java classes are in the

hel | owor | dra. j ar file within this RAR file. Source for all of the classes is also provided in
hel l oworl dra.jar.

As you can probably guess from its name, this resource adapter implements the ubiquitous
"Hello World" functionality. As such, it doesn't actually connect to an enterprise system, and
its functionality is limited to returning just the one St ri ng with the much-loved message.
Although the resource adapter does not implement the transaction or security contracts, it
does implement the CCl; ituses an | nt eracti on, an | nteracti onSpec, a

Recor dFact ory, and | ndexedRecor ds.

You'll find the most important and interesting parts of the sample resource adapter extracted
and explained in the discussion that follows. In addition to classes and interfaces, we'll
discuss the source code for the deployment descriptor. From this simple implementation, you
will be able to get some feel for the classes you will need to write and the relationships
between them. In addition to studying the following two sections, you should spend some
time reviewing the complete source code, which you will find in Resources on page 28 .

Hel | owbr | dConnecti onFact oryl npl class

The Hel | oWor | dConnect i onFact oryl npl class implements the CCI

Connect i onFact ory interface and provides the connection factory used by application
components to create connections to the EIS. Following is the code to create a

Hel | oWor | dConnecti onFact oryl npl instance, as well as the client methods that return
connections, the record factory, and metadata.

Creating a connection factory instance

The Hel | oWor | dConnect i onFact or yl npl class's constructor requires that the
Connect i onManager and ManagedConnect i onFact ory be passed in for use in the
get Connect i on() method, as shown below:

publ i c Hell oWworl dConnecti onFact oryl npl (
ManagedConnect i onFact ory ntf,
Connecti onManager cm {

super () ;

this.ncf = necf;
this.cm= cm

Getting a connection

Neither Connect i onRequest | nf o nor Connect i onSpec are supported by the
Hel | owbr | dConnect i onFact oryl npl class, so both get Connecti on() methods do
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the same thing: they call the al | ocat eConnecti on() method of the
Connect i onManager , passing in the ManagedConnect i onFact ory and nul | for the
Connect i onRequest | nf 0, as shown below:

publ i ¢ Connection getConnection() throws ResourceException {

return (Connection) cm allocateConnection(ncf, null);

}

publ i c Connection get Connection(Connecti onSpec connecti onSpec) throws ResourceException

return get Connection();

Record factory and metadata methods

The get Recor dFact ory() and get Met aDat a() methods simply return the
implementation classes for the respective interfaces, as shown below:

publ i c RecordFactory getRecordFactory() throws ResourceException {

return new Hel | owbr | dRecor dFact oryl npl ();
}

publ i c ResourceAdapt er Met aDat a get Met aDat a() throws ResourceException {

return new Hel | oWor | dResour ceAdapt er Met aDat al npl () ;

Hel | owbr | dConnect i onl npl class

The Hel | oWor | dConnect i onl npl class implements the CCI Connect i on interface, and
provides the connection handle for application components to access the EIS. Following are
the methods to create, invalidate, and close a connection, the methods to provide clients with
an | nt er acti on and with metadata, and the code for signalling that the class does not
support local transactions and result sets.

Creating a connection

The Hel | oWor | dConnect i onl npl class's constructor requires that the
ManagedConnect i on be passed in for use in the cl ose() method. A flag is set during
instantiation to indicate that this is a valid connection, that is, not closed. In other methods,
where appropriate, this flag is checked to determine if the requested action can be carried
out.

publ i ¢ Hell oWworl dConnecti onl npl ( ManagedConnecti on nt) ({
super () ;

this.nc = nt;
valid = true;
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Invalidating a connection

Thei nval i dat e() method sets the ManagedConnect i on reference to nul | and sets the
flag indicating that the connection is no longer valid.

voi d invalidate() {

nc = null;
valid = fal se;

Closing a connection

The cl ose() method delegates its invocation to the ManagedConnect i on, as required.

publ ic void close() throws ResourceException {

if (valid) {
((Hel I owor I dvanagedConnecti onl npl) nt).close();

Interaction and metadata methods

The creat el nteracti on() and get Met abDat a() methods simply return the
implementation classes for the respective interfaces.

public Interaction createlnteraction() throws ResourceException {

if (valid) {
return new Hel |l oWorl dl nteracti onl npl (this);
} else {
t hr ow new Resour ceExcepti on( CLOSED ERROR) ;
}
}
public ConnectionMetaData get Met aData() throws ResourceException {
if (valid) {
return new Hel | oWorl dConnect i onMet abDat al npl () ;
} else {

t hr ow new Resour ceExcepti on( CLOSED _ERROR) ;

}
}

Throwing a Not Support edExcepti on

Because neither local transactions nor results sets are supported by this resource adapter,
get Local Transacti on() and get Resul t Set | nf o() throw
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public Local Transacti on getLocal Transaction() throws ResourceException {

t hr ow new Not Support edExcept i on( TRANSACTI ONS_NOT_SUPPORTED) ;
}

public ResultSetlnfo getResultSetlnfo() throws ResourceException {

t hr ow new Not Support edExcepti on( RESULT_SETS NOT_SUPPCORTED) ;

Hel | oWor | dManagedConnect i onFact or yl npl
class

The Hel | oWor | dManagedConnect i onFact or yl npl class implements the
ManagedConnect i onFact ory interface. In the code below, you'll see how a connection
factory is created, how a managed connection is created, and how the class responds to a
request to match managed connections.

Creating a connection factory and a managed connection

The cr eat eConnecti onFact ory() and cr eat eManagedConnecti on() methods
simply return the implementation classes for the respective interfaces. Because the security
contract is not implemented by this resource adapter, the cr eat eManagedConnect i on()
method does not use the Subj ect or Connect i onRequest | nf o parameters when
creating the ManagedConnnecti on.

public Object createConnectionFactory(Connecti onManager cn
t hrows Resour ceException {

return new Hel | oWorl dConnecti onFactorylnpl (this, cm;
}

publ i c ManagedConnecti on creat eManagedConnecti on(
Subj ect subj ect,
Connecti onRequest | nfo cxRequest | nf 0)
t hrows Resour ceException {

return new Hel | oWor | dManagedConnecti onl npl () ;

Matching managed connections

The simplicity of this resource adapter implementation makes each ManagedConnect i on
indistinguishable from another. So, the mat chManagedConnecti ons() method simply
returns the first ManagedConnect i on in the input Set , as shown below:

publ i ¢ ManagedConnecti on nmat chManagedConnecti ons(
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Set connectionSet,

Subj ect subj ect,

Connect i onRequest | nf o cxRequest | nf o)
t hrows Resour ceException {

ManagedConnecti on match = nul | ;
Iterator iterator = connectionSet.iterator();
if (iterator.hasNext()) {

mat ch = (ManagedConnection) iterator.next();
}

return match;

Hel | oWor | dManagedConnecti onl npl class

The Hel | oWwbr | dManagedConnect i onl npl class implements the ManagedConnect i on
interface. In the code below, you'll see how the get Connecti on(), cl ose(), cl eanup(),
and dest r oy() methods work together to create, close, and clean up a connection, as well
as the methods that signal that this resource adapter does not support transactions.

Creating a connection

The get Connecti on() method first invalidates an existing connection handle, if one exists,
then creates a new connection handle, storing it in an instance variable. It then returns a
reference to that instance variable. This maintains a one-to-one relationship between the
connection handle and the ManagedConnect i on. A resource adapter may have multiple
connection handles associated with a ManagedConnect i on, but is not required to do so.

public Object getConnection(
Subj ect subj ect,
Connecti onRequest | nfo cxRequest | nf 0)
t hrows ResourceException {

if (connection !'= null) {
connection.invalidate();
}

connection = new Hel | owbr | dConnecti onl npl (this);
return connection;

Closing a connection

The cl ose() method notifies its Connect i onEvent Li st ener s that the close has
occurred, then invalidates the connection handle.

publ ic void close() {

Enuneration list = listeners.elenments();
Connecti onEvent event =
new ConnectionEvent (this, Connecti onEvent. CONNECTI ON_CLCSED) ;
while (list.hasMreEl enments()) {
((ConnectionkEventLi stener) list.nextEl ement()).connectionC osed(event);
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}

connection.invalidate();

}

Cleaning up and destroying a connection

The cl eanup() and dest r oy() methods both invalidate the connection handle. The
destroy() method also sets the ManagedConnect i on's instance variables to nul | , in
preparation for being removed from the application server's connection pool.

publ ic void cleanup() throws ResourceException {

connection.invalidate();

}

public void destroy() throws ResourceException {
connection.invalidate();

connection = nul | ;
listeners = nul|;

Throwing a Not Support edExcepti on

Because transactions are not supported by this resource adapter, the get XAResour ce()
and get Local Transacti on() methods both throw Not Support edExcepti on.

publ i ¢ XAResource get XAResource() throws ResourceException {

t hr ow new Not Support edExcept i on( TRANSACTI ONS_NOT_SUPPORTED_ERROR) ;
}

public Local Transacti on getLocal Transaction() throws ResourceException {

t hr ow new Not Support edExcept i on( TRANSACTI ONS_NOT_SUPPORTED_ ERROR) ;
}

Hel | oWor | dl nt eracti onl npl class

The Hel | oWor | dl nt er acti onl npl class implements the CCI | nt er act i on interface.
On this panel, you'll see how some of the more important elements of this class work
together to create, execute, and close an | nt eracti on.

Creating an I nt eracti on

Because JCA requires that an | nt er act i on maintain its association with the connection
handle used to create it, the constructor requires that a Connect i on be passed in. A flag is
set during instantiation to indicate that this is a valid | nt er act i on, that is, not closed. In
other methods, where appropriate, this flag is checked to determine if the requested action
can be carried out.
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public Hell owrldlnteractionlnpl (Connection connection) {

super () ;
t hi s. connecti on = connecti on;
valid = true;

Executing an I nt eracti on

The Hel | oWor | dI nt er acti onl npl class only supports the execut e() variant that takes
an | nteracti onSpec, an input record, and an output record (the other execut e() throws
Not Support edExcept i on). The method ensures that:

The I nt eracti on is valid

The correct | nt er acti onSpec implementation instance has been passed in
» The correct input record type has been provided

» The correct output record type has been provided

The execut e() method

If all conditions are correct, the "Hello World!" message is placed in the output record. If a
condition is not correct, then an exception is thrown.

public bool ean execute(lnteractionSpec ispec, Record input, Record output)
t hrows Resour ceException {

if (valid) {
if (((HelloWwrldlnteractionSpeclnpl) ispec)
. get Funct i onNane()
.equal s(Hel  oWorl dl nteracti onSpec. SAY_HELLO FUNCTI ON)) {
i f (input.getRecordNane().equal s(Hell owrl dl ndexedRecord. | NPUT)) {
i f
(out put . get RecordNane() . equal s(Hel | owr | dl ndexedRecor d. QUTPUT) ) {
((Hel I owor | dl ndexedRecord) output).clear();
((Hel I owor | dl ndexedRecord) out put) . add(
OUTPUT_RECORD FI ELD 01);
} else {
t hr ow new Resour ceExcepti on( 1 NVALI D_OUTPUT_ERROR) ;

} else {
t hr ow new Resour ceExcepti on(| NVALI D_| NPUT_ERROR) ;
}

} else {
t hr ow new Resour ceExcepti on(| NVALI D_FUNCTI ON_ERROR) ;

} else {
t hr ow new Resour ceExcepti on( CLOSED_ERROR) ;
}

return true;

Closing an I nt eracti on

Page 22 of 29 Introduction to the J2EE Connector Architecture



Presented by developerWorks, your source for great tutorials i bm com devel oper Wr ks

The cl ose() method clears the connection handle and marks the | nt er act i on as invalid.

publ ic void close() throws ResourceException {

connection = null;
valid = fal se;

Hel | oWwor | dIl nt eracti onSpec class

To hide as much implementation detail as possible from application components using this
resource adapter, the Hel | oWor | dl nt er act i onSpec interface extends

I nteracti onSpec. Thel nteracti onSpec interface lets us provide all the information
application components must have. In the next panel, we'll look at the implementation class
for this interface.

publ ic interface Hell owrl dl nteracti onSpec extends InteractionSpec ({
public static final String SAY _HELLO FUNCTION = "sayHel | o";

public String getFuncti onName();
public void setFunctionNanme(String functi onNane);

Hel | oWor | dI nt eracti onSpecl npl class

The Hel | oWbr | dI nt er act i onSpecl npl class implements the

Hel | oWor | dl nt er act i onSpec interface. It has one property, Funct i onNane, with a
getter and setter to access the property. The JCA specification says that the properties in
implementations of | nt er act i onSpec must be bound or constrained. This implementation
provides the property as bound.

publ ic String getFunctionNane() {

return functionNane;

}

public void setFunctionNane(String functionNane) {

String ol dFuncti onNane = functi onNane;
this. functionName = functi onNane;
firePropertyChange("Functi onNane", ol dFuncti onNane, functionNane);

}

Hel | oWor | dl ndexedRecor d class

Like Hel | owor | dI nt er act i onSpec, the Hel | owbr | dl ndexedRecor d interface is used
to hide implementation details from application components.
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publ ic interface Hell owrl dl ndexedRecord ext ends | ndexedRecord {

public static final String INPUT = "input"”;
public static final String OUTPUT = "output"”;
public static final int MESSAGE FI ELD = 0;

Hel | owbr | dl ndexedRecor dl npl class

The Hel | oWor | dl ndexedRecor dl npl class implements the

Hel | oWor | dl ndexedRecor d interface. It has two properties, Nane and

Short Descri pti on, with getters and setters to access the properties. Because this class
must also implement the Li st interface, it maintains an Arr ayLi st as an instance variable,
and implements all Li st methods by calling the corresponding method on the Arr ayLi st .

publ ic class Hell oWwrl dl ndexedRecordl npl inplenents Hell oWrl dl ndexedRecord {

private ArraylList list = new ArraylList();
private String nane;
private String description;

Hel | owbr | dRecor dFact or yl npl class

The Hel | oWor | dRecor dFact or yl npl class implements the Recor dFact or y interface. It
does not support creating MappedRecor ds.

The cr eat el ndexedRecor d() method ensures that the requested record name is valid,
then creates the record and returns it. If the record name is not valid, an exception is thrown.

publ i ¢ I ndexedRecord creat el ndexedRecord(String recordNane)
t hrows ResourceException {

Hel | oWor | dl ndexedRecordl npl record = nul | ;

if ((recordNane. equal s(Hell oWr | dl ndexedRecor d. | NPUT))
| | (recordNane. equal s(Hel | oWorl dl ndexedRecord. QUTPUT))) {
record = new Hel | owbr | dl ndexedRecor dl mpl () ;
record. set Recor dNane(r ecor dNane) ;

}
if (record == null) {
t hr ow new Resour ceExcepti on(| NVALI D_RECORD _NAME) ;
} else {
return record;
}

The deployment descriptor

The deployment descriptor provides the fully qualified names for the following JCA
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components:

* The ManagedConnect i onFact ory implementation class
e The Connecti onFact ory interface

e The Connect i onFact ory implementation class

» The Connect i on interface

e The Connect i on implementation class

It also indicates that neither transactions nor re-authentication are supported. If the
transaction and security contracts are supported, the deployment descriptor will contain
additional elements.

< I DOCTYPE connector PUBLIC '-//Sun M crosystens, Inc.//
DTD Connector 1.0//EN 'http://java.sun.conidtd/connector_1 0.dtd' >

<connect or >
<di spl ay- nane>Hell o Worl d Sanpl e</ di spl ay- name>
<vendor-name>W I 1y Farrel |l </vendor - name>
<spec-versi on>1. 0</ spec-ver si on>
<ei s-type>Hel l o Worl d</eis-type>
<versi on>1. 0</ versi on>
<r esour ceadapt er >
<managedconnecti onf actory-cl ass>
com i bm ssya. hel | owor | dra. Hel | oWwor | dManagedConnect i onFact or yl npl
</ managedconnecti onf act ory- cl ass>
<connectionfactory-interface>
j avax. resource. cci . Connecti onFactory
</ connectionfactory-interface>
<connectionfactory-inpl-class>
com i bm ssya. hel | owor | dra. Hel | oWwor | dConnecti onFact oryl npl
</ connectionfactory-inpl-class>
<connection-interface>
j avax. resource. cci . Connecti on
</ connection-interface>
<connection-inpl -cl ass>
com i bm ssya. hel | owor | dra. Hel | oWor | dConnect i onl npl
</ connection-inpl -cl ass>
<transacti on- support >
NoTransacti on
</transacti on- support >
<r eaut henti cati on-support >
fal se
</ reaut henti cati on-support >
</ resour ceadapt er >
</ connect or >

Introduction to the J2EE Connector Architecture Page 25 of 29



i bm conl devel oper Wr ks Presented by developerWorks, your source for great tutorials

Section 6. Sample application

Section overview

You should now have a fairly comprehensive understanding of how JCA's components work
together to create and manage complex interactions with an enterprise system. All that's left
to do is play with the code itself. You will find a sample application that uses the sample
resource adapter in the file hel | owor | dr a. ear . It is a J2EE Web application with an input
HTML form (with only a Submit button), a servlet controller, a JavaBeans component that
invokes the resource adapter, and a JavaServer Pages (JSP) component to display the
results of the invocation.

We'll close this tutorial with a look at the bean that invokes the resource adapter, as well as
another class (provided separately from the .ear file) that helps deploy an
I nt eracti onSpec instance into JNDI.

Hel | oWbr | dBean class

This Hel | oWor | dBean class, through its execut e() method, invokes the resource
adapter, using the CCl interface. First, the Connect i onFact ory is retrieved from JNDI and
is used to create a Recor dFact ory. The Recor dFact or y is used to create an input record
and an output record.

Next, an | nt er act i onSpec is retrieved from JNDI. Then a Connect i on is created from
the Connecti onFactory and an | nt er act i on is created from the Connect i on. The
I nteracti on is used to execute the function, and the results are stored in the bean's
Message property.

You will observe that the two JNDI lookups are different. The lookup of the

Connect i onFact ory is done using the j ava: conp/ env context, while the lookup of the

I nt eracti onSpec is not. This is because the environment that was used to develop and
test the resource adapter and sample application did not have a deployment tool to bind an

I nt eracti onSpec into JNDI; it only provided for binding the Connect i onFact or y, which
could then be accessed using a resource reference in the Web application.

bﬁblic voi d execute() throws Nam ngException, ResourceException {

Initial Context context = new Initial Context();
Connecti onFactory cxFactory =

(Connecti onFactory) context.|ookup("java: conp/ env/ Hel | oWorl d");
RecordFactory recordFactory = cxFactory. get RecordFactory();
I ndexedRecord i nput =

recordFact ory. creat el ndexedRecor d( Hel | owbr | dl ndexedRecor d. | NPUT) ;
| ndexedRecord out put =

recordFact ory. cr eat el ndexedRecor d( Hel | owbr | dl ndexedRecor d. QUTPUT) ;
I nteractionSpec ispec =

(I'nteractionSpec) context.|ookup("jcal/HelloWrldl Spec");
Connection connection = cxFactory. get Connection();
Interaction interaction = connection.createlnteraction();
i nteraction. execute(ispec, input, output);
message = (String) output.get(Hell oWrl dl ndexedRecord. MESSAGE FI ELD)
i nteraction. close();
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connection. cl ose();

}

Depl oyl Spec class

The Depl oyl Spec class, which is provided in the hel | owor | dr adepl oy. j ar file, is used
to deploy the | nt er act i onSpec object into JNDI if your deployment environment does not
provide a tool to accomplish that. It has a simple nai n() method that creates the

I nt eracti onSpec and binds it into JNDI. This class should be run after the resource
adapter is deployed and the connection factory has been bound into JNDI.

bﬁblic static void main(String[] args) throws Nam ngException {

Properties properties = new Properties();

properties. put (Context. | N Tl AL_CONTEXT_FACTORY, | N Tl AL_CONTEXT_ FACTORY);
Initial Context context = new Initial Context(properties);

Hel | oWor | dl nt eracti onSpecl npl ispec = new Hel | owbrl dl nteracti onSpecl npl ();
i spec. set Functi onNane( Hel | oWor| dl nt eracti onSpec. SAY_HELLO FUNCTI ON) ;

cont ext. bind("jcal/ Hel |l oWorl dl Spec", ispec);

Running the code

After deploying the resource adapter into your application server environment, create a
connection factory with the JNDI name of j ca/ Hel | oWor | d. Then run the Depl oyl Spec
class to bind the | nt er act i onSpec into JNDI under the name j ca/ Hel | oWor | dI Spec.

After deploying the Web application, you should pull up a browser and load the URL
htt p: // SERVER_NAME/ hel | 0. Once the page has loaded, click the Submit button and the
results page with the "Hello World!" message should appear.

The sample resource adapter and sample application were successfully deployed and tested
on IBM WebSphere Application Server Advanced Edition Version 4.03.
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Section 7. Wrapup and resources

Summary

In this tutorial, you have been introduced to the J2EE Connector Architecture. We started
with a high-level view of JCA and its primary elements: system contracts, the client API, and
the resource adapter module. From there, we moved on to a more detailed discussion,
encompassing the interfaces, classes, and methods that work beneath JCA to create and
manage connections to an EIS. As part of this discussion, we looked at the source code for
an actual JCA implementation. Each of the most relevant components of the implementation
was pulled out, and its various functions explained in detail. We closed with an actual
resource adapter implementation, which you are free to continue exploring on your own.

This tutorial has provided you a hands-on, step-by-step introduction to the J2EE Connector
Architecture, the most relevant components beneath that architecture, and the functionality of
each of those components. You should now have a fairly good foundation for building your
own JCA resource adapter and connecting to an EIS.

Resources

» Download the sample code for this tutorial.

* You can download the most recent version of J2EE (including JCA) from Sun
Microsystems (http://java.sun.com/downloads/index.html).

» The J2EE Connector Architecture specification
(http://java.sun.com/j2ee/download.html#connectorspec) is the definitive source for
information about JCA.

» The Java Transaction API specification (http:/java.sun.com/products/jta/) and the Java
Transaction Service specification (http://java.sun.com/products/jts/) help you understand
how to implement the JCA transaction management contract.

« Java theory and practice columnist Brian Goetz offers a three-part introduction to the Java
Transaction Service, starting with "Understanding JTS -- An introduction to transactions "
(developerWorks, March 2002,
http://iwww-106.ibm.com/developerworks/java/library/j-jtp0305.html).

» Because exception-handling is an important part of any component you build, you may
also want to check out Srikanth Shenoy's "Best practices in EJB exception handling”
(developerWorks, May 2002,
http://www-106.ibm.com/developerworks/java/library/j-ejbexcept.html).

» The Java Authentication and Authorization Specification
(http://java.sun.com/products/jaas/index-10.html) will help you understand how to
implement the JCA security contract.

» developerWorks two-part Java security tutorial serves as a more hands-on introduction to
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the JAAS. Start with "Part 1: Crypto basics" (July 2002,
http://www-106.ibm.com/developerworks/education/r-jsecl.html), then see "Part 2:
Authentication and authorization" (July 2002,
http://www-106.ibm.com/developerworks/education/r-jsec2.html)

« |If you haven't yet checked out the Go-ForIT Chronicles (developerWorks, June 2001,
http://iwww-106.ibm.com/developerworks/java/library/i-extreme2/), you should. Every
installment is written by a different member of the DragonSlayer team -- including your
host Willy Farrell -- and features live-action coverage of such essential topics as extreme
programming, Enterprise JavaBeans, JavaServer Pages technology, and more.

» You'll find hundreds of articles about every aspect of Java programming in the
developerWorks Java technology zone (http://www-106.ibm.com/developerworks/java/).

» Also see the developerWorks Java technology tutorials page for a complete listing of free
tutorials.

Feedback

Please let us know whether this tutorial was helpful to you and how we could make it better.
We'd also like to hear about other tutorial topics you'd like to see covered. Thanks!

Colophon

This tutorial was written entirely in XML, using the developerWorks Toot-O-Matic tutorial
generator. The open source Toot-O-Matic tool is an XSLT stylesheet and several XSLT
extension functions that convert an XML file into a number of HTML pages, a zip file, JPEG
heading graphics, and two PDF files. Our ability to generate multiple text and binary formats
from a single source file illustrates the power and flexibility of XML. (It also saves our
production team a great deal of time and effort.)

You can get the source code for the Toot-O-Matic at
www6.software.ibm.com/dl/devworks/dw-tootomatic-p. The tutorial Building tutorials with the
Toot-O-Matic demonstrates how to use the Toot-O-Matic to create your own tutorials.
developerWorks also hosts a forum devoted to the Toot-O-Matic; it's available at
www-105.ibm.com/developerworks/xml_df.nsf/AllViewTemplate?OpenForm&RestrictToCategory=11.
We'd love to know what you think about the tool.
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