Introducing JNDI

Instead of having distributed Java programs instantiate lots of reusable objects over and over
again, it’s better if these objects are pre-created and published at a known server, where they can
be easily and quickly found. The role of the Java Naming and Directory Interface (JNDI) is to
make it easier to find objects in distributed applications. It plays a role similar to that of a com-
pany telephone directory assistance service. Various software vendors offer specialized directory
assistance software, and JNDI provides a standard API to read from and write to such directories.

In this lesson you’ll be introduced to the JNDI concepts and will see how to use JNDI for pub-
lishing (and looking up) administered JMS objects.

JAVA NAMING AND DIRECTORY INTERFACE

A naming service enables you to add, change, or delete names of objects that exist in some
naming hierarchy so other Java classes can look them up to find their location. One more anal-
ogy: In a library, you find the name of the physical location of the book in a directory, and
then go to the shelf to pick up the book. A naming service provides a unique name for every
entry that is registered (bound to) with the service. Every naming service will have one or more
contexts — think of directories and subdirectories in a file system, where any directory tree
with children is a context. The naming tree originates from a root node, which is also known
as an initial context (like a root directory on the disk).

A directory service enables you to search the naming tree by object attributes rather than
object names. One example is that of the domain name system, which is a distributed nam-
ing system that takes the domain name of a networked computer or service and returns the IP
address and port number of the resource.

To allow clients to do lookups, there has to be a process that initially binds the objects to

a naming tree. This can be handled by an independent program that (for example) binds
employee names to a directory server of some organization. Java EE servers do a similar job
(during start-up) by binding such objects as EJB, Servlets, JMS, and database connection pools
to either their internal or external naming servers.
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ADMINISTERING JNDI OBJECTS IN GLASSFISH

Each Java EE application server offers a tool that allows administration of its service modules —
we are interested in binding objects to their directory names. When you start GlassFish there is

a message on the console: “Waiting for DAS to start...” DAS stands for Domain Administration
Server, which authenticates the user with administrative privileges and responds to requests from a
graphical web browser-based Admin Console. To use the console enter the following URL in your
browser: http: //localhost:4848/. You’ll be prompted for the user ID (admin) and password,
which you selected when you installed GlassFish in Lesson 26.

After a successful log-on you’ll see the console, as in Figure 31-1, which enables you to administer
various Java objects, but I’ll continue using the example of JMS-related ones. There are two JMS
nodes in the directory tree on the left. One is called JMS Resources, and the other Java Message
Service. The latter shows the physical queue named TestQueue that I created using the Open MQ
administrative utility in Lesson 30.

The only reason GlassFish automatically knows about the destinations in this MOM is that this
application server is integrated with Open MQ. To configure another MOM server you’d need to
create a new JMS host by filling out the form shown in Figure 31-2.

htrp: / [incalhost 4848 feommonjindex jsf

Heme  About..
Usor: admin Domain: domain1  Server: localhost

GlassFish™ Server Open Source Edition

JMS Physical Destinations

Java Message Service (JMS) physical destination objects are maintained by Message Queue broke
messages are redirected. Click New to create a new physical destination.

(=1 commen Tasks

[@ Registration
# GlassFish News
[ Enterprise Servar Destinations (2)
* [& Applications | New... |
& Lifecyole Modules | TR w | Type
¥ 4 Besolvcas ]  ma.sys.dmq queue
* [ JoBC O TestQueuo queuc

* iy Connectors
ﬁ Resource Adapter Configs
* gt JMS Resources
[ Javamail Sessions
>z DI
¥ ¥ Configuration
& JVM Seftings
jé Logger Settings
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i

FIGURE 31-1
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o Edit JMS Host
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FIGURE 31-2

Now you need to create a GlassFish JMS entry to map to the physical MOM queue. Add
the new destination resource to JMS Resources (see Figure 31-3). I called this JMS resource
MyJMSTestQueue and mapped it to TestQueue, created in the previous lesson.

Now create another administered resource, a connection factory. Because the creation and closing of
connections and senders are slow operations, you may want to consider writing code for JMS con-
nection pools. Java EE servers enable you to configure such pools. In Figure 31-4 you can see that
the size of the connection pool is configurable. By default, eight JMS connections will be created
and, as the number of users increases, up to 32 connections will be created by GlassFish.

- ~ New JMS Destination Resource
Common Tasks r‘ The creation of a new Java Message Service (JMS) destination resource also creates an admin object
[3 Registration

&: GlassFish News
[F Enterprise Server

» B Applications JNDI Name: * MydMSTestQueue
Lifecycle Modules A unique name; can be up to 255 characters, must contain only alph
v | Resources Physical Destination Name * | TestQueue
* (@ JDOBC Destination name in the Message Queue broker. If the destination d
* g Conneclors Resource Typa: * El@nxﬁn;a;uﬂnnﬂ
[ Resource Adapter Configs Description: Test queue from Lesson 30

v g% JMS Resources 1 5 - 71 T
ﬁ Caonnection Factorias |
.- JavaMail Sessions

* g INDI

FIGURE 31-3
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FIGURE 31-4

To have JMS implementation as part of a Java EE server you need to download the full profile
version (see Lesson 26).

ACCESSING THE GLASSFISH NAMING SERVICE WITH JNDI

To start searching for an object in the JNDI tree a Java program needs to get a hold of its initial
node. There are two use cases to consider here:

> An external Java client needs to find the server that runs the naming service.

> A Java client is running inside the Java EE server that runs the naming service.

In the first case you need to prepare an instance of the Java Hashtable or Properties object and
give it as a parameter to the constructor of the javax.naming.TInitialContext class. The values to
put in such Properties objects vary — consult the documentation for your application server. The
following code is an example:

Properties props = new Properties();

props.setProperty("java.naming. factory.initial",
"com.sun.enterprise.naming.SerialInitContextFactory") ;
props.setProperty("java.naming. factory.url.pkgs", "com.sun.enterprise.naming") ;
props.setProperty("java.naming. factory.state",
"com.sun.corba.ee.impl.presentation.rmi.JNDIStateFactoryImpl") ;
props.setProperty ("org.omg.CORBA.ORBInitialHost", "localhost");
props.setProperty("org.omg.CORBA.ORBInitialPort", "8080");

InitialContext ic = new InitialContext (props);
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In the second case the Java client can just create an instance of InitialContext with no argument
constructor — the Java EE server knows where to find its naming service:

InitialContext ic = new InitialContext();

Now you can either perform a lookup starting from the initial context node, or ask the container to
inject the reference to the required resource using the syntax of Java annotations.

Revisit the code in Listing 30-1. It creates a ConnectionFactory object connecting to a MOM
server using classes specific to Open MQ. Now, because TestQueue is known to GlassFish, a Java
client wouldn’t even need to know what MOM server is in use, but would just look up a standard
JMS connectionFactory in the instance via the JNDI API.

The statement that a Java client is running inside the server may not sound right to you, but any
program that’s trying to find another object can be considered a client. For example, imagine a web
application in which the web browser invokes a Servlet that needs to place an order into a message
queue or invoke an EJB. In Listing 31-1 you can see a Servlet that plays the role of a Java client oper-
ating inside a Java EE container.

‘) LISTING 31-1: Servlet as Java client

Available for import java.io.IOException;

dmgg{oggngn import java.io.PrintWriter;

import javax.servlet.ServletException;

import javax.servlet.annotation.WebServlet;
import javax.servlet.http.HttpServlet;

import javax.servlet.http.HttpServletRequest;
import javax.servlet.http.HttpServletResponse;

@WebServlet (description = "The servlet that Sends a message to a queue",
urlPatterns = { "/quote" }, name="QuoteService")
public class QuoteService extends HttpServlet {

protected void doGet (HttpServletRequest request,
HttpServletResponse response) throws ServletException, IOException ({

PrintWriter out = response.getWriter();
out.println("<html><body bgcolor=yellow>") ;
out.println("<h2>Hello from QuoteService</h2>");

out.println("Sending a message to the TestQueue");

MessageSender mySender=new MessageSender () ;
mySender.sendMessage ("IBM 200 Buy");

The Servlet receives a request from the client and instantiates the Java class MessageSender shown
in Listing 31-2. Compare the code of this class with the sender from Listing 30-1. Now this code
from Listing 31-1 doesn’t contain anything specific to the MOM provider.
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If, say, you decide to change the MOM provider to the one that performs better, just re-create the
administered JMS objects using the administration console of GlassFish and there is no need to
change anything in the code of MessageSender. If you decide to switch from GlassFish to another
server, just redeploy this Servlet and MessageSender in another Java EE application server.

\) LISTING 31-2: Looking up JNDI object and sending message

Available for  package com.practicaljava.lesson3l;
download on
Wrox.com ) . i
import javax.jms.*;

import javax.naming.*;
public class MessageSender {

void sendMessage (String messageToSend) {
Session session=null;
ConnectionFactory factory=null;
Connection connection=null;

try{
// Find the JNDI context
Context jndiContext = new InitialContext();

// Look up the factory and the gueue
factory = (ConnectionFactory) jndiContext.lookup ("MyTestConnectionFactory");
Queue ioQueue = (Queue) jndiContext.lookup ("MyJdMSTestQueue") ;

connection = factory.createConnection();
connection.start();

session = connection.createSession(false, Session.AUTO_ACKNOWLEDGE) ;
MessageProducer queueSender = session.createProducer (ioQueue) ;

// Buy 200 shares of IBM in this example
TextMessage outMsg = session.createTextMessage (messageToSend) ;

queueSender. send (outMsg) ;
qgueueSender.close() ;

System.out.println("Successfully placed an order to purchase 200 shares of
IBM") ;

}catch (JMSException e){
System.out.println("Error: " + e.getMessage());
}catch (NamingException e) {

e.printStackTrace () ;
}finally({
try{
session.close();
connection.close();
} catch (Exception e) {
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System.out.println("Can't close JMS connection/session " + e.getMessage());
}
}
}

}

Run the quote Servlet in Eclipse or direct your web browser to http: //localhost:8080/
Lesson31/quote and the message to purchase 200 shares of IBM will be placed in the physical
queue TestQueue in the Open MQ server. If you are not sure if this application is working the way
you expect it to, see if there are error messages in the domain’s log file in the directory glassfish/
domains/domainl/logs/server. log. If this program has executed properly, at the end of the log
file you’ll see the following message: “Successfully placed an order to purchase 200 shares of IBM.”

INJECTION OF JNDI RESOURCES

Even though looking up the JNDI object doesn’t look too difficult, there is even a cleaner and sim-
pler way of providing these resources to your Java EE components: using the annotation @Resource.
The application server can inject the resource so you don’t need to do a JNDI lookup. For example,
injection of ConnectionFactory and Queue can look like this:

import javax.annotation.Resource;

@Resource (name="MyTestConnectionFactory")
private ConnectionFactory factory;

@Resource (name="MyJMSTestQueue")
private Queue ioQueue;

Resources can be injected into variables, as in the preceding example, or you can put the @Resource
annotation above the method or a class definition. Depending on its location, the time of injection
varies. If you put this annotation at the class level, the resource will be injected during run time
when the application looks it up. If you put this annotation above the field or setter method declara-
tion, the resource will be injected in the component when the application is initialized.

If you need to override resources specified in annotations, you can do it in XML configuration files.
You’ll see more examples of using resource injection with EJB in Lesson 32.

DATASOURCE AND JNDI

In Lesson 22, while learning JDBC, you were creating database connections before executing any
database queries. Imagine that multiple clients send requests to your application server, which has to
execute database queries. Creating and closing connections are slow operations, and you want to do
them as infrequently as possible.

Typically the administrator of the Java EE server pre-creates the pools of database connections,
and configures the minimum and maximum number of connections and some other parameters.
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Figure 31-5 shows a snapshot of the GlassFish administration console, where the JNDI entry named
DerbyPool represents a pool of JDBC connections. The object javax.sqgl.DataSource is a factory
of database connections. The administrator configures this factory as a JNDI resource, specifying

what JDBC driver to use, how many connections to create initially, and the maximum number of

connections allowed.

GlassFish™ Server Open Source Edition

{51 common Tasks
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[ Enterprise Server
» £2 Applications
il Lifecycie Modules
v i Resources
¥ [ JoBC
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- h Connection Pools

* {3 Connectors
Resource Adapter Configs
* ¥ JMS Resources
JavaMail Sessions
> (3 INDI
v [B5 Configuration
& JVM Scitings
& Logger Seltings
(& Web Containor

_| General | Advanced | Additional Properties

Edit JDBC Connection Pool

Meadify an existing JOBC connection poat. A JOBC connection pool is a group of reusable connections for a particular database
Load Defaults | | Flush
General Settings

Pool Name:
Resource Type:

DerbyPool
{ jvaan sl D [ |
Must be specified if the datasource class implemants mora than 1 of the interfaca.
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and/or XADataS

Vendor-specific classname that impl ts the DaiaS APls
Driver Classname: [
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Ping: [ Enabled
‘When enabled, the pool is pinged during oreation or reconfiguration to identify and wam of any er
Description: [
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Initial and Minimum Pool Size: g Connections
Minimum and initial number of connections maintainad in the pool
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» gt Java Message Service __Pool Resize Quantitv: 2 G
FIGURE 31-5

The user’s request will communicate with a Java class deployed on the server, which will find the
connection pool by its JNDI name (DerbyPool in this case) and make a getConnection() call on
this resource. If there are available free connections, the Java class will immediately get an instance
of the Pooledconnection object (which works the same way as Connection). If many users are
making concurrent requests, all connections may be taken, and there will be a slight delay until one
of the busy connections is returned to the pool. Connections returned to the pool are not destroyed;
they are preserved by the application server for future requests.

You can do either a JNDI lookup of the Datasource object or inject it to your Java code. If the
name of the configured pDataSource object is DerbyPool, the sample code to obtain a pooled data-
base connection may look as follows:

InitialContext ic = new InitialContext();
DataSource ds = (DataSource) ic.lookup ("DerbyPool");

Connection myConnection = ds.getConnection();
//The rest of the JDBC processing goes here as in Lesson 22

// Closing the connection just returnes it back to the pool
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// and makes it available for other Java clients
myConnection.close();
Injecting a DataSource using the @Resource syntax will look as follows:

@Resource (name="java:global/DerbyPool")
DataSource ds;

LIGHTWEIGHT DIRECTORY ACCESS PROTOCOL

LDAP servers are specialized software products that store directory entries in hierarchical trees
and are highly optimized for reading. This makes them a good choice for such directory services as
employee lists or phone directories in an organization. Directories are mainly read, not changed,
and this is where LDAP servers shine.

From the enterprise Java perspective you should keep LDAP solutions in mind when a really fast
lookup of some Java objects is needed, such as with JMS connection factories, queues, or topics.
Java developers use the JNDI API to look up and update the entries in LDAP. To use the same anal-
ogy as in the previous lesson, JNDI is to LDAP servers as JDBC is to DBMSes.

These are some popular LDAP servers:

»  Oracle Directory Server (Oracle)

»  Microsoft Active Directory (Microsoft)

»  OpenLDAP (open-source, community developed)

»  ApacheDS (open-source, Apache)

»  OpenDS (open-source, Oracle)
The LDAP directory tree has a root entry, which consists of one or more distinguished names
(unique identifiers). Typically the top of the hierarchy is an object with the prefix o for organization.
One level below has the prefix ou for organizational unit, cn stands for common name, and so on.
Unlike with other naming services, the search string starts from the very lowest hierarchical entry

and the root entry has to be specified last. Here’s an example of a distinguished name that can be
used in a search:

cn=jsmith, ou=accounting, o=oracle.com

This example corresponds to the following hierarchy in an LDAP tree:

o = oracle.com
ou = accounting
cn = jsmith

The following code snippet prepares the JNDI properties, connects to the LDAP server, and finds
the object called customerHome.

Hashtable env = new Hashtable();
env.put (Context.INITIAL_CONTEXT FACTORY,
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"com.sun.jndi.ldap.LdapCtxFactory") ;
Context.PROVIDER_URL, "ldap://localhost:389");
Context.SECURITY_AUTHENTICATION, "simple");
Context.SECURITY_PRINCIPAL, "cn=Directory Manager");
Context.SECURITY_CREDENTIALS, "myPassword") ;

env.put
env.put
env.put
env.put

DirContext ctx = new InitialDirContext (env) ;

CustomerHome custHome =(CustomerHome) ctx.lookup ("cn=CusomerHome,
ou=RealBigProject, o=trump.com");

To study distributed applications you can run all the examples from this book (clients and servers)
on a single computer, but real-world distributed applications can be constructed in various ways, for

example:

> Computer #1 runs the LDAP server.

> Computer #2 runs an application server that has registered (published) some objects with the
LDAP server on Computer #1.

> Computer #3 has a client program that finds object references on Computer #1 and invokes
their methods on Computer #2.

> Computer #4 has a database management system that is being used by the application server
running on Computer #2.

> Computer #5 publishes financial market data, and Computer #2 subscribes to this service.

...and so on, and so on.

In this lesson you’ve seen how to use JNDI, and some example of why you may want to use it.
Comparing the code in Listing 30-1 with the one in Listing 31-1 is just one example that shows that
naming and binding specific physical objects under a generic JNDI name enables you to remove these
physical locations from your program code. You’ll see more examples of using JNDI in Lesson 32.

TRYIT

Create a class called MessageReceiver to consume messages. It has to perform a JNDI lookup and

start

listening to TestQueue. When the message arrives MessageReceiver should display it. Making

a request to the Servlet from Listing 31-1 has to send a message to the queue, and MessageReceiver
receives it and prints its content.

Lesson Requirements
You should have Java and GlassFish v3 installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson31 folder in the download.
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Step-by-Step
1. Create a new class called MessageReceiver that implements MessageListener with the
code similar to the one shown in Listing 30-2, but this time performing a JNDI lookup of
MyTestConnectionFactory and MyJMSTestQueue.

2. Find out how to configure the GlassFish start-up class, and implement it to have
MessageReceiver instantiated whenever the server starts.

3. Test a send/receive cycle by using the Servlet from Listing 31-1.

Please select Lesson 31 on the DVD with the print book, or watch online at
www . wrox . com/go/fainjava fo view the video that accompanies this lesson.
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Introduction to Enterprise
JavaBeans

This lesson introduces you to one of the Java EE technologies, Enterprise JavaBeans, which can
be used for implementing the business tier in a distributed application (refer to Figure 26-1).
Lessons 27 and 28 were about various ways of programming the presentation tier on the Web;
in Lessons 30 and 31 you learned how to organize communication between the different tiers of
the application using messaging. You programmed the application business logic in POJOs.

Now you’ll see how to program the business tier in EJBs, which are also POJOs, but man-
aged by an EJB container. With the release of Java EE 6, EJB 3.1 and the Java Persistence
API (JPA) 2.0 do offer you a clean and simple way to implement solutions for business logic
and data persistence. The features covered in this lesson will work in application servers
that support EJB 3.1. Such servers include GlassFish v3, JBoss 6, and WebSphere 8, and
more vendors are working on making their application servers Java EE 6—certified. There is
also the Apache TomTom bundle, which includes the open-source Apache OpenE]B project;
at the time of this writing this bundle partially supports EJB 3.1.

In this lesson I’ll introduce you to various types of EJBs, and the next lesson is about persisting
data with JPA.

WHO NEEDS EJB CONTAINERS?

What’s wrong with POJOs? Why not just implement business logic there? You certainly can,
but most likely you’d need to spend additional time manually programming a multi-threaded
environment for them. The chances are that your application needs transactional support — if
the business logic is located in POJO 1 and POJO 2, and the second one fails, you want to roll
back whatever has been completed by the first one.

It’s great that you know how to program message receivers using JMS, but how can you make
this solution scalable? What if you need a couple of dozen message listeners that concurrently
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de-queue the messages? Don’t forget about the tasks of integrating your POJOs with other tiers to
perform authentication and JDBC operations.

EJB containers take care of all these infrastructure-related concerns without requiring manual pro-
gramming on your side. You’ll simply configure pools of message-driven beans (MDBs) if you need
multiple message listeners. You’ll turn on transactional support if need be. You don’t need to worry
about multi-threading problems if your beans operate in an EJB container. The configuration pro-
cess is as simple as adding Java annotations in the EJB classes. Intercommunication among beans is
done via dependency injection or singleton beans.

If you need to scale a distributed application, EJB containers offer clustering and failover support.
Security authorization is also the container’s responsibility. Without the need to manually code all
these infrastructural functionalities, the code of your EJBs becomes really light.

The other interesting service offered by EJB containers is asynchronous method invocation, which
enables asynchronous processing without the need for JMS or MOM.

EJB 3.1 supports embeddable containers: You can run EJB applications in a Java SE environment.
This is a great idea for tasks such as testing because there’s no need to depend on the readiness of
a Java EE server — just test your EJBs locally. Creating an embeddable container is as simple as
executing one line of code:

EJBContainer myContainer = EJBContainer.createEJBContainer();

If the originally selected application server doesn’t deliver the performance or reliability you expected,
deploy your EJBs in a different Java EE 6—compliant server without changing a line of code.

TYPES OF EJBS

There are two major types of EJB: session beans and message-driven beans. MDBs specialize in
retrieving messages from JMS queues or topics — this is all they can do. But session beans are where
your application business logic will reside. There are three types of session beans:

> A stateless session bean is one that contains business logic but doesn’t support state. In other
words, it doesn’t “remember” any data specific to the client. If the same client invokes two
methods in a row on the stateless bean FindBooks, the container may use two separate instances
of the FindBooks bean, as it doesn’t store any intermediate data specific to the client.

> A stateful session bean is one that contains business logic and state. The EJB container allo-
cates a specific instance of the session bean to the client and can store results between subse-
quent method invocations.

> A singleton session bean is one guaranteed to be the only instance of its kind in the container.
Think of a singleton bean as a global repository, in which one bean can put some data to be
used by another bean. Singleton session beans not only provide easy access to common data
but also ensure that there are no race conditions in cases of concurrent access.

Older EJB specifications defined entity beans for data persistence. Formally they still exist in the
EJB 3.1 specification, but they are being pruned, and most likely will disappear from future versions
of Java EE releases.

Page 398 of 506 (IPR2025-00350)
Stingray Group Inc. et al v. Hernandez-Mondragon



Stateless Session Beans | 363

An EJB container creates and maintains pools of session beans. The instances of the stateless beans are
allocated to clients for much less time than stateful ones. Therefore, if you are working on a multiuser
application with hundreds or thousands of concurrent requests to the EJB container, stateless beans
offer a much more scalable solution, because a smaller pool can serve more users’ requests.

But even with stateful session beans the EJB container is playing smart, and those instances sitting
in memory without active interaction with the client are being passivated — removed from memory
and stored on the disk. When the client issues another request to a stateful bean that has been pas-
sivated, the container will activate it again.

STATELESS SESSION BEANS

I’ll introduce you to stateless session beans by creating a simple example featuring an EJB that con-
tains the business logic to return the message “Hello World.”

The Bean

Having a class that just returns “Hello World” is an obvious case for using a stateless session bean:
I’ll have only one method and there is no state to remember. Listing 32-1 shows you how to pro-
gram such a bean.

‘) LISTING 32-1: HelloWorld session bean, take 1

Available for @Stateless

dmg!{fggnﬂ" public class HelloWorldBean ({

public String sayHello() {
return "Hello World!";

}

Basically, you create a POJO and annotate it with one or more Java annotations. There are no
special interfaces to be implemented to turn a POJO into an EJB. Accordingly there are @stateful,
@MessageDriven, and @Singleton annotations to mark other types of session beans. You may use
the optional configuration file e3b-jar.xml in the application server’s directory META-INF. This file
also enables you to specify metadata for the EJB, and if you need to change the metadata on a pro-
duction system without recompiling the code, make the changes in ejb-jar.xm1 — they will over-
ride the values specified via annotations.

The Client’s View

The bean shown in Listing 32-1 will run on the server, but the client that will invoke the sayHello ()
method can run either in the same JVM (e.g., a servlet or another bean) or in another one (e.g., a
standalone Java SE application or Java EE class deployed in another container). Beans may or may not
implement interfaces. If HelloworldBean will be used only by clients running in the same JVM, you
can mark it with a @LocalBean annotation to show that it’s a no-interface bean.
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If you’d like to expose certain business methods to local clients, you can create an interface and
mark it with a @Local annotation. Your bean class has to implement this interface. If you'd like to
expose your bean to remote clients, create an interface and mark it as @Remote. The bean has to
implement this interface.

Local No-Interface Beans

[ am planning to use HelloWorldBean from the servlet running in the same JVM, so the final ver-
sion of the code will look like Listing 32-2. Any EJB can use regular Java classes to implement busi-
ness logic: For example, the sayHello () method can create instances of other Java classes with the
new operator and invoke their business methods if need be.

\) LISTING 32-2: HelloWorld session bean, take 2

Available for import javax.ejb.LocalBean;

dmf_':g.ﬁ" import javax.ejb.Stateless;
@LocalBean
@Stateless

public class HelloWorldBean ({

public String sayHello() {
return "Hello World!";

}

Now let’s do it hands-on. Create a new Dynamic Web Project in Eclipse as you did in previous les-
sons. Name it Lesson32. Then create a new servlet class, HelloWorldsServlet, in the package com
.practicaljava.lesson32.client (select the menu File & New = Servlet). This servlet will
become our client, communicating with the EJB.

Next create a Java class called HelloworldBean in the package com.practicaljava.lesson32.ejb
by selecting File & New = Other & EJB = Session Bean (EJB 3.x). Do not select any local or remote
business interfaces, and uncheck (when possible) the objects related to EJB 2.x. Eclipse will create

a class with a default constructor. Add to this class the method sayHello () shown in Listing 32-2,
and the EJB is finished.

The next step is to inject the HelloWorldBean into the servlet code with the @B annotation:

@EJB HelloWorldBean myBean;

Eclipse will mark this line with a red error bullet. Right-click it and select Quick Fix to automatically
insert two import statements — one for the @EJB annotation and the other for HellowWorldBean.

Using JNDI remains an alternative to injecting the bean into the client. Java EE 6 supports portable
JNDI names that don’t depend on the application server’s implementation. Instead of the @EJB
annotation you could use the following code:

Context ctx = new InitialContext();
HelloWorldBean myBean = (HelloWorldBean)
ctx.lookup ("java:global/Lesson32/HelloWorldBean") ;
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Now add the following two lines in the doget () method of the servlet to make it invoke the method
sayHello () on the EJB:
PrintWriter out = response.getWriter();

out.println(myBean.sayHello());

That’s all there is to it. The complete code of the servlet is shown in Listing 32-3.

\) LISTING 32-3: Servlet client for HelloWorldBean

Availablefor ~ import java.io.IOException;

dmg;u(a:gntzn import java.io.PrintWriter;

import javax.ejb.EJB;

import javax.servlet.ServletException;

import javax.servlet.annotation.WebServlet;
import javax.servlet.http.HttpServlet;

import javax.servlet.http.HttpServletRequest;
import javax.servlet.http.HttpServletResponse;

import com.practicaljava.lesson32.ejb.HelloWorldBean;

@WebServlet ("/HelloWorldServlet")
public class HelloWorldServlet extends HttpServlet {

@EJB HelloWorldBean myBean;

protected void doGet (HttpServletRequest request,
HttpServletResponse response) throws ServletException, IOException {

PrintWriter out = response.getWriter();
out.println (myBean.sayHello());

Local Beans

If you'd like to expose the business method to local clients, you can declare the interface marked
with the @Local annotation and the bean will implement it, as in Listing 32-4.

\) LISTING 32-4: Local interface and bean

Available for @Local
dmg;cfggngn public interface Greeting {
public String sayHello();
}

@Stateless

continues

Page 401 of 506 (IPR2025-00350)
Stingray Group Inc. et al v. Hernandez-Mondragon



366 | LESSON 32 INTRODUCTION TO ENTERPRISE JAVABEANS

LISTING 32-4 (continued)
public class HelloWorldBeanL implements Greeting{

public String sayHello() {
return "Hello World!";

}

Remote Beans

For clients that may access the bean remotely, declare an interface marked with @rRemote and have
your bean class implement it. An EJB can implement both remote and local interfaces, and you can
expose different methods for remote and local clients too.

‘) LISTING 32-5: The Greeting interface

Available for @Remote

dmg;’?ﬁgrﬁ" public interface Greeting { public String sayHello();
}

@Stateless
public class HelloWorldBeanL implements Greeting{

public String sayHello() {
return "Hello World!";

}

The clients find remote beans by performing JNDI lookups. Because the client and the server may be
running in different JVMs, all arguments of the remote methods must be serializable.

The Server

Right-click the GlassFish server in the Servers view and add the project Lesson32 to deploy this
Web application. You may also want to turn on automatic redeployments in GlassFish. To do this,
double-click the GlassFish server in the Servers view and change the Publishing preferences to
Automatically publish when resources change, as in Figure 32-1. This will eliminate the need for
manual redeployment of the application every time the code changes.

Start GlassFish if it’s not running and run Helloworldservlet. You'll see the output produced by the
EJB, as in Figure 32-2; you can get the same output by entering http: //localhost:8080/Lesson32/
HelloWorldservlet in your web browser. Even though this is a tiny application, nevertheless it dem-
onstrates communication between objects from the presentation and business tiers. Real-world appli-
cations have more business logic, but from an architectural perspective they are the same.
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FIGURE 32-2

Asynchronous Methods

There is one more feature in stateless beans that I'd like you to be aware of: asynchronous methods.
Imagine that sayHello () is a long-running method performing some lengthy calculations and you’d
like to call it and continue with other operations without waiting for it to complete. In a Core Java
application you would start a thread that would eventually return the Future object, as explained in
Lesson 21.

In the EJB container, however, you shouldn’t create and start threads from the application code,
because EJB container takes care of all multi-threading issues for you. The good news is that asyn-
chronous methods offer a solution when you need to introduce parallel processing from EJBs.

Just mark the method with the @asynchronous annotation and have it return an object of type
javax.ejb.AsyncResult, which is an implementation of the Future interface:

@Asynchronous
public <Future>String sayHello() {

// Some lengthy calculations go here
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/.

return new AsyncResult<String>("Hello World!");

The client would make a call to sayHello (), then execute some other code without waiting for
sayHello () to complete, and at some point would request Future by making a blocking call,
get (), as in the following code snippet:

//Asynchronous call

Future<String> myFutureGreeting = myBean.sayHello();

// Some other code that is executed immediately after the above line goes here

I
}

// Sometime later you can make a blocking call and start
// waiting for the result of sayHello()
String myGreeting = myFutureGreeting.get();

You can also use asynchronous methods if a client needs to start more than one method on the EJB
to run in parallel threads. The methods don’t even need to return values; say one is generating large
PDF files and the other prepares shipments based on today’s orders. In this case you don’t even need
to process returned values; just declare the methods as asynchronous and invoke them from the cli-
ent. They’ll start immediately and will run in parallel.

STATEFUL SESSION BEANS

Although stateless session beans are given to the client just for the time one method execution takes,
stateful beans are allocated to the client for longer. They remember the results of the execution of
previous method(s). For example, you can use a stateful bean to implement shopping cart function-
ality, enabling the user to add more than one item to the cart while browsing the company’s catalog.
When the client ends the session the stateful bean can be allocated to another client.

Suppose you have a stateful EJB called MyShoppingCart. The client looks up this bean using
JNDI and makes the first call to the method addrtem (). Then the client continues browsing and
adds another item to the shopping cart. Then the client decides to check out and calls the method
placeOrder (). All these method invocations are done on the same instance of the stateful bean
MyShoppingCart.

MyShoppingCart myCart = (MyShoppingCart)
ctx.lookup ("java:global/OnlineStore/MyShoppingCart") ;

// The client is browsing the catalog and finds the first item to buy
myCart.addItem(myFirstItem) ;

// The client continue browsing the catalog and finds the second item to buy
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myCart.addItem(mySecondItem) ;

// The client is ready to check out

myCart.placeOrder () ;

To complete the shopping process and release the stateful bean for other clients you need to call

one of the bean’s MyShoppingCart methods marked with the @Remove annotation. In the preceding
example the method placeorder () should be marked with this annotation. You should also provide
another @Remove method on the bean to allow the client to cancel the order and release the bean.

There is one more way to release a stateful bean, by using the estatefulTimeout annotation, which
enables you to specify how long a bean can stay allocated to the client without any activity. When
this time expires the session times out and the bean is released.

SINGLETON BEANS

Pretty often an application needs a place to keep data that is accessible to and shared by all the
beans. Another use case for a singleton is to control access to some external resources. For example,
if a limited number of connections are available to some external web service, you can create a
singleton that will implement throttling for EJBs that need these connections. A singleton bean can
be used as global storage (or a cache) for the application — the state of this bean is shared among
clients.

Only one singleton bean with any given name can exist per JVM per application. If you need several
singletons in an application, give them different names. An EJB container doesn’t create pools of
singleton beans. To create a singleton EJB just mark it with the @singleton annotation:

@Singleton
public class MyGlobalStorage {

}

When is the singleton bean created? It’s up to the EJB container to decide, unless you specifically
want to request that this bean be created on application startup. This is called eager initialization
and there is a special annotation, @Startup, for it:

@Startup
@Singleton
public class MyGlobalStorage {
private Map<String, Object> = new HashMap<String, Object>();

addToStorage (String key, Object objToStore){...}

removeFromStorage (String key) {...}
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Let’s say that youd like to create a program that at certain times sends some messages into a queue.
Werite a singleton bean, request that the E]B container instantiate it on application start-up, and
start pushing the messages immediately after the singleton has been constructed. There is another
handy annotation, @PostConstruct, that will cause the container to invoke a method immediately
after the bean’s constructor is finished:

@Startup
@Singleton
public class MyStockQuoteServer {

@PostConstruct

void sendPriceQuotes() {
// The code connecting to the stock prices feed and
// sending messages to a queue goes here

To get access to the business methods of a singleton, the client Java classes will need to call the pub-
lic static method getInstance () on the specific singleton, as shown in the following code snippet.
If you’ll be implementing the singleton design pattern manually you need to declare a private con-
structor and a public static getInstance () in the class, but otherwise the E]B container will take
care of this.

MyGlobalStorage.getInstance () .addToStorage ("emplOfTheMonth", bestEmployee);

The EJB container allows concurrent access to singleton beans, and by default it applies the
container-managed concurrency policy, sparing the developer worry about race conditions and
such. You just need to use the @Lock annotation, specifying whether you want a resource to be
locked during the read or write operation. If you prefer to write thread-synchronization code by
yourself, switch to bean-managed concurrency. You set the type of concurrency using the
@ConcurrencyManagementannotaﬁon,asshownlhﬂﬁ:

@Singleton
@ConcurrencyManagement (ConcurrencyManagementType . BEAN)
public class MyGlobalStorage {

}

DEPLOYING EJB

Before deployment to any application server, EJBs are usually packaged into one archive file, which
could be a jar, an Enterprise Archive (ear), which is a jar with a . ear file name extension, or a war.
Even such a simple two-class web application as our current example should be compressed and
deployed as one file. If your client is a web application it’s convenient to keep the EJB inside a war
file. Let’s create one.

Right-click the Deployment Descriptor section in the Eclipse project Lesson32 and select Export
WAR file. In a second you’ll get the file Lesson32.war that contains both the servlet and the EJB.
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This file can be deployed in any Java EE 6—compliant application server. This war is really small:
under 4 KB! Java EE 6 makes EJB components really lightweight. If you have multiple EJB classes,
put them in one or more jars in the WEB-INF/1ib directory.

If your client is not a small web application, or you want to keep EJBs deployed separately, you
can package them inside a separate jar or ear file. The root directory that you’ll be using to create
ears has to have all compiled Java classes and, if applicable, the optional ejb-jar.xml file in the
META-INF directory. As a matter of fact, you can create an ear file that will contain not only your
EJBs, but also the war file.

MESSAGE-DRIVEN BEANS

MDBs (message-driven beans) perform only one function: They retrieve messages from queues and
topics via the JMS API. The clients never need to look them up or invoke their methods. The client
just needs to drop a message in a queue or publish it to a topic, and the MDBs that were listening to
the messages at these destinations will get invoked automatically.

MDBs must implement the MessageListener interface. All configuration parameters can be speci-
fied in the parameters of the @MessageDriven annotation, as shown in Listing 32-6.

‘) LISTING 32-6: MDB MyMessageBean

Available for @MessageDriven (mappedName="jms/testQueue", activationConfig = {
d&ﬂgfggﬁ" @ActivationConfigProperty (propertyName = "acknowledgeMode",
propertyValue = "Auto-acknowledge"),
@ActivationConfigProperty (propertyName = "destinationType",
propertyValue = "javax.jms.Queue")

})

public class MyMessageBean implements MessageListener ({
MessageDrivenContext ctx;

// A no-argument constructor is required
public MyListener() {}

public void onMessage (Message message) {
// The business logic is implemented here.

}

When a message appears in the queue named testQueue the EJB container picks one of the MDBs
from the pool and invokes its method onMessage (), passing the message from the queue as an
argument. Unlike with the stand-alone message receivers described in Lesson 30, with MDBs the
container gives you excellent freebies: distributed transaction processing, automatic pooling, co-
location of receivers and other beans, and simple assignment of queues or topics to the receivers in
deployment descriptors. In addition, you can easily configure the number of receivers by specifying
the pool size in the deployment descriptor.

You can use any client to send a message in a queue. It can be a stand-alone client, as shown in
Listing 31-2, a servlet, an E]B, etc.
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TIMER SERVICE

Many enterprise applications require the use of schedulers to perform certain repetitive tasks at
certain times. Cron is a widely used scheduler for Unix-based applications. Windows also has a task
scheduler (Control Panel => Scheduled Tasks). The open-source Quartz Scheduler is also popular
among Java developers.

EJB 3.1 includes the @schedule annotation, which takes a calendar-based expression so you can
schedule the execution of required functionality in your beans. For example, you can create expres-
sions that will invoke some business method every second, minute, hour, Monday, weekday mid-
night, etc.

The next code snippet shows how you can create a timer that will invoke the method
getPriceQuotes () every second during weekdays from 9:30 A.M. to 4 p.M.:

@Stateless
public class MyStockQuoteFeed {

@Schedule (second="*", minute="*", hour="9:30-16:00", dayOfWeek="Mon-Fri")
public List getPriceQuotes|() {
// The code to connect to price guote feed goes here

You can also create timers programmatically using the TimeService class and its methods
createTimer (), createSingleActionTimer (), createIntervalTimer (), and
createCalendarTimer ().

In addition to using @schedule and programmatic timers, you can configure timers in the deploy-
ment descriptor ejb-jar.xml.

SUMMARY

EJB 3.1 is a powerful solution for creating a scalable, easy-to-develop and -deploy, and lightweight
solution for enterprise applications. Even a small-scale application can benefit from EJB 3.1. If your
application doesn’t need all the features mandated by the EJB specification, consider using EJB 3.1
Lite, which is a subset of the full specification.

It’s not possible to cover all the features offered by EJB containers in one short lesson. ’ve intro-
duced you to the main EJB concepts, but if you’d like more in-depth coverage, read Andrew Lee
Rubinger and Bill Burke’s Enterprise Java Beans 3.1, O’Reilly, 2010, ISBN: 0-596-15802-5.

TRYIT

The assignment for this lesson is to implement the StockServer class as an EJB and to use the timer
to automatically generate and print stock price quotes every second. The new quotes should be sent

to testQueue via the JMS API and consumed by a message-driven bean. Reuse the code of the sam-
ple stock server application of the StockServerImpl from Listing 25-2 to generate the price quotes.
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Lesson Requirements
You should have Java and GlassFish v3 installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson32 folder in the download.

Hint

If you want to push the stock prices to the end users, consider creating a JMS topic (e.g., PriceQuotes)
to which the method getouote () will publish the latest prices. The Java client should subscribe to this
topic to get the fresh quotes every second.

Step-by-Step

1. In Eclipse project Lesson32 create a new stateless session bean, StockServerBean, that
includes the method getguote (). The initial version of the bean may look as follows:

@Stateless
public class StockServerBean {
private String price=null;
private ArrayList<String> nasdagSymbols = new ArrayList<String>();

public StockServerBean () {

// Define some hard-coded NASDAQ symbols

nasdagSymbols.add ("AAPL") ;

nasdagSymbols.add

nasdagSymbols.add

nasdagSymbols.add

nasdagSymbols.add
}

public void getQuote(String symbol) {
if (nasdagSymbols.indexOf (symbol.toUpperCase()) != -1) {

// Generate a random price for valid symbols
price = (new Double(Math.random()*100)).toString();

}

System.out.println("The price of "+ symbol + " is " + price);

}

2.  Use the @schedule annotation to have the getQuote () method invoked every second.

3. Replace the println() statement in the method getQuote () with the code sending a text mes-
sage with the generated price quote to the queue MyJgMSTestQueue configured in Lesson 31.
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4.

Create an MDB called MyPriceConsumer to retrieve and print messages from the queue
MyJdMSTestQueue.

5. Deploy this application in GlassFish and test it.

? Please select Lesson 32 on the DVD with the print book, or watch online at

www . wrox . com/go/ fainjava fo view the video that accompanies this lesson.
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Introduction to the Java
Persistence API

In the previous lesson you learned about various types of Enterprise Java Beans in which you
could program the business logic of your application. Now it’s time to talk about persist-

ing data. If an online store allows users to place orders with session beans, there should be a
mechanism for saving the data too. Typically, the data is persisted in DBMS.

The Java Persistence API (JPA) defines a standard way of mapping the Java classes to their rela-

tional database peers. This process is also known as object-relational mapping (ORM). One of

the popular third-party ORM frameworks, Hibernate, will be introduced in Lesson 36, but this
lesson is a brief introduction to the standard JPA 2.0 implemented by any Java EE 6—compliant

server.

THE BIG PICTURE

In the past, J2EE specifications recommend using Entity EJB to provide all interactions with
databases. Currently, entity beans are undergoing a pruning process, and you should use
JPA instead to deal with your application’s data querying and persistence. As a matter of
fact, JPA 2.0 can be used from Java SE applications too.

JPA enables you to specify and run queries and update data without needing to write SQL
statements as you did in Lesson 22 while studying JDBC.

The Java Persistence API enables you to map Java classes to database tables using metadata
and perform create, retrieve, update, and delete (CRUD) operations using Java Persistence
Query Language (JPQL), the Persistence Criteria API, and native database queries in SQL lan-
guage. The idea is to create an application-specific domain model as a set of interrelated Java
classes and map it to the corresponding data storage (the DBMS).
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If a Java class marked with the @Ent ity annotation has no argument constructor you can call it an
entity. Each entity instance corresponds to a row in a database table, as shown here:

@Entity
public class Employee(

}

If you start with an empty database, JPA tools enable you to create database tables based on Java
entities. You can also map Java entities to the existing database tables. Just like database tables,
Java entities can have one-to-one relationships (such as an Employee entity with one correspond-
ing 0fficeAddress entity), one-to-many relationships (such as one customer with many orders),
many-to-one relationships (the opposite of one-to-many relationships), and many-to-many relation-
ships (for example, a UniversityClass has many enrolled students, but each student can enroll
into multiple classes).

Every entity class must define a field containing a unique value, which is the equivalent of a primary
key in a database table.

The EntityManager class will deal with objects. Before persisting data you can validate the values
using the Bean Validation API.

While JPQL provides string-based SQL-like syntax for working with entities, the newer Criteria API
enables you to dynamically construct queries from strongly typed objects.

MAPPING OBJECTS TO DATABASE TABLES

You can map Java classes to database tables via annotations, XML configuration files, or both. For
example, common fields can be mapped with annotations, and DBMS-specific mapping can be done
in XML files. It does not have to be one-to-one mapping; one Java entity can be mapped to a set of
columns from more than one database table.

Besides having fields mapped to table columns, Java entities can have embeddable classes, like
Address in the Employee entity.

Typically a database table has a primary key — one or more columns that uniquely identify each

row. Java entities must have one or more fields making each instance unique. Such an entity ID can
be marked with the @Td annotation, and you can request your JPA provider to auto-generate the ID
by adding the annotation @GeneratedValue. Listing 33-1 shows an example of an Employee entity.

‘) LISTING 33-1: Employee entity

Available for @GEntity

dmgiogglgn public class Employee{

@Id
@GeneratedvValue (strategy=GenerationType.IDENTITY)

@NotNull
@Size (max=10)
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public String firstName;

@NotNull
@Size (min=2, max=20)
public String lastName;

@Column (name="boss_name")
public String managerName;

@OneToMany (mappedBy = "employee")
public List<Address> addresses = new ArrayList<Address>();

If you don’t specify the table name as a parameter of the annotation, JPA assumes that there is a corre-
sponding database table with the same name as the entity class, which in our example is Employee. The
specified strategy GenerationType.IDENTITY means that DBMS has an auto-generated primary key
with auto-increment. Many database management systems support either identity columns or sequence
objects with similar functionality.

The fields that must have values are marked as eNotNull. If an instance of the preceding Employee
entity won’t have values in the firstName or lastName fields, Bean Validation can catch this and
generate an error. The entity fields that don’t have to be persisted should be marked with the
@Transient annotation.

If a table column name is not the same as the name of the entity field, you can specify the column
name using @Column. According to Listing 33-1, the database column name boss_name corresponds
totheﬁekimanagerNameOftheenﬁtyEmployee

Not every Java class that corresponds to some data in the database has to be an entity. You can have
embeddable classes that define a group of properties that belong to an entity. Let’s say a company
gives to each employee a smartphone identified by a phone number and model number. You can cre-
ate a Java class to represent such a device and mark it with @Embeddable:

@Embeddable
public class SmartPhone implements Serializable({

@Size (max=10)
public String phoneNumber;

public String model;

Now the Employee entity can embed the property of the SmartPhone type along with other fields:

@Entity
public class Employee{

@Id
@GeneratedValue (strategy=GenerationType.IDENTITY)

@NotNull
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public String firstName;

@Embedded
public SmartPhone companyPhone;

The code in Listing 33-1 illustrates the mapping of one-to-many relations between the entities
Employee and Address (not shown). One employee can have multiple addresses, so Employee refer-
ences a collection of the Address entities.

JPQL

JPQL is a SQL-like query language. The main difference is that SQL operates with the DBMS sche-
mas, tables, and stored procedures, but JPQL manipulates with Java objects and their attributes
from the domain model. You don’t need to know details of the underlying data storage objects to
perform JPQL queries.

If you know the queries in advance they can be precompiled; otherwise you can build them dynami-
cally during the run time. Similarly, in JDBC you can use either PreparedStatement or Statement.

JPQL includes pretty easy-to-remember (and case-insensitive) keywords: SELECT, FROM, WHERE,
ORDER BY, GROUP BY, and so on. Here’s how you would write a JPQL query to find all managers
who have subordinates with the last name Smith:

SELECT e.managerName,

FROM Employee AS e
WHERE e.lastName='Smith'

The next query finds all employees who were given iPhones by the firm. Note the dot notation to
find the phone model from the embedded class.

SELECT e.firstName, e.lastName
FROM Employee AS e
WHERE e.companyPhone.model="'iPhone'

To select all fields of certain entities (the equivalent of Select * in SQL) just specify the alias name
of the entity right after the SELECT clause:

SELECT e FROM Employee AS e

The Employee and Address entities have a one-to-many relationship. If you’d like to find all employ-
ees who live in New York, this is the join written in JPQL:

SELECT DISTINCT e
FROM Employee AS e JOIN e.addresses as a
WHERE a.cityl='New York'
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ENTITYMANAGER

EntityManager is the centerpiece of persistence — it will execute all your JPA requests to read
from or write into a database. Each instance of EntityManager is associated with a set of entities.
Such a set is called a persistence unit. In Java EE containers the EntityManager can be injected as a
resource, for example:

@PersistenceContext
EntityManager em;

In Java SE applications you need to instantiate EntityManager programmatically using
EntityManagerFactory:

private EntityManagerFactory factory;
private static final String PERSISTENCE_CONTEXT NAME = "employees";

factory = Persistence.createEntityManagerFactory (PERSISTENCE_CONTEXT_NAME) ;
EntityManager em = factory.createEntityManager();

The entity manager can create, update, remove, and find entities by IDs or using a query. The code
to find an Employee entity with the ID 1234 can look like this:

Employee employee = em.find(Employee.class, 1234);

To create a new row in the Employee database table, create an instance of the entity Employee and
invoke the method persist () on the EntityManager. To delete a row, call remove (). Your applica-
tion can explicitly begin and commit transactions when the persistence is successfully completed.

@PersistenceContext
EntityManagerFactory factory;
EntityManager em;

@Resource
UserTransaction userTransaction;

em=factory.createEntityManager () ;

Employee newEmployee = new Employee () ;
newEmployee. firstName="Mary";
newEmployee.lastName="Thompson";
try{

userTransaction.begin() ;

em.persist (newEmployee) ;
em.remove (0ldEmployee) ;

userTransaction.commit () ;

}
catch (SystemException e){ //several other exceptions can be thrown here
e.printStackTrace () ;

try{
userTransaction.rollback() ;
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} catch(SystemException el){el.printStackTrace()}
}

To select the manager name of the employee with the firstName Mary and the lastName
Thompson, ask the EntityManager to run the following JPQL query:

EntityManager em;

List employees;

...employees = em.createQuery

"SELECT e.managerName FROM Employee AS e WHERE e.firstName='Mary' "
+ " AND e.lastName='Thompson'").getResultList();

This static query works only for employees whose names are Mary Thompson. Note that the
method getResultList () is invoked on the created query object. If you expect just one entity as a
result, call the method getsingleResult () instead. To specify the first and last names dynamically,
you should use parameters, for example:

EntityManager em;
List employees;

String firstName = "Mary";

String lastName = "Thompson";

...employees = em.createQuery

"SELECT e.managerName FROM Employee AS e WHERE " +

"e.firstName= :fname AND lastName= :lname")

.setParameter ("lname", lastName)
.setParameter ("fname", firstName)
.getResultList();

One instance of EntityManager manages a persistence unit — a set of classes specified in the con-
figuration file persistence.xml, which is located in the META-INF directory of the deployed EJB
jar. If you package the application in the war file, this file has to be located either in the directory
WEB-INF/classes/META-INF or in a jar under WEB-INF/1ib.

The file persistence.xml specifies the name of the jar file that contains managed persistence
classes and their names. It also contains the name of the JDBC data source (not the specific JDBC
driver) used for communication with DBMS.

<persistence>
<persistence-unit name="EmployeeManagement">
<description>This unit manages Acme Employees </description>
<jta-data-source>jdbc/HRDatabase</jta-data-source>
<jar-file>MyEmployeeApp.jar</jar-file>
<class>com. lesson33.Employee</class>
<class> com.lesson33.Address</class>
</persistence-unit>
</persistence>

A BRIEF INTRODUCTION TO THE CRITERIA API

JPQL is a string-based query language, but the Criteria API allows the creation of strongly typed
object-based queries. On one hand it’s more verbose than JPQL, but on the other there is no need to
do data-type conversion when processing query results.
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These are some core interfaces in the Criteria API:

»  CriteriaBuilder: A utility class that can create criteria queries.

> cCriteriaQuery: This is an object that will contain all parts of the query, such as sELECT,
FROM, and WHERE. It’s like a memory graph, in which each node represents some clause of

the query.
> Root: Represents the root of the query.
> TypedQuery: A query prepared for execution.

>  Join: An object that represents a JOTN clause.

The next code fragment shows an equivalent of the JPQL query SELECT e FROM Employee AS
written using the Criteria API:

EntityManager em;

CriteriaBuilder cb = em.getCriteriaBuilder();
CriteriaQuery<Employee> crQuery = cb.createQuery (Employee.class);
Root<Employee> employee = crQuery.from(Employee.class);
crQuery.select (employee) ;

TypedQuery<Employee> tQuery= em.createQuery(crQuery) ;
List<Employee> employeess = tQuery.getResultList( );

Start with asking EntityManager to create CriteriaBuilder, which in turn creates the instance

of criteriagQuery. Note that via generics, the criteriaQuery is typed based on the expected
results. After that you add instances of required objects (SELECT, FROM, WHERE, and so on) to

CriteriaQuery.

Finally, the EntityManager prepares the executable Typedguery that produces strongly typed results

by executing getResultList (). If you expect just one record back, use the getSingleResult ()
method. Adding several clauses to the query could look like this:

crQuery.select (employee) .where(...).orderBy(...);

Because we are building the object graph, the order of the query classes in the preceding line is not

important. The Root object can serve as a starting point for joining entities:

Root<Employee> employee = crQuery.from(Employee.class);
Join<Employee, Address> empJoin = employee.join(...);

The next example shows how to add the LIKE clause to get all employees with the last name
Thompson:

Root<Employee> employee = crQuery.from(Employee.class);
crQuery.select (employee) .where (
cb.like (employee.<String>)get ("lastName"),
cb.parameter (String.class, "lname"));

TypedQuery<Employee> tQuery= em.createQuery(crQuery) ;
tQuery.setParameter ("lname", "$Thompson%");
List<Employee> employeess = tQuery.getResultList( );
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BEAN VALIDATION

The Bean Validation framework (JSR-303) is a Java API for ensuring that the values in entities are
correct. Validation can be performed at different stages of the entity life cycle. Define the constraints
on your entities and the validation can be automatically initiated when you are about to create,
update, or remove an entity.

Listing 33-1 includes the @NotNu11 and @size constraints defined in the package javax.validation
.constraints, but you can create your own validation rules as well.

The life-cycle callback methods marked with the annotations @PrePersist and @PreRemove
are invoked on the entity before the EntityManager persists or removes this entity. Accordingly,
another pair of annotations, @PostPersist and @PostRemove, are invoked after these operations.

For example, you can put the validation code in the method transferEmployee ()to ensure that
the transfer has been approved by the employee’s manager. Throwing an exception invalidates the
operation.

@PrePersist

public void validateTransfer () {

if (!transferApproved()) {
throw new TransferException("Manager didn't approve transfer");

TRY IT

The GlassFish v3 server includes the binaries of the JPA provider EclipseLink (see www.eclipse
.org/eclipselink). In this exercise you’ll be using EclipseLink to auto-generate Java entities
based on the existing database. This will serve as an example of object-relational mapping.

Lesson Requirements
You should have Java, the Eclipse Java EE IDE, and GlassFish v3 installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson33 folder in the download.

Step-by-Step

1. Create a new JPA project in Eclipse by selecting File & New = Other = JPA &> JPA project.
Name it Lesson33 and keep the default settings of GlassFish Server Open Source Edition 3 as
a target and Minimal JPA 2.0 Configuration as the configuration, as in Figure 33-1.
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2. A pop-up suggesting the name of the default output folder displays. Don’t change anything
there; click Next.

3.  The JPA Facet window (see Figure 33-2) will enable you to select the JPA provider — the
libraries that implement JPA specification.

JPA Project . ..
Configure JPA project settings. J P

Project name: | Lessun33 ]

Project location
M Use default location

Locagion:  /Users/yfainll/practicaljava/workspace/Lesson3s3 [ Browse., |}

Target runtime

|_GlassFish Server Open Source Edition 3 (Java EE 6) ] ( wew )

Confi

| Minimal JPA 2.0 Configuration W ( Mmodify.. )

EAR membership
] Add project to an EAR

‘EAR project name; EAR ! [ New Project... )

FIGURE 33-1

IPA Facet
Configure JPA settings.

Hiadorm
| Generic 2.0

A Imiph
Type: | User Library

¥ mi, Frlipselink GlassFish

[ Include libraries with this application

Connection

[ <None> hﬂ

onnece

FIGURE 33-2
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The User Library box will initially be empty. Press the little preferences icon next to it and
then click New in the Preferences window. You’ll need to add the following six jars from the
folder glassfishv3/glassfish/modules to your new user library:

org.eclipse.persistence.antlr.jar
org.eclipse.persistence. jpa.jar
org.eclipse.persistence.asm. jar
org.eclipse.persistence. jpa.modelgen. jar
org.eclipse.persistence.core.jar
javax.persistence. jar

4. Start your Derby database server using the startNetworkServer command, as explained in
Lesson 22.

5. Inthe connection drop-down (refer to Figure 33-2) select Sample JavaDB Database and click
the Connect link. You’ll see that Eclipse has opened the Data Source Explorer view show-
ing the sample database that comes with Derby.

6. Right-click Sample JavaDB Database in the Database Connection view. Configure your new
connection in the popup window (see Figure 33-3) to the database Lesson22 that you created
in Lesson 22. Click Test Connection to ensure you did it right.

Selact a driver fram the drop-down and provide login deralls for the
cannection.

Drivers: | Derbyf ieDB ‘i’i & A

Propertics - —
--[ General | Optional |- . 'r
Database: [Ld_zsscgn!? ]

Host: Incathost

Port number: 15,7

User name: | yger

Password: T

¥ Create database (if required)

[ Upqrade database to current version

[ save password

URL: jdhederhy f flocalhnst 1527 /Lesson?2 createstrue

E! Connect when the wizard completes Test Connection |

| Connact every time the warkhench i< started

|’?;| ( <Back ) ([ Netz ) ([ Cancel ) (E5Finkhs)

]

FIGURE 33-3
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7. TFigure 33-4 is a snapshot of Eclipse view Data Source Explorer, which shows you the table
Employee from Lesson 22. It’s located in the APP schema.

¥ = Database Connections
I % Lesson22 (Apache Derby v. 10.5.3.0 - (802917))
¥ [-j Lesson22
¥ {7 Authorization IDs
¥ [ Schemas
v R AP
» [l Dependencies
b I Stored Procedures
» [ Synonym
¥ [ Tables
¥ =] EMPLOYEE
¥ [ Columns

b B ENAME [VARCHAR(SD))
» I JOB_TITLE [VARCHAR{150)]
b [ Constraints
» (] Dependencies
b [ Indexes
B [ Triggers
¥ || User-Defined Functions
B ) Views

FIGURE 33-4

8. JPA requires database tables to have primary keys, but our table Employee didn’t define one.
You’ll need to fix this by making the column empno a primary key. You can do it from the
command line via the ij utility (see Lesson 22) by issuing the following command:

alter table APP.Employee add primary key (empno);

9. Right-click the name of project Lesson33 and select JPA Tools &> Generate Entities from
Tables. In the pop-up window select the table Employee and click Finish.

10.  Open the folder src in your Eclipse project and you’ll find there a freshly generated class
called Employee that will look as follows:

import java.io.Serializable;

import javax.persistence.*;
/*‘k

* The persistent class for the EMPLOYEE database table.
*

*/
@Entity
public class Employee implements Serializable {

private static final long serialVersionUID = 1L;

@Id
private int empno;

private String ename;

@Column (name="JOB_TITLE")
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private String jobTitle;
public Employee() {}

public int getEmpno () {
return this.empno;

}

public void setEmpno (int empno) {
this.empno = empno;

public String getEname () {
return this.ename;

}

public void setEname (String ename) {
this.ename = ename;

public String getJobTitle() {
return this.jobTitle;

public void setJobTitle(String jobTitle) {
this.jobTitle = jobTitle;

}

}

11.  Finally, open the folder META-TNF and you’ll find generated there the file persistence. xmi:

<?xml version="1.0" encoding="UTF-8"?>

<persistence version="2.0"
xmlns="http://java.sun.com/xml/ns/persistence"
xmlns:xsi=http://www.w3.0rg/2001/XMLSchema-instance
xsi:schemalocation="http://java.sun.com/xml/ns/persistence
http://java.sun.com/xml/ns/persistence/persistence_2_0.xsd">

<persistence-unit name="Lesson33">
<class>Employee</class>

</persistence-unit>

</persistence>

www . wrox . com/go/ fainjava fo view the video that accompanies this lesson.

? Please select Lesson 33 on the DVD with the print book, or watch online at
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Working with RESTful
Web Services

In the nineties the Web became widely used, and newly created web applications were con-
sumed by millions of people around the world. At the same time lots of legacy applications
were available for use only within corporate walls. They were written in a variety of program-
ming languages and deployed on a plethora of types of hardware. There was a need to expose
corporate data to wider audiences, which resulted in the creation of the standard interface for
consuming data over the Web.

THE SOAP WEB SERVICES

The first standard for publishing and consuming web services was the XML-based Simple Object
Access Protocol (SOAP). Web clients would form HTTP requests and receive responses using the
SOAP syntax.

The difference between traditional JSP/Servlet/JSF web applications and web services is that
the latter offer just the data and have no interest in what the client’s UI will look like. For
example, an insurance company could offer information about its products, or a mutual
fund could expose its data as a web service returning XML documents. Clients didn’t need
to know that this insurance company was running its applications using a server from Sun
Microsystems or that the mutual fund was running its on mainframe computers from IBM.
The clients needed to know the directory of services available from this particular organiza-
tion and the address of the endpoint to connect to in order to consume this service.

The directory of services could be published with the XML-based Web Services Description
Language (WSDL), which is pretty verbose. In the Java world, SOAP messages could be pro-
cessed by means of JAX-WS without the need for a directory of services.

Even though SOAP web services are verbose, they are still widely used as a simple means of inte-
gration with the software produced by third parties. Some SOAP services are publicly available.
For example, the web page www.webservicex.net offers descriptions and WSDL locations of
such information and services as weather forecasts, US address verification, currency converters,
and stock quotes. You can integrate these into your application, but providing a user interface for
them remains your responsibility.
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THE RESTFUL WEB SERVICES

As opposed to SOAP, REST is not a protocol, but a lighter-than-SOAP means of building web ser-
vices, or, to be precise, REST is an architectural style Dr. Roy Fielding identified the REST princi-
ples in his PhD dissertation. A web service built on REST principles is called a RESTful web service.

Java EE 6 specification includes the JAX-RS API for creating RESTful web services. Several Java
application servers already implement JAX-RS. I’ll continue using GlassFish v3, which comes with
the JAX-RS implementation known as Jersey, and you won’t need to download any additional
libraries to run the sample code from this lesson. Other popular open-source JAX-RS implementa-
tions are Apache Wink and JBoss RESTEasy.

REST stands for representational state of transfer. REST defines a set of constraints that an applica-
tion must comply to, and web resources that the user may need to work with.

A resource is anything that you can access with a hyperlink. Each resource has a uniform resource iden-
tifier (URI), such as http://localhost:8080/StockServer or www.dice.com/yakovsresume.pdf.
These URIs represent the state of a stock server and Yakov’s résumé, respectively.

REST resources have to support standard stateless requests. But if a typical web application uses only
the HTTP methods GET for reading the resource and posT for updating it, in the RESTful world you
can also use PUT for resource creation or updates and DELETE for resource removal. Web application
developers often freely use both GET and PosT for reading data, but REST is stricter about this.

THE RESTFUL STOCK SERVER

In this section I’ll redesign the familiar stock server example using REST. The representation of the
resources (in this case stocks) can vary and is determined by media type.

With Java EE 6, creating a RESTful application is pretty straightforward — create a POJO and anno-
tate it. For example, annotating a Java bean with @xmlRootElement can bring into action the JAXB
framework for processing XML, which will turn the bean into an XML document before sending it to
the web client. Listing 34-1 shows a Java bean called stock annotated with @xml1RootElement.

\) LISTING 34-1: Root class Stock

Availablefor  import javax.xml.bind.annotation.XmlRootElement;
download on
Wrox.com

@XmlRootElement

public class Stock {
private String symbol;
private Double price;
private String currency;
private String country;

public Stock() {
}

public Stock(String symbol,Double price, String currency, String country) {
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this.symbol = symbol;
this.price = price;
this.currency = currency;
this.country = country;

}

public String getSymbol () {
return symbol;

}

public void setSymbol (String symbol) {
this.symbol = symbol;
}

public Double getPrice() {
return price;

}

public void setPrice(Double price) {
this.price = price;

}

public String getCurrency () {
return currency;

}

public void setCurrency (String currency) {
this.currency = currency;

}

public String getCountry () {
return country;

}

public void setCountry(String country) {
this.country = country;

}

Here’s an example of how a RESTful service (Listing 34-2) may return the representation of a particu-
lar stock that’s identified by the URI http: //localhost:8080/Lesson34/resources/stock/IBM:

<stock>
<country>US</country>
<currency>USD</currency>
<price>43.12</price>
<symbol>IBM</symbol>
</stock>

From the standpoint of RESTful Web service, the preceding XML code fragment is more important
than the Java code in Listing 34-1. The latter is an implementation detail. It’s the actual representa-
tion expressed here in XML that really matters.
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Just to reiterate the concept of resources and URIs, the stock MSFT is considered another resource
and can be represented by the URI http://localhost:8080/Lesson34/resources/stock/MSFT.
The class stockResource is a POJO, but if you'd like to turn it into an EJB, just annotate it with the
@Stateless annotation.

The class stockResource is heavily sprinkled with annotations. First comes the annotation @path,
which can be used with either a class or a method. JAX-RS maps client’s requests to class methods.
If more than one annotation $Path are used in a class, their values are going to be concatenated for
finding the matching method.

In our example in Listing 34-2, during the client’s request the class-level @rath ("/stock") results
in the routing of each request containing /stock in its URI to the class StockResource. Then the
matching process continues, and if there is a stock symbol after the word stock, (e.g., /stock/
MSFT), the method-level @rath (" {symbol} ") will map the getStock () method for processing. The
@PathParam ("symbol") will inject the stock symbol included in the URI into the symb argument of
theIneﬂuxigetStock(L

The addstock () method in Listing 34-2 is annotated to consume the form data and is called
when the Add button in the web client (see Figure 34-1) is clicked. The @FormParam annotation
injects the values entered in the HTML form into the method addstock (). If the web client isn’t
using a form but instead is using an HTTP GET request with parameters, you have to use the
annotation @QueryParam instead of @FormParam.

\) LISTING 34-2: REST resource StockResource

Available for import javax.ws.rs.Consumes;
dmgy_’:gnﬁ" ::meort :?avax .ws.rs.FormParam;
import jJavax.ws.rs.GET;
import javax.ws.rs.POST;
import javax.ws.rs.Path;
import javax.ws.rs.PathParam;
import javax.ws.rs.Produces;
import javax.ws.rs.core.Response;

@Path("/stock")
public class StockResource {

@Produces ({"application/xml", "application/json"})
@Path (" {symbol}")
@GET

public Stock getStock(@PathParam("symbol") String symb) {
Stock stock = StockService.getStock(symb) ;
if (stock == null) {
return new Stock("NOT FOUND", 0.0, "--", "-=");

return stock;

@POST

Page 426 of 506 (IPR2025-00350)
Stingray Group Inc. et al v. Hernandez-Mondragon



The RESTful Stock Server | 391

@Consumes ("application/x-www-form-urlencoded")

public Response addStock (@FormParam("symbol") String symb,
@FormParam("currency") String currency,
@FormParam("price") String price,
@FormParam("country") String country) {

if (StockService.getStock(symb) != null)
return Response.status(Response.Status.BAD_REQUEST) .
entity("Stock " + symb +
" already exists").type("text/plain").build();

double priceToUse;
try {
priceToUse = new Double(price);
}
catch (NumberFormatException e) {
priceToUse = 0.0;

}

StockService.addStock (new Stock(symb, priceToUse,
currency, country));

return Response.ok().build();

b localhost 8080/ Lesson34/

Add new Stock

Symbol
Currency

Price

Country

FIGURE 34-1

One of the methods in StockResource is marked with a @GET annotation and the other one with
@POST. You've guessed it right — they will automatically be invoked to process the corresponding
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HTTP requests. The MIME types specified in the annotation @Produces mean that the method
getStock () can produce the data in either XML format or JSON format. In REST terminology,
you can say that the StockResource resource supports two representations — JSON and XML.
JSON stands for JavaScript Object Notation; it can be used as a lighter alternative to XML.

JSON is popular with web clients written in JavaScript (see Listing 34-5 for the sample code). There
are JSON parsers for programming languages other than JavaScript languages, including Java.
Here’s an example of the data in JSON format, which clearly requires less overhead to represent the
object stock than XML does:

"stock": {
"country": "US",
"currency": "USD",

"price": 43.12,
"symbol": "IBM"

The public community domain www.geonames . org enables you to search for
geographical and statistical information about countries, cities, et cetera. This
website uses RESTful web services for the most part. To compare how the same
data is represented in XML and in [SON, visit this web page: www.geonames
.org/export/ws-overview.html.

The class stockResource is using the helper class stockservice, shown in Listing 34-3. For sim-
plicity, this class has two hard-coded stocks, but in the real world it would be connected to one of
the financial data feeds. This class uses static initializer, which calls the method generatestocks ()
on the first reference to StockService.

\) LISTING 34-3: StockService class

Available for import java.util.HashMap;

“W#L‘L”ﬁ;‘.ﬁ" import java.util.Map;

public class StockService {
public static void addStock(Stock stock) {
stocks.put (stock.getSymbol (), stock);
}

public static void removeStock(String symbol) {
stocks.remove (symbol) ;

}

public static Stock getStock(String symbol) {
return stocks.get (symbol);
}

private static Map<String, Stock> stocks = new HashMap<String,

static {
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generateStocks () ;

}

private static void generateStocks() {
addStock (new Stock("IBM", 43.12, "USD", "US"));
addStock (new Stock("APPL", 320.0, "USD", "US"));

7

The web.xml file from Listing 34-4 is configured to redirect all HTTP requests that contain the

paﬁeml/resourcetocom.sun.jersey.spi.container.servlet.ServletContainer,the]m$ey
implementation class.

\) LISTING 34-4: web.xml

Available for <?xml version="1.0" encoding="UTF-8"?>

daﬂgkggﬁ" <web-app xmlns="http://java.sun.com/xml/ns/javaee"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://java.sun.com/xml/ns/javaee

http://java.sun.com/xml/ns/javaee/web-app_2_5.xsd" version="2.5">

<servlet>
<servlet-name>Rest</servlet-name>
<servlet-class>

com.sun.jersey.spi.container.servlet.ServletContainer

</servlet-class>
<load-on-startup>1l</load-on-startup>

</servlet>

<servlet-mapping>
<servlet-name>Rest</servlet-name>
<url-pattern>/resources/*</url-pattern>

</servlet-mapping>

</web-app>

Next comes the thin web client written in HTML and JavaScript, which is not covered in this book.
I’ll just highlight the relevant code fragments to explain the client/server communication in the stock
server example. Listing 34-5 shows the index.ntml file, which includes the popular JavaScript
library JQuery (see the reference in the <head> section).

‘) LISTING 34-5: Thin web client index.html

Avail:lable for <!DOCTYPE html>
download on
Wrox.com <html>

<head>
<title>Rest + JSON</title>
<link rel="stylesheet" type="text/css" href="css/main.css"/>

<script src="http://code.jquery.com/jquery-1.4.4.3s">
</script>

continues
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LISTING 34-5 (continued)
</head>

<body>

<p class="title">Find Stock</p>

<form id="get-stock" action="javascript:alert('submit')">
<input id="get-stock-symbol" type="text"/>
<input class="button" type="submit" value="Find"/>

</form>

<div class="result">

<table>
<tr>
<td>Symbol</td>
<td id="symbol"></td>
</tr>
<tr>
<td>Price</td>
<td id="price"></td>
</tr>
<tr>
<td>Currency</td>
<td id="currency"></td>
</tr>
<tr>
<td>Country</td>
<td id="country"></td>
</tr>
</table>
</div>

<p class="title">Add new Stock</p>

<div id="add-stock-flash-message" class="flash-message">

</div>

<form id="add-stock" action="javascript:alert('submit')">

<fieldset>
<ol>

<li>
<label
<input

</1li>

<li>
<label
<input

</1li>

<li>
<label
<input

</1li>
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for="add-stock-symbol">Symbol</label>
id="add-stock-symbol" name="symbol" type="text"/>

for="add-stock-currency">Currency</label>
id="add-stock-currency" name="currency" type="text"/>

for="add-stock-price">Price</label>
id="add-stock-price" name="price" type="text"/>
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<li>
<label for="add-stock-country">Country</label>
<input id="add-stock-country" name="country" type="text"/>

</1li>

<li>
<input class="button" type="submit" value="Add"/>

</1li>

</ol>
</fieldset>
</form>

<script>
$('.result') .hide();
S ('#add-stock-flash-message') .hide();

$("#get-stock") .submit (function() {
$.getJSON( 'resources/stock/' + $("#get-stock-symbol").val(),
function(data) {

S('.result').fadeOut (500, function() {
$('#symbol') .html (data.symbol) ;

$('#price') .html (data.price);
$('#currency') .html (data.currency) ;
$('#country') .html (data.country) ;

$('.result').fadeIn(500)
)i
1)

return false;

1)
$("#add-stock") .submit (function() {

$.ajax({
type: "POST",
url: 'resources/stock',
data: $("#add-stock").serializel(),

success: function() {
$ ("#add-stock-flash-message") .show() .html (
"Stock was added") .fadeOut (5000) ;
I

error: function(request, textStatus, errorThrown) {
if (textStatus == 'error') {
$ ("#add-stock-flash-message")
.show () .html (request.responseText) .fadeOut (5000) ;
}
else {
$ ("#add-stock-flash-message")
.show() .html ("Server error").fadeOut(5000);

continues
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LISTING 34-5 (continued)

1)

return false;

1)
</script>

</body>
</html>

This HTML/JavaScript client can be invoked in such a way as to request a resource represented
either as JSON or as XML. To get the data in JSON format, simply direct your web browser to
http://localhost:8080/Lesson34/index.html. When you press the Find button on the form
shown in Figure 34-1, the code in index.html calls the function getgson (), which creates the
pattern resources/stock , concatenates the entered stock symbol, and sends the request to the
server. In the following JQuery code fragment get-stock is the ID of the top HTML form being
submitted to the server:

$("#get-stock") .submit (function() {
$.getJSON('resources/stock/' + $("#get-stock-symbol").val(),
function(data) {

Il
The function getJson () has requested the resource stock in JSON format. Even though the Java

bean stock has been annotated with @xmlRootElement, JAXB can represent it not only as XML,
but also as JSON.

To test the XML branch, enter a URL containing the pattern /resources that was used in the
web.xml file from Listing 34-4. For example, the URL http://localhost:8080/Lesson34/
resources/stock/IBM will return this REST resource as XML, as shown in Figure 34-2.

In this use case the code from the file index.html is not being used, and the request is redirected to
the function getstock () of StockResource. The function getStock () is capable of producing both
JSON and XML, but this time it produces plain web browser’s code that knows how to consume
XML only, and so JAX-RS picked up the XML format as a common denominator.

anNnoe

()2 )= (C ) C ) (L[ iy iocalhost 8080/Lesson34esources stock/8M

This XML file does not appear to have any style information associated with it. The docun

- <Stnek>
<country>US</country>
<currency>USD</currency>
<price>43.12</price>
<symhol>IEM</symhal>

</stock>

FIGURE 34-2
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TRYIT

Your assignment is to make the code shown in the listings work. You’ll need to create an Eclipse
project and copy to the proper places the code samples from the accompanying DVD (Listings 34-1
to 34-5). Then you’ll need to deploy this project in GlassFish and run it.

Lesson Requirements

You should have Java and GlassFish v3 server installed.

You can download the code and resources for this Try It from the book’s
web page at www.wrox.com. You can find them in the Lesson34 folder in the
download.

Hints

Eclipse IDE for Java EE Developers has a template for the creation of REST resources. Right-click
the project name, select New, and then select RESTful Web Service From Pattern (Java EE 6).
Eclipse will create for you an annotated class similar to the one from Listing 34-2, which you can
edit to meet your application’s requirements.

Step-by-Step

1.

2.

Create a dynamic web project called Lesson34 in Eclipse. Then create a package called
com.practicaljava.lesson34.

Copy the classes stock, StockResource, and StockService from the DVD into this
package.

Copy the file web.xml shown in Listing 34-4 to the directory webContent /WEB-INF.

Create the folder webContent /css and copy to it the file main. css from the DVD — this
will add some colors to the client’s UL

Deploy the project Lesson34 under GlassFish — right-click the server name, select Add and
Remove, and in the pop-up window move Lesson34 from the left box to the right one by
clicking Add. Then click Finish.

Open a web browser and go to http://localhost:8080/Lesson34/, which will open the
file index.html from Listing 34-5. You’ll see something similar to Figure 34-1.

Enter 1BM in the search field and click Find. The pricing information (hard-coded) about this
stock will be displayed as in Figure 34-3.

Test the Add New Stock functionality by filling out the form shown in Figure 34-3 and click-
ing Add. This will make a PosT request to the RESTful service, which will be mapped to the
method addstock () of StockResource from Listing 34-2. After the new stock has been
added you can search for it by entering its name in the search field and clicking Find.
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()2 )= L% A L hiip:/flocathost:8080/ Lesson34/

Find Stock

u
=) =
i

Add new Stock

Symbol
Currency

Price

Country

FIGURE 34-3

Please select Lesson 34 on the DVD with the print book, or watch online at
www . wrox . com/go/ fainjava fo view the video that accompanies this lesson.
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Introduction to Spring MVC
Framework

At the beginning of the century Java EE was called J2EE, and it was a heavy and over-
engineered standard. Programming EJBs was difficult and required writing a lot of boiler-
plate code. Java annotations had not been invented yet. Having a Java container that would
take care of multi-threading, transactions, persistence, and security was nice, but developers
needed a lighter container and a simpler programming model.

Rod Johnson, a talented software engineer, wrote a book titled Expert One-on-One J2EE
Design and Development, which was published by Wrox at the end of 2002. A year later the
book’s code samples and development recommendations were released as the Spring Framework.

The Spring Framework is a Java container that provides a living space for an application’s
objects, wired to each other in a loosely coupled way in XML configuration. This loose cou-
pling comes at a price, though — configuration files are quite large in size.

Spring Framework was built based on the inversion of control (IoC) principle: The container
is responsible for the instantiation and location of the objects. IoC is also known as the
Hollywood principle: “Don’t call us, we’ll call you.”

Instead of having a class called customer reach out to some container’s registry trying to

find an order, under the Spring Framework the container would use a system of callbacks to
instantiate the order and inject it into the instance of the customer object. This is an example
of the dependency injection pattern — the Customer gets an injection of required resources.
You saw resource injection in action in the Java EE lessons.

Don’t forget that even five years ago the injection of resources was not implemented in Java EE
application servers. Today not only is resource injection implemented, but Java EE 6 has yet
another injection mechanism known as contexts and dependency injection (not covered in this
book), which will make future Java EE applications even lighter. But don’t forget that some
ideas implemented in the current Java EE specification were originally introduced by the Spring
Framework.
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Over the last several years the Spring Framework has served as an alternative solution for develop-
ing enterprise Java applications. It has provided an infrastructure that allows you to easily plug in
third-party frameworks and components. For example, the combination of Spring and the persis-
tence framework Hibernate (see Lesson 36) is a popular architecture for lots of production-grade
applications.

Serious improvements in the Java EE 6 specification may reduce the number of applications devel-
oped with Spring/Hibernate, but as of today this duo certainly remains a nice infrastructure for
developing enterprise Java applications.

BEAN WIRING

In the Spring Framework, beans are configured in XML files, and if a class called customer needs
an order bean you can either look for this bean by issuing getBean (“Order”) on an instance of
the main Spring factory, ApplicationContext, or, better yet, configure injection of the order into
Customer, as in the following code:

<?xml version="1.0" encoding="UTF-8"?>

<beans xmlns=http://www.springframework.org/schema/beans
xmlns:xsi=http://www.w3.0rg/2001/XMLSchema-instance
xsi:schemalocation="http://www.springframework.org/schema/beans
http://www.springframework.org/schema/beans/spring-beans-3.0.xsd">

<bean id="customerBean" class="com.practicaljava.lesson35.Customer">
<property name="order" ref="ord" />
</bean>

<bean id="ord" class="com.practicaljava.lesson35.0rder"/>
</beans>

This is an example of configuring injection of one object into the field of another one in a loosely
coupled way. The class customer knows that someone will provide an order when the time is right.
This makes it easy to test the Customer’s functionality alone by wiring orders with hard-coded
values — just change the value in the preceding XML from com.practicaljava.lesson35.0rder
to com.practicaljava.lesson35.FakeOrder. When the real data is available, change it back.

In simple cases you can inject simpler values into Spring bean properties via setters or construc-

tor arguments. You can provide the name of the file with configured beans to the constructor of
ApplicationContext during instantiation.

OVERVIEW OF SPRING MVC

The Spring Framework consists of a number of modules that can be categorized as web, core,
and data access. And the good part is that they can be used a la carte as you need them. The web
module simplifies development of web applications. The core module provides the infrastructure
and wiring for Java components living in the Spring container. Data access enables you to create
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an abstraction layer for data access so that no Java code needs to be changed if you decide to use a
different JDBC driver or DBMS.

In this lesson you’ll get familiar with the Spring MVC module that was created for the development
of web applications. Like Java application servers, Spring manages your Java classes, so I’ll be using
the term Spring container. The classes that are going to be managed by the Spring container can be
referred to as Spring beans.

The Spring Framework offers a solution for building web applications. It includes a number of mod-
ules: Spring Faces, Spring Web Flow, Spring JavaScript, Spring Security, and Spring BlaseDS. And
you don’t have to use all these modules to build a web application — just use what you need.

There are two main models for building web applications with HTML clients:

»  The client connects to a server-side presentation object (such as JSP) that is responsible for
further routing and processing the request and for forming the next view to be returned to
the client.

> The client connects to a server-side controller object (has no Ul code) that performs the rout-
ing and processing of the request and for selection of the proper view to be returned to the
client.

Building a web application in the Spring Framework represents the second model, where
Dispatcherservlet intercepts client requests and passes them to the appropriate Java controller

to handle the request. The controller creates a Modelandview object and gives it to a view resolver,
which finds the view component to return to the client. The entire dataflow is shown in Figure 35-1.

Servlet Container with Spring Web MVC

Request -
_ Response DlspatcherServlet]—>[ Controller ]
N

Y

Y
ModelAndView

[ View HViewResolver]
N J

This architecture is supported by the easily extendable Spring MVC layer. Other frameworks can
be plugged into the Spring infrastructure. It’s popular to integrate Spring and Hibernate for data
persistence, but there are other examples of framework integration. For example, Adobe’s BlaseDS
framework or the Apache Struts legacy framework can be plugged into Spring.

FIGURE 35-1

HTML forms with data validation and error processing are also supported, and you’ll see how to
develop such applications in the next section.
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PROCESSING HTML WITH SPRING

In this section I’ll show you a simple web application using the Spring Web MVC framework. You’ll
see how to do the following;:

> Configure the controller servletDispatcher.
> Configure the UrlBasedviewResolver bean.

> Create a simple controller called HelloworldController to produce data for presentation
by a JSP.

> Handle the request of a “contact us” HTML form with the Spring JSP tag library.

Understanding the Spring Web MVC Workflow

To start, create an Eclipse Dynamic Web Project named Lesson35. Now you’ll need to download
several jar files from the Spring framework and copy them to the webcontent /WEB-TNF/1ib folder.
Register at the SpringSource website www . springsource.com/download/community and
download the latest zip file of the Spring Framework. At the time of this writing it’s
spring-framework-3.0.5.RELEASE. zip.

Unzip the archive and add the following jars to the build path of your Eclipse project. Also copy
these jars to the webContent /1ib directory so they are visible at the deployment time.

> org.springframework.asm-3.0.5.RELEASE. jar
org.springframework.beans-3.0.5.RELEASE. jar
org.springframework.context-3.0.5.RELEASE. jar
org.springframework.core-3.0.5.RELEASE. jar
org.springframework.expression-3.0.5.RELEASE. jar

org.springframework.web.servlet-3.0.5.RELEASE. jar

Y Y Y Y VY Y

org.springframework.web-3.0.5.RELEASE. jar

For logging support you’ll also need to download and add to the 1ib folder the Commons Logging
API commons-logging-api-1.1.1.jar, which you can download from the same website — it’s in
org.apache.commons in the archive with dependencies.

Now you need to deploy the Spring Framework as a web application under GlassFish. Create the file
web.xml with the content shown in Listing 35-1 and add it to the weB-1NF folder. This file instructs
GlassFish to load the Spring’s DispatcherServiet on startup and to redirect any *.html requests to it.

‘) LISTING 35-1: web.xml with DispatcherServlet

Available for <?xml version="1.0" encoding="UTF-8"?>
dmgtgg,ﬁ" <web-app xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xmlns=http://java.sun.com/xml/ns/javaee
xmlns:web=http://java.sun.com/xml/ns/javaee/web-app_2_5.xsd
xsi:schemalocation=
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