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To my lady Terry: Love conquers everything,

And lest we forget: Grandma Cecilia Prescod: "Them can skin them face now."
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Preface

Jack Dempsey said, "A champion is somebody who gets up, when he can't".

This is a book about the Java EE 7 platform and the goal is to guide the software
developers, designers, and interested architects. The book is aimed at the technical
delivery and will be of service to those who are curious about Java EE. The intention

of this book is to be a reference guide to programmers who are already building
enterprise applications at a novice level and feel that this is the time to improve their
knowledge. The book is also relevant to experienced Java developers, who need to stay
up-to-date with the seventh edition of the Java EE platform.

My aim is to take you on this stupendous journey so that eventually you will have
mastery, satisfaction, and a grand element of purpose around the Java EE 7 platform.
After reading this book, you will be able to start building the next generation Java
application for your enterprise with all the flair and confidence of a programmer
with experienced technical know-how. Mastery is the inner urge to get better at
doing stuff that you have a passion for and this book will show you how much you
can achieve. Your passion for Java EE 7 will drive your satisfaction.

Your journey will start with an introduction to the Java EE 7 platform, which
provides an overview of the initiative, mission, and the description of the umbrella
specification and the individual specifications. There you will find, brief explanations
of the highlights of the new APIs and several updated ones. In the first chapter, we
will see a sample application from the beginning. From then onwards, the book
delves straight into the Context and Dependency Injection, which is one of the most
important APIs in Java. After that, the book moves onto Enterprise Java Beans and
discussion of the server-side endpoints. Along the way, the book introduces Gradle
as a build tool and Arquillian, which is an integration-testing framework. Your
journey continues with Java Persistence and follows on with chapters dedicated to
JMS, Java Servlets, RESTful services, and WebSocket.



Preface

This is a reference book. The contents around Java EE 7 are not by any means
exhaustive. This book only serves as a start and now, it is up to you to venture forth.
Good luck!

What this book covers

Chapter 1, Java EE 7 HTML5 Productivity, introduces the developer to the new features
of the Java EE 7 platform. The reader is presented with a cursory view of WebSocket
and JAX-RS 2.0.

Chapter 2, Context and Dependency Injection, is a study in the managed beans that have
contextual scope. The chapter delves into qualifiers, providers, and Interceptors.

Chapter 3, Enterprise Java Beans, is an overview of the oldest endpoint in Enterprise
Java. After reading this chapter, the reader will be comfortable with the session
beans, asynchronous methods, and poolable instances.

Chapter 4, Essential Java Persistence API 3.2, is the first of a double that dives into
JPA from the top to the bottom. Developers will understand entities, tables, and the
primary key fields and properties.

Chapter 5, Object-Relational Mapping with JPA, follows on from the previous chapter
and engages the reader into mapping objects with JPA. We cover all of the cardinal
relationships including one-to-one and one-to-many.

Chapter 6, Java Servlets and Asynchronous Request-Response, takes a break from

the persistence modeling to focus on Java Servlets and writing Servlet filters and
context listener. The reader will learn about the asynchronous input and output
with Java Servlets.

Chapter 7, Java API for HTML5WebSocket, tackles the WebSocket technology from the
perspective of Java. The developer will learn how to build new applications using
this important API from both server and client.

Chapter 8, RESTful Services JAX-RS 2.0, is a deep dive into the Java RESTful service
standard in its second edition. The reader will learn about the client-side JAX-RS API
as well as new server-side features.

Chapter 9, Java Message Service 2.0, is a tour around the latest JMS API on the Java EE
7 platform. JMS is all about asynchronous message processing.

Chapter 10, Bean Validation, is a thorough engineering introduction into the wonderful
world of constraint validation around POJOs. You will learn how to write your own
custom constraint checks, and to group and order sets of validation constraints.

[2]
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Chapter 11, Advanced Topics in Persistence, is a final dedicated chapter to persistence and
it covers recent corner cases that have been recently fixed. The reader will learn how to
invoke stored procedures and create fetch plans among other techniques.

Appendix A, Java EE 7 Platform, is a reference around the platform container
configuration. This appendix has a material about XML configuration, the JNDI name
space and packaging. It also has handy section on installing GlassFish 4.0, manually.

Appendix B, Java EE 7 Persistence, covers the configuration of JPA and most
importantly the persistence unit. It has a useful table of all the JPA 2.1 properties.
This appendix delves into miscellaneous parts of the specification including stateless
session EJB, transactions, and concurrency.

Appendix C, Java EE 7 Transactions, is dedicated completely to Java EE transactions.
The reader will find a useful overview of ACID principles, and local and distributed
transaction. There is an excellent coverage of the heuristic failures and illustrations of
the main transaction and consistency issues.

Appendix D, Java EE 7 Assorted Topics, is divided into two sections, namely:
Concurrency Utilities API and JSON-Processing API. These are two new brand
editions to the Java EE 7 specification. The reader will find these sections to be very
handy references.

Online Chapter, Moving Java EE.next to the Cloud, is an explorative chapter from the
heart that discusses the potential repercussions for the Java EE platform migrating to
the cloud-computing environment.

You can download the online chapter from http://www.packtpub.com/sites/
default/files/downloads/7942EN Chapter 12 Moving Java_ EE next to_ the

cloud.pdf.

What you need for this book

You will only need the Java SDK, an IDE, or a text editor, and the patience to
learn. Technically, you can work with Intelli], Eclipse, or NetBeans to compile the
source from the book. All of the source code examples in the book were created
with the Gradle build tool, which is an open source software. They were created
and executed against the Java EE 7 reference implementation: GlassFish Open
Source Server Version 4.0.1.

[31]
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Who this book is for

This book is for experienced Java developers. This book is not for dummies. The
book is practically busting out of its seams, because there is so much information
about all of the Java EE 7 technologies; therefore, we have included only the relevant
stuff. Java EE 7 Developer Handbook covers the most crucial types of endpoints for new
enterprise. This book will help many of you that have had prior experience with the
platform. Whilst this book will not provide all the best practice and design patterns
for Java EE 7, it does teach you the basics and the insider knowledge that will help
you hunt for that information further afield.

Given there are more than 32 individual specifications involved in the umbrella
Java EE 7, unfortunately, we could not fit every single topic inside this book. So that
means coverage around Java Server Faces, Java EE Connector Architecture, and the
new Batch API fell outside the remit of this volume. Something had to give, sadly,
to ensure that we did include the most common denominator technologies that an
engineer will face. We do give full attention to brand new Java EE 7 APIs, such as
Java WebSocket, Concurrency Utilities, and JSON Processing API.

If you are unlucky (or lucky) like us, one day you arrive at your workplace, and
suddenly you are told or requested to learn a new technology in a jig time. You
already have a realization about time, which is a precious commodity and we
should not waste it. This is why we focused on using up-to-date technology and
build practices that we think are turning the world over.

Test Driven Development (TDD) has almost baked itself into the stone in the
engineering world. Who professionally nowadays can proclaim within any
organization that we do not test our software? This book reflects some of the best
practices, by illustrating the testing codes. This book is not, however, a full treatise in
testing, rather we show how Java EE 7 is more amenable than ever to write tests, if
TDD is the way you want to practice your development.

Gradle is the next-generation build system of choice for us. It is rapidly being
adopted and has won over some of the world's leading engineering teams in open
source and behind closed doors. Gradle is adopted by Google's Android, Oracle's
Open JavaFX project, and I can claim personally that a certain department in London
at the Barclays Retail bank uses it daily. Gradle can work with Maven and Apache
Ivy repositories.

Java EE 7 is the stopgap specification, we think, between the traditional client-server
model and embracing the cloud platform. So the question is, when do we want to
learn it? You will be rewarded, however, if you make the grade.
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Conventions

In this book, you will find a number of styles of text that distinguish between
different kinds of information. Here are some examples of these styles, and an
explanation of their meaning.

Code words in text, database table names, folder names, filenames, file extensions,
pathnames, dummy URLSs, user input, and Twitter handles are shown as follows:
"We placed ProjectWebSocketServerEndpoint and ProjectRESTServerEndpoint
in the control subpackage, because these POJOs are manipulating the entities on
behalf of the client side."

A block of code is set as follows:

package je7hb.intro.xentracker.entity;

import org.hibernate.validator.constraints.NotEmpty;
import javax.persistence.*;

import javax.validation.constraints.Size;

import java.util.=*;

@Entity

public class Project {
@Id @GeneratedValue (strategy = GenerationType.AUTO)
@Column (name = "PROJECT ID") private Integer id;

@NotEmpty @Size (max = 64)
private String name;

@OneToMany (cascade = CascadeType.ALL, mappedBy = "project",
fetch = FetchType.EAGER)

private List<Task> tasks = new ArrayList<>();

public Project() {/* Required for JPA */}
public Project (String name) {this.name = name;}

public Integer getId() {return id;}

public void setId(Integer id) {this.id = id;}

public String getName () {return name;}

public void setName (String name) {this.name = name;}

public List<Task> getTasks() {return tasks;}
public void setTasks (List<Task> tasks) {this.tasks = tasks;}

[51]
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public boolean addTask (Task task)

if (!tasks.contains (task))
Project oldProject = task.getProject() ;
if (oldProject != null) {

removeTask (task) ;

}
tasks.add (task) ;
return true;

} else {return false;}

public boolean removeTask (Task task)
if (tasks.contains(task))
tasks.remove (task) ;
task.setProject (null) ;
return true;
} else {return false;}

// hashCode(), equals(), toString() omitted

}

When we wish to draw your attention to a particular part of a code block, the
relevant lines or items are set in bold:

package je7hb.basic.arquillian;
import javax.decorator.Decorator;
import javax.decorator.Delegate;
import javax.inject.Inject;

@Decorator
@Premium
public class CreditProcessorDecorator implements CreditProcessor

@Inject SanctionService sanctionService;
@Inject @Delegate @Premium CreditProcessor processor;

@Override

public void check(String account)
sanctionService.sanction (account, "EURGBP") ;
processor.check (account) ;

[6]
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Any command-line input or output is written as follows:

gradle clean
gradle eclipse
gradle idea
Gradle run
gradle build
gradle build

New terms and important words are shown in bold. Words that you see on the
screen, in menus or dialog boxes for example, appear in the text like this: "Ramping
up on Java concurrency".

“ Warnings or important notes appear in a box like this.
i

a1

Q Tips and tricks appear like this.

Reader feedback

Feedback from our readers is always welcome. Let us know what you think about
this book —what you liked or may have disliked. Reader feedback is important for us
to develop titles that you really get the most out of.

To send us general feedback, simply send an e-mail to feedbacke@packtpub.com,
and mention the book title via the subject of your message.

If there is a topic that you have expertise in and you are interested in either writing
or contributing to a book, see our author guide on www.packtpub.com/authors.

Customer support

Now that you are the proud owner of a Packt book, we have a number of things to
help you to get the most from your purchase.
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Downloading the example code

You can download the example code files for all Packt books you have purchased
from your account at http: //www.packtpub.com. If you purchased this book
elsewhere, you can visit http: //www.packtpub.com/support and register to have
the files e-mailed directly to you. Alternatively, you can download the code from the
author's GitHub account at https://github.com/peterpilgrim.

Errata

Although we have taken every care to ensure the accuracy of our content, mistakes

do happen. If you find a mistake in one of our books —maybe a mistake in the text or
the code —we would be grateful if you would report this to us. By doing so, you can
save other readers from frustration and help us improve subsequent versions of this
book. If you find any errata, please report them by visiting http: //www.packtpub.
com/submit-errata, selecting your book, clicking on the errata submission form link,
and entering the details of your errata. Once your errata are verified, your submission
will be accepted and the errata will be uploaded on our website, or added to any list of
existing errata, under the Errata section of that title. Any existing errata can be viewed
by selecting your title from http: //www.packtpub.com/support.

Piracy

Piracy of copyright material on the Internet is an ongoing problem across all media.
At Packt, we take the protection of our copyright and licenses very seriously. If you
come across any illegal copies of our works, in any form, on the Internet, please
provide us with the location address or website name immediately so that we can
pursue a remedy.

Please contact us at copyrightepacktpub.com with a link to the suspected
pirated material.

We appreciate your help in protecting our authors, and our ability to bring you
valuable content.

Questions

You can contact us at questions@packtpub.com if you are having a problem with
any aspect of the book, and we will do our best to address it.

[8]
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Java EE 7 HTML5S
Productivity

Nile Rodgers, Le Freak said, "We called it DHM or Deep Hidden Meaning. Our
golden rule was that all our songs had to have this ingredient: understanding
the song's DNA."

This is a handbook about Java EE 7. According to the Collins English Dictionary, a
handbook is a reference book listing brief facts on a subject or place or directions for
maintenance or repair, as of a car. In this book, we will definitely not be repairing
automobiles, but instead we will point the way forward on how the developers,
designers, and architects, practicing or just interested enthusiasts, can make viable
use of Java on the standard Enterprise Platform.

Java EE 7

The Java EE 7 standard defines the following extremely important
architectural interfaces:

¢ EJB Container

*  Web Container

* Context and Dependency Injection with type safety and events

* Java Servlet Specification and Configuration

* Optional application deployment descriptors

* Servlet and CDI extension points

* Support for web services RESTful and SOAP

* Better support for messaging systems

* Cache management on the enterprise
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Enhanced HTMLS support

Java EE 7 is about features that offer the developers enhanced HTMLS5 support.
HTML stands for HyperText Markup Language and is designed as a structure for
presenting and structuring content for the World Wide Web (WWW). Sir Tim Berners-
Lee invented HTML and the first web browser in 1990. At the time of writing, the fifth
revision of HTML is expected to be announced as an official standard by the end of
2014. HTMLS5 improves support for latest multimedia. The fruits of its labor have
been deliberated upon since the Web Hypertext Applications Technology Group
(WHATWG) (http://whatwg.org/html) meetings from 2004. HTMLS5 is an official
standard of the World-Wide Web Consortium (W3C) (http://www.w3c.org/TR/
htm1s), which is built on the joint venture work of the WHATWG and the W3C.

HTML5 now embraces new media types, which are one of the great highlights of it,
namely video, audio, and canvas. The canvas is a special type of drawable apparatus
in the web browser, where the web client developers can manipulate dynamic
content with the JavaScript programs.

There is a series of new tag elements to give a better structure to HTML5 documents.
New web applications are encouraged to write or generate HTML5 content with
article, section, header, footer, figure, figcaption, hgroup, nav, summary,
and detail, time, or aside tags. This is just a small sample of the new semantic and
document structure of HTMLS5 tags. There are several tag elements, such as center,
which are deprecated, because these features are better expressed with Cascading
Style Sheets (CSS) rather than markup.

HTMLS is also an aggregation term that stands for the set of emerging multimedia
technologies that are supported by the markup language. Browser support CSS 3 is
regularly expected for HTML5 compatibility. Moreover, our industry is presently
undergoing a mobile web application revolution on smartphones and, especially,
tablet computing devices. HTML5 not surprisingly also adds the geolocation
support, including the location tracking in the browser. It also covers offline

session and local storage for web applications that run on mobile devices, such as
smartphones or tablets. These applications can save state when the connection to the
Internet is lost.

[10]



Chapter 1

PERFORMANCE &  pEVICE ACCESS
INTEGRATION

&

N HTML (&

Y OFFLINE &
SEMANTICS STORAGE

- Il
GRAPHICS, 3D MULTIMEDIA

& EFFECTS

m CSS 3/ STYLING

CONNECTIVITY
/ REALTIME

Some of the modern HTML5 supporting browsers actually have the 3D graphics
support through a working standard called WebGL, which impacts the amount of
data that is streamed from the server to the client. 3D graphics and high-resolution
media generally entails a larger server-side push of data compared to lesser media
websites. There is a sliding scale of capability with the current versions of Firefox,
Safari, Chrome, and Opera browsers. The outlier is typically Microsoft's web
browsers Internet Explorer 9 and 10. For those of you who want 3D effects without
the reliance of WebGL you should take a look at the CSS 3 3D transformations.

Finally, JavaScript is a single thread in the execution in a web browser. There is no
way to spawn multiple threads in modern standard W3C conforming web clients.
HTMLS also embraces two fundamental groundbreaking changes: Web Works and
WebSocket. Web Works is a JavaScript compatible API that allows web clients to run
long-running code that does not block the browser. WebSocket is a new way for a
browser and server to exchange an asynchronous communication without having to
constantly send the metadata information. WebSocket is an extension of the TCP/IP
Socket protocol specifically for HTTP communications.

[11]
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Java EE 7 architecture

Let us start by understanding the non-cloud Java EE model architecture. This is
revision material, if you already know the platform. For a beginner, reading this
section is frankly essential.

Standard platform components and APls

Java EE architecture can be thought of as four separate containers. The first one is
called the EJB container for lifecycle management of Enterprise Java Beans and
the second container is the web container for lifecycle management of Java Servlets
and managed beans. The third container is called the Application Client container,
which manages the lifecycle of the client-side components. Finally, the fourth
container is reserved for Java Applets and their lifecycle.

The Java EE containers are runtime environments that hold Java applications
deployed in the Java Archive (JAR) files. You can think of a JAR file as a bundle, but
more accurately it is a special annotated ZIP file with a manifest. The JAR files are
simply an assembly of compiled Java classes.

A fully conformant Java EE product, such as Glassfish or JBoss Application Server
has both containers. As you can see from the following diagram, there are lots of API
that these products have to implement in order to be certified as a standard product.
The most difficult of these APIs have to do transactional, resource pool connection,
and enterprise Java Beans.

Each of these standard APl is a specification in its own right, and relevant
information can be queried, downloaded, and examined from the Java Community
Process website (http://jcp.org). Each specification has a unique number, which
identifies the Java Specification Request (JSR) for the API. Indeed, the JSR for the
Java EE 7 Platform Edition, is an assembly of many specifications, and has an official
number 342.

The platform specification, such as the one that this book is written about, Java

EE, then, is an ensemble of the JSRs into a higher-level specification. The platform
specifications offer guarantees of interoperability, security, and serviceability of the
individual JSR. In other words, not just any JSR can be automatically included in the
platform specification. Each JSR fits the remit of the Enterprise Platform.

[12]
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New productivity themes

The Developer productivity is a key theme for Java EE 7. There are four brand
new specifications added to Java EE 7: Batch, Concurrency Utilities, WebSocket,

and JSON-P.

Batch Processing API is introduced into Java EE 7 to reduce the dependency on the
third-party framework. Batch processing is a field of information technology that
predates Java by several decades and has its origins in the mainframe systems. Sadly,
this topic of interest is out of the scope of this book.

[13]
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Concurrency Utilities solves a long-standing issue with enterprise Java: how to
spawn Java Thread processes without knowledge and control of the application
server. The new Concurrency Utilities enhances the developers productivity with
the managed thread pool and executor resources.

Java API for WebSocket specification allows Java enterprise applications to
communicate with the new HTML5 WebSocket protocol.

Finally, JSON-P is a new specification that standardizes reading and writing the
JSON content for the platform. The additional JSON library further reduces the
reliance on the third-party libraries.

Refinements

Java EE 7 takes advantage of the New Input Output (NIO) in the Java SE edition to
allow Java Servlets 3.1 to handle an asynchronous communication.

Java EE 7 extends the Java Persistence API (JPA 2.1) abilities for the developers.
They can now invoke the stored procedures, execute bulk criteria updates and
deletes, and control exactly which entities are eagerly or lazily fetched from the
database within reason.

Expression Language (EL) 3.0 is not truly a new specification, but it is a broken-out
specification from Servlets, JavaServer Pages, and JavaServer Faces. The developers
can access the expression evaluator and invoke the processing custom expressions
on, say, their own custom tag libraries or server-side business logic.

Perhaps, the most important change in Java EE 7 is the strengthening of Context

and Dependency Injection (CDI) in order to improve type safety and the easier
development of the CDI extensions. CDI, Interceptors, and Common Annotations
improve type safe, dependency injection, and observing of the lifecycle events inside
the CDI container. These three specifications together ensure that the extensions

that address the crosscutting concerns can be written, and can be applied to any
component. The developers can now write portable CDI extensions to extend the
platform in a standard way.

Java EE 7 continues the theme that was started in the earlier editions of the platform,
improving the ease-of-development and allowing the developers to write Plain Old
Java Objects (POJO).

As if to prove a point, the new Java Transaction API (JTA) introduces a new
annotation @javax. transaction. Transactional, which allows any CDI or
managed bean to take advantage of the enterprise transactions.

[14]
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Java for RESTful Services (JAX-RS) has three crucial enhancements, the addition of
the client-side API to invoke a REST endpoint, an asynchronous I/O support for the
client and server endpoints, and hypermedia linking.

Bean Validation is a constraint validation solution for the domain and value object.
It now supports the method-level validation, and also has better integration with the
rest of the Java EE Platform.

Java Connector API (JCA) is improved for the Enterprise Integration Architecture
(EIA) customers in terms of asynchronous execution, processing, and resources;
enhancements in JCA affect the intersystem messaging in Message-Driven Beans in an
especially powerful way. Sadly, JCA, JSF, and EL are topics, which are out-of-scope of
this book.

Java EE Platform

The platform, then, is a balance between the three forces, namely the community of
the enterprise Java developers, the product providers, and of course the enterprise
that must uphold the business models.

The community requires standardization in order that they can easily embrace
technology without the fear of vendor lock-in. They also want to be satisfied with
a sound investment in the software development for years to come.

The vendors have an interest in selling their products, services, and support to
the community of users for years to come. They also want to have a platform that
lowers the barriers to compete against other vendors. It is helpful for them that
there is a standard to aim for, a testable certification to achieve, in which they can
brand their servers.

The specification for the Full Profile edition of Java EE 7 has the following APIs:

Name Version Description JSR Web
Profile

Batch Process 1.0 Batch Processing (NEW) 352

Bean 1.1 Bean Validation framework 349 Y

Validation

Common 1.1 Common Annotations for the 250 Y

Annotations Java EE platform

CDI 1.1 Contexts and Dependency 346 Y

Injection for Java EE

[15]
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Name Version Description JSR Web
Profile
Concurrency 1.0 Concurrency Utilities for the 236
Utilities Java EE platform (NEW)
DI 1.0 Dependency Injection for Java 330 Y
EL 3.0 Unified Expression Language 341 Y
for configuration of web
components and context
dependency injection
EJB 3.2 Enterprise Java Beans, entity 345 Y (EJB
beans and EJB QL Lite)
Interceptors 1.2 Interceptor technology (NEW) 318 Y
JACC 14 Java Authorization Contract for 115
Containers
JASPIC 1.1M/B Java Authentication Service 196
Provider Interface for
Containers
JavaMail 14 Java Mail API 919
JAXB 2.2 Java API for XML Binding 222
JAXP 14 Java API for XML Parsing 206
JAX-RS 2.0 Java API for RESTful Services 339 Y
JAX-WS 1.3 Java API for XML -based Web 224
Services including SOAP and
WSDL
JCA 1.7 Java EE Connector Architecture 322
JMS 2.0 Java Message Service 343
JPA 21 Java Persistence API 338 Y
JSF 2.2 Java Server Faces 344 Y
JSON-P 1.0 JavaScript Serialization Object 353 Y
Notation Protocol
JSP 2.3 Java Server Pages 245 Y
Debugging 1.0 Debugging Support for Other 45 Y
support Languages such as Java Server
Pages
JSTL 1.2 Java Standard Template Library 245 Y
JTA 1.2 Java Transaction API 907 Y
Managed 1.0 Managed Beans 1.1 342 Y
Beans
Servlet 3.1 Java Servlet 340 Y

[16]
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Name Version Description JSR Web
Profile

Web Services 1.3 Web services 224

Web Services 2.1 Web services metadata 181

Metadata

WebSocket 1.0 Java API for WebSocket (NEW) 356 Y

There is also a subset of the Java EE 7 product, known as the Web Profile that only
handles the web specific Java enterprise APIs. Examples of this sort of product

are open source Apache Tomcat from the Apache Software Foundation, Caucho's
proprietary Resin, and the ever popular open source embeddable Jetty Server. The
Java EE 7 web container products have a much smaller subset of JSRs to implement.

You might have noticed that some of the Java EE APIs were

supported already in some web containers, which existed before
"~ the profiles were standard in Java EE 6 (December 10, 2009).

Java Persistence, which maps entity beans, or persistence capable objects, to a
relational database, is one of the most crucial and important application interfaces.
JPA is a tremendous success for the portable object-relation mapping applications
that works across the databases and application servers. Your code can move

from one vendor's database connection to another. There is always a slight caveat
emptor: there is no such thing as 100 percent portability. But without the standard
framework, your developers would have to work an awful lot harder than tweaking
a few database tables and configuring a different JDBC connection resource.

Portability and the future of the Java SE and EE platforms will be very important
for moving your applications to the diverse, but unstandardized, cloud-computing
environment. Although cloud computing was dropped from Java EE 7 late in the
establishment of the specification, adopting Java EE 7 will help in the mid-term
future when there is an official Java enterprise edition for the cloud. It is rather
likely that in those modern utility computing environments, prospective business
subscribers will welcome the ability to move from one cloud PaaS (Platform as a
Service) vendor to another for a technical and/ or business reason.

Standards, then, are very important to Java. It means that we can all move along in
a positive direction with less fear of the unknown and that, ladies and gentlemen, is
good for everybody. The API that your application code depends on is critical to its
software lifecycle. Let's move on to the profiles.

[17]
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Java EE Profiles

The formal definition of a profile is a specialization of a Java Platform Edition that
includes zero or more Java Community Process (JCP) specifications (that are not
part of the Platform Edition Specification). Java Enterprise Platform Edition defines
two profiles, the Full Profile and the Web Profile product.

Java EE Web Profile, to give it its full official name, is the first profile defined by the
standards committee, the JCP. The Web Profile defines a small subset of the Java
EE components for delivering the web content. It specifically targets the Java web
developers who are responsible for delivering the Java web applications.

The Web Profile offers a degree of completeness with its set of APIs. A business
developer can write modern web applications that only access, execute, and
perform against Web Profile. Most web applications require state-management and
transactional demands. Even though a lot of Java Web Applications, written today
rely less on direct calls to the Java Servlet API, in most cases they still tend to use a
Java Web Framework.

Web Profile
The Web Profile has the following feature set of APIs:
* Java Servlet API 3.1: This framework provides handling for an HTTP request
and response synchronously and now asynchronously

* Enterprise Java Bean Lite 3.2: This is a less demanding model of service
endpoints, where the business logic of the application lives

* Context and Dependency Injection 1.1: This is a framework for the
application that transfers the lifecycle and management of the connected
objects to the container

* Java Server Faces 2.2: This is a component-based web user interface
framework

* Java Transaction API 1.2: This is a framework for two-phase commit
transactions

* Java Persistence 2.1: This is a framework for persisting POJO to a database

*  Web Socket 1.0: This is a new specification for Java to engage the HTML5
WebSocket clients and servers

[18]
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* Bean Validation 1.1: This is an upgraded framework to constrain the fields,
properties, and methods of the value objects in an application

* JAX-RS 2.0: This is an upgraded framework for the Java Enterprise
applications to handle the RESTful communications

* JSON-P 1.0: This is a brand new framework for the Java application
read-and-write JavaScript Schema Object Notation (JSON) documents

With these small set of requirements, it is not surprising that the Java EE
implementation providers find the Web Profile easier to implement.

N

Which Web Frameworks and Java EE 7

Usually the biggest question for the Java Enterprise developers in the
past has been, what web framework to use? At the time of writing, JSF
2.2 is the only framework that is compatible. The purveyors of the other
frameworks, such as Apache Wicket, WebWork, or even Spring MVC
must update their services, especially to support the new asynchronous
abilities in Java Servlets 3.1 and JAX-RS 2.0.

The way we build web applications in 2013 is also changing, and

the author expects some new innovations here in this space. Some
applications are going straight to the RESTful applications by passing
the older Front Controller and MVC architecture of traditional web
frameworks from Java EE 6 or before. In those web applications, the
interface is simply a barrage of the AJAX call-and-response calls from
the client side, predominantly a single application communicating with a
server-side backend. -

Enterprise Profile

The Enterprise Full Profile is the complete set of API that matches the Platform
Edition specification, which compliant providers must fulfill, in order to be certified
as Java EE 7 compliant.

It's worth looking at each component of the platform and spending some time getting
acquainted with them. There are an awful lot of individual specifications here and my
advice is to use the Web Profile as a guide to getting into the Java EE 7 experience.

[19]
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The following table is a guide to the key Enterprise services:

Name

Description

JTA

EJB

Managed Beans

JDBC

JPA

IMS

JNDI

JAX-RS

JAX-WS

JavaMail

A standard API for demarcating the transactions in either the
application or container.

Enterprise Java Beans are the transactional service endpoints
that represent the interface to business logic for a client. They
can be stateless, stateful, or singleton instances.

Managed beans are endpoints with a contextual scope and
they are type safe entities. Managed beans are managed by
the Context and Dependency Injection container.

JDBC is often quoted (wrongly) as Java Database
Connectivity, a standard API for connecting to a relational
database system. This component is part of the Standard
Platform Edition.

Java Persistence API is the standard framework for the object-
relational mapping of the Java objects to a database. JPA
provides management of persistence through a persistence
context. It allows the application developers to store data as
the Java domain object rather than the relational tables. JPA is
also available in the Java SE environments.

Java Message Service is a standard API for receiving

and sending messages in a reliable transport, mostly
asynchronously. JMS is based on the point-to-point messages
and also publish-subscribe messaging. JMS is the basis for the
Enterprise application integration in Java.

Java Naming and Directory Interface is a standard API for
looking up the location of the resources by name. It is a
directory service used by the application components and the
containers.

Java API for RESTful services, a framework for processing the
HTTP Representation State Transfer (REST) style requests
and responses.

Java API for the XML-based web services, a framework
in Java to process the SOAP, WSDL documents in the
distributed systems.

JavaMail is a standard API that allows the Enterprise Java
application to send and receive e-mail. It has support for both
the MIME and plain text e-mail.

Let's dispense with the theory and look at some of the Java EE 7 code.
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A working example

In this section, we shall examine Java EE 7 from a sample project management
application. The name of the application is XenTracker. It is a web application with
EJB, the RESTful web services, and Persistence.

The development version of the XenTracker application, which has minimal styling
and user interface enhancement, is shown in the following screenshot:
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Entities

Our web application manages a couple of entities (also known as persistence capable
objects), named Project and Task. The entities are mapped to the database table
using the JPA annotations. We start with the entities in our Java EE 7 application,
because it helps model the business requirements, and the domain of our boundaries.
A project has zero or more task entries.

The definition for the Project entity is as follows:

package je7hb.intro.xentracker.entity;

import org.hibernate.validator.constraints.NotEmpty;
import javax.persistence.*;

import javax.validation.constraints.Size;

import java.util.*;

@Entity

public class Project {
@Id @GeneratedValue (strategy = GenerationType.AUTO)
@Column (name = "PROJECT ID") private Integer id;

@NotEmpty @Size (max = 64)
private String name;

@OneToMany (cascade = CascadeType.ALL, mappedBy = "project",
fetch = FetchType.EAGER)

private List<Task> tasks = new ArrayList<>();

public Project() {/* Required for JPA */}
public Project (String name) {this.name = name;}

public Integer getId() {return id;}
public void setId(Integer id) {this.id
public String getName() {return name;}

id;}
public void setName (String name) {this.name = name;}

public List<Task> getTasks() {return tasks;}
public void setTasks (List<Task> tasks) {this.tasks = tasks;}

public boolean addTask (Task task)
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if (!tasks.contains (task)) ({
Project oldProject = task.getProject() ;
if (oldProject != null) {
removeTask (task) ;
}
tasks.add (task) ;
return true;
} else {return false;}

}

public boolean removeTask (Task task) {
if (tasks.contains(task))
tasks.remove (task) ;
task.setProject (null) ;
return true;
} else {return false;}

}

// hashCode (), equals(), toString() omitted

}

You can download the example code files for all Packt books you
\ have purchased from your account at http://www.packtpub. com.
~ If you purchased this book elsewhere, you can visit http: //www.
Q packtpub.com/support and register to have the files e-mailed
directly to you. Alternatively, you can download the code from the
author's GitHub account at https://github.com/peterpilgrim.

We observe that the class Project is declared with several annotations. @Entity
marks this type as a JPA entity object and it has a default mapping to a database
table called PROJECT. The @1d annotation designates the id field as a primary key.
The @column annotation overrides the default object-relational mapping and
changes the table column name to PROJECT ID instead of 1D. The @Generatedvalue
annotation informs JPA to automatically generate the primary key value for the
project from the database connection provider.

The @NotNull annotation and @Size are from Bean Validation and Hibernate
Validator frameworks respectively. They provide constraint checking at the source
on the Project entity bean and they validate that the project's name field is not
null and that the length of the field must be less than or equal to 64 characters.
Incidentally, the Java EE 7 application servers will automatically invoke Bean
Validation when this entity is inserted into, or updated to, the database.
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Lastly, the @oneToMany annotation declares that the project entity has a
one-to-many relationship with another entity Task. Chapter 5, Object-Relational
Mapping with JPA, is dedicated fully to the entity relationships, the database
cardinalities, and the fetch types.

The definition for the Task entity is as follows:
package je7hb.intro.xentracker.entity;

import org.hibernate.validator.constraints.NotEmpty;
import javax.persistence.¥*;

import javax.validation.constraints.*;

import java.util.Date;

@Entity

public class Task {
@Id @GeneratedValue (strategy = GenerationType.AUTO)
@Column (name = "TASK ID") private Integer id;

@NotEmpty @Size (max = 256)
private String name;

@Temporal (TemporalType .DATE)
@Column (name = "TARGET NAME") @Future
private Date targetDate;

private boolean completed;

@ManyToOne (cascade = CascadeType.ALL)
@JoinColumn (name = "PROJECT ID")
private Project project;

public Task() {/* Required by JPA */}

public Task(String name, Date targetDate, boolean completed) {
this.name = name;
this.targetDate = targetDate;
this.completed = completed;

}

// getters and setters omitted()

public Project getProject() {return project;}

public void setProject (Project project) {
this.project = project;

}

// hashCode (), equals(), toString() omitted

}
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The entity Task represents a task in the business domain. The Task entity has a
primary key too, mapped by the @Id annotation, which is also automatically generated
on a database insertion. We also override the database column name to TASK ID.

We declare Bean Validation constraints on the Task entities name field in exactly
the same way as we do on Project, except a task has a longer length of string.

The targetDate is the due date for the task, which is optional, meaning that its
value can be null. We use Bean Validation's @Future to constrain the target date to
any date in the future. Finally, JPA requires us to explicitly define the temporal type
whenever we map java.util.Date. In this case, we map targetDate to only SQL
date types with the @TemporalType annotation.

A Task entity has a reverse mapping back to project. In other words, a task is
aware of the project that it belongs to; we call this a bi-directional relationship.
We declare the project field with the annotation @ManyToOne.

Business logic

In order to be operational, we write business logic for our web application
XenTracker. We require methods to create, update, and delete Projects and for
Tasks. We also want to retrieve the list of projects and tasks for each project.

We shall use the session E]B for this purpose, because we want the lifecycle of business
logic to be available as soon as our application is deployed to a Java EE 7 application
server product or web container. EJBs support the transactions by default, they can

be pooled by the server, their methods can be declared as asynchronous, and they are
normally participants in monitoring with Java Management Extensions (JMX). E]Bs
are discussed in detail in Chapter 3, Enterprise Java Beans.

First, we add some named queries to one of the entity beans. A named query is a
way of storing a persistence query with the domain object. JPA only allows named
queries to be declared with the entities.

Let us modify the project entity as follows:

@NamedQueries ({
@NamedQuery (name = "Project.findAllProjects",
query = "select p from Project p order by p.name"),
@NamedQuery (name = "Project.findProjectById",
query = "select p from Project p where p.id = :id"),
@NamedQuery (name = "Project.findTaskById",
query = "select t from Task t where t.id = :id"),})

@Entity
public class Project {/* ... */}

[25]
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The annotation @NameQueries declares a set of @NamedQuery annotations attached
to the Project entity bean. Each named query must have a distinct name and a Java
Persistence Query Language (JPQL) statement. JPQL can have named parameters,
which are denoted with the prefix of a colon character (:id).

In order to define a stateless session E]JB, all we need to do is annotate a concrete
class with the type @javax.ejb.Stateless. Our ProjectTaskService stateless
session EJB is as follows:

package je7hb.intro.xentracker.boundary;
import je7hb.intro.xentracker.entity.*;
import javax.ejb.x*;

import javax.persistence.¥*;

import java.util.List;

@Stateless

public class ProjectTaskService {
@PersistenceContext (unitName = "XenTracker")
private EntityManager entityManager;

public void saveProject (Project project) {
entityManager.persist (project) ;

}

public void updateProject (Project project ) {
Project projectToBeUpdated = entityManager.merge (project) ;
entityManager.persist (projectToBeUpdated) ;

}

public void removeProject (Project project) {
Project projectToBeRemoved = entityManager.merge (project) ;
entityManager.remove (projectToBeRemoved) ;

}

public List<Project> findAllProjects() {
Query query =
entityManager.createNamedQuery ("Project.findAllProjects") ;
return query.getResultList () ;

}

public List<Project> findProjectById(Integer id) {
Query query =
entityManager.createNamedQuery ("Project.findProjectById")
.setParameter ("id", id );
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return query.getResultList () ;

}

public List<Task> findTaskById(Integer id) {
Query query =
entityManager.createNamedQuery ("Project.findTaskById")
.setParameter ("id", id );

return query.getResultList () ;

}
}

Our session EJB depends upon persistence objects, so we inject an EntityManager
object into it with the special annotation @PersistenceContext. The entity manager
operation represents a resource connection to the database.

The methods saveProject (), updateProject (), and removeProject ()
respectively create, update, and delete the project entities from the database. The
entity manager operations are covered in Chapter 4, Essential Java Persistence API 3.2.
Because of the cascadeType .ALL definitions on the actual entities themselves, the
dependent detail entity Task is looked after with the changes on the project entity.
You will learn about the cascade operations in Chapter 5, Object-Relational Mapping
with JPA. So do we retrieve data back from the database?

The methods findAllProjects (), findProjectById (), and findTaskById () are
so-called finder operations, the R in the acronym CRUD (Create Retrieve Update
Delete). Each of the methods accesses a particular named query, which we attach
to the project entity. The findTaskById () method, for example, gets the JPQL
command named Project . findTaskById as a query instance. Notice that we can
invoke the methods on that instance by chaining, so that the local variable is in fact
unnecessary, and just serves as an education artifact.

The ProjectTaskService session has all of the operations to allow users to add,
edit, and remove projects, and also to add, update, and remove tasks to and from
projects. So now that we have our business logic, we can go forward and add a
controller endpoint for web clients.

The service endpoints

Let's dive straight into the Java EE 7 pool and show off a Java-based WebSocket
endpoint for our XenTrack application. We shall create a straightforward server-side
endpoint that accepts a text message, which simply is the project ID, and returns
the results as a JSON.
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A WebSocket endpoint

The definition of the class ProjectWebSocketServerEndpoint is as follows:

package je7hb.intro.xentracker.control;

import
import

import
import
import
import
import
import
import
import
import

je7hb.intro.xentracker.boundary.ProjectTaskService;
je7hb.intro.xentracker.entity.*;

javax.ejb.*;

javax.inject.Inject;

javax.json.Json;

javax.json.stream. *;
javax.websocket. *;
javax.websocket.server.ServerEndpoint;
java.io.StringWriter;
java.text.SimpleDateFormat;
java.util.*;

@ServerEndpoint ("/sockets")
@Stateless

public

class ProjectWebSocketServerEndpoint {

static SimpleDateFormat FMT = new SimpleDateFormat
("dd-MMM-yyyy") ;
@Inject ProjectTaskService service;

@OnMessage
public String retrieveProjectAndTasks (String message)

int projectId = Integer.parselnt (message.trim()) ;

List<Project> projects = service.findProjectById (projectId) ;

StringWriter swriter = new StringWriter () ;

JsonGeneratorFactory factory = Json.createGeneratorFactory

(new HashMap<String,
Object> () {{put (IJsonGenerator.PRETTY PRINTING, true);}});

JsonGenerator generator = factory.createGenerator (swriter) ;

generator.writeStartArray () ;

for (Project project: projects) {

generator.writeStartObject ()

.write("id", project.getId())
.write ("name", project.getName ())
.writeStartArray ("tasks") ;
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for (Task task: project.getTasks())
generator.writeStartObject ()
.write("id", task.getId())
.write ("name", task.getName())

.write ("targetDate", task.getTargetDate() == null ? ""
FMT. format (task.getTargetDate()))

.write ("completed", task.isCompleted())
.writeEnd() ;

}

generator.writeEnd () .writeEnd () ;

}

generator.writeEnd () .close() ;

return swriter.toString() ;

}
}

Although the ProjectWebSocketServerEndpoint class looks complicated,

it is actually easy to write. We declare POJO with the eServerEndpoint
annotation, which annotates it as a Java WebSocket endpoint, and it becomes
available as a server. The WebSocket clients can interact with this endpoint, by
sending text data to a web context defined URL. For example, on my test this
ishttp://localhost:8080/xentracket/sockets. The @ServerEndpoint
annotation accepts a URL pattern value.

In Java EE 7 we must also declare ProjectWebSocketServerEndpoint as a
stateless EJB with @stateless in order to inject the ProjectTasksService EJB
as a dependency. (This is a consequence of Java for WebSocket 1.0 specification.)
Note that we can use @javax.annotation. Inject from CDIL
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The unit test ProjectRESTServerEndpointTest running in the IDE is as shown in

the following screenshot:
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Next, we annotate the method retrieveProjectAndTasks () with the WebSocket
annotation @onMessage, which declares this method as the reception point for

the incoming requests. There can be only one message per class per web
application deployment.
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Our method retrieveProjectAndTasks () accepts a text message, which we parse
into a project ID integer. We then invoke the ProjectTasksService session to
retrieve a list collection of the Project entities. Afterwards, we immediately turn
that list into a JSON array output string using a StringWriter as a text buffer, and
two new classes from the JSON-P streaming API namely: JsonGeneratorFactory
and JsonGenerator.

We instantiate a JsonGeneratorFactory class with the literal Java HashMap trick to
set up JSON output that is prettily printed. With the factory, we can write the JSON
output using the fluent API JsonGenerator. The method call writeStartArray ()
starts the output stream for a JSON array. The method call writeStartObject ()
starts the output stream for a JSON object. We just call the generator's

write (String, X) to send the JSON name and value pair. When we finish writing
the JSON object and array, we must call writeEnd () to properly close gsonvalue.

Finally, once we finish writing the JSON output, we call the generator's close ()
method. The target java.io.StringWriter now contains the JSON text value. The
Java EE 7 WebSocket provider takes the return value and sends that data, the JSON
array, to the other WebSocket peer. We shall quickly look at a JAX-RS example.

A RESTful endpoint

JAX-RS 2.0 is the RESTful standard framework for Java EE 7. We shall use JAX-RS
to create the beginnings of a web application with a POJO that serves as a RESTful
resource. In the interest of space in this book, we only consider the HTTP GET and
poST methods. The GET method accepts a project ID and returns a JSON object
that represents a project. The POST method accepts a JSON object and creates a new
Project with or without dependent Task instances. The new Project instance returns
as JSON.

The POJO class ProjectRESTServerEndpoint with a definition of a RESTful
endpoint in the class called is as follows:

package je7hb.intro.xentracker.control;
import je7hb.intro.xentracker.boundary.ProjectTaskService;
import je7hb.intro.xentracker.entity.*;

import javax.ejb.Stateless;
import javax.inject.Inject;
import javax.json.*;

import javax.json.stream.*;

import javax.ws.rs.*;
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import java.io.StringWriter;

import java.text.SimpleDateFormat;

import java.util.*;

import static javax.ws.rs.core.MediaType.*;

@Path (" /projects")
@Stateless
public class ProjectRESTServerEndpoint
static SimpleDateFormat FMT = new SimpleDateFormat
("dd-MMM-yyyy") ;
static JsonGeneratorFactory jsonGeneratorFactory =
Json.createGeneratorFactory () ;

@Inject ProjectTaskService service;

@GET @Path("/item")
@Produces (APPLICATION_ JSON)

public String retrieveProject
(@PathParam("id") @DefaultValue("0") int projectId )

List<Project> projects = service.findProjectById (projectId) ;
StringWriter swriter = new StringWriter();

JsonGenerator generator =
jsonGeneratorFactory.createGenerator (swriter) ;

generateProjectsAsJson (generator, projects) .close();
return swriter.toString() ;
/* oL %/

The ProjectRESTServerEndpoint is also a stateless session EJB and there really is
no penalty in modern Java EE 7 products for how heavy a session E]B is. In fact, they
are extremely lean; an application server for Java EE 7 can easily handle 10000 beans
or more without issues. In the not too distant future, when we have Java EE standard
for the cloud environment, the Java EE application server products will handle
millions of EJBs and CDI managed beans.

We annotate the ProjectRESTServerEndpoint type with the JAX-RS annotation
@Path, which notifies the JAX-RS provider that a POJO is an endpoint at the URL
context path of /projects. For the JAX-RS projects, normally we also define an
application path root, and it stands in front of the individual endpoints. For instance,
on my test server the full URL context is http://localhost:8080/xentracker/
rest/projects/item.
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You have already seen the injection of the EJB ProjectTaskService, but we now
see the @GET annotation from JAX-RS on the method retrieveProject (), which
designates the endpoint for the HTTP GET requests from the client.

The @pathParam annotation identifies a parameter in the URL; it actually extracts

a key parameter in the URL pattern. In this case, the parameter is called id in the
input URL. For example, http://localhost:8080/xentracker/rest/projects/
item/1234 maps to the JAX-RS URL pattern /projects/item/{id}. Meanwhile, the
@DefaultValue annotation defines a default string value, just in case the client did
not specify the parameter, which avoids an error inside the server.

We refactor out the JSON generator code from before and simply call a static method
in order to generate the correct output. Finally, the @Produces annotation informs
the JAX-RS provider that his RESTful resource endpoint produces JSON.

Let's examine one RESTful endpoint for the HTTP poST request, where we want
to insert a new project into the database. The definition method createProject ()
is as follows:

@POST @Path("/item")
@Consumes (APPLICATION_ JSON)
@Produces (APPLICATION_ JSON)
public String createProject (JsonObject projectObject)
throws Exception {

Project project = new Project (projectObject.getString("name")) ;

JsonArray tasksArray = projectObject.getJsonArray ("tasks") ;

if (tasksArray ! = null) {

for (int j = 0; j<tasksArray.size(); ++3) {
JsonObject taskObject = tasksArray.getdsonObject (j);

Task task = new Task (taskObject.getString("name"),
(taskObject.containsKey ("targetDate") ?

FMT.parse (taskObject.getString("targetDate")): null),
taskObject.getBoolean ("completed")) ;

project.addTask (task) ;

}

service.saveProject (project) ;
StringWriter swriter = new StringWriter();

JsonGenerator generator =
jsonGeneratorFactory.createGenerator (swriter) ;

writeProjectAsJson (generator, project) .close();
return swriter.toString() ;

}
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The method is annotated with @PosT from JAX-RS. It consumes and produces JSON,
so we annotate it with @Consumes and @Produces. JAX-RS knows about JSON-P in
the Java EE 7 edition, so our method directly accepts a JsonoObject instance. In other
words, we get the conversion from a String to a JsonObject object for free!

Unfortunately, we must retrieve individually the name, value, and array pairs from
the JSON input, and create our domain objects. There is no substitute for work.
Given gsonObject, we build a new project instance, and optionally the associated
Task objects. JsonObject has a number of convenient calls such as getString(),
getNumber (), and getBoolean (). Unfortunately, we must convert the formatted
target date string and we must deal with the optional JSON tasks array, because

it can be null. It is possible to check if the value exists in the JsonObject object by
calling containsKey (), since a JsonObject is a type of java.util.Map.

Once we have the Project instance, we save it to the database using the
ProjectTaskService boundary service. Afterwards, we use the refactored JSON
generator method to write the Project instance to the client.

To complete our brief tour of JAX-RS, we shall add another HTTP GET method

to our RESTful endpoint. This time, however, we will make it asynchronous in
operation. The home page of our web application XenTracker always executes an
AJAX request; whenever it loads in the browser, it queries all of the projects in the
database. Let's say 1000 web users are simultaneously accessing the application in a
couple of minutes and each user has say an average of 10 projects with an average of
25 tasks between them, how would we scale this query?

With a stateless session EJB such as ProjectRESTServerEndpoint, we can use the
new Concurrency Utilities API in Java EE 7 to achieve an asynchronous output. Let
us apply it to the method getProjectList () now as follows:

/* ... %/
import javax.ws.rs.container.AsyncResponse;
import javax.ws.rs.container.Suspended;

VA
public class ProjectRESTServerEndpoint
VA
@Resource (name = "concurrent/LongRunningTasksExecutor")

ManagedExecutorService executor;

@GET
@Path("/list™")
@Produces (MediaType .APPLICATION JSON)
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public void getProjectList
(@Suspended final AsyncResponse asyncResponse) {

executor.submit (new Runnable () {
@Override
public void run()
List<Project> projects = service.findAllProjects() ;

StringWriter swriter = new StringWriter();
JsonGenerator generator = jsonGeneratorFactory
.createGenerator (swriter) ;
generateProjectsAsJson (generator, projects)
.close() ;
Response response =

Response.ok (swriter.toString()) .build() ;
asyncResponse.resume (response) ;

}
13N
}
}

In JAX RS 2.0 we must also add a special class as a method parameter. AsyncResponse
is the object context for an asynchronous response. The AsyncResponse object has all
of the server-side information to enable the JAX-RS API to send data back to the client
from another Java thread from the executor thread pool. Typically, the application
retrieves a Concurrent Utility Task (new in Java EE 7, see Appendix D, Java EE 7
Assorted Topics), which is the responding thread, and for long-running operations

it is not associated with the main JAX-RS request processing thread. The parameter
asyncResource is also annotated with @suspended in order to suspend the output

of the response, because we want to halt the response until the application invokes
the long-running task. Inside the task, given an AsyncResponse object, we call the
resume method with the JAX-RS response to send back to the client. Note that in this
example, because we are using an inner class Runnable, we must set the method
parameter's modifier to £inal.

We take advantage of the Concurrency Ultilities API; in particular, we inject a
ManagedExecutorService into the EJB with the @Resource annotation. The
@Resource annotation is from Common Annotation API such as, @Inject, but it
injects the database connection, connectors, and now managed concurrency services.
The method getProjectList () is exactly one statement long. It creates a Runnable
task, an anonymous inner class, and then submits it to the executor pool running
inside the Java EE 7 application server. At some point after the submission, the task
is invoked, and it delivers a response to the RESTful client on a separate thread.
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Ramping up on Java concurrency

Al The best book of multiple threads programming in Java with JVM
~ at the time of writing is Java Concurrency in Practice by Brian Goetz,
Q Oracle's Java language architect. The author strongly recommends
this book to learn how to use the Java concurrency features such
as synchronization primitives, executors as in Java EE 7, atomic
wrappers, futures, and scheduled services.

The Runnable task instantiates a java.ws.rs.core.Response object instance
in order to build a generic entity, which is the list of projects generated as JSON.
Our most important responsibility is to cause the output to be sent back to the
client by resuming an asynchronous response context; we invoke the method
AsyncResponse . resume () with the generic response.

This is the end of the worked example tour of some new features of Java EE 7. The
full application can be found with this book's source code. There are two variations
of the XenTracker application: an initial edition, and a completely refined and
finessed business example.

The Entity Control Boundary pattern

This worked example is based on a recent Java EE design pattern called the Entity
Control Boundary (ECB) design pattern. It identifies a component part of a system
from key perspectives: the entity, the control, and the boundary.

pkg J

I

boundary

s 5
ProjectWeb! erverEndpoint

<<Statelass>>

ProjectTaskService L-4--"7 ] ¢ retieveProjectAndTasksimsg - Sting) - String

+ CraataPro)

S|

ProjectRESTServerEndpoint

+ ratrigvaP) jactid . String) : String
+ createl JsonObject]  Sting

+ ralrigva AlProjects() - String

entity "
: il
My wcEnlity=>

<<Erlity>> Task
Project

i Intager
- id " Intager narme - String
name - String 1 * | - targetDate - Date
completed | boolsan

[36]



Chapter 1

The boundary layer of the component represents the separation of the business

and presentation code. In our worked example, we placed the ProjectTaskService
EJB in the boundary subpackage, because effectively it is the business facade of

the application.

The control layer of the component manages the flow of data to the internal

data inside the component. We placed projectWebSocketServerEndpoint and
ProjectRESTServerEndpoint in the control subpackage because these POJOs are
manipulating the entities on behalf of the client side. Of course, it is a matter of
debate and decent architectural sense whether business logic is placed either on the
boundary or on the control layers in the application's architecture.

Finally, the entity layer of the component is reserved for the application's domain
objects. We placed the entity beans project and Task in the entity subpackage,
because they are rich domain objects managed by JPA.

Summary

Java EE 7 is a step towards moving the Enterprise platform to a cloud-computing
platform. Until we get to the next standard, Java EE 7 offers HTML5 productivity,
and it delivers new features such as WebSocket, asynchronous communications over
Servlets, RESTful endpoints, and Concurrent Utilities.

We covered in the first chapter the new features in Java EE 7 by first explaining the
HTML5 movement. HTML5, we learned, is more than just a markup language, it also
embraces semantics, a much improved document structure, APIs for mobile-device
awareness, 3D graphics, support for the Canvas drawing, offline storage, styling
content through CSS3, and exciting new APIs such as WebSocket and Web Worker.

By now we understand the overall architecture of the Java EE 7 platform. The
platform sits between the infrastructure of the hardware including the operating
system, network, filing systems, and the JVM-and the thousands of web clients and
other business-to-business consumers. All of these are boundaries and are considered
endpoints. There are two different profiles available in Java EE 7 standard: the Full
and Web Profiles. The Web Profile is a reduced set of JSRs.

We took the time to examine a worked example of Java EE 7 new features with a
web application called XxenTracker. We saw highlights such as WebSocket and an
asynchronous JAX-RS output.
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In the subsequent chapters, we will introduce Gradle as a build system. The book's
source code relies entirely on Gradle. We will learn how to write the integration tests
with Java EE 7 application by using an open source framework called Arquillian. We
use some Arquillian to clearly demonstrate the features of Java EE 7 and also rely on
the embedded application server container, the reference implementation GlassFish 4
open source application server.

The next chapter gets us further in understanding the DHM of Java EE 7, by rolling
the ball with CDL
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Context and Dependency
Injection

Ray Charles said, "I am not a blues singer. I am not a jazz singer. I am not a
country singer. But I am a singer who can sing the blues, who can sing jazz, who
can sing country."

This chapter covers the important and essential framework that is the soul of Java EE
7. It is called Context and Dependency Injection. The API first made its appearance,
officially, in Java EE 6, and now in Java EE 7 is the paramount framework for binding
dependent managed beans together.

Before we get started, it may be helpful for us to revise some software
engineering definitions.

Software engineering definitions

What is a context, or rather what do we mean by a context?: In software
engineering, a context is a separation of a concern around a set of components,
objects, functions, and variables that have a determined lifecycle around the
scope. The context exists for the overall lifetime of an application and it can be
repeated. In CDI, the context is the meta-information that surrounds a POJO:
the lifecycle, the scope, the dependencies to other objects, and the interactions.
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What is a domain?: The domain is the purpose of the software application
and describes the business sector, market, or principal reason that requires
the software. The software architects and designers are overheard in
corridors at work and conferences discussing the business domain. After all,
the software serves some purpose and thus the domain describes the reason
for its existence, whether it is an airline reservation system, an electronic
commerce application, or the front office trading system at an investment
bank. The domain reflects the requirements for software and it is not the
same as context, because a domain is an architectural characteristic.

What is a Java interface?: A Java interface is a programming language
feature that permits unrelated object types to share behaviors (methods),
and thus provides a means of communication whilst allowing those objects
to maintain the separation of domain.

What is encapsulation?: Encapsulation is a programming language feature
of Java and other object-oriented languages that permits the bundling of data
with the operation that behaves on that data. Java supports encapsulation
through the class keyword.

What is polymorphism?: Polymorphism is the ability to create a variable,
function, or type that has more than one form. Polymorphism is exhibited in
Java with object types that share a common hierarchy sharing methods of the
same name.

What is method overloading?: Method overloading in the Java
programming language is the ability to create multiple behaviors (methods)
with the same name, where the parameter types differ.

What is a dependency?: A dependency is an association between two
different object types, where the primary type requires a reference to another
secondary object type. A dependency serves as an interaction between the
source and target types.

What is a dependency injection?: A dependency injection is the function

of an external lifecycle manager to establish the association between the
primary and secondary object types and automatically introduce the
dependency before the methods are invoked on the primary object. Usually,
this dependency injection means retrieving the object instance from a special
factory instance, rather than instantiating the objects directly. The external
lifecycle manager can be an application framework, part of a computing
platform, or even a feature of the programming language. In a Java
framework, APIs such as Java EE and Context Dependency Injection, SEAM,
Guice, and Spring Framework provide dependency injection.

Now that we have those definitions in our forebrains, let us move on to CDI properly.
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The Context and Dependency
Injection service

CDI stands for Context and Dependency Injection. It was originally standardized as
JSR-299. The Hibernate object relation mapper inventor and Ceylon lead developer,
Gavin King submitted the proposal called Web Beans to the Enterprise-expert group in
2006. The name of the JSR was changed in 2009 from Web Beans to CDI for the Java
EE platform. The JSR-299 specification for CDI was aligned with the specification
JSR-330, dependency injection for Java, which was jointly developed by Guice creator
"Crazy" Bob Lee and Spring Framework creator, Rod Johnson.

CDlI is upgraded to version 1.1 for Java EE 7 standard and the JSR is 346.

CDI was inspired and influenced by other existing dependency injection frameworks
including SEAM, Guice, and Spring Framework. CDI features stronger typing than
SEAM, and relies on lesser external XML configuration than Spring Framework.

The original purpose of CDI was to unify the managed bean component model in Java
Server Faces with the then EJB component model. However, CDI now far exceeds the
original remit in Java EE 7 as the universal component model for the Enterprise.

The first responsibility of CDI is the context. CDI provides the lifecycle management
of the stateful components to well-defined, but extensible lifecycle context.

The second responsibility of CDI is dependency injection. CDI provides the ability

to inject dependencies (components) into an application in a typesafe way, which
includes the configurability to decide which component implementation is injected at
the deployment stage.

e (DI is a framework available in both the client and server.

* (DI decouples the client from the server and thus supports loose coupling.
This means the target implementation can vary without affecting the client.

* (Dl is all about automatic lifecycle management with collaborating
components. CDI provides the components with contextual information.
The strong typing of the CDI model means that the errors are caught
at compilation rather than encountering a ClassCastException at the
execution time.

* The stateful components can have their dependency injected safely and can
interact with other services by simple calling methods.

* (DI also has a lifecycle event model. Interested objects can register
themselves to listen to the event notifications.

* CDI has the ability to decorate the injected components and the ability to
associate the interceptors with the components in a typesafe fashion.
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The following diagram illustrates the built-in contextual scopes inside the
CDI container:
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Beans and bean types

A bean in CDI is a source of the contextual objects that define the application
state with or without a logic. Almost any Java object can be treated as a CDI bean.

Beans are instantiated by the CDI container and their lifecycle is determined
by the stateful context that they belong to. In