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Joreword to the first edition

Relational databases are indisputably at the core of the modern enterprise. While
modern programming languages, including Java, provide an intuitive, object-oriented
view of application-level business entities, the enterprise data underlying these entities
is heavily relational in nature. Further, the main strength of the relational model—
over earlier navigational models as well as over later OODB models—is that by design
itis intrinsically agnostic to the programmatic manipulation and application-level view
of the data that it serves up. Many attempts have been made to bridge relational and
object-oriented technologies, or to replace one with the other, but the gap between
the two is one of the hard facts of enterprise computing today. It is this challenge—to
provide a bridge between relational data and Java objects—that Hibernate takes on
through its object/relational mapping (ORM) approach. Hibernate meets this chal-
lenge in a very pragmatic, direct, and realistic way.

As Christian Bauer and Gavin King demonstrate in this book, the effective use of
ORM technology in all but the simplest of enterprise environments requires under-
standing and configuring how the mediation between relational data and objects is
performed. This demands that the developer be aware and knowledgeable both of the
application and its data requirements, and of the SQL query language, relational stor-
age structures, and the potential for optimization that relational technology offers.
Not only does Hibernate provide a fullfunction solution that meets these require-
ments head-on, it is also a flexible and configurable architecture. Hibernate’s develop-
ers designed it with modularity, pluggability, extensibility, and user customization in
mind. As aresult, in the few years since its initial release, Hibernate has rapidly become
one of the leading ORM technologies for enterprise developers—and deservedly so.
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FOREWORD TO THE FIRST EDITION

This book provides a comprehensive overview of Hibernate. It covers how to use its
type-mapping capabilities and facilities for modeling associations and inheritance;
how to retrieve objects efficiently using the Hibernate query language; how to config-
ure Hibernate for use in both managed and unmanaged environments; and how to
use its tools. In addition, throughout the book the authors provide insight into the
underlying issues of ORM and into the design choices behind Hibernate. These
insights give the reader a deep understanding of the effective use of ORM as an enter-
prise technology. Hibernate in Action is the definitive guide to using Hibernate and to
object/relational mapping in enterprise computing today.

LINDA DEMICHIEL

LEAD ARCHITECT, ENTERPRISE JAVABEANS
SUN MICROSYSTEMS

NOVEMBER 2012



preface

This is our third book about Hibernate, an open source project that is almost 15 years
old. In a recent poll, Hibernate was among the top five tools used by many Java devel-
opers every day. This shows that SQL databases are still the preferred technology for
reliable data storage and management, especially in the Java enterprise software devel-
opment space. It’s also a testament to the quality of specifications and tools available,
which today make it easy to start a project and to estimate and reduce risk when build-
ing large, complex applications.

The fifth major Hibernate release is now available, as well as the second major ver-
sion of the Java Persistence API specification (JPA) implemented by Hibernate. The
core of Hibernate, or what is now called object/relational mapping (ORM), has been
mature for a long time, and many small improvements have been made over the years.
Other related projects such as Hibernate Search, Hibernate Bean Validation, and
more recently Hibernate object/grid mapping (OGM) are delivering new and innova-
tive solutions that make Hibernate a complete tool kit for a diverse range of data-
management tasks.

When we wrote the previous edition of this book, Hibernate was undergoing some
significant changes: grown organically and driven by an open source community and
the daily requirements of Java developers, Hibernate had to become more formal and
implement the first version of the JPA specification. The last edition was therefore a
large book, because many examples had to be shown in the old form and the new,
standardized form.

Today this gap has almost completely disappeared, and we can now first and fore-
most rely on the standardized API and architecture of Java Persistence. There are of



xxii

PREFACE

course also many excellent Hibernate features, which we discuss in this edition.
Although the number of pages has been reduced compared with the previous edition,
we used this space for numerous new examples. We also cover how JPA fits into the
larger picture of Java EE, and how your application architecture can integrate Bean
Validation, EJB, CDI, and JSF.

Let this new edition be a guide through your first Hibernate project. We hope it
will replace the last edition as the Hibernate reference documentation you keep on

your desk.
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about this book

This book is both a tutorial and a reference for Hibernate and Java Persistence. If
you're new to Hibernate, we suggest that you start reading the book with chapter 1
and begin coding with the “Hello World” tutorial in chapter 2. If you’ve used an older
version of Hibernate, you should read the first two chapters quickly to get an overview
and then jump into the middle with chapter 3. We will, whenever appropriate, tell you
if a particular section or subject is optional or reference material that you can safely
skip during your first read.

Roadmap

This book is divided into five major parts.

In part 1, “Getting started with ORM,” we discuss the fundamentals behind object/
relational mapping. We walk through a hands-on tutorial to get you started with your
first Hibernate project. We look at Java application design for domain models and at
the options for creating object/relational mapping metadata.

Part 2, “Mapping strategies,” focuses on Java classes and their properties, and how
they map to SQL tables and columns. We explore all basic and advanced mapping
options in Hibernate and Java Persistence. We show you how to deal with inheritance,
collections, and complex class associations. Finally, we discuss integration with legacy
database schemas and some mapping strategies that are especially tricky.

Part 3, “Transactional data processing,” is all about loading and storing data with
Hibernate and Java Persistence. We introduce the programming interfaces, how to
write transactional applications, and how Hibernate can load data from the database
most efficiently.

XXV



ABOUT THIS BOOK

With part 4, “Writing queries,” we introduce the data query features and cover
query languages and APIs in detail. Not all chapters in this part are written in a tutorial
style; we expect you’ll browse this part of the book frequently when building an appli-
cation and looking up a solution for a particular query problem.

In part 5, “Building applications,” we discuss the design and implementation of lay-
ered and conversation-aware Java database applications. We discuss the most common
design patterns that are used with Hibernate, such as the Data Access Object (DAO).
You see how you can test your Hibernate application easily and learn what other best
practices are relevant if you work with an object/relational mapping software in web
and client/server applications in general.

Who should read this book?

Readers of this book should have basic knowledge of object-oriented software devel-
opment and should have used this knowledge in practice. To understand the applica-
tion examples, you should be familiar with the Java programming language and the
Unified Modeling Language.

Our primary target audience consists of Java developers who work with SQL-based
database systems. We’ll show you how to substantially increase your productivity by
using ORM. If you’re a database developer, the book can be part of your introduction
to object-oriented software development.

If you're a database administrator, you’ll be interested in how ORM affects perfor-
mance and how you can tune the performance of the SQL database-management sys-
tem and persistence layer to achieve performance targets. Because data access is the
bottleneck in most Java applications, this book pays close attention to performance
issues. Many DBAs are understandably nervous about entrusting performance to tool-
generated SQL code; we seek to allay those fears and also to highlight cases where
applications shouldn’t use tool-managed data access. You may be relieved to discover
that we don’t claim that ORM is the best solution to every problem.

Code conventions

This book provides copious examples, which include all the Hibernate application
artifacts: Java code, Hibernate configuration files, and XML mapping metadata files.
Source code in listings or in text is in a fixed-width font like this to separate it
from ordinary text. Additionally, Java method names, component parameters, object
properties, and XML elements and attributes in text are also presented using fixed-
width font.

Java, HTML, and XML can all be verbose. In many cases, the original source code
(available online) has been reformatted; we’ve added line breaks and reworked
indentation to accommodate the available page space in the book. In rare cases, even
this was not enough, and listings include line-continuation markers (= ). Additionally,
comments in the source code have often been removed from the listings when the
code is described in the text. Code annotations accompany some of the source code



ABOUT THIS BOOK xxvii

listings, highlighting important concepts. In some cases, numbered bullets link to
explanations that follow the listing.

Source code downloads

Hibernate is an open source project released under the Lesser GNU Public License.
Directions for downloading Hibernate packages, in source or binary form, are avail-
able from the Hibernate website: www.hibernate.org. The source code for all exam-
ples in this book is available from http://jpwh.org/. You can also download the code
for the examples in this book from the publisher’s website at www.manning.com/
books/java-persistence-with-hibernate-second-edition.

Author Online

The purchase of Java Persistence with Hibernate, Second Edition includes free access to a
private web forum run by Manning Publications, where you can make comments
about the book, ask technical questions, and receive help from the authors and from
other users. To access the forum and subscribe to it, point your web browser to
www.manning.com/books/java-persistence-with-hibernate-second-edition. This page
provides information on how to get on the forum once you are registered, what kind
of help is available, and the rules of conduct on the forum.

Manning’s commitment to our readers is to provide a venue where a meaningful
dialogue between individual readers and between readers and the authors can take
place. It is not a commitment to any specific amount of participation on the part of
the authors, whose contribution to the forum remains voluntary (and unpaid). We
suggest you try asking the authors some challenging questions lest their interest stray!

The Author Online forum and the archives of previous discussions will be accessi-
ble from the publisher’s website as long as the book is in print.

About the authors

CHRISTIAN BAUER is a member of the Hibernate developer team; he works as a trainer
and consultant.

GAVIN KING is the founder of the Hibernate project and a member of the original Java
Persistence expert group (JSR 220). He also led the standardization effort of CDI (JSR
299). Gavin is currently creating a new programming language called Ceylon.

GARY GREGORY is a principal software engineer at Rocket Software working on applica-
tion servers and legacy integration. He is the coauthor of Manning’s JUnit in Action
and Spring Batch in Action and a member of the Project Management Committees for
the Apache Software Foundation projects: Commons, HttpComponents, Logging Ser-
vices, and Xalan.
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about the cover illustration

The illustration on the cover of Java Persistence with Hibernate, Second Edition is taken
from a collection of costumes of the Ottoman Empire published on January 1, 1802, by
William Miller of Old Bond Street, London. The title page is missing from the collec-
tion and we have been unable to track it down to date. The book’s table of contents
identifies the figures in both English and French, and each illustration bears the names
of two artists who worked on it, both of whom would no doubt be surprised to find their
art gracing the front cover of a computer programming book ... 200 years later.

The pictures from the Ottoman collection, like the other illustrations that appear
on our covers, bring to life the richness and variety of dress customs of two centuries
ago. They recall the sense of isolation and distance of that period—and of every other
historic period except our own hyperkinetic present. Dress codes have changed since
then, and the diversity by region, so rich at the time, has faded away. It is now often
hard to tell the inhabitants of one continent from another. Perhaps, trying to view it
optimistically, we have traded a cultural and visual diversity for a more varied personal
life—or a more varied and interesting intellectual and technical life.

We at Manning celebrate the inventiveness, the initiative, and, yes, the fun of the
computer business with book covers based on the rich diversity of regional life of two
centuries ago, brought back to life by the pictures from this collection.
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Part 1

Getting started with ORM

In part 1, we’ll show you why object persistence is such a complex topic and
what solutions you can apply in practice. Chapter 1 introduces the object/rela-
tional paradigm mismatch and several strategies to deal with it, foremost
object/relational mapping (ORM). In chapter 2, we’ll guide you step by step
through a tutorial with Hibernate and Java Persistence—you’ll implement and
test a “Hello World” example. Thus prepared, in chapter 3 you’ll be ready to
learn how to design and implement complex business domain models in Java,
and which mapping metadata options you have available.

After reading this part of the book, you’ll understand why you need ORM and
how Hibernate and Java Persistence work in practice. You’ll have written your
first small project, and you’ll be ready to take on more complex problems. You’ll
also understand how real-world business entities can be implemented as a Java
domain model and in what format you prefer to work with ORM metadata.
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Understanding
object/relational persistence

In this chapter

= Persistence with SQL databases in Java
applications

= The object/relational paradigm mismatch
= Introducing ORM, JPA, and Hibernate

This book is about Hibernate; our focus is on using Hibernate as a provider of the
Java Persistence API. We cover basic and advanced features and describe some ways
to develop new applications using Java Persistence. Often, these recommendations
aren’t specific to Hibernate. Sometimes they’re our own ideas about the best ways to
do things when working with persistent data, explained in the context of Hibernate.

The approach to managing persistent data has been a key design decision in
every software project we’ve worked on. Given that persistent data isn’t a new or
unusual requirement for Java applications, you’d expect to be able to make a simple
choice among similar, well-established persistence solutions. Think of web applica-
tion frameworks (JavaServer Faces versus Struts versus GWT), GUI component
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frameworks (Swing versus SWT), or template engines (JSP versus Thymeleaf). Each of
the competing solutions has various advantages and disadvantages, but they all share
the same scope and overall approach. Unfortunately, this isn’t yet the case with persis-
tence technologies, where we see some wildly differing solutions to the same problem.

Persistence has always been a hot topic of debate in the Java community. Is persis-
tence a problem that is already solved by SQL and extensions such as stored proce-
dures, or is it a more pervasive problem that must be addressed by special Java
component models, such as EJBs? Should we hand-code even the most primitive CRUD
(create, read, update, delete) operations in SQL and JDBC, or should this work be
automated? How do we achieve portability if every database management system has
its own SQL dialect? Should we abandon SQL completely and adopt a different data-
base technology, such as object database systems or NoSQL systems? The debate may
never end, but a solution called object/relational mapping (ORM) now has wide accep-
tance, thanks in large part to the innovations of Hibernate, an open source ORM ser-
vice implementation.

Before we can get started with Hibernate, you need to understand the core prob-
lems of object persistence and ORM. This chapter explains why you need tools like
Hibernate and specifications such as the Java Persistence API (JPA).

First we define persistent data management in the context of object-oriented appli-
cations and discuss the relationship of SQL, JDBC, and Java, the underlying technolo-
gies and standards that Hibernate builds on. We then discuss the so-called
object/relational paradigm mismatch and the generic problems we encounter in object-
oriented software development with SQL databases. These problems make it clear that
we need tools and patterns to minimize the time we have to spend on the persistence-
related code in our applications.

The best way to learn Hibernate isn’t necessarily linear. We understand that you
may want to try Hibernate right away. If this is how you’d like to proceed, skip to the
next chapter and set up a project with the “Hello World” example. We recommend
that you return here at some point as you go through this book; that way, you’ll be pre-
pared and have all the background concepts you need for the rest of the material.

What is persistence?

Almost all applications require persistent data. Persistence is one of the fundamental
concepts in application development. If an information system didn’t preserve data
when it was powered off, the system would be of little practical use. Object persistence
means individual objects can outlive the application process; they can be saved to a
data store and be re-created at a later point in time. When we talk about persistence in
Java, we’re normally talking about mapping and storing object instances in a database
using SQL. We start by taking a brief look at the technology and how it’s used in Java.
Armed with this information, we then continue our discussion of persistence and how
it’s implemented in object-oriented applications.
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Relational databases

You, like most other software engineers, have probably worked with SQL and rela-
tional databases; many of us handle such systems every day. Relational database man-
agement systems have SQI-based application programming interfaces; hence, we call
today’s relational database products SQL database management systems (DBMS) or, when
we’re talking about particular systems, SQL databases.

Relational technology is a known quantity, and this alone is sufficient reason for
many organizations to choose it. But to say only this is to pay less respect than is due.
Relational databases are entrenched because they’re an incredibly flexible and robust
approach to data management. Due to the well-researched theoretical foundation of
the relational data model, relational databases can guarantee and protect the integrity
of the stored data, among other desirable characteristics. You may be familiar with E.F.
Codd’s four-decades-old introduction of the relational model, A Relational Model of
Data for Large Shared Data Banks (Codd, 1970). A more recent compendium worth
reading, with a focus on SQL, is C. J. Date’s SQL and Relational Theory (Date, 2009).

Relational DBMSs aren’t specific to Java, nor is an SQL database specific to a partic-
ular application. This important principle is known as data independence. In other
words, and we can’t stress this important fact enough, data lives longer than any applica-
tion does. Relational technology provides a way of sharing data among different appli-
cations, or among different parts of the same overall system (the data entry
application and the reporting application, for example). Relational technology is a
common denominator of many disparate systems and technology platforms. Hence,
the relational data model is often the foundation for the common enterprise-wide
representation of business entities.

Before we go into more detail about the practical aspects of SQL databases, we
have to mention an important issue: although marketed as relational, a database sys-
tem providing only an SQL data language interface isn’t really relational and in many
ways isn’t even close to the original concept. Naturally, this has led to confusion. SQL
practitioners blame the relational data model for shortcomings in the SQL language,
and relational data management experts blame the SQL standard for being a weak
implementation of the relational model and ideals. Application engineers are stuck
somewhere in the middle, with the burden of delivering something that works. We
highlight some important and significant aspects of this issue throughout this book,
but generally we focus on the practical aspects. If you're interested in more back-
ground material, we highly recommend Practical Issues in Database Management: A Refer-
ence for the Thinking Practitioner by Fabian Pascal (Pascal, 2000) and An Introduction to
Database Systems by Chris Date (Date, 2003) for the theory, concepts, and ideals of
(relational) database systems. The latter book is an excellent reference (it’s big) for all
questions you may possibly have about databases and data management.
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Understanding SQL

To use Hibernate effectively, you must start with a solid understanding of the rela-
tional model and SQL. You need to understand the relational model and topics such
as normalization to guarantee the integrity of your data, and you’ll need to use your
knowledge of SQL to tune the performance of your Hibernate application. Hibernate
automates many repetitive coding tasks, but your knowledge of persistence technol-
ogy must extend beyond Hibernate itself if you want to take advantage of the full
power of modern SQL databases. To dig deeper, consult the bibliography at the end of
this book.

You’ve probably used SQL for many years and are familiar with the basic operations
and statements written in this language. Still, we know from our own experience that
SQL is sometimes hard to remember, and some terms vary in usage.

Let’s review some of the SQL terms used in this book. You use SQL as a data defini-
tion language (DDL) when creating, altering, and dropping artifacts such as tables and
constraints in the catalog of the DBMS. When this schema is ready, you use SQL as a dala
manipulation language (DML) to perform operations on data, including insertions,
updates, and deletions. You retrieve data by executing queries with restrictions, projections,
and Cartesian products. For efficient reporting, you use SQL to join, aggregate, and group
data as necessary. You can even nest SQL statements inside each other—a technique
that uses subselects. When your business requirements change, you’ll have to modify
the database schema again with DDL statements after data has been stored; this is
known as schema evolution.

If you’re an SQL veteran and you want to know more about optimization and how
SQL is executed, get a copy of the excellent book SQL Tuning, by Dan Tow (Tow,
2003). For a look at the practical side of SQL through the lens of how not to use SQL,
SOL Antipatterns: Avoiding the Pitfalls of Database Programming (Karwin, 2010) is a good
resource.

Although the SQL database is one part of ORM, the other part, of course, consists
of the data in your Java application that needs to be persisted to and loaded from the
database.

Using SQL in Java

When you work with an SQL database in a Java application, you issue SQL statements
to the database via the Java Database Connectivity (JDBC) API. Whether the SQL was
written by hand and embedded in the Java code or generated on the fly by Java code,
you use the JDBC API to bind arguments when preparing query parameters, executing
the query, scrolling through the query result, retrieving values from the result set, and
so on. These are low-level data access tasks; as application engineers, we’re more inter-
ested in the business problem that requires this data access. What we’d really like to
write is code that saves and retrieves instances of our classes, relieving us of this low-
level drudgery.
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Because these data access tasks are often so tedious, we have to ask, are the rela-
tional data model and (especially) SQL the right choices for persistence in object-
oriented applications? We answer this question unequivocally: yes! There are many
reasons why SQL databases dominate the computing industry—relational database
management systems are the only proven generic data management technology, and
they’re almost always a requirement in Java projects.

Note that we aren’t claiming that relational technology is always the best solution.
There are many data management requirements that warrant a completely different
approach. For example, internet-scale distributed systems (web search engines, con-
tent distribution networks, peer-to-peer sharing, instant messaging) have to deal with
exceptional transaction volumes. Many of these systems don’t require that after a data
update completes, all processes see the same updated data (strong transactional con-
sistency). Users might be happy with weak consistency; after an update, there might
be a window of inconsistency before all processes see the updated data. Some scien-
tific applications work with enormous but very specialized datasets. Such systems and
their unique challenges typically require equally unique and often custom-made per-
sistence solutions. Generic data management tools such as ACID-compliant transac-
tional SQL databases, JDBC, and Hibernate would play only a minor role.

Relational systems at internet scale

To understand why relational systems, and the data-integrity guarantees associated
with them, are difficult to scale, we recommend that you first familiarize yourself with
the CAP theorem. According to this rule, a distributed system can’t be consistent,
available, and tolerant against partition failures all at the same time.

A system may guarantee that all nodes will see the same data at the same time and
that data read and write requests are always answered. But when a part of the sys-
tem fails due to a host, network, or data center problem, you must either give up
strong consistency (linearizability) or 100% availability. In practice, this means you
need a strategy that detects partition failures and restores either consistency or
availability to a certain degree (for example, by making some part of the system tem-
porarily unavailable for data synchronization to occur in the background). Often
it depends on the data, the user, or the operation whether strong consistency is
necessary.

For relational DBMSs designed to scale easily, have a look at VoltDB
(www.voltdb.com) and NuoDB (www.nuodb.com). Another interesting read is how
Google scales its most important database, for the advertising business, and why it’'s
relational/SQL, in “F1 - The Fault-Tolerant Distributed RDBMS Supporting Google’s
Ad Business” (Shute, 2012).

In this book, we’ll think of the problems of data storage and sharing in the context of
an object-oriented application that uses a domain model. Instead of directly working
with the rows and columns of a java.sqgl.ResultSet, the business logic of an applica-
tion interacts with the application-specific object-oriented domain model. If the SQL
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database schema of an online auction system has ITEM and BID tables, for example,
the Java application defines Item and Bid classes. Instead of reading and writing the
value of a particular row and column with the ResultSet API, the application loads
and stores instances of Item and Bid classes.

At runtime, the application therefore operates with instances of these classes.
Each instance of a Bid has a reference to an auction Item, and each Item may have a
collection of references to Bid instances. The business logic isn’t executed in the
database (as an SQL stored procedure); it’s implemented in Java and executed in the
application tier. This allows business logic to use sophisticated object-oriented con-
cepts such as inheritance and polymorphism. For example, we could use well-known
design patterns such as Strategy, Mediator, and Composite (see Design Patterns: Elements of
Reusable Object-Oriented Software [ Gamma, 1995]), all of which depend on polymorphic
method calls.

Now a caveat: not all Java applications are designed this way, nor should they be.
Simple applications may be much better off without a domain model. Use the JDBC
ResultSet if that’s all you need. Call existing stored procedures, and read their SQL
result sets, too. Many applications need to execute procedures that modify large sets
of data, close to the data. You might implement some reporting functionality with
plain SQL queries and render the result directly onscreen. SQL and the JDBC API are
perfectly serviceable for dealing with tabular data representations, and the JDBC Row-
Set makes CRUD operations even easier. Working with such a representation of persis-
tent data is straightforward and well understood.

But in the case of applications with nontrivial business logic, the domain model
approach helps to improve code reuse and maintainability significantly. In practice,
both strategies are common and needed.

For several decades, developers have spoken of a paradigm mismatch. This mismatch
explains why every enterprise project expends so much effort on persistence-related
concerns. The paradigms referred to are object modeling and relational modeling, or,
more practically, object-oriented programming and SQL.

With this realization, you can begin to see the problems—some well understood
and some less well understood—that an application that combines both data repre-
sentations must solve: an object-oriented domain model and a persistent relational
model. Let’s take a closer look at this so-called paradigm mismatch.

The paradigm mismatch

The object/relational paradigm mismatch can be broken into several parts, which we
examine one at a time. Let’s start our exploration with a simple example that is prob-
lem free. As we build on it, you’ll see the mismatch begin to appear.

Suppose you have to design and implement an online e-commerce application. In
this application, you need a class to represent information about a user of the system,
and you need another class to represent information about the user’s billing details,
as shown in figure 1.1.
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User L BillingDetails Figure 1.1 A simple UML diagram of the
User and BillingDetails entities

In this diagram, you can see that a User has many BillingDetails. You can navigate
the relationship between the classes in both directions; this means you can iterate
through collections or call methods to get to the “other” side of the relationship. The
classes representing these entities may be extremely simple:

public class User {

String username;
String address;
Set billingDetails;

// Accessor methods (getter/setter), business methods, etc.

}
public class BillingDetails {

String account;
String bankname;
User user;

// Accessor methods (getter/setter), business methods, etc.

Note that you’re only interested in the state of the entities with regard to persistence,
so we’ve omitted the implementation of property accessors and business methods,
such as getUsername () or billAuction().

It’s easy to come up with an SQL schema design for this case:

create table USERS (
USERNAME varchar (15) not null primary key,
ADDRESS varchar (255) not null

)

create table BILLINGDETAILS (
ACCOUNT varchar (15) not null primary key,
BANKNAME varchar (255) not null,
USERNAME varchar (15) not null,
foreign key (USERNAME) references USERS
)

The foreign key-constrained column USERNAME in BILLINGDETAILS represents the
relationship between the two entities. For this simple domain model, the object/rela-
tional mismatch is barely in evidence; it’s straightforward to write JDBC code to insert,
update, and delete information about users and billing details.

Now let’s see what happens when you consider something a little more realistic.
The paradigm mismatch will be visible when you add more entities and entity relation-
ships to your application.
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The problem of granularity

The most glaringly obvious problem with the current implementation is that you’ve
designed an address as a simple String value. In most systems, it’s necessary to store
street, city, state, country, and ZIP code information separately. Of course, you could
add these properties directly to the User class, but because it’s highly likely that other
classes in the system will also carry address information, it makes more sense to create
an Address class. Figure 1.2 shows the updated model.

Address User 1" | BilingDetails | Figure 1.2 The User has an
Address.

Should you also add an ADDRESS table? Not necessarily; it’s common to keep address
information in the USERS table, in individual columns. This design is likely to perform
better, because a table join isn’t needed if you want to retrieve the user and address in
a single query. The nicest solution may be to create a new SQL data type to represent
addresses, and to add a single column of that new type in the USERS table instead of
several new columns.

You have the choice of adding either several columns or a single column (of a new
SQL data type). This is clearly a problem of granularity. Broadly speaking, granularity
refers to the relative size of the types you're working with.

Let’s return to the example. Adding a new data type to the database catalog, to
store Address Java instances in a single column, sounds like the best approach:
create table USERS (

USERNAME varchar (15) not null primary key,

ADDRESS address not null
)

A new Address type (class) in Java and a new ADDRESS SQL data type should guarantee
interoperability. But you’ll find various problems if you check the support for user-
defined data types (UDTs) in today’s SQL database management systems.

UDT support is one of a number of so-called object-relational extensions to traditional
SQL. This term alone is confusing, because it means the database management system
has (or is supposed to support) a sophisticated data type system—something you take
for granted if somebody sells you a system that can handle data in a relational fashion.
Unfortunately, UDT support is a somewhat obscure feature of most SQL DBMSs and
certainly isn’t portable between different products. Furthermore, the SQL standard
supports user-defined data types, but poorly.

This limitation isn’t the fault of the relational data model. You can consider the
failure to standardize such an important piece of functionality as fallout from the
objectrelational database wars between vendors in the mid-1990s. Today, most engi-
neers accept that SQL products have limited type systems—no questions asked. Even
with a sophisticated UDT system in your SQL DBMS, you would still likely duplicate the
type declarations, writing the new type in Java and again in SQL. Attempts to find a
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better solution for the Java space, such as SQLJ, unfortunately, have not had much suc-
cess. DBMS products rarely support deploying and executing Java classes directly on
the database, and if support is available, it’s typically limited to very basic functionality
and complex in everyday usage.

For these and whatever other reasons, use of UDTs or Java types in an SQL database
isn’t common practice in the industry at this time, and it’s unlikely that you’ll encoun-
ter a legacy schema that makes extensive use of UDTs. You therefore can’t and won’t
store instances of your new Address class in a single new column that has the same
data type as the Java layer.

The pragmatic solution for this problem has several columns of built-in vendor-
defined SQL types (such as Boolean, numeric, and string data types). You usually
define the USERS table as follows:

create table USERS (
USERNAME varchar (15) not null primary key,
ADDRESS_STREET varchar (255) not null,
ADDRESS_ZIPCODE varchar(5) not null,
ADDRESS_CITY varchar (255) not null

)

Classes in the Java domain model come in a range of different levels of granularity:
from coarse-grained entity classes like User, to finer-grained classes like Address,
down to simple SwisszipCode extending AbstractNumericZipCode (or whatever your
desired level of abstraction is). In contrast, just two levels of type granularity are visible
in the SQL database: relation types created by you, like USERS and BILLINGDETAILS,
and built-in data types such as VARCHAR, BIGINT, or TIMESTAMP.

Many simple persistence mechanisms fail to recognize this mismatch and so end
up forcing the less flexible representation of SQL products on the object-oriented
model, effectively flattening it.

It turns out that the granularity problem isn’t especially difficult to solve. We prob-
ably wouldn’t even discuss it, were it not for the fact that it’s visible in so many existing
systems. We describe the solution to this problem in section 4.1.

A much more difficult and interesting problem arises when we consider domain
models that rely on inheritance, a feature of object-oriented design you may use to bill
the users of your e-commerce application in new and interesting ways.

The problem of subtypes

In Java, you implement type inheritance using superclasses and subclasses. To illus-
trate why this can present a mismatch problem, let’s add to your e-commerce applica-
tion so that you now can accept not only bank account billing, but also credit and
debit cards. The most natural way to reflect this change in the model is to use inheri-
tance for the BillingDetails superclass, along with several concrete subclasses:
CreditCard, BankAccount, and so on. Each of these subclasses defines slightly differ-
ent data (and completely different functionality that acts on that data). The UML class
diagram in figure 1.3 illustrates this model.
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User - BillingDetails
CreditCard BankAccount Figure 1.3 Using inheritance for
different billing strategies

What changes must you make to support this updated Java class structure? Can you
create a table CREDITCARD that extends BILLINGDETAILS? SQL database products don’t
generally implement table inheritance (or even data type inheritance), and if they do
implement it, they don’t follow a standard syntax and might expose us to data integ-
rity problems (limited integrity rules for updatable views).

We aren’t finished with inheritance. As soon as we introduce inheritance into the
model, we have the possibility of polymorphism.

The User class has an association to the BillingDetails superclass. This is a poly-
morphic association. At runtime, a User instance may reference an instance of any of
the subclasses of BillingDetails. Similarly, you want to be able to write polymorphic
queries that refer to the BillingDetails class, and have the query return instances of
its subclasses.

SQL databases also lack an obvious way (or at least a standardized way) to represent
a polymorphic association. A foreign key constraint refers to exactly one target table;
itisn’t straightforward to define a foreign key that refers to multiple tables. You’d have
to write a procedural constraint to enforce this kind of integrity rule.

The result of this mismatch of subtypes is that the inheritance structure in a model
must be persisted in an SQL database that doesn’t offer an inheritance mechanism. In
chapter 6, we discuss how ORM solutions such as Hibernate solve the problem of per-
sisting a class hierarchy to an SQL database table or tables, and how polymorphic
behavior can be implemented. Fortunately, this problem is now well understood in
the community, and most solutions support approximately the same functionality.

The next aspect of the object/relational mismatch problem is the issue of object
identity. You probably noticed that the example defined USERNAME as the primary key of
the USERS table. Was that a good choice? How do you handle identical objects in Java?

The problem of identity

Although the problem of identity may not be obvious at first, you’ll encounter it often
in your growing and expanding e-commerce system, such as when you need to check
whether two instances are identical. There are three ways to tackle this problem: two
in the Java world and one in your SQL database. As expected, they work together only
with some help.

Java defines two different notions of sameness:

= Instance identity (roughly equivalent to memory location, checked with a == b)

= Instance equality, as determined by the implementation of the equals()
method (also called equality by value)
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On the other hand, the identity of a database row is expressed as a comparison of pri-
mary key values. As you’ll see in section 10.1.2, neither equals () nor == is always equiv-
alent to a comparison of primary key values. It’s common for several non-identical
instances in Java to simultaneously represent the same row of the database—for exam-
ple, in concurrently running application threads. Furthermore, some subtle difficul-
ties are involved in implementing equals() correctly for a persistent class and
understanding when this might be necessary.

Let’s use an example to discuss another problem related to database identity. In
the table definition for USERS, USERNAME is the primary key. Unfortunately, this deci-
sion makes it difficult to change a user’s name; you need to update not only the row in
USERS, but also the foreign key values in (many) rows of BILLINGDETAILS. To solve this
problem, later in this book we recommend that you use surrogate keys whenever you
can’t find a good natural key. We also discuss what makes a good primary key. A surro-
gate key column is a primary key column with no meaning to the application user—in
other words, a key that isn’t presented to the application user. Its only purpose is iden-
tifying data inside the application.

For example, you may change your table definitions to look like this:

create table USERS (
ID bigint not null primary key,
USERNAME varchar (15) not null unique,

)

create table BILLINGDETAILS (
ID bigint not null primary key,
ACCOUNT varchar (15) not null,
BANKNAME varchar (255) not null,
USER_ID bigint not null,
foreign key (USER_ID) references USERS
)

The ID columns contain system-generated values. These columns were introduced
purely for the benefit of the data model, so how (if at all) should they be represented
in the Java domain model? We discuss this question in section 4.2, and we find a solu-
tion with ORM.

In the context of persistence, identity is closely related to how the system handles
caching and transactions. Different persistence solutions have chosen different strate-
gies, and this has been an area of confusion. We cover all these interesting topics—
and show how they’re related—in section 10.1.

So far, the skeleton e-commerce application you’ve designed has exposed the para-
digm mismatch problems with mapping granularity, subtypes, and identity. You're
almost ready to move on to other parts of the application, but first we need to discuss
the important concept of associations: how the relationships between entities are
mapped and handled. Is the foreign key constraint in the database all you need?



14

124

CHAPTER 1 Understanding object/relational persistence

Problems relating to associations

In your domain model, associations represent the relationships between entities. The
User, Address, and BillingDetails classes are all associated; but unlike Address,
BillingDetails stands on its own. BillingDetails instances are stored in their own
table. Association mapping and the management of entity associations are central
concepts in any object persistence solution.

Object-oriented languages represent associations using object references; but in the
relational world, a foreign key—constrained column represents an association, with copies
of key values. The constraint is a rule that guarantees integrity of the association.
There are substantial differences between the two mechanisms.

Object references are inherently directional; the association is from one instance
to the other. They’re pointers. If an association between instances should be navigable
in both directions, you must define the association twice, once in each of the associ-
ated classes. You’ve already seen this in the domain model classes:
public class User {

Set billingDetails;
}

public class BillingDetails {
User user;

}

Navigation in a particular direction has no meaning for a relational data model
because you can create arbitrary data associations with join and projection operators.
The challenge is to map a completely open data model, which is independent of the
application that works with the data, to an application-dependent navigational
model—a constrained view of the associations needed by this particular application.

Java associations can have many-to-many multiplicity. For example, the classes could
look like this:

public class User {
Set billingDetails;
}

public class BillingDetails {
Set users;

}

But the foreign key declaration on the BILLINGDETAILS table is a many-to-one associa-
tion: each bank account is linked to a particular user. Each user may have multiple
linked bank accounts.

If you wish to represent a many-to-many association in an SQL database, you must
introduce a new table, usually called a lnk table. In most cases, this table doesn’t
appear anywhere in the domain model. For this example, if you consider the relation-
ship between the user and the billing information to be many-to-many, you define the
link table as follows:
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create table USER_BILLINGDETAILS (

USER_ID bigint,

BILLINGDETAILS_ID bigint,

primary key (USER_ID, BILLINGDETAILS_ID),

foreign key (USER_ID) references USERS,

foreign key (BILLINGDETAILS_ID) references BILLINGDETAILS
)

You no longer need the USER_ID foreign key column and constraint on the BILLING-
DETAILS table; this additional table now manages the links between the two entities.
We discuss association and collection mappings in detail in chapter 7.

So far, the issues we’ve considered are mainly structural: you can see them by con-
sidering a purely static view of the system. Perhaps the most difficult problem in object
persistence is a dynamic problem: how data is accessed at runtime.

The problem of data navigation

There is a fundamental difference in how you access data in Java and in a relational
database. In Java, when you access a user’s billing information, you call
someUser.getBillingDetails () .iterator().next() or something similar. This is
the most natural way to access object-oriented data, and it’s often described as walking
the object network. You navigate from one instance to another, even iterating collections,
following prepared pointers between classes. Unfortunately, this isn’t an efficient way
to retrieve data from an SQL database.

The single most important thing you can do to improve the performance of data
access code is to minimize the number of requests to the database. The most obvious way to
do this is to minimize the number of SQL queries. (Of course, other, more sophisti-
cated, ways—such as extensive caching—follow as a second step.)

Therefore, efficient access to relational data with SQL usually requires joins
between the tables of interest. The number of tables included in the join when retriev-
ing data determines the depth of the object network you can navigate in memory. For
example, if you need to retrieve a User and aren’t interested in the user’s billing infor-
mation, you can write this simple query:

select * from USERS u where u.ID = 123

On the other hand, if you need to retrieve a User and then subsequently visit each of
the associated BillingDetails instances (let’s say, to list all the user’s bank accounts),
you write a different query:
select * from USERS u

left outer join BILLINGDETAILS bd

on bd.USER_ID = u.ID
where u.ID = 123

As you can see, to use joins efficiently you need to know what portion of the object
network you plan to access when you retrieve the initial instance before you start navi-
gating the object network! Careful, though: if you retrieve too much data (probably
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more than you might need), you’re wasting memory in the application tier. You may
also overwhelm the SQL database with huge Cartesian product result sets. Imagine
retrieving not only users and bank accounts in one query, but also all orders paid from
each bank account, the products in each order, and so on.

Any object persistence solution worth its salt provides functionality for fetching the
data of associated instances only when the association is first accessed in Java code.
This is known as lazy loading: retrieving data on demand only. This piecemeal style of
data access is fundamentally inefficient in the context of an SQL database, because it
requires executing one statement for each node or collection of the object network
that is accessed. This is the dreaded n+1 selects problem.

This mismatch in the way you access data in Java and in a relational database is per-
haps the single most common source of performance problems in Java information
systems. Yet although we’ve been blessed with innumerable books and articles advising
us to use StringBuffer for string concatenation, avoiding the Cartesian product and
n+1 selects problems is still a mystery for many Java programmers. (Admit it: you just
thought StringBuilder would be much better than StringBuffer.)

Hibernate provides sophisticated features for efficiently and transparently fetching
networks of objects from the database to the application accessing them. We discuss
these features in chapter 12.

We now have quite a list of object/relational mismatch problems, and it can be
costly (in time and effort) to find solutions, as you may know from experience. It will
take us most of this book to provide a complete answer to these questions and to dem-
onstrate ORM as a viable solution. Let’s get started with an overview of ORM, the Java
Persistence standard, and the Hibernate project.

ORM and JPA

In a nutshell, object/relational mapping is the automated (and transparent) persis-
tence of objects in a Java application to the tables in an SQL database, using metadata
that describes the mapping between the classes of the application and the schema of
the SQL database. In essence, ORM works by transforming (reversibly) data from one
representation to another. Before we move on, you need to understand what Hiber-
nate can’t do for you.

A supposed advantage of ORM is that it shields developers from messy SQL. This
view holds that object-oriented developers can’t be expected to understand SQL or
relational databases well and that they find SQL somehow offensive. On the contrary,
we believe that Java developers must have a sufficient level of familiarity with—and
appreciation of—relational modeling and SQL in order to work with Hibernate. ORM
is an advanced technique used by developers who have already done it the hard way.
To use Hibernate effectively, you must be able to view and interpret the SQL state-
ments it issues and understand their performance implications.
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Let’s look at some of the benefits of Hibernate:

= Productivity—Hibernate eliminates much of the grunt work (more than you’d
expect) and lets you concentrate on the business problem. No matter which
application-development strategy you prefer—top-down, starting with a domain
model, or bottom-up, starting with an existing database schema—Hibernate,
used together with the appropriate tools, will significantly reduce development time.

= Maintainability—Automated ORM with Hibernate reduces lines of code (LOC),
making the system more understandable and easier to refactor. Hibernate provides a
buffer between the domain model and the SQL schema, insulating each model
from minor changes to the other.

= Performance—Although hand-coded persistence might be faster in the same
sense that assembly code can be faster than Java code, automated solutions like
Hibernate allow the use of many optimizations at all times. One example of this
is efficient and easily tunable caching in the application tier. This means devel-
opers can spend more energy hand-optimizing the few remaining real bottle-
necks instead of prematurely optimizing everything.

= Vendor independence—Hibernate can help mitigate some of the risks associated
with vendor lock-in. Even if you plan never to change your DBMS product, ORM
tools that support a number of different DBMSs enable a certain level of portability.
In addition, DBMS independence helps in development scenarios where engi-
neers use a lightweight local database but deploy for testing and production on a
different system.

The Hibernate approach to persistence was well received by Java developers, and the
standard Java Persistence API was designed along similar lines.

JPA became a key part of the simplifications introduced in recent EJB and Java EE
specifications. We should be clear up front that neither Java Persistence nor Hiber-
nate are limited to the Java EE environment; they’re general-purpose solutions to the
persistence problem that any type of Java (or Groovy, or Scala) application can use.

The JPA specification defines the following:

= A facility for specifying mapping metadata—how persistent classes and their
properties relate to the database schema. JPA relies heavily on Java annotations
in domain model classes, but you can also write mappings in XML files.

= APIs for performing basic CRUD operations on instances of persistent classes,
most prominently javax.persistence.EntityManager to store and load data.

= Alanguage and APIs for specifying queries that refer to classes and properties of
classes. This language is the Java Persistence Query Language (JPQL) and looks
similar to SQL. The standardized API allows for programmatic creation of criteria
queries without string manipulation.

= How the persistence engine interacts with transactional instances to perform
dirty checking, association fetching, and other optimization functions. The lat-
est JPA specification covers some basic caching strategies.
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Hibernate implements JPA and supports all the standardized mappings, queries, and

programming interfaces.

14 Summary

With object persistence, individual objects can outlive their application process, be
saved to a data store, and be re-created later. The object/relational mismatch
comes into play when the data store is an SQL-based relational database man-
agement system. For instance, a network of objects can’t be saved to a database
table; it must be disassembled and persisted to columns of portable SQL data
types. A good solution for this problem is object/relational mapping (ORM).
ORM isn’t a silver bullet for all persistence tasks; its job is to relieve the devel-
oper of 95% of object persistence work, such as writing complex SQL statements
with many table joins and copying values from JDBC result sets to objects or
graphs of objects.

A fullfeatured ORM middleware solution may provide database portability, cer-
tain optimization techniques like caching, and other viable functions that
aren’t easy to hand-code in a limited time with SQL and JDBC.

Better solutions than ORM might exist someday. We (and many others) may
have to rethink everything we know about data management systems and their
languages, persistence API standards, and application integration. But the evo-
lution of today’s systems into true relational database systems with seamless
object-oriented integration remains pure speculation. We can’t wait, and there
is no sign that any of these issues will improve soon (a multibillion-dollar indus-
try isn’t very agile). ORM is the best solution currently available, and it’s a time-
saver for developers facing the object/relational mismatch every day.
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Starting a project

In this chapter

Overview of Hibernate projects

“Hello World” with Hibernate and Java
Persistence

Configuration and integration options

In this chapter, you’ll start with Hibernate and Java Persistence using a step-by-step
example. You'll see both persistence APIs and how to benefit from using either
native Hibernate or standardized JPA. We first offer you a tour through Hibernate
with a straightforward “Hello World” application. Before you start coding, you must
decide which Hibernate modules to use in your project.

Introducing Hibernate

Hibernate is an ambitious project that aims to provide a complete solution to the

problem of managing persistent data in Java. Today, Hibernate is not only an ORM

service, but also a collection of data management tools extending well beyond ORM.
The Hibernate project suite includes the following:

= Hibernate ORM—Hibernate ORM consists of a core, a base service for persis-
tence with SQL databases, and a native proprietary API. Hibernate ORM is the
foundation for several of the other projects and is the oldest Hibernate
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project. You can use Hibernate ORM on its own, independent of any framework
or any particular runtime environment with all JDKs. It works in every Java
EE/J2EE application server, in Swing applications, in a simple servlet container,
and so on. As long as you can configure a data source for Hibernate, it works.

= Hibernate EntityManager—This is Hibernate’s implementation of the standard
Java Persistence APIs, an optional module you can stack on top of Hibernate
ORM. You can fall back to Hibernate when a plain Hibernate interface or even a
JDBC Connection is needed. Hibernate’s native features are a superset of the
JPA persistence features in every respect.

= Hibernate Validator—Hibernate provides the reference implementation of the
Bean Validation (JSR 303) specification. Independent of other Hibernate proj-
ects, it provides declarative validation for your domain model (or any other)
classes.

= Hibernate Envers—Envers is dedicated to audit logging and keeping multiple
versions of data in your SQL database. This helps you add data history and audit
trails to your application, similar to version control systems you might already
be familiar with such as Subversion and Git.

= Hibernate Search—Hibernate Search keeps an index of your domain model data
up to date in an Apache Lucene database. It lets you query this database with a
powerful and naturally integrated API. Many projects use Hibernate Search in
addition to Hibernate ORM, adding full-text search capabilities. If you have a
free text search form in your application’s user interface, and you want happy
users, work with Hibernate Search. Hibernate Search isn’t covered in this book;
you can find more information in Hibernate Search in Action by Emmanuel
Bernard (Bernard, 2008).

= Hibernate OGM—The most recent Hibernate project is the object/grid mapper.
It provides JPA support for NoSQL solutions, reusing the Hibernate core engine
but persisting mapped entities into a key/value-, document-, or graph-oriented
data store. Hibernate OGM isn’t covered in this book.

Let’s get started with your first Hibernate and JPA project.

“Hello World” with JPA

In this section, you’ll write your first Hibernate application, which stores a “Hello
World” message in the database and then retrieves it. Let’s start by installing and con-
figuring Hibernate.

We use Apache Maven as the project build tool, as we do for all the examples in
this book. Declare the dependency on Hibernate:

<dependency>
<groupId>org.hibernate</groupId>
<artifactId>hibernate-entitymanager</artifactId>
<version>5.0.0.Final</version>

</dependency>
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The hibernate-entitymanager module includes transitive dependencies on other
modules you’ll need, such as hibernate-core and the Java Persistence interface stubs.

Your starting point in JPA is the persistence unit. A persistence unit is a pairing of
your domain model class mappings with a database connection, plus some other con-
figuration settings. Every application has at least one persistence unit; some applica-
tions have several if they’re talking to several (logical or physical) databases. Hence,
your first step is setting up a persistence unit in your application’s configuration.

Configuring a persistence unit

The standard configuration file for persistence units is located on the classpath in
META-INF/persistence.xml. Create the following configuration file for the “Hello
World” application:

PATH: /model/src/main/resources/META-INF/persistence.xml

<persistence Configure
version="2.1" persistence unit
xmlns="http://xmlns.jcp.org/xml/ns/persistence"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://xmlns.jcp.org/xml/ns/persistence

http://xmlns.jcp.org/xml/ns/persistence_2_1.xsd">

<persistence-unit name="HelloWorldPU"> <
<jta-data-source>myDS</jta-data-source> <—@) Database connection
<class>org.jpwh.model .helloworld.Message</class> 4—9 Persistent classes

<exclude-unlisted-classes>true</exclude-unlisted-classes> Disable
) scanning for
<properties> mapped
classes
<property
name="javax.persistence.schema-generation.database.action"

Drop/re-create gb value="drop-and-create" />

SQL schema

<property name="hibernate.format_sgl" value="true"/>
<property name="hibernate.use_sgl_comments" value="true"/>

</properties>
</persistence-unit>
</persistence>

Format SQL

The persistence.xml file configures at least one persistence unit; each unit must have
a unique name.

Each persistence unit must have a database connection. Here you delegate to an exist-
ing java.sqgl.DataSource. Hibernate will find the data source by name with a JNDI
lookup on startup.

A persistent unit has persistent (mapped) classes. You list them here.

vww.allitebooks.cond
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Hibernate can scan your classpath for mapped classes and add them automatically to
your persistence unit. This setting disables that feature.

Standard or vendor-specific options can be set as properties on a persistence unit. Any
standard properties have the javax.persistence name prefix; Hibernate’s settings
use hibernate.

The JPA engine should drop and re-create the SQL schema in the database automati-
cally when it boots. This is ideal for automated testing, when you want to work with a
clean database for every test run.

H When printing SQL in logs, let Hibernate format the SQL nicely and generate com-
ments into the SQL string so you know why Hibernate executed the SQL statement.
Most applications need a pool of database connections, with a certain size and opti-
mized thresholds for the environment. You also want to provide the DBMS host and
credentials for your database connections.

Logging SQL

All SQL statements executed by Hibernate can be logged—an invaluable tool during
optimization. To log SQL, in persistence.xml, set the properties hibernate
.format_sgl and hibernate.use_sqgl_comments to true. This will cause Hibernate
to format SQL statements with causation comments. Then, in your logging configura-
tion (which depends on your chosen logging implementation), set the categories
org.hibernate.SQL and org.hibernate.type.descriptor.sql.BasicBinder to
the finest debug level. You’ll then see all SQL statements executed by Hibernate in
your log output, including the bound parameter values of prepared statements.

For the “Hello World” application, you delegate database connection handling to a
Java Transaction API (JTA) provider, the open source Bilronix project. Bitronix offers
connection pooling with a managed java.sgl.DataSource and the standard
javax.transaction.UserTransaction APIin any Java SE environment. Bitronix binds
these objects into JNDI, and Hibernate interfaces automatically with Bitronix through
JNDI lookups. Setting up Bitronix in detail is outside of the scope of this book; you can
find the configuration for our examples in org. jpwh. env.TransactionManagerSetup.

In the “Hello World” application, you want to store messages in the database and
load them from the database. Hibernate applications define persistent classes that are
mapped to database tables. You define these classes based on your analysis of the busi-
ness domain; hence, they're a model of the domain. This example consists of one
class and its mapping.

Let’s see what a simple persistent class looks like, how the mapping is created, and
some of the things you can do with instances of the persistent class in Hibernate.
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Writing a persistent class

The objective of this example is to store messages in a database and retrieve them for
display. The application has a simple persistent class, Message:

PATH: /model/src/main/java/org/jpwh/model/helloworld/Message.java

package org.jpwh.model.helloworld;

import javax.persistence.Entity;
import javax.persistence.GeneratedValue;
import javax.persistence.Id;

@Entity <) @Entity required

public class Message {

erd < @) @Id required

@Generatedvalue
private Long id; © Enables auto ID generation
private String text; <444444¢, Maps attribute

public String getText () {
return text;

}

public void setText (String text) ({
this.text = text;
}

Every persistent entity class must have at least the @Entity annotation. Hibernate
maps this class to a table called MESSAGE.

Every persistent entity class must have an identifier attribute annotated with @Id.
Hibernate maps this attribute to a column named ID.

Someone must generate identifier values; this annotation enables automatic genera-
tion of IDs.

You usually implement regular attributes of a persistent class with private or protected
fields and public getter/setter method pairs. Hibernate maps this attribute to a col-
umn called TEXT.

The identifier attribute of a persistent class allows the application to access the data-
base identity—the primary key value—of a persistent instance. If two instances of
Message have the same identifier value, they represent the same row in the database.

This example uses Long for the type of the identifier attribute, but this isn’t
arequirement. Hibernate allows virtually anything for the identifier type, as you'll
see later.

You may have noticed that the text attribute of the Message class has JavaBeans-
style property accessor methods. The class also has a (default) constructor with no
parameters. The persistent classes we show in the examples will usually look something
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like this. Note that you don’t need to implement any particular interface or extend any
special superclass.

Instances of the Message class can be managed (made persistent) by Hibernate, but
they don’t have to be. Because the Message object doesn’t implement any persistence-
specific classes or interfaces, you can use it just like any other Java class:

Message msg = new Message() ;
msg.setText ("Hello!") ;
System.out.println (msg.getText ()) ;

It may look like we’re trying to be cute here; in fact, we’re demonstrating an impor-
tant feature that distinguishes Hibernate from some other persistence solutions. You
can use the persistent class in any execution context—no special container is needed.

You don’t have to use annotations to map a persistent class. Later we’ll show you
other mapping options, such as the JPA orm.xml mapping file, and native hbm.xml
mapping files, and when they’re a better solution than source annotations.

The Message class is now ready. You can store instances in your database and write
queries to load them again into application memory.

Storing and loading messages

What you really came here to see is Hibernate, so let’s save a new Message to the data-
base. First you need an EntityManagerFactory to talk to your database. This API rep-
resents your persistence unit; most applications have one EntityManagerFactory for
one configured persistence unit:

| PATH: /examples/src/est/java/org/jpwh/helloworld/HelloWorldJPA.java

EntityManagerFactory emf =
Persistence.createEntityManagerFactory ("HelloWorldPU") ;

Once it starts, your application should create the EntityManagerFactory; the factory is
thread-safe, and all code in your application that accesses the database should share it.

You can now work with the database in a demarcated unit—a transaction—and
store a Message:

PATH: /examples/src/test/java/org/jpwh/helloworld/HelloWorldJPA.java

UserTransaction tx = TM.getUserTransaction(); <) Accesses UserTransaction
tx.begin() ;

EntityManager em = emf.createEntityManager () ; 4—0 Creates EntityManager
Message message = new Message() ; 4—9 Creates Message

message.setText ("Hello World!") ;

em.persist (message) ; <+———@) Makes instance persistent

tx.commit () ; < Commits
// INSERT into MESSAGE (ID, TEXT) values (1, 'Hello World!")

transaction
em.close(); <+ Closes EntityManager
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Get access to the standard transaction API UserTransaction, and begin a transaction
on this thread of execution.

Begin a new session with the database by creating an EntityManager. This is your con-
text for all persistence operations.

Create a new instance of the mapped domain model class Message, and set its text
property.

Enlist the transient instance with your persistence context; you make it persistent.
Hibernate now knows that you wish to store that data, but it doesn't necessarily call
the database immediately.

Commit the transaction. Hibernate automatically checks the persistence context and
executes the necessary SQL INSERT statement.

If you create an EntityManager, you must close it.

To help you understand how Hibernate works, we show the automatically generated
and executed SQL statements in source code comments when they occur. Hibernate
inserts a row in the MESSAGE table, with an automatically generated value for the ID
primary key column, and the TEXT value.

You can later load this data with a database query:

PATH: /examples/src/test/java/org/jpwh/helloworid/HelloWorldJPA. java

UserTransaction tx = TM.getUserTransaction() ; 4—0 Transaction boundary
tx.begin() ;

EntityManager em = emf.createEntityManager() ; ? Executes query
List<Message> messages = <

em.createQuery("select m from Message m") .getResultList () ;
// SELECT * from MESSAGE

assertEquals (messages.size(), 1);

assertEquals (messages.get (0) .getText (), "Hello World!"); j’ ;E:;f;;
messages.get (0) .setText ("Take me to your leader!"); value
tx.commit () ;

// UPDATE MESSAGE set TEXT = 'Take me to your leader!' where ID = 1
em.close() ; Executes UPDATE

Every interaction with your database should occur within explicit transaction bound-
aries, even if you’re only reading data.

Execute a query to retrieve all instances of Message from the database.

You can change the value of a property. Hibernate detects this automatically because
the loaded Message is still attached to the persistence context it was loaded in.

On commit, Hibernate checks the persistence context for dirty state and executes the
SQL UPDATE automatically to synchronize in-memory with the database state.
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The query language you’ve seen in this example isn’t SQL, it’s the Java Persistence
Query Language (JPQL). Although there is syntactically no difference in this trivial
example, the Message in the query string doesn’t refer to the database table name,
but to the persistent class name. If you map the class to a different table, the query
will still work.

Also, notice how Hibernate detects the modification to the text property of the
message and automatically updates the database. This is the automatic dirty-checking
feature of JPA in action. It saves you the effort of explicitly asking your persistence
manager to update the database when you modify the state of an instance inside a
transaction.

You’ve now completed your first Hibernate and JPA application. Maybe you’ve
already noticed that we prefer to write examples as executable tests, with assertions
that verify the correct outcome of each operation. We’ve taken all the examples in this
book from test code, so you (and we) can be sure they work properly. Unfortunately,
this also means you need more than one line of code to create the EntityManager-
Factory when starting the test environment. We’ve tried to keep the setup of the tests
as simple as possible. You can find the code in org.jpwh.env.JPASetup and
org.jpwh.env.JPATest; use it as a starting point for writing your own test harness.

Before we work on more-realistic application examples, let’s have a quick look at
the native Hibernate bootstrap and configuration APIL

Native Hibernate configuration

Although basic (and extensive) configuration is standardized in JPA, you can’t access
all the configuration features of Hibernate with properties in persistence.xml. Note
that most applications, even quite sophisticated ones, don’t need such special configu-
ration options and hence don’t have to access the bootstrap API we show in this sec-
tion. If you aren’t sure, you can skip this section and come back to it later, when you
need to extend Hibernate type adapters, add custom SQL functions, and so on.

The native equivalent of the standard JPA EntityManagerFactory is the
org.hibernate.SessionFactory. You have usually one per application, and it’s the
same pairing of class mappings with database connection configuration.

Hibernate’s native bootstrap API is split into several stages, each giving you access
to certain configuration aspects. In its most compact form, building a Session-
Factory looks like this:

PATH: /examples/src/test/java/org/jpwh/helloworld/HelloWorldHibernate.java

SessionFactory sessionFactory = new MetadataSources (
new StandardServiceRegistryBuilder ()
.configure("hibernate.cfg.xml") .build()
) .buildMetadata () .buildSessionFactory () ;

This loads all settings from a Hibernate configuration file. If you have an existing Hiber-
nate project, you most likely have this file on your classpath. Similar to persistence.xml,
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this configuration file contains database connection details, as well as a list of persistent
classes and other configuration properties.

Let’s deconstruct this bootstrap snippet and look at the API in more detail. First,
create a ServiceRegistry:

PATH: /examples/src/test/java/org/jpwh/helloworld/HelloWorldHibernate.java

StandardServiceRegistryBuilder serviceRegistryBuilder = <F———" Builder
new StandardServiceRegistryBuilder () ;

serviceRegistryBuilder <
. . . Configures
.applySetting ("hibernate.connection.datasource", "myDS")

, . services
.applySetting("hibernate.format_sgl", "true") regsﬂy
.applySetting ("hibernate.use_sqgl_comments", "true")

.applySetting ("hibernate.hbm2ddl.auto", "create-drop");

ServiceRegistry serviceRegistry = serviceRegistryBuilder.build() ;

This builder helps you create the immutable service registry with chained method calls.

Configure the services registry by applying settings.

If you want to externalize your service registry configuration, you can load settings
from a properties file on the classpath with StandardServiceRegistryBuilder#load-
Properties(file).

With the ServiceRegistry built and immutable, you can move on to the next
stage: telling Hibernate which persistent classes are part of your mapping metadata.
Configure the metadata sources as follows:

| PATH: /examples/src/test/java/org/jpwh/helloworld/HelloWorldHibernate.java

MetadataSources metadataSources = new MetadataSources (serviceRegistry) ;

metadataSources.addAnnotatedClass (

org.jpwh.model .helloworld.Message.class Requires service registry

)

Adds persistent classes

// Add hbm.xml mapping files
to metadata sources

// metadataSources.addFile(...);

// Read all hbm.xml mapping files from a JAR
// metadataSources.addJar(...)

MetadataBuilder metadataBuilder = metadataSources.getMetadataBuilder () ;

This builder helps you create the immutable service registry with chained method calls.

Configure the services registry by applying settings.

The MetadataSources API has many methods for adding mapping sources; check the
Javadoc for more information. The next stage of the boot procedure is building all
the metadata needed by Hibernate, with the MetadataBuilder you obtained from the
metadata sources.
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You can then query the metadata to interact with Hibernate’s completed configu-
ration programmatically, or continue and build the final SessionFactory:

I PATH: /examples/src/test/java/org/jpwh/helloworld/HelloWorldHibernate.java

Metadata metadata = metadataBuilder.build() ;
assertEquals (metadata.getEntityBindings () .size(), 1);

SessionFactory sessionFactory = metadata.buildSessionFactory () ;

Creating an EntityManagerFactory from a SessionFactory

At the time of writing, Hibernate has no convenient API to build an EntityManager-
Factory programmatically. You can use an internal APl for this purpose: the
org.hibernate.jpa.internal.EntityManagerFactoryImpl has a constructor
that accepts a SessionFactory.

Let’s see if this configuration works by storing and loading a message with Hiber-
nate’s native equivalent of EntityManager, org.hibernate.Session. You can create a
Session with the SessionFactory, and you must close it just as you have to close your
own EntityManager.

Or, using another Hibernate feature, you can let Hibernate take care of creating
and closing the Session with SessionFactory#getCurrentSession():

PATH: /examples/src/ test/java/org/jpwh/helloworld/HelloWorldHibernate.java |

UserTransaction tx = TM.getUserTransaction(); <@ Accesses UserTransaction
tx.begin() ;

Session session =
sessionFactory.getCurrentSession() ; <+—@) Gets org.hibernate.Session

Message message = new Message () ;
message.setText ("Hello World!");

session.persist (message); <+——@ Hibernate APl and JPA are similar.

tx.commit () ;
// INSERT into MESSAGE (ID, TEXT) values (1, 'Hello World!'")

Commits transaction

Get access to the standard transaction API UserTransaction, and begin a transaction
on this thread of execution.

® Whenever you call getCurrentSession() in the same thread, you get the same

org.hibernate.Session. It’s bound automatically to the ongoing transaction and is
closed for you automatically when that transaction commits or rolls back.
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© The native Hibernate API is very similar to the standard Java Persistence API, and most
methods have the same names.

O Hibernate synchronizes the session with the database and automatically closes the
“current” session on commit of the bound transaction.

Accessing the current Session results in compact code:

PATH: /examples/src/test/java/org/jpwh/helloworld/HelloWorldHibernate.java

UserTransaction tx = TM.getUserTransaction() ;
tx.begin() ;

List<Message> messages = <*444‘) Crkeﬁaquery
sessionFactory.getCurrentSession() .createCriteria(

Message.class
) .list () ;
// SELECT * from MESSAGE

assertEquals (messages.size(), 1);
assertEquals (messages.get (0) .getText (), "Hello World!");

tx.commit () ;

© A Hibernate criteria query is a type-safe programmatic way to express queries, auto-
matically translated into SQL.

Most of the examples in this book don’t use the SessionFactory or Session APL
From time to time, when a particular feature is only available in Hibernate, we show
you how to unwrap () the native interface given a standard API.

Summary

= You've completed your first JPA project.

= You wrote a persistent class and its mapping with annotations.

= You've seen how to configure and bootstrap a persistence unit, and how to
create the EntityManagerFactory entry point. Then you called the Entity-
Manager to interact with the database, storing and loading instances of your per-
sistent domain model class.

= We discussed some of the more advanced native Hibernate bootstrap and
configuration options, as well as the equivalent basic Hibernate APIs, Session-
Factory and Session.



Domain models
and metadata

In this chapter

= Discovering the CaveatEmptor example
application

= |Implementing the domain model

= Object/relational mapping metadata options

The “Hello World” example in the previous chapter introduced you to Hibernate;
certainly, it isn’t useful for understanding the requirements of real-world applica-
tions with complex data models. For the rest of the book, we use a much more
sophisticated example application—CaveatEmptor, an online auction system—to
demonstrate Hibernate and Java Persistence. (Caveat emptor means “Let the buyer
beware”.)

30
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Major new features in JPA 2
= A JPA persistence provider now integrates automatically with a Bean Valida-
tion provider. When data is stored, the provider automatically validates con-
straints on persistent classes.
= The Metamodel APl has been added. You can obtain (unfortunately not
change) the names, properties, and mapping metadata of the classes in a
persistence unit.

We’ll start our discussion of the application by introducing a layered application archi-
tecture. Then, you’ll learn how to identify the business entities of a problem domain.
You’ll create a conceptual model of these entities and their attributes, called a domain
model, and you’ll implement it in Java by creating persistent classes. We’ll spend some
time exploring exactly what these Java classes should look like and where they fit
within a typical layered application architecture. We’ll also look at the persistence
capabilities of the classes and how this aspect influences the design and implementa-
tion. We’ll add Bean Validation, which helps to automatically verify the integrity of the
domain model data not only for persistent information but all business logic.

We’ll then explore mapping metadata options—the ways you tell Hibernate how
your persistent classes and their properties relate to database tables and columns. This
can be as simple as adding annotations directly in the Java source code of the classes
or writing XML documents that you eventually deploy along with the compiled Java
classes that Hibernate accesses at runtime. After reading this chapter, you’ll know how
to design the persistent parts of your domain model in complex real-world projects,
and what mapping metadata option you’ll primarily prefer and use. Let’s start with
the example application.

The example CaveatEmptor application

The CaveatEmptor example is an online auction application that demonstrates ORM
techniques and Hibernate functionality. You can download the source code for the
application from www.jpwh.org. We won’t pay much attention to the user interface in
this book (it could be web based or a rich client); we’ll concentrate instead on the
data access code. When a design decision about data access code that has conse-
quences for the user interface has to be made, we’ll naturally consider both.

In order to understand the design issues involved in ORM, let’s pretend the Caveat-
Emptor application doesn’t yet exist and that you’re building it from scratch. Let’s
start by looking at the architecture.

A layered architecture

With any nontrivial application, it usually makes sense to organize classes by concern.
Persistence is one concern; others include presentation, workflow, and business logic.
A typical object-oriented architecture includes layers of code that represent the
concerns.
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Cross-cutting concerns

There are also so-called cross-cutting concerns, which may be implemented generi-
cally—by framework code, for example. Typical cross-cutting concerns include log-
ging, authorization, and transaction demarcation.

A layered architecture defines interfaces between code that implements the various
concerns, allowing changes to be made to the way one concern is implemented with-
out significant disruption to code in the other layers. Layering determines the kinds
of inter-layer dependencies that occur. The rules are as follows:

= Layers communicate from top to bottom. A layer is dependent only on the
interface of the layer directly below it.

= Each layer is unaware of any other layers except for the layer just below it.

Different systems group concerns differently, so they define different layers. The typi-
cal, proven, high-level application architecture uses three layers: one each for presen-
tation, business logic, and persistence, as shown in figure 3.1.

Presentation Layer }\‘

¢ Interceptors,
Domai Utility,
I\jl)rrc‘ialln <—| Business Layer |—> and

ode Helper
¢ Classes
Persistence Layer }/
5
Database Figure 3.1 A persistence layer is

the basis in a layered architecture.

= Presentation layer—The user interface logic is topmost. Code responsible for the
presentation and control of page and screen navigation is in the presentation
layer. The user interface code may directly access business entities of the shared
domain model and render them on the screen, along with controls to execute
actions. In some architectures, business entity instances might not be directly
accessible by user interface code: for example, if the presentation layer isn’t
running on the same machine as the rest of the system. In such cases, the pre-
sentation layer may require its own special data-transfer model, representing
only a transmittable subset of the domain model.

= Business layer—The exact form of the next layer varies widely between applica-
tions. It’s generally agreed that the business layer is responsible for implement-
ing any business rules or system requirements that would be understood by
users as part of the problem domain. This layer usually includes some kind of
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controlling component—code that knows when to invoke which business rule.
In some systems, this layer has its own internal representation of the business
domain entities. Alternatively, it relies on a domain model implementation,
shared with the other layers of the application.

= Persistence layer—The persistence layer is a group of classes and components
responsible for storing data to, and retrieving it from, one or more data stores.
This layer needs a model of the business domain entities for which you’d like to
keep persistent state. The persistence layer is where the bulk of JPA and Hiber-
nate use takes place.

= Database—The database is usually external, shared by many applications. It’s
the actual, persistent representation of the system state. If an SQL database is
used, the database includes a schema and possibly stored procedures for execu-
tion of business logic close to the data.

= Helper and utility classes—Every application has a set of infrastructural helper or
utility classes that are used in every layer of the application (such as Exception
classes for error handling). These shared infrastructural elements don’t form a
layer because they don’t obey the rules for inter-layer dependency in a layered
architecture.

Now that you have a high-level architecture, you can focus on the business problem.

Analyzing the business domain

At this stage, you, with the help of domain experts, analyze the business problems
your software system needs to solve, identifying the relevant main entities and their
interactions. The motivating goal behind the analysis and design of a domain model is
to capture the essence of the business information for the application’s purpose.

Entities are usually notions understood by users of the system: payment, customer,
order, item, bid, and so forth. Some entities may be abstractions of less concrete
things the user thinks about, such as a pricing algorithm, but even these are usually
understandable to the user. You can find all these entities in the conceptual view of
the business, sometimes called a business model.

From this business model, engineers and architects of object-oriented software cre-
ate an object-oriented model, still at the conceptual level (no Java code). This model
may be as simple as a mental image existing only in the mind of the developer, or it
may be as elaborate as a UML class diagram. Figure 3.2 shows a simple model
expressed in UML.

This model contains entities that you’re bound to find in any typical e-commerce
system: category, item, and user. This model of the problem domain represents all
the entities and their relationships (and perhaps their attributes). We call this kind of
object-oriented model of entities from the problem domain, encompassing only

sellsm 0.* 0..* Figure 3.2 A class diagram of

User Item Category ) . )
a typical online auction model
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those entities that are of interest to the user, a domain model. It’s an abstract view of
the real world.

Instead of an object-oriented model, engineers and architects may start the appli-
cation design with a data model (possibly expressed with an entity-relationship dia-
gram). We usually say that, with regard to persistence, there is little difference
between the two; they’re merely different starting points. In the end, what modeling
language you use is secondary; we’re most interested in the structure and relation-
ships of the business entities. We care about the rules that have to be applied to guar-
antee the integrity of data (for example, the multiplicity of relationships) and the
code procedures used to manipulate the data.

In the next section, we complete our analysis of the CaveatEmptor problem
domain. The resulting domain model will be the central theme of this book.

The CaveatEmptor domain model

The CaveatEmptor site auctions many different kinds of items, from electronic equip-
ment to airline tickets. Auctions proceed according to the English auction strategy:
users continue to place bids on an item until the bid period for that item expires, and
the highest bidder wins.

In any store, goods are categorized by type and grouped with similar goods into
sections and onto shelves. The auction catalog requires some kind of hierarchy of
item categories so that a buyer can browse these categories or arbitrarily search by cat-
egory and item attributes. Lists of items appear in the category browser and search
result screens. Selecting an item from a list takes the buyer to an item-detail view
where an item may have images attached to it.

An auction consists of a sequence of bids, and one is the winning bid. User details
include name, address, and billing information.

The result of this analysis, the high-level overview of the domain model, is shown
in figure 3.3. Let’s briefly discuss some interesting features of this model.

Each item can be auctioned only once, so you don’t need to make Item distinct
from any auction entities. Instead, you have a single auction item entity named Item.
Thus, Bid is associated directly with Item. You model the Address information of a
User as a separate class, a User may have three addresses, for home, billing, and ship-
ping. You do allow the user to have many BillingDetails. Subclasses of an abstract
class represent the various billing strategies (allowing future extension).

The application may nest a Category inside another Category, and so on. A recur-
sive association, from the Category entity to itself, expresses this relationship. Note
that a single Category may have multiple child categories but at most one parent.
Each Item belongs to at least one Category.

This representation isn’t the complete domain model but only classes for which you
need persistence capabilities. You’d like to store and load instances of Category, Item,
User, and so on. We have simplified this high-level overview a little; we may introduce
additional classes later or make minor modifications to them when needed for more
complex examples.
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<« parent
0.* Bid 0.
Category 0.” amount : BigDecimal
name : String createdOn : Date bidder
* v
1.
¢ homep
Item User PR Address
name : String 0.* username : String | biling > [street : String
0. | initialPrice : BigDecimal seller p firstname : String M shipping p_ | ZiPcode : String
auctionEnd : Date lastname : String * city : String
(3
o
0.* BillingDetails
Image owner : String
title : String
filename : String
I |
CreditCard BankAccount

number : String account : String

expMonth: String bankname : String

expYear : String swift : String

Figure 3.3 Persistent classes of the CaveatEmptor domain model and their relationships

Certainly, the entities in a domain model should encapsulate state and behavior. For
example, the User entity should define the name and address of a customer and the
logic required to calculate the shipping costs for items (to this particular customer).

There might be other classes in the domain model that have only transient run-
time instances. Consider a WinningBidStrategy class encapsulating the fact that the
highest bidder wins an auction. This might be called by the business layer (controller)
code when checking the state of an auction. At some point, you might have to figure
out how tax for sold items is calculated or how the system may approve a new user
account. We don’t consider such business rules or domain model behavior to be
unimportant; rather, this concern is mostly orthogonal to the problem of persistence.

Now that you have a (rudimentary) application design with a domain model, the
next step is to implement it in Java.

ORM without a domain model

Object persistence with full ORM is most suitable for applications based on a rich
domain model. If your application doesn’t implement complex business rules or com-
plex interactions between entities (or if you have few entities), you may not need a
domain model. Many simple and some not-so-simple problems are perfectly suited
to table-oriented solutions, where the application is designed around the database
data model instead of around an object-oriented domain model, often with logic exe-
cuted in the database (stored procedures). Another aspect to consider is the learning
curve: once you're proficient with Hibernate, you’ll use it for all applications, even as
a simple SQL query generator and result mapper. If you're just learning ORM, a trivial
use case may not justify your invested time and overhead.
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Implementing the domain model

You’ll start with an issue that any implementation must deal with: the separation of
concerns. The domain model implementation is usually a central, organizing compo-
nent; it’s reused heavily whenever you implement new application functionality. For
this reason, you should be prepared to go to some lengths to ensure that concerns
other than business aspects don’t leak into the domain model implementation.

Addressing leakage of concerns

When concerns such as persistence, transaction management, or authorization start
to appear in the domain model classes, this is an example of leakage of concerns. The
domain model implementation is such an important piece of code that it shouldn’t
depend on orthogonal Java APIs. For example, code in the domain model shouldn’t
perform JNDI lookups or call the database via the JDBC API, not directly and not
through an intermediate abstraction. This allows you to reuse the domain model
classes virtually anywhere:

= The presentation layer can access instances and attributes of domain model
entities when rendering views.

= The controller components in the business layer can also access the state of
domain model entities and call methods of the entities to execute business
logic.

= The persistence layer can load and store instances of domain model entities
from and to the database, preserving their state.

Most important, preventing leakage of concerns makes it easy to unit-test the domain
model without the need for a particular runtime environment or container, or the
need for mocking any service dependencies. You can write unit tests that verify the
correct behavior of your domain model classes without any special test harness. (We
aren’t talking about testing “load from the database” and “store in the database”
aspects, but “calculate the shipping cost and tax” behavior.)

The Java EE standard solves the problem of leaky concerns with metadata, as anno-
tations within your code or externalized as XML descriptors. This approach allows the
runtime container to implement some predefined cross-cutting concerns—security,
concurrency, persistence, transactions, and remoteness—in a generic way, by inter-
cepting calls to application components.

Hibernate isn’t a Java EE runtime environment, and it’s not an application server.
It’s an implementation of just one specification under the Java EE umbrella—JPA—
and a solution for just one of these concerns: persistence.

JPA defines the entity class as the primary programming artifact. This programming
model enables transparent persistence, and a JPA provider such as Hibernate also
offers automated persistence.
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Transparent and automated persistence

We use transparent to mean a complete separation of concerns between the persistent
classes of the domain model and the persistence layer. The persistent classes are
unaware of—and have no dependency on—the persistence mechanism. We use auto-
matic to refer to a persistence solution (your annotated domain, the layer, and mecha-
nism) that relieves you of handling low-level mechanical details, such as writing most
SQL statements and working with the JDBC APIL.

The Item class of the CaveatEmptor domain model, for example, shouldn’t have
any runtime dependency on any Java Persistence or Hibernate API. Furthermore:

= JPA doesn’t require that any special superclasses or interfaces be inherited or
implemented by persistent classes. Nor are any special classes used to imple-
ment attributes and associations. (Of course, the option to use both techniques
is always there.)

= You can reuse persistent classes outside the context of persistence, in unit tests
or in the presentation layer, for example. You can create instances in any run-
time environment with the regular Java new operator, preserving testability and
reusability.

= In asystem with transparent persistence, instances of entities aren’t aware of the
underlying data store; they need not even be aware that they’'re being persisted
or retrieved. JPA externalizes persistence concerns to a generic persistence man-
ager APL

= Hence, most of your code, and certainly your complex business logic, doesn’t
have to concern itself with the current state of a domain model entity instance
in a single thread of execution.

We regard transparency as a requirement because it makes an application easier to
build and maintain. Transparent persistence should be one of the primary goals of
any ORM solution. Clearly, no automated persistence solution is completely transpar-
ent: Every automated persistence layer, including JPA and Hibernate, imposes some
requirements on the persistent classes. For example, JPA requires that collection-
valued attributes be typed to an interface such as java.util.Set or java.util.List
and not to an actual implementation such as java.util.HashSet (this is a good prac-
tice anyway). Or, a JPA entity class has to have a special attribute, called the database
identifier (which is also less of a restriction but usually convenient).

You now know why the persistence mechanism should have minimal impact on
how you implement a domain model, and that transparent and automated persistence
are required. Our preferred programming model to archive this is POJO.

Around 10 years ago, many developers started talking about POJO, a back-to-basics
approach that essentially revives JavaBeans, a component model for UI development,
and reapplies it to the other layers of a system. Several revisions of the EJB and JPA
specifications brought us new lightweight entities, and it would be appropriate to call
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POJO

POJO is the acronym for Plain Old Java Objects. Martin Fowler, Rebecca Parsons, and
Josh Mackenzie coined this term in 2000.

them persistence-capable JavaBeans. Java engineers often use all these terms as synonyms
for the same basic design approach.

You shouldn’t be too concerned about what terms we use in this book; the ultimate
goal is to apply the persistence aspect as transparently as possible to Java classes.
Almost any Java class can be persistence-capable if you follow some simple practices.
Let’s see how this looks in code.

Writing persistence-capable classes

Working with fine-grained and rich domain models is a major Hibernate objective.
This is a reason we work with POJOs. In general, using fine-grained objects means
more classes than tables.

A persistence-capable plain-old Java class declares attributes, which represent state,
and business methods, which define behavior. Some attributes represent associations
to other persistence-capable classes.

A POJO implementation of the User entity of the domain model is shown in the
following listing. Let’s walk through the code.

Listing 3.1 PO0JO implementation of the User class

PATH: /model/src/main/java/org/jpwh/model/simple/User.java

public class User implements Serializable {
protected String username;

public User() {
}

public String getUsername () {
return username;

}

public void setUsername (String username) {
this.username = username;

}

public BigDecimal calcShippingCosts (Address fromLocation) {
// Empty implementation of business method
return null;

//
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JPA doesn’t require that persistent classes implement java.io.Serializable. But
when instances are stored in an HttpSession or passed by value using RMI, serializa-
tion is necessary. Although this might not occur in your application, the class will be
serializable without any additional work, and there are no downsides to declaring that.
(We aren’t going to declare it on every example, assuming that you know when it will
be necessary.)

The class can be abstract and, if needed, extend a non-persistent class or imple-
ment an interface. It must be a top-level class, not nested within another class. The
persistence-capable class and any of its methods can’t be final (a requirement of the
JPA specification).

Unlike the JavaBeans specification, which requires no specific constructor, Hiber-
nate (and JPA) require a constructor with no arguments for every persistent class.
Alternatively, you might not write a constructor at all; Hibernate will then use the Java
default constructor. Hibernate calls classes using the Java reflection API on such a no-
argument constructor to create instances. The constructor may not be public, but it
has to be at least package-visible if Hibernate will use runtime-generated proxies for
performance optimization. Also, consider the requirements of other specifications:
the EJB standard requires public visibility on session bean constructors, just like the
JavaServer Faces (JSF) specification requires for its managed beans. There are other
situations when you’d want a public constructor to create an “empty” state: for exam-
ple, query-by-example building.

The properties of the POJO implement the attributes of the business entities—for
example, the username of User. You usually implement properties as private or pro-
tected member fields, together with public or protected property accessor methods:
for each field a method for retrieving its value and a method for setting the value.
These methods are known as the getter and setter; respectively. The example POJO in
listing 3.1 declares getter and setter methods for the username property.

The JavaBean specification defines the guidelines for naming accessor methods;
this allows generic tools like Hibernate to easily discover and manipulate property val-
ues. A getter method name begins with get, followed by the name of the property
(the first letter in uppercase); a setter method name begins with set and similarly is
followed by the name of the property. You may begin getter methods for Boolean
properties with is instead of get.

Hibernate doesn’t require accessor methods. You can choose how the state of an
instance of your persistent classes should be persisted. Hibernate will either directly
access fields or call accessor methods. Your class design isn’t disturbed much by these
considerations. You can make some accessor methods non-public or completely
remove them—then configure Hibernate to rely on field access for these properties.
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Should property fields and accessor methods be private,

protected, or package visible?

Typically, you want to discourage direct access to the internal state of your class, so
you don’t make attribute fields public. If you make fields or methods private, you're
effectively declaring that nobody should ever access them; only you’'re allowed to do
that (or a service like Hibernate). This is a definitive statement. There are often good
reasons for someone to access your “private” internals—usually to fix one of your
bugs—and you only make people angry if they have to fall back to reflection access
in an emergency. Instead, you might assume or know that the engineer who comes
after you has access to your code and knows what they’re doing.

The protected visibility then is a more reasonable default. You're forbidding direct
public access, indicating that this particular member detail is internal, but allowing
access by subclasses if need be. You trust the engineer who creates the subclass.
Package visibility is rude: you're forcing someone to create code in the same package
to access member fields and methods; this is extra work for no good reason. Most
important, these recommendations for visibility are relevant for environments without
security policies and a runtime SecurityManager. If you have to keep your internal
code private, make it private.

Although trivial accessor methods are common, one of the reasons we like to use Java-
Beans-style accessor methods is that they provide encapsulation: you can change the
hidden internal implementation of an attribute without any changes to the public
interface. If you configure Hibernate to access attributes through methods, you
abstract the internal data structure of the class—the instance variables—from the
design of the database.

For example, if your database stores the name of a user as a single NAME column,
but your User class has firstname and lastname fields, you can add the following per-
sistent name property to the class.

Listing 3.2 PO0JO implementation of the User class with logic in accessor methods

public class User {

protected String firstname;
protected String lastname;

public String getName () {
return firstname + ' ' + lastname;

}

public void setName (String name) {
StringTokenizer t = new StringTokenizer (name) ;
firstname = t.nextToken/();
lastname = t.nextToken() ;



3.24

Implementing the domain model 41

Later, you’ll see that a custom type converter in the persistence service is a better way
to handle many of these kinds of situations. It helps to have several options.

Another issue to consider is dirty checking. Hibernate automatically detects state
changes in order to synchronize the updated state with the database. It’s usually safe
to return a different instance from the getter method than the instance passed by
Hibernate to the setter. Hibernate compares them by value—not by object identity—
to determine whether the attribute’s persistent state needs to be updated. For exam-
ple, the following getter method doesn’t result in unnecessary SQL UPDATES:

public String getFirstname () { <—— This is OK.
return new String(firstname) ;

}

There is one important exception to this: collections are compared by identity! For a
property mapped as a persistent collection, you should return exactly the same collec-
tion instance from the getter method that Hibernate passed to the setter method. If
you don’t, Hibernate will update the database, even if no update is necessary, every
time the state held in memory is synchronized with the database. You should usually
avoid this kind of code in accessor methods:

protected String[] names = new String[0];

public void setNames (List<String> names) {
this.names = names.toArray(new String[names.size()]);

}

public List<String> getNames () { Don’t do this if Hibernate
return Arrays.asList (names) ; accesses the methods!
}

Of course, this won’t be a problem if Hibernate is accessing the names field directly,
ignoring your getter and setter methods.

How does Hibernate handle exceptions when your accessor methods throw them?
If Hibernate uses accessor methods when loading and storing instances and a Run-
timeException (unchecked) is thrown, the current transaction is rolled back, and the
exception is yours to handle in the code that called the Java Persistence (or Hibernate
native) APL If you throw a checked application exception, Hibernate wraps the excep-
tion into a RuntimeException.

The example in listing 3.2 also defines a business method that calculates the cost
of shipping an item to a particular user (we left out the implementation of this
method).

Next, we’ll focus on the relationships between entities and associations between
persistent classes.

Implementing POJO associations

You’ll now see how to associate and create different kinds of relationships between
objects: one-to-many, many-to-one, and bidirectional relationships. We’ll look at the
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scaffolding code needed to create these associations,
how to simplify relationship management, and how

to enforce the integrity of these relationships. Item
You create properties to express associations game_'str"fg _
escription : String
between classes, and you (typically) call accessor createdOn : Date
verified : boolean
auctionType : AuctionType

methods to navigate from instance to instance at

runtime. Let’s consider the associations defined initialPrice : BigDecimal
by the Item and Bid persistent classes, as shown in auctionStart : Date
auctionEnd : Date
figure 3.4. ¢
As with all of our UML class diagrams, we left out Bid
.. . , « | amount : BigDecimal
the association-related attributes, Item#bids and 0.. 9

createdOn : Date

Bid#item. These properties and the methods that

manipulate their values are called scaffolding code. Figure 3.4 Associations between
This is what the scaffolding code for the Bid class the Item and Bid classes
looks like:

PATH: /model/src/main/java/org/jpwh/model/simple/Bid.java

public class Bid {
protected Item item;

public Item getItem() {
return item;

}

public void setItem(Item item) {
this.item = item;

The item property allows navigation from a Bid to the related Item. This is an associa-
tion with many-to-one multiplicity; users can make many bids for each item. Here is the
Item class’s scaffolding code:

PATH: /model/src/main/java/org/jpwh/model/simple/Item.java

public class Item {
protected Set<Bid> bids = new HashSet<Bid> () ;

public Set<Bid> getBids () {
return bids;

}

public void setBids (Set<Bid> bids) {
this.bids = bids;

This association between the two classes allows bidirectional navigation: the many-to-one
is from this perspective a one-to-many multiplicity (again, one item can have many
bids). The scaffolding code for the bids property uses a collection interface type,
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java.util.Set. JPA requires interfaces for collection-typed properties, where you
must use java.util.Set, java.util.List, or java.util.Collection rather than
HashsSet, for example. It’s good practice to program to collection interfaces anyway,
rather than concrete implementations, so this restriction shouldn’t bother you.

You choose a Set and initialize the field to a new HashSet because the application
disallows duplicate bids. This is good practice because you avoid any NullPointer-
Exceptions when someone is accessing the property of a new Item without any bids.
The JPA provider is also required to set a non-empty value on any mapped collection-
valued property: for example, when an Item without bids is loaded from the database.
(It doesn’t have to use a HashSet; the implementation is up to the provider. Hibernate
has its own collection implementations with additional capabilities—for example,
dirty checking.)

Shouldn’t bids on an item be stored in a list?

The first reaction is often to preserve the order of elements as they’'re entered by
users, because this may also be the order in which you will show them later. Cer-
tainly, in an auction application there has to be some defined order in which the user
sees bids for an item—for example, highest bid first or newest bid last. You might
even work with a java.util.List in your user interface code to sort and display bids
of an item. That doesn’t mean this display order should be durable; data integrity
isn’t affected by the order in which bids are displayed. You need to store the amount
of each bid, so you can find the highest bid, and you need to store a timestamp for
each bid when it’s created, so you can find the newest bid. When in doubt, keep your
system flexible and sort the data when it’s retrieved from the datastore (in a query)
and/or shown to the user (in Java code), not when it’s stored.

Just like for basic properties, accessor methods for associations need to be declared
public only if they’re part of the external interface of the persistent class used by the
application logic to create a link between two instances. We’ll now focus on this issue,
because managing the link between an Item and a Bid is much more complicated in
Java code than itis in an SQL database, with declarative foreign key constraints. In our
experience, engineers are often unaware of this complication arising from a network
object model with bidirectional references (pointers). Let’s walk through the issue
step by step.
The basic procedure for linking a Bid with an Item looks like this:

anItem.getBids () .add(aBid) ;
aBid.setItem(anItem) ;

Whenever you create this bidirectional link, two actions are required:

= You must add the Bid to the bids collection of the Item.
= The item property of the Bid must be set.
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JPA doesn’t manage persistent associations. If you want to manipulate an association,
you must write exactly the same code you would write without Hibernate. If an associ-
ation is bidirectional, you must consider both sides of the relationship. If you ever
have problems understanding the behavior of associations in JPA, just ask yourself,
“What would I do without Hibernate?” Hibernate doesn’t change the regular Java
semantics.

We recommend that you add convenience methods that group these operations,
allowing reuse and helping ensure correctness, and in the end guaranteeing data
integrity (a Bid is required to have a reference to an Item). The next listing shows such
a convenience method in the Item class.

Listing 3.3 A convenience method simplifies relationship management

PATH: /model/src/main/java/org/jpwh/model/simple/Item.java

public void addBid(Bid bid) {

if (bid == null) <+—— Be defensive
throw new NullPointerException("Can't add null Bid");

if (bid.getItem() != null)
throw new IllegalStateException("Bid is already assigned to an
Item") ;

getBids () .add (bid) ;
bid.setItem(this) ;

The addBid () method not only reduces the lines of code when dealing with Item and
Bid instances, but also enforces the cardinality of the association. You avoid errors that
arise from leaving out one of the two required actions. You should always provide this
kind of grouping of operations for associations, if possible. If you compare this with
the relational model of foreign keys in an SQL database, you can easily see how a net-
work and pointer model complicates a simple operation: instead of a declarative con-
straint, you need procedural code to guarantee data integrity.

Because you want addBid() to be the only externally visible mutator method for
the bids of an item (possibly in addition to a removeBid () method), you can make the
Item#setBids () method private or drop it and configure Hibernate to directly access
fields for persistence. Consider making the Bid#setItem() method package-visible,
for the same reason.

The Item#getBids () getter method still returns a modifiable collection, so clients
can use it to make changes that aren’t reflected on the inverse side. Bids added directly
to the collection wouldn’t have a reference to an item—an inconsistent state, accord-
ing to your database constraints. To prevent this, you can wrap the internal collection
before returning it from the getter method, with Collections.unmodifiable-
Collection(c) and Collections.unmodifiableSet(s). The client then gets an
exception if it tries to modify the collection; you therefore force every modification to
go through the relationship management method that guarantees integrity. Note that
in this case you’ll have to configure Hibernate for field access, because the collection
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returned by the getter method is then not the same as the one given to the setter
method.

An alternative strategy is immutable instances. For example, you could enforce
integrity by requiring an Item argument in the constructor of Bid, as shown in the fol-
lowing listing.

Listing 3.4 Enforcing integrity of relationships with a constructor

PATH: /model/src/main/java/org/jpwh/model/simple/Bid.java

public class Bid {
protected Item item;

public Bid(Item item) {

this.item = item;

item.getBids () .add(this) ; <—— Bidirectional
}

public Item getItem() {
return item;

}

In this constructor, the item field is set; no further modification of the field value
should occur. The collection on the “other” side is also updated for a bidirectional
relationship. There is no Bid#setItem() method, and you probably shouldn’t expose
a public Itemi#setBids () method.

There are several problems with this approach. First, Hibernate can’t call this con-
structor. You need to add a no-argument constructor for Hibernate, and it needs to be
at least package-visible. Furthermore, because there is no setItem() method, Hiber-
nate would have to be configured to access the item field directly. This means the
field can’t be final, so the class isn’t guaranteed to be immutable.

In the examples in this book, we’ll sometimes write scaffolding methods such as
the Item#addBid () shown earlier, or we may have additional constructors for required
values. It’s up to you how many convenience methods and layers you want to wrap
around the persistent association properties and/or fields, but we recommend being
consistent and applying the same strategy to all your domain model classes. For the
sake of readability, we won’t always show convenience methods, special constructors,
and other such scaffolding in future code samples and assume you’ll add them
according to your own taste and requirements.

You now have seen domain model classes, how to represent their attributes, and
the relationships between them. Next, we’ll increase the level of abstraction, adding
metadata to the domain model implementation and declaring aspects such as valida-
tion and persistence rules.
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Domain model metadata

Metadata is data about data, so domain model metadata is information about your
domain model. For example, when you use the Java reflection API to discover the
names of classes of your domain model or the names of their attributes, you're access-
ing domain model metadata.

ORM tools also require metadata, to specify the mapping between classes and
tables, properties and columns, associations and foreign keys, Java types and SQL
types, and so on. This object/relational mapping metadata governs the transforma-
tion between the different type systems and relationship representations in object-
oriented and SQL systems. JPA has a metadata API, which you can call to obtain details
about the persistence aspects of your domain model, such as the names of persistent
entities and attributes. First, it’s your job as an engineer to create and maintain this
information.

JPA standardizes two metadata options: annotations in Java code and externalized
XML descriptor files. Hibernate has some extensions for native functionality, also
available as annotations and/or XML descriptors. Usually we prefer either annotations
or XML files as the primary source of mapping metadata. After reading this section,
you’ll have the background information to make an educated decision for your own
project.

We’ll also discuss Bean Validation (JSR 303) and how it provides declarative valida-
tion for your domain model (or any other) classes. The reference implementation of
this specification is the Hibernate Validator project. Most engineers today prefer Java
annotations as the primary mechanism for declaring metadata.

Annotation-based metadata

The big advantage of annotations is to put metadata next to the information it
describes, instead of separating it physically into a different file. Here’s an example:

PATH: /model/src/main/java/org/jpwh/model/simple/Item.java

import javax.persistence.Entity;

@Entity
public class Item {

}

You can find the standard JPA mapping annotations in the javax.persistence pack-
age. This example declares the Item class as a persistent entity using the @javax
.persistence.Entity annotation. All of its attributes are now automatically persis-
tent with a default strategy. That means you can load and store instances of Item, and
all properties of the class are part of the managed state.

(If you followed the previous chapter, you probably notice the missing required
@Id annotation and identifier property. If you want to try the Item example, you'll
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have to add an identifier property. We’ll discuss identifier properties again in the next
chapter, in section 4.2.)

Annotations are type-safe, and the JPA metadata is included in the compiled class
files. Hibernate then reads the classes and metadata with Java reflection when the
application starts. The IDE can also easily validate and highlight annotations—they’re
regular Java types, after all. If you refactor your code, you rename, delete, or move
classes and properties all the time. Most development tools and editors can’t refactor
XML element and attribute values, but annotations are part of the Java language and
are included in all refactoring operations.

Is my class now dependent on JPA?

Yes, but it’s a compile-time only dependency. You need JPA libraries on your class-
path when compiling the source of your domain model class. The Java Persistence
APl isn’t required on the classpath when you create an instance of the class: for
example, in a desktop client application that doesn’t execute any JPA code. Only
when you access the annotations through reflection at runtime (as Hibernate does
internally when it reads your metadata) will you need the packages on the classpath.

When the standardized Java Persistence annotations are insufficient, a JPA provider
may offer additional annotations.

USING VENDOR EXTENSIONS

Even if you map most of your application’s model with JPA-compatible annotations
from the javax.persistence package, you’ll have to use vendor extensions at some
point. For example, some performance-tuning options you’d expect to be available in
high-quality persistence software are only available as Hibernate-specific annotations.
This is how JPA providers compete, so you can’t avoid annotations from other pack-
ages—there’s a reason why you picked Hibernate.

This is the Item entity source code again with a Hibernate-only mapping option:

import javax.persistence.Entity;

@Entity
@org.hibernate.annotations.Cache (
usage = org.hibernate.annotations.CacheConcurrencyStrategy.READ_WRITE

)

public class Item {

}

We prefer to prefix Hibernate annotations with the full org.hibernate.annotations
package name. Consider this good practice, because you can easily see what metadata
for this class is from the JPA specification and which is vendor-specific. You can also
easily search your source code for “org.hibernate.annotations” and get a complete
overview of all nonstandard annotations in your application in a single search result.
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If you switch your Java Persistence provider, you only have to replace the vendor-
specific extensions where you can expect a similar feature set to be available with most
mature JPA implementations. Of course, we hope you’ll never have to do this, and it
doesn’t happen often in practice—just be prepared.

Annotations on classes only cover metadata that is applicable to that particular
class. You often need metadata at a higher level, for an entire package or even the
whole application.

GLOBAL ANNOTATION METADATA

The @Entity annotation maps a particular class. JPA and Hibernate also have annota-
tions for global metadata. For example, a @NamedQuery has global scope; you don’t
apply it to a particular class. Where should you place this annotation?

Although it’s possible to place such global annotations in the source file of a class
(any class, really, at the top), we’d rather keep global metadata in a separate file. Pack-
age-level annotations are a good choice; they’re in a file called package-info java in a
particular package directory. You can see an example of global named query declara-
tions in the following listing.

Listing 3.5 Global metadata in a package-info.java file

PATH: /model/src/main/java/org/jpwh/model/querying/package-info.java

@org.hibernate.annotations.NamedQueries ({
@org.hibernate.annotations.NamedQuery (
name = "findItemsOrderByName",
query = "select i from Item i order by i.name asc"
)

v

@org.hibernate.annotations.NamedQuery (

name = "findItemBuyNowPriceGreaterThan",

query = "select i from Item i where i.buyNowPrice > :price",
timeout = 60, <

comment = "Custom SQL comment" Seconds!

1)

package org.jpwh.model.querying;

Unless you’ve used package-level annotations before, the syntax of this file with the
package and import declarations at the bottom is probably new to you.

There is a reason the previous code example only includes annotations from the
Hibernate package and no Java Persistence annotations. We ignored the standardized
JPA Qorg.javax.persistence.NamedQuery annotation and used the Hibernate alter-
native. The JPA annotations don’t have package applicability—we don’t know why. In
fact, JPA doesn’t allow annotations in a package-info.java file. The native Hibernate
annotations offer the same, and sometimes even more, functionality, so this shouldn’t
be too much of a problem. If you don’t want to use the Hibernate annotations, you'll
have to either put the JPA annotations at the top of any class (you could have an
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otherwise empty MyNamedQueries class as part of your domain model) or use an XML
file, as you’ll see later in this section.

Annotations will be our primary tool throughout this book for ORM metadata, and
there is much to learn about this subject. Before we look at some alternative mapping
styles with XML files, let’s use some simple annotations to improve the domain model
classes with validation rules.

3.3.2 Applying Bean Validation rules

Most applications contain a multitude of data-integrity checks. You’ve seen what hap-
pens when you violate one of the simplest data-integrity constraints: you get a Null-
PointerException when you expect a value to be available. Other examples are a
string-valued property that shouldn’t be empty (remember, an empty string isn’t
null), a string that has to match a particular regular expression pattern, and a num-
ber or date value that must be within a certain range.

These business rules affect every layer of an application: The user interface code
has to display detailed and localized error messages. The business and persistence lay-
ers must check input values received from the client before passing them to the data-
store. The SQL database has to be the final validator, ultimately guaranteeing the
integrity of durable data.

The idea behind Bean Validation is that declaring rules such as “This property
can’t be null” or “This number has to be in the given range” is much easier and less
error-prone than writing if-then-else procedures repeatedly. Furthermore, declaring
these rules on the central component of your application, the domain model imple-
mentation, enables integrity checks in every layer of the system. The rules are then
available to the presentation and persistence layers. And if you consider how data-
integrity constraints affect not only your Java application code but also your SQL data-
base schema—which is a collection of integrity rules—you might think of Bean Valida-
tion constraints as additional ORM metadata.

Look at the following extended Item domain model class.

Listing 3.6 Applying validation constraints on Item entity fields

PATH: /model/src/main/java/org/jpwh/model/simple/Item.java

import javax.validation.constraints.Future;
import javax.validation.constraints.NotNull;
import javax.validation.constraints.Size;

@Entity
public class Item {

@NotNull
@size (
min = 2,
max = 255,
message = "Name is required, maximum 255 characters."

)

protected String name;
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@Future
protected Date auctionEnd;

You add two more attributes—the name of an item and the auctionEnd date—when an
auction concludes. Both are typical candidates for additional constraints: you want to
guarantee that the name is always present and human readable (one-character item
names don’t make much sense), but it shouldn’t be too long—your SQL database will
be most efficient with variable-length strings up to 255 characters, and your user inter-
face also has some constraints on visible label space. The ending time of an auction
obviously should be in the future. If you don’t provide an error message, a default
message will be used. Messages can be keys to external properties files, for interna-
tionalization.

The validation engine will access the fields directly if you annotate the fields. If you
prefer calls through accessor methods, annotate the getter method with validation
constraints, not the setter. Then constraints are part of the class’s API and included in
its Javadoc, making the domain model implementation easier to understand. Note
that this is independent from access by the JPA provider; that is, Hibernate Validator
may call accessor methods, whereas Hibernate ORM may call fields directly.

Bean Validation isn’t limited to the built-in annotations; you can create your own
constraints and annotations. With a custom constraint, you can even use class-level
annotations and validate several attribute values at the same time on an instance of
the class. The following test code shows how you can manually check the integrity of
an Item instance.

Listing 3.7 Testing an Item instance for constraint violations

PATH: /examples/src/test/java/org/jpwh/test/simple/ModelOperations.java

ValidatorFactory factory = Validation.buildDefaultValidatorFactory() ;

Validator validator = factory.getValidator();

One validation error:

auction end date not
in the future!

Item item = new Item();
item.setName ("Some Item") ;
item.setAuctionEnd (new Date()) ;

Set<ConstraintViolation<Item>> violations = validator.validate(item) ;

assertEquals (1, violations.size());

<t

ConstraintViolation<Item> violation = violations.iterator () .next();
String failedPropertyName =
violation.getPropertyPath() .iterator () .next () .getName() ;

assertEquals (failedPropertyName, "auctionEnd") ;
if (Locale.getDefault () .getLanguage().equals("en"))

assertEquals (violation.getMessage (), "must be in the future");

We’re not going to explain this code in detail but offer it for you to explore. You’ll
rarely write this kind of validation code; most of the time, this aspect is automatically
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handled by your user interface and persistence framework. It’s therefore important to
look for Bean Validation integration when selecting a UI framework. JSF version 2 and
newer automatically integrates with Bean Validation, for example.

Hibernate, as required from any JPA provider, also automatically integrates with
Hibernate Validator if the libraries are available on the classpath and offers the follow-
ing features:

= You don’t have to manually validate instances before passing them to Hibernate
for storage.

= Hibernate recognizes constraints on persistent domain model classes and trig-
gers validation before database insert or update operations. When validation
fails, Hibernate throws a ConstraintViolationException, containing the fail-
ure details, to the code calling persistence-management operations.

= The Hibernate toolset for automatic SQL schema generation understands many
constraints and generates SQL DDL-equivalent constraints for you. For example,
an @NotNull annotation translates into an SQL NOT NULL constraint, and an
@size(n) rule defines the number of characters in a VARCHAR (n)-typed column.

You can control this behavior of Hibernate with the <validation-mode> element in
your persistence.xml configuration file. The default mode is AUTO, so Hibernate will
only validate if it finds a Bean Validation provider (such as Hibernate Validator) on
the classpath of the running application. With mode CALLBACK, validation will always
occur, and you’ll get a deployment error if you forget to bundle a Bean Validation pro-
vider. The NONE mode disables automatic validation by the JPA provider.

You’ll see Bean Validation annotations again later in this book; you’ll also find
them in the example code bundles. At this point we could write much more about
Hibernate Validator, but we’d only repeat what is already available in the project’s
excellent reference guide. Have a look, and find out more about features such as vali-
dation groups and the metadata API for discovery of constraints.

The Java Persistence and Bean Validation standards embrace annotations aggres-
sively. The expert groups have been aware of the advantages of XML deployment
descriptors in certain situations, especially for configuration metadata that changes
with each deployment.

Externalizing metadata with XML files

You can replace or override every annotation in JPA with an XML descriptor element.
In other words, you don’t have to use annotations if you don’t want to, or if keeping
mapping metadata separate from source code is for whatever reason advantageous to
your system design.

XML METADATA WITH JPA
The following listing shows a JPA XML descriptor for a particular persistence unit.
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Listing 3.8 JPA XML descriptor containing the mapping metadata of a persistence unit

<entity-mappings
version="2.1"
xmlns="http://xmlns.jcp.org/xml/ns/persistence/orm"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://xmlns.jcp.org/xml/ns/persistence/orm
ﬁrﬁ,yobd LAD http://xmlns.jcp.org/xml/ns/persistence/orm_2_1.xsd">

metadata <persistence-unit-metadata>

Ignorea" —> <xml-mapping-metadata-complete/>

Some default settings
annotations < &

<persistence-unit-defaults>

andﬁ" <delimited-identifiers/> <
mappmg </persistence-unit-defaults>
metadata in
XML files. </persistence-unit-metadata>

<entity class="org.jpwh.model.simple.Item" access="FIELD">

<attributes>
<id name="id"> Escape all SQL
<generated-value strategy="AUTO"/> column, table, and
</id> other names: for
<basic name="name"/> example, if your SQL
<basic name="auctionEnd"> names are keywords
<temporal>TIMESTAMP</temporal> (such as a “USER”).
</basic>
</attributes>
</entity>

</entity-mappings>

The JPA provider automatically picks up this descriptor if you place it in a META-
INF/orm.xml file on the classpath of the persistence unit. If you prefer to use a differ-
ent name or several files, you’ll have to change the configuration of the persistence
unit in your META-INF/ persistence.xml file:

PATH: /model/src/main/resources/META-INF/persistence.xml

<persistence-unit name="SimpleXMLCompletePU">

<mapping-file>simple/Mappings.xml</mapping-file>
<mapping-file>simple/Queries.xml</mapping-file>

</persistence-unit>

If you include the <xml-mapping-metadata-complete> element, the JPA provider
ignores all annotations on your domain model classes in this persistence unit and
relies only on the mappings as defined in the XML descriptor(s). You can (redundantly
in this case) enable this on an entity level, with <metadata-complete="true"/>. If
enabled, the JPA provider assumes that you mapped all attributes of the entity in XML
and that it should ignore all annotations for this particular entity.
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Instead, if you don’t want to ignore but override the annotation metadata, don’t
mark the XML descriptors as “complete”, and name the class and property to override:

<entity class="org.jpwh.model.simple.Item">

<attributes>
<basic name="name"> Override SQL
<column name="ITEM NAME"/> column name
</basic>
</attributes>
</entity>

Here you map the name property to the ITEM NAME column; by default, the property
would map to the NAME column. Hibernate will now ignore any existing annotations
from the javax.persistence.annotation and org.hibernate.annotations pack-
ages on the name property of the Item class. But Hibernate doesn’t ignore Bean Vali-
dation annotations and still applies them for automatic validation and schema
generation! All other annotations on the Item class are also recognized. Note that you
don’t specify an access strategy in this mapping, so field access or accessor methods
are used, depending on the position of the @Id annotation in Item. (We’ll get back to
this detail in the next chapter.)

We won’t talk much about JPA XML descriptors in this book. The syntax of these
documents is a 1:1 mirror of the JPA annotation syntax, so you shouldn’t have any
problems writing them. We’ll focus on the important aspect: the mapping strategies.
The syntax used to write down metadata is secondary.

Unfortunately, like many other schemas in the Java EE world, the JPA orm_2_0.xsd
doesn’t allow vendor extensions. You can’t have elements and attributes from another
namespace in the JPA XML mapping documents. Consequently, using vendor exten-
sions and Hibernate native features requires falling back to a different XML syntax.

HIBERNATE XIVMIL MAPPING FILES

The native Hibernate XML mapping file format was the original metadata option
before JDK 5 introduced annotations. By convention, you name these files with the suf-
fix .hbm.xml. The following listing shows a basic Hibernate XML mapping document.

Listing 3.9 Metadata document in Hibernate’s native XML syntax

PATH: /model/src/main/resources/simple/Native.hbm.xml

<?xml version="1.0"?>

<hibernate-mapping
xmlns="http://www.hibernate.org/xsd/orm/hbm"
package="org.jpwh.model.simple"

default-access="field"> <) Declare metadata

<class name="Item">
<id name="id">
<generator class="native"/>
</id>
<property name="name"/>
<property name="auctionEnd" type="timestamp"/>
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</class> Externalized
<query name="findItemsHibernate">select i from Item i</query> queries
<database-object> <
<create>create index ITEM_NAME_IDX on ITEM(NAME)</create>
<drop>drop index i1f exists
ITEM NAME_ IDX</drop> Auxiliary
</database-object> schema
DDL

</hibernate-mapping>

Metadata is declared ion a <hibernate-mapping> root element. Attributes such as
package name and default-access apply to all mappings in this file. You may include as
many entity class mappings as you like.

Note that this XML file declares a default XML namespace for all elements; this is a
new option in Hibernate 5. If you have existing mapping files for Hibernate 4 or older
with XML document type declarations, you can continue using them.

Although it’s possible to declare mappings for multiple classes in one mapping file
by using multiple <class> elements, many older Hibernate projects are organized
with one mapping file per persistent class. The convention is to give the file the same
name and package as the mapped class: for example, my/model/Item.hbm.xml for
the my .model . Item class.

A class mapping in a Hibernate XML document is a “complete” mapping; that is,
any other mapping metadata for that class, whether in annotations or JPA XML files,
will trigger a “duplicate mapping” error on startup. If you map a class in a Hibernate
XML file, this declaration has to include all mapping details. You can’t override indi-
vidual properties or extend an existing mapping. In addition, you have to list and map
all persistent properties of an entity class in a Hibernate XML file. If you don’t map a
property, Hibernate considers it transient state. Compare this with JPA mappings,
where the @Entity annotation alone will make all properties of a class persistent.

Hibernate native XML files are no longer the primary choice for declaring the bulk
of a project’s ORM metadata. Most engineers now prefer annotations. Native XML
metadata files are mostly used to gain access to special Hibernate features that aren’t
available as annotations or are easier to maintain in XML files (for example, because
it’s deployment-dependent configuration metadata). You aren’t required to have any
<class> elements in a Hibernate XML mapping file. Thus, all metadata in these files
can be global to the persistence unit, such as externalized (even native SQL) query
strings, custom type definitions, auxiliary SQL DDL for particular DBMS products,
dynamic persistence context filters, and so on.

When we later discuss such advanced and native Hibernate features, we’ll show you
how to declare them in Hibernate XML files. As already mentioned, your focus should
be on understanding the essence of a mapping strategy, and most of our examples will
use JPA and Hibernate annotations to express these strategies.
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The approaches we’ve described so far assume that all ORM metadata is known at
development (or deployment) time. Suppose that some information isn’t known
before the application starts. Can you programmatically manipulate the mapping
metadata at runtime? We’ve also mentioned the JPA metadata API for access to persis-
tence unit details. How does that work, and when is it useful?

Accessing metadata at runtime

The JPA specification provides programming interfaces for accessing the metamodel
of persistent classes. There are two flavors of the API. One is more dynamic in nature
and similar to basic Java reflection. The second option is a static metamodel, typically
produced by a Java 6 annotation processor. For both options, access is read-only; you
can’t modify the metadata at runtime.

Hibernate also offers a native metamodel API that supports read and write access
and much more detail about the ORM. We don’t cover this native API (found in
org.hibernate.cfg.Configuration) in the book because it was already deprecated,
and a replacement API wasn’t available at the time of writing. Please refer to the
Hibernate documentation for the latest updates on this feature.

THE DYNAMIC METAMODEL API IN JAVA PERSISTENCE

Sometimes—for example, when you want to write some custom validation or generic
UI code—you’d like to get programmatic access to the persistent attributes of an
entity. You’d like to know what persistent classes and attributes your domain model
has dynamically. The code in the next listing shows how to read metadata with Java
Persistence interfaces.

Listing 3.10 Obtaining entity type information with the Metamodel API

PATH: /examples/src/test/java/org/jpwh/test/simple/AccessJPAMetamodel.java

Metamodel mm = entityManagerFactory.getMetamodel () ;

Set<ManagedType<?>> managedTypes = mm.getManagedTypes|() ;
assertEquals (managedTypes.size(), 1);

ManagedType itemType = managedTypes.iterator () .next();
assertEquals (
itemType.getPersistenceType (),
Type.PersistenceType.ENTITY
)

You can get the Metamodel from either the EntityManagerFactory, of which you typi-
cally have only one instance in an application per data source, or, if it’s more conve-
nient, from calling EntityManager#getMetamodel(). The set of managed types
contains information about all persistent entities and embedded classes (which we’ll
discuss in the next chapter). In this example, there’s only one: the Item entity. This is
how you can dig deeper and find out more about each attribute.
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Listing 3.11 Obtaining entity attribute information with the Metamodel API

PATH: /examples/src/test/java/org/jpwh/test/simple/AccessJPAMetamodel.java

SingularAttribute nameAttribute =
itemType.getSingularAttribute ("name") ; 4444‘) Entity attribute
assertEquals (
nameAttribute.getJavaType (),
String.class
)
assertEquals (
nameAttribute.getPersistentAttributeType (),
Attribute.PersistentAttributeType.BASIC
)
NOT assertFalse(
NULL nameAttribute.isOptional ()
)

SingularAttribute auctionEndAttribute =
itemType.getSingularAttribute ("auctionEnd") ; q;;;i’ Entity attribute

assertEquals (
auctionEndAttribute.getJavaType (),
Date.class

)

assertFalse(
auctionEndAttribute.isCollection ()

)

assertFalse(
auctionEndAttribute.isAssociation()

)

The attributes of the entity are accessed with a string: name @ and auctionEnd @.
This obviously isn’t type-safe, and if you change the names of the attributes, this code
becomes broken and obsolete. The strings aren’t automatically included in the refac-
toring operations of your IDE.

JPA also offers a static type-safe metamodel.

USING A STATIC METAMODEL

Java (at least up to version 8) has no first-class support for properties. You can’t access
the fields or accessor methods of a bean in a type-safe fashion—only by their names,
using strings. This is particularly inconvenient with JPA criteria querying, a type-safe
alternative to string-based query languages. Here’s an example:

CriteriaBuilder cb = entityManager.getCriteriaBuilder () ;

CriteriaQuery<Item> query =

cb.createQuery (Item.class) ; = This query is
Root<Item> fromItem = query.from(Item.class); theequWahnt
query.select (fromItem) ; of “select i
from Item i.”

List<Item> items =
entityManager.createQuery (query)
.getResultList () ;

assertEquals (items.size(), 2);
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This query returns all items in the database; here there are two. If you now want to
restrict this result and only return items with a particular name, you have to use a
like expression, comparing the name attribute of each item with the pattern set in a

parameter:
Path<String> namePath = fromItem.get ("name") ; <+ “where i.name
query.where ( like 'patt.ern”
cb.like(
namePath, Has to be a Path<String>
cb.parameter (String.class, "pattern") for |ike0 operator!
)
)
items =
entityManager.createQuery (query)
.setParameter ("pattern", "%some item%") <+—— Wildcards!
.getResultList () ;
assertEquals (items.size(), 1);
assertEquals (items.iterator () .next () .getName(), "This is some item");

Notice how the namePath lookup requires the name string. This is where the type-safety
of the criteria query breaks down. You can rename the Item entity class with your IDE’s
refactoring tools, and the query will still work. But as soon as you touch the Item#name
property, manual adjustments are necessary. Luckily, you’ll catch this when the test fails.
A much better approach, safe for refactoring and detecting mismatches at com-
pile-time and not runtime, is the type-safe static metamodel:
query.where (
cb.like(

fromItem.get (Item_.name), <+ Static ltem_ metamodel!
cb.parameter (String.class, "pattern")

)

The special class here is Item_; note the underscore. This class is a metadata class and
lists all the attributes of the Item entity class:

@javax.persistence.metamodel.StaticMetamodel (Item.class)
public abstract class Item_ {

public static volatile SingularAttribute<Item, Long> id;
public static volatile SingularAttribute<Item, String> name;
public static volatile SingularAttribute<Item, Date> auctionEnd;

You can write this class by hand or, as intended by the designers of this API, have it
automatically generated by the annotation processing tool (apt) of the Java compiler. The
Hibernate JPA2 Metamodel Generator (a distinct subproject of the Hibernate suite) uses
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this extension point. Its only purpose is to generate static metamodel classes from
your managed persistent classes. You can download its JAR file and integrate it with
your IDE (or your Maven build, as in the example code for this book). It will run auto-
matically whenever you compile (or modify, depending on the IDE) the Item entity
class and generate the appropriate Item_ metadata class.

What is the annotation processing tool (apt)?

Java includes the command-line utility apt, or annotation processing tool, which finds
and executes annotation processors based on annotations in source code. An anno-
tation processor uses reflection APIs to process program annotations (JSR 175). The
apt APIs provide a build-time, source file, and read-only view of programs to model
the Java type system. Annotation processors may first produce new source code and
files, which apt can then compile along with the original source.

Although you’ve seen some mapping constructs in the previous sections, we haven’t
introduced more sophisticated class and property mappings so far. You should now
decide which mapping metadata strategy you’d like to use in your project—we recom-
mend annotations, and XML only when necessary—and then read more about class
and property mappings in the next chapter.

Summary

= You've implemented persistent classes free of any crosscutting concerns like
logging, authorization, and transaction demarcation; your persistent classes
only depend on JPA at compile time. Even persistence-related concerns should
not leak into the domain model implementation.

= Transparent persistence is important if you want to execute and test your busi-
ness objects independently and easily.

= You've learned the best practices and requirements for the POJO and JPA entity
programming model, and what concepts they have in common with the old Jav-
aBean specification.

= You're ready to write more complex mappings, possibly with a combination of
JDK annotations or JPA/Hibernate XML mapping files.



Part 2

Mapping strategies

rI:is part is all about actual ORM, from classes and properties to tables and
columns. Chapter 4 starts with regular class and property mappings and explains
how you can map fine-grained Java domain models. Next, in chapter 5, you’ll see
how to map basic properties and embeddable components, and how to control
mapping between Java and SQL types. In chapter 6, you’ll map inheritance hier-
archies of entities to the database using four basic inheritance-mapping strate-
gies; you’ll also map polymorphic associations. Chapter 7 is all about mapping
collections and entity associations: you map persistent collections, collections of
basic and embeddable types, and simple many-to-one and one-to-many entity
associations. Chapter 8 dives deeper with advanced entity association mappings
like mapping one-to-one entity associations, one-to-many mapping options, and
many-to-many and ternary entity relationships. Finally, you’ll find chapter 9 most
interesting if you need to introduce Hibernate in an existing application, or if
you have to work with legacy database schemas and handwritten SQL. We’ll also
talk about customized SQL DDL for schema generation in this chapter.

After reading this part of the book, you’ll be ready to create even the most
complex mappings quickly and with the right strategy. You’ll understand how
the problem of inheritance mapping can be solved and how to map collections
and associations. You’ll also be able to tune and customize Hibernate for integra-
tion with any existing database schema or application.






Mapping persistent classes

In this chapter

= Understanding entities and value type concepts
= Mapping entity classes with identity
= Controlling entity-level mapping options

This chapter presents some fundamental mapping options and explains how to
map entity classes to SQL tables. We show and discuss how you can handle database
identity and primary keys, and how you can use various other metadata settings to
customize how Hibernate loads and stores instances of your domain model classes.
All mapping examples use JPA annotations. First, though, we define the essential
distinction between entities and value types, and explain how you should approach
the object/relational mapping of your domain model.

Major new feature in JPA 2

You can globally enable escaping of all names in generated SQL statements with the
<delimited-identifiers> element in the persistence.xml configuration file.
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Understanding entities and value types

When you look at your domain model, you’ll notice a difference between classes:
some of the types seem more important, representing first-class business objects (the
term object is used here in its natural sense). Examples are the Item, Category, and
User classes: these are entities in the real world you’re trying to represent (refer back
to figure 3.3 for a view of the example domain model). Other types present in your
domain model, such as Address, String, and Integer, seem less important. In this
section, we look at what it means to use fine-grained domain models and making the
distinction between entity and value types.

Fine-grained domain models

A major objective of Hibernate is support for fine-grained and rich domain models.
It’s one reason we work with POJOs. In crude terms, fine-grained means more classes
than tables.

For example, a user may have a home address in your domain model. In the data-
base, you may have a single USERS table with the columns HOME_STREET, HOME_CITY, and
HOME_ZIPCODE. (Remember the problem of SQL types we discussed in section 1.2.1?)

In the domain model, you could use the same approach, representing the address
as three string-valued properties of the User class. But it’s much better to model this
using an Address class, where User has a homeAddress property. This domain model
achieves improved cohesion and greater code reuse, and it’s more understandable
than SQL with inflexible type systems.

JPA emphasizes the usefulness of fine-grained classes for implementing type safety
and behavior. For example, many people model an email address as a string-valued
property of User. A more sophisticated approach is to define an EmailAddress class,
which adds higher-level semantics and behavior—it may provide a prepareMail ()
method (it shouldn’t have a sendMail() method, because you don’t want your
domain model classes to depend on the mail subsystem).

This granularity problem leads us to a distinction of central importance in ORM. In
Java, all classes are of equal standing—all instances have their own identity and life
cycle. When you introduce persistence, some instances may not have their own iden-
tity and life cycle but depend on others. Let’s walk through an example.

Defining application concepts

Two people live in the same house, and they both register user accounts in Caveat-
Emptor. Let’s call them John and Jane.

An instance of User represents each account. Because you want to load, save, and
delete these User instances independently, User is an entity class and not a value type.
Finding entity classes is easy.

The User class has a homeAddress property; it’s an association with the Address
class. Do both User instances have a runtime reference to the same Address instance,
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jd: User
username="johndoe"
firstname="John" homeAddress
lastname="Doe" \ home: Address

street="Some Street"
zipCode=12345
jr: User / city="Some City"

username="janeroe" homeAddress
firstname="Jane" Figure 4.1 Two User instances have
lastname="Roe a reference to a single Address.

or does each User instance have a reference to its own Address? Does it matter that
John and Jane live in the same house?

In figure 4.1, you can see how two User instances share a single Address instance
(this is a UML object diagram, not a class diagram). If Address is supposed to support
shared runtime references, it’s an entity type. The Address instance has its own life,
you can’t delete it when John removes his User account—]Jane might still have a refer-
ence to the Address.

Now let’s look at the alternative model where each User has a reference to its own
homeAddress instance, as shown in figure 4.2. In this case, you can make an instance
of Address dependent on an instance of User: you make it a value type. When John
removes his User account, you can safely delete his Address instance. Nobody else will
hold a reference.

Hence, we make the following essential distinction:

= You can retrieve an instance of entity type using its persistent identity: for exam-
ple, a User, Item, or Category instance. A reference to an entity instance (a
pointer in the JVM) is persisted as a reference in the database (a foreign key—
constrained value). An entity instance has its own life cycle; it may exist inde-
pendently of any other entity. You map selected classes of your domain model
as entity types.

= An instance of value type has no persistent identifier property; it belongs to an
entity instance. Its lifespan is bound to the owning entity instance. A value type
instance doesn’t support shared references. The most obvious value types are
all JDK-defined classes such as String, Integer, and even primitives. You can
also map your own domain model classes as value types: for example, Address
and MonetaryAmount.

jd: User homeAda home1: Address
username="johndoe" omendaress [ street="Some Street"
firsthame="John" zipCode=12345
lastname="Doe" city="Some City"

jr: User home2: Address

- homeAddress

username="janeroe" street="Some Street"
firstname="Jane" zipCode=12345 Figure 4.2 Two User instances each
lastname="Roe" city="Some City" have their own dependent 2ddress.
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If you read the JPA specification, you’ll find the same concept. But value types in JPA
are called basic property types or embeddable classes. We come back to this in the next
chapter; first our focus is on entities.

Identifying entities and value types in your domain model isn’t an ad hoc task but
follows a certain procedure.

Distinguishing entities and value types

You may find it helpful to add stereotype (a UML extensibility mechanism) informa-
tion to your UML class diagrams so you can immediately recognize entities and value
types. This practice also forces you to think about this distinction for all your classes,
which is a first step to an optimal mapping and well-performing persistence layer. Fig-
ure 4.3 shows an example.

The Item and User classes are obvious entities. They each have their own identity,
their instances have references from many other instances (shared references), and
they have independent lifespans.

Marking the Address as a value type is also easy: a single User instance references a
particular Address instance. You know this because the association has been created
as a composition, where the User instance has been made fully responsible for the life
cycle of the referenced Address instance. Therefore, Address instances can’t be refer-
enced by anyone else and don’t need their own identity.

The Bid class could be a problem. In object-oriented modeling, this is marked as a
composition (the association between Itemand Bid with the diamond). Thus, an Item
is the owner of its Bid instances and holds a collection of references. At first, this
seems reasonable, because bids in an auction system are useless when the item they
were made for is gone.

But what if a future extension of the domain model requires a User#bids collec-
tion, containing all bids made by a particular User? Right now, the association
between Bid and User is unidirectional; a Bid has a bidder reference. What if this was
bidirectional?

In that case, you have to deal with possible shared references to Bid instances, so
the Bid class needs to be an entity. It has a dependent life cycle, but it must have its
own identity to support (future) shared references.

You’ll often find this kind of mixed behavior; but your first reaction should be to
make everything a value typed class and promote it to an entity only when absolutely
necessary. Try to simplify your associations: persistent collections, for example, fre-
quently add complexity without offering any advantages. Instead of mapping

* << Entity >> *
0.. : 0..
—‘ Bid bidder
v
®

<<Entity>> 0.~ <<Entity>> home »
>~ >
Item seller p User

Figure 4.3 Diagramming stereotypes for entities and value types

<< Value type >>
Address
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Item#bids and User#bids collections, you can write queries to obtain all the bids for
an Item and those made by a particular User. The associations in the UML diagram
would point from the Bid to the Item and User, unidirectionally, and not the other
way. The stereotype on the Bid class would then be <<vValue type>>. We come back to
this point again in chapter 7.

Next, take your domain model diagram and implement POJOs for all entities and
value types. You’ll have to take care of three things:

= Shared references—Avoid shared references to value type instances when you
write your POJO classes. For example, make sure only one User can reference
an Address. You can make Address immutable with no public setUser()
method and enforce the relationship with a public constructor that has a User
argument. Of course, you still need a no-argument, probably protected con-
structor, as we discussed in the previous chapter, so Hibernate can also create
an instance.

= Life cycle dependencies—If a User is deleted, its Address dependency has to be
deleted as well. Persistence metadata will include the cascading rules for all
such dependencies, so Hibernate (or the database) can take care of removing
the obsolete Address. You must design your application procedures and user
interface to respect and expect such dependencies—write your domain model
POJOs accordingly.

= Identity—Entity classes need an identifier property in almost all cases. Value type
classes (and of course JDK classes such as String and Integer) don’t have an
identifier property, because instances are identified through the owning entity.

We come back to references, associations, and life cycle rules when we discuss more-
advanced mappings throughout later chapters in this book. Object identity and iden-
tifier properties are our next topic.

Mapping entities with identity

Mapping entities with identity requires you to understand Java identity and equality
before we can walk through an entity class example and its mapping. After that, we’ll
be able to dig in deeper and select a primary key, configure key generators, and finally
go through identifier generator strategies. First, it’s vital to understand the difference
between Java object identity and object equality before we discuss terms like database
identity and the way JPA manages identity.

Understanding Java identity and equality

Java developers understand the difference between Java object identity and equality.
Object identity (==) is a notion defined by the Java virtual machine. Two references
are identical if they point to the same memory location.

On the other hand, object equality is a notion defined by a class’s equals()
method, sometimes also referred to as equivalence. Equivalence means two different
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(non-identical) instances have the same value—the same state. Two different
instances of String are equal if they represent the same sequence of characters, even
though each has its own location in the memory space of the virtual machine. (If
you're a Java guru, we acknowledge that String is a special case. Assume we used a dif-
ferent class to make the same point.)

Persistence complicates this picture. With object/relational persistence, a persis-
tent instance is an in-memory representation of a particular row (or rows) of a data-
base table (or tables). Along with Java identity and equality, we define database
identity. You now have three methods for distinguishing references:

= Objects are identical if they occupy the same memory location in the JVM. This
can be checked with the a == b operator. This concept is known as object identity.

= Objects are equal if they have the same state, as defined by the
a.equals (Object b) method. Classes that don’t explicitly override this method
inherit the implementation defined by java.lang.Object, which compares
object identity with ==. This concept is known as object equality.

= Objects stored in a relational database are identical if they share the same table
and primary key value. This concept, mapped into the Java space, is known as
database identity.

We now need to look at how database identity relates to object identity and how to
express database identity in the mapping metadata. As an example, you’ll map an
entity of a domain model.

A first entity class and mapping

We weren’t completely honest in the previous chapter: the @Entity annotation isn’t
enough to map a persistent class. You also need an @Id annotation, as shown in the
following listing.

Listing 4.1 Mapped Item entity class with an identifier property

PATH: /model/src/main/java/org/jpwh/model/simple/Item.java

@Entity
public class Item {

@eId
@Generatedvalue (generator = "ID_GENERATOR")
protected Long id;

public Long getId() f <—— Optional but useful
return id;

}

This is the most basic entity class, marked as “persistence capable” with the @Entity
annotation, and with an @Id mapping for the database identifier property. The class
maps by default to a table named ITEM in the database schema.
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Every entity class has to have an @Id property; it’s how JPA exposes database iden-
tity to the application. We don’t show the identifier property in our diagrams; we
assume that each entity class has one. In our examples, we always name the identifier
property id. This is a good practice for your own project; use the same identifier prop-
erty name for all your domain model entity classes. If you specify nothing else, this
property maps to a primary key column named ID of the ITEM table in your database
schema.

Hibernate will use the field to access the identifier property value when loading
and storing items, not getter or setter methods. Because @Id is on a field, Hibernate
will now enable every field of the class as a persistent property by default. The rule in
JPA is this: if @Id is on a field, the JPA provider will access fields of the class directly and
consider all fields part of the persistent state by default. You’ll see how to override this
later in this chapter—in our experience, field access is often the best choice, because
it gives you more freedom for accessor method design.

Should you have a (public) getter method for the identifier property? Well, the
application often uses database identifiers as a convenient handle to a particular
instance, even outside the persistence layer. For example, it’s common for web appli-
cations to display the results of a search screen to the user as a list of summaries. When
the user selects a particular element, the application may need to retrieve the selected
item, and it’s common to use a lookup by identifier for this purpose—you’ve probably
already used identifiers this way, even in applications that rely on JDBC.

Should you have a setter method? Primary key values never change, so you shouldn’t
allow modification of the identifier property value. Hibernate won’t update a primary
key column, and you shouldn’t expose a public identifier setter method on an entity.

The Java type of the identifier property, java.lang.Long in the previous example,
depends on the primary key column type of the ITEM table and how key values are
produced. This brings us to the @Generatedvalue annotation and primary keys in
general.

Selecting a primary key

The database identifier of an entity is mapped to some table primary key, so let’s first
get some background on primary keys without worrying about mappings. Take a step
back and think about how you identify entities.

A candidate key is a column or set of columns that you could use to identify a partic-
ular row in a table. To become the primary key, a candidate key must satisfy the follow-
ing requirements:

= The value of any candidate key column is never null. You can’t identify some-

thing with data that is unknown, and there are no nulls in the relational model.
Some SQL products allow defining (composite) primary keys with nullable col-
umns, so you must be careful.

= The value of the candidate key column(s) is a unique value for any row.

= The value of the candidate key column (s) never changes; it’s immutable.
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Must primary keys be immutable?

The relational model defines that a candidate key must be unique and irreducible (no
subset of the key attributes has the uniqueness property). Beyond that, picking a
candidate key as the primary key is a matter of taste. But Hibernate expects a can-
didate key to be immutable when used as the primary key. Hibernate doesn’t sup-
port updating primary key values with an API; if you try to work around this
requirement, you'll run into problems with Hibernate’'s caching and dirty-checking
engine. If your database schema relies on updatable primary keys (and maybe uses
ON UPDATE CASCADE foreign key constraints), you must change the schema before
it will work with Hibernate.

If a table has only one identifying attribute, it becomes, by definition, the primary key.
But several columns or combinations of columns may satisfy these properties for a par-
ticular table; you choose between candidate keys to decide the best primary key for
the table. You should declare candidate keys not chosen as the primary key as unique
keys in the database if their value is indeed unique (but maybe not immutable).

Many legacy SQL data models use natural primary keys. A natural key is a key with
business meaning: an attribute or combination of attributes that is unique by virtue of
its business semantics. Examples of natural keys are the US Social Security Number
and Australian Tax File Number. Distinguishing natural keys is simple: if a candidate
key attribute has meaning outside the database context, it’s a natural key, regardless of
whether it’s automatically generated. Think about the application users: if they refer
to a key attribute when talking about and working with the application, it’s a natural
key: “Can you send me the pictures of item #123-abc?”

Experience has shown that natural primary keys usually cause problems in the end.
A good primary key must be unique, immutable, and never null. Few entity attributes
satisfy these requirements, and some that do can’t be efficiently indexed by SQL data-
bases (although this is an implementation detail and shouldn’t be the deciding factor
for or against a particular key). In addition, you should make certain that a candidate
key definition never changes throughout the lifetime of the database. Changing the
value (or even definition) of a primary key, and all foreign keys that refer to it, is a
frustrating task. Expect your database schema to survive decades, even if your applica-
tion won’t.

Furthermore, you can often only find natural candidate keys by combining several
columns in a composite natural key. These composite keys, although certainly appropri-
ate for some schema artifacts (like a link table in a many-to-many relationship), poten-
tially make maintenance, ad hoc queries, and schema evolution much more difficult.
We talk about composite keys later in the book, in section 9.2.1.

For these reasons, we strongly recommend that you add synthetic identifiers, also
called surrogate keys. Surrogate keys have no business meaning—they have unique val-
ues generated by the database or application. Application users ideally don’t see or
refer to these key values; they’re part of the system internals. Introducing a surrogate
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key column is also appropriate in the common situation when there are no candidate
keys. In other words, (almost) every table in your schema should have a dedicated sur-
rogate primary key column with only this purpose.

There are a number of well-known approaches to generating surrogate key values.
The aforementioned @Generatedvalue annotation is how you configure this.

Configuring key generators

The @Id annotation is required to mark the identifier property of an entity class. With-
out the @Generatedvalue next to it, the JPA provider assumes that you’ll take care of
creating and assigning an identifier value before you save an instance. We call this an
application-assigned identifier. Assigning an entity identifier manually is necessary when
you’re dealing with a legacy database and/or natural primary keys. We have more to
say about this kind of mapping in a dedicated section, 9.2.1.

Usually you want the system to generate a primary key value when you save an entity
instance, so you write the @Generatedvalue annotation next to @Id. JPA standardizes
several value-generation strategies with the javax.persistence.GenerationType
enum, which you select with @Generatedvalue (strategy = ...):

= GenerationType.AUTO—Hibernate picks an appropriate strategy, asking the
SQL dialect of your configured database what is best. This is equivalent to
@Generatedvalue () without any settings.

= GenerationType.SEQUENCE—Hibernate expects (and creates, if you use the
tools) a sequence named HIBERNATE_SEQUENCE in your database. The sequence
will be called separately before every INSERT, producing sequential numeric
values.

= GenerationType.IDENTITY—Hibernate expects (and creates in table DDL) a
special auto-incremented primary key column that automatically generates a
numeric value on INSERT, in the database.

= GenerationType.TABLE—Hibernate will use an extra table in your database
schema that holds the next numeric primary key value, one row for each entity
class. This table will be read and updated accordingly, before INSERTs. The
default table name is HIBERNATE_SEQUENCES with columns SEQUENCE_NAME and
SEQUENCE_NEXT_HI_VALUE. (The internal implementation uses a more complex
but efficient hi/lo generation algorithm; more on this later.)

Although AUTO seems convenient, you need more control, so you usually shouldn’t
rely on it and explicitly configure a primary key generation strategy. In addition, most
applications work with database sequences, but you may want to customize the name
and other settings of the database sequence. Therefore, instead of picking one of the
JPA strategies, we recommend a mapping of the identifier with @Generated-
Value (generator = "ID_GENERATOR"), as shown in the previous example.

This is a named identifier generator; you are now free to set up the ID_GENERATOR
configuration independently from your entity classes.
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JPA has two built-in annotations you can use to configure named generators: @javax
.persistence.SequenceGenerator and @javax.persistence.TableGenerator. With
these annotations, you can create a named generator with your own sequence and
table names. As usual with JPA annotations, you can unfortunately only use them at the
top of a (maybe otherwise empty) class, and not in a package-info.java file.

Hibernate Feature

For this reason, and because the JPA annotations don’t give us access to the full Hiber-

nate feature set, we prefer an alternative: the native @org.hibernate.annotations
.GenericGenerator annotation. It supports all Hibernate identifier generator strate-
gies and their configuration details. Unlike the rather limited JPA annotations, you can
use the Hibernate annotation in a package-info.java file, typically in the same package
as your domain model classes. The next listing shows a recommended configuration.

Listing 4.2 Hibernate identifier generator configured as package-level metadata

PATH: /model/src/main/java/org/jpwh/model/package-info.java

@org.hibernate.annotations.GenericGenerator (

name = "ID_GENERATOR",
strategy = "enhanced-sequence", O 1| ] enhanced-sequence strategy
parameters = {

@org.hibernate.annotations.Parameter (

name = "sequence_name", <+——@ sequence_name

value = "JPWH_SEQUENCE"
)

@org.hibernate.annotations.Parameter (

name = "initial_value", <@ initial_value

value = "1000"

})

This Hibernate-specific generator configuration has the following advantages:

= The enhanced-sequence @ strategy produces sequential numeric values. If
your SQL dialect supports sequences, Hibernate will use an actual database
sequence. If your DBMS doesn’t support native sequences, Hibernate will man-
age and use an extra “sequence table,” simulating the behavior of a sequence.
This gives you real portability: the generator can always be called before per-
forming an SQL INSERT, unlike, for example, auto-increment identity columns,
which produce a value on INSERT that has to be returned to the application
afterward.

= You can configure the sequence_name ®. Hibernate will either use an existing
sequence or create it when you generate the SQL schema automatically. If your
DBMS doesn’t support sequences, this will be the special “sequence table”

name.
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= You can start with an initial value @ that gives you room for test data. For
example, when your integration test runs, Hibernate will make any new data
insertions from test code with identifier values greater than 1000. Any test data
you want to import before the test can use numbers 1 to 999, and you can refer
to the stable identifier values in your tests: “Load item with id 123 and run some
tests on it.” This is applied when Hibernate generates the SQL schema and
sequence; it’s a DDL option.

You can share the same database sequence among all your domain model classes.
There is no harm in specifying @Generatedvalue (generator = "ID_GENERATOR") in
all your entity classes. It doesn’t matter if primary key values aren’t contiguous for a
particular entity, as long as they’re unique within one table. If you’re worried about
contention, because the sequence has to be called prior to every INSERT, we discuss a
variation of this generator configuration later, in section 20.1.

Finally, you use java.lang.Long as the type of the identifier property in the entity
class, which maps perfectly to a numeric database sequence generator. You could also
use a long primitive. The main difference is what someItem.getId() returns on a new
item that hasn’t been stored in the database: either null or 0. If you want to test
whether an item is new, a null check is probably easier to understand for someone
else reading your code. You shouldn’t use another integral type such as int or short
for identifiers. Although they will work for a while (perhaps even years), as your data-
base size grows, you may be limited by their range. An Integer would work for almost
two months if you generated a new identifier each millisecond with no gaps, and a
Long would last for about 300 million years.

Although recommended for most applications, the enhanced-sequence strategy as
shown in listing 4.2 is just one of the strategies built into Hibernate.

Identifier generator strategies

Following is a list of all available Hibernate identifier generator strategies, their
options, and our usage recommendations. If you don’t want to read the whole list
now, enable GenerationType.AUTO and check what Hibernate defaults to for your
database dialect. It’s most likely sequence or identity—a good but maybe not the
most efficient or portable choice. If you require consistent portable behavior, and
identifier values to be available before INSERTS, use enhanced-sequence, as shown in
the previous section. This is a portable, flexible, and modern strategy, also offering
various optimizers for large datasets.

We also show the relationship between each standard JPA strategy and its native
Hibernate equivalent. Hibernate has been growing organically, so there are now two
sets of mappings between standard and native strategies; we call them Old and New in
the list. You can switch this mapping with the hibernate.id.new_generator_mappings
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Generating identifiers before or after INSERT: what’s the difference?

An ORM service tries to optimize SQL INSERTs: for example, by batching several at
the JDBC level. Hence, SQL execution occurs as late as possible during a unit of
work, not when you call entityManager.persist (someItem). This merely queues
the insertion for later execution and, if possible, assigns the identifier value. But if
you now call someItem.getId (), you might get null back if the engine wasn’t able
to generate an identifier before the INSERT. In general, we prefer pre-insert genera-
tion strategies that produce identifier values independently, before INSERT. A com-
mon choice is a shared and concurrently accessible database sequence. Auto-
incremented columns, column default values, or trigger-generated keys are only avail-
able after the INSERT.

setting in your persistence.xml file. The default is true; hence the New mapping. Soft-
ware doesn’t age quite as well as wine:

= native—Automatically selects other strategies, such as sequence or identity,
depending on the configured SQL dialect. You have to look at the Javadoc (or
even the source) of the SQL dialect you configured in persistence.xml. Equiva-
lent to JPA GenerationType.AUTO with the Old mapping.

= sequence—Uses a native database sequence named HIBERNATE_SEQUENCE. The
sequence is called before each INSERT of a new row. You can customize the
sequence name and provide additional DDL settings; see the Javadoc for the
class org.hibernate.id.SequenceGenerator.

= sequence-identity—Generates key values by calling a database sequence on
insertion: for example, insert into ITEM(ID) values (HIBERNATE_SEQUENCE
.nextval). The key value is retrieved after INSERT, the same behavior as the
identity strategy. Supports the same parameters and property types as the
sequence strategy; see the Javadoc for the class org.hibernate.id.Sequence-
IdentityGenerator and its parent.

= enhanced-sequence—Uses a native database sequence when supported; other-
wise falls back to an extra database table with a single column and row, emulating
a sequence. Defaults to name HIBERNATE_SEQUENCE. Always calls the database
“sequence” before an INSERT, providing the same behavior independently of
whether the DBMS supports real sequences. Supports an org.hibernate
.id.enhanced.Optimizer to avoid hitting the database before each INSERT;
defaults to no optimization and fetching a new value for each INSERT. You can
find more examples in chapter 20. For all parameters, see the Javadoc for the
class org.hibernate.id.enhanced. SequenceStyleGenerator. Equivalent to JPA
GenerationType.SEQUENCE and GenerationType.AUTO with the New mapping
enabled, most likely your best option of the built-in strategies.

= seghilo—Uses a native database sequence named HIBERNATE_SEQUENCE, opti-
mizing calls before INSERT by combining hi/lo values. If the hi value retrieved
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from the sequence is 1, the next 9 insertions will be made with key values 11, 12,
13, ..., 19. Then the sequence is called again to obtain the next hi value (2 or
higher), and the procedure repeats with 21, 22, 23, and so on. You can config-
ure the maximum lo value (9 is the default) with the max_lo parameter. Unfor-
tunately, due to a quirk in Hibernate’s code, you can not configure this strategy
in @GenericGenerator. The only way to use it is with JPA Generation-
Type.SEQUENCE and the Old mapping. You can configure it with the standard
JPA @SequenceGenerator annotation on a (maybe otherwise empty) class. See
the Javadoc for the class org.hibernate.id.SequenceHiLoGenerator and its
parent for more information. Consider using enhanced-sequence instead, with
an optimizer.

hilo—Uses an extra table named HIBERNATE_UNIQUE_KEY with the same algo-
rithm as the seghilo strategy. The table has a single column and row, holding
the next value of the sequence. The default maximum lo value is 32767, so you
most likely want to configure it with the max_lo parameter. See the Javadoc for
the class org.hibernate.id.TableHiLoGenerator for more information. We
don’t recommend this legacy strategy; use enhanced-sequence instead with an
optimizer.

enhanced-table—Uses an extra table named HIBERNATE_SEQUENCES, with one
row by default representing the sequence, storing the next value. This value is
selected and updated when an identifier value has to be generated. You can
configure this generator to use multiple rows instead: one for each generator;
see the Javadoc for org.hibernate.id.enhanced.TableGenerator. Equivalent
to JPA GenerationType.TABLE with the New mapping enabled. Replaces the
outdated but similar org.hibernate.id.MultipleHiLoPerTableGenerator,
which is the Old mapping for JPA GenerationType.TABLE.

identity—Supports IDENTITY and auto-increment columns in DB2, MySQL,
MS SQL Server, and Sybase. The identifier value for the primary key column will
be generated on INSERT of a row. Has no options. Unfortunately, due to a quirk
in Hibernate’s code, you can not configure this strategy in @GenericGenerator.
The only way to use it is with JPA GenerationType.IDENTITY and the Old or
New mapping, making it the default for GenerationType. IDENTITY.
increment—At Hibernate startup, reads the maximum (numeric) primary key
column value of each entity’s table and increments the value by one each time a
new row is inserted. Especially efficient if a non-clustered Hibernate application
has exclusive access to the database; but don’t use it in any other scenario.
select—Hibernate won’t generate a key value or include the primary key col-
umn in an INSERT statement. Hibernate expects the DBMS to assign a (default
in schema or by trigger) value to the column on insertion. Hibernate then
retrieves the primary key column with a SELECT query after insertion. Required
parameter is key, naming the database identifier property (such as id) for the
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SELECT. This strategy isn’t very efficient and should only be used with old JDBC
drivers that can’t return generated keys directly.

= uuid2—Produces a unique 128-bit UUID in the application layer. Useful when
you need globally unique identifiers across databases (say, you merge data from
several distinct production databases in batch runs every night into an archive).
The UUID can be encoded either as a java.lang.String, a byte[16], or a java
.util.UUID property in your entity class. Replaces the legacy uuid and uuid
.hex strategies. You configure it with an org.hibernate.id.UUIDGeneration-
Strategy; see the Javadoc for the class org.hibernate.id.UUIDGenerator for
more details.

= guid—~Uses a globally unique identifier produced by the database, with an SQL
function available on Oracle, Ingres, MS SQL Server, and MySQL. Hibernate
calls the database function before an INSERT. Maps to a java.lang.String
identifier property. If you need full control over identifier generation, config-
ure the strategy of @GenericGenerator with the fully qualified name of a class
that implements the org.hibernate.id.IdentityGenerator interface.

To summarize, our recommendations on identifier generator strategies are as follows:

= In general, we prefer pre-insert generation strategies that produce identifier
values independently before INSERT.

= Use enhanced-sequence, which uses a native database sequence when sup-
ported and otherwise falls back to an extra database table with a single column
and row, emulating a sequence.

We assume from now on that you’ve added identifier properties to the entity classes of
your domain model and that after you complete the basic mapping of each entity and
its identifier property, you continue to map the value-typed properties of the entities.
We talk about value-type mappings in the next chapter. Read on for some special
options that can simplify and enhance your class mappings.

Entity-mapping options
You’ve now mapped a persistent class with @Entity, using defaults for all other set-
tings, such as the mapped SQL table name. The following section explores some class-
level options and how you control them:

= Naming defaults and strategies

= Dynamic SQL generation

= Entity mutability
These are options; you can skip this section and come back later when you have to
deal with a specific problem.

Controlling names

Let’s first talk about the naming of entity classes and tables. If you only specify
@Entity on the persistence-capable class, the default mapped table name is the same
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as the class name. Note that we write SQL artifact names in UPPERCASE to make them
easier to distinguish—SQL is actually case insensitive. So the Java entity class Item
maps to the ITEM table. You can override the table name with the JPA @Table annota-
tion, as shown next.

Listing 4.3 @Table annotation overrides the mapped table name

PATH: /model/src/main/java/org/jpwh/model/simple/User.java

@Entity
@Table (name = "USERS")
public class User implements Serializable {

//

The User entity would map to the USER table; this is a reserved keyword in most SQL
DBMSs. You can’t have a table with that name, so you instead map it to USERS. The
@javax.persistence.Table annotation also has catalog and schema options, if your
database layout requires these as naming prefixes.

If you really have to, quoting allows you to use reserved SQL names and even work
with case-sensitive names.

QUOTING SQL IDENTIFIERS

From time to time, especially in legacy databases, you’ll encounter identifiers with
strange characters or whitespace, or wish to force case sensitivity. Or, as in the previous
example, the automatic mapping of a class or property would require a table or col-
umn name that is a reserved keyword.

Hibernate 5 knows the reserved keywords of your DBMS through the configured
database dialect. Hibernate 5 can automatically put quotes around such strings when
generating SQL. You can enable this automatic quoting with hibernate.auto_gquote
_keyword=true in your persistence unit configuration. If you’re using an older version
of Hibernate, or you find that the dialect’s information is incomplete, you must still
apply quotes on names manually in your mappings if there is a conflict with a keyword.

If you quote a table or column name in your mapping with backticks, Hibernate
always quotes this identifier in the generated SQL. This still works in latest versions of
Hibernate, but JPA 2.0 standardized this functionality as delimited identifiers with dou-
ble quotes.

This is the Hibernate-only quoting with backticks, modifying the previous example:

@Table (name = " USER™ ")
To be JPA-compliant, you also have to escape the quotes in the string:

@Table (name = "\"USER\"")
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Either way works fine with Hibernate. It knows the native quote character of your dia-
lect and now generates SQL accordingly: [USER] for MS SQL Server, 'USER' for
MySQL, "USER" for H2, and so on.

If you have to quote all SQL identifiers, create an orm.xml file and add the setting
<delimited-identifiers/> to its <persistence-unit-defaults> section, as shown
in listing 3.8. Hibernate then enforces quoted identifiers everywhere.

You should consider renaming tables or columns with reserved keyword names
whenever possible. Ad hoc SQL queries are difficult to write in an SQL console if you
have to quote and escape everything properly by hand.

Next, you’ll see how Hibernate can help when you encounter organizations with
strict conventions for database table and column names.

Hibernate Feature

IMPLEMENTING NAMING CONVENTIONS

Hibernate provides a feature that allows you to enforce naming standards automati-
cally. Suppose that all table names in CaveatEmptor should follow the pattern
CE_<table name>. One solution is to manually specify an @Table annotation on all

entity classes. This approach is time-consuming and easily forgotten. Instead, you can
implement Hibernate’s PhysicalNamingStrategy interface or override an existing
implementation, as in the following listing.

Listing 4.4 PhysicalNamingStrategy, overriding default naming conventions

PATH: /shared/src/main/java/org/jpwh/shared/CENamingStrategy.java

public class CENamingStrategy extends
org.hibernate.boot.model .naming.PhysicalNamingStrategyStandardImpl {

@Override
public Identifier toPhysicalTableName (Identifier name,
JdbcEnvironment context) {
return new Identifier ("CE_" + name.getText(), name.isQuoted());

The overridden method toPhysicalTableName () prepends CE_ to all generated table

names in your schema. Look at the Javadoc of the PhysicalNamingStrategy inter-

face; it offers methods for custom naming of columns, sequences, and other artifacts.
You have to enable the naming-strategy implementation in persistence.xml:

<persistence-unit>name="CaveatEmptorPU">

<properties>
<property name="hibernate.physical_naming_ strategy"
value="org.jpwh.shared.CENamingStrategy" />
</properties>
</persistence-unit>
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A second option for naming customization is ImplicitNamingStrategy. Whereas the
physical naming strategy acts at the lowest level, when schema artifact names are ulti-
mately produced, the implicit-naming strategy is called before. If you map an entity
class and don’t have an @Table annotation with an explicit name, the implicit-naming
strategy implementation is asked what the table name should be. This is based on fac-
tors such as the entity name and class name. Hibernate ships with several strategies to
implement legacy- or JPA-compliant default names. The default strategy is Implicit-
NamingStrategyJpaCompliantImpl.
Let’s have a quick look at another related issue, the naming of entities for queries.

NAMING ENTITIES FOR QUERYING

By default, all entity names are automatically imported into the namespace of the
query engine. In other words, you can use short class names without a package prefix
in JPA query strings, which is convenient:

List result = em.createQuery("select 1 from Item 1i")
.getResultList () ;

This only works when you have one Item class in your persistence unit. If you add
another Item class in a different package, you should rename one of them for JPA if
you want to continue using the short form in queries:

package my.other.model;

@javax.persistence.Entity (name = "AuctionItem")
public class Item {

//
}

The short query form is now select i from AuctionItem i for the Item class in the
my .other.model package. Thus you resolve the naming conflict with another Item
class in another package. Of course, you can always use fully qualified long names with
the package prefix.

This completes our tour of the naming options in Hibernate. Next, we discuss how
Hibernate generates the SQL that contains these names.

Dynamic SQL generation

By default, Hibernate creates SQL statements for each persistent class when the persis-
tence unit is created, on startup. These statements are simple create, read, update,
and delete (CRUD) operations for reading a single row, deleting a row, and so on. It’s
cheaper to store these in memory up front, instead of generating SQL strings every
time such a simple query has to be executed at runtime. In addition, prepared state-
ment caching at the JDBC level is much more efficient if there are fewer statements.
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How can Hibernate create an UPDATE statement on startup? After all, the columns
to be updated aren’t known at this time. The answer is that the generated SQL state-
ment updates all columns, and if the value of a particular column isn’t modified, the
statement sets it to its old value.

In some situations, such as a legacy table with hundreds of columns where the SQL
statements will be large for even the simplest operations (say, only one column needs
updating), you should disable this startup SQL generation and switch to dynamic state-
ments generated at runtime. An extremely large number of entities can also impact
startup time, because Hibernate has to generate all SQL statements for CRUD up front.
Memory consumption for this query statement cache will also be high if a dozen state-
ments must be cached for thousands of entities. This can be an issue in virtual envi-
ronments with memory limitations, or on low-power devices.

To disable generation of INSERT and UPDATE SQL statements on startup, you need
native Hibernate annotations:

@Entity
@org.hibernate.annotations.DynamicInsert
@org.hibernate.annotations.DynamicUpdate
public class Item {

//
}

By enabling dynamic insertion and updates, you tell Hibernate to produce the SQL
strings when needed, not up front. The UPDATE will only contain columns with
updated values, and the INSERT will only contain non-nullable columns.

We talk again about SQL generation and customizing SQL in chapter 17. Some-
times you can avoid generating an UPDATE statement altogether, if your entity is
immutable.

Making an entity immutable

Instances of a particular class may be immutable. For example, in CaveatEmptor, a Bid
made for an item is immutable. Hence, Hibernate never needs to execute UPDATE
statements on the BID table. Hibernate can also make a few other optimizations, such
as avoiding dirty checking, if you map an immutable class as shown in the next exam-
ple. Here, the Bid class is immutable and instances are never modified:

@Entity

@org.hibernate.annotations.Immutable

public class Bid {

//
}

A POJO is immutable if no public setter methods for any properties of the class are
exposed—all values are set in the constructor. Hibernate should access the fields
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directly when loading and storing instances. We talked about this earlier in this chap-
ter: if the @Id annotation is on a field, Hibernate will access the fields directly, and you
are free to design your getter and setter methods as you see fit. Also, remember that
not all frameworks work with POJOs without setter methods; JSF, for example, doesn’t
access fields directly to populate an instance.

When you can’t create a view in your database schema, you can map an immutable
entity class to an SQL SELECT query.

Mapping an entity to a subselect

Sometimes your DBA won’t allow you to change the database schema; even adding a
new view might not be possible. Let’s say you want to create a view that contains the
identifier of an auction Item and the number of bids made for that item.

Using a Hibernate annotation, you can create an application-level view, a read-only
entity class mapped to an SQL SELECT:

| PATH: /model/src/main/java/org/jpwh/model/advanced/ItemBidSummary.java

@Entity

@org.hibernate.annotations.Immutable

@org.hibernate.annotations.Subselect (

value = "select i.ID as ITEMID, i.ITEM_NAME as NAME, " +

"count (b.ID) as NUMBEROFBIDS " +
"from ITEM i left outer join BID b on i.ID = b.ITEM_ID " +
"group by i.ID, i.ITEM_NAME"

)

@org.hibernate.annotations.Synchronize ({"Item", "Bid"}) TODO: table names
public class ItemBidSummary { are case sensitive
(Hibernate bug
erd HHH-8430)

protected Long itemId;
protected String name;
protected long numberOfBids;

public ItemBidSummary () {
}

// Getter methods...

//

When an instance of ItemBidSummary is loaded, Hibernate executes your custom SQL
SELECT as a subselect:

PATH: /examples/src/test/java/org/jpwh/test/advanced/MappedSubselect.java |

ItemBidSummary itemBidSummary = em.find(ItemBidSummary.class, ITEM_ID);
// select * from (
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// select 1.ID as ITEMID, i.ITEM_NAME as NAME,
// ) where ITEMID = ?

You should list all table names referenced in your SELECT in the @org.hibernate
.annotations.Synchronize annotation. (At the time of writing, Hibernate has a bug
tracked under issue HHH-8430' that makes the synchronized table names case sensi-
tive.) Hibernate will then know it has to flush modifications of ITtem and Bid instances
before it executes a query against ItemBidSummary:

I PATH: /examples/src/test/java/org/jpwh/test/advanced/MappedSubselect.java

No flush before retrieval
Item item = em.find(Item.class, ITEM_ID); by the identifier
item.setName ("New name") ;

// ItemBidSummary itemBidSummary = em.find(ItemBidSummary.class, ITEM_ID); <+—

Query query = em.createQuery ( <t
"select ibs from ItemBidSummary ibs where ibs.itemId = :id"

) ;

ItemBidSummary itemBidSummary =
(ItemBidSummary) query.setParameter ("id", ITEM_ID) .getSingleResult() ;

Automatic flush before queries if
synchronized tables are affected

Note that Hibernate doesn’t flush automatically before a find() operation—only
before a Query is executed, if necessary. Hibernate detects that the modified Item will
affect the result of the query, because the ITEM table is synchronized with ItemBid-
Summary. Hence, a flush and the UPDATE of the ITEM row are necessary to avoid the
query returning stale data.

Summary

= Entities are the coarser-grained classes of your system. Their instances have an
independent life cycle and their own identity, and many other instances can ref-
erence them.

= Value types, on the other hand, are dependent on a particular entity class. A
value type instance is bound to its owning entity instance, and only one entity
instance can reference it—it has no individual identity.

= We looked at Java identity, object equality, and database identity, and at what
makes good primary keys. You learned which generators for primary key values
Hibernate provides out of the box, and how to use and extend this identifier
system.

= We discussed some useful class mapping options, such as naming strategies and
dynamic SQL generation.

I See https://hibernate.atlassian.net/browse/ HHH-8430.


https://hibernate.atlassian.net/browse/HHH-8430

Mapping value types

In this chapter

Mapping basic properties
Mapping embeddable components

= Controlling mapping between Java and SQL types

After spending the previous chapter almost exclusively on entities and the respec-
tive class- and identity-mapping options, we now focus on value types in their various
forms. We split value types into two categories: basic value-typed classes that come
with the JDK, such as String, Date, primitives, and their wrappers; and developer-
defined value-typed classes, such as Address and MonetaryAmount in CaveatEmptor.

In this chapter, we first map persistent properties with JDK types and learn the
basic mapping annotations. You see how to work with various aspects of properties:
overriding defaults, customizing access, and generated values. You also see how
SQL is used with derived properties and transformed column values. We wrap up
basic properties with temporal properties and mapping enumerations. We then dis-
cuss custom value-typed classes and map them as embeddable components. You
learn how classes relate to the database schema and make your classes embeddable,
while allowing for overriding embedded attributes. We complete embeddable
components by mapping nested components. Finally, we discuss how to customize
loading and storing of property values at a lower level with flexible JPA converters, a
standardized extension point of every JPA provider.

81
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Major new features in JPA 2

= Switchable access through either field or property getter/setter methods for
an entity hierarchy, or individual properties, with the @Access annotation

= Nesting multiple levels of embeddable component classes, and the ability
to apply @AttributeOverride to nested embedded properties with dot
notation

= Addition of Converter API for basic-typed attributes, so you can control how
values are loaded and stored and transform them if necessary

Mapping basic properties

When you map a persistent class, whether it’s an entity or an embeddable type (more
about these later, in section 5.2), all of its properties are considered persistent by
default. The default JPA rules for properties of persistent classes are these:

= Ifthe propertyis a primitive or a primitive wrapper, or of type String, BigInteger,
BigDecimal, java.util.Date, java.util.Calendar, java.sql.Date, java.sql
.Time, java.sqgl.Timestamp, byte[], Byte[], char[], or Character[], it’s auto-
matically persistent. Hibernate loads and stores the value of the property in a col-
umn with an appropriate SQL type and the same name as the property.

= Otherwise, if you annotate the class of the property as @Embeddable, or you map
the property itself as @Embedded, Hibernate maps the property as an embedded
component of the owning class. We discuss embedding of components later in
this chapter, with the Address and MonetaryAmount embeddable classes of
CaveatEmptor.

= Otherwise, if the type of the property is java.io.Serializable, its value is
stored in its serialized form. This typically isn’t what you want, and you should
always map Java classes instead of storing a heap of bytes in the database. Imag-
ine maintaining a database with this binary information when the application is
gone in a few years.

= Otherwise, Hibernate will throw an exception on startup, complaining that it
doesn’t understand the type of the property.

This configuration by exception approach means you don’t have to annotate a property to
make it persistent; you only have to configure the mapping in an exceptional case. Sev-
eral annotations are available in JPA to customize and control basic property mappings.

Overriding basic property defaults

You might not want all properties of an entity class to be persistent. For example,
although it makes sense to have a persistent Item#initialPrice property, an
Item#totalPriceIncludingTax property shouldn’t be persistent if you only com-
pute and use its value at runtime, and hence shouldn’t be stored in the database. To
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exclude a property, mark the field or the getter method of the property with the
@javax.persistence.Transient annotation or use the Java transient keyword. The
transient keyword usually only excludes fields for Java serialization, but it’s also rec-
ognized by JPA providers.

We’ll come back to the placement of the annotation on fields or getter methods in
a moment. Let’s assume as we have before that Hibernate will access fields directly
because @Id has been placed on a field. Therefore, all other JPA and Hibernate map-
ping annotations are also on fields.

If you don’t want to rely on property mapping defaults, apply the @Basic annota-
tion to a particular property—for example, the initialPrice of an Item:

@Basic (optional = false)
BigDecimal initialPrice;

We have to admit that this annotation isn’t very useful. It only has two parameters: the
one shown here, optional, marks the property as not optional at the Java object level.
By default, all persistent properties are nullable and optional; an Item may have an
unknown initialPrice. Mapping the initialPrice property as non-optional makes
sense if you have a NOT NULL constraint on the INITIALPRICE column in your SQL
schema. If Hibernate is generating the SQL schema, it will include a NOT NULL con-
straint automatically for non-optional properties.

Now, when you store an Item and forget to set a value on the initialPrice field,
Hibernate will complain with an exception before hitting the database with an SQL
statement. Hibernate knows that a value is required to perform an INSERT or UPDATE.
If you don’t mark the property as optional and try to save a NULL, the database will
reject the SQL statement, and Hibernate will throw a constraint-violation exception.
There isn’t much difference in the end result, but it’s cleaner to avoid hitting the data-
base with a statement that fails. We’ll talk about the other parameter of @Basic, the
fetch option, when we explore optimization strategies later, in section 12.1.

Instead of @Basic, most engineers use the more versatile @Column annotation to
declare nullability:

@Column (nullable = false)
BigDecimal initialPrice;

We’ve now shown you three ways to declare whether a property value is required: with
the @Basic annotation, the @Column annotation, and earlier with the Bean Validation
@NotNull annotation in section 3.3.2. All have the same effect on the JPA provider:
Hibernate does a null check when saving and generates a NOT NULL constraint in the
database schema. We recommend the Bean Validation @NotNull annotation so you
can manually validate an Item instance and/or have your user interface code in the
presentation layer execute validation checks automatically.

The @Column annotation can also override the mapping of the property name to
the database column:
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@Column (name = "START_PRICE", nullable = false)
BigDecimal initialPrice;

The @Column annotation has a few other parameters, most of which control SQI-level
details such as catalog and schema names. They're rarely needed, and we only show
them throughout this book when necessary.

Property annotations aren’t always on fields, and you may not want Hibernate to
access fields directly.

Customizing property access

The persistence engine accesses the properties of a class either directly through fields
or indirectly through getter and setter methods. An annotated entity inherits the
default from the position of the mandatory @Id annotation. For example, if you’ve
declared @Id on a field, not a getter method, all other mapping annotations for that
entity are expected on fields. Annotations are never on the setter methods.

The default access strategy isn’t only applicable to a single entity class. Any
@Embedded class inherits the default or explicitly declared access strategy of its own-
ing root entity class. We cover embedded components later in this chapter. Further-
more, Hibernate accesses any @MappedSuperclass properties with the default or
explicitly declared access strategy of the mapped entity class. Inheritance is the topic
of chapter 6.

The JPA specification offers the @Access annotation for overriding the default
behavior, with the parameters AccessType.FIELD and AccessType.PROPERTY. If you
set @Access on the class/entity level, Hibernate accesses all properties of the class
according to the selected strategy. You then set any other mapping annotations,
including the @Id, on either fields or getter methods, respectively.

You can also use the @Access annotation to override the access strategy of individ-
ual properties. Let’s explore this with an example.

Listing 5.1 Overriding access strategy for the name property

PATH: /model/src/main/java/org/jpwh/model/advanced/Item.java

@Entity

public class Item { J @ld is on a field.
eId

@Generatedvalue (generator = Constants.ID_GENERATOR)

tected L id; i
protected Long i Switches property

@Access (AccessType . PROPERTY) to runtime access
@Column (name = "ITEM_NAME")
protected String name;

Called when
public String getName () { loading/storing

return name;

}


../../../Users/Dottie/AppData/Local/Temp/jpwh-2e-preview.xhtml#Caching
../../../Users/Dottie/AppData/Local/Temp/jpwh-2e-preview.xhtml#Caching
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public void setName (String name) {
this.name =
'name.startswWith ("AUCTION: ") ? "AUCTION: " + name : name;

© The Ttem entity defaults to field access. The @Id is on a field. (You also move the brit-
tle ID_GENERATOR string into a constant.)

@ The @Access (AccessType.PROPERTY) setting on the name field switches this particular
property to runtime access through getter/setter methods by the JPA provider.

© Hibernate calls getName () and setName () when loading and storing items.

Note that the position of other mapping annotations like @Column doesn’t change—
only how instances are accessed at runtime.

Now turn it around: if the default (or explicit) access type of the entity would be
through property getter and setter methods, @Access (AccessType.FIELD) on a getter
method would tell Hibernate to access the field directly. All other mapping informa-
tion would still have to be on the getter method, not the field.

Hibernate Feature

Hibernate has a rarely needed extension: the noop property accessor. This sounds

strange, but it lets you refer to a virtual property in queries. This is useful if you have a
database column you’d like to use only in JPA queries. For example, let’s say the ITEM
database table has a VALIDATED column and your Hibernate application won’t access
this column through the domain model. It might be a legacy column or a column
maintained by another application or database trigger. All you want is to refer to this
column in a JPA query such as select i from Item i where i.validated = true or
select 1.id, i.validated from Item i. The Java Item class in your domain model
doesn’t have this property; hence there is no place to put annotations. The only way to
map such a virtual property is with an hbm.xml native metadata file:
<hibernate-mapping>

<class name="Item">
<id name="id">

</id>
<property name="validated"
column="VALIDATED"
access="noop"/>
</class>
</hibernate-mapping>

This mapping tells Hibernate that you’d like to access the virtual Item#validated
property, mapped to the VALIDATED column, in queries; but for value read/writes at
runtime, you want “no operation” on an instance of Item. The class doesn’t have that
attribute. Remember that such a native mapping file has to be complete: any annota-

tions on the Item class are now ignored!
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If none of the builtin access strategies are appropriate, you can define your own
customized property-access strategy by implementing the interface org.hibernate
.property.PropertyAccessor. You enable a custom accessor by setting its fully quali-
fied name in a Hibernate extension annotation: @org.hibernate.annotations
.AttributeAccessor ("my.custom.Accessor"). Note that AttributeAccessor is new
in Hibernate 4.3 and replaces the deprecated org.hibernate.annotations.Access-
Type, which was easily confused with the JPA enum javax.persistence.AccessType.

Some properties don’t map to a column. In particular, a derived property takes its
value from an SQL expression.

Using derived properties

The value of a derived property is calculated at runtime by evaluating an SQL expres-
sion declared with the @org.hibernate.annotations.Formula annotation; see the
next listing.

Listing 5.2 Two read-only derived properties

@org.hibernate.annotations.Formula (
"substr (DESCRIPTION, 1, 12) || '...'"

)

protected String shortDescription;

@org.hibernate.annotations.Formula (
" (select avg(b.AMOUNT) from BID b where b.ITEM_ID = ID)"
)

protected BigDecimal averageBidAmount;

The given SQL formulas are evaluated every time the Item entity is retrieved from the
database and not at any other time, so the result may be outdated if other properties
are modified. The properties never appear in an SQL INSERT or UPDATE, only in
SELECTs. Evaluation occurs in the database; Hibernate embeds the SQL formula in the
SELECT clause when loading the instance.

Formulas may refer to columns of the database table, they can call SQL functions,
and they may even include SQL subselects. In the previous example, the SUBSTR()
function is called, as well as the || concat operator. The SQL expression is passed to
the underlying database as is; if you aren’t careful, you may rely on vendor-specific
operators or keywords and bind your mapping metadata to a particular database prod-
uct. Notice that unqualified column names refer to columns of the table of the class to
which the derived property belongs.

The database evaluates SQL expressions in formulas only when Hibernate retrieves
an entity instance from the database. Hibernate also supports a variation of formulas
called column transformers, allowing you to write a custom SQL expression for reading
and writing a property value.
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Transforming column values

Let’s say you have a database column called IMPERIALWEIGHT, storing the weight of an
Item in pounds. The application, however, has the property Item#metricWeight in
kilograms, so you have to convert the value of the database column when reading and
writing a row from and to the ITEM table. You can implement this with a Hibernate
extension: the Qorg.hibernate.annotations.ColumnTransformer annotation.

Listing 5.3 Transforming column values with SQL expressions

@Column (name = "IMPERIALWEIGHT")
@org.hibernate.annotations.ColumnTransformer (
read = "IMPERIALWEIGHT / 2.20462",
write = "? * 2.20462"
)
protected double metricWeight;

When reading a row from the ITEM table, Hibernate embeds the expression
IMPERIALWEIGHT / 2.20462, so the calculation occurs in the database and Hibernate
returns the metric value in the result to the application layer. For writing to the col-
umn, Hibernate sets the metric value on the mandatory, single placeholder (the ques-
tion mark), and your SQL expression calculates the actual value to be inserted or
updated.

Hibernate also applies column converters in query restrictions. For example, the
following query retrieves all items with a weight of two kilograms:

List<Item> result =

em.createQuery("select 1 from Item i where i.metricWeight = :w")
.setParameter ("w", 2.0)
.getResultList () ;

The actual SQL executed by Hibernate for this query contains the following restric-
tion in the WHERE clause:

//
where
1.IMPERIALWEIGHT / 2.20462=?

Note that your database probably won’t be able to rely on an index for this restriction;
you’ll see a full table scan, because the weight for @/l ITEM rows has to be calculated to
evaluate the restriction.

Another special kind of property relies on database-generated values.
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Generated and default property values

The database sometimes generates a property value, usually when you insert a row for
the first time. Examples of database-generated values are a creation timestamp, a
default price for an item, and a trigger that runs for every modification.

Typically, Hibernate applications need to refresh instances that contain any prop-
erties for which the database generates values, after saving. This means you would
have to make another round trip to the database to read the value after inserting or
updating a row. Marking properties as generated, however, lets the application dele-
gate this responsibility to Hibernate. Essentially, whenever Hibernate issues an SQL
INSERT or UPDATE for an entity that has declared generated properties, it does a
SELECT immediately afterward to retrieve the generated values.

You mark generated properties with the @org.hibernate.annotations.Generated
annotation.

Listing 5.4 Database-generated property values

@Temporal (TemporalType.TIMESTAMP)

@Column (insertable = false, updatable = false)

@org.hibernate.annotations.Generated (
org.hibernate.annotations.GenerationTime.ALWAYS

)
protected Date lastModified;

@Column (insertable = false)

@org.hibernate.annotations.ColumnDefault ("1.00")

@org.hibernate.annotations.Generated (
org.hibernate.annotations.GenerationTime.INSERT

)
protected BigDecimal initialPrice;

Available settings for GenerationTime are ALWAYS and INSERT.

With ALWAYS, Hibernate refreshes the entity instance after every SQL UPDATE or
INSERT. The example assumes that a database trigger will keep the lastModified
property current. The property should also be marked read-only, with the updatable
and insertable parameters of @Column. If both are set to false, the property’s col-
umn(s) never appear in the INSERT or UPDATE statements, and you let the database
generate the value.

With GenerationTime.INSERT, refreshing only occurs after an SQL INSERT, to
retrieve the default value provided by the database. Hibernate also maps the property
as not insertable. The @ColumnDefault Hibernate annotation sets the default value
of the column when Hibernate exports and generates the SQL schema DDL.

Timestamps are frequently automatically generated values, either by the database,
as in the previous example, or by the application. Let’s have a closer look at the
@Temporal annotation you saw in listing 5.4.
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Temporal properties

The lastModified property of the last example was of type java.util.Date, and a
database trigger on SQL INSERT generated its value. The JPA specification requires
that you annotate temporal properties with @Temporal to declare the accuracy of the
SQL data type of the mapped column. The Java temporal types are java.util.Date,
java.util.Calendar, java.sql.Date, java.sqgl.Time, and java.sql.Timestamp.
Hibernate also supports the classes of the java.time package available in JDK 8. (Actu-
ally, the annotation isn’t required if a converter is applied or applicable for the prop-
erty. You'll see converters again later in this chapter.)

The next listing shows a JPA-compliant example: a typical “this item was created
on” timestamp property that is saved once but never updated.

Listing 5.5 Property of a temporal type that must be annotated with @remporal

@Temporal (TemporalType.TIMESTAMP)

@Column (updatable = false) JPA says @Temporal is required,
@org.hibernate.annotations.CreationTimestamp but Hibernate defaults to

protected Date createdOn; TIMESTAMP without it.

// Java 8 API
// protected Instant reviewedOn;

Available TemporalType options are DATE, TIME, and TIMESTAMP, establishing what part
of the temporal value should be stored in the database.

Hibernate defaults to TemporalType.TIMESTAMP when no @Temporal annotation is
present. Furthermore, you’ve used the @CreationTimestamp Hibernate annotation to
mark the property. This is a sibling of the @Generated annotation from the previous
section: it tells Hibernate to generate the property value automatically. In this case,
Hibernate sets the value to the current time before it inserts the entity instance into
the database. A similar built-in annotation is @UpdateTimestamp. You can also write
and configure custom value generators, running in the application or database. Have
alook at org.hibernate.annotations.GeneratorType and ValueGenerationType.
Another special property type is enumerations.

Mapping enumerations

An enumeration type is a common Java idiom where a class has a constant (small)
number of immutable instances. In CaveatEmptor, for example, you can apply this to
auctions:
public enum AuctionType {

HIGHEST_ BID,

LOWEST_BID,
FIXED_PRICE
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You can now set the appropriate auctionType on each Item:

@NotNull Defaults to
@Enumerated (EnumType . STRING) 4 ORDINAL

protected AuctionType auctionType = AuctionType.HIGHEST_BID;

Without the @Enumerated annotation, Hibernate would store the ORDINAL position of
the value. That is, it would store 1 for HIGHEST_BID, 2 for LOWEST_BID, and 3 for
FIXED_PRICE. This is a brittle default; if you make changes to the AuctionType enum,
existing values may no longer map to the same position. The EnumType . STRING option
is therefore a better choice; Hibernate stores the label of the enum value as is.

This completes our tour of basic properties and their mapping options. So far, we
have been showing properties of JDK-supplied types such as String, Date, and Big-
Decimal. Your domain model also has custom value-typed classes, those with a compo-
sition association in the UML diagram.

Mapping embeddable components

So far, the classes of the domain model you’ve mapped have all been entity classes,
each with its own life cycle and identity. The User class, however, has a special kind of
association with the Address class, as shown in figure 5.1.

User home P Address
username : String street : String
firstname : String bilingp _ | ZiPcode : String
lastname : String city : String Figure 5.1 Composition of User and Address

4

[3

In object-modeling terms, this association is a kind of aggregation—a part-of relation-
ship. Aggregation is a strong form of association; it has some additional semantics with
regard to the life cycle of objects. In this case, you have an even stronger form, compo-
sition, where the life cycle of the part is fully dependent on the life cycle of the whole.
A composed class in UML such as Address is often a candidate value type for your
object/relational mapping.

The database schema << Table >>

s .- . . . USERS
Let’s map such a composition relationship with ry==prss

Address as a value type, with the same semantics as IL:JI??ESBI'II\\II':?\AAE
String or BigDecimal, and User as an entity. First, | asTNAME

have a look at the SQL schema you're targeting, in | STREET
ZIPCODE

figure 5.2. cITY Component
There i nl ne m 1 ERS. for th BILLING_STREET columns
ere is only one apped table, I'JS S, for the BILLING ZIPCODE
User entity. This table embeds all details of the com-  |BILLING_CITY
ponents, where a single row holds a particular User
. o Figure 5.2 The columns of the
and their homeAddress and billingAddress. If components are embedded in the

another entity has a reference to an Address—for entity table.
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example, Shipment#deliveryAddress—then the SHIPMENT table will also have all col-
umns needed to store an Address.

This schema reflects value type semantics: a particular Address can’t be shared; it
doesn’t have its own identity. Its primary key is the mapped database identifier of the
owning entity. An embedded component has a dependent life cycle: when the owning
entity instance is saved, the component instance is saved. When the owning entity
instance is deleted, the component instance is deleted. Hibernate doesn’t even have
to execute any special SQL for this; all the data is in a single row.

Having “more classes than tables” is how Hibernate supports fine-grained domain
models. Let’s write the classes and mapping for this structure.

Making classes embeddable

Java has no concept of composition—a class or property can’t be marked as a compo-
nent or composition life cycle. The only difference from an entity is the database iden-
tifier: a component class has no individual identity; hence, the component class
requires no identifier property or identifier mapping. It’s a simple POJO, as you can
see in the following listing.

Listing 5.6 Address class: an embeddable component

PATH: /model/src/main/java/org/jpwh/model/simple/Address.java

@Embc_eddable < @Embeddable
public class Address { instead of @Entity

—> @NotNull
@Column (nullable = false) <

protected String street; A
Used for DDL generation

@NotNull
@Column (nullable = false, length = 5)
protected String zipcode;

@NotNull
@Column (nullable = false)
protected String city;

protected Address() { <+—@) No-args constructor
}

public Address(String street, String zipcode, String city) {

this.street = street;
this.zipcode = zipcode;
this.city = city; Convenience constructor

}

public String getStreet() {
return street;

}

public void setStreet (String street) {
this.street = street;

}
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public String getZipcode() {
return zipcode;

}

public void setZipcode(String zipcode) {
this.zipcode = zipcode;
}

public String getCity () {
return city;

}

public void setCity(String city) {
this.city = city;
}

© Instead of @Entity, this component POJO is marked with @Embeddable. It has no iden-
tifier property.

® Hibernate calls this no-argument constructor to create an instance and then popu-
lates the fields directly.

© You can have additional (public) constructors for convenience.

The properties of the embeddable class are all by default persistent, just like the prop-
erties of a persistent entity class. You can configure the property mappings with the
same annotations, such as @Column or @Basic. The properties of the Address class
map to the columns STREET, ZIPCODE, and CITY and are constrained with NOT NULL.

Issue: Hibernate Validator doesn’t generate NOT NULL constraints

At the time of writing, an open issue remains with Hibernate Validator: Hibernate
won’t map @NotNull constraints on embeddable component properties to NOT NULL
constraints when generating your database schema. Hibernate will only use @Not-
Null on your components’ properties at runtime, for Bean Validation. You have to
map the property with @Column (nullable = false) to generate the constraint in
the schema. The Hibernate bug database is tracking this issue as HVAL-3.

That’s the entire mapping. There’s nothing special about the User entity:

PATH: /model/src/main/java/org/jpwh/model/simple/User.java

@Entity
@Table (name = "USERS")
public class User implements Serializable {

@Id
@GeneratedvValue (generator = Constants.ID_GENERATOR)
protected Long id;

public Long getId() {
return id;
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’ The Address is @Embeddable;

protected Address homeAddress; no annotation is needed here.

public Address getHomeAddress () {
return homeAddress;

}

public void setHomeAddress (Address homeAddress) {
this.homeAddress = homeAddress;

}
//
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Hibernate detects that the Address class is annotated with @Embeddable; the STREET,
ZIPCODE, and CITY columns are mapped on the USERS table, the owning entity’s table.

When we talked about property access earlier in this chapter, we mentioned that

embeddable components inherit their access strategy from their owning entity. This

means Hibernate will access the properties of the Address class with the same strategy
as for User properties. This inheritance also affects the placement of mapping annota-
tions in embeddable component classes. The rules are as follows:

If the owning @Entity of an embedded component is mapped with field access,
either implicitly with @Id on a field or explicitly with @Access (AccessType
.FIELD) on the class, all mapping annotations of the embedded component
class are expected on fields of the component class. Hibernate expects annota-
tions on the fields of the Address class and reads/writes the fields directly at
runtime. Getter and setter methods on Address are optional.

If the owning @Entity of an embedded component is mapped with property
access, either implicitly with @Id on a getter method or explicitly with
@Access (AccessType.PROPERTY) on the class, all mapping annotations of the
embedded component class are expected on getter methods of the component
class. Hibernate then reads and writes values by calling getter and setter meth-
ods on the embeddable component class.

If the embedded property of the owning entity class—User#homeAddress in the
last example—is marked with @Access (AccessType.FIELD), Hibernate expects
annotations on the fields of the Address class and access fields at runtime.

If the embedded property of the owning entity class—User#homeAddress in the
last example—is marked with @Access (AccessType.PROPERTY), Hibernate
expects annotations on getter methods of the Address class and access getter
and setter methods at runtime.

If @Access annotates the embeddable class itself, Hibernate will use the selected
strategy for reading mapping annotations on the embeddable class and run-
time access.
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There’s one more caveat to remember: there’s no elegant way to represent a null ref-
erence to an Address. Consider what would happen if the columns STREET, ZIPCODE,
and CITY were nullable. When Hibernate loads a User without any address informa-
tion, what should be returned by someUser.getHomeAddress ()? Hibernate returns a
null in this case. Hibernate also stores a null embedded property as NULL values in all
mapped columns of the component. Consequently, if you store a User with an
“empty” Address (you have an Address instance but all its properties are null), no
Address instance will be returned when you load the User. This can be counterintui-
tive; on the other hand, you probably shouldn’t have nullable columns anyway and
avoid ternary logic.

You should override the equals () and hashCode () methods of Address and com-
pare instances by value. This isn’t critically important as long as you don’t have to
compare instances: for example, by putting them in a HashSet. We’ll discuss this issue
later, in the context of collections; see section 7.2.1.

In a more realistic scenario, a user would probably have separate addresses for dif-
ferent purposes. Figure 5.1 showed an additional composition relationship between
User and Address: the billingAddress.

Overriding embedded attributes

The billingAddress is another embedded component property of the User class, so
another Address has to be stored in the USERS table. This creates a mapping conflict:
so far, you only have columns in the schema to store one Address in STREET, ZIPCODE,
and CITY.

You need additional columns to store another Address for each USERS row. When
you map the billingAddress, override the column names:

PATH: /model/src/main/java/org/jpwh/model/simple/User.java

@Entity
@Table (name = "USERS")
public class User implements Serializable {

@Embedded <— Not necessary
@AttributeOverrides ({
@AttributeOverride (name = "street",
(name = "BILLING_STREET")),
@AttributeOverride (name = "zipcode",
column = @Column (name = "BILLING_ZIPCODE", length = 5)),
@AttributeOverride (name = "city",
column = @Column (name = "BILLING_CITY"))
}
protected Address billingAddress;

public Address getBillingAddress() {
return billingAddress;

}
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public void setBillingAddress (Address billingAddress) {
this.billingAddress = billingAddress;
}

//

The @Embedded annotation actually isn’t necessary. It’s an alternative to @Embeddable:
mark either the component class or the property in the owning entity class (both
doesn’t hurt but has no advantage). The @Embedded annotation is useful if you want to
map a third-party component class without source and no annotations, but using the
right getter/setter methods (like regular JavaBeans).

The @AttributeOverrides selectively overrides property mappings of the embed-
ded class; in this example, you override all three properties and provide different col-
umn names. Now you can store two Address instances in the USERS table, each
instance in a different set of columns (check the schema again in figure 5.2).

Each @AttributeOverride for a component property is “complete”: any JPA or
Hibernate annotation on the overridden property is ignored. This means the @Column
annotations on the Address class are ignored—all BILLING_* columns are NULLable!
(Bean Validation still recognizes the @NotNull annotation on the component prop-
erty, though; Hibernate only overrides persistence annotations.)

You can further improve reusability of your domain model, and make it more fine-
grained, by nesting embedded components.

5.2.4 Mapping nested embedded components
Let’s consider the Address class and how it encapsulates address details: instead of a
simple city string, you could move this detail into a new City embeddable class. Look
at the changed domain model diagram in figure 5.3. The SQL schema we’re targeting
for the mapping still has only one USERS table, as shown in figure 5.4.
<< Table >>
USERS
ID <<PK>>
USERNAME
FIRSTNAME
LASTNAME
User City STREET
username : String [ Address | zipcode : String ZIPCODE Component
firstname : String street: String_ |* name : String CITY columns
lastname : String country: String COUNTRY

Figure 5.3 Nested composition of Address and City

Figure 5.4 Embedded columns
hold Address and City details.
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An embeddable class can have an embedded property. Address has a city property:

PATH: /model/src/main/java/org/jpwh/model/advanced/Address.java

@Embeddable
public class Address {

@NotNull
@Column (nullable = false)
protected String street;

@NotNull
@AttributeOverrides (
@AttributeOverride (
name = "name",
column = @Column (name = "CITY", nullable = false)
)
)
protected City city;

//

The embeddable City class has only basic properties:

PATH: /model/src/main/java/org/jpwh/model/advanced/City.java

@Embeddable
public class City {
@NotNull
@Column (nullable = false, length = 5) <—— Override VARCHAR(255).
protected String zipcode;
@NotNull
@Column (nullable = false)

protected String name;

@NotNull
@Column (nullable = false)
protected String country;

/7

You could continue this kind of nesting by creating a Country class, for example. All
embedded properties, no matter how deep they are in the composition, are mapped
to columns of the owning entity’s table—here, the USERS table.

You can declare @AttributeOverrides at any level, as you do for the name property
of the City class, mapping it to the CITY column. This can be achieved with either (as
shown) an @AttributeOverride in Address or an override in the root entity class,
User. Nested properties can be referenced with dot notation: for example, on
User#address, @AttributeOveride(name = "city.name") references the Address
#City#name attribute.



5.3

53.1

Mapping Java and SQL types with converters 97

We’ll come back to embedded components later, in section 7.2. You can even map
collections of components or have references from a component to an entity.

At the beginning of this chapter, we talked about basic properties and how Hiber-
nate maps a JDK type such as java.lang.String, for example, to an appropriate SQL
type. Let’s find out more about this type system and how values are converted at a
lower level.

Mapping Java and SQL types with converters

Until now, you’ve assumed that Hibernate selects the right SQL type when you map a
java.lang.String property. Nevertheless, what is the correct mapping between the
Java and SQL types, and how can you control it?

Built-in types

Any JPA provider has to support a minimum set of Java-to-SQL type conversions; you
saw this list at the beginning of this chapter, in section 5.1. Hibernate supports all of
these mappings, as well as some additional adapters that aren’t standard but are useful
in practice. First, the Java primitives and their SQL equivalents.

PRIMITIVE AND NUMERIC TYPES
The builtin types shown in table 5.1 map Java primitives, and their wrappers, to
appropriate SQL standard types. We’ve also included some other numeric types.

Table 5.1 Java primitive types that map to SQL standard types

Name Java type ANSI SQL type

integer int, java.lang.Integer INTEGER
long long, java.lang.Long BIGINT

short short, java.lang.Short SMALLINT
float float, java.lang.Float FLOAT

double double, java.lang.Double DOUBLE

byte byte, java.lang.Byte TINYINT
boolean boolean, java.lang.Boolean BOOLEAN
big_decimal java.math.BigDecimal NUMERIC
big_integer java.math.BigInteger NUMERIC

The names are Hibernate-specific; you’ll need them later when customizing type
mappings.

You probably noticed that your DBMS product doesn’t support some of the men-
tioned SQL types. These SQL type names are ANSI-standard type names. Most DBMS
vendors ignore this part of the SQL standard, usually because their legacy type systems
predate the standard. But JDBC provides a partial abstraction of vendor-specific data
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types, allowing Hibernate to work with ANSI-standard types when executing DML state-
ments such as INSERT and UPDATE. For product-specific schema generation, Hibernate
translates from the ANSI-standard type to an appropriate vendor-specific type using
the configured SQL dialect. This means you usually don’t have to worry about SQL
data types if you let Hibernate create the schema for you.

If you have an existing schema and/or you need to know the native data type for
your DBMS, look at the source of your configured SQL dialect. For example, the
H2Dialect shipping with Hibernate contains this mapping from the ANSI NUMERIC
type to the vendorspecific DECIMAL type: registerColumnType (Types.NUMERIC,
"decimal (Sp,$s)").

The NUMERIC SQL type supports decimal precision and scale settings. The default
precision and scale setting, for a BigDecimal property, for example, is NUMERIC (19,
2). To override this for schema generation, apply the @Column annotation on the
property and set its precision and scale parameters.

Next are types that map to strings in the database.

CHARACTER TYPES
Table 5.2 shows types that map character and string value representations.

Table 5.2 Adapters for character and string values

Name Java type ANSI SQL type
string java.lang.String VARCHAR
character char[], Character|[], java.lang.String CHAR
yes_no boolean, java.lang.Boolean CHAR (1), 'Y' or 'N'
true_false boolean, java.lang.Boolean CHAR (1), 'T" or 'F'
class java.lang.Class VARCHAR
locale java.util.Locale VARCHAR
timezone java.util.TimeZone VARCHAR
currency java.util.Currency VARCHAR

The Hibernate type system picks an SQL data type depending on the declared length
of a string value: if your String property is annotated with @Column (length = ...) or
@Length of Bean Validation, Hibernate selects the right SQL data type for the given
string size. This selection also depends on the configured SQL dialect. For example,
for MySQL,, a length of up to 65,535 produces a regular VARCHAR (length) column
when the schema is generated by Hibernate. For a length of up to 16,777,215, a
MySQL-specific MEDIUMTEXT data type is produced, and even greater lengths use a
LONGTEXT. The default length of Hibernate for all java.lang.String properties is
255, so without any further mapping, a String property maps to a VARCHAR(255)
column. You can customize this type selection by extending the class of your SQL
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dialect; read the dialect documentation and source code to find out more details for
your DBMS product.

A database usually enables internationalization of text with a sensible (UTF-8)
default character set for your entire database, or at least whole tables. This is a DBMS-
specific setting. If you need more fine-grained control and want to switch to NVARCHAR,
NCHAR, or NCLOB column types, annotate your property mapping with @org.hibernate
.annotations.Nationalized.

Also built in are some special converters for legacy databases or DBMSs with limited
type systems, such as Oracle. The Oracle DBMS doesn’t even have a truth-valued data
type, the only data type required by the relational model. Many existing Oracle sche-
mas therefore represent Boolean values with Y/N or T/F characters. Or—and this is
the default in Hibernate’s Oracle dialect—a column of type NUMBER (1, 0) is expected
and generated. Again, we refer you to the SQL dialect of your DBMS if you want to
know all mappings from ANSI data type to vendor-specific type.

Next are types that map to dates and times in the database.

DATE AND TIME TYPES
Table 5.3 lists types associated with dates, times, and timestamps.

Table 5.3 Date and time types

Name Java type ANSI SQL type

date java.util.Date, java.sgl.Date DATE

time java.util.Date, java.sgl.Time TIME
timestamp java.util.Date, java.sgl.Timestamp TIMESTAMP
calendar java.util.Calendar TIMESTAMP
calendar_date java.util.Calendar DATE
duration java.time.Duration BIGINT
instant java.time.Instant TIMESTAMP
localdatetime java.time.LocalDateTime TIMESTAMP
localdate java.time.LocalDate DATE
localtime java.time.LocalTime TIME
offsetdatetime java.time.OffsetDateTime TIMESTAMP
offsettime java.time.OffsetTime TIME
zoneddatetime java.time.ZonedDateTime TIMESTAMP

In your domain model, you may choose to represent date and time data as either
java.util.Date, java.util.Calendar, or the subclasses of java.util.Date defined
in the java.sqgl package. This is a matter of taste, and we leave the decision to you—



100

CHAPTER 5 Mapping value types

make sure you’re consistent. You might not want to bind the domain model to types
from the JDBC package.

You can also use the Java 8 APIin the java.time package. Note that this is Hibernate-
specific and not standardized in JPA 2.1.

Hibernate’s behavior for java.util.Date properties might surprise you at first:
when you store a java.util.Date, Hibernate won’t return a java.util.Date after
loading. It will return a java.sqgl.Date, a java.sqgl.Time, or a java.sqgl.Timestamp,
depending on whether you mapped the property with TemporalType.DATE, TemporalType
.TIME, or TemporalType.TIMESTAMP.

Hibernate has to use the JDBC subclass when loading data from the database
because the database types have higher accuracy than java.util.Date. A
java.util.Date has millisecond accuracy, but a java.sql.Timestamp includes nano-
second information that may be present in the database. Hibernate won’t cut off this
information to fit the value into java.util.Date. This Hibernate behavior may lead
to problems if you try to compare java.util.Date values with the equals () method;
it’s not symmetric with the java.sqgl.Timestamp subclass’s equals () method.

The solution is simple, and not even specific to Hibernate: don’t call
aDate.equals (bDate). You should always compare dates and times by comparing
Unix time milliseconds (assuming you don’t care about the nanoseconds):
aDate.getTime() > bDate.getTime(), for example, is true if aDate is a later time
than bDate. Be careful: collections such as HashSet call the equals () method as well.
Don’t mix java.util.Date and java.sql.Date|Time|Timestamp values in such a col-
lection. You won’t have this kind of problem with a Calendar property. If you store a
Calendar value, Hibernate will always return a Calendar value, created with Calendar
.getInstance() (the actual type depends on locale and time zone).

Alternatively, you can write your own converter, as shown later in this chapter, and
transform any instance of a java.sql temporal type, given to you by Hibernate, into a
plain java.util.Date instance. A custom converter is also a good starting point if, for
example, a Calendar instance should have a non-default time zone after loading the
value from the database.

Next are types that map to binary data and large values in the database.

BINARY AND LARGE VALUE TYPES
Table 5.4 lists types for handling binary data and large values. Note that only binary is
supported as the type of an identifier property.

First, consider how Hibernate represents your potentially large value, as binary
or text.

Table 5.4 Binary and large value types

Java type ANSI SQL type

binary bytel[], java.lang.Byte[] VARBINARY

text java.lang.String CLOB
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Table 5.4 Binary and large value types (continued)

Java type ANSI SQL type
clob java.sqgl.Clob CLOB
blob java.sqgl.Blob BLOB
serializable java.io.Serializable VARBINARY

If a property in your persistent Java class is of type byte[], Hibernate maps it to a VAR-
BINARY column. The real SQL data type depends on the dialect; for example, in Post-
greSQL, the data type is BYTEA, and in Oracle DBMS, it’s RAW. In some dialects, the
length set with @Column also has an effect on the selected native type: for example,
LONG RAW for length of 2000 and greater in Oracle.

A java.lang.String property is mapped to an SQL VARCHAR column, and the
same for char[] and Character[]. As we’ve discussed, some dialects register different
native types depending on declared length.

In both cases, Hibernate initializes the property value right away, when the entity
instance that holds the property variable is loaded. This is inconvenient when you have
to deal with potentially large values, so you usually want to override this default map-
ping. The JPA specification has a convenient shortcut annotation for this purpose, @Lob:

@Entity
public class Item {

@Lob
protected byte[] image;

@Lob
protected String description;

//

This maps the byte[] to an SQL BLOB data type and the String to a CLOB. Unfortu-
nately, you still don’t get lazy loading with this design. Hibernate would have to inter-
cept field access and, for example, load the bytes of the image when you call
someItem.getImage (). This approach requires bytecode instrumentation of your
classes after compilation, for the injection of extra code. We’ll discuss lazy loading
through bytecode instrumentation and interception in section 12.1.3.

Alternatively, you can switch the type of property in your Java class. JDBC supports
locator objects (LOBs) directly. If your Java property is java.sgl.Clob or java
.sql.Blob, you get lazy loading without bytecode instrumentation:

@Entity
public class Item {

@Lob
protected java.sgl.Blob imageBlob;
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@Lob
protected java.sgl.Clob description;

//

What does BLOB/CLOB mean?

Jim Starkey, who came up with the idea of LOBs, says that the marketing department
created the terms BLOB and CLOB and that they don’'t mean anything. You can inter-
pret them any way you like. We prefer locator objects, as a hint that they’re placehold-
ers that help us locate and access the real thing.

These JDBC classes include behavior to load values on demand. When the owning
entity instance is loaded, the property value is a placeholder, and the real value isn’t
immediately materialized. Once you access the property, within the same transaction,
the value is materialized or even streamed directly (to the client) without consuming
temporary memory:

PATH: /examples/src/test/java/org/jpwh/test/advanced/LazyProperties.java |

Item item = em.find(Item.class, ITEM_ID);

—+> InputStream imageDataStream = item.getImageBlob().getBinaryStream() ;

You can
stream ByteArrayOutputStream outStream = new ByteArrayOutputStream(); <
the bytes StreamUtils.copy (imageDataStream, outStream) ;
directly ... bytel] imageBytes = outStream.toByteArray(); ... or materialize

them into memory.

The downside is that your domain model is then bound to JDBC; in unit tests, you
can’t access LOB properties without a database connection.

Hibernate Feature

To create and set a Blob or Clob value, Hibernate offers some convenience methods.
This example reads byteLength bytes from an InputStream directly into the database,
without consuming temporary memory:

Need the native
Session session = em.unwrap (Session.class); Hibernate API
Blob blob = session.getLobHelper ()
.createBlob (imageInputStream, byteLength) ;

someltem.setImageBlob (blob) ;

) Need to know the number of bytes
em.persist (someltem) ;

you want to read from the stream

Finally, Hibernate provides fallback serialization for any property type that is
java.io.Serializable. This mapping converts the value of the property to a byte
stream stored in a VARBINARY column. Serialization and deserialization occur when
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the owning entity instance is stored and loaded. Naturally, you should use this strategy
with extreme caution, because data lives longer than applications. One day, nobody
will know what those bytes in your database mean. Serialization is sometimes useful
for temporary data, such as user preferences, login session data, and so on.

Hibernate will pick the right type adapter depending on the Java type of your
property. If you don’t like the default mapping, read on to override it.

SELECTING A TYPE ADAPTER

You have seen many adapters and their Hibernate names in the previous sections. Use
the name when you override Hibernate’s default type selection, and explicitly select a
particular adapter:

@Entity
public class Item {

@org.hibernate.annotations.Type (type = "yes_no")
protected boolean verified = false;

Instead of BIT, this boolean now maps to a CHAR column with values Y or N.
You can also override an adapter globally in the Hibernate boot configuration with
a custom user type, which you’ll learn how to write later in this chapter:

metaBuilder.applyBasicType (new MyUserType (), new Stringl[]{"date"});

This setting will override the built-in date type adapter and delegate value conversion
for java.util.Date properties to your custom implementation.

We consider this extensible type system one of Hibernate’s core features and an
important aspect that makes it so flexible. Next, we explore the type system and JPA
custom converters in more detail.

Creating custom JPA converters

A new requirement for the online auction system is multiple currencies. Rolling out
this kind of change can be complex. You have to modify the database schema, you
may have to migrate existing data from the old to the new schema, and you have to
update all applications that access the database. In this section, we show you how JPA
converters and the extensible Hibernate type system can assist you in this process, pro-
viding an additional, flexible buffer between your application and the database.

To support multiple currencies, let’s introduce a new class in the CaveatEmptor
domain model: MonetaryAmount, shown in the following listing.
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Listing 5.7 Immutable MonetaryAmount value-type class
PATH: /model/src/main/java/org/jpwh/model/advanced/MonetaryAmount.java

public class MonetaryAmount implements Serializable { < Vdue4ypedchssh

protected final BigDecimal value; “— java.io.Serializable

protected final Currency currency; o No special constructor needed

public MonetaryAmount (BigDecimal value, Currency currency) {
this.value = value;
this.currency = currency;

}

public BigDecimal getValue() {
return value;

}

public Currency getCurrency() {

return currency;
Implements equals()

) and hashcode()
public boolean equals (Object o) {

if (this == o) return true;
if (! (o instanceof MonetaryAmount)) return false;
final MonetaryAmount monetaryAmount = (MonetaryAmount) o;

if (!value.equals (monetaryAmount.value)) return false;
if (!currency.equals (monetaryAmount.currency)) return false;
return true;
} Implements equals()
and hashcode()

public int hashCode () {

int result;

result = value.hashCode() ;

result = 29 * result + currency.hashCode() ;

return result; N
Creates instance from

} String
public String toString() {

return getValue() + " " + getCurrency();
}
public static MonetaryAmount fromString (String s) {
String[] split = s.split(" ");
return new MonetaryAmount (
new BigDecimal (split[0]),
Currency.getInstance (split[1])
)

© This value-typed class should be java.io.Serializable: when Hibernate stores entity
instance data in the shared second-level cache (see section 20.2), it disassembles the
entity’s state. If an entity has a MonetaryAmount property, the serialized representation
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of the property value is stored in the second-level cache region. When entity data is
retrieved from the cache region, the property value is deserialized and reassembled.
The class doesn’t need a special constructor. You can make it immutable, even with
final fields, because your code will be the only place an instance is created.

© You should implement the equals () and hashCode () methods and compare mone-

tary amounts “by value.”

O You need a String representation of a monetary amount. Implement the toString ()

method and a static method to create an instance from a String.

Next, you update other parts of the auction domain model and use MonetaryAmount
for all properties involving money, such as Item#buyNowPrice and Bid#amount.

CONVERTING BASIC PROPERTY VALUES

As is often the case, the database folks can’t implement multiple currencies right away
and need more time. All they can provide quickly is a column data type change, in the
database schema. They suggest that you store the BUYNOWPRICE in the ITEM table in a
VARCHAR column and that you append the currency code of the monetary amount to
its string value. You store, for example, the value 11.23 USD or 99 EUR.

You have to convert an instance of MonetaryaAmount to such a String representation
when storing data. When loading data, you convert the String back into a Monetary-
Amount.

The simplest solution is a javax.persistence.AttributeConverter, as shown in
the next listing, a standardized extension point in JPA.

Listing 5.8 Converting between strings and MonetaryValue

PATH: /model/src/main/java/org/jpwh/converter/MonetaryAmountConverter.java

@Converter (autoApply = true) < Default for
public class MonetaryAmountConverter MonetaryAmount
implements AttributeConverter<MonetaryAmount, String> { propmths

@Override

public String convertToDatabaseColumn (MonetaryAmount monetaryAmount) {
return monetaryAmount.toString() ;

}

@Ooverride
public MonetaryAmount convertToEntityAttribute(String s) {
return MonetaryAmount.fromString(s) ;

}

A converter has to implement the AttributeConverter interface; the two type argu-
ments are the type of the Java property and the type in the database schema. The Java
type is MonetaryAmount, and the database type is String, which maps, as usual, to an
SQL VARCHAR. You must annotate the class with @Converter or declare it as such in the
orm.xml metadata. With autoApply enabled, any MonetaryAmount property in your
domain model, be it of an entity or an embeddable class, without further mapping will
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now be handled by this converter automatically. (Don’t be distracted by the convert-
ToEntityAttribute () method of the AttributeConverter interface; it’s not the best
name.)

An example of such a MonetaryAmount property in the domain model is
Item#tbuyNowPrice:

PATH: /model/src/main/java/org/jpwh/model/advanced/converter/Item.java

@Entity
public class Item {

@NotNull Optional: autoApply
@Convert ( is enabled.

converter = MonetaryAmountConverter.class,
disableConversion = false)
@Column (name = "PRICE", length = 63)
protected MonetaryAmount buyNowPrice;

/7

The @Convert annotation is optional: apply it to override or disable a converter for a
particular property. @Column renames the mapped database column PRICE; the
default is BUYNOWPRICE. For automatic schema generation, define it as VARCHAR with a
length of 63 characters.

Later, when your DBA upgrades the database schema and offers you separate col-
umns for the monetary amount value and currency, you only have to change your
application in a few places. Drop the MonetaryAmountConverter from your project
and make MonetaryAmount an @Embeddable; it then maps automatically to two data-
base columns. It’s easy to selectively enable and disable converters, too, if some tables
in the schema haven’t been upgraded.

The converter you just wrote is for MonetaryAmount, a new class in the domain
model. Converters aren’t limited to custom classes: you can even override Hibernate’s
built-in type adapters. For example, you could create a custom converter for some or
even all java.util.Date properties in your domain model.

You can apply converters to properties of entity classes, like Item#buyNowPrice in
the last example. You can also apply them to properties of embe