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Chapter 1. About

OpenJPA is Apache's implementation of Java Persistence 2.2 API (JSR-338 JPA 2.2) specification for the transparent persistence
of Java objects. This document provides an overview of the JPA standard and technical details on the use of OpenJPA.

This document is intended for OpenJPA users. It is divided into several parts:
» The JPA Overview describes the fundamentals of the JPA specification.

» The OpenJPA Reference Guide contains detailed documentation on all aspects of OpenJPA. Browse through this guide to
familiarize yourself with the many advanced features and customization opportunities OpenJPA provides. Later, you can use
the guide when you need details on a specific aspect of OpenJPA.

» Appendices
» The appendix JPA Resources provides links to other resources.
* The appendix Supported Databases provides information on databases supported by OpenJPA.

e The appendix Migration Considerations provides information related to migration to a different release.




Chapter 2. Legal

The Apache OpenJPA website can be found at: http://openjpa.apache.org

2.1. License

Apache OpenJPA isreleased under the Apache Software License Version 2.0

Apache OpenJPA includes the persistence and orm schemas from the JPA specifications and elects to include this software in this
distribution under the CDDL license.

Apache OpenJPA includes software devel oped by the SERP project, which uses the BSD license

2.2. Notice

This product includes software developed by The Apache Softwar e Foundation (http://www.apache.or g/).

The openjpa-all aggregate JAR includes software devel oped by the:

» Apache Commons Collections project

» Apache Commons Lang project

» Apache Commons Logging project

» Apache Commons Pool project

» Apache Geronimo project (IMS 1.1, JTA 1.1 and JPA 2.0 spec APIS)
» JCP JSR-317 JPA 2.0 schemas

» SERP project

2.3. Copyrights

2.3.1. Apache

Copyright (C) 2006,2011 The Apache Software Foundation.

Apache, OpenJPA and the Apache feather logo are trademarks of Apache Software Foundation.

2.3.2. Serp

OpenJPA includes software devel oped by the SERP project.

Copyright (c) 2002-2006, A. Abram White. All rights reserved.

2.3.3. Sun

OpenJPA includes the persistence and orm schemas from the JPA specifications.

Copyright 2005-2009 Sun Microsystems, Inc. All rights reserved.

OpenJPA €lects to include this software in this distribution under the CDDL license.



http://openjpa.apache.org/
http://www.apache.org/licenses/LICENSE-2.0.txt
https://glassfish.dev.java.net/public/CDDL+GPL.html
http://www.opensource.org/licenses/bsd-license.php
http://www.apache.org/

Lega

Y ou can obtain a copy of the License at: https://glassfish.dev.java.net/public/CDDL +GPL .html

The source code is available at: http://java.net/pr ojects/glassfish/sour ces/svn/show or http://jcp.org/en/jsr/detail ?id=317

2.3.4. Other

OpenJPA includes software written by Miroslav Nachev.
OpenJPA uses test code written by Charles Tillman.

Oracle and Java are registered trademarks of Oracle and/or its affiliates. Other names may be trademarks of their respective
owners.
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Chapter 1. Introduction

1.1.

The Java Persistence API (JPA) is a specification for the persistence of Java objects to any relational datastore. This document
provides an overview of JPA 2.2. Unless otherwise noted, the information presented appliesto al JPA implementations.

For coverage of OpenJPA's many extensions to the JPA specification, see the Reference Guide.

Intended Audience

1.2.

This document is intended for developers who want to |earn about JPA in order to useit in their applications. It assumes that
you have a strong knowledge of object-oriented concepts and Java, including annotations and generics. It also assumes some
experience with relational databases and the Structured Query Language (SQL).

Lightweight Persistence

Persistent data is information that can outlive the program that createsit. The majority of complex programs use persistent data:
GUI applications need to store user preferences across program invocations, web applications track user movements and orders
over long periods of time, etc.

Lightweight persistenceis the storage and retrieval of persistent datawith little or no work from you, the developer. For example,
Java seridization isaform of lightweight persistence because it can be used to persist Java objects directly to afile with very
little effort. Serialization's capabilities as a lightweight persistence mechanism pale in comparison to those provided by JPA,
however. The next chapter compares JPA to serialization and other available persistence mechanisms.
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Chapter 2. Why JPA?

Java devel opers who need to store and retrieve persistent data already have several options available to them: serialization,
JDBC, JDO, proprietary object-relational mapping tools, object databases, and EJB 2 entity beans. Why introduce yet another
persistence framework? The answer to this question is that with the exception of JDO, each of the aforementioned persistence
solutions has severe limitations. JPA attempts to overcome these limitations, as illustrated by the table below.

Table 2.1. Persistence Mechanisms

Supports: Serialization |JDBC ORM ODB EJB 2 JDO JPA
JavaObjects |Yes No Yes Yes Yes Yes Yes
Advanced OO |Yes No Yes Yes No Yes Yes
Concepts

Transactiona |No Yes Yes Yes Yes Yes Yes
Integrity

Concurrency |No Yes Yes Yes Yes Yes Yes
Large Data No Yes Yes Yes Yes Yes Yes
Sets

Existing No Yes Yes No Yes Yes Yes
Schema

Relationa No No No No Yes Yes No
and Non-

Relationa

Stores

Queries No Yes Yes Yes Yes Yes Yes
Strict Yes No No No Yes Yes Yes
Standards/

Portability

Simplicity Yes Yes Yes Yes No Yes Yes

e Serialization is Java's built-in mechanism for transforming an object graph into a series of bytes, which can then be sent over
the network or stored in afile. Serialization is very easy to use, but it is also very limited. It must store and retrieve the entire
object graph at once, making it unsuitable for dealing with large amounts of data. It cannot undo changes that are made to
objectsif an error occurs while updating information, making it unsuitable for applications that require strict data integrity.
Multiple threads or programs cannot read and write the same serialized data concurrently without conflicting with each other. It
provides no query capabilities. All these factors make serialization useless for all but the most trivial persistence needs.

e Many developers use the Java Database Connectivity (JDBC) APIsto manipulate persistent datain relational databases.
JDBC overcomes most of the shortcomings of serialization: it can handle large amounts of data, has mechanisms to ensure
dataintegrity, supports concurrent access to information, and has a sophisticated query language in SQL. Unfortunately, JDBC
does not duplicate serialization's ease of use. The relational paradigm used by JDBC was not designed for storing objects, and
therefore forces you to either abandon object-oriented programming for the portions of your code that deal with persistent data,
or to find away of mapping object-oriented concepts like inheritance to relational databases yourself.

e There are many proprietary software products that can perform the mapping between objects and relational database tables
for you. These object-relational mapping (ORM) frameworks allow you to focus on the object model and not concern yourself
with the mismatch between the object-oriented and relational paradigms. Unfortunately, each of these product has its own set
of APIs. Your code becomes tied to the proprietary interfaces of asingle vendor. If the vendor raises prices, failsto fix show-
stopping bugs, or falls behind in features, you cannot switch to another product without rewriting all of your persistence code.
Thisisreferred to as vendor lock-in.
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Why JPA?

Rather than map objects to relational databases, some software companies have developed a form of database designed
specifically to store objects. These object databases (ODBS) are often much easier to use than object-relational mapping
software. The Object Database Management Group (ODMG) was formed to create a standard API for accessing object
databases; few object database vendors, however, comply with the ODMG's recommendations. Thus, vendor lock-in plagues
object databases as well. Many companies are a so hesitant to switch from tried-and-true relational systemsto the relatively
unknown object database technology. Fewer data-analysis tools are available for object database systems, and there are vast
quantities of data already stored in older relational databases. For al of these reasons and more, object databases have not
caught on as well astheir creators hoped.

The Enterprise Edition of the Java platform introduced entity Enterprise Java Beans (EJBS). EJB 2.x entities are components
that represent persistent information in a datastore. Like object-relational mapping solutions, EJB 2.x entities provide an
object-oriented view of persistent data. Unlike object-relational software, however, EJB 2.x entities are not limited to relational
databases; the persistent information they represent may come from an Enterprise Information System (EIS) or other storage
device. Also, EJB 2.x entities use a strict standard, making them portable across vendors. Unfortunately, the EJB 2.x standard
is somewhat limited in the object-oriented concepts it can represent. Advanced features like inheritance, polymorphism, and
complex relations are absent. Additionally, EBJ 2.x entities are difficult to code, and they require heavyweight and often
expensive application serversto run.

The JDO specification uses an AP that is strikingly similar to JPA. JDO, however, supports non-relational databases, a
feature that some argue dilutes the specification.

JPA combines the best features from each of the persistence mechanisms listed above. Creating entities under JPA is as simple
as creating serializable classes. JPA supports the large data sets, data consistency, concurrent use, and query capabilities of
JDBC. Like object-relational software and object databases, JPA alows the use of advanced object-oriented concepts such
asinheritance. JPA avoids vendor lock-in by relying on a strict specification like JDO and EJB 2.x entities. JPA focuses on
relational databases. And like JDO, JPA is extremely easy to use.

OpenJPA typically stores datain relational databases, but can be customized for use with non-relational datastores as
well.

JPA isnot ideal for every application. For many applications, though, it provides an exciting alternative to other persistence
mechanisms.
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The diagram below illustrates the relationshi ps between the primary components of the JPA architecture.

javax.persistence
EntityManagerFactory Entity Transaction
Entit yr:-!anager : Query
Persistence
E.-I'.-ﬂry

A number of the depicted interfaces are only required outside of an EJB3-compliant application server. In an application
server, EntityManager instancesaretypically injected, rendering the Ent i t yManager Fact or y unnecessary.
Also, transactions within an application server are handled using standard application server transaction controls. Thus,
theEnt it yTransact i on aso goes unused.

« Persistence: The javax. persistence. Persi stence classcontains static helper methods to obtain
Ent it yManager Fact ory instancesin avendor-neutral fashion.

 EntityManager Factory: The javax. persistence. EntityManager Fact ory classisafactory for
Enti t yManager s.

« EntityManager :Thejavax. persistence. EntityManager istheprimary JPA interface used by applications.
Each Ent i t yManager manages a set of persistent objects, and has APIs to insert new objects and delete existing
ones. When used outside the container, there is a one-to-one relationship between an  Ent i t yManager and an
EntityTransacti on. EntityManager sasoact asfactoriesfor Query instances.

 Entity :Entitiesare persistent objects that represent datastore records.

e EntityTransaction: EachEntityManager hasaoneto-onerelationwithasingle
j avax. persi stence. EntityTransacti on. EntityTransacti onsallow operations on persistent datato be
grouped into units of work that either completely succeed or completely fail, leaving the datastore in its original state. These
al-or-nothing operations are important for maintaining data integrity.

. Query :Thejavax. persi stence. Query interfaceisimplemented by each JPA vendor to find persistent objects
that meet certain criteria. JPA standardizes support for queries using both the Java Persistence Query Language (JPQL) and the
Structured Query Language (SQL). You obtain Quer y instancesfrom an Ent i t yManager .

The example below illustrates how the JPA interfaces interact to execute a JPQL query and update persistent objects. The
exampl e assumes execution outside a container.

Example 3.1. Interaction of | nterfaces Outside Container
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3.1.

/1 get an EntityManager Factory using the Persistence class

/1 1t is not recormended to obtain a factory often, as construction of a

/] factory is a costly operation. Typically you will like to cache

/! a factory and then refer it for repeated use

EntityManager Factory factory = Persistence. createEntityManager Factory(null);

/1 get an EntityManager fromthe factory
EntityManager em = factory. createEntityManager();

/1 Begin a transaction
em get Transaction(). begin();

/1 query for all enployees who work in our research division

/1 and put in over 40 hours a week average

Query query = emcreateQuery("SELECT e " +
" FROM Enpl oyee e " +
" WHERE e. division. name = ' Research' " +
" AND e. avgHours > 40");

List results = query.getResultList();

/1 give all those hard-working enpl oyees a raise
for (Cbject res : results) {

Enpl oyee enp = (Enpl oyee) res;

enp. set Sal ary(enp. getSalary() * 1.1);
}

/1 commit will detect all updated entities and save themin database
em get Transaction().commit();

/'l free the resources
em cl ose();

Within acontainer, the Ent i t yManager will be injected and transactions will be handled declaratively. Thus, the in-container
version of the example consists entirely of business logic:

Example 3.2. Interaction of Interfaces | nside Container

/'l query for all enployees who work in our research division
/1 and put in over 40 hours a week average - note that the EntityManager em
/1 is injected using a @Resource annotation
Query query = em createQuery("sel ect e from Enpl oyee e where "
+ "e.division.name = 'Research' and e.avgHours > 40");
List results = query.getResultList();

/1 give all those hard-working enpl oyees a raise
for (Object res : results) {

emp = (Enpl oyee) res;

enp. set Sal ary(enp. getSalary() * 1.1);

The remainder of this document explores the JPA interfaces in detail. We present them in roughly the order that you will use
them as you develop your application.

JPA Exceptions
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lllegalStateException

RuntimeException
)

lllegalArgumentException

PersistenceException |< EntityNotFoundException

—— TransactionRequiredException

- OptimisticLockException

— NonUnigueResultException

= NoResultException

1 EntityExistsException

— RollbackException

javax.persistence

The diagram above depicts the JPA exception architecture. All exceptions are unchecked. JPA uses standard exceptions where
appropriate, most notably | | | egal Ar gunent Excepti onsandl | | egal St at eExcept i ons. The specification also
provides afew JPA-specific exceptionsin thej avax. per si st ence package. These exceptions should be self-explanatory.
See the Javadoc for additional details on JPA exceptions.

All e