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Chapter 1. About

OpenJPA is Apache's implementation of Sun's Java Persistence 2.0 API (JSR-317 JPA 2.0) specification for the transparent per-
sistence 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 Refer ence Guide contains detailed documentation on all aspects of OpenJPA. Browse through this guideto fa-
miliarize 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.

e Appendices
* The appendix JPA Resour ces provides links to other resources.

» The appendix Supported Databases provides information on databases supported by OpenJPA.

» The appendix Migration Consider ations provides information related to migration to a different release.




Chapter 2. Legal

2.1.

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

License

2.2.

Apache OpenJPA is released 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

Notice

2.3.

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

Copyrights

2.3.1.

Apache

2.3.2.

Copyright (C) 2006,2010 The Apache Software Foundation.
Apache, OpenJPA and the Apache feather logo are trademarks of Apache Software Foundation. Java and al Java-based trade-

marks and logos are trademarks of Sun Microsystems, Inc. in the United States, other countries, or both. Other names may be
trademarks of their respective owners.

Serp

2.3.3.

OpenJPA includes software devel oped by the SERP project.

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

Sun

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

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



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/

Legal

OpenJPA elects to include this software in this distribution under the CDDL license.
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: https://glassfish.dev.java.net/sour ce/br owse/glassfish/ 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.



https://glassfish.dev.java.net/public/CDDL+GPL.html
https://glassfish.dev.java.net/source/browse/glassfish/
http://jcp.org/en/jsr/detail?id=317
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Chapter 1. Introduction

1.1.

The Java Persistence API (JPA) is a specification from Sun Microsystems for the persistence of Java objects to any relational
datastore. JPA requires J2SE 1.5 (also referred to as"Java 5") or higher, as it makes heavy use of new Javalanguage features
such as annotations and generics. This document provides an overview of JPA. 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 Java 5 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 creates it. 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 persistence is the storage and retrieval of persistent data with little or no work from you, the devel oper. For example,
Java seridization is aform 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: seriaization, JDBC,
JDO, proprietary object-relational mapping tools, object databases, and EJB 2 entity beans. Why introduce yet another persist-
ence 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, asillustrated 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

Transactional |[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

Relational and [No No No No Yes Yes No
Non-Re-

lational Stores

Queries No Yes Yes Yes Yes Yes Yes
Strict Stand- | Yes No No No Yes Yes Yes
ards/ Portabil-

ity

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 ob-
jectsif an error occurs while updating information, making it unsuitable for applications that require strict data integrity. Mul-
tiple 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.

» 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 data integ-
rity, 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.

» There are many proprietary software products that can perform the mapping between objects and relational database tables for
you. These abject-relational mapping (ORM) frameworks allow you to focus on the object model and not concern yoursel f
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.

12



Why JPA?

» Rather than map objectsto relational databases, some software companies have developed aform of database designed spe-
cifically 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
aswell. Many companies are also hesitant to switch from tried-and-true relational systems to the relatively unknown object
database technology. Fewer data-analysis tools are available for object database systems, and there are vast quantities of data
aready stored in older relational databases. For al of these reasons and more, object databases have not caught on as well as
their 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 ob-
ject-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 ex-
pensive application serversto run.

» The JDO specification uses an API 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 isas 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 allows the use of advanced object-oriented concepts such as inherit-
ance. JPA avoids vendor lock-in by relying on a strict specification like JDO and EJB 2.x entities. JPA focuses on relational data
bases. 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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Chapter 3. Java Persistence API Architecture

The diagram below illustrates the relationshi ps between the primary components of the JPA architecture.

javax.persistence
EntityManagerFactory Entity Transaction
Enﬂ:yl;'.lanager : Query
Persistence
E.-I'.lnfty

A number of the depicted interfaces are only required outside of an EJB3-compliant application server. In an application
server, Ent i t yManager instances are typically 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.

e Persistence: Thej avax. persi st ence. Per si st ence class contains static helper methods to obtain Ent i t yMan-
ager Fact or y instancesin avendor-neutral fashion.

* EntityManager Fact ory: Thej avax. persi st ence. Enti t yManager Fact ory classisafactory for Enti ty-
Manager 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 andanEnti t yTr ans-
action.EntityManager saso act asfactoriesfor Quer y instances.

* Entity :Entitiesare persistent objects that represent datastore records.

e« EntityTransacti on: EachEntityManager hasaone-to-onerelationwith asingle
j avax. persi stence. EntityTransacti on.EntityTransacti onsallow operations on persistent data to 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.

e Query :Thejavax. persistence. 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 ex-
ample assumes execution outside a container.

Example 3.1. Interaction of | nterfaces Outside Container
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Java Persistence APl Architecture

/1 get an EntityManager Factory using the Persistence class

/1 1t is not recoomended 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.createEntityManagerFactory(null);

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

/1 Begin a transaction
em get Transacti on(). begi n();

/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. di vi si on. nane = ' Research' " +
" AND e. avgHours > 40");

List results = query.getResultlList();

/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);

/1l 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

Il 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 = emcreateQuery("select e from Enpl oyee e where "
+ "e.division.name = ' Research' and e.avgHours > 40");
List results = query.getResultList();

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

emp = (Enpl oyee) res;

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

3.1.

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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Java Persistence APl Architecture

lllegalStateException

RuntimeException
B

lllegal ArgumentException

PersistenceException |< EntityNotFoundException

—— TransactionRequiredException

F—  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 Argunent Excepti onsand| || egal St at eExcept i ons. The specification also
provides afew JPA-specific exceptionsinthej avax. per si st ence package. These exceptions should be self-explanatory.
See the Javadoc for additional details on JPA exceptions.

All exceptions thrown by OpenJPA implement or g. apache. openj pa. uti | . Except i onl nf o to provide you
with additional error information.
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http://java.sun.com/javaee/6/docs/api/
../javadoc/org/apache/openjpa/util/ExceptionInfo.html

Chapter 4. Entity

JPA recognizes two types of persistent classes: entity classes and embeddable classes. Each persistent instance of an entity class -
each entity - represents a unique datastore record. You can usethe Ent i t yManager to find an entity by its persistent identity
(covered later in this chapter), or useaQuer y to find entities matching certain criteria.

An instance of an embeddable class, on the other hand, is only stored as part of a separate entity. Embeddable instances have no

persistent identity, and are never returned directly fromthe Ent i t yManager or fromaQuer y unless the query uses a projec-
tion on owning class to the embedded instance. For example, if Addr ess isembedded in Conpany, then aquery " SELECT a
FROM Addr ess a" will never return the embedded Addr ess of Conpany; but a projection query such as" SELECT

c. address FROM Conpany c" will.

Despite these differences, there are few distinctions between entity classes and embeddable classes. In fact, writing either type of

persistent classis alot like writing any other class. There are no special parent classes to extend from, field typesto use, or meth-
ods to write. Thisis one important way in which JPA makes persistence transparent to you, the developer.

JPA supports both fields and JavaBean properties as persistent state. For simplicity, however, we will refer to all persist-
ent state as persistent fields, unless we want to note a unique aspect of persistent properties.

Example4.1. Persistent Class

package org. nag;
/**

* Exanpl e persistent class. Notice that it |ooks exactly |ike any other
* class. JPA makes writing persistent classes conpletely transparent.
*/

public class Magazine {

private String isbn;

private String title;

private Set articles = new HashSet ();
private Article coverArticle;
private int copiesSold;

private double price;

private Conpany publisher;

private int version;

i)rot ected Magazine() {

public Magazine(String title, String isbn) {
this.title = title;
this.isbn = isbn;

}

public void publish(Conpany publisher, double price) {
thi s. publi sher = publi sher;
publ i sher. addMagazi ne(thi s);
this.price = price;

public void sell () {
copi esSol d++;
publ i sher. addRevenue(price);

public void addArticle(Article article) {
articles.add(article);

/1 rest of nethods onitted
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4.1.

Entity

Restrictions on Persistent Classes

4.1.1.

There are very few restrictions placed on persistent classes. Still, it never hurts to familiarize yourself with exactly what JPA does
and does not support.

Default or No-Arg Constructor

4.1.2.

The JPA specification requires that all persistent classes have a no-arg constructor. This constructor may be public or protected.
Because the compiler automatically creates a default no-arg constructor when no other constructor is defined, only classes that
define constructors must also include a no-arg constructor.

Note

OpenJPA's enhancer will automatically add a protected no-arg constructor to your class when required. Therefore, this
restriction does not apply when using the enhancer. See Section 5.2, “ Enhancement ” [258)f the Reference Guide for
details.

Final

4.1.3.

Entity classes may not be final. No method of an entity class can befinal.

Note

OpenJPA supportsfinal classes and final methods.

ldentity Fields

4.1.4.

All entity classes must declare one or more fields which together form the persistent identity of an instance. These are called
identity or primary key fields. In our Magazi ne class, i sbnandtit| e areidentity fields, because no two magazine records in
the datastore can have the samei sbnandti t | e values. Section 5.2.3,“ 1d " [34]will show you how to denote your identity
fieldsin JPA metadata. Section 4.2, “ Entity Identity ” [20]below examines persistent identity.

Note

OpenJPA fully supports identity fields, but does not require them. See Section 5.4, “ Object I dentity " [263)f the Refer-
ence Guide for details.

Version Field

Thever si on fieldin our Magazi ne class may seem out of place. JPA usesaversion field in your entities to detect concurrent
modifications to the same datastore record. When the JPA runtime detects an attempt to concurrently modify the same record, it
throws an exception to the transaction attempting to commit last. This prevents overwriting the previous commit with stale data.

A version field is not required, but without one concurrent threads or processes might succeed in making conflicting changesto
the same record at the sametime. Thisis unacceptable to most applications. Section 5.2.6, “ Version ” [35]shows you how to
designate aversion field in JPA metadata.

The version field must be an integral type ( i nt, Long, etc) or aj ava. sql . Ti mest anp. You should consider version fields
immutable. Changing the field value has undefined results.

Note
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4.1.5.

Entity

OpenJPA fully supports version fields, but does not require them within the actual entity for concurrency detection.
OpenJPA can maintain surrogate version values or use state comparisons to detect concurrent modifications. See Sec-
tion 7.7, “ Additional JPA Mappings” [300h the Reference Guide.

Inheritance

4.1.6.

JPA fully supports inheritance in persistent classes. It allows persistent classes to inherit from non-persistent classes, persistent
classes to inherit from other persistent classes, and non-persistent classes to inherit from persistent classes. It is even possible to
form inheritance hierarchies in which persistence skips generations. There are, however, afew important limitations:

* Persistent classes cannot inherit from certain natively-implemented system classes such asj ava. net . Socket and
j ava. |l ang. Thr ead.
« If apersistent classinherits from a non-persistent class, the fields of the non-persistent superclass cannot be persisted.

 All classesin an inheritance tree must use the same identity type. We cover entity identity in Section 4.2, “ Entity | dentity ”

[7] .

Persistent Fields

JPA manages the state of all persistent fields. Before you access persistent state, the JPA runtime makes sure that it has been
loaded from the datastore. When you set afield, the runtime records that it has changed so that the new value will be persisted.
Thisallows you to treat the field in exactly the same way you treat any other field - another aspect of JPA's transparency.

JPA does not support static or final fields. It does, however, include built-in support for most common field types. These types
can be roughly divided into three categories: immutable types, mutable types, and relations.

Immutable types, once created, cannot be changed. The only way to ater a persistent field of an immutable typeisto assign a
new value to the field. JPA supports the following immutable types:

All primitives(i nt, fl oat, byte,etc)

All primitive wrappers (j ava. | ang. I nt eger, java.l ang. Fl oat, java.l ang. Byt e, etc)

e java.lang. String

* java. mat h. Bi gl nt eger

e java. mat h. Bi gDeci nal

JPA aso supportsbyt e[ ],Byte[],char[],and Charact er[] asimmutabletypes. That is, you can persist fields of these
types, but you should not manipulate individual array indexes without resetting the array into the persistent field.

Persistent fields of mutable types can be altered without assigning the field a new value. Mutabl e types can be modified directly
through their own methods. The JPA specification requires that implementations support the following mutable field types:

e java. util . Date

e java. util. Cal endar

* java.sql . Date

e java. sql . Ti mest anp
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4.1.7.

Entity

e java.sqgl . Tine

e Enums

Entity types (relations between entities)

Embeddabl e types

e java. util. Col | ecti onsof entities
e java. util. Set sof entities

e java. util. Listsof entities

e java. util. Mapsinwhich each entry maps the value of one of arelated entity's fields to that entity.

Collection and map types may be parameterized.

Most JPA implementations also have support for persisting serializable values as binary data in the datastore. Chapter 5,
Metadata [27]has more information on persisting serializable types.

OpenJPA also supportsarrays, j ava. | ang. Nunber ,j ava. util . Local e, al JDK 1.2 Set, Li st , and Map
types, and many other mutable and immutable field types. OpenJPA aso allows you to plug in support for custom types.

Conclusions

4.2.

This section detailed all of the restrictions JPA places on persistent classes. While it may seem like we presented alot of informa-
tion, you will seldom find yourself hindered by these restrictionsin practice. Additionally, there are often ways of using JPA's
other features to circumvent any limitations you run into.

Entity Identity

Java recognizes two forms of object identity: numeric identity and qualitative identity. If two references are numerically identical,
then they refer to the same JVM instance in memory. Y ou can test for this using the == operator. Qualitative identity, on the oth-
er hand, relies on some user-defined criteria to determine whether two objects are "equal”. Y ou test for qualitative identity using
theequal s method. By default, this method simply relies on numeric identity.

JPA introduces another form of object identity, called entity identity or persistent identity. Entity identity tests whether two per-
sistent objects represent the same state in the datastore.

The entity identity of each persistent instance is encapsulated in its identity field(s). If two entities of the same type have the same
identity field values, then the two entities represent the same state in the datastore. Each entity's identity field values must be
unique among all other entities of the same type.

Identity fields must be primitives, primitive wrappers, St r i ngs, Dat es, Ti nest anps, or embeddable types.

OpenJPA supports entities as identity fields, as the Reference Guide discussesin Section 5.4.2, “ Entities as | dentity
Fields” [264For legacy schemas with binary primary key columns, OpenJPA also supports using identity fields of type
byt e[ ] . When you useabyt e[ ] identity field, you must create an identity class. Identity classes are covered below.
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4.2.1.

Entity

Changing the fields of an embeddable instance while it is assigned to an identity field has undefined results. Always
treat embeddable identity instances as immutable objectsin your applications.

If you are dealing with a single persistence context (see Section 7.3, “ Persistence Context ” [72), then you do not have to com-
pare identity fields to test whether two entity references represent the same state in the datastore. There is amuch easier way: the
== operator. JPA requires that each persistence context maintain only one JVM object to represent each unique datastore record.
Thus, entity identity is equivalent to numeric identity within a persistence context. Thisis referred to as the uniqueness require-
ment.

The unigueness requirement is extremely important - without it, it would be impossible to maintain data integrity. Think of what
could happen if two different objects in the same transaction were allowed to represent the same persistent data. If you made dif-
ferent modifications to each of these objects, which set of changes should be written to the datastore? How would your applica-
tion logic handle seeing two different "versions' of the same data? Thanks to the uniqueness requirement, these questions do not
have to be answered.

Identity Class

If your entity has only one identity field, you can use the value of that field as the entity'sidentity object inall Ent i t yManager
APIs. Otherwise, you must supply an identity class to use for identity objects. Y our identity class must meet the following criter-
ia

» Theclass must be public.

» Theclass must be seriaizable.

» The class must have a public no-args constructor.

» The names of the non-static fields or properties of the class must be the same as the names of the identity fields or properties of
the corresponding entity class, and the types must be identical.

» Theequal s and hashCode methods of the class must use the values of all fields or properties corresponding to identity
fields or propertiesin the entity class.

* Iftheclassisaninner class, it mustbest ati c.
» All entity classes related by inheritance must use the same identity class, or else each entity class must have its own identity

class whose inheritance hierarchy mirrors the inheritance hierarchy of the owning entity classes (see Section 4.2.1.1, “ I dentity
Hierarchies” [22).

Though you may still create identity classes by hand, OpenJPA providesthe appi dt ool to automatically generate
proper identity classes based on your identity fields. See Section 5.4.3, “ Application Identity Tool " [265)f the Refer-
ence Guide.

Example 4.2. |dentity Class

This exampleillustrates a proper identity class for an entity with multiple identity fields.

[ **
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* Persistent class using application identity.
*/
public class Magazine {

private String isbn; I/ identity field
private String title; I/ identity field
/'l rest of fields and nethods omtted

* %

* Application identity class for Mgazine.
*/
public static class Magazineld {

/] each identity fi
/'l corresponding fi
public String isbn;
public String title;

the Magazi ne cl ass nust have a

eldin
eld in the identity class

/**

* Equal ity nust be inplenmented in ternms of identity field

* equality, and nust use instanceof rather than conparing

* classes directly (sone JPA inplenentations nay subcl ass the
*/i dentity class).

*

publ i ¢ bool ean equal s(Obj ect other) {
if (other == this)
return true;
if (!(other instanceof Magazineld))
return fal se;

Magazi neld mi = (Magazi neld) other;

return (isbn == m.iIsbn
|| (isbn !'= null && isbn.equals(m.isbn)))
&% (title == mi.title
|] (title !'= null & title.equals(m.title)));
}
/**

* Hashcode nust al so depend on identity val ues.
*/

public int hashCode() {
return ((isbn == nul

0 : isbn. hashCode())
N ((title == nul 0

1) ?
1) ? title.hashCode());
public String toString() {

return isbn + ":" + title;

4.2.1.1. ldentity Hierarchies

Person Personld
- §5Nn: String - §5N: String
Employee Employeeld
- userMame: String - userName: String
FullTimeEmployee FullTimeEmployeeld
- empld: long - empld: long
Manager Managerld

An dternative to having a single identity class for an entire inheritance hierarchy is to have one identity class per level inthein-
heritance hierarchy. The requirements for using a hierarchy of identity classes are as follows:
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» Theinheritance hierarchy of identity classes must exactly mirror the hierarchy of the persistent classes that they identify. In the
example pictured above, abstract class Per son is extended by abstract class Enpl oyee, which is extended by non-abstract
classFul | Ti meEnpl oyee, which is extended by non-abstract class Manager . The corresponding identity classes, then, are
an abstract Per sonl d class, extended by an abstract Enpl oyeel d class, extended by a non-abstract Ful | Ti meEnpl oy-
eel d class, extended by a non-abstract Manager | d class.

» Subclassesin the identity hierarchy may define additional identity fields until the hierarchy becomes non-abstract. In the afore-
mentioned example, Per son defines an identity field ssn, Enpl oyee defines additional identity field user Nane , and
Ful | Ti meEnpl oyee addsafinal identity field, enpl d. However, Manager may not define any additional identity fields,
sinceit is a subclass of a non-abstract class. The hierarchy of identity classes, of course, must match the identity field defini-
tions of the persistent class hierarchy.

* Itisnot necessary for each abstract class to declare identity fields. In the previous example, the abstract Per son and Em
pl oyee classes could declare no identity fields, and the first concrete subclass Ful | Ti meEnpl oyee could define one or
more identity fields.

 All subclasses of aconcreteidentity class must be equal s and hashCode-compatible with the concrete superclass. This
means that in our example, aManager | d instance and aFul | Ti meEnpl oyeel d instance with the same identity field val-
ues should have the same hash code, and should compare equal to each other using the equal s method of either one. In prac-
tice, this requirement reduces to the following coding practices:
1. Usei nst anceof instead of comparing Cl ass objectsinthe equal s methods of your identity classes.

2. Anidentity class that extends another non-abstract identity class should not override equal s or hashCode.

Lifecycle Callbacks

4.3.1.

It is often necessary to perform various actions at different stages of a persistent object's lifecycle. JPA includes a variety of call-
backs methods for monitoring changes in the lifecycle of your persistent objects. These callbacks can be defined on the persistent
classes themselves and on non-persistent listener classes.

Callback Methods

Every persistence event has a corresponding callback method marker. These markers are shared between persistent classes and
their listeners. Y ou can use these markers to designate a method for callback either by annotating that method or by listing the
method in the XML mapping file for a given class. The lifecycle events and their corresponding method markers are:

e PrePer si st : Methods marked with this annotation will be invoked before an object is persisted. This could be used for as-
signing primary key values to persistent objects. Thisis equivalent to the XML element tag pr e- per si st .

» Post Per si st : Methods marked with this annotation will be invoked after an object has transitioned to the persistent state.
Y ou might want to use such methods to update a screen after a new row is added. Thisis equivalent to the XML element tag
post - persi st.

» Post Load: Methods marked with this annotation will be invoked after all eagerly fetched fields of your class have been
loaded from the datastore. No other persistent fields can be accessed in this method. Thisis equivaent to the XML element tag
post - | oad.

Post Load is often used to initialize non-persistent fields whose values depend on the values of persistent fields, such asa
complex data structure.

e Pr eUpdat e: Methods marked with this annotation will be invoked just the persistent values in your objects are flushed to the
datastore. Thisis equivalent to the XML element tag pr e- updat e.

Pr eUpdat e isthe complement to Post Load . While methods marked with Post Load are most often used to initialize
non-persistent values from persistent data, methods annotated with Pr eUpdat e is normally used to set persistent fields with
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information cached in non-persistent data.

» Post Updat e: Methods marked with this annotation will be invoked after changes to a given instance have been stored to the
datastore. Thisis useful for clearing stale data cached at the application layer. Thisis equivalent to the XML element tag
post - updat e.

* Pr eRenove: Methods marked with this annotation will be invoked before an object transactions to the deleted state. Access
to persistent fields is valid within this method. Y ou might use this method to cascade the deletion to related objects based on
complex criteria, or to perform other cleanup. Thisis equivalent to the XML element tag pr e- r enove.

» Post Renmpve: Methods marked with this annotation will be invoked after an object has been marked asto be deleted. Thisis
equivalent to the XML element tag post - r enove.

4.3.2. Using Callback Methods

When declaring callback methods on a persistent class, any method may be used which takes no arguments and is not shared with
any property access fields. Multiple events can be assigned to a single method as well.

Below is an example of how to declare callback methods on persistent classes:

[ **

* Exanpl e persistent class declaring our entity |istener.
*/

@ntity
public class Magazine {

@r ansi ent
private byte[][] data;
@many ToMany
private List<Photo> photos;
@ost Load
public void convertPhotos() {
data = new byt e[ photos.size()][];
for (int i =0; | < photos.size(); i++)
data[i] = photos.get(i).toByteArray();
@rebel ete

public void | ogVagazi neDel etion() {
get Log() . debug("del eti ng magazi ne contai ni ng" + photos. si ze()
+ " photos.");
}
}

In an XML mapping file, we can define the same methods without annotations:

<entity class="Magazi ne">
<pre-renove>l ogvagazi neDel eti on</ pre-renove>
<post - | oad>conver t Phot os</ post - | oad>
</entity>

We fully explore persistence metadata annotations and XML in Chapter 5, Metadata [27]

4.3.3. Using Entity Listeners
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Mixing lifecycle event code into your persistent classesis not alwaysideal. It is often more elegant to handle cross-cutting life-
cycle eventsin a non-persistent listener class. JPA allows for this, requiring only that listener classes have a public no-arg con-
structor. Like persistent classes, your listener classes can consume any number of callbacks. The callback methods must takein a
singlej ava. | ang. Cbj ect argument which represents the persistent object that triggered the event.

Entities can enumerate listenersusingthe Ent i t yLi st ener s annotation. This annotation takes an array of listener classes as
itsvalue.

Below is an example of how to declare an entity and its corresponding listener classes.

| **

* Exanpl e persistent class declaring our entity listener.
*/

@Entity
@ntityLi steners({ Magazi neLogger.class, ... })
public class Magazi ne {

IV
}

/**
* Exanple entity listener.
*/

public class Magazi neLogger {

@ost Per si st
public void | ogAddition(Object pc) {
get Log() . debug(" Added new magazi ne:" + ((Magazine) pc).getTitle());

@r eRenove
public void | ogDel etion(Object pc) {
get Log() . debug("Renmoving fromcirculation:" +
((Magazine) pc).getTitle());

In XML, we define both the listeners and their callback methods as so:

<entity class="Magazi ne">
<entity-listeners>
<entity-listener class="Magazi neLogger">
<post - per si st > ogAddi ti on</ post - per si st >
<pre-renpve>| ogDel eti on</ pre-renpve>
</entity-listener>
</entity-listeners>
</entity>

4.3.4.

Entity Listeners Hierarchy

Entity listener methods are invoked in a specific order when a given event isfired. So-called default listeners are invoked first:
these are listeners which have been defined in a package annotation or in the root element of XML mapping files. Next, entity

listeners are invoked in the order of the inheritance hierarchy, with superclass listeners being invoked before subclass listeners.
Finally, if an entity has multiple listeners for the same event, the listeners are invoked in declaration order.

Y ou can exclude default listeners and listeners defined in superclasses from the invocation chain through the use of two class-
level annotations:

» Excl udeDef aul t Li st ener s: Thisannotation indicates that no default listeners will be invoked for this class, or any of its
subclasses. The XML equivalent isthe empty excl ude- def aul t -1 i st ener s element.
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» Excl udeSuper cl assLi st ener s: Thisannotation will cause OpenJPA to skip invoking any listeners declared in super-
classes. The XML equivaent isthe empty excl ude- super cl ass- | i st ener s element.

4.4. Conclusions

This chapter covered everything you need to know to write persistent class definitionsin JPA. JPA cannot use your persistent
classes, however, until you complete one additional step: you must define the persistence metadata. The next chapter explores
metadata in detail .
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Chapter 5. Metadata

JPA requires that you accompany each persistent class with persistence metadata. This metadata serves three primary purposes:

1. Toidentify persistent classes.
2. To override default JPA behavior.

3. To provide the JPA implementation with information that it cannot glean from simply reflecting on the persistent class.

Persistence metadata is specified using either the Java 5 annotations defined in thej avax. per si st ence package, XML map-
ping files, or amixture of both. In the latter case, XML declarations override conflicting annotations. If you choose to use XML
metadata, the XML files must be available at development and runtime, and must be discoverable via either of two strategies:

1. Inaresource named or m xm placed in aMETA- | NF directory within a directory in your classpath or within ajar archive
containing your persistent classes.

2. Declared inyour per si st ence. xm configuration file. In this case, each XML metadata file must be listed in amap-
pi ng-fi | e element whose content is either a path to the given file or aresource location available to the class' class |oader.

We describe the standard metadata annotations and XML equivalents throughout this chapter. The full schemafor XML mapping
filesisavailablein Section 5.3, “ XML Schema” [42] JPA aso standardizes relational mapping metadata and named query
metadata, which we discussin Chapter 13, Mapping Metadata [143ind Section 10.1.11, “ Named Queries” [99]respectively.

OpenJPA defines many useful annotations beyond the standard set. See Section 6.3, “ Additional JPA Metadata” [282]
and Section 6.4, “ Metadata Extensions” [284h the Reference Guide for details. There are currently no XML equival-
ents for these extension annotations.
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org.mag org.mag.pub
Author
autharg™ * [-id: long
- firstName: String
R Article - lastMame: String
=Ny - arts® — - version: int
- title: String
- content: byte(] T
- version: int address
Address
- street: String
coverArticle articles” - city: String
| | - state: String
Magazine - Zip: String
- isbn: String |
- title: String :
- price: double pubhlsher ardress
- copiesSold: int = Company
- version: int - mags® — -id: long
- name: String
- revenue: double
- version: int
I
magazine subscriptions™
Lineltern_ __Subscription LifetimeSubscription
- comments: String -id: long —elleClub: boolean
- price: double 4 ilems® 4 - startDate: Date
- num: long - payment: double
- version: int
l’ TrialSubscription
Doc - endDate: Date
Contract ~7d: Tong s
- Torms - version: int
org.mag.subscribe

Through the course of this chapter, we will create the persistent object model above.

5.1. Class Metadata

The following metadata annotations and XML elements apply to persistent class declarations.

5.1.1. Entity

The Ent i t y annotation denotes an entity class. All entity classes must have this annotation. The Ent i t y annotation takes one
optional property:

» String name: Name used to refer to the entity in queries. Must not be areserved literal in JPQL. Defaults to the unqualified
name of the entity class.

The equivalent XML elementisent i t y. It has the following attributes:

» cl ass: Theentity class. This attribute is required.
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» nane: Named used to refer to the class in queries. See the name property above.

» access: Theaccesstypeto usefor the class. Must either be FI ELD or PROPERTY. For details on access types, see Sec-
tion 5.2, “ Field and Property Metadata” [31]

OpenJPA uses a process called enhancement to modify the bytecode of entities for transparent lazy loading and immedi-
ate dirty tracking. See Section 5.2, “ Enhancement ” [258h the Reference Guide for details on enhancement.

Id Class

5.1.3.

Aswediscussed in Section 4.2.1, “ Identity Class” [21], entities with multiple identity fields must use an identity classto en-
capsulate their persistent identity. Thel dCl ass annotation specifiesthisclass. It acceptsasinglej ava. | ang. Cl ass value.
The equivalent XML elementisi d- cl ass, which has asingle attribute:

» cl ass: Set thisrequired attribute to the name of the identity class.

Mapped Superclass

5.1.4.

A mapped superclassis anon-entity classthat can define persistent state and mapping information for entity subclasses. Mapped
superclasses are usually abstract. Unlike true entities, you cannot query a mapped superclass, pass a mapped superclass instance
toany Ent i t yManager or Quer y methods, or declare a persistent relation with a mapped superclass target. Y ou denote a
mapped superclass with the MappedSuper cl ass marker annotation.

The equivalent XML element ismapped- super cl ass. It expects the following attributes:

» cl ass: Theentity class. This attribute is required.

e access: Theaccesstypeto use for the class. Must either be FI ELD or PROPERTY. For details on access types, see Sec-
tion 5.2, “ Field and Property Metadata” [31]

OpenJPA allows you to query on mapped superclasses. A query on a mapped superclass will return all matching sub-
classinstances. OpenJPA also allows you to declare relations to mapped superclass types; however, you cannot query
across these relations.

Embeddable

The Enmbeddabl e annotation designates an embeddable persistent class. Embeddable instances are stored as part of the record
of their owning instance. All embeddable classes must have this annotation.

A persistent class can either be an entity or an embeddable class, but not both.

The equivalent XML element isenrbeddabl e. It understands the following attributes:

» cl ass: Theentity class. This attribute is required.
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» access: Theaccesstypeto usefor the class. Must either be FI ELD or PROPERTY. For details on access types, see Sec-
tion 5.2, “ Field and Property Metadata” [31]

OpenJPA allows a persistent class to be both an entity and an embeddabl e class. Instances of the class will act as entities
when persisted explicitly or assigned to non-embedded fields of entities. | nstances will act as embedded values when as-
signed to embedded fields of entities.

To signal that a classis both an entity and an embeddable classin OpenJPA, simply add both the @nt i t y and the
@nbeddabl e annotations to the class.

5.1.5. EntityListeners

An entity may list itslifecycle event listenersinthe Ent i t yLi st ener s annotation. This value of this annotation is an array of
thelistener Cl ass esfor the entity. The equivalent XML elementisenti ty-1i st ener s. For more details on entity listeners,
see Section 4.3, “ Lifecycle Callbacks” [23].

5.1.6. Example

Here are the class declarations for our persistent object model, annotated with the appropriate persistence metadata. Note that
Magazi ne declares an identity class, and that Docurent and Addr ess are a mapped superclass and an embeddable class, re-
spectively. Li f et i meSubscri ptionandTri al Subscri pti on override the default entity name to supply a shorter alias
for usein queries.

Example5.1. Class Metadata

package org. mag;
@Entity

@ dCl ass(Magazi ne. Magazi nel d. cl ass)
public class Magazine {

public static class Magazineld {

}
}

@ntity
public class Article {

}

package org. mag. pub;

@ntity
public class Conpany {

}

@ntity
public class Author {

}

@nbeddabl e
public class Address {

}

package org. mag. subscri be;

@MmppedSuper cl ass
public abstract class Docunent {
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}

@ntity
public class Contract
extends Docunent {

}

@ntity
public class Subscription {

@ntity
public static class Lineltem
extends Contract {

}

@ntity(name="Lifetime")
public class LifetimeSubscription
extends Subscription {

}

@ntity(name="Trial")
public class Trial Subscription
ext ends Subscription {

The equivalent declarationsin XML:

<entity-mappi ngs xm ns="http://java.sun. conl xn / ns/ persi stence/ or n
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schera- i nst ance"
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ per si stence/orm orm 1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >

</ rmbbéd— super cl ass>
<entity cl ass="org.mg. Magazi ne">
<id-cl ass cl ass="org. nag. Magazi ne$Magazi nel d"/ >

</ ent iiy>

<entity class="org.mg. Article">

</ ent ify>

<entity class="org. mg. pub. Conpany" >

</ ent iiy>

<entity class="org. mg. pub. Aut hor">

</ ent iiy>

<entity class="org. mg. subscribe. Contract">

</entit y>

<entity class="org. mg. subscri be. Li nel teni>

</ ent iiy>

<entity class="org.mg. subscribe.LifetimeSubscription" name="Lifetinme">
</ ent iiy>

<entity class="org. mag. subscribe. Tri al Subscri ption" name="Trial ">
</ ent iiy>

<enbeddabl e cl ass="org. mag. pub. Addr ess" >

</ enbeddabl e>
</entity-mappi ngs>

Field and Property Metadata

The persistence implementation must be able to retrieve and set the persistent state of your entities, mapped superclasses, and em-
beddabl e types. JPA offers two modes of persistent state access: field access, and property access. The access type of a persistent
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attribute can be either set explicitly on aclass or attribute level, inherited, or determined by the provider.

Under field access, the implementation injects state directly into your persistent fields, and retrieves changed state from your
fieldsaswell. To declare field access on an entire entity with XML metadata, set theaccess attribute of your ent i t y XML
element to FI ELD. To use field access for an entire entity using annotation metadata, simply place your metadata and mapping
annotations on your field declarations:

@manyToOne
private Conpany publisher;

Property access, on the other hand, retrieves and loads state through JavaBean "getter”" and "setter" methods. For a property p of
type T, you must define the following getter method:

T getP();

For boolean properties, thisis also acceptable:

bool ean isP();

Y ou must also define the following setter method:

void setP(T val ue);

Toimplicitly use property access for an entire class by default, set your ent i t y element'saccess attribute to PROPERTY, or
place your metadata and mapping annotations on the getter method:

@manyToOne
private Conpany getPublisher() { ... }
private void setPublisher(Conpany publisher) { ... }

5.2.1.

Explicit Access

The access type of aclass or individual persistent attributes can be specified explicitly using the @GAccess annotation or ac-
cess attribute on the XML elements used to define persistent attributes. When explicitly defining access, specify the explicit
access type for the class and then apply the @GAccess annotation or access XML attribute to individual fields or properties. If
explicit FI ELD or PROPERTY is specified at the class level, al eligible non-transient fields or properties will be persistent. If us-
ing class level FI ELD access, non-persistent fields must bet r ansi ent or annotated with @ ansi ent . If using class level
PROPERTY access, non-persistent properties must be annotated @'r ansi ent or excluded using thet r ansi ent XML attrib-
ute. Refer to the JPA specification for specific rules regarding the use of explicit access with embeddables and within an inherit-
ance hierarchy.

This entity definitions shows how multiple access types may be specified on an entity:
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@Entity
@\ccess(AccessType. Fl ELD)
public class Paynent Contract {

@d
private String id;

@enpor al (Tenpor al Type. DATE)
private String contractDate;

@ransi ent
private String terns;

@/ersi on .
private int version,

@ob

@\ccess(AccessType. PROPERTY)

public String getContractTerns() {
return terns;

public void setContract Terns(String ternms) {
/] Format string before persisting
this.terns = fornat Terns(terns);

The equivalent declarationsin XML:

<entity-mappi ngs xm ns="http://java. sun. conf xm / ns/ per si st ence/ or ni'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi :schemaLocation="http://]ava. sun. conl xm / ns/ persi stence/ orm orm 2_0. xsd"
version="2.0">
<entity class="org.xyz. Paynent Contract" access="FI ELD"'>
<attributes>
<id name="id"/>
<basi ¢ name="contract Terms" access="PROPERTY">
<l ob/ >
</ basi c>
<basi ¢ nanme="contract Date">
<t enpor al >DATE</ t enpor al >
</ basi c>
<versi on name="version"/>
<transi ent name="terns"/>
</attributes>
</entity>
</entity-mappi ngs>

When using property access, only the getter and setter method for a property should ever access the underlying persistent
field directly. Other methods, including internal business methods in the persistent class, should go through the getter
and setter methods when manipulating persistent state.

Also, take care when adding business logic to your getter and setter methods. Consider that they are invoked by the per-
sistence implementation to load and retrieve all persistent state; other side effects might not be desirable.

Each class must use either field access or property access for al state; you cannot use both access types within the same class.
Additionally, a subclass must use the same access type as its superclass.

The remainder of this document uses the term "persistent field" to refer to either a persistent field or a persistent property.

5.2.2. Transient

The Tr ansi ent annotation specifies that afield is non-persistent. Use it to exclude fields from management that would other-
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wise be persistent. Tr ansi ent isamarker annotation only; it has no properties.

The equivalent XML elementist r ansi ent . It hasasingle attribute:

» nane: Thetransient field or property name. This attribute is required.

Id

5.2.4.

Annotate your simpleidentity fieldswith | d. This annotation has no properties. We explore entity identity and identity fieldsin
Section 4.1.3, “ Identity Fields” [18].
The equivalent XML element isi d. It has one required attribute;

» narme: The name of theidentity field or property.

Generated Value

The previous section showed you how to declare your identity fields with the | d annotation. It is often convenient to allow the
persistence implementation to assign a unique value to your identity fields automatically. JPA includes the Gener at edVal ue
annotation for this purpose. It has the following properties:

e GenerationType strategy: Enum value specifying how to auto-generate the field value. The Gener at i onType
enum has the following values:
e Gener at or Type. AUTO. The default. Assign the field a generated value, leaving the details to the JPA vendor.
e GenerationType. | DENTI TY: The database will assign an identity value on insert.
e Generati onType. SEQUENCE: Use a datastore sequence to generate afield value.
e GenerationType. TABLE: Use a sequence table to generate afield value.
* String gener at or: The name of agenerator defined in mapping metadata. We show you how to define named generators

in Section 13.5,“ Generators” [150]f the Gener at i onType is set but this property is unset, the JPA implementation uses
appropriate defaults for the selected generation type.

The equivaent XML elementisgener at ed- val ue, which includes the following attributes:

e strategy: Oneof TABLE, SEQUENCE, | DENTI TY, or AUTO, defaulting to AUTO.

» gener at or : Equivalent to the generator property listed above.

OpenJPA allows you to use the Gener at edVal ue annotation on any field, not just identity fields. Before using the
| DENTI TY generation strategy, however, read Section 5.4.4, “ Autoassign / | dentity Strategy Caveats” [266h the
Reference Guide.

OpenJPA also offers additional generator strategies for non-numeric fields, which you can access by setting st r at egy
to AUTO (the default), and setting the gener at or string to:
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e uui d-string: OpenJPA will generate a 128-bit type 1 UUID unique within the network, represented as a
16-character string. For more information on UUIDs, seethe IETF UUID draft specification at: ht-
tp://www.ics.uci.edu/~gjw/authoring/uuid-guid/

e uui d- hex: Sameasuui d- st ri ng, but represents the type 1 UUID as a 32-character hexadecimal string.

e uui d-typed-string: OpenJPA will generate a 128-hit type 4 pseudo-random UUID, represented as a
16-character string. For more information on UUIDs, see the IETF UUID draft specification at: ht-
tp://www.ics.uci.edu/~ejw/authoring/uuid-guid/

e uui d-type4- hex: Sameasuui d-t ype4- st ri ng, but represents the type 4 UUID as a 32-character hexa-
decimal string.

These string constants are defined in or g. apache. openj pa. per si st ence. Gener at or .

If the entities are mapped to the same table name but with different schema name within one Per si st enceUni t in-
tentionally, and the strategy of Gener at edType. AUTOis used to generate the ID for each entity, a schema name for
each entity must be explicitly declared either through the annotation or the mapping.xml file. Otherwise, the mapping
tool only creates the tables for those entities with the schema names under each schema. In addition, there will be only
one OPENJPA SEQUENCE TABLE created for all the entities within the Per si st enceUni t if the entities are not
identified with the schema name. Read Section 9.6, “ Generators” [329%nd Section 4.11, “ Default Schema” [251)h
the Reference Guide.

Embedded Id

5.2.6.

If your entity has multiple identity values, you may declare multiple @ d fields, or you may declare asingle @nbedded| d
field. The type of afield annotated with Embedded! d must be an embeddable entity class. The fields of this embeddable class
are considered the identity values of the owning entity. We explore entity identity and identity fieldsin Section 4.1.3, “ | dentity
Fields” [18].

The EnbeddedI d annotation has no properties.

The equivalent XML element isenbedded- i d. It has one required attribute:

» nane: The name of the identity field or property.

Version

5.2.7.

Use the Ver si on annotation to designate a version field. Section 4.1.4, “ Version Field ” [18] explained the importance of ver-
sion fields to JPA. Thisis amarker annotation; it has no properties.
The equivalent XML element isver si on, which has asingle attribute:

» nane: The name of the version field or property. This attribute is required.

Basic

Basi ¢ signifies a standard value persisted as-is to the datastore. Y ou can use the Basi ¢ annotation on persistent fields of the
following types: primitives, primitive wrappers, j ava. | ang. String,byte[],Byte[],char[],Character[],

j ava. mat h. Bi gDeci mal ,j ava. mat h. Bi gl nteger,java. util.Date,java.util.Cal endar,

java.sqgl . Dat e,j ava. sql . Ti mest anp, Enuns, and Seri al i zabl e types.
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Basi c declaresthese properties:

» FetchType f et ch: Whether to load the field eagerly (Fet chType. EACGER) or lazily ( Fet chType. LAZY). Defaultsto
Fet chType. EAGER

* bool ean opti onal : Whether the datastore allows null values. Defaults to true.
The equivalent XML element isbasi c. It hasthe following attributes:

* name: The name of thefield or property. This attributeis required.
» fetch: Oneof EAGEROr LAZY .

» opti onal : Boolean indicating whether the field value may be null.

5.2.7.1. Fetch Type

5.2.8.

Many metadata annotations in JPA have af et ch property. This property can take on one of two values: Fet chType. EAGER
or Fet chType. LAZY. Fet chType. EAGER meansthat the field is loaded by the JPA implementation before it returns the per-
sistent object to you. Whenever you retrieve an entity from a query or from the Ent i t yManager , you are guaranteed that all of
its eager fields are populated with datastore data.

Fet chType. LAZY isahint to the JPA runtime that you want to defer loading of the field until you accessit. Thisis called lazy
loading. Lazy loading is completely transparent; when you attempt to read the field for the first time, the JPA runtime will load
the value from the datastore and populate the field automatically. Lazy loading is only a hint and not a directive because some
JPA implementations cannot lazy-load certain field types.

With amix of eager and lazily-loaded fields, you can ensure that commonly-used fields load efficiently, and that other state |oads
transparently when accessed. Asyou will seein Section 7.3, “ Persistence Context ” [72] you can also use eager fetching to en-
sure that entities have all needed data loaded before they become detached at the end of a persistence context.

OpenJPA can lazy-load any field type. OpenJPA also alows you to dynamically change which fields are eagerly or
lazily loaded at runtime. See Section 5.7, “ Fetch Groups” [274h the Reference Guide for details.

The Reference Guide details OpenJPA's eager fetching behavior in Section 5.8, “ Eager Fetching” [278]

Embedded

5.2.9.

Use the Embedded marker annotation on embeddable field types. Embedded fields are mapped as part of the datastore record of
the declaring entity. In our sample model, Aut hor and Conpany each embed their Addr ess, rather than forming arelation to
an Addr ess as a separate entity.

The equivalent XML element isermbedded, which expects a single attribute:

» nane: The name of the field or property. This attribute is required.

Many To One

When an entity A references asingle entity B, and other As might also reference the same B, we say thereis amany to onerela-
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tion from A to B. In our sample model, for example, each magazine has a reference to its publisher. Multiple magazines might
have the same publisher. We say, then, that the Magazi ne. publ i sher field isamany to one relation from magazines to pub-
lishers.

JPA indicates many to one relations between entities with the Many ToOne annotation. This annotation has the following proper-
ties:

» Class target Entity: Theclassof therelated entity type.

» CascadeType[] cascade: Array of enum values defining cascade behavior for thisfield. We explore cascades below.
Defaults to an empty array.

» FetchType f et ch: Whether to load the field eagerly (Fet chType. EACGER ) or lazily (Fet chType. LAZY). Defaultsto
Fet chType. EACER. See Section 5.2.7.1, “ Fetch Type” [36] above for details on fetch types.

* bool ean opti onal : Whether the related object must exist. If f al se, thisfield cannot be null. Defaultstot r ue.
The equivalent XML element ismany- t 0- one. It accepts the following attributes:

» nane: The name of the field or property. This attribute is required.
* target-entity: Theclassof therelated type.
» fetch: Oneof EAGERor LAZY.

» opti onal : Boolean indicating whether the field value may be null.

5.2.9.1. Cascade Type

We introduce the JPA Ent i t yManager in Chapter 8, EntityManager [76] TheEnt i t yManager hasAPIsto persist new
entities, remove (delete) existing entities, refresh entity state from the datastore, and merge detached entity state back into the
persistence context. We explore al of these APIsin detail later in the overview.

Whenthe Ent i t yManager is performing the above operations, you can instruct it to automatically cascade the operation to the

entities held in a persistent field with the cascade property of your metadata annotation. This processisrecursive. The cas-
cade property accepts an array of CascadeType enum values.

» CascadeType. PERSI ST: When persisting an entity, also persist the entities held in thisfield. We suggest liberal applica
tion of this cascade rule, because if the Ent i t yManager findsafield that references a new entity during flush, and the field
does not use CascadeType. PERSI ST, itisan error.

» CascadeType. REMOVE: When deleting an entity, also delete the entities held in thisfield.

» CascadeType. REFRESH: When refreshing an entity, also refresh the entities held in this field.

» CascadeType. MERGE: When merging entity state, also merge the entities held in this field.

OpenJPA offers enhancements to JPA's CascadeType.REM OV E functionality, including additional annotations to con-
trol how and when dependent fields will be removed. See Section 6.4.2.1, “ Dependent ” [28%jor more details.

CascadeType defines one additional value, CascadeType. ALL, that acts as a shortcut for al of the values above. The fol-
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lowing annotations are equivalent:

@/mnyToOne( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE,
CascadeType. REFRESH, CascadeType. MERGE} )
private Conpany publisher

@manyToOne( cascade=CascadeType. ALL)
private Conpany publisher

In XML, these enumeration constants are available as child elements of the cascade element. The cascade element isitself a
child of many- t o- one. The following examples are equivalent:

<many-t o-one name="publisher">
<cascade>
<cascade- persi st/ >
<cascade- ner ge/ >
<cascade-renove/ >
<cascade-refresh/>
</ cascade>
</ many-t o- one>

<many-t o- one name="publisher">
<cascade>
<cascade-al | / >
</ cascade>
</ many-t o- one>

5.2.10. One To Many

When an entity A references multiple B entities, and no two As reference the same B, we say there is a one to many relation from
AtoB.

One to many relations are the exact inverse of the many to one relations we detailed in the preceding section. In that section, we
said that the Magazi ne. publ i sher field isamany to one relation from magazines to publishers. Now, we see that the Com
pany. mags field isthe inverse - aone to many relation from publishers to magazines. Each company may publish multiple
magazines, but each magazine can have only one publisher.

JPA indicates one to many relations between entities with the OneToMany annotation. This annotation has the following proper-
ties:
« Class targetEntity: Theclassof therelated entity type. Thisinformation is usually taken from the parameterized col-

lection or map element type. Y ou must supply it explicitly, however, if your field isn't a parameterized type.

e String mappedBy: Namesthe many to onefield in the related entity that maps this bidirectional relation. We explain bid-
irectional relations below. Leaving this property unset signals that thisis a standard unidirectional relation.

» CascadeType[] cascade: Array of enum values defining cascade behavior for the collection elements. We explore cas-
cades abovein Section 5.2.9.1, “ Cascade Type” [37]. Defaultsto an empty array.

» FetchType f et ch: Whether to load the field eagerly (Fet chType. EACER ) or lazily (Fet chType. LAZY). Defaultsto
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Fet chType. LAZY. See Section 5.2.7.1, “ Fetch Type” [36] above for details on fetch types.
The equivalent XML element isone- t o- many, which includes the following attributes:

« nane: The name of the field or property. This attributeis required.

» target-entity: Theclassof therelated type.

» fetch: Oneof EAGEROr LAZY.

. [galﬁ)ped- by: The name of the field or property that owns the relation. See Section 5.2, “ Field and Property Metadata”

Y ou may also nest the cascade element within aone- t o- many element.

5.2.10.1. Bidirectional Relations

When two fields are logical inverses of each other, they form a bidirectional relation. Our model contains two bidirectional rela-
tions: Magazi ne. publ i sher and Conpany. mags form one bidirectional relation, and Arti cl e. aut hor s and Au-

t hor. arti cl es formthe other. In both cases, there is aclear link between the two fields that form the relationship. A
magazine refers to its publisher while the publisher refers to all its published magazines. An article refers to its authors while each
author refersto her written articles.

When the two fields of abidirectional relation share the same datastore mapping, JPA formalizes the connection with the
mappedBy property. Marking Conpany. nags asnmappedBy Magazi ne. publ i sher meanstwo things:

1. Conmpany. mags uses the datastore mapping for Magazi ne. publ i sher, but inversesit. Infact, itisillegal to specify any
additional mapping information when you use the mappedBy property. All mapping information is read from the referenced
field. We explore mapping in depth in Chapter 13, Mapping Metadata [143]

2. Magazi ne. publ i sher isthe"owner" of therelation. The field that specifies the mapping datais always the owner. This
means that changes to the Magazi ne. publ i sher field are reflected in the datastore, while changes to the Com
pany. nags field alone are not. Changesto Conpany. nags may still affect the JPA implementation's cache, however.
Thus, it is very important that you keep your object model consistent by properly maintaining both sides of your bidirectional
relations at all times.

Y ou should always take advantage of the mappedBy property rather than mapping each field of a bidirectional relation inde-
pendently. Failing to do so may result in the JPA implementation trying to update the database with conflicting data. Be careful to
only mark one side of the relation as mappedBy, however. One side hasto actually do the mapping!

Y ou can configure OpenJPA to automatically synchronize both sides of a bidirectiona relation, or to perform various
actions when it detects inconsistent relations. See Section 5.5, “ Managed Inverses” [267 the Reference Guide for
details.

5.2.11. One To One

When an entity A references a single entity B, and no other As can reference the same B, we say there is aone to one relation
between A and B. In our sample model, Magazi ne hasaoneto onerelationto Art i cl e through the
Magazi ne. cover Arti cl e field. No two magazines can have the same cover article.
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JPA indicates one to one relations between entities with the OneToOne annotation. This annotation has the following properties:

« Class target Entity: Theclassof therelated entity type. Thisinformation is usually taken from the field type.

» String mappedBy: Namesthefield in the related entity that maps this bidirectional relation. We explain bidirectional rela-
tionsin Section 5.2.10.1, “ Bidirectional Relations” [39] above. Leaving this property unset signals that thisis a standard
unidirectional relation.

» CascadeType[] cascade: Array of enum values defining cascade behavior for thisfield. We explore cascades in Sec-
tion 5.2.9.1, “ Cascade Type” [37] above. Defaults to an empty array.

» FetchType f et ch: Whether to load the field eagerly (Fet chType. EACER ) or lazily (Fet chType. LAZY). Defaultsto
Fet chType. EACER. See Section 5.2.7.1, “ Fetch Type” [36] above for details on fetch types.

* bool ean opti onal : Whether the related object must exist. If f al se, thisfield cannot be null. Defaultstot r ue.
The equivalent XML element isone- t 0- one which understands the following attributes:

* name: The name of thefield or property. This attributeis required.
e target-entity: Theclassof therelated type.
» fetch: Oneof EAGEROr LAZY.

e nmapped- by: Thefield that ownsthe relation. See Section 5.2, “ Field and Property Metadata” [31].

Y ou may aso nest thecascade element withinaone-t o- one element.

5.2.12. Many To Many

When an entity A references multiple B entities, and other As might reference some of the same Bs, we say there is amany to
many relation between A and B. In our sample model, for example, each article has areference to al the authors that contributed
to the article. Other articles might have some of the same authors. We say, then, that Art i cl e and Aut hor have amany to
many relation through the Ar t i cl e. aut hor s field.

JPA indicates many to many relations between entities with the Many ToMany annotation. This annotation has the following

properties:

* Class target Entity: Theclassof therelated entity type. Thisinformation is usually taken from the parameterized col-
lection or map element type. Y ou must supply it explicitly, however, if your field isn't a parameterized type.

e String mappedBy: Namesthe many to many field in the related entity that maps this bidirectional relation. We explain bi-
directional relationsin Section 5.2.10.1, “ Bidirectional Relations” [39] above. Leaving this property unset signals that this
is astandard unidirectional relation.

e CascadeType[] cascade: Array of enum values defining cascade behavior for the collection elements. We explore cas-
cades abovein Section 5.2.9.1, “ Cascade Type” [37]. Defaultsto an empty array.

* FetchType f et ch: Whether to load the field eagerly (Fet chType. EACGER) or lazily (Fet chType. LAZY). Defaultsto
Fet chType. LAZY. See Section 5.2.7.1, “ Fetch Type” [36] above for details on fetch types.

The equivalent XML element ismany- t o- many. It accepts the following attributes:
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» nane: The name of the field or property. This attribute is required.
* target-entity: Theclassof therelated type.
» fetch: Oneof EAGERor LAZY.

* mapped- by: Thefield that ownsthe relation. See Section 5.2, “ Field and Property Metadata” [31].

You may aso nest the cascade element within amany- t o- many element.

5.2.13. Order By

Datastores such as relational databases do not preserve the order of records. Y our persistent Li st fields might be ordered one
way the first time you retrieve an object from the datastore, and a completely different way the next. To ensure consistent order-
ing of collection fields, you must use the Or der By annotation. The Or der By annotation's value is a string defining the order
of the collection elements. An empty value means to sort on the identity value(s) of the elements in ascending order. Any other
value must be of the form:

<field name>] ASC| DESC|[, ...]

Each<fi el d nane> isthe name of apersistent field in the collection's element type. Y ou can optionally follow each field by
the keyword ASC for ascending order, or DESC for descending order. If the direction is omitted, it defaults to ascending.

The equivalent XML element isor der - by which can be listed as a sub-element of theone- t o- many or many- t o- many
elements. The text within this element is parsed as the order by string.

5.2.14. Map Key

JPA supports persistent Map fields through either aOneToMany or Many ToMany association. The related entities form the
map values. JPA derives the map keys by extracting afield from each entity value. The MapKey annotation designates the field
that is used as the key. It has the following properties:

e String nane: Thename of afield in the related entity class to use as the map key. If no name is given, defaults to the iden-
tity field of the related entity class.

The equivalent XML element ismap- key which can be listed as a sub-element of theone-t o- many or many-t o- nany
elements. The map- key element has the following attributes:

e nane: The name of the field in the related entity class to use as the map key.

5.2.15. Persistent Field Defaults

In the absence of any of the annotations above, JPA defines the following default behavior for declared fields:

1. Fieldsdeclaredst ati c, transient,orfinal defaultto non-persistent.

2. Fields of any primitive type, primitive wrapper type, j ava. | ang. String,byte[],Byte[],char[],Character[],
j ava. nat h. Bi gDeci mal ,j ava. nat h. Bi gl nteger,java. util.Date,java.util.Cal endar,
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java.sql . Date,java. sql . Ti mest anp, orany Seri al i zabl e type default to persistent, asif annotated with

@Basi c.
3. Fields of an embeddable type default to persistent, asif annotated with @enbedded.

4. All other fields default to non-persistent.

Note that according to these defaults, all relations between entities must be annotated explicitly. Without an annotation, arelation

field will default to serialized storage if the related entity typeis serializable, or will default to being non-persistent if not.

XML Schema

The latest revision of the version 2.0 orm schemais presented below. Version 2.0 of the schema must be used if JPA 2.0 elements

are specified as XML metadata. Many of the elementsin the schemarelate to object/relational mapping rather than metadata;
these elements are discussed in Chapter 13, Mapping Metadata [143Version 1.0 of the orm schema can be found at ht-
tp://java.sun.com/xml/ng/per sistence/orm_1_0.xsd.

<?xm version="1.0" encodi ng="UTF- 8" ?>
<!-- Java Persistence APl object/relational mapping file schema -->
<xsd: schema t ar get Nanmespace="http://j ava. sun. com xm / ns/ per si st ence/ or n
xm ns: orm="http://java. sun. com xml / ns/ per si st ence/ or ni
xm ns: xsd="ht t p: / / www. W3. or g/ 2001/ XM_Schema"
el ement For nDef aul t ="qual i fi ed" attributeFornDefaul t="unqualified"
version="2.0">

<xsd: annot ati on>
<xsd: docunent ati on>
@#)orm2_0.xsd 2.0 Cctober 1 2009
</ xsd: docunent ati on>
</ xsd: annot ati on>

<xsd: annot ati on>
<xsd: docunent ati on>

DO NOT ALTER OR REMOVE COPYRI GHT NOTI CES OR TH S HEADER
Copyri ght 2005-2009 Sun M crosystens, Inc. Al rights reserved.

The contents of this file are subject to the ternms of either the
GN\U Ceneral Public License Version 2 only ("GPL") or the Common
Devel opnent and Distribution License("CDDL") (collectively, the
"License"). You may not use this file except in conpliance with
the License. You can obtain a copy of the License at
https://glassfish.dev.java. net/public/CDDL+GPL. htnl or

gl assfi sh/bootstrap/l egal /LI CENSE. txt. See the License for the
speci fic | anguage governing perm ssions and limitations under the
Li cense.

When distributing the software, include this License Header
Notice in each file and include the License file at

gl assfish/bootstrap/l egal /LI CENSE. txt. Sun designates this
particular file as subject to the "C asspath" exception as
provided by Sun in the GPL Version 2 section of the License file
that acconpanied this code. |f applicable, add the follow ng

bel ow the License Header, with the fields enclosed by brackets []
repl aced by your own identifying information:

"Portions Copyrighted [year] [nanme of copyright owner]"

Contributor(s):

If you wi sh your version of this file to be governed by only the
CDDL or only the GPL Version 2, indicate your decision by adding
"[Contributor] elects to include this software in this
distribution under the [CDDL or GPL Version 2] license." If you
don't indicate a single choice of |license, a recipient has the
option to distribute your version of this file under either the
CDDL, the GPL Version 2 or to extend the choice of license to its
l'icensees as provided above. However, if you add GPL Version 2
code and therefore, elected the GPL Version 2 |icense, then the
option applies only if the new code is nade subject to such
option by the copyright hol der.

</ xsd: docunent at i on>
</ xsd: annot ati on>

<xsd: annot ati on>
<xsd: docunent ati on>
<! [ CDATA[
This is the XM Schema for the persistence object/rel ational
mapping file.
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The file may be named "META-INF/ormxm " in the persistence
archive or it may be naned sone other name which woul d be

used to locate the file as resource on the classpath.

bj ect/rel ati onal mapping files nmust indicate the object/relational
mappi ng file schema by using the persistence nanespace:
http://java. sun. conl xm / ns/ persi st ence

and indicate the version of the schema by

using the version el enent as shown bel ow

<entity- rrappi ngs xm ns="http://java. sun. conl xm / ns/ per si stence/ or nt'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"

xsi : schemaLocati on="http://] ava. sun. com xm / ns/ per si st ence/ orm
http://java. sun. com xm / ns/ persi st ence/ ornf orm 2_0. xsd"
version="2.0">

</enti t y- mappi ngs>
1>
</ xsd: docunent ati on>
</ xsd: annot ati on>

<xsd: conpl exType narre— "enptyType" />
<xsd: si npl eType name="versi onType">
<xsd:restriction base="xsd:token">
<xsd: pattern value="[0-9]+(\.[0-9]+)*" />
</xsd:restriction>
</ xsd: si npl eType>
R AR R R R R R SRR R R RS SRR EEEE SRR EEEEEEEEREEEEREEREEREEEESS caS
<xsd. el enent name="entity-mappi ngs" >
<xsd: conpl exType>
<xsd: annot ati on>
<xsd: docunent at i on>
The entity-nmappings elenent is the root el ement of a mapping
file. It contains the followi ng four types of elenents:
1. The persistence-unit-netadata el ement contains netadata
for the entire persistence unit. It is undefined if this el enent
occurs in nultiple mapping files within the sane
persi stence unit.
2. The package, schemm, catal og and access el ements apply to all of
the entity, napped-superclass and enbeddabl e
el ements defined in
the sane file in which they occur.
3. The sequence-generator, table-generator, nanmed-query,
named- native-query and sql-result-set-mapping
el enents are gl obal
to the persistence unit. It is undefined to have nore than one
sequence-generator or tabl e-generator of the sane
name in the sane
or different mapping files in a persistence unit. It is also
undefined to have nore than one named-query,
naned- nati ve- query, or
result-set-mappi ng of the same nanme in the same or different mapping
files in a persistence unit.
4. The entity, mapped-superclass and enbeddabl e el ements each define
the nmapping information for a nanaged persi stent
cl ass. The mappi ng
information contained in these el ements may be conplete or it may
be partial .
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="description" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="persi stence-unit-netadata"
type="orm persi stence-uni t-nmetadata" m nCccurs="0" />
<xsd: el enent nane="package" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="schem" type="xsd:string"
m nCccurs="0" />
<xsd: el enent nane="catal og" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="access" type="orm access-type"
m nCccurs="0" />
<xsd: el enent nane="sequence-generator" type="orm sequence-generator"
m nCQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="t abl e-generator" type="ormtabl e-generator”
m nCQccur s="0" maxCccur s="unbounded” />
<xsd: el enent nane="naned- query" type="orm naned- query"
m nCQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="naned- nati ve-query" type="orm named-native-query"
m nCccur s="0" nmaxCccur s="unbounded" />
<xsd: el enent nane="sql -resul t-set-mappi ng"
type="orm sql -resul t - set - mappi ng" m nCccur s="0"
maxQccur s="unbounded" />
<xsd: el ement name="mapped- super cl ass" type="orm mapped- supercl ass"
m nCccurs="0" maxQccur s="unbounded" />
<xsd: el ement name="entity" type="ormentity"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="enbeddabl e" type="orm enbeddabl e"
m nCccurs="0" maxQccur s="unbounded" />
</ xsd: sequence>
<xsd: attribute name="version" type="orm versi onType"
fixed="2.0" use="required" />
</ xsd: conpl exType>
</ xsd: el enent >
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<xsd: conpl exType nane="persi stence-unit-netadata">
<xsd: annot ati on>
<xsd: docunent at i on>
Metadata that applies to the persistence unit and not just to
the mapping file in which it is contained.
I'f the xm - mappi ng- et adat a- conpl ete el enent is specified,
the conplete set of napping netadata for the persistence unit
is contained in the XML mapping files for the persistence unit.
</ xsd: docunent ati on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="xm - mappi ng- met adat a- conpl et e"
type="or m enpt yType" m nCccurs="0" />
<xsd: el ement name="persistence-unit-defaults"
type="orm persi stence-unit-defaul ts" m nCccurs="0" />
</ xsd: sequence>
</ xsd: conpl exType>
<!__ EREEREE R EREEREREEERERESRERERESESESESRESESESERESESESESESES] -
<xsd: conpl exType nanme="persi stence-unit-defaul ts">
<xsd: annot ati on>
<xsd: docunent at i on>
These defaults are applied to the persistence unit as a whole
unl ess they are overridden by |ocal annotation or XM
el enent settings.
schema - Used as the schemm for all tables, secondary tables, join
tabl es, collection tables, sequence generators, and table
generators that apply to the persistence unit
catalog - Used as the catalog for all tables, secondary tables, join
tabl es, collection tables, sequence generators, and
tabl e generators that apply to the persistence unit
delinmted-identifiers - Used to treat database identifiers as
delimted identifiers.
access - Used as the access type for all managed classes in
the persistence unit
cascade- persi st - Adds cascade-persist to the set of cascade options
inall entity relationships of the persistence unit
entity-listeners - List of default entity listeners to be invoked
on each entity in the persistence unit.
</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
<xsd: el enent nane="schemn" type="xsd: string"
m nCccurs="0" />
<xsd: el ement nanme="cat al og" type="xsd:string"
m nCccurs="0" />
<xsd: el enent nane="del im ted-identifiers" type="orm enptyType"
m nCccurs="0" />
<xsd: el ement name="access" type="orm access-type"
m nCQccurs="0" />
<xsd: el enent nanme="cascade-persist" type="orm enptyType"
m nCccurs="0" />
<xsd: el ement name="entity-listeners" type="ormentity-listeners"”
m nCccurs="0" />
</ xsd: sequence>
</ xsd: conpl exType>
<!__ R R R RS RS RS RS S SRS R R R R R RS RS RS RS EEEEEEEEEEEEEEEEESEEESE] -
<xsd: conpl exType name="entity">
<xsd: annot ati on>
<xsd: docunent ati on>
Defines the settings and nmappings for an entity. Is allowed to be
sparsely popul ated and used I n conjunction with the annotati ons.
Alternatively, the netadata-conplete attribute can be
used to
indicate that no annotations on the entity class (and its fields
or properties) are to be processed. If this is the case then
the defaulting rules for the entity and its subel enents will
be recursively applied.
@rar get (TYPE) @Ret enti on( RUNTI ME)
public @nterface Entity {
String name() default "";

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="description" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="tabl e" type="ormtable"
m nCccurs="0" />
<xsd: el enent nane="secondary-tabl e" type="orm secondary-table"
m nCQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="pri mary-key-j oi n-col um"
type="orm pri mary-key-j oi n-col um" m nCccurs="0"
maxCccur s="unbounded” />
<xsd: el ement name="id-cl ass" type="ormi d-cl ass"
m nCccurs="0" />
<xsd: el ement name="inheritance" type="orminheritance"
m nCccurs="0" />
<xsd: el enent nane="di scri m nator-val ue" type="ormdiscrim nator-val ue"
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m nCccurs="0" />
<xsd: el enent nanme="di scri m nator-col um" type="ormdiscrim nator-col um"
m nCccurs="0" />
<xsd: el ement name="sequence-generator" type="orm sequence-generator"
m nCccurs="0" />
<xsd: el enent nane="t abl e-generator" type="ormtabl e-generator"
m nCccurs="0" />
<xsd: el ement name="naned- query" type="orm nanmed- query"
m nCQccurs="0" maxCccurs="unbounded" />
<xsd: el enent nane="naned- nati ve-query" type="orm naned- native-query"
m nCccurs="0" maxQccur s="unbounded" />
<xsd: el ement name="sql -resul t-set-mappi ng" type="orm sql -result-set-mappi ng
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="excl ude-defaul t-1isteners"
type="orm enpt yType" m nCccurs="0" />
<xsd: el ement name="excl ude- supercl ass-1i steners”
type="orm enpt yType" m nCccurs="0" />
<xsd: el enent nane="entity-listeners" type="ormentity-|isteners"
m nCccurs="0" />
<xsd: el ement name="pre-persist" type="orm pre-persist"
m nCccurs="0" />
<xsd: el enent nane="post-persist" type="orm post-persist"
m nCccurs="0" />
<xsd: el ement name="pre-renove" type="orm pre-renove"
m nCQccurs="0" />
<xsd: el enent nanme="post-renopve" type="orm post-renpve"
m nCccurs="0" />
<xsd: el ement name="pre-update" type="orm pre-update"
m nCQccurs="0" />
<xsd: el enent nanme="post-update" type="orm post-update"”
m nCccurs="0" />
<xsd: el ement name="post-|oad" type="orm post-I oad"
m nCccurs="0" />
<xsd: el enent nanme="attribute-override" type="ormattribute-override"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="associ ati on-overri de" type="orm associ ati on-overri de"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="attributes" type="ormattributes"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attribute name="nanme" type="xsd:string" />
<xsd:attribute name="cl ass" type="xsd:string" use="required" />
<xsd:attribute name="access" type="orm access-type" />
<xsd: attri bute name="cacheabl e" type="xsd: bool ean" />
<xsd: attribute name="net adat a- conpl ete" type="xsd: bool ean" />
</ xsd: conpl exType>
<! . Kkkkkkhkkhhkhhkhkhkkhkkhkkkhkhkhkhkhkkhhkhhkhhkhhkhkdkhkhkkhkhkhkhkkkkkkkkx )
<xsd: si npl eType nanme="access-type">
<xsd: annot ati on>
<xsd: docunent ati on>
This el enent determ nes how the persistence provi der accesses the
state of an entity or enbedded object.
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuneration val ue=" PROPERTY" />
<xsd: enuneration val ue="Fl ELD" />
</xsd:restriction>
</ xsd: si npl eType>
<!__ ER R R R R R R R R R R R R R R R R R R R SRR EE R )
<xsd: conpl exType name="associ ati on-override">
<xsd: annot ati on>
<xsd: document at i on>
@arget ({TYPE, METHOD, FIELD}) @Retention(RUNTI ME)
public @nterface AssociationOverride {
String name();
Joi nCol um[] joinColums() defaul t{};
Joi nTabl e joi nTabl e() default @oinTabl e;

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string" m nCccurs="0" />
<xsd: choi ce>
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="j oi n-tabl e" type="ormj oi n-table"
m nCccurs="0" />
</ xsd: choi ce>
</ xsd: sequence>
<xsd: attribute name="name" type="xsd:string" use="required" />
</ xsd: conpl exType>
<!__ LR EREEEEREREREEERERESRERERESESESESRESESESERESESESESESES] -
<xsd: conpl exType nanme="attri bute-override">
<xsd: annot ati on>
<xsd: docurent ati on>
@arget ({ TYPE, METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface AttributeOverride {
String name();
Col um col um() ;

</ xsd: docunent at i on>
</ xsd: annot ati on>
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<xsd: sequence>
<xsd: el enent nane="description" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="col utm" type="orm col um" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
</ xsd: conpl exType>
<!__ LR EEE SRR EREEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEREESERESESSES] -—>
<xsd: conpl exType name="attri butes">
<xsd: annot ati on>
<xsd: document at i on>
This el ement contains the entity field or property mappi ngs
It may be sparsely popul ated to include only a subset of the
fields or properties. |If netadata-conplete for the entity is true
then the renainder of the attributes will be defaulted according
to the default rules
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
<xsd: choi ce>
<xsd: el ement name="id" type="ormid"
m nCccurs="0" maxCccur s="unbounded" />
<xsd: el ement name="enbedded-i d" type="orm enbedded-i d"
m nCccurs="0" />
</ xsd: choi ce>
<xsd: el ement name="basi c" type="orm basic"
m nCccur s="0" maxCccur s="unbounded" />
<xsd: el enent nanme="version" type="orm version"
m nCQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="many-to-one" type="orm many-to-one"
m nCccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="one-to-many" type="orm one-to-many"
m nCQccur s="0" maxCccur s="unbounded" />
<xsd: el enent nane="one-to-one" type="orm one-to-one"
m nCccur s="0" maxCccur s="unbounded" />
<xsd: el enent name="nmany-to-many" type="orm many-to- nany"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el enent nane="el enent-col | ection" type="orm el enent-collection"
m nCccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="enbedded" type="orm enbedded"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="transient" type="ormtransient"
m nCccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
</ xsd: conpl exType>
<!__ R R R RS R R R R R R R R R R R R R R R R R R R R EEEEE S -
<xsd: conpl exType nanme="basic">
<xsd: annot ati on>
<xsd: docunent ati on>
@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface Basic {
Fet chType fetch() default EAGER
bool ean optional () default true

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="col utm" type="orm col urm"
m nCccurs="0" />
<xsd: choi ce>
<xsd: el enent nanme="|ob" type="orm |l ob"
m nCccurs="0" />
<xsd: el ement name="tenporal" type="ormtenporal"
m nCccurs="0" />
<xsd: el ement name="enuner at ed" type="orm enumner at ed"
m nCccurs="0" />
</ xsd: choi ce>
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="fetch" type="ormfetch-type" />
<xsd:attri bute name="optional " type="xsd: bool ean" />
<xsd:attri bute name="access" type="orm access-type" />
</ xsd: conpl exType>
<! . Kkkkkkhkkhkhkhhkhhkkhkkhkkhhkhkhkhkhkhkhkhkhhkhhk bk hkdkhkhkkhkhkhkhkkkkkhkkhx )
<xsd: conpl exType name="cascade-type">
<xsd: annot ati on>
<xsd: docurent ati on>
publ i c enum CascadeType { ALL, PERSI ST, MERGE, REMOVE, REFRESH,
DETACH} ;
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="cascade-al | " type="orm enptyType"
m nCccurs="0" />
<xsd: el ement name="cascade-persist" type="orm enptyType"
m nCccurs="0" />
<xsd: el ement name="cascade- nmerge" type="orm enptyType"
m nCccurs="0" />
<xsd: el ement name="cascade-renove" type="orm enptyType"
m nCccurs="0" />
<xsd: el enent nane="cascade-refresh" type="orm enptyType"
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m nCccurs="0" />
<xsd: el enent nane="cascade-detach" type="orm enptyType"
m nCccurs="0" />
</ xsd: sequence>
</ xsd: conpl exType>
<!__ R R R R R R R R R R R R R RS R R R R RS E R EEEE R )
<xsd: conpl exType name="col | ecti on-tabl e">
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI ME)
public @nterface Coll ectionTable {
String name() default "";
String catal og() default "";
String schema() default ""
Joi nCol um[] joinColums() default {};
Uni queConstraint[] uniqueConstraints() default {};

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nQccur s="0" maxCccur s="unbounded" />

<xsd: el ement name="uni que-constrai nt" type="orm uni que-constraint"

m nQccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" />
<xsd: attri bute name="catal og" type="xsd:string" />
<xsd:attribute name="schema" type="xsd:string" />
</ xsd: conpl exType>
<!__ EREEEERERERERERERERERERERERERERERESRESRESEERESRESESESESES] -
<xsd: conpl exType nanme="col um" >
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI MVE)
public @nterface Colum {
String name() default "";
bool ean uni que() default false;
bool ean nul | abl e() default true;
bool ean insertabl e() default true;
bool ean updat abl e() default true;
String columbDefinition() default
String table() default "";
int length() default 255;
int precision() default 0; // decimal precision
int scale() default 0; // decimal scale

’

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attribute name="nanme" type="xsd:string" />
<xsd:attribute name="uni que" type="xsd: bool ean" />
<xsd:attribute name="nul | abl e" type="xsd: bool ean" />
<xsd:attribute name="insertabl e" type="xsd: bool ean" />
<xsd:attribute name="updat abl e" type="xsd: bool ean" />
<xsd:attri bute name="col um-definition" type="xsd:string" />
<xsd:attribute name="tabl e" type="xsd:string" />
<xsd:attri bute name="I|ength" type="xsd:int" />
<xsd:attribute name="precision" type="xsd:int" />
<xsd:attribute name="scal e" type="xsd:int" />
</ xsd: conpl exType>
< - R R R R R R R R R R R R R RS R R R R R SRR EE S )
<xsd: conpl exType nanme="col um-resul t"
<xsd: annot ati on>
<xsd: docunent at i on>
@rarget ({}) @Retention(RUNTI ME)
public @nterface Col umResult {
String name();

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: attri bute name="name" type="xsd:string" use="required" />
</ xsd: conpl exType>
< - ER R R R R R R R R R R R RS R R R R R SRR EE R )
<xsd: conpl exType nanme="di scri m nator-col uim">
<xsd: annot ati on>
<xsd: docurent ati on>
@arget ({ TYPE}) @retenti on( RUNTI VE)
public @nterface DiscrimnatorColum {
String name() default "DTYPE";
Di scrim nator Type di scrimnatorType() default STRI NG
String columbDefinition() default "";
int length() default 31;

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" />

<xsd:attribute name="di scrimnator-type" type="ormdiscrimnator-type

<xsd:attribute name="col um-definition" type="xsd:string" />
<xsd:attribute name="length" type="xsd:int" />
</ xsd: conpl exType>
<!__ LR R R RS RS RS RS R SRS R R R R R R RS RS RS RS EEEEEEEEEEEEEEEEESEEESE] -
<xsd: si npl eType name="di scri m nator-type">
<xsd: annot ati on>
<xsd: docunent ati on>

/>
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public enum Di scrim natorType { STRING CHAR, | NTECER }
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuneration val ue="STRING' />
<xsd: enuneration val ue="CHAR' />
<xsd: enuneration val ue="| NTECER' />
</xsd:restriction>
</ xsd: si npl eType>
<!__ ER R R R R R R R R R R R R R R RS R R R R R SRR EEE R )
<xsd: si npl eType nanme="di scri m nat or-val ue">
<xsd: annot ati on>
<xsd: docurent ati on>
@rarget ({TYPE}) @Retention( RUNTI ME)
public @nterface DiscrimnatorVal ue {
String val ue();

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:string" />
</ xsd: si npl eType>
<!__ IR R E SRS R SRS SRR SRR SRR EE RS RS EEEEEEEERERRERREEREEEEEESES )
<xsd: conpl exType nanme="el enent-col | ecti on">
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI MVE)
public @nterface El ementCol |l ection {
Cl ass targetC ass() default void.class
Fet chType fetch() default LAZY;

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el enent nane="order-by" type="orm order-by"
m nCccurs="0" />
<xsd: el ement name="order-col utm" type="orm order-col um"
m nCccurs="0" />
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el ement name="map- key" type="orm map-key"
m nCccurs="0" />
<xsd: sequence>
<xsd: el ement name="map- key-cl ass" type="orm map- key- cl ass"
m nCccurs="0" />
<xsd: choi ce>
<xsd: el enent nane="map- key-tenporal "
type="ormtenporal " m nCccurs="0" />
<xsd: el ement name="map- key- enuner at ed"
type="or m enuner at ed" nm nCccurs="0" />
<xsd: el enent nanme="map-key-attribute-override"
type="orm attribute-override" m nCccurs="0"
maxCccur s="unbounded" />
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el ement name="map- key- col um"
t ype="or m nap- key- col um" m nCccurs="0" />
<xsd: el ement name="map- key-j oi n-col utm"
type="or m map- key-j oi n-col um" mi nCccur s="0"
maxQccur s="unbounded" />
</ xsd: choi ce>
</ xsd: sequence>
</ xsd: choi ce>
<xsd: choi ce>
<xsd: sequence>
<xsd: el ement name="col utm" type="orm col um"
m nCccurs="0" />
<xsd: choi ce>
<xsd: el ement name="tenporal" type="ormtenporal"
m nCccurs="0" />
<xsd: el ement name="enuner at ed" type="orm enumner at ed"
m nCccurs="0" />
<xsd: el ement name="| ob" type="orm | ob"
m nCccurs="0" />
</ xsd: choi ce>
</ xsd: sequence>
<xsd: sequence>
<xsd: el ement name="attribute-override"
type="orm attribute-override" ninCccurs="0"
maxQccur s="unbounded" />
<xsd: el enent nane="associ ati on-override"
type="orm associ ati on-override" m nCccurs="0"
maxCccur s="unbounded" />
</ xsd: sequence>
</ xsd: choi ce>
<xsd: el ement name="col | ecti on-table" type="ormcollection-table"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required" />
<xsd:attribute name="target-class" type="xsd:string" />
<xsd:attribute name="fetch" type="ormfetch-type" />
<xsd:attribute name="access" type="orm access-type" />
</ xsd: conpl exType>
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<l o Kkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok kokkkkokkkkok ok ok _ 5

<xsd: conpl exType nanme="enbeddabl e">
<xsd: annot ati on>
<xsd: docunent at i on>
Defines the settings and mappi ngs for enbeddabl e objects. Is
al lowed to be sparsely popul ated and used in conjunction with
the annotations. Alternatively, the netadata-conplete attribute
can be used to indicate that no annotations are to be processed
inthe class. If this is the case then the defaulting rules wll
be recursively applied.
@arget ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface Enbeddable {}
</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
<xsd: el enent nane="attributes" type="orm enbeddabl e-attributes"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attribute name="cl ass" type="xsd:string" use="required" />
<xsd:attribute name="access" type="orm access-type" />
<xsd: attri bute name="net adat a- conpl ete" type="xsd: bool ean" />
</ xsd: conpl exType>
<!__ LR EEEEEREREREEERERERERERESESESESRESESESERESESESESESSES] -
<xsd: conpl exType nanme="enbeddabl e-attributes">
<xsd: sequence>
<xsd: el ement name="basi c" type="orm basic"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="nany-to-one" type="orm many-to-one"
m nCccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="one-to-many" type="orm one-to-many"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="one-to-one" type="orm one-to-one"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="many-to-many" type="orm many-to-many"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="el ement - col | ecti on" type="orm el ement-col | ecti on"
m nCccurs="0" maxQccur s="unbounded" />
<xsd: el ement name="enbedded" type="orm enbedded"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="transient" type="ormtransient"
m nCccurs="0" maxQccur s="unbounded" />
</ xsd: sequence>
</ xsd: conpl exType>
<!__ EREEREEEEEREEREREEREEREREERERESESESESRESESESEERESESESESESSES] -
<xsd: conpl exType nanme="enbedded">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Enbedded {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="attribute-override" type="ormattribute-override"
m nCQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="associ ati on-overri de" type="orm associ ati on-overri de"
m nCQccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="access" type="orm access-type" />
</ xsd: conpl exType>
<!__ EREREEEREEREREREERERERERERESRESERERESESESERESRESESESESES] -
<xsd: conpl exType nanme="enbedded-id">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Reten
public @nterface Enbeddedl d {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="attribute-override" type="ormattribute-override"
m nCQccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="access" type="orm access-type" />
</ xsd: conpl exType>
<!__ IR R R E SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESESESE] -—>
<xsd: conpl exType name="entity-|istener">
<xsd: annot ati on>
<xsd: docunent ati on>
Defines an entity listener to be invoked at |ifecycle events
for the entities that list this |istener.
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="pre-persist" type="orm pre-persist"
m nCQccurs="0" />
<xsd: el ement name="post-persist" type="orm post-persist”
m nCccurs="0" />
<xsd: el enent nane="pre-renpve" type="orm pre-renove"

ti on( RUNTI ME)
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m nCccurs="0" />
<xsd: el enent nane="post-renpve" type="orm post-renove"
m nCccurs="0" />
<xsd: el ement name="pre-update" type="orm pre-update"”
m nCccurs="0" />
<xsd: el enent nane="post-update" type="orm post-update"
m nCccurs="0" />
<xsd: el ement name="post-| oad" type="orm post-I| oad"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attri bute name="cl ass" type="xsd:string" use="required" />
</ xsd: conpl exType>
<!__ ERE R R R EEEEEEEEEEEREREEREESEEREEREEREESESESERESRESESESESSES] -
<xsd: conpl exType nanme="entity-|isteners">
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface EntitylListeners {
C ass[] val ue();

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement name="entity-listener" type="ormentity-listener"
m nQccurs="0" maxCccur s="unbounded" />
</ xsd: sequence>
</ xsd: conpl exType>
<| - LR R R RS RS RS RS R SRS RS R SRR RS RS RS RS EEEEEEEEEEEEEEEEESESEESE]
<xsd: conpl exType name="entity-result"
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({}) @Retention( RUNTI MVE)
public @nterface EntityResult {
Class entityC ass();
Fiel dResul t[] fiel ds() default {};
String discrimnatorCol um() def aul t

-->

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="field-result" type="ormfield-result”
m nCccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="entity-class" type="xsd:string"
use="required" />
<xsd:attribute name="di scrim nator-colum" type="xsd:string" />
</ xsd: conpl exType>
< - R R R RS R R R R R R R R R R R R R R R R R R R R EEEEE S
<xsd: si npl eType nanme="enumtype">
<xsd: annot ati on>
<xsd: docunent ati on>
publ i ¢ enum Enunilype {
ORDI NAL

-->

STRING

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuneration val ue="ORDI NAL" />
<xsd: enuneration val ue="STRING' />
</xsd:restriction>
</ xsd: si npl eType>
<!__ EREREEEREREEREREERERERERERESRESESRERESRESESERESRESESESESES] -
<xsd: si npl eType name="enuner at ed" >
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Enunerated {
Enunilype val ue() default ORDI NAL;

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="ormenumtype" />
</ xsd: si npl eType>
<!__ EREERE R EEEEEEEEEREEREREREREESEREESESRESESESERESESESESESSES] -
<xsd: si npl eType nanme="fetch-type">
<xsd: annot ati on>
<xsd: docurent ati on>
public enum FetchType { LAZY, EAGER };
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enurer ati on val ue="LAZY" />
<xsd: enuneration val ue="EAGER"' />
</xsd:restriction>
</ xsd: si npl eType>
<|__ LR EEEEEREEEREEEEERERERERESESESERESESESERESRESESESESSES] -
<xsd: conpl exType name="field-result">
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({}) @Retention(RUNTI ME)
public @nterface Fiel dResult {
String nane();
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String colum();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="col um" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<| P EREEREEEREEREREREERERERERERESRESESRESRESESESEERESESESESESES]
<xsd: conpl exType nanme="gener at ed- val ue">
<xsd: annot at i on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface GeneratedVal ue {
CenerationType strategy() default AUTO
String generator() default "";

>

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="strat egy" type="orm generat | on-type" />
<xsd:attri bute name="generator" type="xsd:string" />
</ xsd: conpl exType>
<| - ERE R R R SR R R R R R R R R R R R R R R R R R R R R RS EEE S
<xsd: si npl eType nanme="generation-type">
<xsd: annot ati on>
<xsd: docunent ati on>
public enum GenerationType { TABLE, SEQUENCE, |DENTITY, AUTO };
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">

-->

<xsd: enuneration val ue="TABLE" />
<xsd: enuneration val ue=" SEQUENCE" />
<xsd: enuner ati on val ue="1DENTI TY" />

<xsd: enuneration val ue="AUTO" />
</xsd:restriction>
</ xsd: si npl eType>
<!__ LR EEE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEREESEESESESSES] -
<xsd: conpl exType name="id">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Id {}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="col um" type="orm col um"
m nCccurs="0" />
<xsd: el ement name="gener at ed- val ue" type="orm gener at ed- val ue"
m nCccurs="0" />
<xsd: el ement name="tenporal " type="ormtenporal"
m nCccurs="0" />
<xsd: el ement name="t abl e-generator" type="ormtabl e-generator"
m nCccurs="0" />
<xsd: el enent nane="sequence-generator" type="orm sequence-generator"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attri bute name="access" type="orm access-type" />
</ xsd: conpl exType>
< - R R R R R R R R R R R R R RS R R R R R SRR EE S
<xsd: conpl exType name="id-cl ass"
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface |1dC ass
Cl ass val ue();

-->

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:attri bute name="cl ass" type="xsd:string" use="required" />
</ xsd: conpl exType>
< - ER R R R R R R R R R R R RS R R R R R SRR EE R
<xsd: conpl exType name="i nheritance">
<xsd: annot ati on>
<xsd: docurent ati on>
@rarget ({TYPE}) @Retenti on( RUNTI ME)
public @nterface |nheritance {
I nheritanceType strategy() default SINGLE_TABLE;

>

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="strategy" type="orminheritance-type" />
</ xsd: conpl exType>
<! . Kkkkkkkkhhkhhkhhkkhkkhkkhhkhkhkhkhkkhkhkhhk bk bk hkdkkhkhkhkhkhkhkkhkkkhkdhx
<xsd: si npl eType name="inheritance-type">
<xsd: annot ati on>
<xsd: docunent ati on>
public enum I nheritanceType
{ SINGLE_TABLE, JO NED, TABLE_PER CLASS};
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="SI NGLE_TABLE" />

>

51




Metadata

<xsd: enuneration val ue="JO NED"' />
<xsd: enuner ati on val ue="TABLE_PER CLASS" />
</xsd:restriction>
</ xsd: si npl eType>
<!__ ERERE R EEEEEREREEREEREREERERESRESRESRERESESESERESESESESESES] _—
<xsd: conpl exType nanme="j oi n-col um" >
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface JoinCol um {
String name() default "";
String referencedCol utmNane() defaul t
bool ean uni que() default false;
bool ean nul | abl e() default true;
bool ean insertabl e() default true;
bool ean updat abl e() default true;
String columbDefinition() default
String table() default "";

’

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" />
<xsd: attri bute name="ref erenced- col um-nanme" type="xsd:string" />
<xsd:attribute name="uni que" type="xsd: bool ean" />
<xsd:attribute name="nul | abl e" type="xsd: bool ean" />
<xsd:attribute name="insertabl e" type="xsd: bool ean" />
<xsd: attribute name="updat abl e" type="xsd: bool ean" />
<xsd:attribute name="col um-definition" type="xsd:string" />
<xsd:attribute name="tabl e" type="xsd:string" />
</ xsd: conpl exType>
< - ER R R R R R R R R R R R S R R R R R R R R R RS R RS EEE R .
<xsd: conpl exType name="j oi n-t abl e"
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI MVE)
public @nterface JoinTable {
String name() default "";
String catal og() def ault’
String schema() default
Joi nCol um[] j oi nCol urms() default {};
Joi nCol um[] 1 nverseJoi nCol ums() def aul t {};
Uni queConstraint[] uniqueConstraints() default {};

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="j oi n- col urm type="ormj oi n-col um"
m nCccur s="0" maxCccurs=" unbounded" />
<xsd: el ement name="inverse-joi n-col um" type="ormj oi n-col um"
m nCccur s="0" maxCccur s="unbounded" />
<xsd: el enent nanme="uni que-constraint" type="orm uni que-constraint"
m nCccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" />
<xsd:attribute name="catal og" type="xsd:string" />
<xsd: attri bute name="schemn" type="xsd:string" />
</ xsd: conpl exType>
<|__ LR EEE SRR EREREEEEEREREERERESESESESRESESESERESESESESESSES] -
<xsd: conpl exType nanme="| ob">
<xsd: annot ati on>
<xsd: docurent ati on>
@ar get ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Lob {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
</ xsd: conpl exType>
<!__ EREREEEEEREEREREEREEREREERERESRESEESEERESESESERESESESESESES] _—
<xsd: si npl eType nanme="I| ock- node-type">
<xsd: annot ati on>
<xsd: docunent ati on>
publ i c enum LockMbdeType { READ, WRI TE, OPTI M STIC,
OPTI M STI C_FORCE_I NCREMENT, PESSI M STI C READ,
PESSI M STI C_WRI TE,
PESSI M STI C_FORCE_| NCREMENT, NONE} ;
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="READ" />
<xsd: enunerati on val ue="WRI TE" />
<xsd: enuneration val ue="OPTIM STIC" />
<xsd: enuneration val ue="OPTI M STI C_FORCE_| NCREMENT" />
<xsd: enunerat i on val ue="PESSI M STI C_ READ" />
<xsd: enunerat i on val ue="PESSI M STI C_WRI TE" />
<xsd: enuner ati on val ue="PESSI M STI C_FORCE_| NCREMENT" />
<xsd: enuneration val ue="NONE" />
</xsd:restriction>
</ xsd: si npl eType>
IR R E R R SRR E R EE R R RS RS RS RS EEEEEEEERERRERREEREEEEEESES caS
<xsd. conpl exType nane="nany-t o- many">
<xsd: annot ati on>
<xsd: docurent ati on>
@rar get ({ METHOD, FIELD}) @Rretenti on( RUNTI MVE)
public @nterface ManyToMany {
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Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default LAZY;

String mappedBy() default "";

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el enent nanme="order-by" type="orm order-by"
m nCccurs="0" />
<xsd: el ement name="order-col um" type="orm order-col um"
m nCccurs="0" />
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el ement name="map- key" type="orm map-key"
m nCccurs="0" />
<xsd: sequence>
<xsd: el ement name="map- key-cl ass" type="orm map- key-cl ass"
m nQccurs="0" />
<xsd: choi ce>
<xsd: el enent nane="map- key-tenporal "
type="ormtenporal " m nCccurs="0" />
<xsd: el ement name="map- key- enuner at ed"
type="or m enuner at ed" m nCccurs="0" />
<xsd: el enent nanme="map-key-attribute-override"
type="orm attribute-override" m nCccurs="0"
maxQccur s="unbounded" />
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el enent nane="map- key-col um"
type="or m map- key-col um" m nCccurs="0" />
<xsd: el ement name="map- key-j oi n-col um"
type="or m map- key-j oi n-col um" mi nCccur s="0"
maxQccur s="unbounded" />
</ xsd: choi ce>
</ xsd: sequence>
</ xsd: choi ce>
<xsd: el enent nane="joi n-tabl e" type="ormjoin-table"
m nCccurs="0" />
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required" />
<xsd:attribute name="target-entity" type="xsd:string" />
<xsd:attribute name="fetch" type="ormfetch-type" />
<xsd:attribute name="access" type="orm access-type" />
<xsd: attri bute name="mapped- by" type="xsd:string" />
</ xsd: conpl exType>
<!__ EREEREEEEEEREREREEREERESRERERESESESESRESESESERESESESESESSES] _—
<xsd: conpl exType nanme="many-to-one">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface ManyToOne {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default EAGER
bool ean optional () default true;

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el enent nane="j oi n-col um" type="ormj oi n-col um"
m nQccur s="0" maxCccur s="unbounded" />
<xsd: el ement name="j oi n-tabl e" type="ormj oi n-table"
m nCccurs="0" />
</ xsd: choi ce>
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required" />
<xsd:attribute name="target-entity" type="xsd:string" />
<xsd:attribute name="fetch" type="ormfetch-type" />
<xsd:attribute name="optional" type="xsd: bool ean" />
<xsd: attri bute name="access" type="orm access-type" />
<xsd:attribute name="maps-id" type="xsd:string" />
<xsd:attribute name="id" type="xsd: bool ean" />
</ xsd: conpl exType>
<!__ R R R RS R R R R R R R R R R R R R R R R R R R R R R EEE S -
<xsd: conpl exType nanme="map- key">
<xsd: annot ati on>
<xsd: document at i on>
@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface MapKey {
String name() default "";

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:attribute name="nanme" type="xsd:string" />
</ xsd: conpl exType>

P
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<xsd: conpl exType nanme="map-key-cl ass" >
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface MapKeyd ass {
Cl ass val ue();

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:attribute name="cl ass" type="xsd:string" use="required" />
</ xsd: conpl exType>
<!__ LR EEE SRR EEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREESEERESESSESE] -
<xsd: conpl exType name="map- key-col urm" >
<xsd: annot at i on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface MapKeyCol um {
String name() default "";
bool ean uni que() default false;
bool ean nul | abl e() default false;
bool ean insertabl e() default true;
bool ean updat abl e() default true;
String columbDefinition() default
String table() default "";
int length() default 255;
int precision() default 0; // decimal precision
int scale() default 0; // decimal scale

no
,

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd:attribute name="nanme" type="xsd:string" />
<xsd:attribute name="uni que" type="xsd: bool ean" />
<xsd:attri bute name="nul | abl e" type="xsd: bool ean" />
<xsd:attribute name="insertabl e" type="xsd: bool ean" />
<xsd: attribute name="updat abl e" type="xsd: bool ean" />
<xsd:attribute name="col um-definition" type="xsd:string" />
<xsd:attri bute name="tabl e" type="xsd:string" />
<xsd:attribute name="|ength" type="xsd:int" />
<xsd:attribute name="precision" type="xsd:int" />
<xsd:attribute name="scal e" type="xsd:int" />
</ xsd: conpl exType>
<!__ EREEREEEEEEREREREEREERESRERERESERESESRESESESERESESESESESES] -
<xsd: conpl exType name="map-key-j oi n-col um" >
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface MapKeyJoi nCol um {
String nanme() default "";
String referencedCol umNane() defaul t
bool ean uni que() default false;
bool ean nul I abl e() default false;
bool ean insertabl e() default true;
bool ean updat abl e() default true;
String columbDefinition() default
String table() default "";

’

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" />
<xsd: attribute name="referenced- col um-nanme" type="xsd:string" />
<xsd:attribute name="uni que" type="xsd: bool ean" />
<xsd:attri bute name="nul | abl e" type="xsd: bool ean" />
<xsd:attribute name="insertabl e" type="xsd: bool ean" />
<xsd: attribute name="updat abl e" type="xsd: bool ean" />
<xsd:attribute name="col um-definition" type="xsd:string" />
<xsd:attri bute name="tabl e" type="xsd:string" />
</ xsd: conpl exType>
<!__ ER R R R R R R R R R R R R R R R R RS R R R R R SRR EE R )
<xsd: conpl exType name="mapped- supercl ass" >
<xsd: annot ati on>
<xsd: docunent at i on>
Defines the settings and mappings for a mapped superclass. |s
all owed to be sparsely popul ated and used in conjunction with
the annotations. Alternatively, the netadata-conplete attribute
can be used to indicate that no annotations are to be processed
If this is the case then the defaulting rules will be recursively
appl i ed.
@arget (TYPE) @Ret enti on( RUNTI ME)
public @nterface MappedSupercl ass{}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string
m nCccurs="0" />
<xsd: el ement name="id-cl ass" type="ormi d-cl ass"
m nCQccurs="0" />
<xsd: el enent nane="excl ude-defaul t-|isteners"
type="orm enptyType" m nCccurs="0" />
<xsd: el ement name="excl ude- supercl ass-1|i steners"
type="orm enptyType" mi nCccurs="0" />
<xsd: el ement name="entity-listeners" type="ormentity-listeners”
m nCccurs="0" />
<xsd: el enent nane="pre-persist" type="orm pre-persist"”
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m nCccurs="0" />
<xsd: el enent nane="post-persist" type="orm post-persist"
m nCccurs="0" />
<xsd: el ement name="pre-renove" type="orm pre-renove"
m nCccurs="0" />
<xsd: el enent nane="post-renopve" type="orm post-renove"
m nCccurs="0" />
<xsd: el ement name="pre-update" type="orm pre-update"
m nCccurs="0" />
<xsd: el enent nane="post-update" type="orm post-update"
m nCccurs="0" />
<xsd: el ement name="post-| oad" type="orm post-I| oad"
m nCQccurs="0" />
<xsd: el enent nane="attributes" type="ormattributes"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attribute name="cl ass" type="xsd:string" use="required" />
<xsd:attribute name="access" type="orm access-type" />
<xsd: attri bute name="net adat a- conpl ete" type="xsd: bool ean" />
</ xsd: conpl exType>
<!__ EREEREE R EREEREREEERERESRERERESESESESRESESESERESESESESESES] -
<xsd: conpl exType nanme="naned- nati ve- query">
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface NanedNativeQuery {
String name();
String query();
QueryH nt[] hints() default {};
Class resultC ass() default void.class;
String resultSet Mapping() default ""; //naned Sgl Resul t Set Mappi ng

}
</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el enent nane="description" type="xsd:string"
m nCQccurs="0" />
<xsd: el ement name="query" type="xsd:string" />
<xsd: el enent nanme="hint" type="orm query-hint"
m nCccurs="0" maxQccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="result-class" type="xsd:string" />
<xsd: attri bute name="result-set-mappi ng" type="xsd:string" />
</ xsd: conpl exType>
<!__ EREEREEEEEREEREREEREEREREERERESESESESRESESESEERESESESESESSES] -
<xsd: conpl exType nanme="naned- query">
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface NanedQuery {
String name();
String query();
LockMbdeType | ockMbde() default NONE;
QueryH nt[] hints() default {};

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="description" type="xsd:string"
m nCccurs="0" />
<xsd: el ement name="query" type="xsd:string" />
<xsd: el enent nanme="|ock- node" type="orm | ock-node-type"
m nCccurs="0" />
<xsd: el enent nane="hint" type="orm query-hint"
m nCQccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
</ xsd: conpl exType>
<!__ LR EEE SRR ERESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREESEREESESSESE] -—>
<xsd: conpl exType name="one-t o- many" >
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface OneToMany
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
Fet chType fetch() default LAZY;
String mappedBy() default "";

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el ement name="order-by" type="orm order-by"
m nCccurs="0" />
<xsd: el ement name="order-col um" type="orm order-col um"
m nCccurs="0" />
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el ement name="map-key" type="orm map-key"
m nCccurs="0" />
<xsd: sequence>
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<xsd: el enent nanme="map- key-cl ass" type="orm nmap- key-cl ass"
m nCQccurs="0" />
<xsd: choi ce>
<xsd: el ement name="map- key-tenporal "
type="ormtenporal " mnCccurs="0" />
<xsd: el enent nane="map- key- enuner at ed"
type="or m enuner at ed" m nCccurs="0" />
<xsd: el ement name="map-key-attribute-override"
type="orm attribute-override" ninCccurs="0"
maxCccur s="unbounded" />
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el ement name="map- key- col utm"
type="or m nap- key-col um" m nCccurs="0" />
<xsd: el ement name="map- key-j oi n-col um"
t ype="or m nap- key-j oi n-col um" m nCccur s="0"
maxQccur s="unbounded" />
</ xsd: choi ce>
</ xsd: sequence>
</ xsd: choi ce>
<xsd: choi ce>
<xsd: el enent nanme="joi n-tabl e" type="ormjoin-table"
m nCccurs="0" />
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nQccur s="0" maxCccur s="unbounded" />
</ xsd: choi ce>
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="target-entity" type="xsd:string" />
<xsd:attribute name="fetch" type="ormfetch-type" />
<xsd:attri bute name="access" type="orm access-type" />
<xsd: attribute name="nmapped-by" type="xsd:string" />
<xsd: attribute name="orphan-renoval " type="xsd: bool ean" />
</ xsd: conpl exType>
<!__ LR EEE SRR EEEEEEEEEEEEEEEEEEEEEEEREEEEREEEEREEREESESESESSES] -
<xsd: conpl exType name="one-to0-one">
<xsd: annot ati on>
<xsd: document at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface OneToOne {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
Fet chType fetch() default EAGER
bool ean optional () default true;
String mappedBy() default "";
bool ean or phanRenoval () default false;

}
</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el ement name="pri mary-key-j oi n-col utm"
type="orm pri mary-key-j oin-col um" m nQccurs="0"
maxQccur s="unbounded" />
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nQccur s="0" nmaxCccur s="unbounded" />
<xsd: el enent nanme="joi n-tabl e" type="ormjoin-table"
m nCccurs="0" />
</ xsd: choi ce>
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="target-entity" type="xsd:string" />
<xsd:attribute name="fetch" type="ormfetch-type" />
<xsd:attribute name="optional" type="xsd: bool ean" />
<xsd: attri bute name="access" type="orm access-type" />
<xsd: attribute name="mapped-by" type="xsd:string" />
<xsd:attribute name="orphan-renoval " type="xsd: bool ean" />
<xsd:attribute name="nmaps-id" type="xsd:string" />
<xsd:attribute name="id" type="xsd: bool ean" />
</ xsd: conpl exType>
<!__ EREEEE R EEEREEREREEREERERERESRESESESESRESESESERESESESESESES] -
<xsd: si npl eType nane="order-by">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface OrderBy {
String value() default "";

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:string" />
</ xsd: si npl eType>
<!__ LR EEEEEREEEREEEEERERERERESESESERESESESERESRESESESESSES] -
<xsd: conpl exType nanme="order-col um">
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface O derCol um {
String name() default "";

56




Metadata

bool ean nul | abl e() default true;
bool ean insertabl e() default true;
bool ean updat abl e() default true;
}Stri ng col umbDefinition() default "";
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="nanme" type="xsd:string" />
<xsd:attri bute name="nul | abl e" type="xsd: bool ean" />
<xsd:attribute name="insertabl e" type="xsd: bool ean" />
<xsd: attribute name="updat abl e" type="xsd: bool ean" />
<xsd:attri bute name="col um-definition" type="xsd:string" />
</ xsd: conpl exType>
< e Kkkkkkhkkhhkhhkhhkhkhk ko kkhkhkhkkhkhkhkhkhhkhhk bk hkdkhkhkhkhkkhkhkhkkkkkkkkhx )
<xsd: conpl exType name="post-| oad">
<xsd: annot ati on>
<xsd: docunent at i on>
@ar get ({ METHOD}) @Retenti on( RUNTI ME)
public @nterface PostlLoad {
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attribute name="nethod-name" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<!__ LR EEE SRR ERESEEEEERERERERESEEEREREESESESEERESESESESESSES] -
<xsd: conpl exType nanme="post-persist">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PostPersist {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attribute name="net hod- name" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<!__ ERE R R RS R S R R R R R R R R R R R R R R R R R R R R R R EEEEE S -
<xsd: conpl exType name="post-renove">
<xsd: annot ati on>
<xsd: document at i on>
@rar get ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PostRenove {}
</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement nanme="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attri bute name="net hod- nane" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<!__ LR E R EEERERERERERERERERERERERERERESRESRESRERESRESESESESES] -
<xsd: conpl exType nanme="post -update">
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD}) @Ret enti on( RUNTI VE)
public @nterface PostUpdate {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attribute name="nmet hod-name" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<!__ LR EEE SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESEES] -—>
<xsd: conpl exType name="pre-persist">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PrePersist {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement nanme="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: att ri but e name="net hod- nane" type="xsd: string"
use="required" />
</ xsd: conpl exType>
< - R R R R R R R R R R R R R R R R R R R R R R R R SRR EE S )
<xsd: conpl exType nanme="pre-renove">
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD}) @Ret enti on( RUNTI VE)
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public @nterface PreRermove {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attribute name="net hod- name" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<!__ ERE R R RS R R R R R R R R RS R R R R R R R R R R R R R RS EEE R -
<xsd: conpl exType name="pre-update">
<xsd: annot ati on>
<xsd: docunent ati on>
@rar get ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PreUpdate {}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attribute name="net hod- nane" type="xsd:string"
use="required" />
</ xsd: conpl exType>
<! . Kkkkkkkkhhkhhkhkhkkhkkhkkhkhkkhkkhkkhkhkhhk bk hkhkhkdkhkhkkhkhkhkhkkhkkkkkkhx caS
<xsd: conpl exType name="pri mary-key-j oi n-col um">
<xsd: annot ati on>
<xsd: docurent ati on>
@rarget ({ TYPE, METHOD, FIELD}) @Rretention(RUNTI ME)
public @nterface PrimaryKeyJoi nCol um {
String name() default "";
String referencedCol umNane() defaul t
String columbDefinition() default "";

’

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" />
<xsd: attribute name="ref erenced- col um-nanme" type="xsd:string" />
<xsd:attribute name="col um-definition" type="xsd:string" />
</ xsd: conpl exType>
<!__ EREEREEEEEEREREREEREERESRERERESERESESRESESESERESESESESESES] -
<xsd: conpl exType name="query-hint">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget({}) @retention(RUNTI ME)
public @nterface QueryHi nt {
String name();
String val ue();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string"
m nCccurs="0" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="val ue" type="xsd:string" use="required" />
</ xsd: conpl exType>
< - R R R R R R R R R R R R R RS R R R R R SRR EE S )
<xsd: conpl exType name="secondary-tabl e">
<xsd: annot ati on>
<xsd: docunent at i on>
@rarget ({TYPE}) @Retenti on( RUNTI ME)
public @nterface SecondaryTable {
String name();
String catal og() def aul t
String schema() default
Pri maryKeyJoi nCol urm[ ] ka0| nCol ums() default {};
Uni queConstraint[] uniqueConstraints() default {};

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="pri mary-key-j oi n-col um"
type="orm pri mary-key-j oi n-col um" m nQccurs="0"
maxQccur s="unbounded" />
<xsd: el ement name="uni que-constraint" type="orm uni que-constraint
m nCQccurs="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd: attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="catal og" type="xsd:string" />
<xsd:attribute name="schema" type="xsd:string" />
</ xsd: conpl exType>
<!__ R R R RS R R R R R R R R R R R R R R R R R R R R R R EEE R )
<xsd: conpl exType name="sequence- generator">
<xsd: annot ati on>
<xsd: docunent at i on>
@arget ({TYPE, METHOD, FIELD}) @Retention(RUNTI ME)
public @nterface SequenceGenerator {
String name();
String sequenceNanme() default
String catal og() default "";
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String schema() defaul t
int initialValue() default 1;
int allocationSize() default 50;
</ xsd: docunent ati on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement nanme="description"
m nCccurs="0" />
</ xsd: sequence>

type="xsd: string"

<xsd: attribute name="name" type="xsd:string" use="required" />
<xsd: attribute name="sequence-nane" type="xsd:string" />
<xsd:attribute name="catal og" type="xsd:string" />
<xsd:attribute name="schema" type="xsd:string" />
<xsd:attribute name="initial-value" type="xsd:int" />
<xsd:attri bute name="al | ocati on-size" type="xsd:int" />

</ xsd: conpl exType>

<! . Kkkkkkkkhkhkhhkhkhkkhkkhkkkhkhhkhkhkkhhkhhk bk bk hkdkkhkkhkkhkhkhkkkkkhkdhx )

<xsd: conpl exType nanme="
<xsd: annot ati on>
<xsd: docunent ati on>

@rarget ({TYPE}) @Retenti on( RUNTI ME)
public @nterface Sql Resul t Set Mappi ng {
String name();
EntityResult[] entities() default {};
Col umResul t[] colums() default {};

sqgl -resul t - set - mappi ng" >

}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="descri ption"
m nCccurs="0" />

type="xsd: string"

<xsd: el enent
m nCccur s
<xsd: el enent

name="entity-result"

="0" maxCccurs="unb

nanme="col utm-resul t"

type="ormentity-result"
ounded" />
type="orm colum-result"

m nCccurs="0" maxQccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name=

</ xsd: conpl exType>

<| - R R R RS RS R R R R R R R R R R R R R R R R R R R EEEEEEEEEEEE S

<xsd: conpl exType name="t abl e" >
<xsd: annot ati on>

<xsd: docunent ati on>
@arget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface Table {
String name() default "";
String catal og() def ault "";
String schema() default "";
Uni queConstraint[] uniqueConstraints() default {};

"name" type="xsd:string" use="required" />

-->

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>

<xsd: el ement name=

“uni que-constraint” type="orm uni que-constraint"

m nQccur s="0" maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" />

/>
/>

<xsd:attribute name="cat al og"
<xsd: attri bute nane="schem"
</ xsd: conpl exType>
<!__ IR E SRR R RS SRR RS EREEEEEEEEEEEEREEEEEEREREREEEEEEEEEE SN
<xsd: conpl exType name="t abl e- generat or">
<xsd: annot ati on>
<xsd: docunent ati on>
@rarget ({ TYPE, METHOD, FIELD}) @Rretenti on(RUNTI VE)
public @nterface Tabl eGenerator {
String name();
String table() default "";
String catalog() default "";
String schema() default
String pkCol umName() defaul t
String val ueCol umNane() default
String pkCol umVal ue() default "";
int initialValue() default O;
int allocationSize() default 50;
Uni queConstraint[] uniqueConstraints() default {};

type="xsd: string"
type="xsd: string"

->

’
wn

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement nanme="descri ption"
m nCccurs="0" />
<xsd: el ement name=
m nQccur s="0"
</ xsd: sequence>

type="xsd: string"

"uni que- constraint"
maxQccur s=" unbounded"”

t ype="or m uni que- const r ai nt
/>

<xsd:attribute name="name" type="xsd:string" use="required" />
<xsd:attribute name="tabl e" type="xsd:string" />
<xsd:attribute name="catal og" type="xsd:string" />

<xsd: attri bute name="schem" type="xsd:string" />
<xsd:attribute name="pk-col um-nnane" type="xsd:string" />
<xsd:attribute name="val ue-col um- nane" type="xsd:string" />
<xsd: attribute name="pk-col um-val ue" type="xsd:string" />
<xsd:attribute name="initial-value" type="xsd:int" />
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<xsd:attribute name="al | ocation-size" type="xsd:int" />
</ xsd: conpl exType>
<!__ LR R R E SRS RS R SRR R SRR R R R R R R R R R SRS EEEEEEEEEEEEEEEEESESEESE] -
<xsd: si npl eType nanme="t enporal ">
<xsd: annot ati on>
<xsd: document at i on>
@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI MVE)
public @nterface Tenporal {
Tenpor al Type val ue();

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:restriction base="ormtenporal -type" />
</ xsd: si npl eType>
<!__ R R R RS R R R R R R R R R R R R R R R R R R R R R EEEEE R -
<xsd: si npl eType nanme="t enporal -type">
<xsd: annot ati on>
<xsd: docunent ati on>
publi ¢ enum Tenpor al Type {
DATE, // java.sql.Date
TIME, // java.sql.Tinme
TI MESTAMP // java. sql . Ti mest anp

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuneration val ue="DATE" />
<xsd: enuner ati on val ue="TI ME" />
<xsd: enuner ati on val ue="TI MESTAMP" />
</ xsd:restriction>
</ xsd: si npl eType>
<!__ R R R RS RS RS RS R R R S R R R R R R R R R R R R R R RS EEEEEEEEEEEEESEEESE] -
<xsd: conpl exType name="transi ent">
<xsd: annot ati on>
<xsd: docunent at i on>
@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI MVE)
public @nterface Transient {}
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" use="required" />
</ xsd: conpl exType>
<!__ EREEREEEEEEREREREEREERESRERERESERESESRESESESERESESESESESES] -
<xsd: conpl exType nanme="uni que-constrai nt">
<xsd: annot ati on>
<xsd: docunent ati on>
@arget ({}) @Retention(RUNTI ME)
public @nterface UniqueConstraint {
String nanme() default "";
String[] col umNanes();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="col utm- nanme" type="xsd:string"
maxCccur s="unbounded" />
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" />
</ xsd: conpl exType>
<!__ LR E R EEERERERERERERERERERERERERERESRESRESRERESRESESESESES] -
<xsd: conpl exType nanme="version">
<xsd: annot ati on>
<xsd: docunent at i on>
@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI MVE)
public @nterface Version {}
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="col utm" type="orm col utm"
m nCccurs="0" />
<xsd: el ement name="tenporal" type="ormtenporal"
m nCccurs="0" />
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required" />
<xsd:attri bute name="access" type="orm access-type" />
</ xsd: conpl exType>
</ xsd: schema>

5.4. Conclusion

That exhausts persistence metadata annotations. We present the class definitions for our sample model below:

60



Metadata

Example 5.2. Complete Metadata

package org. nag;

@ntity
@ dd ass(Magazi ne. Magazi nel d. cl ass)
public class Magazine {

}

@d private String isbn;
@d private String title;
@/ersion private int version;

private double price; /|l defaults to @Basic
private int copiesSold; // defaults to @Basic

@neToOne(f et ch=Fet chType. LAZY,

cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
private Article coverArticle;
@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
@ der By
private Collection<Article> articles;

@manyToOne(f et ch=Fet chType. LAZY, cascade=CascadeType. PERSI ST)
private Conpany publisher;

@ransient private byte[] data;

public static class Magazineld {

}

@ntity
public class Article {

@d private long id;
@/ersion private int version;

private String title; // defaults to @Basic
private byte[] content; // defaults to @Basic

@mnyToMany( cascade=CascadeType. PERSI ST)
@ derBy("l ast Name, firstNane")
private Col | ecti on<Author> authors;

package org. mag. pub;

@ntity
public class Conpany {

}

@d private long id;
@/ersion private int version;

private String nane; /] defaults to @asic
private double revenue; // defaults to @asic
private Address address; // defaults to @nbedded

@neToMany( mappedBy="publ i sher", cascade=CascadeType. PERSI ST)
private Col |l ecti on<Magazi ne> mags;

@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
private Col |l ecti on<Subscri ption> subscriptions;

@ntity
public class Author {

@d private long id;
@/ersion private int version;

private String firstName; // defaults to @asic
private double lastNanme; // defaults to @Basic
private Address address; // defaults to @nbedded

@manyToMany( mappedBy="aut hors", cascade=CascadeType. PERS| ST)
private Col lection<Article> arts;
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@nbeddabl e
public class Address {

defaults to @Basic
defaults to @Basic
defaults to @asic
defaults to @Basic

private String street;
private String city;
private String state;
private String zip;

—~———
—~———

package org. nag. subscri be;

@MmppedSuper cl ass
publ i ¢ abstract class Docunment {

@d private long id;

@/ersion private int version;
}
@ntity
public class Contract

extends Document {

private String terms; // defaults to @Basic

}

@Entity
public class Subscription {

@d private long id;
@/ersion private int versi on;

private Date startDate; // defaults to @Basic
private double paynment; // defaults to @Basic

@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
@bpKey( name="num")
private Map<Long, Linelten> |ineltens;

@ntity
public static class Lineltem
extends Contract {

private String comments; // defaults to @Basic

private double price; // defaults to @Basic
private | ong num /1 defaults to @Basic
@manyToOne

private Magazi ne magazi ne;

}

@ntity(name="Lifetinme")
public class LifetineSubscription
ext ends Subscription {

@Basi c(f et ch=Fet chType. LAZY)
private bool ean getEliteC ub() { }
public void setEliteC ub(bool ean ellte) { ...}

}

@ntity(name="Trial"
public class Trial Subscription
extends Subscription {

public Date getEndDate() { ..
public voi d set EndDat e( Dat e end) { . }

The same metadata declarationsin XML :
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<entity-mappi ngs xm ns="http://java. sun. con xnl / ns/ persi stence/ or nt
xm ns: xsi ="ht tp://ww. w3. or g/ 2001/ XM_Schen®- i nst ance"
xsi :schemaLocation="http://java. sun. conl xm / ns/ persi stence/ormorm1_0. xsd"
version="1.0">
<!-- declares a default access type for all entities -->
<access-type>Fl ELD</ access-type>
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<versi on name="version"/>
</attributes>
</ mapped- super cl ass>
<entity class="org.mg. Magazi ne">
<i d-cl ass="or g. nag. Magazi ne$Magazi nel d"/ >
<attributes>
<id name="isbn"/>
<id name="title"/>
<basi ¢ name="nane"/ >
<basi ¢ name="price"/>
<basi ¢ nanme="copi esSol d"/ >
<versi on name="version"/>
<many-t o- one name="publisher" fetch="LAZY">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- one>
<one-to-many name="articl es">
<order - by/ >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- nany>
<one-to-one nane="coverArticle" fetch="LAZY">
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t 0- one>
<transi ent name="data"/>
</attributes>
</entity>
<entity class="org.mg.Article">
<attributes>
<id name="id"/>
<basic nane="title"/>
<basi ¢ name="content"/>
<versi on name="version"/>
<many-to-many nanme="articl es">
<order - by>l ast Nane, firstNane</order-by>
</ many-t o- many>
</attributes>
</entity>
<entity cl ass="org. mg. pub. Conpany" >
<attributes>
<id name="id"/>
<basi ¢ nane="nane"/ >
<basi ¢ nane="revenue"/>
<versi on name="version"/>
<one-to-many name="mags" mapped- by="publ i sher">
<cascade>
<cascade- persi st/ >
</ cascade>
</ one-t o- many>
<one-to-many name="subscriptions">
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
</attributes>
</entity>
<entity cl ass="org. mag. pub. Aut hor">
<attributes>
<id name="id"/>
<basi ¢ name="first Nane"/>
<basi ¢ name="| ast Nane"/ >
<versi on name="version"/>
<many-to-many name="arts" mapped-by="aut hors">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- many>
</attributes>
</entity>
<entity class="org. mg. subcribe. Contract">
<attributes>
<basi ¢ name="terns"/>
</attributes>
</entity>
<entity class="org. mag. subcribe. Subscri ption">
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<attributes>
<id name="id"/>
<basi ¢ nane="paynent"/>
<basi ¢ name="startDate"/>
<versi on name="version"/>
<one-to-nmany nane="itens">
<map- key name="nunt >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri ption. Li neltent>
<attributes>
<basi ¢ name="coments"/>
<basi c name="price"/>
<basi ¢ nanme="nunt/>
<many-t o- one nane="nmgazi ne"/>
</attributes>
</entity>
<entity class="org. mag. subscribe. Lifeti neSubscription" nanme="Lifetime"
access="PROPERTY" >
<attributes>
<basic nane="eliteC ub" fetch="LAZY"/>
</attributes>
</entity>
<entity class="org.mag. subscribe. Tri al Subscri ption" name="Trial ">
<attributes>
<basi ¢ nane="endDate"/>
</attributes>
</entity>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >
<attributes>
<basi c nane="street"/>
<basi ¢ name="city"/>
<basi c name="state"/>
<basi ¢ nane="zi p"/>
</attributes>
</ enbeddabl e>
</entity-mappi ngs>

Chapter 13, Mapping Metadata [143)vill show you how to map your persistent classes to the datastore using additional annota-
tions and XML markup. First, however, we turn to the JPA runtime APIs.




Chapter 6. Persistence

javax.persistence

Persistence

+ createEntityManagerFactory{String): EntityManagerFactory
+ createEntityManagerFactory(String, Map): EntityManagerFactory

OpenJPA also includes the OpenJPAPer si st ence helper class to provide additional utility methods.

Within a container, you will typically use injection to accessan Ent i t yManager Fact or y. Applications operating outside of
acontainer, however, can use the Per si st ence classto obtain Ent i t yManager Fact or y objectsin avendor-neutral fash-
ion.

public static EntityManagerFactory createEntityManagerFactory(String nane);
public static EntityManagerFactory createEntityManager Factory(String name, Map props);
public static PersistenceUtil getPersistenceUtil();

Eachcr eat eEnt i t yManager Fact or y method searches the system for an Ent i t yManager Fact or y definition with the
given name. Usenul | for an unnamed factory. The optional map contains vendor-specific property settings used to further con-
figure the factory.

per si stence. xnl filesdefineEnt i t yManager Fact ori es. Thecr eat eEnti t yManager Fact ory methods search
for per si st ence. xm fileswithin the META- | NF directory of any CLASSPATH element. For example, if your
CLASSPATH contains the conf directory, you could placean Ent i t yManager Fact or y definitioninconf /

VETA- | NF/ per si stence. xmi .

Theget Per si st encelt i | method returns a PersistenceUtil interface that can be used to determine whether an entity or at-
tribute of an entity isloaded.

PersistenceUtil pUtil = Persistence. getPersistenceUtil ();

if (!pUtil.isLoaded(nyEntity)) {
| oadEntity(nyEntity);

6.1.

persistence.xmi

With the introduction of JPA 2.0, there are two versions of the per si st ence. xmi . The most current revision of the 2.0 per-
sistence schemais presented below. Version 1.0 of the persistence schema can be found at ht-
tp:/ljava.sun.com/xml/ns/per sistence/persistence 1 0.xsd.

<?xm version="1.0" encodi ng="UTF-8"?>
<l-- persistence.xm schema -->

<xsd: schema t ar get Namespace="http://j ava. sun. com xmi / ns/ per si st ence"
xm ns: xsd="ht t p: / / www. W3. or g/ 2001/ XM_Schema"
xm ns: persi stence="http://java.sun. conl xnl / ns/ per si st ence"
el ement For nDef aul t =" qual i fi ed" attri buteFornDef aul t ="unqual i fied"
version="2.0">
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<xsd: annot ati on>
<xsd: docunent ati on>
@ #) persi stence_2_0.xsd 1.0 Cctober 1 2009
</ xsd: docunent ati on>
</ xsd: annot ati on>

<xsd: annot ati on> )
<xsd: document ati on>

DO NOT ALTER OR REMOVE COPYRI GHT NOTI CES OR TH S HEADER
Copyri ght 2005-2009 Sun M crosystens, Inc. Al rights reserved.

The contents of this file are subject to the terms of either the
GNU General Public License Version 2 only ("GPL") or the Common
Devel opnment and Distribution License("CDDL") (collectively, the
"License"). You may not use this file except in conpliance with
the License. You can obtain a copy of the License at

https://gl assfish. dev.java. net/public/CDDL+GPL. html or

gl assfish/bootstrap/l egal /LI CENSE. txt. See the License for the
speci fic | anguage governing pernissions and |imitations under the
Li cense.

Wien distributing the software, include this License Header
Notice in each file and include the License file at

gl assfi sh/ boot strap/| egal / LI CENSE. t xt. Sun designates this
particular file as subject to the "Cl asspath" exception as
provided by Sun in the GPL Version 2 section of the License file
that acconpanied this code. |f applicable, add the follow ng

bel ow the License Header, with the fields encl osed by brackets []
repl aced by your own i denti fying infornmation:

"Portions Copyrighted [year] [name of copyright owner]"

Contributor(s):

If you wish your version of this file to be governed by only the
CDDL or only the GPL Version 2, indicate your decision by adding
"[Contributor] elects to include this software in this
distribution under the [CDDL or GPL Version 2] license." |If you
don't indicate a single choice of |license, a recipient has the
option to distribute your version of this file under either the
CDDL, the GPL Version 2 or to extend the choice of license to its
l'icensees as provided above. However, if you add GPL Version 2
code and therefore, elected the GPL Version 2 |license, then the
option applies only if the new code is made subject to such
option by the copyright holder.

</ xsd: docunent ati on>
</ xsd: annot ati on>

<xsd: annot ati on>

<xsd: docunent at i on>

<! [ CDATA[
This is the XML Schena for the persistence configuration file.
The file must be named "META-|I NF/ persistence.xm ™ in the
persi stence archive.
Persi stence configuration files nmust indicate
the persistence schema by using the persistence nanmespace:
http://java. sun. coml xm / ns/ persi st ence
and indicate the version of the schema by
using the version el enent as shown bel ow
<persistence xm ns="http://java.sun.com xm / ns/ persi st ence"
xni ns: xsi ="http://ww. w3. org/ 2001/ XM.Schena- i nst ance”
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ per si st ence
http://] ava. sun. com xm / ns/ persi st ence/ persi stence_2_0. xsd"
version="2.0">

</ persi stence>
11> )
</ xsd: docunent ati on>
</ xsd: annot ati on>

<xsd: si npl eType nanme="versi onType" >
<xsd:restriction base="xsd:token">
<xsd: pattern value="[0-9] +(\.[0-9]+)*" />
</xsd:restriction>
</ xsd: si npl eType>
<!__ EREEEEREEREEEEREREERERESRERERESESESERESESESERESESESESESSES] -
<xsd: el enent nane="persistence">
<xsd: conpl exType>
<xsd: sequence>
<!__ EREEREEEEEEREEREEEEERESRERERESESESESRESESESERESESESESESES] -
<xsd: el enent nanme="persistence-unit"
m nCccur s="1" maxCccur s="unbounded" >
<xsd: conpl exType>
<xsd: annot ati on>
<xsd: docunent ati on>
Configuration of a persistence unit.
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>

P L
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<xsd: el enent nanme="descri ption"
type="xsd: string" mnCccurs="0">
<xsd: annot ati on>
<xsd: docunent ati on>
Description of this persistence unit.
</ xsd: docunent at i on>
</ xsd: annot ati on>
</ xsd: el emrent >
<!__ EREEE R EEEEEREEREEREERERERERESESEESEREESESESERESESERESESSES] _—
<xsd: el enent nanme="provider"
type="xsd: string" m nCccurs="0">
<xsd: annot ati on>
<xsd: docunent ati on>
Provi der class that supplies EntityManagers for this
persi stence unit.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ ERE R R R SR S R R R R R R R R R R R R R R R R R E R R R EEEE S -
<xsd: el ement name="jt a- dat a- source"
type="xsd: string" m nCccurs="0">
<xsd: annot ati on>
<xsd: docunent at i on>
The contai ner-specific name of the JTA datasource to use.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ LR R R RS RS RS E SR SRS RS RS EEE SRS RS RS EEEEEEEEEEEEEEEEESESEESE] -
<xsd: el ement name="non-jta- dat a- source"
type="xsd: string" mnCccurs="0">
<xsd: annot ati on>
<xsd: docunent ati on>
The contai ner-specific name of a non-JTA datasource to use.
</ xsd: docunent at i on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ LR EEE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEREESESESESSES] -
<xsd: el ement name="mappi ng-file"
type="xsd: string" m nCccurs="0"
maxQccur s="unbounded" >
<xsd: annot ati on>
<xsd: docurent ati on>
Fil e containing mapping i nformation. Loaded as a resource
by the persistence provider.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ R R R R SR S RS R R R R R R R R R R R R R R R R R R R R R R R EEEEE S -
<xsd: el ement name="jar-file"
type="xsd: string" m nCccurs="0"
maxQccur s=" unbounded" >
<xsd: annot ati on>
<xsd: docunent ati on>
Jar file that is to be scanned for managed cl asses.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el emrent >
<!__ LR EEE SRR EREREREERERERERERESESESESRESESESERESRESESESESSES] -
<xsd: el enent nane="cl ass" type="xsd:string"
m nCccur s="0" maxCccur s="unbounded" >
<xsd: annot ati on>
<xsd: docurent ati on>
Managed cl ass to be included in the persistence unit and
to scan for annotations. It should be annotated
with either @ntity, @Enbeddable or @mlppedSupercl ass.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ R R R RS RS RS RS R R R R R R R R R R R R R R R R R R R R EEEEEEEEEEEE] -
<xsd: el ement name="excl ude-unli st ed-cl asses"
type="xsd: bool ean" defaul t="true"
m nCccur s="0">
<xsd: annot ati on>
<xsd: docurent ati on>
Wien set to true then only listed classes and jars will
be scanned for persistent classes, otherw se the
enclosing jar or directory will also be scanned.
Not applicable to Java SE persistence units.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ LR R R RS RS E SRS E SRS EEEEEEE SRS RS RS EEEEEEEEEEEEEEEEESESEESE] -
<xsd: el ement name="shar ed- cache- node"
type="persi st ence: per si st ence-uni t-cachi ng-type"
m nCccur s="0">
<xsd: annot ati on>
<xsd: docunent ati on>
Defi nes whether caching is enabled for the
persistence unit if caching is supported by the
persi stence provider. Wen set to ALL, all entities
will be cached. Wen set to NONE, no entities will
be cached. \WWen set to ENABLE SELECTIVE, only entities
specified as cacheable will be cached. Wen set to
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DI SABLE_SELECTI VE, entities specified as not cacheabl e
wi |l not be cached. Wen not specified or when set to
UNSPECI FI ED, provider defaults nay apply.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el enent >
<!__ LR R R RS RS RS RS S S R R R R R R R R R R R R R R R R R RS EEEEEEEEESEEESE] -
<xsd: el ement nanme="val i dati on- node"
t ype="per si st ence: per si st ence-uni t -val i dati on- node-t ype"
m nQccur s="0">
<xsd: annot ati on>
<xsd: docunent ati on>
The validation node to be used for the persistence unit.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</ xsd: el ement >
<!__ EREEEEEEEEEEREREEREERESRERESRESESESESRESESESERESESESESESSES] -
<xsd: el enent nane="properties"
m nCccur s="0">
<xsd: annot ati on>
<xsd: docunent ati on>
A list of standard and vendor-specific properties
and hints.
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement name="property"
m nCccur s="0" maxCccur s="unbounded" >
<xsd: annot ati on>
<xsd: docunent at i on>
A nane-val ue pair.
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: conpl exType>
<xsd:attribute
name="nanme" type="xsd:string"
use="required" />
<xsd:attribute
nanme="val ue" type="xsd: string"
use="required" />
</ xsd: conpl exType>
</ xsd: el enent >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
<!__ R R R RS R S RS R R R R R R R R R R R R R R R R R R R R R RS EEE S -
<xsd: attribute name="nanme" type="xsd:string"
use="requi red">
<xsd: annot ati on>
<xsd: docunent ati on>
Nanme used in code to reference this persistence unit.
</ xsd: docunent ati on>
</ xsd: annot ati on>
</xsd:attribute>
<!__ LR R R RS RS RS RS E SRS RS RS EEE SRS RS RS SRR SRR EEEEEEEEEEESESEESE] -
<xsd:attri bute name="transacti on-type"
type="persi st ence: persi stence-uni t-transacti on-type">
<xsd: annot ati on>
<xsd: docurent ati on>
Type of transactions used by EntityManagers fromthis
persi stence unit.
</ xsd: docunent at i on>
</ xsd: annot ati on>
</ xsd: attribute>
</ xsd: conpl exType>
</ xsd: el enent >
</ xsd: sequence>
<xsd: attribute name="version" type="persistence:versionType"
fixed="2.0" use="required" />
</ xsd: conpl exType>
</ xsd: el enent >
<!__ LR EEE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREESESES] -—>
<xsd: si npl eType name="persi stence-unit-transaction-type">
<xsd: annot ati on>
<xsd: docunent at i on>
publ i c enum Persi stenceUnitTransacti onType {JTA, RESOURCE_LOCAL};
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enunerati on val ue="JTA" />
<xsd: enuner ati on val ue="RESOURCE_LOCAL" />
</xsd:restriction>
</ xsd: si npl eType>
<!__ R R R RS RS RS RS R SRS R R EEEE RS RS RS EEEEEEEEEEEEEEEEEEESEEESE] -
<xsd: si npl eType nanme="persi st ence-unit-cachi ng-type">
<xsd: annot ati on>
<xsd: docunent ati on>
publ i ¢ enum SharedCacheMbde { ALL, NONE, ENABLE SELECTI VE,
DI SABLE_SELECTI VE, UNSPECI Fl ED} ;
</ xsd: docunent at i on>
</ xsd: annot ati on>
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<xsd:restriction base="xsd:token">
<xsd: enuneration val ue="ALL" />
<xsd: enuner ati on val ue="NONE" />
<xsd: enuner ati on val ue="ENABLE_SELECTI VE" />
<xsd: enuneration val ue="Dl SABLE_SELECTI VE" />
<xsd: enuneration val ue="UNSPECI FI ED" />
</xsd:restriction>
</ xsd: si npl eType>
<!__ ERERE R EEEREEREEEREEREREERERESRESESESREESESESERESESESESESES] -
<xsd: si npl eType nanme="persi stence-unit-validation-node-type">
<xsd: annot ati on>
<xsd: docunent ati on>
public enum Val i dati onMbde { AUTO, CALLBACK, NONE};
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enurer ati on val ue="AUTO' />
<xsd: enuneration val ue=" CALLBACK" />
<xsd: enuneration val ue="NONE" />
</xsd:restriction>
</ xsd: si npl eType>
</ xsd: schema>

Theroot element of aper si st ence. xm fileisper si st ence, which then contains one or more per si st ence- uni t
definitions. The root element should include the version attribute with the appropriate version, 1. O for aversion 1.0 fileand 2. 0
for aversion 2.0 file. Each persistence unit describes the configuration for the entity managers created by the persistence unit's
entity manager factory. The persistence unit can specify these elements and attributes.

» nane: Thisisthe nameyou passto the Per si st ence. cr eat eEnti t yManager Fact or y methods described above.
The name attribute is required.
e transacti on-t ype: Whether to use managed (JTA) or local (RESOURCE_L OCAL) transaction management.

» provi der: If you are using athird-party JPA vendor, this element names its implementation of the Per si st encePr o-
vi der bootstrapping interface.

Set thepr ovi der toor g. apache. openj pa. per si st ence. Per si st encePr ovi der | npl to use OpenJPA.

e jta-dat a- sour ce: The INDI name of aJDBC Dat aSour ce that is automatically enlisted in JTA transactions. This may
be an XA Dat aSour ce.

* non-jta-data-source: TheINDI name of aJDBC Dat aSour ce that isnot enlisted in JTA transactions.

e mappi ng- fil e*: Theresource names of XML mapping files for entities and embeddable classes. Y ou can also specify map-
ping information inan or m xm fileinyour META- | NF directory. If present, theor m xm mapping file will be read auto-
matically.

e jar-fil e*: Thenamesof jar files containing entities and embeddable classes. The implementation will scan the jar for an-
notated classes.

* cl ass*: Theclass names of entities and embeddabl e classes.

e properties: Thiselement contains nested pr operty elements used to specify vendor-specific settings. Each pr operty
has a name attribute and a value attribute.

The Reference Guide's Chapter 2, Configuration [200fescribes OpenJPA's configuration properties.
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Hereisatypical per si st ence. xnl filefor anon-EE environment:

Example 6.1. persistence.xml

<?xnml version="1.0"?>
<persi stence version="1.0"> .
<persi stence-unit name="openj pa">

<provi der >or g. apache. openj pa. per si st ence. Persi st enceProvi der | npl </ pr ovi der >

<cl ass>tutori al . Ani mal </ cl ass>
<cl ass>tutorial . Dog</cl ass>
<cl ass>tutorial . Rabbit</cl ass>
<cl ass>tutori al . Snake</ cl ass>
<properties>

<property nanme="openj pa. Connecti onURL" val ue="j dbc: hsql db: tut ori al _dat abase"/>
<property name="openj pa. Connecti onDri ver Nane" val ue="org. hsql db. j dbcDriver"/>

<property name="openj pa. Connecti onUser Nane" val ue="sa"/>
<property name="openj pa. Connecti onPassword" val ue=""/>
<property name="openjpa. Log" val ue="Def aul t Level =WARN, Tool =I NFO'/ >
</ properties>
</ per si st ence- uni t >
</ persi st ence>

6.2.

Non-EE Use

The example below demonstrates the Per si st ence classin action. Y ou will typically execute code like this on application
startup, then cache the resulting factory for future use. This bootstrapping code is only necessary in non-EE environments; in an

EE environment Ent i t yManager Fact ori es aretypically injected.

Example 6.2. Obtaining an EntityManager Factory

Il if your persistence.xm file does not contain all settings already, you
/1 can add vendor settings to a map
Properties props = new Properties();

/Il create the factory defined by the "openjpa" entity-nmanager entry
EntityManager Factory enf = Persistence. createEntityManagerFactory("openjpa",

props);
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EntityManagerFaciory

- createEntityManager(): EntityManager
- createEntityManager(Map) Type: EntityManager

- isOpen(): boolean
- close()

TheEnt i t yManager Fact ory createsEnt i t yManager instances for application use.

OpenJPA extends the standard Ent i t yManager Fact or y interface with the OpenJPAENt i t yManager Fact ory
to provide additional functionality.

7.1. Obtaining an EntityManagerFactory

Within a container, you will typically useinjection to accessan Ent i t yManager Fact or y. There are, however, aternative
mechanismsfor Ent i t yManager Fact or y construction.

Some vendors may supply public constructors for their Ent i t yManager Fact or y implementations, but we recommend using
the Java Connector Architecture (JCA) in a managed environment, or the Per si st ence class cr eat eEnt i t yManager -
Fact ory methodsin an unmanaged environment, as described in Chapter 6, Persistence [65]. These strategies allow vendors
to pool factories, cutting down on resource utilization.

JPA alowsyou to create and configure an Ent i t yManager Fact or y, then store it in a Java Naming and Directory Interface
(JNDI) treefor later retrieval and use.

7.2. Obtaining EntityManagers

public EntityManager createEntityManager();
public EntityManager createEntityManager(Map map);

Thetwocr eat eEnt i t yManager methods above create anew Ent i t yManager each timethey areinvoked. The optional
Map is used to supply vendor-specific settings. If you have configured your implementation for JTA transactions and a JTA trans-
action is active, thereturned Ent i t yManager will be synchronized with that transaction.

OpenJPA recognizes the following string keys in the map supplied to cr eat eEnt i t yManager :

e openj pa. Connecti onUser Nane

e openj pa. Connect i onPasswor d
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e openj pa. Connect i onRet ai nMbde

e openj pa. Transact i onMbde

e openj pa. <pr opert y>, where <property> is any JavaBean property of the
or g. apache. openj pa. per si st ence. OpenJPAENt i t yManager .

The last option uses reflection to configure any property of OpenJPA's Ent i t yManager implementation with the
value supplied in your map. The first options correspond exactly to the same-named OpenJPA configuration keys de-
scribed in Chapter 2, Configuration [200)f the Reference Guide.

Persistence Context

7.3.1.

A persistence context is a set of entities such that for any persistent identity there is a unique entity instance. Within a persistence
context, entities are managed. The Ent i t yManager controlstheir lifecycle, and they can access datastore resources.

When a persistence context ends, previously-managed entities become detached. A detached entity is no longer under the control

of theEnt i t yManager , and no longer has access to datastore resources. We discuss detachment in detail in Section 8.2, “ En-
tity Lifecycle Management " [77] For now, it is sufficient to know that detachment has two obvious consegquences:

1. The detached entity cannot load any additional persistent state.

2. TheEnt i t yManager will not return the detached entity from f i nd, nor will queries include the detached entity in their res-

ults. Instead, f i nd method invocations and query executions that would normally incorporate the detached entity will create a
new managed entity with the same identity.

OpenJPA offers several features related to detaching entities. See Section 12.1, “ Detach and Attach ” [348h the Refer-
ence Guide. Section 12.1.3, “ Defining the Detached Object Graph ” [349h particular describes how to use the De-
t achSt at e setting to boost the performance of merging detached entities.

Injected Ent i t yManager s have atransaction persistence context, while Ent i t yManager s obtained throughthe Ent i t y-
Manager Fact or y have an extended persistence context. We describe these persistence context types below.

Transaction Persistence Context

Under the transaction persistence context model, an Ent i t yManager beginsanew persistence context with each transaction,
and ends the context when the transaction commits or rolls back. Within the transaction, entities you retrieve through the En-
tityManager orviaQueri es are managed entities. They can access datastore resources to lazy-load additional persistent
state as needed, and only one entity may exist for any persistent identity.

When the transaction completes, all entities|ose their association with the Ent i t yManager and become detached. Traversing a
persistent field that wasn't already |oaded now has undefined results. And using the Ent i t yManager or aQuery to retrieve
additional objects may now create new instances with the same persistent identities as detached instances.

If youusean Ent i t yManager with atransaction persistence context model outside of an active transaction, each method in-
vocation creates a new persistence context, performs the method action, and ends the persistence context. For example, consider
usingthe Ent i t yManager . f i nd method outside of atransaction. The Ent i t yManager will create atemporary persistence
context, perform the find operation, end the persistence context, and return the detached result object to you. A second call with
the sameid will return a second detached object.
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When the next transaction begins, the Ent i t yManager will begin anew persistence context, and will again start returning
managed entities. Asyou'll seein Chapter 8, EntityManager [76] you can also merge the previously-detached entities back into
the new persistence context.

Example 7.1. Behavior of Transaction Persistence Context

The following code illustrates the behavior of entitiesunder an Ent i t yManager using atransaction persistence context.

EntityManager em // injected

/] outside a transaction:

/1 each operation occurs in a separate persistence context, and returns
// a new detached instance

Magazi ne magl = em fi nd(Magazi ne. cl ass, magld);

Magazi ne mag2 = em fi nd(Magazi ne. cl ass, magld);

assert True(mag2 ! = magl);

/'l transaction begins:

/ within a transaction, a subsequent |ookup doesn't return any of the
/ detached objects. however, two | ookups within the sane transaction
/ return the sane instance, because the persistence context spans the
/ transaction

Magazi ne mag3 = em find(Mugazi ne. cl ass, magld);

assert True(mag3 ! = magl && neg3 != mag2);

Magazi ne mag4 = em fi nd(Magazi ne. cl ass, magld);

assert True(mag4 == mag3);

/'l transaction commits:
// once again, each operation returns a new i nstance

Magazi ne mag5 = em find(Mgazi ne. cl ass, magld);
assert True(mag5 ! = mag3);

7.3.2.

Extended Persistence Context

AnEntityManager using an extended persistence context maintains the same persistence context for its entire lifecycle.
Whether inside atransaction or not, all entitiesreturned fromthe Ent i t yManager are managed, andthe Enti t yManager
never creates two entity instances to represent the same persistent identity. Entities only become detached when you finally close
the Ent i t yManager (or when they are serialized).

Example 7.2. Behavior of Extended Persistence Context

The following code illustrates the behavior of entitiesunder an Ent i t yManager using an extended persistence context.

EntityManager Factory enf = ...
EntityManager em = enf.createEntityManager();

/| persistence context active for entire life of EM so only one entity
/] for a given persistent identity

Magazi ne magl = em fi nd(Magazi ne. cl ass, magld);

Magazi ne mag2 = em find(Magazi ne. cl ass, magld);

assert True(mag2 == magl);

em get Transacti on(). begi n();

/| same persistence context active within the transaction
Magazi ne mag3 = em find(Mugazi ne. cl ass, magld);

assert True(mag3 == ;

Magazi ne mag4 = em find(Magazi ne. cl ass, magld);

assert True(mag4 == magl);

em get Transaction.commit();
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/] when the transaction commits, instance still nanaged
Magazi ne mag5 = em find(Magazi ne. cl ass, magld);
assert True(mag5 == magl);

/'l instance finally becones detached when EM cl oses
em cl ose();

1.4,

Retrieving Properties Information

7.5.

There are two sets of properties that may be specified: those that are specific to openjpa and those that have been defined by the
JPA specification. In some cases, two properties may be equivalent, but have different keys. For example, openjpa.LockTimeout
and javax.persistence.lock.timeout are two different keys for the same property.

There are two methods that can be used to retrieve information related to properties:

 getProperties() - This method provides alist of current properties. If a property has more than one key, the key that will be re-
turned is the one that was used when the property was set. If the property was not explicitly set, the key defined by JPA spe-
cification will be returned with the default value.

* getSupportedProperties() - This method returns a set of property keys. See the javadoc in the latest JPA specification for the
definition of the set. If a property has more than one key, al possible keyswill be returned.

Closing the EntityManagerFactory

publ i c bool ean isCpen();
public void close();

7.6.

Enti t yManager Fact or y instances are heavyweight objects. Each factory might maintain a metadata cache, object state
cache, Ent i t yManager pool, connection pool, and more. If your application no longer needsan Ent i t yManager Fact ory,
you should close it to free these resources. When an Ent i t yManager Fact ory closes, al Ent i t yManager sfrom that fact-
ory, and by extension all entities managed by those Ent i t yManager s, becomeinvalid. Attempting to close an Ent i t yMan-
ager Fact or y while one or more of itsEnt i t yManager shas an active transaction may resultinan | | | egal St at eEx-
ception.

Closingan Ent i t yManager Fact or y should not be taken lightly. It is much better to keep afactory open for along period of
time than to repeatedly create and close new factories. Thus, most applications will never close the factory, or only close it when
the application is exiting. Only applications that require multiple factories with different configurations have an obvious reason to
create and close multiple Ent i t yManager Fact ory instances. Once afactory is closed, all methods except i sQpen throw
anll | egal St at eExcepti on.

PersistenceUnitUtil

public PersistenceUnitUil getPersistenceUnitUil();

TheEnt i t yManager Fact or y method get Per si st enceUni t Uti | toprovide accesstoaPer si stenceUnitUti |
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utility. Per si st enceUni t Ut i | can be used to obtain the identity of a managed object and determine the |oad state of the en-
tity or one of its attributes. If the object is not managed by one of the entity managers created from the entity manager factory
from which the utility was obtained, the get | dent i f i er method will return null and thei sLoaded methods will return
false.

EntityManager Factory enf = Persistence. createEntityManagerFactory();
PersistenceUnitUWil pultil = enf.getPersistenceUnitWil();

if (pultil.getldentifier(deptEntity) == null) {
t hrow new Exception("ldentity is not valid.");

}

if (!'pultil.isLoaded(deptEntity, "enployees")) {
t hrow new Excepti on("Enpl oyees not | oaded.")

}
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Chapter 8. EntityManager

8.1.

javax.persistence

EntityMa
- FlushMode: FlushModeType
- getTransaction(): Entity Transaction

- persist{Object)

- remove(Object)

- refresh{Object)

- merge(Object): Object

- lock(Object, LockModeType)

- find(Class<T=, Object): T
- getReference(Class<T>, Object): T
- contains{Object): boolean

- fiushy)
- clear()

- createQuery(String): Query
- createNamedQuery(String): Query
- createNativeQuery(...): Query

- is0pen(): boolean
- close()

The diagram above presents an overview of the Ent i t yManager interface. For a complete treatment of the Ent i t yMan-
ager API, seethe Javadoc documentation. Methods whose parameter signatures consist of an ellipsis(...) are overloaded to take
multiple parameter types.

OpenJPA extends the standard Ent i t yManager interface with the
or g. apache. openj pa. persi st ence. OpenJPAENt i t yManager interface to provide additional functional-

ity.

TheEnt i t yManager isthe primary interface used by application devel opers to interact with the JPA runtime. The methods of
the Ent i t yManager can be divided into the following functional categories:

* Transact i on association.

Entity lifecycle management.
« Entity identity management.
» Cache management.

* Query factory.

» Closing.

Transaction Association
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public EntityTransacti on getTransaction();

8.2.

Every Ent i t yManager hasaone-to-onerelation withan Ent i t yTr ansact i on instance. In fact, many vendors use asingle
classto implement both the Ent i t yManager andEnti t yTransacti on interfaces. If your application requires multiple
concurrent transactions, you will use multiple Ent i t yManager s.

You canretrievethe Ent i t yTr ansact i on associated with an Ent i t yManager throughtheget Tr ansact i on method.
Note that most JPA implementations can integrate with an application server's managed transactions. If you take advantage of
this feature, you will control transactions by declarative demarcation or through the Java Transaction APl (JTA) rather than
through the Ent i t yTr ansact i on.

Entity Lifecycle Management

Ent i t yManager s perform several actions that affect the lifecycle state of entity instances.

public void persist(Qbject entity);

Transitions new instances to managed. On the next flush or commit, the newly persisted instances will be inserted into the data-
store.

For agiven entity A, the per si st method behaves as follows:

» If Aisanew entity, it becomes managed.
 If Aisan existing managed entity, it isignored. However, the persist operation cascades as defined below.

» If Aisaremoved entity, it becomes managed.

If Aisadetached entity, an |l | | egal Ar gunent Except i on isthrown.

» The persist operation recurses on al relation fields of A whose cascadesinclude CascadeType. PERSI ST.

This action can only be used in the context of an active transaction.

public void renove(Object entity);

Transitions managed instances to removed. The instances will be deleted from the datastore on the next flush or commit. Access-
ing aremoved entity has undefined results.

For agiven entity A, ther enbve method behaves as follows:

« If Aisanew entity, it isignored. However, the remove operation cascades as defined below.
 If Aisan existing managed entity, it becomes removed.

» If Aisaremoved entity, it isignored.
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» If Aisadetached entity, an| | | egal Ar gunent Except i on isthrown.

» Theremove operation recurses on all relation fields of A whose cascadesinclude CascadeType. REMOVE.

This action can only be used in the context of an active transaction.

public void refresh(Cbject entity);

Usether ef r esh action to make sure the persistent state of an instance is synchronized with the values in the datastore. r e-
f r esh isintended for long-running optimistic transactions in which there is a danger of seeing stale data.

For agiven entity A, ther ef r esh method behaves as follows:

» If Aisanew entity, it isignored. However, the refresh operation cascades as defined below.
 If Aisan existing managed entity, its state is refreshed from the datastore.

» If Aisaremoved entity, it isignored.

If Aisadetached entity, an| | | egal Ar gunent Except i on isthrown.

The refresh operation recurses on all relation fields of A whose cascadesinclude CascadeType. REFRESH.

public Cbject nerge(Cbject entity);

A common use case for an application running in a servlet or application server isto "detach” objects from all server resources,
modify them, and then "attach" them again. For example, a servliet might store persistent datain a user session between a modi-
fication based on a series of web forms. Between each form request, the web container might decide to serialize the session, re-
quiring that the stored persistent state be disassociated from any other resources. Similarly, a client/server application might trans-
fer persistent objectsto a client via seriaization, alow the client to modify their state, and then have the client return the modified
datain order to be saved. This is sometimes referred to as the data transfer object or value object pattern, and it allows fine-
grained manipulation of data objects without incurring the overhead of multiple remote method invocations.

JPA provides support for this pattern by automatically detaching entities when they are serialized or when a persistence context
ends (see Section 7.3, “ Persistence Context ” [72] for an exploration of persistence contexts). The JPA merge API re-attaches
detached entities. This allows you to detach a persistent instance, modify the detached instance offline, and merge the instance
back intoan Ent i t yManager (either the same one that detached the instance, or a new one). The changes will then be applied
to the existing instance from the datastore.

A detached entity maintains its persistent identity, but cannot load additional state from the datastore. Accessing any persistent
field or property that was not loaded at the time of detachment has undefined results. Also, be sure not to alter the version or iden-
tity fields of detached instances if you plan on merging them later.

The ner ge method returns a managed copy of the given detached entity. Changes made to the persistent state of the detached
entity are applied to this managed instance. Because merging involves changing persistent state, you can only merge within a
transaction.

If you attempt to merge an instance whose representation has changed in the datastore since detachment, the merge operation will
throw an exception, or the transaction in which you perform the merge will fail on commit, just asif anormal optimistic conflict
were detected.
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OpenJPA offers enhancements to JPA detachment functionality, including additional options to control which fields are
detached. See Section 12.1, “ Detach and Attach " [348h the Reference Guide for details.

For agiven entity A, the mer ge method behaves as follows:

» If Aisadetached entity, its stateis copied into existing managed instance A' of the same entity identity, or a new managed
copy of Aiscreated.

« If Aisanew entity, anew managed entity A' is created and the state of Aiscopiedinto A" .

 If Aisan existing managed entity, it isignored. However, the merge operation still cascades as defined below.

« If Aisaremoved entity, an | | | egal Ar gunment Except i on isthrown.

» The merge operation recurses on all relation fields of A whose cascadesinclude CascadeType. MERGE.

public void | ock(Object entity, LockMbdeType npde);

This method locks the given entity using the named mode. Thej avax. per si st ence. LockMbdeType enum definestwo
modes:

» READ: Other transactions may concurrently read the object, but cannot concurrently update it.

* VWRI TE: Other transactions cannot concurrently read or write the object. When a transaction is committed that holds WRITE
locks on any entities, those entities will have their version incremented even if the entities themselves did not change in the
transaction.

OpenJPA has additional APIs for controlling object locking. See Section 9.3, “ Object Locking ” [323h the Reference
Guide for details.

The following diagram illustrates the lifecycle of an entity with respect to the APIs presented in this section.
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Lifecycle Examples

The examples below demonstrate how to use the lifecycle methods presented in the previous section. The examples are appropri-
ate for out-of-container use. Within acontainer, Ent i t yManager sare usually injected, and transactions are usually managed.
Y ou would therefore omit the cr eat eEnt i t yManager and cl ose cals, aswell asall transaction demarcation code.

Example 8.1. Persisting Objects

/] create sone objects
Magazi ne mag = new Magazi ne("1B78- YUIL", "JavaWorld");

Conpany pub = new Conpany("Weston House");
pub. set Revenue(1750000D) ;

mag. set Publ i sher (pub);

pub. addMagazi ne( mag) ;

Article art = new Article("JPA Rules!", "Transparent Object Persistence");
art.addAut hor (new Aut hor ("Fred", "Hoyle"));
mag. addArticle(art);

/| persi st

EntityManager em = enf.createEntityManager();
em get Transaction(). begi n();

em persi st (mag) ;

em persi st (pub);

em persist(art);

em get Transaction().commt();

/1 or we could continue using the EntityMnager...
em cl ose();

Example 8.2. Updating Objects

Magazi ne. Magazi neld m = new Magazi ne. Magazi nel d();
m.isbn = "1B78- YUIL";
m.title = "JavaWrld";

/'l updates should al ways be nade within transactions; note that
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I/ there is no code explicitly |linking the magazi ne or conpany
/1 with the transaction; JPA automatically tracks all changes
EntityManager em = enf.createEntityManager();

em get Transacti on(). begi n();

Magazi ne mag = em find(Magazi ne.class, m);

mag. set Price(5.99);

Conpany pub = mag. get Publ i sher();

pub. set Revenue(1750000D) ;

em get Transaction().commit();

/1 or we could continue using the EntityMnager...
em cl ose();

Example 8.3. Removing Objects

/'l assune we have an object id for the conpany whose subscriptions
// we want to delete
Qoject oid = ...;

/] del etes should al ways be nade within transactions
EntityManager em = enf.createEntityManager();
em get Transaction(). begi n();
Conpany pub = (Conpany) em find(Conpany.cl ass, oid);
for (Subscription sub : pub. getSubscriptions())
em renmove(sub);
pub. get Subscriptions().clear();
em get Transaction().commit();

/1 or we could continue using the EntityMnager...
em cl ose();

Example 8.4. Detaching and Merging

This example demonstrates a common client/server scenario. The client requests objects and makes changes to them, while the
server handles the object lookups and transactions.

/1 CLIENT:
/1 requests an object with a given oid
Record detached = (Record) getFronServer (o0id);

/| SERVER:

/1 send object to client; object detaches on EM cl ose
Obj ect oid = processd ientRequest();

EntityManager em = enf. createEntityManager();

Record record = em find(Record.class, oid);

em cl ose();

sendToCl i ent (record);

[/ CLI ENT:

/1 makes sone nodifications and sends back to server
det ached. set SoneFi el d("bar");

sendToSer ver (det ached) ;

/| SERVER:

/1 merges the instance and commit the changes
Record nodified = (Record) processC ientRequest();
EntityManager em = enf.createEntityManager();

em get Transacti on(). begi n();

Record nerged = (Record) em merge(nodified);

ner ged. set Last Modi fi ed(SystemcurrentTimeM I lis());
mer ged. set Modi fier(getCientldentityCode());

em get Transaction().commit();
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em cl ose();

8.4.

Entity Identity Management

Each Ent i t yManager isresponsible for managing the persistent identities of the managed objects in the persistence context.
The following methods allow you to interact with the management of persistent identities. The behavior of these methodsis
deeply affected by the persistence context type of the Ent i t yManager ; see Section 7.3, “ Persistence Context ” [72] for an
explanation of persistence contexts.

public <T> T find(d ass<T> cls, Object oid);

This method returns the persistent instance of the given type with the given persistent identity. If the instance is already present in
the current persistence context, the cached version will be returned. Otherwise, a new instance will be constructed and loaded
with state from the datastore. If no entity with the given type and identity existsin the datastore, this method returns null.

public <T> T get Reference(d ass<T> cls, Object oid);

Thismethod issimilar tof i nd, but does not necessarily go to the database when the entity is not found in cache. The imple-
mentation may construct a hollow entity and return it to you instead. Hollow entities do not have any state loaded. The state only
gets loaded when you attempt to access a persistent field. At that time, the implementation may throw an Ent i t yNot Foun-
dExcepti on if it discoversthat the entity does not exist in the datastore. The implementation may also throw an Ent i t yNot -
FoundExcept i on fromthe get Ref er ence method itself. Unlikef i nd, get Ref er ence does not return null.

publ i c bool ean contai ns(Object entity);

8.5.

Returnstrueif the given entity is part of the current persistence context, and fal se otherwise. Removed entities are not considered
part of the current persistence context.

Cache Management

public void flush();

Thef | ush method writes any changes that have been made in the current transaction to the datastore. If the Ent i t yManager
does not already have a connection to the datastore, it obtains one for the flush and retainsiit for the duration of the transaction.
Any exceptions during flush cause the transaction to be marked for rollback. See Chapter 9, Transaction [85]

Flushing requires an active transaction. If there isn't a transaction in progress, the f | ush method throwsa Tr ansact i onRe-
qui redExcepti on.

public FlushMbdeType get Fl ushMbde();
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public void setFl ushvbde( Fl ushMbdeType fl ushMbde);

TheEnt i t yManager 'sFl ushMode property controls whether to flush transactional changes before executing queries. This
allows the query results to take into account changes you have made during the current transaction. Available
j avax. per si st ence. Fl ushMbdeType constants are:

e COWM T: Only flush when committing, or when told to do so through the f | ush method. Query results may not take into ac-
count changes made in the current transaction.

* AUTO The implementation is permitted to flush before queriesto ensure that the results reflect the most recent object state.

Y ou can also set the flush mode on individual Quer y instances.

OpenJPA only flushes before a query if the query might be affected by data changed in the current transaction. Addition-
ally, OpenJPA alows fine-grained control over flushing behavior. See the Reference Guide's Section 4.8, “ Configur-
ing the Use of JDBC Connections” [246]

public void clear();

38.6.

Clearingthe Ent i t yManager effectively ends the persistence context. All entities managed by the Ent i t yManager be-
come detached.

Query Factory

public Query createQuery(String query);

Quer y objects are used to find entities matching certain criteria. Thecr eat eQuer y method creates a query using the given
Java Persistence Query Language (JPQL) string. See Chapter 10, JPA Query [88]for details.

public Query createNamedQuery(String nane);

This method retrieves a query defined in metadata by name. The returned Quer y instanceisinitialized with the information de-
clared in metadata. For more information on named queries, read Section 10.1.11, “ Named Queries” [99]

public Query createNativeQuery(String sql);
public Query createNati veQuery(String sql, Class resultCs);
public Query createNativeQuery(String sql, String resultMpping);
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EntityManager

Native queries are queries in the datastore's native language. For relational databases, this is the Structured Query Language
(SQL). Chapter 12, SQL Queries[1418aborates on JPA's native query support.

Retrieving Properties Information

38.8.

There are two sets of properties that may be specified: those that are specific to openjpa and those that have been defined by the
JPA specification. In some cases, two properties may be equivalent, but have different keys. For example, openjpa.LockTimeout
and javax.persistence.lock.timeout are two different keys for the same property.

There are two methods that can be used to retrieve information related to properties:

 getProperties() - This method provides alist of current properties. If a property has more than one key, the key that will be re-
turned is the one that was used when the property was set. If the property was not explicitly set, the key defined by JPA spe-
cification will be returned with the default value.

 getSupportedProperties() - This method returns a set of property keys. See the javadoc in the latest JPA specification for the
definition of the set. If a property has more than one key, all possible keys will be returned.

Closing

publ i c bool ean isQOpen();
public void close();

When an Ent i t yManager isno longer needed, you should call itscl ose method. Closing an Ent i t yManager releases any
resourcesit isusing. The persistence context ends, and the entities managed by the Ent i t yManager become detached. Any
Query instancesthe Ent i t yManager created become invalid. Calling any method other thani sOpen onaclosed Enti ty-
Manager resultsinanl| | egal St at eExcepti on. You cannot closeaEnt i t yManager that isinthe middle of atransac-
tion.

If you arein amanaged environment using injected entity managers, you should not close them.




Chapter 9. Transaction

Transactions are critical to maintaining dataintegrity. They are used to group operations into units of work that act in an all-
or-nothing fashion. Transactions have the following qualities:

» Atomicity. Atomicity refersto the all-or-nothing property of transactions. Either every data update in the transaction completes
successfully, or they all fail, leaving the datastore in its original state. A transaction cannot be only partially successful.

» Consistency. Each transaction takes the datastore from one consistent state to another consistent state.

« Isolation. Transactions are isolated from each other. When you are reading persistent data in one transaction, you cannot "see"
the changes that are being made to that data in other transactions. Similarly, the updates you make in one transaction cannot
conflict with updates made in concurrent transactions. The form of conflict resolution employed depends on whether you are
using pessimistic or optimistic transactions. Both types are described later in this chapter.

« Durability. The effects of successful transactions are durable; the updates made to persistent data last for the lifetime of the
datastore.
Together, these qualities are called the ACID properties of transactions. To understand why these properties are so important to

maintaining data integrity, consider the following example:

Suppose you create an application to manage bank accounts. The application includes a method to transfer funds from one user to
another, and it looks something like this:

public void transferFunds(User from User to, double amt) {
from decr enent Account (ammt ) ;
to. i ncrenent Account (ammt) ;

}

9.1.

Now suppose that user Alice wants to transfer 100 dollars to user Bob. No problem; you simply invoke your t r ansf er Funds
method, supplying Alicein thef r omparameter, Bob inthet o parameter, and 100. 00 astheammt . Thefirst line of the meth-
od is executed, and 100 dollarsis subtracted from Alice's account. But then, something goes wrong. An unexpected exception oc-
curs, or the hardware fails, and your method never completes.

Y ou are |eft with a situation in which the 100 dollars has simply disappeared. Thanks to the first line of your method, itisno
longer in Alice's account, and yet it was never transferred to Bob's account either. The datastore isin an inconsistent state.

The importance of transactions should now be clear. If the two lines of thet r ansf er Funds method had been placed together
in atransaction, it would be impossible for only the first line to succeed. Either the funds would be transferred properly or they
would not be transferred at all, and an exception would be thrown. Money could never vanish into thin air, and the data store
could never get into an inconsistent state.

Transaction Types

There are two major types of transactions: pessimistic transactions and optimistic transactions. Each type has both advantages and
disadvantages.

Pessimistic transactions generally lock the datastore records they act on, preventing other concurrent transactions from using the
same data. This avoids conflicts between transactions, but consumes database resources. Additionally, locking records can result
in deadlock, a situation in which two transactions are both waiting for the other to release its locks before completing. The results
of adeadlock are datastore-dependent; usually one transaction is forcefully rolled back after some specified timeout interval, and
an exception is thrown.
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Transaction

This document will often use the term datastore transaction in place of pessimistic transaction. Thisisto acknowledge that some
datastores do not support pessimistic semantics, and that the exact meaning of a non-optimistic JPA transaction is dependent on
the datastore. Most of the time, a datastore transaction is equivalent to a pessimistic transaction.

Optimistic transactions consume less resources than pessimistic/datastore transactions, but only at the expense of reliability. Be-
cause optimistic transactions do not lock datastore records, two transactions might change the same persistent information at the
same time, and the conflict will not be detected until the second transaction attempts to flush or commit. At thistime, the second
transaction will realize that another transaction has concurrently modified the same records (usually through a timestamp or ver-
sioning system), and will throw an appropriate exception. Note that optimistic transactions still maintain data integrity; they are
simply more likely to fail in heavily concurrent situations.

Despite their drawbacks, optimistic transactions are the best choice for most applications. They offer better performance, better
scalability, and lower risk of hanging due to deadlock.

OpenJPA uses optimistic semantics by default, but supports both optimistic and datastore transactions. OpenJPA also of-
fers advanced locking and versioning APIs for fine-grained control over database resource all ocation and object version-
ing. See Section 9.3, “ Object Locking " [323jf the Reference Guide for details on locking. Section 5.2.6, “ Version”
[35] of this document covers standard object versioning, while Section 7.7, “ Additional JPA Mappings” [300f the
Reference Guide discusses additional versioning strategies available in OpenJPA.

The EntityTransaction Interface

javax.persistence

EntityTransaction

- begin()

- commit()

- rollback()

- isActive(): boolean

JPA integrates with your container's managed transactions, allowing you to use the container's declarative transaction demarca
tion and its Java Transaction APl (JTA) implementation for transaction management. Outside of a container, though, you must
demarcate transactions manually through JPA. The Ent i t yTr ansact i on interface controls unmanaged transactionsin JPA.

public void begin();
public void commit();
public void rollback();

Thebegi n,conmmi t, andr ol | back methods demarcate transaction boundaries. The methods should be self-explanatory: be-
gi n startsatransaction, conmi t attempts to commit the transaction's changes to the datastore, and r ol | back aborts the trans-
action, in which case the datastore is "rolled back" to its previous state. JPA implementations will automatically roll back transac-
tionsif any exception is thrown during the commit process.

Unless you are using an extended persistence context, committing or rolling back also ends the persistence context. All managed
entitieswill be detached from the Ent i t yManager .

publ i c bool ean isActive();
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Finally, thei sAct i ve method returnst r ue if the transactionisin progress (begi n has been called more recently than com
m t orrol | back),andf al se otherwise.

Example 9.1. Grouping Operationswith Transactions

public void transferFunds(EntityManager em User from User to, double amt) {
/1 note: it would be better practice to nove the transaction demarcation
/1 code out of this nethod, but for the purposes of exanple...
Transaction trans = em get Transaction();
trans. begin();
try
from decr enent Account (ammt ) ;

to.increnment Account (ammt);
trans.commit();

catch (RuntimeException re)
if (trans.isActive())

trans.rol | back(); /1l or could attenpt to fix error and retry
throw re;
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Javax.jdo

Query

- setHint{String, Object): Query
- setFlushiModefFiushModeType): Query

- setFirstResult{ing): Query
- setMaxResults(int): Query

- setParameter(String, ...): Query
- setParameterfint, ...): Query

- getResultList(): List
- getSingleResult(): Object
- executellpdate(): int

Thej avax. per si st ence. Query interface isthe mechanism for issuing queriesin JPA. The primary query language used is
the Java Persistence Query Language, or JPQL. JPQL is syntactically very similar to SQL, but is object-oriented rather than ta-
ble-oriented.

The API for executing JPQL queries will be discussed in Section 10.1, “ JPQL API " [88] and afull language reference will be
covered in Section 10.2, “ JPQL Language Reference” [101]

10.1. JPQL API
10.1.1. Query Basics

SELECT x FROM Magazi ne x

The preceding isa simple JPQL query for all Magazi ne entities.

public Query createQuery(String jpql);

TheEnt i t yManager . cr eat eQuer y method createsa Quer y instance from a given JPQL string.

public List getResultList();

Invoking Query. get Resul t Li st executesthe query and returnsalLi st containing the matching objects. The following ex-
ample executes our Magazi ne query above:

Enti tyManager em= .
Query g = emcreat eQJery( SELECT x FROM Magazi ne x");
Li st <l\/agaZ| ne> results = (List<Magazine>) q.getResultList();
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A JPQL query has an internal namespace declared in the f r omclause of the query. Arbitrary identifiers are assigned to entities
so that they can be referenced el sewhere in the query. In the query example above, the identifier x is assigned to the entity
Magazi ne .

The as keyword can optionally be used when declaring identifiersin the f r omclause. SELECT x FROM Magazi ne
x and SELECT x FROM Magazi ne AS x are Synonymous.

Following thesel ect clause of the query isthe object or objects that the query returns. In the case of the query above, the
query's result list will contain instances of the Magazi ne class.

When selecting entities, you can optionally use the keyword obj ect . Theclausessel ect x and SELECT OB-
JECT( x) are synonymous.

The optional wher e clause places criteria on matching results. For example:

SELECT x FROM Magazi ne x WHERE x.title = 'JDJ'

Keywords in JPQL expressions are case-insensitive, but entity, identifier, and member names are not. For example, the expres-
sion above could also be expressed as:

sel ect x from Magazine x where x.title = 'JDJ'

But it could not be expressed as:

SELECT x FROM Magazi ne x WHERE x. TI TLE = ' JDJ'

Aswiththesel ect clause, aliasnamesinthewher e clause are resolved to the entity declared inthef r om clause. The query
above could be described in English as"for all Magazi ne instances x, return alist of every x suchthat x'stitl e fiedis
equal to 'IDJ".

JPQL uses SQL -like syntax for query criteria. Theand and or logical operators chain multiple criteria together:

SELECT x FROM Magazi ne x WHERE x.title = 'JDJ' OR x.title = 'JavaPro'

The = operator tests for equality. <> testsfor inequality. JPQL also supports the following arithmetic operators for numeric com-
parisons: >, >=, <, <=.Forexample:

SELECT x FROM Magazi ne x WHERE x.price > 3.00 AND x.price <= 5.00
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This query returns all magazines whose priceis greater than 3.00 and less than or equal to 5.00.

SELECT x FROM Magazi ne x WHERE x.price <> 3.00

This query returns all Magazines whose priceis not equal to 3.00.

Y ou can group expressions together using parentheses in order to specify how they are evaluated. Thisis similar to how paren-
theses are used in Java. For example:

SELECT x FROM Magazi ne x WHERE (x.price > 3.00 AND x.price <= 5.00) OR x.price < 7.00

This expression would match magazines whose priceis less than 7.00. Alternately:

SELECT x FROM Magazi ne x WHERE x.price > 3.00 AND (x.price <= 5.00 OR x.price < 7.00)

This expression would match magazines whose price is 4.00, 5.00 or 6.00, but not 1.00, 2.00 or 3.00.

JPQL also includes the following conditionals:

e [ NOT] BETWEEN: Shorthand for expressing that a value falls between two other values. The following two statements are
Synonymous:

SELECT x FROM Magazi ne x WHERE x.price >= 3.00 AND x.price <= 5.00

SELECT x FROM Magazi ne x WHERE x. price BETWEEN 3. 00 AND 5. 00

e [ NOT] LI KE: Performsa string comparison with wildcard support. The special character ' ' in the parameter means to match
any single character, and the special character '%' means to match any sequence of characters. The following statement
matchestitle fields "JDJ' and "JavaPro", but not "IT Insider":

SELECT x FROM Magazi ne x WHERE x.title LIKE 'J%

The following statement matches the title field "JDJ" but not " JavaPro":

SELECT x FROM Magazine x WHERE x.title LIKE "J__'
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* [ NOT] | N: Specifiesthat the member must be equal to one element of the provided list. The following two statements are

Synonymaous:
SELECT x FROM Magazi ne x WHERE x.title IN ('JDJ', 'JavaPro', 'IT Insider")
SELECT x FROM Magazine x WHERE x.title = 'JDJ' OR x.title = 'JavaPro' OR x.title = '"IT Insider'

IS [ NOT] EMPTY: Specifiesthat the collection field holds no elements. For example:

SELECT x FROM Magazi ne x WHERE x. articles is enpty

This statement will return all magazineswhose ar ti cl es member contains no elements.

e« IS [ NOT] NULL: Specifiesthat thefield is equal to null. For example:

SELECT x FROM Magazi ne x WHERE x. publisher is null

This statement will return all Magazine instances whose "publisher" field issettonul | .

» NOT: Negates the contained expression. For example, the following two statements are synonymous:

SELECT x FROM Magazi ne x WHERE NOT(x. price = 10.0)

SELECT x FROM Magazi ne x WHERE x.price <> 10.0

10.1.2. Relation Traversal

Relations between objects can be traversed using Javarlike syntax. For example, if the Magazine class has a field named "publish-
er" of type Company, that relation can be queried as follows:

SELECT x FROM Magazi ne x WHERE x. publisher.name = ' Random House'

This query returns all Magazi ne instanceswhose publ i sher fieldisset to a Conpany instance whose nameis "Random
House".
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Single-valued relation traversal implies that the relation is not null. In SQL terms, thisis known as an inner join. If you want to
also include relations that are null, you can specify:

SELECT x FROM Magazi ne x WHERE x. publisher.name = ' Random House' or x.publisher is null

You can aso traverse collection fields in queries, but you must declare each traversal in the f r omclause. Consider:

SELECT x FROM Magazine x, IN(x.articles) y WHERE y. aut hor Nanme = ' John Doe’

This query saysthat for each Magazi ne x ,traversethearti cl es relation and check each Arti cl e y, and passthefilter if
y'saut hor Nane field is equal to "John Doe". In short, this query will return all magazines that have any articles written by
John Doe.

Thel N() syntax can also be expressed with the keywordsi nner j oi n. The statements SELECT x FROM
Magazi ne x, IN(x.articles) y WHERE y. aut hor Nane = ' John Doe' and SELECT x FROM
Magazi ne x inner join x.articles y WHERE y. aut hor Name = ' John Doe' are synonymous.

10.1.3. Embeddable Traversal

Similar to relation traversal, nested embeddabl e objects can be traversed using Java-like syntax. For example, if the Conpony
class has afield named "address' of an embeddable type Addr ess, and the Addr ess has afield named "geocode" of an em-
beddable type Geocode, the geocode of acompany's address can be queried as follows:

SELECT c. addr ess. geocode FROM Conpany ¢ WHERE c. nane = ' Random House'

The geocode returned by the above query will not be part of the state of any managed entity. Modifications to these
embeddable instances are not allowed.

Traverse into embeddable's state field is also allowed as shown in the following query:

SELECT c. addr ess. geocode. | ati t ude FROM Conpany ¢ WHERE c. nane = ' Random House'

Embeddabl e objects may contain single-valued or collection-valued relations. These relations can also be traversed using Java-
like syntax. For example, if the Address has arelation field named "phoneLists' of an entity type PhoneNunber , the following
query returnsthe PhoneNunber entities of the Conpany named '‘Random House':

SELECT p FROM Conpany c, | N(c.address. phonelLists) p WHERE c. nane = ' Random House'

92



JPA Query

10.1.4. Fetch Joins

JPQL queries may specify oneor morej oi n f et ch declarations, which allow the query to specify which fields in the returned
instances will be pre-fetched.

SELECT x FROM Magazine x join fetch x.articles WHERE x.title = 'JDJ'

The query above returns Magazi ne instances and guarantees that thear t i cl es field will already be fetched in the returned
instances.

Multiple fields may be specified in separatej oi n f et ch declarations:

SELECT x FROM Magazine x join fetch x.articles join fetch x.authors WHERE x.title = 'JDJ'

Notice that in the above query, bothar t i cl es and aut hor s arerelation property in Magazi ne. JPQL syntax does not allow
range variable declared for paths on the right-hand side of j oi n f et ch. Therefore, if Arti cl e entity has arelation property
of publ i sher s, itisnot possible to specify a query that returns Magazi ne instances and pre-fetchthear ti cl es and the
publ i sher s. Thefollowing query will result in syntax error:

SELECT x FROM Magazine x join fetch x.articles a join fetch a.publishers p WHERE x.title = 'JDJ'

Specifying thej oi n f et ch declaration is functionally equivalent to adding the fields to the Query's Fet chConf i g-
ur ati on. See Section 5.7, “ Fetch Groups” [274]

10.1.5. JPQL Functions

Aswell as supporting direct field and relation comparisons, JPQL supports a pre-defined set of functions that you can apply.

* CONCAT(stringl, string2):Concatenatestwo string fields or literals. For example:

SELECT x FROM Magazi ne x WHERE CONCAT(x.title, 's') = 'JDJs'

e SUBSTRING(string, startlndex, [l ength]):Returnsthepartof thestri ng argument startingatstart| n-
dex (1-based) and optionally ending at | engt h characterspast st ar t | ndex. If thel engt h argument is not specified, the
substring from the st ar t | ndex to the end of the st ri ng isreturned.

SELECT x FROM Magazi ne x WHERE SUBSTRING(x.title, 1, 1) ="'J'
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TRIM[LEADI NG | TRAILING | BOTH] [character FROM string: Trimsthe specified character from either
the beginning ( LEADI NG ) end ( TRAI LI NG) or both ( BOTH ) of the string argument. If no trim character is specified, the
space character will be trimmed.

SELECT x FROM Magazi ne x WHERE TRIMBOTH 'J' FROM x.title) = 'D

LOVNER( st ri ng) : Returns the lower-case of the specified string argument.

SELECT x FROM Magazi ne x WHERE LOVER(x.title) = "'jdj"'

UPPER( st r i ng) : Returns the upper-case of the specified string argument.

SELECT x FROM Magazi ne x WHERE UPPER(x.title) = 'JAVAPRO

LENGTH( st r i ng) : Returns the number of charactersin the specified string argument.

SELECT x FROM Magazi ne x WHERE LENGTH(x.title) = 3

LOCATE(searchString, candidateString [, startlndex]):Returnsthefirstindex of searchStringin
candi dat eSt ri ng. Positions are 1-based. If the string is not found, returns 0.

SELECT x FROM Magazi ne x WHERE LOCATE('D, x.title) = 2

ABS( nunber) : Returns the absolute value of the argument.

SELECT x FROM Magazi ne x WHERE ABS(x.price) >= 5.00

SQRT( nunber) : Returns the square root of the argument.

SELECT x FROM Magazi ne x WHERE SQRT(x.price) >= 1.00

MOD( nunber, di vi sor) : Returnsthe modulo of nunber anddi vi sor.

SELECT x FROM Magazi ne x WHERE MOD(x. price, 10) = 0
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» | NDEX(i dentification_vari abl e): Returnsaninteger value corresponding to the position of its argument in an
ordered list. The INDEX function can only be applied to identification variables denoting types for which an order column has
been specified.

In the following example, st udent Wi t | i st isalist of students for which an order column has been specified, the query
returns the name of the first student on the waiting list of the course named 'Calculus’:

SELECT w. namre FROM Course ¢ JO N c.studentWaitlist w WHERE c. name = ‘ Cal cul us’ AND | NDEX(w) = 0

» CURRENT_DATE: Returnsthe current date.
e CURRENT_TI ME: Returnsthe current time.

* CURRENT_TI MESTAMP: Returns the current timestamp.

10.1.6. Polymorphic Queries

All JPQL queries are polymorphic, which meansthe f r omclause of aquery includes not only instances of the specific entity
classtowhich it refers, but all subclasses of that class aswell. The instances returned by a query include instances of the sub-
classes that satisfy the query conditions. For example, the following query may return instances of Magazi ne , aswell as
Tabl oi d and Di gest instances, where Tabl oi d and Di gest are Magazi ne subclasses.

SELECT x FROM Magazi ne x WHERE x.price < 5

Non-polymorphic queries or queries whose polymorphism is restricted can be specified using entity type expressions (see Sec-
tion 10.2.6.4, “ Entity Type Expressions” [125]in the WHERE clause to restrict the domain of the query. For example, the fol-
lowing query returns instances of Di gest :

SELECT x FROM Magazi ne WHERE TYPE(x) = Di gest

10.1.7. Query Parameters

JPQL provides support for parameterized queries. Either named parameters or positional parameters may be specified in the
guery string. Parameters allow you to re-use query templates where only the input parameters vary. A single query can declare
either named parameters or positional parameters, but is not alowed to declare both named and positional parameters.

public Query setParaneter (int pos, Object value);

Specify positional parametersin your JPQL string using an integer prefixed by a question mark. Y ou can then populate the
Quer y object with positional parameter values viacallstothe set Par anet er method above. The method returnsthe Quer y
instance for optional method chaining.

EntityManager em = ...
Query g = em createQuery("SELECT x FROM Magazine x WHERE x.title = ?1 and x.price > ?2");
g.set Paranmeter (1, "JDJ").setParanmeter(2, 5.0);

95



JPA Query

Li st <Magazi ne> results = (List<Magazi ne>) q.getResultList();

This code will substitute JDJ for the ?1 parameter and 5. 0 for the ?2 parameter, then execute the query with those values.

public Query setParaneter(String name, Object value);

Named parameters are denoted by prefixing an arbitrary name with a colon in your JPQL string. Y ou can then populate the
Quer y object with parameter values using the method above. Like the positional parameter method, this method returns the
Query instance for optional method chaining.

EntityManager em = ...

Query g = em createQuery("SELECT x FROM Magazi ne x WHERE x.title = :titleParam and x.price > :priceParant);
g.set Paraneter ("titleParant, "JDJ").setParanmeter("priceParant, 5.0);

Li st <Magazi ne> results = (List<Magazi ne>) q.getResultList();

This code substitutes JDJ for the: ti t | ePar am parameter and 5. O for the: pri cePar am parameter, then executes the
guery with those values.

All input parameters must be single-valued, except in IN expressions (see Section 10.2.5.9, “ JPQL In Expressions” [11§]
which support the use of collection-valued input parameters.

10.1.8. Query Hints

JPQL provides support for hints which are name/value pairs used to control locking and optimization keywordsin SQL. Thefol-
lowing example shows how to use the JPA hint API to set the ReadLockMode and Resul t Count in the OpenJPA fetch plan.
Thiswill result in a database-specific SQL keyword (usualy FOR UPDATE) to be emitted into the SQL provided that a pessim-
istic LockManager is being used. Additionally, if a DB2 database is being used, the OPTIMIZE FOR 2 ROWS clause will aso be
emitted.

Example 10.1. Query Hints

Query g = emcreateQuery("select mfrom Magazi ne mwhere ... ");
g. set Hi nt ("openj pa. hint. Optim zeResul t Count", new Integer(2));
g. set H nt (" openj pa. Fet chPl an. ReadLockMode", "WRI TE") ;

= g.getResul tList();

List r

Hints which can not be processed by a particular database or are unknown to OpenJPA are ignored. Hints known to OpenJPA but
supplied with an incompatible value will resultinan | | | egal Ar gurent Except i on being thrown.

10.1.8.1. Locking Hints

To avoid deadlock and optimistic update exceptions among multiple updaters, use a pessimistic LockManager, specified in the
persistence unit definition, and use a hint name of "openjpa.FetchPlan.ReadL ockMode" on queries for entities that must be
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locked for seriaization. The value of ReadLockMode can be either "READ" or "WRITE". This resultsin a database-specific
locking keyword (usually FOR UPDATE) to be emitted into the SQL.

Using aReadLockMbode hint with JPA optimistic locking (i.e. specifying LockManager = "version") will result in the entity
version field either being reread at end of transaction in the case of avalue of "READ" or the version field updated at end of
transaction in the case of "WRITE". Y ou must define aversion field in the entity mapping when using a version LockManager
and using Readl ockMode.

Table 10.1. Interaction of ReadLockMode hint and LockManager

ReadL ockM ode L ockM anager =pessimistic L ockM anager =version
READ SQL with FOR UPDATE SQL without FOR UPDATE;

reread version field at the end of transac-
tion and check for no change.

WRITE SQL with FOR UPDATE SQL without FOR UPDATE;
force update version field at the end of
transaction

not specified SQL without FOR UPDATE SQL without FOR UPDATE

10.1.8.2. Lock Timeout Hint

To specify alock timeout hint in milliseconds to those databases that support it, specify a hint name of "openjpa.LockTimeout" or
"Javax.persistence.lock.timeout" with an integer value greater than zero, or zero for no timeout which is the default behavior.

10.1.8.3. Query Timeout Hint

To specify aquery timeout hint in milliseconds to those database drivers that support it, specify a hint name of
"javax.persistence.query.timeout” with an integer value greater than zero, or zero for no timeout which is the default behavior.

10.1.8.4. Result Set Size Hint

To specify aresult set size hint to those databases that support it, specify a hint name of "openjpa.hint.OptimizeResultCount”
with an integer value greater than zero. This causes the SQL keyword OPTIMIZE FOR to be generated.

10.1.8.5. Isolation Level Hint

To specify an isolation level, specify ahint name of "openjpa.FetchPlan.Isolation”. The value will be used to specify isolation
level using the SQL WITH <isolation> clause for those databases that support it. This hint only works in conjunction with the
ReadlL ockMode hint.

10.1.8.6. Other Fetchplan Hints

Any property of an OpenJPA FetchPlan can be changed using a hint by using a name of the form "openjpa.FetchPlan." <property
name>.Valid property namesinclude : MaxFet chDept h, Fet chBat chSi ze, LockTi neQut , Eager Fet chMbde, Sub-
cl assFet chibde and | sol ati on.

10.1.8.7. Database-Specific Hints

The hint names "openjpa.hint. MySQL SelectHint" and " openjpa.hint.OracleSelectHint" can be used to specify a string value of a
query hint that will be inserted into SQL for MySQL and Oracle databases. See Section 2.18.1, “ Using Query Hintswith
MySQL " [3804nd Section 2.19.1, “ Using Query Hintswith Oracle” [381for examples.
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10.1.8.8. Named Query Hints

Hints can also be included as part of a NamedQuery definition.

Example 10.2. Named Query using Hints

@lénEdQJer y(nane="nagsOver Pri ce",
query="SELECT x FROM Magazi ne x WHERE x.price > ?1",
hi nt s={
@uer yHi nt (name="openj pa. hi nt. Opti m zeResul t Count", val ue="2"),
@uer yHi nt (name="openj pa. Fet chPl an. ReadLockMbde", val ue="WRI TE")

10.1.8.9. Handling of Multiple Similar Query Hints

When similar hintsin different prefix scopes are specified in a query, the following prefix precedence order is used to select the
effective hint:

* javax.persistence.*

* openjpa.FetchPlan.*

 openjpajdbc.*

* openjpa*

Example 10.3.

dJéry q = emcreateQuery(..... )

g. set Hi nt (" openj pa. Fet chPl an. LockTi meout ", 1000) ;
g.set H nt ("j avax. persi stence. | ock. ti meout", 2000);

g. set H nt (" openj pa. LockTi meout", 3000);

/'l Lock tine out of 2000 ns is in effect for query q

10.1.9. Ordering

JPQL queries may optionally contain an or der by clause which specifies one or more fields to order by when returning query
results. You may follow theor der by fi el d clausewiththeasc or desc keywords, which indicate that ordering should
be ascending or descending, respectively. If the direction is omitted, ordering is ascending by default.

SELECT x FROM Magazine x order by x.title asc, x.price desc
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The query above returns Magazi ne instances sorted by their title in ascending order. In cases where the titles of two or more
magazines are the same, those instances will be sorted by price in descending order.

10.1.10. Aggregates

JPQL queries can select aggregate data as well as objects. JPQL includesthe mi n, max, avg, and count aggregates. These
functions can be used for reporting and summary queries.

The following query will return the average of all the prices of all the magazines:

EntltyManager em= .,
Query q = em creat eQJery( SELECT AVG x. price) FROM Magazine x");
Nunmber result = (Nunmber) q.getSingleResult();

The following query will return the highest price of all the magazinestitled "JDJ":

Enti tyManager em =
Query g = em createQJery( SELECT MAX(x.price) FROM Magazi ne x WHERE x.title = 'JDJ'");
Nunber result = (Nunber) q.getSingleResult();

10.1.11. Named Queries

Query templates can be statically declared using the NanedQuery and NamedQuer i es annotations. For example:

@ntity
@amedQueri es({
@NamedQuer y( nane="nmagsOver Pri ce",
query="SELECT x FROM Magazi ne x WHERE x.price > ?1"),
@NamedQuer y(nanme="magsByTitl e",
query="SELECT x FROM Magazine x WHERE x.title = :titleParant)

public class Magazi ne {

}

These declarations will define two named queries called magsOver Pri ce andmagsByTitl e.

public Query createNamedQuery(String name);

Y ou retrieve named queries with the above Ent i t yManager method. For example:

Enti tyManager em= .

Query g = em createNarredQJery( magsOver Price");

g. set Paranet er(1, 5. Of)

Li st <Magazi ne> results = (List<Magazi ne>) q.getResultList();

EntityManager em= ...
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Query g = em createNanedQJery( magsByTltIe )
g. set Paraneter (" tltIeParam DJ");
Li st <Magazi ne> results = (L| st <MagaZ| ne>) ¢.getResultList();

10.1.12. Delete By Query

Queries are useful not only for finding objects, but for efficiently deleting them as well. For example, you might delete all records
created before a certain date. Rather than bring these objects into memory and delete them individually, JPA allows you to per-
form asingle bulk delete based on JPQL criteria.

Delete by query uses the same JPQL syntax as normal queries, with one exception: begin your query string with the del et e
keyword instead of the sel ect keyword. To then execute the delete, you call the following Quer y method:

public int executeUpdate();

This method returns the number of objects deleted. The following example deletes all subscriptions whose expiration date has
passed.

Example 10.4. Delete by Query

Query q = em createQuery("DELETE FROM Subscri ption s WHERE s. subscriptionDate < :today");
g. set Paranet er ("t oday", new Date());
int deleted = g. executeUpdate();

10.1.13. Update By Query

Similar to bulk deletes, it is sometimes necessary to perform updates against alarge number of queriesin a single operation,
without having to bring all the instances down to the client. Rather than bring these objects into memory and modifying them in-
dividualy, JPA allows you to perform a single bulk update based on JPQL criteria.

Update by query uses the same JPQL syntax as normal queries, except that the query string begins with the updat e keyword in-
stead of sel ect . To execute the update, you call the following Quer y method:

public int executeUpdate();

This method returns the number of objects updated. The following example updates all subscriptions whose expiration date has
passed to have the "paid" field set to true..

Example 10.5. Update by Query

Query g = em creat eQJery( UPDATE Subscription s SET s.paid = :paid WHERE s. subscripti onDate < :today");
g. set Paranet er ("t oday", new Date());
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g. set Paraneter ("pai d*, true);
int updated = g.executeUpdate();

10.2. JPQL Language Reference

The Java Persistence Query Language (JPQL) is used to define searches against persistent entities independent of the mechanism
used to store those entities. As such, JPQL is "portable”, and not constrained to any particular data store. The Java Persistence
guery language is an extension of the Enterprise JavaBeans query language, EJB QL, adding operations such as bulk deletes and
updates, join operations, aggregates, projections, and subgueries. Furthermore, JPQL queries can be declared statically in
metadata, or can be dynamically built in code. This chapter provides the full definition of the language.

Much of this section is paraphrased or taken directly from Chapter 4 of the JSR 317 Java Persistence API Specification.

10.2.1. JPQL Statement Types

A JPQL statement may be either a SELECT statement, an UPDATE statement, or a DELETE statement. This chapter refersto all
such statements as "queries’. Where it isimportant to distinguish among statement types, the specific statement typeis refer-
enced. In BNF syntax, a query language statement is defined as:

» QL_statement ::= select_statement | update_statement | delete_statement

The complete BNF for JPQL is defined in Section 10.2.13, “ JPQL BNF ” [134JAny JPQL statement may be constructed dynam-
ically or may be statically defined in a metadata annotation or XML descriptor element. All statement types may have parameters,
asdiscussed in Section 10.2.5.4, “ JPQL Input Parameters” [115]

10.2.1.1. JPQL Select Statement

A select statement is a string which consists of the following clauses:

» aSELECT clause, which determines the type of the objects or values to be selected.

» aFROMclause, which provides declarations that designate the domain to which the expressions specified in the other clauses of
the query apply.

* an optional WHERE clause, which may be used to restrict the results that are returned by the query.
» anoptiona GROUP BY clause, which allows query results to be aggregated in terms of groups.
 an optional HAVI NG clause, which allows filtering over aggregated groups.

» anoptiona ORDER BY clause, which may be used to order the results that are returned by the query.
In BNF syntax, a select statement is defined as:

» select_statement ::= select_clause from_clause [where _clause] [groupby_clause] [having_clause] [orderby clause]
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A select statement must always have a SELECT and a FROMclause. The square brackets [] indicate that the other clauses are op-
tional.

10.2.1.2. JPQL Update and Delete Statements

Update and del ete statements provide bulk operations over sets of entities. In BNF syntax, these operations are defined as:

» update_statement ::= update _clause [where clause]

» delete statement ::= delete_clause [where clause]

The update and del ete clauses determine the type of the entities to be updated or deleted. The WHERE clause may be used to re-
strict the scope of the update or delete operation. Update and del ete statements are described further in Section 10.2.10, “ JPQL
Bulk Update and Delete” [132]

10.2.2. JPQL Abstract Schema Types and Query Domains

The Java Persistence query language is a typed language, and every expression has atype. The type of an expression is derived
from the structure of the expression, the abstract schematypes of the identification variable declarations, the types to which the
persistent fields and relationships evaluate, and the types of literals.

The abstract schematype of an entity or embeddable is derived from the entity class and the metadata information provided by
Java language annotations or in the XML descriptor.

Informally, the abstract schematype of an entity or embeddable can be characterized as follows:

* For every persistent field or get accessor method (for a persistent property) of the entity class, thereisafield ("state-field")
whose abstract schema type correspondsto that of the field or the result type of the accessor method.

» For every persistent relationship field or get accessor method (for a persistent relationship property) of the entity class, thereis

afield ("association-field") whose type is the abstract schematype of the related entity (or, if the relationship is a one-to-many
or many-to-many, a collection of such).

Abstract schematypes are specific to the query language data model. The persistence provider is not required to implement or
otherwise materialize an abstract schematype.

The domain of aquery consists of the abstract schematypes of all entities and embeddables that are defined in the same persist-
ence unit.

The domain of aquery may be restricted by the navi gabi | i t y of the relationships of the entity and associated embeddable

classes on which it is based. The association-fields of an entity's or embeddable's abstract schema type determine navigability.
Using the association fields and their values, a query can select related entities and use their abstract schematypesin the query.

10.2.2.1. JPQL Entity Naming

Entities are designated in query strings by their entity names. The entity name is defined by the name element of the Entity an-
notation (or the entity-name XML descriptor element), and defaults to the unqualified name of the entity class. Entity names are
scoped within the persistence unit and must be unique within the persistence unit.

10.2.2.2. JPQL Schema Example

This example assumes that the application developer provides severa entity classes, representing magazines, publishers, authors,
and articles. The abstract schema types for these entities are Magazi ne, Publ i sher, Aut hor ,and Arti cl e.
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Severa Entities with Abstract Persistence Schemas Defined in the Same Persistence Unit. The entity Publ i sher hasaone-
to-many relationships with Magazi ne. Thereis also aone-to-many relationship between Magazi ne and Arti cl e . The entity
Arti cl e isrelated to Aut hor in aone-to-one relationship.

Queriesto select magazines can be defined by navigating over the association-fields and state-fields defined by Magazi ne and
Aut hor . A query to find all magazines that have unpublished articlesis asfollows:

SELECT DI STI NCT mag FROM Magazi ne AS mag JO N mag. articles AS art WHERE art. published = FALSE

This query navigates over the association-field aut hor s of the abstract schematype Magazi ne to find articles, and uses the
state-field publ i shed of Arti cl e to select those magazines that have at |east one article that is not published. Although pre-
defined reserved identifiers, such as DI STI NCT, FROM AS, JO N, WHERE, and FAL SE appear in upper case in this example,
predefined reserved identifiers are case insensitive.

The SELECT clause of this example designates the return type of this query to be of type Magazi ne.

Because the same persistence unit defines the abstract persistence schemas of the related entities, the developer can also specify a
guery over articles that utilizes the abstract schematype for products, and hence the state-fields and association-fields of both the
abstract schematypes Magazi ne and Aut hor . For example, if the abstract schematype Aut hor has a state-field named
first Name, aquery over articles can be specified using this state-field. Such a query might be to find all magazines that have
articles authored by someone with the first name "John".

SELECT DI STI NCT mag FROM Magazi ne mag JO N nag. articles art JON art.author auth WHERE auth.firstName = ' John'

Because Magazi ne isrelated to Aut hor by means of the relationships between Magazi ne and Arti cl e and between Ar t -

i ¢l e and Aut hor , navigation using the association-fields aut hor s and pr oduct is used to express the query. Thisquery is
specified by using the abstract schema name Magazi ne, which designates the abstract schematype over which the query ranges.
The basis for the navigation is provided by the association-fieldsaut hor s and pr oduct of the abstract schematypes

Magazi ne and Arti cl e respectively.

10.2.3. JPQL FROM Clause and Navigational Declarations

The FROMclause of a query defines the domain of the query by declaring identification variables. An identification variable is an
identifier declared in the FROMclause of a query. The domain of the query may be constrained by path expressions (See section
Section 10.2.3.4, “ JPQL Path Expressions” [108]

| dentification variables designate instances of a particular entity abstract schema type. The FROM clause can contain multiple
identification variable declarations separated by a comma. (,).

» from_clause ::= FROM identification variable declaration {, {identification variable declaration | collec-
tion_member_declaration}}*

* identification variable declaration ::=range variable declaration { join |fetch join}*

» range variable declaration ::= abstract_schema name [AS] identification variable

 join::=join_specjoin_association path_expression [AS] identification variable

« fetch join::=join_spec FETCH join_association path_expression

 join_association_path_expression ::=join_collection_valued path_expression |
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join_single valued_association_path_expression

 join_collection_valued path_expression::= identifica-
tion_variable{single valued embeddable object field.} *collection valued field

* join_single valued_path_expression::= identifica-
tion_variable{single valued embeddable object_field.}*single valued object_field

e join_spec::=[ LEFT [OUTER] | INNER ] JOIN

* collection_member_declaration ::= IN (collection_valued_path expression) [AS] identification variable

The following subsections discuss the constructs used in the FROMclause.

10.2.3.1. JPQL FROM ldentifiers

An identifier is acharacter sequence of unlimited length. The character sequence must begin with a Java identifier start character,
and all other characters must be Javaidentifier part characters. An identifier start character is any character for which the method
Character.isJaval dentifierStart returnst r ue. Thisincludes the underscore () character and the dollar sign ($)
character. An identifier part character is any character for which the method Char act er . i sJaval denti fi er Part returns
t r ue. The question mark (?) character is reserved for use by the Java Persistence query language. The following are reserved
identifiers:

« ABS

« ALL

« AND

« ANY

« AS

« ASC

« AVG

» BETWEEN

« BOTH

* BY

» CASE

* CLASS

» COALESCE

* CONCAT

» COUNT

* CURRENT_DATE

« CURRENT_TI ME

* CURRENT_TI MESTAMP
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DELETE
DESC

DI STI NCT
ELSE
EMPTY
END
ENTRY
ESCAPE
EXI STS
FALSE
FETCH
FROM
GROUP
HAVI NG
I'N

I NDEX

I NNER
IS
JON
KEY
LEADI NG
LEFT
LENGTH
LI KE
LCCATE
LOAER

MEMBER

M N

NEW
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NOT
NULL
NULLI F

OBJECT

SQRT

SI BSTRI NG
SUM

THEN

TRAI LI NG
TRI M
TRUE
TYPE
UPDATE
UPPER
VALUE
VWHEN

WHERE

CHARACTER_LENGTH

CHAR_LENGTH

Bl T_LENGTH
POSI T1 ON
UNKNOWN
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Reserved identifiers are case insensitive. Reserved identifiers must not be used as identification variables or result variables.

It is recommended that other SQL reserved words also not be as identification variablesin queries because they may be
used as reserved identifiers in future releases of the specification.

BIT_LENGTH, CHAR_LENGTH, CHARACTER_LENGTH, POSITION, and UNKNOWN are not currently used:
they are reserved for future use.

10.2.3.2. JPQL Identification Variables

An identification variableisavalid identifier declared in the FROM clause of a query.

All identification variables must be declared in the FROMclause. Identification variables cannot be declared in other clauses.
An identification variable must not be areserved identifier or have the same name as any entity in the same persistence unit.
Identification variables are case insensitive.

An identification variable evaluates to a value of the type of the expression used in declaring the variable. For example, consider
the previous query:

SELECT DI STI NCT mag FROM Magazine mag JO N neg. articles art JON art.author auth WHERE auth.firstName = ' John'

In the FROMclause declaration mag. ar ti cl es art , theidentification variablear t evaluatestoany Ar ti cl e valuedirectly
reachable from Magazi ne. The association-fieldart i ¢l es isacollection of instances of the abstract schematype Articl e
and the identification variablear t refersto an element of this collection. The type of aut h isthe abstract schema type of Au-
t hor .

An identification variable can range over an entity, embeddable, or basic abstract schematype. Anidentification variable desig-
nates an instance of an entity abstract schematype or an element of a collection of entity abstract schema type instances.

Note that for identification variables referring to an instance of an association or collection represented asaj ava. uti | . Map,
theidentification variable is of the abstract schematype of the map val ue.

An identification variable always designates a reference to asingle value. It is declared in one of three ways: in arange variable
declaration, in ajoin clause, or in acollection member declaration. The identification variable declarations are evaluated from left
to right in the FROMclause, and an identification variable declaration can use the result of a preceding identification variable de-
claration of the query string.

All identification variables used in the SELECT, WHERE, ORDER BY, GROUP BY, or HAVI NGclause of a SELECT or DELETE
statement must be declared in the FROMclause. The identification variables used in the WHERE clause of an UPDATE statement
must be declared in the UPDATE clause.

Identification variables are existentially quantified in these clauses. This means that an identification variable represents a mem-
ber of acollection or an instance of an entity’s abstract schematype. An identification variable never designates acollectioninits
entirety.

An identification variable is scoped to the query (or subquery) in which it is defined and is also visible to any subqueries within
that query scope that do not define an identification variable of the same name.
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10.2.3.3. JPQL Range Declarations

The syntax for declaring an identification variable as arange variableis similar to that of SQL; optionally, it usesthe AS
keyword. A range variable designates an entity abstract schematype.

A range variable must not designate an embeddabl e class abstract schema type.

 range variable declaration ::= entity_name [AS] identification variable

Range variable declarations alow the developer to designate a "root" for objects which may not be reachable by navigation.

In order to select values by comparing more than one instance of an entity abstract schema type, more than one identification
variable ranging over the abstract schematype is needed in the FROMclause.

The following query returns magazines whose price is greater than the price of magazines published by "Adventure" publishers.
This exampleillustrates the use of two different identification variables in the FROMclause, both of the abstract schematype
Magazine. The SELECT clause of this query determines that it is the magazines with prices greater than those of "Adventure"
publisher's that are returned.

SELECT DI STI NCT nmagl FROM Magazi ne magl, Magazi ne nag2
WHERE negl. price > mag2.price AND nag2. publisher.name = ' Adventure'

10.2.3.4. JPQL Path Expressions

An identification variable followed by the navigation operator (.) and a state-field or association-field is a path expression. The
type of the path expression is the type computed as the result of navigation; that is, the type of the state-field or association-field
to which the expression navigates.

An identification variable qualified by the KEY, VALUE, or ENTRY operator is a path expression. The KEY, VALUE, and ENTRY
operators may only be applied to identification variables that correspond to map-valued associations or map-valued element col-

lections. The type of the path expression is the type computed as the result of the operation; that is, the abstract schema type of
the field that is the value of the KEY, VALUE, or ENTRY operator (the map key, map value, or map entry respectively).

Note that use of VALUE is optional, as an identification variable referring to an association of typej ava. uti | . Map is
of the abstract schema type of the map value.

The syntax for qualified identification variablesis as follows.

» qualified_identification variable:: = KEY (identification_variable) | VALUE(identification_variable) |
ENTRY (identification_variable)

A path expression using the KEY or VALUE operator may be further composed. A path expression using the ENTRY operator is
terminal. It cannot be further composed and can only appear in the SELECT list of a query.

In the following query, phot os isamap from photo label to filename.
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SELECT i . name, VALUE(p)
FROM Itemi JO N i.photos p
VWHERE KEY(p) LIKE ‘egret’

In the above query the identification variable p designates an abstract schematype corresponding to the map value. The results of
VALUE( p) and KEY( p) arethe map value and the map key associated with p, respectively. The following query is equivalent:

SELECT i .nanme, p
FROM Itemi JO N i.photos p
VWHERE KEY(p) LIKE ‘egret’

Depending on navigability, a path expression that leads to a association-field or to afield whose type is an embeddable class may
be further composed. Path expressions can be composed from other path expressionsiif the origina path expression evaluatesto a
single-valued type (not a collection) corresponding to a association-field.

In the following example, cont act | nf o denotes an embeddable class consisting of an address and set of phones. Phone isan
entity.

SELECT p. vendor
FROM Enpl oyee e JO N e. contact | nf o. phones p
VWHERE e. cont act | nf 0. addr ess. zi pcode = ' 95054’

Path expression navigability is composed using "inner join" semantics. That is, if the value of a non-terminal association-field in
the path expression is null, the path is considered to have no value, and does not participate in the determination of the resullt.

The following query is equivalent to the query above:

SELECT p. vendor
FROM Enpl oyee e JO N e.contactlnfo ¢ JAN c. phones p
VWHERE e. cont act | nf 0. addr ess. zi pcode = ' 95054

The syntax for single-valued path expressions and collection valued path expressionsis as follows:

single_valued_path_expression ::= qualified_identification_variable | state field_path_expression |
single valued object_path expression

state field path expression ::= general_identification_variable{single valued object field.}*state field

single valued object_path _expression ::= gener-
a_identification variable{single valued object field.}*single valued_object field

collection_valued path_expression ::= general_identification variable{single valued object field.} *collection valued field

A singl e val ued_obj ect fi el disdesignated by the name of an association-field in a one-to-one or many-to-one rela-
tionship or afield of embeddable classtype. Thetypeof asi ngl e_val ued_obj ect _fi el d isthe abstract schematype of
the related entity or embeddable class.
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A state_ fi el disdesignated by the name of an entity or embeddable class state field that corresponds to a basic type.

A collection_valued_field is designated by the name of an association-field in a one-to-many or a many-to-many relationship or
by the name of an element collection field. Thetypeof acol | ecti on_val ued fi el d isacollection of values of the ab-
stract schema type of the related entity or element type.

Anidentification variableused inasi ngl e_val ued_obj ect _pat h_expressionorinacol | ec-
tion_val ued_pat h_expr essi on may be an unqualified identification variable or an identification variable to which the
KEY or VALUE function has been applied.

» genera_identification variable ::= identification_variable | KEY (identification_variable) | VALUE(identification_variable)

Itissyntactically illegal to compose a path expression from a path expression that evaluates to a collection. For example, if mag
designates Magazi ne, the path expression mag. ar ti cl es. aut hor isillegal since navigation to authors resultsin a collec-
tion. This case should produce an error when the query string is verified. To handle such a navigation, an identification variable
must be declared in the FROMclause to range over the elements of thear t i ¢l es collection. Another path expression must be
used to navigate over each such element in the WHERE clause of the query, asin the following query which returns al authors
that have any articles in any magazines:

SELECT DI STINCT art.author FROM Magazi ne AS mag, |N(mag.articles) art

Itisillegal touseacol | ecti on_val ued_pat h_expr essi on other than in the FROMclause of aquery except in an
enpty_col |l ecti on_conpari son_expressi on,inacol | ecti on_nenber _expr essi on, or asan argument to the
S| ZE operator. See Section 10.2.5.12, “ JPQL Empty Collection Comparison Expressions” [119Bection 10.2.5.13, “ JPQL
Collection Member Expressions” [120pnd Section 10.2.6.2.2, “ JPQL Arithmetic Functions” [123]

10.2.3.5. JPQL Joins

Aninner join may beimplicitly specified by the use of a cartesian product in the FROMclause and ajoin condition in the WHERE
clause. In the absence of ajoin condition, this reduces to the cartesian product.

The main use case for this generalized style of join iswhen ajoin condition does not involve aforeign key relationship that is
mapped to an entity relationship. For Example,

SELECT ¢ FROM Custoner c¢, Enployee e WHERE c. hatsi ze = e. shoesi ze

In general, use of this style of inner join (also referred to as theta-join) isless typical than explicitly defined joins over relation-
ships.

The syntax for explicit join operationsis as follows:
 join::=join_specjoin_association path_expression [AS] identification variable

« fetch_join ::=join_spec FETCH join_association_path_expression

* join_association_path_expression ::= join_collection_valued_path_expression | join_single valued path_expression

join_collection_valued path_expression::= identifica-
tion_variable{single valued embeddable object field.} *collection valued field
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 join_single valued_path expression::=identifica-
tion_variable{single valued embeddable object field.} *single valued object field

 join_spec ::=[ LEFT [OUTER] | INNER ] JOIN
Theinner and outer join operation types described in Section 10.2.3.5.1, * JPQL Inner Joins (Relationship Joins) ” [1114nd

Section 10.2.3.5.2,“ JPQL Outer Joins” [1113re supported.

10.2.3.5.1. JPQL Inner Joins (Relationship Joins)

The syntax for the inner join operation is

* [INNER] JOIN join_association_path_expression [AS] identification_variable

For example, the query below joins over the relationship between publishers and magazines. This type of join typically equatesto
ajoin over aforeign key relationship in the database.

SELECT pub FROM Publ i sher pub JO N pub. magazi nes nmag WHERE pub. revenue > 1000000

The keyword | NNER may optionally be used:

SELECT pub FROM Publ i sher pub I NNER JO N pub. magazi nes mag WHERE pub.revenue > 1000000

Thisis equivalent to the following query using the earlier | N construct. It selects those publishers with revenue of over 1 million
for which at least one magazine exists:

SELECT OBJECT(pub) FROM Publisher pub, |N(pub.magazi nes) mag WHERE pub.revenue > 1000000

The query below joins over Employee, Contactinfo and Phone. Contactinfo is an embeddable class that consists of an address and
set of phones. Phone is an entity.

SELECT p. vendor
FROM Enpl oyee e JO N e.contactlnfo ¢ JON c. phones p
VWHERE c. addr ess. zi pcode = ' 95054'

10.2.3.5.2. JPQL Outer Joins

LEFT JO Nand LEFT OQUTER JA N are synonymous. They enable the retrieval of a set of entities where matching valuesin
the join condition may be absent. The syntax for aleft outer join is:

e LEFT [OUTER] JOIN join_association_path_expression [AS] identification variable

For example:
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SELECT pub FROM Publ i sher pub LEFT JO N pub. nagazi nes mag WHERE pub. revenue > 1000000

The keyword OUTER may optionally be used:

SELECT pub FROM Publ i sher pub LEFT QUTER JO N pub. magazi nes mags WHERE pub.revenue > 1000000

An important use case for LEFT JQO Nisin enabling the prefetching of related dataitems as a side effect of aquery. Thisis ac-
complished by specifying the LEFT JO NasaFETCH JO N.

10.2.3.5.3. JPQL Fetch Joins

A FETCH JO N enables the fetching of an association as a side effect of the execution of aquery. A FETCH JO Nis specified
over an entity and its related entities. The syntax for afetch joinis

 fetch join::=[ LEFT [OUTER] | INNER ] JOIN FETCH join_association_path_expression

The association referenced by the right side of the FETCH JO N clause must be an association that belongs to an entity that is
returned as aresult of the query. It is not permitted to specify an identification variable for the entities referenced by the right side
of the FETCH JQO N clause, and hence references to the implicitly fetched entities cannot appear elsewhere in the query.

The following query returns a set of magazines. As a side effect, the associated articles for those magazines are also retrieved,
even though they are not part of the explicit query result. The persistent fields or properties of the articles that are eagerly fetched
arefully initialized. Theinitiaization of the relationship properties of thear t i cl es that areretrieved is determined by the
metadatafor the Art i cl e entity class.

SELECT mag FROM Magazi ne mag LEFT JO N FETCH neg. articles WHERE nag.id = 1

A fetch join has the same join semantics as the corresponding inner or outer join, except that the related objects specified on the
right-hand side of the join operation are not returned in the query result or otherwise referenced in the query. Hence, for example,
if magazineid 1 hasfive articles, the above query returns five references to the magazine 1 entity.

The FETCH JO N construct must not be used in the FROM clause of a subquery.

10.2.3.6. JPQL Collection Member Declarations

Anidentification variable declared by acol | ecti on_nenber _decl ar at i on ranges over values of a collection obtained
by navigation using a path expression. Such a path expression represents a navigation involving the association-fields of an entity
abstract schematype. Because a path expression can be based on another path expression, the navigation can use the association-
fields of related entities.

An identification variable of a collection member declaration is declared using a special operator, the reserved identifier | N. The
argument to the | N operator is a collection-valued path expression. The path expression evaluates to a collection type specified as
aresult of navigation to a collection-valued association-field of an entity or embeddable class abstract schematype.

The syntax for declaring a collection member identification variable is as follows:

* collection_member_declaration ::= IN (collection_valued_path expression) [AS] identification_variable
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For example, the query

SELECT DI STI NCT nmag FROM Magazi ne mag
JO N mag. articles art
JO N art.author auth
WHERE aut h. | ast Nane = ' Gi shani

can equivalently be expressed as follows, using the | N operator:

SELECT DI STI NCT mag FROM Magazi ne nag,
IN(mag. articles) art
WHERE art. aut hor. |l astNane = ' Gishani

Inthisexample, ar ti cl es isthe name of an association-field whose value is a collection of instances of the abstract schema
type Arti cl e. Theidentification variable ar t designates a member of this collection, asingle Ar t i ¢l e abstract schematype
instance. In this example, mag is an identification variable of the abstract schematype Magazi ne.

10.2.3.7. JPQL FROM Clause and SQL

The Java Persistence query language treats the FROM clause similarly to SQL in that the declared identification variables affect
the results of the query even if they are not used in the WHERE clause. Application devel opers should use caution in defining
identification variables because the domain of the query can depend on whether there are any values of the declared type.

For example, the FROMclause below defines a query over all orders that have line items and existing products. If there are no
Pr oduct instancesin the database, the domain of the query is empty and no order is selected.

SELECT o
FROM Order AS o JON o.lineltens | JON |.product p

10.2.3.8. JPQL Polymorphism

Java Persistence queries are automatically polymorphic. The FROM clause of a query designates not only instances of the specif-
ic entity classes to which explicitly refers but of subclasses aswell. The instances returned by a query include instances of the
subclasses that satisfy the query criteria.

Non-polymorphic queries or queries whose polymorphism is restricted can be specified using entity type expressionsin the
VWHERE clause to restrict the domain of the query. See Section 10.2.6.4, “ Entity Type Expressions” [125]

10.2.4. JPQL WHERE Clause

The WHERE clause of a query consists of a conditional expression used to select objects or values that satisfy the expression. The
WHERE clause restricts the result of a select statement or the scope of an update or delete operation.

A VWHERE clause is defined as follows:
» where_clause ::= WHERE conditional_expression
The GROUP BY construct enables the aggregation of values according to the properties of an entity class. The HAVI NG construct

enables conditions to be specified that further restrict the query result as restrictions upon the groups.

The syntax of the HAVI NG clauseis asfollows:
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* having_clause ::= HAVING conditional_expression

The GROUP BY and HAVI NG constructs are further discussed in Section 10.2.7, “ JPQL GROUP BY, HAVING " [125]

10.2.5. JPQL Conditional Expressions

The following sections describe the language constructs that can be used in a conditional expression of the WHERE clause or
HAVI NG clause.

State-fields that are mapped in serialized form or as lobs may not be portably used in conditional expressions.

The implementation is not expected to perform such query operations involving such fields in memory rather than in the
database.

10.2.5.1. JPQL Literals

A string literal is enclosed in single quotes--for example: 'literal’. A string literal that includes a single quote is represented by two
single quotes--for example: 'literal"s. String literalsin queries, like Java String literals, use unicode character encoding. The use
of Java escape notation is not supported in query string literals.

Exact numeric literals support the use of Javainteger literal syntax aswell as SQL exact numeric literal syntax.

Approximate literals support the use of Javafloating point literal syntax aswell as SQL approximate numeric literal syntax.
Enum literals support the use of Java enum literal syntax. The enum class name must be specified.

Appropriate suffixes can be used to indicate the specific type of anumeric literal in accordance with the Java L anguage Specific-
:gr?gii-\ll—g.e boolean literals are TRUE and FALSE. Although predefined reserved literals appear in upper case, they are casein-

The JDBC escape syntax may be used for the specification of date, time, and timestamp literals. For example:

SELECT o

FROM Customer ¢ JO N c.orders o

VWHERE c.nane = 'Snith'

AND o. subni ssionDate < {d '2008-12-31"}

Date, time, and timestamp literals are passed as it to the JDBC driver in use.
Entity type literals are specified by entity names—for example: Cust omer .

Although reserved literals appear in upper case, they are case insensitive.

10.2.5.2. JPQL Identification Variables

All identification variables used in the WHERE or HAVI NG clause of a SELECT or DELETE statement must be declared in the
FROMclause, as described in Section 10.2.3.2, “ JPQL Identification Variables” [107]. The identification variables used in the
VWHERE clause of an UPDATE statement must be declared in the UPDATE clause.

Identification variables are existentially quantified in the WHERE and HAVI NG clause. This means that an identification variable
represents amember of a collection or an instance of an entity's abstract schematype. An identification variable never designates
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acollection in its entirety.

10.2.5.3. JPQL Path Expressions

Itisillegal touseacol | ecti on_val ued_pat h_expr essi on within a\WHERE or HAVI NG clause as part of a conditional
expression exceptinanenpty_col | ecti on_conpari son_expression,inacol | ecti on_nenber _expressi on,
or as an argument to the S| ZE operator.

10.2.5.4. JPQL Input Parameters

Either positional or named parameters may be used. Positional and named parameters may not be mixed in asingle query.
Input parameters can only be used in the WHERE clause or HAVI NG clause of a query.

Note that if an input parameter value is null, comparison operations or arithmetic operations involving the input parameter will
return an unknown value. See Section 10.2.11, “ JPQL Null Values” [133]

All input parameters must be single-valued, except in IN expressions (see Section 10.2.5.9, “ JPQL In Expressions” [118],
which support the use of collection-valued input parameters.

10.2.5.4.1. JPQL Positional Parameters

The following rules apply to positional parameters.

* Input parameters are designated by the question mark (?) prefix followed by an integer. For example: ?1.
* Input parameters are numbered starting from 1.

» The same parameter can be used more than once in the query string.

The ordering of the use of parameters within the query string need not conform to the order of the positional parameters.

10.2.5.4.2. JPQL Named Parameters

A named parameter isan identifier that is prefixed by the":" symboal. It follows the rules for identifiers defined in Sec-
tion 10.2.3.1, “ JPQL FROM Identifiers” [104]. Named parameters are case sensitive.

Example:

SELECT pub FROM Publ i sher pub WHERE pub.revenue > :rev

The same named parameter can be used more than once in the query string.

10.2.5.5. JPQL Conditional Expression Composition

Conditional expressions are composed of other conditional expressions, comparison operations, logical operations, path expres-
sionsthat evaluate to boolean values, boolean literals, and boolean input parameters.

The scalar expressions described in Section 10.2.6, “ JPQL Scalar Expressions” [122}an be used in conditional expressions.
Standard bracketing () for ordering expression evaluation is supported.

Aggregate functions can only be used in conditional expressionsin a HAVI NG clause. See Section 10.2.7, “ JPQL GROUP BY,
HAVING " [125]
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Conditional expressions are defined as follows:

« conditional_expression ::= conditional_term | conditional_expression OR conditional_term
» conditional_term ::= conditional_factor | conditional_term AND conditional_factor

+ conditional_factor ::= [ NOT ] conditional _primary

» conditional_primary ::= simple_cond_expression | (conditional_expression)

» simple_cond_expression ::= comparison_expression | between _expression | like_expression | in_expression |
null_comparison_expression | empty_collection_comparison_expression | collection_member_expression | exists_expression

10.2.5.6. JPQL Operators and Operator Precedence

The operators are listed below in order of decreasing precedence.

» Navigation operator (.)
* Arithmetic operators: +, - unary *, / multiplication and division +, - addition and subtraction

» Comparison operators: =, >, >=, <, <=, <> (not equal), [ NOT ] BETVEEEN, [ NOT ] LI KE, [ NOT ] I N, I S[ NOT ] NULL, I S|
NOT ] EMPTY, [ NOT ] MEMBER[ OF ]

» Logical operators: NOT, AND, OR

The following sections describe other operators used in specific expressions.

10.2.5.7. JPQL Comparison Expressions

The syntax for the use of comparison expressionsin a conditional expression isasfollows:

* comparison_expression ::= string_expression comparison_operator { string_expression | al_or_any _expression} |
boolean_expression { =|<>} {boolean_expression | all_or_any_expression} | enum_expression { =|<>} {enum_expression |
al_or_any expression} | datetime_expression comparison_operator { datetime_expression | all_or_any expression} | en-
tity_expression{ =| <>} {entity_expression | all_or_any expression} | arithmetic_expression comparison_operator
{arithmetic_expression | all_or_any_expression} | entity _type expression{ = | <>} entity_type expression}

» comparison_operator ;== |>|>=|<|<=|<>

Examples:

itemcost * 1.08 <= 100. 00

CONCAT( person. | ast Name, ‘, ', person.firstNane)) = ‘Jones, Sami

TYPE(e) = Exenpt Enpl oyee
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Comparisons over instances of embeddable class types are not supported.

10.2.5.8. JPQL Between Expressions

The syntax for the use of the comparison operator [ NOT ] BETWEEN in a conditional expression is asfollows:
arithmetic_expression [NOT] BETWEEN arithmetic_expression AND arithmetic_expression | string_expression [NOT]
BETWEEN string_expression AND string_expression | datetime_expression [NOT] BETWEEN datetime_expression AND date-
time_expression

The BETWEEN expression

x BETWEEN y AND z

is semantically equivalent to:

y <= x AND x <= z

The rules for unknown and NULL valuesin comparison operations apply. See Section 10.2.11, “ JPQL Null Values” [133]

Examples are:

p. age BETWEEN 15 and 19

isequivalent to:

p.age >= 15 AND p. age <= 19

The following expression:

p. age NOT BETVEEN 15 and 19

excludes therange, and is equivalent to:

p.age < 15 OR p.age > 19

In the following example, t r ansact i onHi st ory isalist of credit card transactions defined using an order column.

SELECT t
FROM CreditCard ¢ JO N c.transactionH story t
WHERE c. hol der. nane = ‘John Doe’ AND | NDEX(t) BETWEEN O AND 9
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10.2.5.9. JPQL In Expressions

The syntax for the use of the comparison operator [ NOT ] | Nin aconditional expressionisasfollows:

* in_expression ::= state field_path_expression [NOT] IN {(in_item{, in_item}* ) | (subquery) | collec-
tion_valued_input_parameter }

e in_item ::=litera | single valued input_parameter

Thestate fiel d_pat h_expressi on must have astring, numeric, date, time, timestamp, or enum value.

Theliteral and/or input_parameter values must be | i ke the same abstract schematype of the
state_fiel d_pat h_expressionintype (SeeSection 10.2.12, “ JPQL Equality and Comparison Semantics” [134).

The results of the subquery must bel i ke the same abstract schematype of thest at e_fi el d_pat h_expressi onintype.
Subqueries are discussed in Section 10.2.5.16, “ JPQL Subqueries” [121]

Examples:

o.country IN ("UK, 'US, 'France')

istrue for UK and false for Peru, and is equivalent to the expression:

(o.country = "UK') OR (o.country = "US') OR (o.country ="' France')

In the following expression:

o.country NOT IN ("UK', '"US', 'France')

isfalsefor UK and true for Peru, and is equivalent to the expression:

NOT ((o.country = "UK') OR (o.country = 'US') OR (o.country = 'France'))

There must be at least one element in the comma separated list that defines the set of values for the | N expression.

If thevalueof astate field path_expressionorin_iteminanl Nor NOT | NexpressionisNULL or unknown, the
value of the expression is unknown.

Note that use of a collection-valued input parameter will mean that a static query cannot be precompiled.

10.2.5.10. JPQL Like Expressions

The syntax for the use of the comparison operator [ NOT ] LI KE in aconditional expression is as follows:
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like_expression ::= string_expression [NOT] LIKE pat t er n_val ue [ESCAPE escape_char act er]

Thestring_expressi on must haveastring value. Thepat t er n_val ue isastring literal or a string-valued input para-
meter in which an underscore () stands for any single character, a percent (%) character stands for any sequence of characters
(including the empty sequence), and all other characters stand for themselves. The optional escape character is a single-character
string literal or a character-valued input parameter (i.e., char or Character) and is used to escape the special meaning of the under-
score and percent charactersin pattern_value.

Examples:

addr ess. phone LIKE ' 1298’

istruefor '123' '12993' and false for '1234'

asentence.word LIKE 'I_se'

istruefor 'lose' and false for 'loose’

awor d. underscored LIKE '\_% ESCAPE '\’

istruefor' foo' and false for 'bar’

addr ess. phone NOT LI KE ' 1293'

isfalsefor '123' and '12993' and true for '1234'.

If thevalueof thestri ng_expressi onorpattern_val ue isNULL or unknown, the value of the LI KE expression is un-
known. If theescape_char act er isspecified and isNULL, the value of the LI KE expression is unknown.

10.2.5.11. JPQL Null Comparison Expressions

The syntax for the use of the comparison operator | S NULL in a conditional expression is as follows:
null_comparison_expression ::= {single valued_path_expression | input_parameter } IS[NOT] NULL
A null comparison expression tests whether or not the single-valued path expression or input parameter isaNULL value.

Null comparisons over instances of embeddable class types are not supported.

10.2.5.12. JPQL Empty Collection Comparison Expressions

The syntax for the use of the comparison operator | S EMPTY inanenpty_col | ecti on_conpari son_expressi onis
asfollows:

empty_collection_comparison_expression ::= collection_valued_path _expression IS[NOT] EMPTY
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This expression tests whether or not the collection designated by the collection-valued path expression is empty (i.e. hasno ele-
ments).

For example, the following query will return all magazines that don't have any articles at all:

SELECT nag FROM Magazi ne mag WHERE mag. articles 1S EMPTY

If the value of the collection-valued path expression in an empty collection comparison expression is unknown, the value of the
empty comparison expression is unknown.

10.2.5.13. JPQL Collection Member Expressions

The syntax for the use of the comparison operator MEMBER OF inancol | ecti on_nmenber _expr essi on isasfollows:

* collection_member_expression ::= entity_or_value_expression [NOT] MEMBER [OF] collection_valued path expression

* entity_or_value expression ::= single valued_object path_expression | state field path_expression |
simple_entity or_value expression

» simple _entity or value expression ::= identification variable | input_parameter | literal

This expression tests whether the designated value is a member of the collection specified by the collection-valued path expres-
sion.

Expressions that evaluate to embeddabl e types are not supported in collection member expressions.

If the collection valued path expression designates an empty collection, the value of the MEMBER OF expression is FALSE and
the value of the NOT MEMBER OF expression is TRUE. Otherwise, if the value of thecol | ec-

tion_val ued_pat h_expressionorentity_or_val ue_expressi on inthe collection member expression is NULL
or unknown, the value of the collection member expression is unknown.

The use of the reserved word OF is optional in this expression.

Example:

SELECT p
FROM Person p
VWHERE ' Joe' MEMBER OF p. ni cknanes

10.2.5.14. JPQL Exists Expressions

An EXI STS expression is a predicate that is true only if the result of the subquery consists of one or more values and that is false
otherwise. The syntax of an exists expression is

» exists expression ::= [NOT] EXISTS (subquery)

Example:

SELECT DI STI NCT auth FROM Aut hor auth
VWHERE EXI STS
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( SELECT spouseAut hor FROM Aut hor spouseAut hor WHERE spouseAut hor = aut h. spouse)

Theresult of this query consists of all authors whose spouse is aso an author.

10.2.5.15. JPQL All or Any Expressions

An ALL conditional expression is a predicate over a subquery that istrue if the comparison operation istrue for al valuesin the
result of the subquery or the result of the subquery is empty. An ALL conditional expression isfalseif the result of the comparis-
onisfasefor at least one value of the result of the subquery, and is unknown if neither true nor false.

An ANY conditional expression is a predicate over a subquery that is true if the comparison operation is true for some valuein the
result of the subquery. An ANY conditional expression isfalse if the result of the subquery is empty or if the comparison opera-
tionisfalsefor every value in the result of the subquery, and is unknown if neither true nor false. The keyword SOVE is syn-
onymous with ANY.

The comparison operators used with ALL or ANY conditional expressions are =, <, <=, >, >=, <>. The result of the subquery must
be like that of the other argument to the comparison operator in type. See Section 10.2.12, “ JPQL Equality and Comparison
Semantics” [134]The syntax of an ALL or ANY expression is specified as follows:

o al_or_any expression:={ ALL | ANY | SOME} (subquery)

The following example select the authors who make the highest salary for their magazine:

SELECT auth FROM Aut hor auth
VWHERE aut h. sal ary >= ALL(SELECT a. sal ary FROM Aut hor a WHERE a. nagazi ne = aut h. nagazi ne)

10.2.5.16. JPQL Subqueries

Subgueries may be used in the WHERE or HAVI NG clause. The syntax for subqueriesis asfollows:

» subquery ::= simple_select_clause subquery from clause [where_clause] [groupby_clause] [having_clause]
» simple_select_clause ::= SELECT [DISTINCT] simple_select_expression

» subquery_from_clause ::= FROM subselect_identification variable declaration {, subse-
lect_identification variable declaration | collection_member_declaration }*

 subselect_identification variable _declaration ::= identification_variable_declaration | derived_path_expression [AS] identifica
tion_variable{join}* | derived_collection_member_declaration

» simple_select_expression ::= single_valued_path_expression | scalar_expression | aggregate_expression | identifica-
tion variable

« derived_path_expression ::= superquery_identification_variable{single valued object field.}*collection valued field | super-
query_identification_variable{single valued object field.}*single valued object field

« derived_collection_member_declaration ::= IN super-
query_identification variable{single valued object field.}*collection valued field

Subqueries are restricted to the WHERE and HAVI NG clauses in this release. Support for subqueriesin the FROM clause will be
considered in alater release of the specification.
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Examples:

SELECT DI STI NCT auth FROM Aut hor auth
VWHERE EXI STS ( SELECT spouseAut h FROM Aut hor spouseAut h WHERE spouseAut h = aut h. spouse)

SELECT nag FROM Magazi ne nag
WHERE ( SELECT COUNT(art) FROM neg.articles art) > 10

Note that some contexts in which a subquery can be used require that the subquery be a scalar subquery (i.e., produce asingle
result). Thisisillustrated in the following example involving a numeric comparison operation.

SELECT goodPubl i sher FROM Publ i sher goodPubl i sher
VWHERE goodPubl i sher.revenue < (SELECT AVQ p.revenue) FROM Publi sher p)

SELECT goodCust oner

FROM Cust oner goodCust oner

VWHERE goodCust oner . bal anceOned < (

SELECT AV c. bal anceOned) /2.0 FROM Cust omer c)

10.2.6. JPQL Scalar Expressions

Numeric, string, datetime, case, and entity type expressions result in scalar values.
Scalar expressions may be used in the SELECT clause of aquery aswell as in the WHERE and HAVI NG clauses.

scalar_expression::= arithmetic_expression | string_primary | enum_primary | datetime_primary | boolean_primary |
case_expression | entity_type_expression

10.2.6.1. Arithmetic Expressions

The arithmetic operators are:

o +, - uUnary
» * [ multiplication and division

* +, - addition and subtraction

Arithmetic operations use numeric promotion.

Arithmetic functions are described in Section 10.2.6.2.2, “ JPQL Arithmetic Functions” [123]

10.2.6.2. String, Arithmetic, and Datetime Functional Expressions

JPQL includes the built-in functions described in subsections Section 10.2.6.2.1, “ JPQL String Functions” [123]Sec-
tion 10.2.6.2.2,* JPQL Arithmetic Functions” [123]Section 10.2.6.2.3, “ JPQL Datetime Functions” [124which may be
used in the SELECT, WHERE or HAVI NG clause of a query.
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If the value of any argument to a functional expression is null or unknown, the value of the functional expression is unknown.

10.2.6.2.1. JPQL String Functions

« functions_returning_strings ::= CONCAT(string_primary, string_primary) | SUBSTRING(string_primary,
simple_arithmetic_expression[, simple_arithmetic_expression]) | TRIM([[trim_specification] [trim_character] FROM]
string_primary) | LOWER(string_primary) | UPPER(string_primary)

o trim_specification ::= LEADING | TRAILING | BOTH

« functions_returning_numerics ::= LENGTH(string_primary) | LOCATE(string_primary, string_primary[,
simple_arithmetic_expression])

The CONCAT function returns a string that is a concatenation of its arguments.

The second and third arguments of the SUBSTRI NG function denote the starting position and length of the substring to be re-
turned. These arguments are integers. The third argument is optional. If it is not specified, the substring from the start position to
the end of the string is returned. The first position of a string is denoted by 1. The SUBSTRI NG function returns a string.

The TRI Mfunction trims the specified character from a string. If the character to be trimmed is not specified, it is assumed to be
space (or blank). The optional trim_character is a single-character string literal or a character-valued input parameter (i.e., char or
Character). If atrim specification is not provided, BOTH is assumed. The TRI Mfunction returns the trimmed string.

The LOVNER and UPPER functions convert a string to lower and upper case, respectively. They return a string.

The LOCATE function returns the position of a given string within a string, starting the search at a specified position. It returns
the first position at which the string was found as an integer. The first argument is the string to be located; the second argument is
the string to be searched; the optional third argument is an integer that represents the string position at which the search is started
(by default, the beginning of the string to be searched). Thefirst position in astring is denoted by 1. If the string isnot found, O is
returned.

The LENGTH function returns the length of the string in characters as an integer.

10.2.6.2.2. JPQL Arithmetic Functions

« functions_returning_numerics ::= ABS(simple_arithmetic_expression) | SQRT(simple_arithmetic_expression) |
MOD(simple_arithmetic_expression, simple_arithmetic_expression) | SIZE(collection_valued path_expression) | IN-
DEX (identification_variable)

The ABS function takes a numeric argument and returns a number (integer, float, or double) of the same type as the argument to
the function.

The SQRT function takes a numeric argument and returns a double.

Note that not all databases support the use of atrim character other than the space character; use of this argument may result in
gueriesthat are not portable. Note that not all databases support the use of the third argument to LOCATE; use of this argument
may result in queries that are not portable.

The MOD function takes two integer arguments and returns an integer.

The Sl ZE function returns an integer value, the number of elements of the collection. If the collection is empty, the SI ZE func-

tion evaluates to zero. Numeric arguments to these functions may correspond to the numeric Java object types as well asthe
primitive numeric types.
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The INDEX function returns an integer value corresponding to the position of its argument in an ordered list. The INDEX func-
tion can only be applied to identification variables denoting types for which an order column has been specified.

10.2.6.2.3. JPQL Datetime Functions

functions_returning_datetime:= CURRENT_DATE | CURRENT_TIME | CURRENT_TIMESTAMP

The datetime functions return the value of current date, time, and timestamp on the database server.

10.2.6.3. Case Expressions

The following forms of case expressions are supported: general case expressions, simple case expressions, coalesce expressions,
and nullif expressions. CASEEL SEEND

» case_expression::= general_case expression | simple_case_expression | coalesce_expression | nullif_expression

» genera_case expression::= CASE when_clause {when_clause}* ELSE scalar_expression END

» when_clause::= WHEN conditional_expression THEN scalar_expression

» case operand::= state field path expression | type_discriminator

o simple when_clause::= WHEN scalar_expression THEN scalar_expression

 coalesce expression::= COALESCE(scalar_expression {, scalar_expression} +)

nullif_expression::= NULLI F(scalar_expression, scalar_expression)

Examples:

UPDATE Enpl oyee e
SET e.salary =
CASE WHEN e.rating = 1 THEN e.salary * 1.1
WHEN e.rating = 2 THEN e.sal ary
ELSE e.salary * 1.01
END

*
=
o
a

UPDATE Enpl oyee e
SET e.salary =
CASE e.rating WHEN 1 THEN e.salary * 1.1
WHEN 2 THEN e.salary * 1.05
ELSE e.salary * 1.01
END

SELECT e. nane,
CASE TYPE(e) WHEN Exenpt THEN ' Exenpt'
WHEN Contractor THEN ' Contractor'
WHEN Intern THEN 'Intern’
ELSE ' NonExenpt'
END
FROM Enpl oyee e
WHERE e. dept. name = ' Engi neering'
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SELECT e. nane,
f. nane,
CONCAT( CASE WHEN f. annual M I es > 50000 THEN ' Pl ati num '
WHEN f . annual M | es > 25000 THEN ' Gol d '
ELSE "'
END,
' Frequent Flyer")
FROM Enpl oyee e JO N e.frequentFlierPlan f

10.2.6.4. Entity Type Expressions

An entity type expression can be used to restrict query polymorphism. The TYPE operator returns the exact type of the argument.

The syntax of an entity type expression is as follows:

* entity_type expression ::=type discriminator | entity_type literal | input_parameter

* type_discriminator ::= TY PE(identification_variable | single_valued_object_path_expression | input_parameter )

Anentity type_literal isdesignated by the entity name.
The Java class of the entity is used as an input parameter to specify the entity type.

Examples:

SELECT e
FROM Enpl oyee e
VWHERE TYPE(e) IN (Exenpt, Contractor)

SELECT e
FROM Enpl oyee e
VWHERE TYPE(e) IN (:enpTypel, :enpType2)

SELECT e
FROM Enpl oyee e
WHERE TYPE(e) I N :enmpTypes

SELECT TYPE(e)
FROM Enpl oyee e
VWHERE TYPE(e) <> Exenpt

10.2.7. JPQL GROUP BY, HAVING

The GROUP BY construct enables the aggregation of values according to a set of properties. The HAVI NG construct enables con-
ditions to be specified that further restrict the query result. Such conditions are restrictions upon the groups.
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The syntax of the GROUP BY and HAVI NG clausesis as follows:

» groupby clause ::= GROUP BY groupby_item {, groupby_item}*

» groupby_item ::= single_valued_path_expression | identification_variable

* having_clause ::= HAVING conditional_expression

If aquery contains both a WHERE clause and a GROUP BY clause, the effect is that of first applying the where clause, and then
forming the groups and filtering them according to the HAVI NG clause. The HAVI NG clause causes those groups to be retained
that satisfy the condition of the HAVI NG clause.

The requirements for the SELECT clause when GROUP BY is used follow those of SQL: namely, any item that appearsin the
SELECT clause (other than as an argument to an aggregate function) must also appear in the GROUP BY clause. In forming the

groups, null values are treated as the same for grouping purposes.

Grouping by an entity is permitted. In this case, the entity must contain no serialized state fields or lob-valued state fields that are
eagerly fetched.

Grouping by embeddablesis not supported.
The HAVI NG clause must specify search conditions over the grouping items or aggregate functions that apply to grouping items.

If thereisno GROUP BY clause and the HAVI NG clauseis used, the result is treated as a single group, and the select list can
only consist of aggregate functions. When a query declares a HAVI NG clause, it must always also declare a GROUP BY clause.

Examples:

SELECT c.status, AVGc.filledO derCount), COUNT(c)
FROM Cust onmer ¢

CGROUP BY c. status

HAVI NG c.status IN (1, 2)

SELECT c. country, COUNT(c)
FROM Cust oner ¢

GROUP BY c.country

HAVI NG COUNT(c) > 30

10.2.8. JPQL SELECT Clause

The SELECT clause denotes the query result. More than one value may be returned from the SELECT clause of a query.

The SELECT clause can contain one or more of the following elements: a single range variable or identification variable that
ranges over an entity abstract schematype, a single-valued path expression, a scalar expression, an aggregate expression, a con-
structor expression.

The SELECT clause has the following syntax:

» select clause::= SELECT [DISTINCT] select_item {, select_item}*
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» select_item ::= select_expression [ [AS] result_variable]

» select_expression ::=single valued path_expression | scalar_expression | aggregate _expression | identification_variable | OB-
JECT (identification_variable€) | constructor_expression

* constructor_expression ::= NEW constructor_name ( constructor_item {, constructor_item} *)

* constructor_item ::= single_valued_path_expression | scalar_expression | aggregate_expression | identification_variable

» aggregate expression ::={ AVG|MAX |MIN | SUM } ([DISTINCT] state field path _expression) | COUNT ([DISTINCT]
identification_variable | state field path_expression | single valued object_path expression)

For example:

SELECT pub.id, pub.revenue
FROM Publ i sher pub JO N pub. magazi nes mag WHERE mag. price > 5.00

In the following example, videolnventory is a Map from the entity Movie to the number of copiesin stock:

SELECT v.location.street, KEY(i).title, VALUE(i)
FROM Vi deoStore v JO N v. vi deol nventory i
VWHERE v. | ocati on. zi pcode = '94301' AND VALUE(i) > O

Note that the SELECT clause must be specified to return only single-valued expressions. The query below is therefore not valid:

SELECT mmg. aut hors FROM Magazi ne AS nag

The DI STI NCT keyword is used to specify that duplicate values must be eliminated from the query result.
If DI STI NCT is not specified, duplicate values are not eliminated.
Theresult of DISTINCT over embeddable objects or map entry results is undefined.

Standalone identification variables in the SELECT clause may optionally be qualified by the OBJECT operator. The SELECT
clause must not use the OBJECT operator to qualify path expressions.

Aresult_vari abl e may beusedto nameasel ect _i t emin the query result. For example,

SELECT ¢, COUNT(I) AS itenCount

FROM Custonmer ¢ JON c.Oders o JONo.lineltens |
VWHERE c. address.state = ‘ CA

ORDER BY it enCount

10.2.8.1. JPQL Result Type of the SELECT Clause

The type of the query result specified by the SELECT clause of aquery is an entity abstract schematype, a state-field type, the
result of of a scalar expression, the result of an aggregate function, the result of a construction operation, or some sequence of
these.
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Theresult type of the SELECT clause is defined by the result types of the select_expressions contained in it. When multiple se-
lect expressions are used in the SELECT clause, the result of the query is of type Object[], and the elementsin this result corres-
pond in order to the order of their specification in the SELECT clause and in type to the result types of each of the select expres-
sions.

Thetype of theresult of asel ect _expr essi on isasfollows:

» Theresulttypeof ani denti fi cati on_vari abl e isthetype of the entity object or embeddable object to which the iden-
tification variable corresponds. Thetype of ani denti fi cati on_vari abl e that refersto an entity abstract schematypeis
the type of the entity to which that identification variable corresponds or a subtype as determined by the object/rel ational map-

ping.

» Theresult typeof asi ngl e_val ued_pat h_expressi onthatisastate fiel d_pat h_expressionresultsinan
object of the same type as the corresponding state field of the entity or embeddable class. If the state field of the entity isa
primitive type, the result type is the corresponding object type.

e Theresult typeof asi ngl e_val ued_pat h_expressi onthatisasi ngl e_val ued_obj ect _pat h_expressi on
isthe type of the entity object or embeddabl e object to which the path expression corresponds. A
si ngl e_val ued_obj ect _pat h_expr essi on that resultsin an entity object will result in an entity of the type of the
relationship field or the subtype of the relationship field of the entity object as determined by the object/relational mapping.

e Theresult typeof asi ngl e_val ued_pat h_expr essi on that is an identification_variable to which the KEY or VALUE
function has been applied is determined by the type of the map key or value respectively, as defined by the above rules

» Theresult typeof asi ngl e_val ued_pat h_expressi onthatisani denti fi cati on_vari abl e towhich the
ENTRY function has been applied isj ava. uti | . Map. Ent r y, where the key and value types of the map entry are determ-
ined by the above rules as applied to the map key and map value respectively.

* Theresult type of ascal ar _expr essi on isthetype of the scalar value to which the expression evaluates. The result type
of anumericscal ar _expr essi on isdefined in Section 10.2.6, “ JPQL Scalar Expressions” [122]

e Theresulttypeof anentity type_expressi on scaar expression isthe Java class to which the resulting abstract schema
type corresponds.

» Theresult type of aggregate expression is defined in Section 10.2.8.5, “ JPQL Aggregate Functions” [129]

» Theresult typeof aconst ruct or _expr essi on isthetype of the class for which the constructor is defined. The types of
the arguments to the constructor are defined by the above rules.

10.2.8.2. JPQL Constructor Expressions

A constructor may be used in the SELECT list to return one or more Javainstances. The specified classis not required to be an
entity or to be mapped to the database. The constructor name must be fully qualified.

If an entity class nameis specified in the SELECT NEWCclause, the resulting entity instances are in the new state.

If asi ngl e_val ued_pat h_expressionoridentification_vari abl e that isan argument to the constructor refer-
ences an entity, the resulting entity instance referenced by that si ngl e_val ued_pat h_expressi onori dentifi ca-
tion_vari abl e will beinthe managed state.

If Publ i sher | nf o isan entity class, the following 2 queries return instances of Publ i sher | nf o that will be in the new
state. In the second example, mag isani denti fi cati on_vari abl e passed asan argument to the constructor Publ i sh-
er | nf o( Magazi ne mag) ; the entity instances of Magazi ne created during query evaluation will be in the managed state.
Example:

SELECT NEW com conpany. Publ i sher| nfo(pub.id, pub.revenue, mag.price)
FROM Publ i sher pub JO N pub. magazi nes mag WHERE mag. price > 5.00
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SELECT NEW com conpany. Publ i sher | nf o( mag)
FROM Publ i sher pub JO N pub. nagazi nes mag WHERE mag. price > 5.00

10.2.8.3. JPQL Null Values in the Query Result

If the result of aquery corresponds to a association-field or state-field whose value is null, that null valueis returned in the result
of the query method. Thel S NOT NULL construct can be used to eliminate such null values from the result set of the query.

Note, however, that state-field types defined in terms of Java humeric primitive types cannot produce NULL valuesin the query
result. A query that returns such a state-field type as aresult type must not return anull value.

10.2.8.4. JPQL Embeddables in the Query Result

If the result of aquery corresponds to an identification variable or state field whose value is an embeddable, the embeddable in-
stance returned by the query will not be in the managed state (i.e., it will not be part of the state of any managed entity).

In the following example, the Addr ess instances returned by the query will reference Phone instances. While the Phone in-
stances will be managed, the Addr ess> instances referenced by the addr result variable will not be. Modifications to these em-
beddabl e instances are not allowed.

@ntity

public class Enployee {
@d int id;
Addr ess addr ess;

}

@nbeddabl e

public class Address {
String street;

@ﬁweToOqe Phone phone; // fetch=EAGER

@ntity
public class Phone {
@d int id;

@)heToChe(mappedBy:"address.phone") Enpl oyee enp; // fetch=EAGER

SELECT e. address AS addr
FROM Enpl oyee e

10.2.8.5. JPQL Aggregate Functions

The result of a query may be the result of an aggregate function applied to a path expression.
The following aggregate functions can be used in the SELECT clause of a query: AVG, COUNT, MAX, M N, SUM

For all aggregate functions except COUNT, the path expression that is the argument to the aggregate function must terminatein a
state-field. The path expression argument to COUNT may terminate in either a state-field or a association-field, or the argument to
COUNT may be an identification variable.

Arguments to the functions SUMand AVG must be numeric. Arguments to the functions MAX and M N must correspond to order-
able state-field types (i.e., numeric types, string types, character types, or date types).

The Javatype that is contained in the result of a query using an aggregate function is as follows:
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» COUNT returns Long.

* MAX; M Nreturn the type of the state-field to which they are applied.

* AVGreturns Double.

» SUMreturns Long when applied to state-fields of integral types (other than Biglnteger); Double when applied to state-fields of

floating point types; Biglnteger when applied to state-fields of type Biglnteger; and BigDecimal when applied to state-fields of
type BigDecimal.

If SUM , AVG MAX, or M N isused, and there are no values to which the aggregate function can be applied, the result of the ag-
gregate function is NULL.

If COUNT is used, and there are no values to which COUNT can be applied, the result of the aggregate function is 0.

The argument to an aggregate function may be preceded by the keyword DI STI NCT to specify that duplicate values are to be
eliminated before the aggregate function is applied. It islegal to specify DI STI NCT with MAX or M N, but it does not affect the
result.

Null values are eliminated before the aggregate function is applied, regardless of whether the keyword DI STI NCT is specified.

The use of DI STI NCT with COUNT is not supported for arguments of embeddable types or map entry types.
10.2.8.5.1. JPQL Aggregate Examples

The following query returns the average price of all magazines:

SELECT AVGQ mag. price) FROM Magazi ne mag

The following query returns the sum of all the prices from all the magazines published by 'Larry'":

SELECT SUM mag. pri ce) FROM Publisher pub JO N pub. magazi nes mag WHERE pub. firstName = 'Larry’

The following query returns the total number of magazines:

SELECT COUNT(nmag) FROM Magazi ne mag

10.2.8.5.2. JPQL Numeric Expressions in the SELECT Clause

The type of anumeric expression in the query result is determined as follows:
An operand that corresponds to a persistent state-field is of the same type as that persistent state-field.

An operand that corresponds to one of arithmetic functions described in Section 10.2.6.2.2, “ JPQL Arithmetic Functions”
[123] is of the type defined by Section 10.2.6.2.2, “ JPQL Arithmetic Functions” [123].

An operand that corresponds to one of an aggregate functions described in Section 10.2.8.5, “ JPQL Aggregate Functions”
[129] is of the type defined by Section 10.2.8.5, “ JPQL Aggregate Functions” [129].

Theresult of a case expression, coalesce expression, nullif expression, or arithmetic expression (+, -, *, /) is determined by apply-
ing the following rule to its operands.
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« If thereis an operand of type Double or double, the result of the operation is of type Double;
 otherwise, if thereis an operand of type Float or float, the result of the operation is of type Float;
 otherwise, if thereis an operand of type BigDecimal, the result of the operation is of type Big- Decimal;
 otherwise, if thereis an operand of type Biglnteger, the result of the operation is of type Biglnteger;
 otherwise, if thereisan operand of type Long or long, the result of the operation is of type Long;

 otherwise, if thereis an operand of integral type, the result of the operation is of type Integer.

10.2.9. JPQL ORDER BY Clause

The ORDER BY clause alows the objects or values that are returned by the query to be ordered. The syntax of the ORDER BY
clauseis

 orderby clause::= ORDER BY orderby_item {, orderby_item}*

» orderby _item::={ state field path expression | result_variable} [ASC | DESC]

An orderby_item must be one of the following:

» Astate_fiel d_path_expression that evaluates to an orderable state field of an entity or embeddable class abstract
schematype designated in the SELECT clause by one of the following:
e ageneral _identification_variable
e asingl e_val ued_obj ect _pat h_expressi on

e Astate field path_expressi on that evauatesto the same state field of the same entity or embeddabl e abstract
schematypeasastate field path_expressi oninthe SELECT clause.

« Aresult _vari abl e that refersto an orderable item in the SELECT clause for which thesamer esul t _vari abl e has

been specified. Thismay be the result of an aggr egat e_expr essi on,ascal ar _expr essi on, ora
state field_path_expressionintheSELECT clause.

For example, the five queries below are legal.

SELECT pub FROM Publ i sher pub ORDER BY pub.revenue, pub.name

SELECT o

FROM Custonmer ¢ JON c.orders o JON c.address a
VWHERE a.state = ‘' CA

ORDER BY 0. quantity DESC, o.totalcost

SELECT o.quantity, a.zipcode
FROM Custonmer ¢ JON c.orders o JON c. address a
WHERE a.state = ‘CA
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ORDER BY 0. quantity, a.zipcode

SELECT o.quantity, o.cost*1.08 AS taxedCost, a.zipcode
FROM Custormer ¢ JO N c.orders o JON c.address a
WHERE a.state = ‘CA’” AND a.county = ‘Santa Cara’
ORDER BY o. quantity, taxedCost, a.zipcode

SELECT AVG 0. quantity) as q, a.zipcode

FROM Custonmer ¢ JON c.orders o JON c.address a
WHERE a.state = ‘CA

CGROUP BY a. zi pcode

ORDER BY gq DESC

The following two queries are not legal becausethe or der by _i t emisnot reflected in the SELECT clause of the query.

SELECT p. product _nane

FROM Order o JON o.lineltems | JON I.product p JON o.custoner ¢
WHERE c.lastname = ‘Smith’ AND c.firstnane = ‘John’

ORDER BY p. price

SELECT p. product _nane

FROM Order o, IN(o.lineltens) | JON o.custoner c
WHERE c.lastname = ‘Smith’ AND c.firstnane = ‘ John’
ORDER BY o. quantity

If morethan oneor der by _i t emis specified, the left-to-right sequence of the or der by _i t emelements determines the pre-
cedence, whereby the leftmost or der by _i t emhas highest precedence.

The keyword ASC specifies that ascending ordering be used; the keyword DESC specifies that descending ordering be used. As-
cending ordering is the default.

SQL rulesfor the ordering of null values apply: that is, al null values must appear before all non-null valuesin the ordering or all
null values must appear after all non-null values in the ordering, but it is not specified which.

The ordering of the query result is preserved in the result of the query method if the ORDER BY clauseis used.

10.2.10. JPQL Bulk Update and Delete

Bulk update and delete operations apply to entities of a single entity class (together with its subclasses, if any). Only one entity
abstract schema type may be specified in the FROMor UPDATE clause. The syntax of these operationsis as follows:

» update statement ::= update clause [where clause]

» update clause::= UPDATE entity_name [[AS] identification_variable] SET update item {, update item}*
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update _item ::=[identification variable]{ state field | single valued object field} = new_value
* new_value::=scalar_expression | simple_entity expression | NULL
» delete_statement ::= delete_clause [where _clause]

» delete clause::= DELETE FROM entity_name [[AS] identification_variable]

The syntax of the WHERE clause is described in Section 10.2.4, “ JPQL WHERE Clause” [113].
A delete operation only applies to entities of the specified class and its subclasses. It does not cascade to related entities.
Thenew_val ue specified for an update operation must be compatible in type with the state-field to which it is assigned.

Bulk update maps directly to a database update operation, bypassing optimistic locking checks. Portable applications must manu-
ally update the value of the version column, if desired, and/or manually validate the value of the version column.

The persistence context is not synchronized with the result of the bulk update or delete.

Caution should be used when executing bulk update or delete operations because they may result in inconsistencies between the
database and the entities in the active persistence context. In general, bulk update and del ete operations should only be performed
within atransaction in a new persistence context or at the beginning of atransaction (before entities have been accessed whose
state might be affected by such operations).

Examples:

DELETE FROM Publ i sher pub WHERE pub. revenue > 1000000. 0

DELETE FROM Publ i sher pub WHERE pub.revenue = 0 AND pub. nmagazi nes | S EMPTY

UPDATE Publ i sher pub SET pub.status = 'outstandi ng'
VWHERE pub. revenue < 1000000 AND 20 > ( SELECT COUNT(neg) FROM pub. nagazi nes nag)

10.2.11. JPQL Null Values

When the target of areference does not exist in the database, its valueis regarded as NULL. SQL 92 NULL semantics defines the
evaluation of conditional expressions containing NULL values. The following is a brief description of these semantics:

» Comparison or arithmetic operations with a NULL value always yield an unknown value.

Two NULL values are not considered to be equal, the comparison yields an unknown value.

» Comparison or arithmetic operations with an unknown value always yield an unknown value.

Thel S NULL and 1 S NOT NULL operators convert aNULL state-field or single-valued association-field value into the re-
spective TRUE or FALSE value.

Note: The JPQL defines the empty string, ", as a string with 0 length, which is not equal to a NULL value. However, NULL val-
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ues and empty strings may not always be distinguished when queries are mapped to some databases. Application developers
should therefore not rely on the semantics of query comparisons involving the empty string and NULL value.

10.2.12. JPQL Equality and Comparison Semantics

Only thevalues of | i ke types are permitted to be compared. A typeisl i ke another type if they correspond to the same Java
language type, or if oneis a primitive Java language type and the other is the wrappered Java class type equivalent (e.g., i nt and
I nt eger areliketypesin thissense). Thereis one exception to thisrule: it isvalid to compare numeric values for which the
rules of numeric promotion apply. Conditional expressions attempting to compare non-like type values are disallowed except for
this numeric case.

Note that the arithmetic operators and comparison operators are permitted to be applied to state-fields and input parameters of the
wrappered Java class equivalents to the primitive numeric Java types.

Two entities of the same abstract schematype are equal if and only if they have the same primary key value.
Equality/inequality comparisons over enums are supported.

Comparisons over instances of embeddable class or map entry types are not supported.

10.2.13. JPQL BNF

Thefollowing isthe BNF for the Java Persistence query language, from section 4.14 of the JSR 317 specification.

select_item ::= select_expression [[AS] result_variable]

» QL_statement ::= select_statement | update_statement | delete_statement

» select_statement ::= select_clause from_clause [where _clause] [groupby_clause] [having_clause] [orderby_clause]
* update_statement ::= update clause [where clause]

» delete statement ::= delete_clause [where clause]

» from_clause ::= FROMidentification variable declaration {, {identification variable declaration | collec-
tion_member_declaration} } *

* identification_variable declaration ::= range variable declaration { join | fetch_join}*

» range variable declaration ::= entity_name[ AS] identification_variable

» join::=join_specjoin_association path_expression [ AS] identification variable

» fetch_join::=join_spec FETCHjoin_association path _expression

o join_spec ::=[ LEFT [ QUTER]|I NNER] JO N

 join_association_path_expression ::=join_collection_valued path_expression | join_single valued_path _expression

* join_collection_valued path expression ::= identifica-
tion_variable{single valued embeddable object field.} *collection valued field

 join_single valued_path expression ::= identifica
tion_variable{single valued embeddable object field.}*single valued object field

* collection_member_declaration ::= | N (join_collection _valued path_expression) [ AS] identification_variable

» quaified_identification_variable ::= KEY (identification_variable) | VALUE(identification_variable) |
ENTRY (identification variable)
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single_valued_path_expression ::= qualified_identification_variable | state field_path_expression |
single_valued object_path _expression

genera_identification_variable ::= identification_variable | KEY (identification_variable) | VALUE(identification_variable)
state field_path _expression ::= general_identification_variable{single valued object field.}*state field

single valued object_path expression ::= general_identification_variable{single valued object field.}*
single valued object field

collection_valued path_expression ::= general _identification_variable{single valued object_field.} *collection valued field
update clause ::= UPDATE entity_name[[ AS ] identification_variable] SET update_item {, update item}*

update _item ::=[identification variable.]{ state field | single valued_object field} = new_value

new_value ::= scalar_expression | simple_entity expression | NULL

delete clause ::= DELETEFROMentity _name[[ AS ] identification_variable]

select clause ::= SELECT [ DI STI NCT ] select_item {, select_item}*

select_expression ::= single_valued_path_expression | scalar_expression | aggregate_expression | identification_variable | OB-
JECT (identification_variable)| constructor_expression

constructor_expression ::= NEWconstructor_name( constructor_item {, constructor_item}*)

constructor_item ::= single valued_path_expression | scalar_expression | aggregate_expression | identification variable

aggregate_expression ::={ AVG| MAX |M N| SUM} ([ DI STI NCT ] state field path_expression) | COUNT ([ DI STI NCT ]
identification_variable | state field path_expression | single_valued object_path expression)

where_clause ::= WHERE conditional_expression

groupby_clause ::= GROUPBY groupby_item {, groupby_item}*

groupby_item ::= single_valued path_expression | identification_variable

having_clause ::= HAVI NG conditional _expression

orderby_clause ::= ORDERBY orderby_item {, orderby_item}*

orderby _item ::= state field path_expression | result_variable [ ASC | DESC]

subquery ::= simple_select_clause subquery_from_clause [where_clause] [groupby_clause] [having_clause]

subquery_from_clause ::= FROMsubselect_identification_variable declaration {, subselect_identification_variable_declaration
| collection_member_declaration} *

subselect_identification_variable _declaration ::= identification_variable_declaration | derived_path_expression [ AS ] identi-
fication_variable | derived_collection_member_declaration

derived path_expression ::= superquery_identification variable{single valued_object field.}*collection_valued field | super-
query_identification_variable{single valued object field.}*single valued object field

derived_collection_member_declaration ::= IN super-
query_identification variable{single valued object field.}*collection valued field

simple_select_clause ::= SELECT [ DI STI NCT ] simple_select_expression
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simple_select_expression ::= single vaued path expression | scalar_expression | aggregate_expression | identifica-
tion_variable

scalar_expression ::= simple_arithmetic_expression | string_primary | enum_primary | datetime_primary | boolean_primary |
case_expression | entity_type_expression

conditional_expression ::= conditional_term | conditional_expression OR conditional_term
conditional_term ::= conditional_factor | conditional_term AND conditional_factor
conditional_factor ::=[ NOT ] conditional_primary

conditional_primary ::= simple_cond_expression |(conditional_expression)

simple_cond_expression ::= comparison_expression | between_expression | like_expression | in_expression |
null_comparison_expression | empty_collection_comparison_expression | collection_member_expression | exists_expression
between_expression ::= arithmetic_expression [ NOT ] BETWEEN arithmetic_expression AND arithmetic_expression |
string_expression [ NOT ] BETWEEN string_expression AND string_expression | datetime_expression [ NOT ] BETVEEEN date-
time_expression AND datetime_expression

in_expression ::={ state field_path _expression | type discriminator} [ NOT ] I N{(in_item{, in_item}*) | (subquery) | collec-
tion_valued_input_parameter }

in_item ::=literal | single_valued_input_parameter

like_expression ::= string_expression [ NOT ] LI KE pattern_value [ ESCAPE escape_character]
null_comparison_expression ::= {single_valued_path_expression | input_parameter} | S[ NOT ] NULL
empty_collection_comparison_expression ::= collection_valued path _expression | S| NOT | EMPTY
collection_member_expression ::= entity_expression [ NOT | MEMBER|[ OF ] collection_valued path_expression

entity_or_value_expression ::= single valued_object_path_expression | state field_path_expression |
simple_entity or_value expression

simple_entity_or_value_expression ::= identification_variable | input_parameter | literal

exists expression ::=[ NOT ] EXI STS (subquery)

al_or_any_expression ::={ ALL | ANY | SOVE } (subquery)

comparison_expression ::= string_expressioncomparison_operator{ string_expression|all_or_any_expression}|
boolean_expression { =|<>} {boolean_expression | all_or_any_expression} | enum_expression {=|<>} {enum_expression |
al_or_any expression} | datetime_expression comparison_operator { datetime_expression | all_or_any_expression} | en-
tity_expression {= |<>} {entity_expression | all_or_any_expression} | arithmetic_expression comparison_operator
{arithmetic_expression | all_or_any expression} | entity type expression { =|<>>} entity type expression}
comparison_operator ::== |> >= |< |<= |<>

arithmetic_expression ::= simple_arithmetic_expression |(subquery)

simple_arithmetic_expression ::= arithmetic_term | simple_arithmetic_expression {+ |- } arithmetic_term
arithmetic_term ::= arithmetic_factor | arithmetic_term {* |/ } arithmetic_factor

arithmetic_factor ::= [{+ |-}] arithmetic_primary

arithmetic_primary ::= state field path_expression | numeric_literal | (smple_arithmetic_expression) | input_parameter | func-
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tions_returning_numerics | aggregate expression | case_expression
string_expression ::= string_primary |(subquery)

string_primary ::= state field_path_expression | string_literal | input_parameter | functions_returning_strings | aggreg-
ate_expression | case_expression

datetime_expression ::= datetime_primary |(subquery)

datetime_primary ::= state field path expression | input_parameter | functions _returning_datetime | aggregate_expression |
case_expression | date_time_timestamp_literal

boolean_expression ::= boolean_primary |(subquery)

boolean_primary ::= state field path_expression | boolean_literal | input_parameter | case_expression
enum_expression ::= enum_primary |(subquery)

enum_primary ::= state field path expression | enum_literal | input_parameter | case_expression

entity_expression ::= single_valued_object_path_expression | simple_entity expression

simple_entity expression ::= identification_variable | input_parameter

entity_type expression ::= type_discriminator | entity type literal | input_parameter

type_discriminator ::= TYPE(identification_variable | single valued object path expression | input_parameter)
functions_returning_numerics ::= LENGTH (string_primary)| LOCATE (string_primary,string_primary [,
simple_arithmetic_expression]) | ABS (simple_arithmetic_expression) | SQRT (simple_arithmetic_expression) | MOD
(smple_arithmetic_expression, simple_arithmetic_expression) | SI ZE (collection_valued path_expression) |

| NDEX(identification_variable)

functions returning_datetime ::= CURRENT _DATE | CURRENT _TI ME | CURRENT _TI MESTAMP
functions_returning_strings ::= CONCAT (string_primary, string_primary) | SUBSTRI NG (string_primary,
simple_arithmetic_expression[,simple_arithmetic_expression])| TRI M ([[trim_specification] [trim_character] FROM]
string_primary) | LOVNER (string_primary) | UPPER (string_primary)

trim_specification ::= LEADI NG| TRAI LI NG| BOTH

case_expression ::= general_case_expression | simple_case_expression | coalesce_expression | nullif_expression
general_case expression::= CASE when_clause {when_clause}* ELSE scalar_expression END

when_clause::= WHEN conditional_expression THEN scalar_expression

simple_case _expression::= CASE case_operand simple_when_clause {ssimple_ when_clause}* EL SE scalar_expression END
case_operand::= state field_path_expression | type_discriminator

simple_when_clause::= WHEN scalar_expression THEN scalar_expression

coalesce_expression::= COALESCE(scalar_expression {, scalar_expression} +)

nullif_expression::= NULLI F(scalar_expression, scalar_expression)
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Chapter 11. JPA Criteria

11.1

JPA 2.0 Specification introduces a new API to define queries dynamically via construction of an object-based

j avax. persistence. CriteriaQuery instance, rather than string-based approach used in JPQL (Java Persistence Query
Language). This dynamic query definition capability, referred as Criteria API, is based on the abstract persistent schema of the
entities, their embedded objects and their relationships. The syntax is designed to construct a Query Tree whose nodes represent
the semantic query elements such as projections, conditional predicates of WHERE clause or GROUP BY elements etc.

Constructing a CriteriaQuery

The CriteriaBuilder interface is the factory for CriteriaQuery. A CriteriaBuilder is obtained from either an EntityM anagerFactory
or an EntityManager as follows:

EntityManager em= ... ;
CriteriaBuil der queryBuilder = emgetCriteriaBuilder();
CriteriaQuery qdef = queryBuilder.createCriteriaQuery();

Thefirst step in constructing a query definition is specification of query roots. Query roots specify the domain objects on which
the query is evaluated. Query root is an instance of the Root<T> interface. A query root is added to a CriteriaQuery by add-
Root (C ass c¢) method.

Root <Cust onmer > custonmer = qdef. from( Custoner. cl ass);

A query domain can be further refined by joining to other domain objects. For example, for the above query definition to operate
over customers and their orders, usej oi n(String attribute):

Root <Order > order = custoner.join(custoner.get(Custoner_.orders));

where Customer_.orders represent a field of canonical metamodel class for Customer. These canonical metamodel classes are
generated during compilation by processing the persistent annotation in the source code of Customer.java.

The condition of aquery definition is set viawher e( Pr edi cat e p) where the argument designates a conditional predicate.
Conditional predicates are often composed of one or more comparisons between the attribute values of the domain objects and
some variable. For example, to select the Customer whose name is " John Doe" and has orders that are not yet delivered, you can
build the predicate and set it to the query definition as:

gdef . wher e( cust orrer . get ( Cust onmer _. nane) . equal ("John Doe")
.and(order.get (O der_.status).equal (O derStatus. DELI VERED) . not ()));

Thesel ect () method defines the result of the query. If left unspecified, the select projection is assumed to be the root domain
object. However, you can specify the selected projections explicitly asalist:

qdef . sel ect (cust ormer . get (Cust omer _. nane), order.get(Order_.status));
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An attribute of adomain object can also be specified by navigating viaget (St ri ng attr) . Theattribute should refer to a
valid persistent property of the receiving domain object, however no such validation is enforced during the construction of the
guery definition. All validation is deferred until the query is actually executed. On the other hand, using canonical metamodel for
path navigate enforces compile type checking.

11.2. Executing a CriteriaQuery

A CriteriaQuery is executed in asimilar fashion of a string-based JPQL query viathe EntityManager and Query interfaces.

EntityManager em = ...
Query query = em createQuery(qdef);
List result = query.getResultList();

A query definition can use named parameters, and the parameter values are set as usual in the Query instance.
The JPA 2.0 Specification on Criteria APl can be found at public dr aft.

A developerworksarticle explains details and further usage of Criteria APl and its OpenJPA extensions.

11.3. Extension to Criteria API

Criteria APl has provided an alternative means to string-based JPQL to execute a query. However, JPA 2.0 Specification has not
explicitly specified any equivalence between adynamically constructed CriteriaQuery and a JPQL string. OpenJPA provides a
mechanism to convert a CriteriaQuery to an equivalent JPQL query string via the extended OpenJPA CriteriaQuery API.

public interface OpenJPACriteriaQuery extends CriteriaQuery {
/**
* Cets equivalent JPQL String for the given CriteriaQuery.
*
/
public String toCQ();

11.4. Generation of Canonical MetaModel classes

Annotation processing tool generates source code for ametamodel class given the annotated source code of persistent entity. This
tool isinvoked during compilation for JIDK6 compiler if OpenJPA and JPA libraries are specified in the compiler - cl asspat h
option and Annotation processor option - Aopenj pa. et anodel =t r ue is specified.

$ javac -classpath path/to/openjpa-all.jar -Aopenjpa.netanodel =true nypackage/ MEntity.java

will generate source code for canonical meta-model classmypackage. MyEntity .| ava.

The Annotation Processor recognizes the following options specified in the command-line with - A (none of them are mandat-
ory).

» -Aopenjpa.log=TRACE|INFO[WARN|ERROR : Thelogging level. Default is WARN.
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-Aopenjpa.source=<n> : where <n> denotes the integral number for Java source version of the generated code. Default is 6.

-Aopenjpa.naming=class name : fully-qualified name of a class implementing

or g. apache. openj pa. net a. Met aDat aFact or y that determines the name of a meta-class given the name of the ori-
ginal persistent Java entity class. Defaultsto

or g. apache. openj pa. per si st ence. Per si st enceMet aDat aFact or y which appends a underscore character
(1) to the original Java class hame.

-Aopenjpa.header=<url> : A url whose content will appear as comment header to the generated file(s). Recognizes special
value ASL for Apache Source License header as comment. By default, adds a OpenJPA proprietary text as comment block.

-Aout=dir : A directory in the local file system. The generated files will be written relative to this directory according to the
package structurei.e. if di r isspecified as/ nypr oj ect / gener at ed- sr ¢ then the generated source code will be written
to/ mypr oj ect/ gener at ed- src/ mypackage/ MyEntity_ .| ava. If thisoption is not specified, then an attempt will
be made to write the generated source file in the same directory of the source code of origina classmypackage. MyEntity.
The source code location for nypackage. MyEnt i t y can only be determined for Sun JDK6 and whent ool s. j ar being
available to the compiler classpath. If the source code location for the original class can not be determined, and the option is
not specified, then the generated source code is written relative to the current directory according to the package structure.
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Chapter 12. SQL Queries

JPQL isapowerful query language, but there are times when it is not enough. Maybe you're migrating a JDBC application to JPA
on a strict deadline, and you don't have time to translate your existing SQL selects to JPQL. Or maybe a certain query reguires
database-specific SQL your JPA implementation doesn't support. Or maybe your DBA has spent hours crafting the perfect select
statement for a query in your application's critical path. Whatever the reason, SQL queries can remain an essential part of an ap-
plication.

Y ou are probably familiar with executing SQL queries by obtaining aj ava. sql . Connect i on, using the JDBC APIsto cre-
atea St at enent , and executing that St at enment to obtain aResul t Set . And of course, you are free to continue using this
low-level approach to SQL execution in your JPA applications. However, JPA also supports executing SQL queries through the
j avax. per si st ence. Query interface introduced in Chapter 10, JPA Query [88]. Using a JPA SQL query, you can re-
trieve either persistent objects or projections of column values. The following sections detail each use.

12.1. Creating SQL Queries

TheEnt i t yManager hastwo factory methods suitable for creating SQL queries:

public Query createNativeQuery(String sql String, Cl ass resultC ass);
public Query createNativeQuery(String sql String, String resultSetMapping);

Thefirst method is used to create anew Quer y instance that will return instances of the specified class.

The second method uses a Sql Resul t Set Mappi ng to determine the type of object or objects to return. The example below
shows these methods in action.

Example 12.1. Creating a SQL Query

EntityManager em= ...;
Query query = em createNati veQuery("SELECT * FROM MAG', Magazi ne. cl ass);
processMagazi nes(query. get ResultList());

In addition to SELECT statements, OpenJPA supports stored procedure invocations as SQL queries. OpenJPA will as-
sume any SQL that does not begin with the SELECT keyword (ignoring case) is a stored procedure call, and invoke it as
such at the JIDBC level.

12.2. Retrieving Persistent Objects with SQL

When you give a SQL Quer y acandidate class, it will return persistent instances of that class. At aminimum, your SQL must
select the class primary key columns, discriminator column (if mapped), and version column (also if mapped). The JPA runtime
uses the values of the primary key columns to construct each result object's identity, and possibly to match it with a persistent ob-
ject dready inthe Ent i t yManager 's cache. When an object is not already cached, the implementation creates a new object to
represent the current result row. It might use the discriminator column value to make sure it constructs an object of the correct
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subclass. Finally, the query records available version column data for use in optimistic concurrency checking, should you later
change the result object and flush it back to the database.

Aside from the primary key, discriminator, and version columns, any columns you select are used to populate the persistent fields
of each result object. JPA implementations will compete on how effectively they map your selected data to your persistent in-
stance fields.

L et's make the discussion above concrete with an example. It uses the following simple mapping between a class and the data-
base:

org.mag

Magazine
- isbn: String
- title: String
- price: double
- capiesSaold: int

Example 12.2. Retrieving Persistent Objects

Query query = em createNati veQuery("SELECT | SBN, TITLE, PRICE, "

+ "VERS FROM MAG WHERE PRICE > 5 AND PRI CE < 10", Magazi ne.cl ass);
Li st <Magazi ne> results = (List<Magazi ne>) query.getResultList();
for (Magazine mag : results)

processMagazi ne( mag) ;

The query above works as advertised, but isn't very flexible. Let's update it to take in parameters for the minimum and maximum
price, so we can reuse it to find magazinesin any price range:

Example 12.3. SQL Query Parameters

Query query = em createNativeQuery("SELECT | SBN, TITLE, PRICE, "
+ "VERS FROM MAG WHERE PRI'CE > ?1 AND PRI CE < ?2", Magazi ne.cl ass);

query. set Parameter (1, 5d);
query. set Paraneter (2, 10d);

Li st <Magazi ne> results = (List<Magazi ne>) query.getResultList();
for (Magazine mag : results)
processMagazi ne( mag) ;

Like JDBC prepared statements, SQL queries represent parameters with question marks, but are followed by an integer to repres-
ent itsindex.
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Chapter 13. Mapping Metadata

Object-relational mapping is the process of mapping entities to relational database tables. In JPA, you perform object/relational
mapping through mapping metadata. Mapping metadata uses annotations to describe how to link your object model to your rela-
tional model.

OpenJPA offers tools to automate mapping and schema creation. See Chapter 7, Mapping [288h the Reference Guide.

Throughout this chapter, we will draw on the object model introduced in Chapter 5, Metadata [27]. We present that model again
below. Aswe discuss various aspects of mapping metadata, we will zoom in on specific areas of the model and show how we
map the object layer to the relational layer.

org.mag org.mag.pub
Author
authars™ * [-id:long
- firstName: String
o Article - lastMame: String
Ul L - arts” — - version: int
- title: String
- content: byte] I
- version: int address
Address
- street: String
coverArticle articles® - city: String
| | - state: String
Magazine - Zip: Siring
- isbn: String | 'y
- title: String ;
- price: double publisher address
- copiesSold: int - Company
- version: int - mags® — -id:long
- name: String
- revenue: double
- version: int
I
magazine subscriptions®
Lineltem Subscription LifetimeSubscription
- comments: String -id: long - eliteClub: boolean
- price: double - items” - - startDate: Date N
- num: long - payment: double
- version: int
‘L TrialSubscription
Boc - encDate: Date
Contract ~1d-Tong o
- terms: String |- version: int
org.mag.subscribe

All mapping metadata is optional. Where no explicit mapping metadatais given, JPA uses the defaults defined by the specifica-
tion. Aswe present each mapping throughout this chapter, we also describe the defaults that apply when the mapping is absent.

13.1. Table
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The Tabl e annotation specifies the table for an entity class. If you omit the Tabl e annotation, base entity classes default to a
table with their unqualified class name. The default table of an entity subclass depends on the inheritance strategy, as you will see
in Section 13.6, “ Inheritance” [153]

Tabl eshavethe following properties:

e String nane: The name of the table. Defaults to the unqualified entity class name.

* String schema: Thetable's schema. If you do not name a schema, JPA uses the default schemafor the database connec-
tion.

» String catal og: Thetable's catalog. If you do not name a catalog, JPA uses the default catalog for the database connec-
tion.

* Uni queConstraint[] uni gqueConstrai nts:Anarray of unique constraints to place on the table. We cover unique
constraints below. Defaults to an empty array.

The equivalent XML element ist abl e. It has the following attributes, which correspond to the annotation properties above:

* nane

* schenmn

e catal og

Thet abl e element also accepts nested uni que- const r ai nt elements representing unique constraints. We will detail
unique constraints shortly.

Sometimes, some of the fieldsin a class are mapped to secondary tables. In that case, use the class Tabl e annotation to name
what you consider the class primary table. Later, we will see how to map certain fields to other tables.

The example below maps classes to tables to separate schemas. The CONTRACT, SUB, and LI NE_I TEM tablesarein the
CNTRCT schema; all other tables are in the default schema

Example 13.1. Mapping Classes

package org. mag;

@Entity

@ dCl ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG')

public class Magazine {

public static class Magazineld {

}
}

@ntity

@abl e( name="ART")
public class Article {

}

package org. mag. pub;
@ntity

@rabl e( name="COVP")
public class Conpany {

}
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@Entity
@rabl e( name="AUTH")
public class Author {

}

@nbeddabl e

public class Address {
) o

package org. mag. subscri be;

@mppedSuper cl ass
publ i ¢ abstract class Docunent {

}

@ntity

@rabl e(schena- CNTRCT")

public class Contract
ext ends Docunent {

}

@ntity
@abl e(name="SUB", schenma="CNTRCT")
public class Subscription {

@ntity
@rabl e(name "LI NE_I TEM', schena="CNTRCT")
public static class Li nel tem

extends Contract {

}

@ntity(name="Lifetine")
public class LifetimeSubscription
ext ends Subscription {

}

@ntity(name="Trial"
public class Trial Subscription
extends Subscription {

The same mapping information expressed in XML:

<entity-mappi ngs xm ns="http://java. sun. con xnl / ns/ persi stence/ or ni
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schera- i nst ance"
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ persi stence/orm orm 1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >

</ mapped- super cl ass>
<entity class="org.mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. mag. Magazi ne. Magazi nel d"/ >

</ eniiiy>
<entity class="org.mg. Article">
<t abl e name="ART"/>

</ enii'iy>
<entity class=" org. mag. pub. Conpany" >
<t abl e name="COW"/ >

</enti ty>
<entity class="org.mag. pub. Aut hor">
<t abl e name="AUTH'/ >

</ ent iiy>
<entity cl ass="org. mg. subcribe. Contract">
<t abl e schema="CNIRCT"/>

</ ent iiy>
<entity class="org.mg. subcribe. Subscription">
<t abl e name="SUB" schema="CNTRCT"/>

</ entity>
<entity cl ass="org. mg. subscribe. Subscri pti on. Li nelteni>

145



Mapping Metadata

<tabl e name="LI NE_I TEM' schema="CNTRCT"/ >
<lentit y>
<entity class="org.mg. subscribe. LifetinmeSubscription" name="Lifetinme">
</ ent iiy>
<entity class="org. mag. subscribe. Tri al Subscription" name="Trial ">
</ ent iiy>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >

</ enbeddabl e>
</entity-mappi ngs>

13.2

Unique Constraints

Unique constraints ensure that the data in a column or combination of columns is unique for each row. A tabl€'s primary key, for
example, functions as an implicit unique constraint. In JPA, you represent other unique constraints with an array of Uni que-
Const r ai nt annotations within the table annotation. The unigque constraints you define are used during table creation to gener-
ate the proper database constraints, and may also be used at runtime to order | NSERT, UPDATE , and DELETE statements. For
example, suppose there is a unique constraint on the columns of field F. In the same transaction, you remove an object A and per-
sist anew object B, both with the same F value. The JPA runtime must ensure that the SQL deleting A is sent to the database be-
fore the SQL inserting B to avoid a unique constraint violation.

Uni queConst r ai nt hasthese properties:

» String name: The name of the constraint. OpenJPA will choose aname if you do not provide one, or will create an an-
onymous constraint.

e String[] col unmNarnes: The names of the columns the constraint spans.

In XML, unique constraints are represented by nesting uni que- const r ai nt elementswithin thet abl e element. Each
uni que- const rai nt elementinturn nestscol umMm- nane text elements to enumerate the constraint's columns.

Example 13.2. Defining a Unique Constraint

The following defines a unique constraint on the Tl TLE column of the ART table:

@Entity
@rabl e(name="ART", uni queConstrai nt s=@Jni queConstrai nt (name="TlI TLE_CNSTR', col utmNanmes="TI| TLE"))
public class Article {

}

The same metadata expressed in XML form:

<entity class="org.mag. Article">
<t abl e nane="ART" >
<uni que- constrai nt >
<nanme>Tl TLE_CNSTR</ nane>
<col um- nane>Tl TLE</ col um- nanme>
</ uni que- constrai nt >
</t abl e>

</ enfiiy>
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13.3. Column

In the previous section, we saw that aUni queConst r ai nt usesan array of column names. Field mappings, however, use full-

fledged Col um annotations. Column annotations have the following properties:

e String nane: The column name. Defaults to the field name.

* String columDefi niti on: The database-specific column type name. This property is only used by vendors that sup-
port creating tables from your mapping metadata. During table creation, the vendor will use the value of the col urmDef i n-
i ti on asthedeclared column type. If no col urmDef i ni ti on isgiven, the vendor will choose an appropriate default
based on the field type combined with the column's length, precision, and scale.

* int | ength: The column length. This property istypicaly only used during table creation, though some vendors might use
it to validate data before flushing. CHAR and VARCHAR columns typically default to alength of 255; other column types use
the database default.

e int precision: Theprecision of anumeric column. This property is often used in conjunction with scal e to form the
proper column type name during table creation.

e int scal e: The number of decimal digits a numeric column can hold. This property is often used in conjunction with pr e-
ci si on toform the proper column type name during table creation.

* bool ean nul | abl e: Whether the column can store null values. Vendors may use this property both for table creation and
at runtime; however, it is never required. Defaultstot r ue.

» bool ean i nsert abl e: By setting this property to f al se, you can omit the column from SQL | NSERT statements. De-
faultstot r ue.

* bool ean updat abl e: By setting this property to f al se, you can omit the column from SQL UPDATE statements. De-
faultstot r ue.

e String tabl e: Sometimesyou will need to map fields to tables other than the primary table. This property alows you spe-
cify that the column resides in a secondary table. We will see how to map fields to secondary tables|ater in the chapter.

The equivalent XML element iscol umm. This element has attributes that are exactly equivalent to the Col urm annotation's
properties described above:

* nane

e colum-definition

* length

e precision

* scal e

* insertable

» updat abl e

 table

13.4. ldentity Mapping
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With our new knowledge of columns, we can map the identity fields of our entities. The diagram below now includes primary
key columns for our model's tables. The primary key column for Aut hor uses nonstandard type | NTEGER64, and the

Magazi ne. i sbn fieldis mapped to a VARCHAR( 9) column instead of a VARCHAR( 255) column, which is the default for
string fields. We do not need to point out either one of these oddities to the JPA implementation for runtime use. If, however, we
want to use the JPA implementation to create our tables for us, it needs to know about any desired non-default column types.
Therefore, the example following the diagram includes this datain its encoding of our mappings.

org.mag org.mag.pub
Magazine Company
- isbn: String -id: lang
- title: String
Article Author
-id: long - id: long
Trial Document
Subseription |~} -id: long Contract
: "
Subscription :
-id: long L_.
|
! Lineltem F-
Lifetime J: — .
Subscription [~
—— org.mag.subscribe

Note that many of our identity fields do not need to specify column information, because they use the default column name and
type.

Example 13.3. Identity Mapping

package org. nag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@rabl e( name="MAG'")

public class Magazine {

@ol um( | engt h=9)

@d private String isbn;
@d private String title;

public static class Magazineld {

}
}

@ntity
@abl e(name="ART", uni queConstrai nt s=@Jhni que(col utmNanes="TIl TLE"))
public class Article {

@d private long id;

}

package org. mag. pub;

@ntity
@abl e( nane="COVP")
public class Conpany {
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@col um( nanme="Cl D")
@d private long id;

}

@ntity

@abl e( name="AUTH")
public class Author {

@Col um( nanme="Al D', col umbDefi niti on="1NTEGER64")
@d private long id;

}

@nbeddabl e

public class Address {
) o

package org. mag. subscri be;

@bppedSuper cl ass
public abstract class Docunent {

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

}

@ntity

@abl e(schema="CNTRCT")

public class Contract
extends Docunent {

}

@ntity
@abl e(name="SUB", schenma="CNTRCT")
public class Subscription {

@d private long id;

@Entity
@rabl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

extends Contract {

}

@Entity(name="Lifetine")
public class LifetimeSubscription
ext ends Subscription {

}

@ntity(name="Trial")
public class Trial Subscription
ext ends Subscription {

The same metadata for Magazi ne and Conpany expressed in XML form:

<entity cl ass="org.nmg. Magazi ne">
<id-cl ass cl ass="org. mag. Magazi ne. Magazi ne. Magazi nel d"/ >
<t abl e name="MAG'/ >
<attributes>
<id name="isbn">
</id>
<id name="title"/>

</attributes>

</entity>

<entity cl ass="org. mg. pub. Conpany" >
<t abl e name="COW"/ >
<attributes>
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<id name="id">
<col um nanme="Cl D'/ >
</id>

</attribut es>
</entity>

13.5. Generators

One aspect of identity mapping not covered in the previous section is JPA's ability to automatically assign a value to your numer-
ic identity fields using generators. We discussed the avail able generator typesin Section 5.2.3,“ Id " [34]. Now we show you
how to define named generators.

13.5.1. Sequence Generator

Most databases allow you to create native sequences. These are database structures that generate increasing numeric values. The
SequenceGener at or annotation represents a named database sequence. Y ou can place the annotation on any package, entity
class, persistent field declaration (if your entity usesfield access), or getter method for a persistent property (if your entity uses
property access). SequenceGener at or hasthe following properties:

* String name: Thegenerator name. This property is required.

e String sequenceNane: The name of the database sequence. If you do not specify the database sequence, your vendor
will choose an appropriate default.

e int initialVal ue:Theinitia sequence value.

« int allocationSi ze: Some databases can pre-allocate groups of sequence values. This alows the database to service se-
guence reguests from cache, rather than physically incrementing the sequence with every request. This alocation size defaults
to 50.

» String schema: The sequence's schema. If you do not name a schema, JPA uses the default schema for the database con-
nection.

OpenJPA allows you to use one of OpenJPA's built-in generator implementationsin the sequenceNane property. You
can also set the sequenceNare to syst emto use the system sequence defined by the openj pa. Sequence config-
uration property. See the Reference Guide's Section 9.6, “ Generators” [32or details.

The XML element for a sequence generator issequence- gener at or . Itsattributes mirror the above annotation's properties:

* name
e sequence- nane
* initial-value
e allocation-size

e schemn
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To use a sequence generator, set your Gener at edVal ue annotation's st r at egy property to Gener at i on-
Type. SEQUENCE, anditsgener at or property to the sequence generator's declared name. Or equivaently, set your gener -
at ed- val ue XML element'sst r at egy attribute to SEQUENCE and itsgener at or attribute to the generator name.

13.5.2. TableGenerator

A Tabl eGener at or refersto a database table used to store increasing sequence values for one or more entities. As with Se-
guenceCener at or, you can place the Tabl eGener at or annotation on any package, entity class, persistent field declara-
tion (if your entity uses field access), or getter method for a persistent property (if your entity uses property access). Tabl eGen-
er at or hasthe following properties:

* String name: Thegenerator name. This property is required.

e String tabl e: The name of the generator table. If left unspecified, your vendor will choose a defaullt table.

* String schema: The named table's schema.

e String catal og: The named table's catal og.

* String pkCol umNarne: The name of the primary key column in the generator table. If unspecified, your implementation
will choose a default.

* String val ueCol utmmNane: The name of the column that holds the sequence value. If unspecified, your implementation
will choose a default.

e String pkCol umVal ue: The primary key column value of the row in the generator table holding this sequence value.
Y ou can use the same generator table for multiple logical sequences by supplying different pk Col utmVal ue s. If you do not
specify avalue, the implementation will supply a defaullt.

* int initialVal ue: Thevaue of the generator'sfirst issued number.

 int allocationSize: The number of valuesto allocate in memory for each trip to the database. Allocating valuesin

memory allows the JPA runtime to avoid accessing the database for every sequence request. This number also specifiesthe
amount that the sequence value is incremented each time the generator table is updated. Defaults to 50.

The XML equivalent isthet abl e- gener at or element. This element's attributes correspond exactly to the above annotation's
properties:

* nane

 table

* schema

e catal og

* pk-col um- nane

» val ue-col um- nane

* pk-col um-val ue

e initial-value

 al l ocation-size
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To use atable generator, set your Gener at edVal ue annotation'sst r at egy property to Gener at i onType. TABLE, and
itsgener at or property to the table generator's declared name. Or equivalently, set your gener at ed- val ue XML element's
st r at egy attribute to TABLE and itsgener at or attribute to the generator name.

13.5.3. Example

Let's take advantage of generatorsin our entity model. Here are our updated mappings.

Example 13.4. Generator Mapping

package org. mag;

@ntity

@ dCl ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG")

public class Magazine {

@ol umm( | engt h=9)
@d private String isbn;
@d private String title;

public static class Magazineld {

}
}

@ntity

@abl e(name="ART", uni queConstrai nt s=@i que(col umNanes="TI TLE"))
@equenceCGener at or (name="Arti cl eSeq", sequenceNane="ART_SEQ')
public class Article {

@d
@cener at edVal ue( st rat egy=CGener at i onType. SEQUENCE, generator="Articl eSeq")
private long id;

package org. mag. pub;

@ntity
@rabl e( name="COVP")
public class Conpany {

@ol um( name="Cl D")
@d private long id;

}

@ntity
@abl e( nanme="AUTH")
public class Author {

@d

@=ner at edVal ue(strat egy=Cener ati onType. TABLE, generat or =" Aut hor Gen")

@abl eGener at or (name="Aut hor Gen", tabl e="AUTH GEN', pkCol utmNanme="PK",
val ueCol umNane="Al D")

@col um( name="Al D', col umbDefi ni ti on="1 NTEGER64")

private long id;

}

@nbeddabl e
public class Address {

}

package org. nag. subscri be;
@MmppedSuper cl ass
publ i ¢ abstract class Docunment {

@d
@cener at edVal ue( gener at e=Gener at i onType. | DENTI TY)
private long id;
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}

@ntity

@rabl e( schema=" CNTRCT")

public class Contract
extends Document {

}

@ntity
@abl e(name="SUB", schema="CNTRCT")
public class Subscription {

@d
@zener at edVal ue(st rat egy=Cener at i onType. | DENTI TY)
private long id

@Entity
@rabl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

extends Contract {

}

@Entity(name="Lifetine")
public class LifetimeSubscription
ext ends Subscription {

}

@ntity(name="Trial"
public class Trial Subscription
ext ends Subscription {

The same metadatafor Ar t i cl e and Aut hor expressed in XML form:

<entity class="org.mg.Article">
<t abl e nane="ART">
<uni que- constrai nt >
<col utm- nane>Tl TLE</ col utm- nane>
</ uni que- constrai nt >
</t abl e>
<sequence-generator name="Articl eSeq" sequence-nanme="ART_SEQ'/>
<attributes>
<id name="id">
" d<gener at ed-val ue strategy="SEQUENCE" generator="Articl eSeq"/>
</1d>

</attributes>
</entity>
<entity class=" org. mg. pub. Aut hor " >
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col utm nane="AlI D' col unm-defi ni ti on="1 NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generator="Aut hor Gen"/ >
<t abl e- generat or nanme="Aut hor Gen" tabl e=" AUTH CGEN'
pk- col utm- name="PK" val ue- col um- nanme="Al D"/ >
</id>

</attribut es>
</entity>

13.6

Inheritance

In the 1990's programmers coined the term impedance mismatch to describe the difficulties in bridging the object and relational
worlds. Perhaps no feature of object modeling highlights the impedance mismatch better than inheritance. There is no natural, ef-
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ficient way to represent an inheritance relationship in arelational database.
Luckily, JPA gives you a choice of inheritance strategies, making the best of a bad situation. The base entity class definesthe in-
heritance strategy for the hierarchy with the | nher i t ance annotation. | nher i t ance hasthe following properties:

* I nheritanceType strategy: Enum vaue declaring the inheritance strategy for the hierarchy. Defaultsto | nheri t -
anceType. SI NGLE_TABLE. We detail each of the available strategies below.

The corresponding XML element isi nher i t ance, which has asingle attribute:
» strategy: Oneof SI NGLE_TABLE, JO NED, or TABLE_PER_CLASS.

The following sections describe JPA's standard inheritance strategies.

Note

OpendPA allows you to vary your inheritance strategy for each class, rather than forcing a single strategy per inheritance
hierarchy. See Section 7.7, “ Additional JPA Mappings” [300) the Reference Guide for details.

13.6.1. Single Table

Thel nheritanceType. SI NGLE_TABLE strategy maps all classesin the hierarchy to the base class table.

org.mag.subscribe

Subscription

T

Lifetime
Subscription

In our model, Subscri pti on ismapped to the CNTRCT. SUB table. Li f et i meSubscri pt i on, which extends Sub-
scri ption, addsitsfield datato this table as well.

Example 13.5. Single Table Mapping

@Entity

@rabl e( name="SUB", schema="CNTRCT")

@ nheritance(strategy=IlnheritanceType. S| NGLE_TABLE)
public class Subscription {

}
@ntity(name="Lifetime")

public class LifetinmeSubscription
ext ends Subscription {

}
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The same metadata expressed in XML form:

<entity class="org.mg. subcribe. Subscri ption">
<t abl e name="SUB" schema="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/>
</ ent iiy>
<entity class="org.mg. subscribe. LifetimeSubscription">

</ enii.iy>

Single table inheritance is the default strategy. Thus, we could omit the @ nher i t ance annotation in the example above and
get the same result.

Mapping subclass state to the superclass table is often called flat inheritance mapping.

13.6.1.1. Advantages

Single table inheritance mapping is the fastest of all inheritance models, sinceit never requires ajoin to retrieve a persistent in-
stance from the database. Similarly, persisting or updating a persistent instance requires only asingle | NSERT or UPDATE state-
ment. Finally, relations to any class within a single table inheritance hierarchy are just as efficient as relations to a base class.

13.6.1.2. Disadvantages

The larger the inheritance model gets, the "wider" the mapped table gets, in that for every field in the entire inheritance hierarchy,
a column must exist in the mapped table. This may have undesirable consequence on the database size, since awide or deep in-
heritance hierarchy will result in tables with many mostly-empty columns.

13.6.2. Joined

Thel nheri tanceType. JO NED strategy uses a different table for each class in the hierarchy. Each table only includes state
declared inits class. Thusto load a subclass instance, the JPA implementation must read from the subclass table as well asthe ta-
ble of each ancestor class, up to the base entity class.

Using joined subclass tables is also called vertical inheritance mapping.

org.mag.subscribe

Contract | ___

T

Lineltem f~---
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Pri mar yKeyJoi nCol unm annotationstell the JPA implementation how to join each subclass table record to the correspond-
ing record inits direct superclasstable. In our model, theLI NE_I TEM | D column joinsto the CONTRACT. | D column. The
Pr i mar yKeyJoi nCol unm annotation has the following properties:

* String nane: The name of the subclass table column. When there is asingle identity field, defaults to that field's column
name.

» String referencedCol unmNane: The name of the superclass table column this subclass table column joins to. When
thereisasingleidentity field, defaults to that field's column name.

e String columDefi nition: Thisproperty hasthe same meaning asthecol urmDef i ni t i on property on the
Col um annotation, described in Section 13.3,“ Column " [147].

The XML equivalentisthe pri mar y- key-j oi n- col urm element. Its attributes mirror the annotation properties described
above:

e name

» referenced- col um- nane

e colum-definition

The example below shows how we use | nher i t anceTabl e. JO NED and a primary key join column to map our sample
model according to the diagram above. Note that a primary key join column is not strictly needed, because there is only one iden-

tity column, and the subclass table column has the same name as the superclass table column. In this situation, the defaults suf-
fice. However, we include the primary key join column for illustrative purposes.

Example 13.6. Joined Subclass Tables

@ntity
@abl e( schema="CNTRCT")
@nheritance(strategy=I nheritanceType.JO NED)
public class Contract

ext ends Docunent {

}

public class Subscription {

@ntity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
@r i mar yKeyJoi nCol uim( nanme="1D", referencedCol unmNane="1D")
public static class Lineltem
extends Contract {

}
}

The same metadata expressed in XML form:

<entity cl ass="org. mg. subcribe. Contract">
<t abl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >

</entity>
<entity class="org.mg. subscribe. Subscri ption. Lineltent >
<t abl e name="LI NE_I TEM' schema="CNTRCT"/>
<pri mary-key-joi n-col um nane="1D" referenced-col um-nanme="PK"/ >
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</entity>

When there are multiple identity columns, you must define multiple Pr i mar yKeyJoi nCol unms using the aptly-named
Pri mar yKeyJoi nCol unms annotation. This annotation's valueis an array of Pr i mar yKeyJoi nCol urm s. We could re-
write Li nel t enis mapping as:

@ntity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
@r i mar yKeyJoi nCol umms({
@r 1 mar yKeyJoi nCol uim( nane="1D", referencedCol umNane="1D")

public static class Lineltem
extends Contract {

}

In XML, simply list asmany pri mar y- key-j oi n- col umm elements as necessary.

13.6.2.1. Advantages

Thejoined strategy has the following advantages:

1. Using joined subclass tables results in the most normalized database schema, meaning the schema with the least spurious or
redundant data.

2. Asmore subclasses are added to the data model over time, the only schema modification that needs to be made is the addition
of corresponding subclass tables in the database (rather than having to change the structure of existing tables).

3. Relationsto abase class using this strategy can be loaded through standard joins and can use standard foreign keys, as op-
posed to the machinations required to load polymorphic relations to table-per-class base types, described below.

13.6.2.2. Disadvantages

Aside from certain uses of the table-per-class strategy described below, the joined strategy is often the slowest of the inheritance
models. Retrieving any subclass requires one or more database joins, and storing subclasses requires multiple | NSERT or UP-
DATE statements. Thisis only the case when persistence operations are performed on subclasses; if most operations are per-
formed on the |east-derived persistent superclass, then this mapping is very fast.

When executing a select against a hierarchy that uses joined subclass table inheritance, you must consider how to load
subclass state. Section 5.8, “ Eager Fetching” [278h the Reference Guide describes OpenJPA's options for efficient
dataloading.

13.6.3. Table Per Class

Likethe JO NED strategy, the | nheri t anceType. TABLE PER CLASS strategy uses a different table for each classin the
hierarchy. Unlike the JO NED strategy, however, each table includes all state for an instance of the corresponding class. Thus to
load a subclass instance, the JPA implementation must only read from the subclass table; it does not need to join to superclass
tables.
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org.mag

Magazine
- isbn: String
- title: String

Tabloid
“data: Object

TAB_DATA: BLOB

Suppose that our sample model's Magazi ne class has a subclass Tabl oi d. The classes are mapped using the table-per-class
strategy, asin the diagram above. In atable-per-class mapping, Magazi ne'stable MAG contains all state declared in the base
Magazi ne class. Tabl oi d mapsto a separate table, TABLQO D. This table contains not only the state declared in the Tabl oi d
subclass, but al the base class state from Magazi ne aswell. Thusthe TABLO D table would contain columnsfor i sbn,

titl e, andother Magazi ne fields. These columnswould default to the names used in Magazi ne's mapping metadata. Sec-
tion 13.8.3, “ Embedded Mapping " [173ill show you how touse At t ri but eOverri desand Associ ati onOverri de
sto override superclass field mappings.

Example 13.7. Table Per Class Mapping

@ntity

@rabl e( name="MAG')

@ nheritance(strategy=Il nheritanceType. TABLE_PER CLASS)
public class Magazine {

}

@ntity

@rabl e(name="TABLO D")

public class Tabloid
ext ends Magazi ne {

}

And the same classes in XML:

<entity class="org.nmg. Magazi ne">
<t abl e name="MAG'/ >
<i nheritance strategy="TABLE_PER CLASS"'/>

<lentit y>
<entity cl ass="org. mg. Tabl oi d">
<t abl e nane="TABLO D'/ >

</ eniiiy>

13.6.3.1. Advantages

The table-per-class strategy is very efficient when operating on instances of a known class. Under these conditions, the strategy
never requires joining to superclass or subclass tables. Reads, joins, inserts, updates, and deletes are all efficient in the absence of
polymorphic behavior. Also, asin the joined strategy, adding additional classes to the hierarchy does not require modifying exist-
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ing class tables.

13.6.3.2. Disadvantages

Polymorphic relations to non-leaf classes in a table-per-class hierarchy have many limitations. When the concrete subclassis not
known, the related object could be in any of the subclass tables, making joins through the relation impossible. This ambiguity also
affects identity lookups and queries; these operations require multiple SQL SELECTs (one for each possible subclass), or a com-

plex UNI ON.

Section 7.8.1, “ Table Per Class” [313h the Reference Guide describes the limitations OpenJPA places on table-

per-class mapping.

13.6.4. Putting it All Together

Note

Now that we have covered JPA's inheritance strategies, we can update our mapping document with inheritance information. Here

is the complete model:

Subscription
- id: lang L_

1

Lifetime |
Subscription

e s

org.mag org.mag.pub
_Magazine Company
- isbn: String - id: lang
- title: String
Article Author
-id: lang -id: long
Trial Contract
Subscription [~ - id: lang

T

Lineltem ---

10 BIGI

org.mag.subscribe

And hereis the corresponding mapping metadata:

Example 13.8. Inheritance Mapping

package org. mag;

@ntity

@ dCl ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG')

public class Magazine {

@ol um( | engt h=9)
@d private String isbn;
@d private String title;
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public static class Magazineld {

}
}

@ntity

@abl e(name="ART", uni queConstrai nt s=@Jhni que(col utmNanmes="T| TLE"))
@equenceCener at or (name="Arti cl eSeq", sequenceNane="ART_SEQ')
public class Article {

@d
@ener at edVal ue(strat egy=Cener ati onType. SEQUENCE, generator="Articl eSeq")
private long id;

package org. mag. pub;

@ntity
@abl e( nane="COVP")
public class Conpany {

@Col um( nane="Cl D")
@d private long id;

}

@ntity
@rabl e( name="AUTH")
public class Author {

@d

@cener at edVal ue( st rat egy=CGener ati onType. TABLE, gener at or =" Aut hor Gen")

@rabl eGener at or ( nane=" Aut hor Gen", tabl e=" AUTH_GEN', pkCol utmNane="PK",
val ueCol umNane="Al D")

@ol um( nanme="Al D', col umbDefi niti on="1NTEGER64")

private long id;

}

@nbeddabl e

public class Address {
) o

package org. mag. subscri be;

@mbppedSuper cl ass
public abstract class Docunent {

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

}

@ntity
@abl e( schema="CNTRCT")
@ nheritance(strategy=IlnheritanceType. JO NED)
public class Contract
extends Docunent {

}

@ntity

@abl e(nanme="SUB", schema="CNTRCT")

@ nheritance(strategy=IlnheritanceType. S| NGLE_TABLE)
public class Subscription {

@d
@cener at edVal ue( st rat egy=CGener at i onType. | DENTI TY)
private long id;

@Entity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
@ri mar yKeyJoi nCol uim( nane="1D", referencedCol umNane="1D")
public static class Lineltem
extends Contract {

}
@ntity(name="Lifetinme")
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public class LifetimeSubscription
ext ends Subscription {

}

@ntity(name="Trial")
public class Trial Subscription
ext ends Subscription {

The same metadata expressed in XML form:

<entity-mappi ngs xm ns="http://java. sun. com xm / ns/ persi st ence/ or ni'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ persi stence/orm orm 1_0. xsd"
versi on="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
. d<gener at ed-val ue strategy="1DENTITY"/>
</id>

</attributes>
</ mapped- super cl ass>
<entity class="org.nmg. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. mag. Magazi ne. Magazi nel d"/ >
<attributes>
<id name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>

</attributes>
</entity>
<entity class="org.mg. Article">
<t abl e name="ART">
<uni que- constrai nt >
<col um- name>T| TLE</ col um- nanme>
</ uni que- constrai nt >
</ tabl e>
<sequence-generator nanme="Articl eSeq" sequence-nanme="ART_SEQ'/>
<attributes>
<id name="id">
. d<gener at ed- val ue strategy="SEQUENCE" generator="ArticleSeq"/>
</id>

</attributes>
</entity>
<entity cl ass="org. mag. pub. Conpany" >
<t abl e name=" ">
<attributes>
<id name="id">
<col um nane="Cl D'/ >
</id>

</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col um nane="Al D' col utm-definiti on="1NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- gener at or name="Aut hor Gen" tabl e=" AUTH_CEN'
Jid pk- col um- nane="PK" val ue- col um- nanme="Al D'/ >
</id>

</attributes>

</entity>

<entity cl ass="org. mg. subcribe. Contract">
<t abl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >
<attributes>

</attributes>
</entity>
<entity class="org. mag. subcri be. Subscri ption">
<tabl e nane="SUB" schenma="CNTRCT"/>
<inheritance strategy="SI NGLE_TABLE"/ >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
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</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri ption. Li neltent >
<t abl e name="LI NE_I TEM' schema="CNTRCT"/>
<pri mary-key-joi n-col um nane="1D" referenced-col um-nanme="PK"/>

<lentit y>
<entity class="org.mg. subscribe.LifetinmeSubscription" name="Lifetinme">
</ ent iiy>
<entity class="org.mg. subscribe. Tri al Subscri ption" name="Trial ">
</ ent iiy>
</ entity-nmappi ngs>

13.7.

Discriminator

The single table inheritance strategy results in a single table containing records for two or more different classesin an inheritance
hierarchy. Similarly, using the joined strategy resultsin the superclass table holding records for superclass instances as well as
for the superclass state of subclass instances. When selecting data, JPA needs away to differentiate a row representing an object
of one class from arow representing an object of another. That is the job of the discriminator column.

The discriminator column is alwaysin the table of the base entity. It holds a different value for records of each class, allowing the
JPA runtime to determine what class of object each row represents.

TheDi scri m nat or Col unm annotation represents a discriminator column. It has these properties:

e String name: The column name. Defaultsto DTYPE .

| engt h: For string discriminator values, the length of the column. Defaults to 31.

e String columDefi nition: Thisproperty hasthe same meaning asthe col urmDef i ni t i on property on the
Col uém annotation, described in Section 13.3,“ Column " [147].

* DiscrimnatorType discrim nator Type: Enum value declaring the discriminator strategy of the hierarchy.
The corresponding XML element isdi scri m nat or - col umm. Its attributes mirror the annotation properties above:

* name

* length

e colum-definition

e di scrim nator-type: Oneof STRI NG CHAR, or | NTEGER.

TheDi scri m nat or Val ue annotation specifies the discriminator value for each class. Though this annotation's value is a-
ways a string, the implementation will parseit accordingtothe Di scri m nat or Col unm'sdi scri m nat or Type property
above. Thetype defaultsto Di scri m nat or Type. STRI NG, but may beDi scri m nat or Type. CHARor Di scri m n-
at or Type. | NTEGER . If you do not specify aDi scri mi nat or Val ue, the provider will choose an appropriate defaullt.

The corresponding XML element isdi scri m nat or - val ue. The text within this element is parsed as the discriminator
value.
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We can now tranglate our newfound knowledge of JPA discriminators into concrete JPA mappings. We first extend our diagram
with discriminator columns:

Next, we present the updated mapping document. Notice that in this version, we have removed explicit inheritance annotations
when the defaults sufficed. Also, notice that entities using the default DTYPE discriminator column mapping do not need an ex-
plicit Di scri m nat or Col unm annotation.

Example 13.9. Discriminator Mapping

package org. mag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@abl e( nane="MAG'

@i scri m nator Val ue("Mag")

public class Magazine {
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@ol um( | engt h=9)
@d private String isbn;
@d private String title;

public static class Magazineld {

}
}

@ntity

@abl e(nanme="ART", uni queConstrai nt s=@i que( col umNanes="TI TLE"))
@equenceCener at or(nama "ArticleSeq", sequenceName="ART_SEQ')
public class Article {

@Bener at edVal ue(strat egy=Generati onType. SEQUENCE, generator="Articl eSeq")
private long id;

package org. mag. pub;

@ntity
@rabl e( nane="COVP")
public class Conpany {

@col um( nanme="Cl D")
@d private long id;

}

@ntity
@abl e( name="AUTH")
public class Author {

@d

@cener at edVal ue( st rat egy=CGener ati onType. TABLE, gener at or =" Aut hor Gen")

@rabl eGener at or ( nane=" Aut hor Gen", tabl e=" AUTH_GEN', pkCol utmNane="PK",
val ueCol umNane="Al D")

@Col um( nanme="Al D', col umbDefi nition="1NTEGER64")

private long id;

}

@nbeddabl e

public class Address {
) S

package org. mag. subscri be;

@mppedSuper cl ass
public abstract class Document {

@Bener at edVal ue(strat egy=Generati onType. | DENTI TY)
private long id;

}

@ntity
@abl e(schema="CNTRCT")
@ nheritance(strategy=InheritanceType. JO NED)
@i scri m nat or Col um( name="CTYPE")
public class Contract
ext ends Docunent {

}

@ntity

@abl e( name="SUB", schema="CNTRCT")

@i scri m nat or Col unn(nane=" KI'ND', discrim nator Type=Di scri m nator Type. | NTEGER)
@i scrimnatorVal ue("1")

public class Subscription {

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

@ntity
@rabl e(name "LI NE_I TEM', schena="CNTRCT")
public static class Li nel tem

extends Contract {
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}

@ntity(name="Lifetime")

@i scrimnatorVal ue("2")

public class LifetineSubscription
ext ends Subscription {

}

@ntity(name="Trial" )

@i scrimnator Val ue("3")

public class Trial Subscription
extends Subscription {

The same metadata expressed in XML:

<entity-mappi ngs xm ns="http://java. sun. com xm / ns/ persi st ence/ or ni
xm ns: xsi ="http: //vwvw w3. or g/ 2001/ XM_Schema- i nst ance"
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ persi stence/orm orm 1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
" d<gener at ed-val ue strategy="I1DENTITY"/>
</1d>

</ attributes>
</ mapped- super cl ass>
<entity class="org. mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. nag. Magazi ne. Magazi nel d"/ >
<di scri m nat or - val ue>Mag</ di scri m nat or - val ue>
<attributes>
<id name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>

</attribut es>
</entity>
<entity class="org.mg. Article">
<t abl e name="ART">
<uni que- const rai nt >
<col um- nanme>TI TLE</ col um- nanme>
</ uni que- constrai nt >
</tabl e>
<sequence-generator nane="Articl eSeq" sequence-nanme="ART_SEQ'/>
<attributes>
<id name="id">
. d<gener at ed- val ue strategy="SEQUENCE" generator="ArticleSeq"/>
</id>

</attributes>
</entity>
<entity class=" org. mag pub Conpany" >
<t abl e name="COW"/
<attributes>
<id name="id">
<col um nane="Cl D'/ >
</id>

</ attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col utm nane="Al D' col utm-defi niti on="1NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- gener at or name="Aut hor Gen" t abl e=" AUTH_CEN'
Jid pk- col um- nane="PK" val ue- col um- nanme="Al D'/ >
</id>

</attributes>

</entity>

<entity class=" org. mag. subcrl be. Contract">
<t abl e schema="CNTRCT"/
<i nheritance strategy=' JC] NED'/ >
<di scri m nat or - col um nanme="CTYPE"/ >
<attributes>

</attributes>
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</entity>
<entity class="org. mag. subcribe. Subscri ption">
<tabl e nane="SUB" schenma="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/ >
<di scri m nat or - val ue>1</ di scri m nat or - val ue>
<di scri m nat or-col um nanme="KI ND' discrimnator-type="1NTECER'/ >
<attributes>
<id name="id">
" d<gener at ed-val ue strategy="1DENTITY"/>
</1d>

</attributes>
</entity>
<entity class="org. mag. subscribe. Subscri ption. Li nel tent>
<tabl e nane="LI NE_I TEM' schena="CNTRCT"/>
<pri mary-key-joi n-col um name="1D" referenced-col um-name="PK"/>

</ ent iiy>
<entity class="org.mg. subscribe. LifetimeSubscription" name="Lifetinme">
<di scri m nat or - val ue>2</ di scri m nat or - val ue>

</ ent iiy>
<entity class="org.mg. subscribe. Tri al Subscri ption" name="Trial ">
<di scri m nat or - val ue>3</ di scri ni nat or - val ue>
</ ent iiy>
</ entity-nmappi ngs>

13.8. Field Mapping

The following sections enumerate the myriad of field mappings JPA supports. JPA augments the persistence metadata covered in
Chapter 5, Metadata [27] with many new object-relational annotations. Aswe explore the library of standard mappings, we in-
troduce each of these enhancements in context.

OpenJdPA supports many additional field types, and allows you to create custom mappings for unsupported field types or
database schemas. See the Reference Guide's Chapter 7, Mapping [288or complete coverage of OpenJPA's mapping

capabilities.

13.8.1. Basic Mapping

A basic field mapping stores the field value directly into a database column. The following field metadata types use basic map-
ping. These types were defined in Section 5.2, “ Field and Property Metadata” [31].

« | dfields.

» Ver si on fidds.

* Basi c fields.

In fact, you have aready seen examples of basic field mappings in this chapter - the mapping of al identity fieldsin Ex-
ample 13.3, “ Identity Mapping " [148]. Asyou saw in that section, to write a basic field mapping you use the Col umm an-
notation to describe the column the field value is stored in. We discussed the Col unm annotation in Section 13.3,“ Column”
[147]. Recall that the name of the column defaults to the field name, and the type of the column defaults to an appropriate type
for the field type. These defaults allow you to sometimes omit the annotation altogether.

13.8.1.1. LOBs
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Adding the Lob marker annotation to a basic field signals that the datais to be stored asa L OB (Large OBject). If the field holds
string or character data, it will map to a CLOB (Character Large OBject) database column. If the field holds any other data type, it
will be stored as binary datain a BLOB (Binary Large OBject) column. The implementation will serialize the Java value if
needed.

The equivalent XML element is| ob, which has no children or attributes.

OpenJPA also supports LOB streaming. See Section 7.7.11, “ LOB Streaming " [31dh the Reference Guide for details.

13.8.1.2. Enumerated

Y ou can apply the Enuner at ed annotation to your Enumfields to control how they map to the database. The Enuner at ed
annotation's value one of the following constants from the Enumrly pe enum:

* Enunilype. ORDI NAL: The default. The persistence implementation places the ordinal value of the enum in anumeric
column. Thisisan efficient mapping, but may break if you rearrange the Java enum declaration.

» Enunilype. STRI NG Store the name of the enum value rather than the ordinal. This mapping uses a VARCHAR column rather
than a numeric one.

The Enuner at ed annotation is optional. Any un-annotated enumeration field defaults to ORDI NAL mapping.

The corresponding XML element isenuner at ed. Its embedded text must be one of STRI NGor ORI DI NAL.

13.8.1.3. Temporal Types

The Tenpor al annotation determines how the implementation handles your basicj ava. uti | . Dat e and

java. util. Cal endar fieldsat the JDBC level. The Tenpor al annotation's value is a constant from the Tenpor al Type
enum. Available values are:

e Tenpor al Type. TI MESTAMP: The default. Use IDBC's timestamp APIs to manipulate the column data.

» Tenpor al Type. DATE: Use JDBC's SQL date APIsto manipulate the column data.

e Tenpor al Type. Tl ME: Use IDBC'stime APIs to manipulate the column data.

If the Tenpor al annotation is omitted, the implementation will treat the data as a timestamp.

The corresponding XML element ist enpor al , whose text value must be one of: TI ME, DATE, or TI MESTAMP.

13.8.1.4. The Updated Mappings

Below we present an updated diagram of our model and its associated database schema, followed by the corresponding mapping
metadata. Note that the mapping metadata relies on defaults where possible. Also note that as a mapped superclass, Docunent
can define mappings that will automatically transfer to its subclass tables. In Section 13.8.3, “ Embedded Mapping " [173)ou
will see how a subclass can override its mapped superclass mappings.
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org.mag org.mag.pub
Magazine Company
- isbn: String -id: long
- title: String - name: String
- price: double - revenue: double
- copiesSold: int - version: int
- version: int —
ArES T hi;mnr
5 {ﬂl: Iog? I - firstName: String
- - lastName: String
- content: byte(] - version: int
- version: int
A
org.mag.subscribe
Subscription Document
~id:long . - id: long
-startDate: Date |, - version: int
- payment: double [ e
- version: int ]
= I+ Contract
- terms: String
TrialSubscription
- endDate: Date S
— Lineltem
LifetimeSubscription |/ - comments: String
- eliteClub: boolean - prica: Gotkeg
- num: long
T
—

Example 13.10. Basic Field Mapping

package org. mag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG'")

@i scri m nat or Val ue(" Mag")

public class Magazine {

@col um( | engt h=9)
@d private String isbn;
@d private String title;

@Col um( nanme="VERS")
@/ersion private int version;

private String nane;
private double price;

@col um( nanme="COP| ES")
private int copiesSold;

public static class Magazineld {

}
}

@ntity

@abl e(name="ART", uni queConstrai nt s=@Jni que(col utmNanes="TIl TLE"))
@equenceCGener at or (name="Arti cl eSeq", sequenceNane="ART_SEQ')
public class Article {
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@d
@zener at edVal ue( st rat egy=Gener ati onType. SEQUENCE, generator="Articl eSeq")
private long id;

@col um( nanme="VERS")
@/ersion private int version;

private String title;
private byte[] content;

package org. mag. pub;

@Entity
@rabl e( nane=" COVP")
public class Conpany {

@col um( nanme="Cl D")
@d private long id;

@ol umm( name="VERS")
@/ersion private int version;

private String nane;

@col um( nanme="REV")
private doubl e revenue;

}

@ntity
@abl e( name="AUTH")
public class Author {

@d

@cener at edVal ue( st rat egy=CGener ati onType. TABLE, gener at or =" Aut hor Gen")

@abl eGener at or (name="Aut hor Gen", tabl e="AUTH GEN', pkCol utmNanme="PK",
val ueCol umNane="Al D")

@Col um( name="Al D', col umbDefi niti on="1NTEGER64")

private long id;

@col um( nanme="VERS")
@/ersion private int version;

@ol umm( name="FNAVME")
private String firstName;

@Col umm( nanme="LNAME")
private String |astNane;

}

@nbeddabl e

public class Address {
) e

package org. mag. subscri be;

@MmppedSuper cl ass
publ i ¢ abstract class Docunment {

@d
@cener at edVal ue( st rat egy=Gener at i onType. | DENTI TY)
private long id;

@Col um( nane="VERS")
@/ersion private int version;

}

@ntity
@rabl e( schema="CNTRCT")
@ nheritance(strategy=IlnheritanceType. JO NED)
@i scri m nat or Col um( nane="CTYPE")
public class Contract
extends Docunent {

@ob
private String terns;

}

@Entity
@abl e(nane="SUB", schema="CNTRCT")
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@i scri m nator Col um( name="KI ND', discrim natorType=Di scri m nator Type. | NTECER)
@i scrim natorVal ue("1")
public class Subscription {

@Sener at edVal ue(strat egy=Generati onType. | DENTI TY)
private long id;

@col umm( name="VERS")
@/ersion private int version;

@Col um( nanme=" START")
private Date startDate;

@Col um( name="PAY")
private doubl e paynent;

@ntity
@rabl e(nane "LI NE_I TEM', schena="CNTRCT")
public static class Li nel tem

extends Contract {

@ol umm( name="COW'")
private String comments;

private double price;
private |ong num

}

@ntity(name="Lifetinme")

@i scrimnatorVal ue("2")

public class LifetineSubscription
ext ends Subscription {

@asi c(f et ch=Fet chType. LAZY)

@ol urm( name="ELI TE")

private bool ean getEliteC ub() { }

public void setEliteC ub(bool ean ellte) { ...}

}

@ntity(name="Trial"

@i scrimnatorVal ue("3")

public class Trial Subscription
ext ends Subscription {

@ol urm( name="END" )
public Date get EndDat e() }
public void set EndDate(Date end) { ...}

The same metadata expressed in XML:

<entity-mappi ngs xm ns="http://java. sun. conl xm / ns/ per si st ence/ or ni'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi :schemaLocation="http://]ava. sun. conl xm / ns/ persi stence/ormorm1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<version name="version">
<col um nane="VERS"/>
</ version>

</attributes>
</ mapped- super cl ass>
<entity class="org.nmg. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. mag. Magazi ne. Magazi nel d"/ >
<di scri m nat or - val ue>Mag</ di scri m nat or - val ue>
<attributes>
<i d name="isbhn">
<col um | ength="9"/>
</id>
<id name="title"/>
<basi ¢ name="nane"/ >
<basi ¢ name="price"/>
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<basi ¢ nanme="copi esSol d" >
<col utm nane="COPI ES"/ >

</ basi c>

<versi on name="versi on">
<col utm nane="VERS"/ >

</ versi on>

</attributes>
</entity>
<entity class="org.mag. Article">
<t abl e nane="ART">
<uni que- constr ai nt >
<col um- nanme>T| TLE</ col uim- nanme>
</ uni que- constrai nt >
</tabl e>
<sequence- generator name="Articl eSeq", sequenceNanme="ART_SEQ'/>
<attributes>
<id name="id">
/i d<gener at ed- val ue strategy="SEQUENCE" generator="Articl eSeq"/>
</id>
<basi c name="title"/>
<basi c nanme="content"/>
<versi on name="version">
<col um nane="VERS"/>
</ versi on>

</attributes>
</entity>
<entity cl ass="org. mg. pub. Conpany" >
<t abl e nanme="COW"/ >
<attributes>
<id name="id">
<col um nane="Cl D'/ >
</id>
<basi ¢ nane="nane"/ >
<basi ¢ nane="revenue">
<col utm nane="REV"/ >
</ basi c>
</attributes>
</entity>
<entity class="org.mg. pub. Aut hor">
<t abl e name="AUTH'/ >
<attributes>
<id name="id">
<col um nanme="Al D' col um-defi ni ti on="1 NTEGERG64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- generat or nanme="Aut hor Gen" tabl e=" AUTH CGEN'
pk- col um- name="PK" val ue- col um- nane="Al D'/ >
</id>
<basi ¢ name="first Name">
<col utm nanme="FNAME"/ >
</ basi c>
<basi ¢ name="| ast Nane" >
<col utm name="LNAME"/ >
</ basi c>
<versi on name="version">
<col um nane="VERS"/>
</ versi on>

</attributes>
</entity>
<entity cl ass="org. mg. subcribe. Contract">
<t abl e schema="CNITRCT"/ >
<i nheritance strategy="JO NED'/>
<di scri m nat or - col um nane="CTYPE"/ >
<attributes>
<basi ¢ name="ternms">
<l ob/ >
</ basi c>

</attributes>
</entity>
<entity class="org. mg. subcribe. Subscription">
<t abl e name="SUB" schema="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/ >
<di scri m nat or-val ue>1</di scri m nat or - val ue>
<di scri m nat or-col um name="KI ND' discrimnator-type="1NTECER'/ >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<basi ¢ nane="paynent" >
<col utm nane="PAY"/ >
</ basi c>
<basi ¢ nane="start Date">
<col utm nane="START"/ >
</ basi c>
<versi on name="version">
<col utm nane="VERS"/ >
</ versi on>

</attribut es>
</entity>
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<entity class=" org. nmag. subscri be. Subscri ption. Li nel tent >

<tabl e nane="LI NE_I| TEM' scherra— CNTRCT" / >
<pri mary-key-j oi n-col uim name="1D" referenced- col um- nane="PK"/ >
<attributes>

<basi ¢ nanme="conmment s" >

<col utm nane="COW'/ >

</ basi c>

<basi ¢ name="price"/>

<basi ¢ name="nuni'/>

</attributes>
</entity>
<entity class="org. mg. subscribe. LifetimeSubscription" name="Lifetinme">
<di scri m nat or - val ue>2</ di scri m nat or - val ue>
<attributes>
<basi ¢ name="el ited ub" fetch="LAZY">
<col utm name="ELI TE"/ >
</ basi c>

</attributes>
</entity>
<entity class="org. mag. subscribe. Tri al Subscri ption" name="Trial ">
<di scri m nat or - val ue>3</ di scri m nat or - val ue>
<attributes>
<basi ¢ name="endDat e" >
<col utm nane="END'/ >
</ basi c>

</attribut es>
</entity>
</ entity-mappi ngs>

13.8.2. Secondary Tables

Sometimes alogical record is spread over multiple database tables. JPA calls aclass declared table the primary table, and calls
other tables that make up alogical record secondary tables. Y ou can map any persistent field to a secondary table. Just write the
standard field mapping, then perform these two additional steps:

1. Setthet abl e attribute of each of the field's columns or join columns to the name of the secondary table.

2. Define the secondary table on the entity class declaration.

Y ou define secondary tables with the Secondar y Tabl e annotation. This annotation has al the properties of the Tabl e an-
notation covered in Section 13.1, “ Table” [143] , plusapkJoi nCol urms property.

The pkJoi nCol urms property isan array of Pri mar yKeyJoi nCol urmsdictating how to join secondary table recordsto
their owning primary table records. Each Pr i mar yKeyJoi nCol unm joins a secondary table column to a primary key column

in the primary table. See Section 13.6.2, “ Joined " [155] above for coverage of Pri nmar yKeyJoi nCol umm's properties.

The corresponding XML elementissecondar y- t abl e. Thiselement has all the attributes of thet abl e element, but also ac-
ceptsnested pr i mar y- key-j oi n- col uim elements.

In the following example, we movethe Arti cl e. cont ent field we mapped in Section 13.8.1, “ Basic Mapping” [166] into
ajoined secondary table, like so:

org.mag
Article

- id: long

- content: byte[]
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Example 13.11. Secondary Table Field Mapping

package org. nag;

@ntity
@rabl e( name="ART")
@Becondar yTabl e( nanme="ART_DATA",
pkJoi nCol ums=@pr i mar yKeyJoi nCol uim( name="ART_I| D', referencedCol umNane="1D"))
public class Article {

@d private long id;

@Col umm(t abl e=" ART_DATA")
private byte[] content;

Andin XML:

<entity class="org.mag. Article">
<t abl e nane="ART"/>
<secondary-tabl e name="ART_DATA" >
<pri mary-key-j oi n-col um name="ART_I D' referenced-col um-name="1D"/>
</ secondary-tabl e>
<attributes>
<id name="id"/>
<basi ¢ name="content">
<col um t abl e=" ART_DATA"/ >
</ basi c>

</attributes>
</entity>

13.8.3. Embedded Mapping

Chapter 5, Metadata [27] describes JPA's concept of embeddable objects. The field values of embedded objects are stored as
part of the owning record, rather than as a separate database record. Thus, instead of mapping a relation to an embeddable object
asaforeign key, you map al the fields of the embeddable instance to columnsin the owning field's table.

arg.mag.pub
Company

-name: String | _____ ___ ___________

-revenue: double P ------ - —\—\ -~ -~ —~—~—~—~——-

- address: Address - Address
- street: String Fo
- city: String i .
- state: String [ ZP A
- Zip: String

JPA defaults the embedded column names and descriptions to those of the embeddable class field mappings. The At t ri bu-
t eOverri de annotation overrides a basic embedded mapping. This annotation has the following properties:

e String nane: The name of the embedded class field being mapped to this class' table.
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* Col um col umm: The column defining the mapping of the embedded class' field to this class' table.
The corresponding XML elementisat t ri but e- overri de. It hasasingle nane attribute to name the field being overridden,
and asingle col umm child element.

To declare multiple overrides, usethe At t r i but eOver ri des annotation, whosevalueisan array of At t ri but eOverri de
s. In XML, simply list multipleat t ri but e- over ri de elementsin succession.

To override amany to one or one to one relationship, usethe Associ at i onOverri de annotationin placeof At t ri bu-
teOverri de. Associ ati onOver ri de hasthe following properties:

* String nane: The name of the embedded class field being mapped to this class table.

e Joi nCol umm[] j oi nCol unms: The foreign key columns joining to the related record.

The corresponding XML element isassoci ati on-overri de. It hasasingle nane attribute to name the field being overrid-
den, and one or morej oi n- col unm child elements.

To declare multiple relation overrides, usethe Associ at i onOverri des annotation, whose valueis an array of Associ -
ati onOverri de s. In XML, simply list multipleassoci at i on- over ri de elementsin succession.

Example 13.12. Embedded Field Mapping

In this example, Conpany overrides the default mapping of Addr ess. st reet and Addr ess. ci ty. All other embedded
mappings are taken from the Addr ess embeddable class.

package org. mag. pub;

@ntity
@abl e( nane="COVP")
public class Conpany {

@Enbedded

@\t tributeOverrides({
@\ttributeOverride(name="street", colum=@ol um(nane="STRT")),
@\t tributeOverride(name="city", colum=@ol um(nanme="ACl TY"))

)
private Address address;

}

@ntity
@rabl e( name="AUTH")
public class Author {

/1 use all defaults from Address cl ass nmappi ngs
private Address address;

}

@nbeddabl e
public class Address {

private String street;

private String city;

@col um( col umDefi ni tion="CHAR(2)")
private String state;

private String zip;

The same metadata expressed in XML:
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<entity class="org. mag. pub. Conpany" >
<t abl e nane="COW"/ >
<attributes>

<enbedded nanme="address">
<attribute-override nane="street">
<col utm nane="STRT"/ >
</attribute-override>
<attribute-override nane="city">
<col um name="AClI TY"/ >
</attribute-override>
</ embedded>
</attributes>
</entity>
<entity class="org.mg. pub. Aut hor">
<t abl e name="AUTH'/ >
<attributes>
<enbedded name="address">
<l-- use all defaults from Address -->
</ enbedded>
</attributes>
</entity>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >
<attributes>
<basi c nane="street"/>
<basi ¢ name="city"/>
<basi ¢ name="state">
<col um col um-defi ni ti on="CHAR(2)"/>
</ basi c>
<basi ¢ nane="zi p"/>
</attributes>
</ enbeddabl e>

Y ou can a'so use attribute overrides on an entity class to override mappings defined by its mapped superclass or table-per-class
superclass. The example below re-mapsthe Docunent . ver si on field to the Cont r act table's CVERSI ON column.

Example 13.13. Mapping Mapped Superclass Field

@MmppedSuper cl ass
publ i ¢ abstract class Document {

@Col um( nane="VERS")
@/ersion private int version;

}

@ntity
@rabl e( schema=" CNTRCT")
@ nheritance(strategy=I nheritanceType. JO NED)
@i scri m nat or Col um( name="CTYPE")
@\t tributeOverride(nanme="version", colum=@ol umm(nane="CVERSI ON'))
public class Contract
extends Document {

The same metadata expressed in XML form:

<mapped- super cl ass cl ass="org. mag. subcri be. Docunment " >
<attributes>
<versi on name="version">
<col utm nane="VERS" >
</ versi on>

</attributes>
</ mapped- super cl ass>
<entity class="org.mg. subcribe. Contract">
<tabl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >
<di scri m nator-col uim nanme="CTYPE"/ >
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<attribute-override nanme="version">
<col um nane="CVERSI ON'/ >

</attribute-override>

<attributes>

</attribut es>
</entity>

13.8.4. Direct Relations

A direct relation is a non-embedded persistent field that holds a reference to another entity. many to one and one to one metadata
field types are mapped as direct relations. Our model has three direct relations: Magazi ne'spubl i sher fieldisadirect rela
tionto aConpany, Magazi ne'scover Arti cl e fieldisadirect relationto Art i cl e, andtheLi nel t em nagazi ne field
isadirect relation to aMagazi ne. Direct relations are represented in the database by foreign key columns:

org.mag
Magazine

- isbn: String

- title: Str