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Chapter 1. Kodo JPA/JDO

Kodo JPA/IDO is Oracles's implementation of Sun's Java Persistence APl (JPA) specification and Java Data Objects (JDO) spe-
cification for the transparent persistence of Java objects. This document provides an overview of these persistence standards and
technical details on the use of Kodo JPA/IDO.

To quickly get started with JPA, you may want to begin at Section 1.2, “Kodo JPA Tutorial” [326]f you would prefer to start
with an introduction to the concepts of JPA, begin with Chapter 1, Introduction [9] .

To get familiar with JDO, you may want to start with Section 2.2, “Kodo JDO Tutorial” [343]f you are interested in reading
about the background and concepts involved in JDO, start at Chapter 1, Introduction [170]

1.1. OpenJPA

Oracle has donated a large part of Kodo's persistence kernel and JPA bindings to the Apache Software Foundation as the Open-
JPA project. The commercial release of Kodo deploys on top of the standard OpenJPA jars, adding extended features and per-
formance enhancements. This deployment style allows you to build a custom OpenJPA jar from source while continuing to use
Kodo's commercia features.

1.2. About This Document

This document isintended for Kodo users. It is divided into several parts:

The JPA Over view describes the fundamentals of JPA.
* TheJDO Overview describes the fundamentals of JDO.

* Inthe Kodo JPA/JDO Tutorialsyou will develop simple persistent applications using Kodo. Through the tutorials hands-on
approach, you will become comfortable with the core tools and development processes under Kodo JPA/JDO.

* TheKodo JPA/IDO Reference Guide contains detailed documentation on all aspects of Kodo JPA/JDO. Browse through
this guide to familiarize yourself with the many advanced features and customization opportunities Kodo provides. Later, you
can use the guide when you need details on a specific aspect of Kodo JPA/IDO.
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Chapter 1. Introduction

Enterprise Java Beans 3.0 Persistence (EJB persistence) is a specification from Sun Microsystems for the persistence of Java ob-

jectsto any relational datastore. EJB persistence requires J2SE 1.5 (also referred to as "Java 5") or higher, asit makes heavy use

of new Java language features such as annotations and generics. This document provides an overview of EJB persistence. Unless
otherwise noted, the information presented appliesto al EJB persistence implementations.

This document describes the Public Draft of the EJB 3.0 persistence specification.

For coverage of Kodo's many extensions to the EJB persistence specification, see the Reference Guide.

1.1. Intended Audience

This document is intended for devel opers who want to learn about EJB persistence in order to useit in their applications. It as-
sumes 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).

1.2. Lightweight Persistence

Persistent data isinformation 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 seridizationis 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, however, in comparison to those provided by
EJB. The next chapter compares EJB to serialization and other available persistence mechanisms.




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

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 devel opers use the Java Database Connectivity (JDBC) APIsto manipulate persistent datain relational databases. JD-
BC overcomes most of the shortcomings of serialization: it can handle large amounts of data, has mechanisms to ensure data
integrity, 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 object-relational mapping (ORM) frameworks allow you to focus on the object model and not concern yourself
with the mismatch between the object-oriented and relational paradigms. Unfortunately, each of these product has its own set
of APIs. Your code becomes tied to the proprietary interfaces of a single vendor. If the vendor raises prices, failsto fix show-
stopping bugs, or falls behind in features, you cannot switch to another product without rewriting all of your persistence code.
Thisisreferred to as vendor lock-in.
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Why JPA?

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

The Enterprise Edition of the Java platform introduced entity Enterprise Java Beans (EJBs). EJB 2.x entities are components
that represent persistent information in a datastore. Like object-relational mapping solutions, EJB 2.x entities provide an 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 AP that is strikingly similar to JPA. JDO, however, supports non-relational databases, afea-
ture 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.

Kodo 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. EJB Persistence Architecture

The diagram below illustrates the relationshi ps between the primary components of the EJB 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,
theEnti tyTransact i on also goes unused.

e Persistence: Thej avax. persi st ence. Per si st ence class contains static hel per methodsto obtain Ent i ty-
Manager Fact or y instancesin a vendor-neutral fashion.

* EntityManager Factory : Thej avax. persi stence. EntityManager Factory classisafactory for Entity-
Manager s.

 EntityManager: Thejavax. persi stence. EntityManager istheprimary EJB persistence interface used by ap-
plications. Each Ent i t yManager manages a set of persistent objects, and has APIs to insert new objects and delete existing
ones. When used outside the container, there is a one-to-one relationship between an Ent i t yManager and an En-
tityTransacti on.EntityManager salso act asfactoriesfor Quer y instances.

» Entity: Entites are persistent objects that represent datastore records.

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

* Query:Thej avax. persi st ence. Query interface isimplemented by each EJB vendor to find persistent objects that
meet certain criteria. EJB standardizes support for queries using both the EJB 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 EJB interfaces interact to execute a JPQL query and update persistent objects. The ex-
ampl e assumes execution outside a container.

Example 3.1. Interaction of Interfaces Outside Container

12



EJB Persistence Architecture

/1 get an EntityManager Factory using the Persistence class; typically
/1 the factory is cached for easy repeated use
EntityManager Factory factory = Persistence. createEntityManager Factory (null);

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

/'l updates take place within transactions
EntityTransaction tx = em get Transaction ();
tx. begin ();

/'l query for all enployees who work in our research division

/1 and put in over 40 hours a week average

Query query = emcreateQuery ("select e from Enpl oyee e where
+ "e.division nane = 'Research’ AND e.avgHours > 40");

List results = query.getResultList ();

"

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

Enpl oyee enp = (Enpl oyee) res;
enp.setSalary (enp.getSalary () * 1.1);

// commt the updates and free resources
tx.commt ();

emcl ose ();

factory.close ();

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

Example 3.2. Interaction of Interfaces | nside Container

/1 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

I/l is injected using a @Resource annotation

Query query = emcreateQuery ("select e from Enpl oyee e where
+ "e.division. nane = 'Research' and e.avgHours > 40");

List results = query.getResultList ();

"

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

enmp = (Enpl oyee) res;
enp.setSalary (enp.getSalary () * 1.1);

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

3.1. EJB Exceptions
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RuntimeException
B

lllegalStateException

lllegal ArgumentException

PersistenceException |<

EntityNotFoundException

javax.persistence

TransactionRequiredException

OptimisticLockException

NonUnigueResultException

NoResultException

EntityExistsException

RollbackException

The diagram above depicts the EJB persistence exception architecture. All exceptions are unchecked. EJB persistence uses stand-
ard exceptions where appropriate, most notably | | | egal Ar gunment Excepti onsandl || egal St at eExcepti ons. The
specification also provides afew EJB-specific exceptionsin thej avax. per si st ence package. These exceptions should be

self-explanatory. See the Javadoc for additional details on EJB exceptions.

All exceptions thrown by Kodo implement kodo. ut i | . Except i onl nf o to provide you with additional error in-

formation.

14


http://java.sun.com/javaee/5/docs/api
../../javadoc/kodo/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 fromaQuery.

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

persistent classislittle different than writing any other class. There are no special parent classesto extend from, field types to use,
or methods 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.

Example 4.1. Persistent Class

package org. mag;
/**

* Exanpl e persistent class. Notice that it |ooks exactly |like any other
* class. JPA nekes witing persistent classes conpletely transparent.
*/

public class Magazi ne

private String i sbn;

private String title;

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

private int copi esSol d;

private doubl e price;

private Conpany publ i sher;

private int ver si on;

protected Magazi ne ()

{

}

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

public void publish (Conpany publisher, double price)
this. publisher = publisher;
publ i sher. addMagazi ne (this);
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 omtted
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4.1. 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

Kodo's enhancer will automatically add a protected no-arg constructor to your class when required. Therefore, thisre-
striction does not apply when using Kodo. See Section 5.2, “ Enhancement” [447f the Reference Guide for detalls.

Final

4.1.3.

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

Note

Kodo supports final 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 sbn andti t | e values. Section 5.2.2, “1d” [31]will show you how to denote your identity
fieldsin JPA metadata. Section 4.2, “ Entity I dentity” [18]below examines persistent identity.

Note

Kodo fully supportsidentity fields, but does not require them. See Section 5.3, “ Object Identity” [450)f the Reference
Guide for details.

Version Field

Thever si on fieldin our Magazi ne class may seem out of place. JPA usesaversion field in your entity 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.

Theversion field is not required, but without one concurrent threads or processes might succeed in making conflicting changes to
the same record at the same time. This is unacceptable to most applications. Section 5.2.5, “Version” [32]shows you how to des-
ignate aversion field in JPA metadata.

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

Note
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4.1.5.

Entity

Kodo fully supports version fields, but does not require them for concurrency detection. Kodo can maintain surrogate
version values or use state comparisons to detect concurrent modifications. See Section 7.7, “ Additional JPA M ap-
pings’ [504h 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
java.l ang. Thr ead.
« If apersistent class inherits 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”

17 .

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:

e All primitives(int, float, byte,etc)

» All primitivewrappers(j ava. | ang. | nt eger, java.lang. Fl oat, java.l ang. Byte,€tc)

e java.lang. String

e java.mat h. Bi gl nt eger

e java.nmath. Bi gDeci nal

JPA aso supportsbyt e[ ] andchar [] 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.Tinestanp
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4.1.7.
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*  Enums

» Entity types (relations between entities)

» Embeddable types

e java.util.Collectionsof entities
e java.util. Setsof entities

e java.util.Listsof entities

e java.util.Mapsinwhich each entry mapsthe value of one of an entity'sfieldsto 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 [25] has more information on persisting serializable types.

Kodo also supports arrays, j ava. | ang. Nunber ,j ava. util . Local e, al JDK 1.2 Set , Li st , and Map types,
collections and maps of immutable and embedded as well as entity types, and many other mutable and immutable field
types. Kodo also allows you to plug in support for custom types.

Conclusions

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.

4.2. 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 criteriato determine whether two objects are "equal”. Y ou test for qualitative identity using
the equal 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 al other entites of the same type.

Identity fields must be primitives, primitive wrappers, St r i ngs, Dat es, Ti nest anps, or embeddable types. Notably, other en-
tities instances can not be used as identity fields.

For legacy schemas with binary primary key columns, Kodo 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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Changing the fields of an embeddable instance while it is assigned to an identity field has undefined results. Always
treat embeddabl e identity instances as immutable objectsin your applications.

If you are dealing with a single persistence context (see Section 7.3, “ Persistence Context” [64), 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. Thisisreferred 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 objectinal 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

e The class must be public.

» The class must be serializable.

e 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 al fields or properties corresponding to identity
fields or propertiesin the entity class.

» If theclassisaninner class, it must best at i 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,
“Identity Hierarchies’ [20).

Though you may still create identity classes by hand, Kodo provides the appi dt ool to automatically generate proper
identity classes based on your identity fields. See Section 5.3.2, “ Application | dentity Tool” [4519f the Reference
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

/1 rest of fields and nethods onmitted

* %

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

/] each identity field in the Magazi ne class nust have a
/'l corresponding field in the identity class

public String isbn;

public String title;

[ **

* 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 (Object other)
if (other == this)
return true;
if (!(other instanceof Magazineld))
return fal se;

Magazineld mi = (Magazineld) other;

return(lsbn == m.Isbhn
|| (isbn !'= null && isbn.equals (m.isbn)))
&& (title == m.title
|] (title !'= null & title.equals (m.title)));
}
/**

* Hashcode nust al so depend on identity val ues.
*/
public int hashCode ()
{
return ((isbn == null) ? 0 : isbn.hashCode ())
A ((title == null) 2 0 : title.hashCode ());
}
public String toString ()

return isbhn + ":" + title;

4.2.1.1. Identity Hierarchies

Person Personid
- 55N: String - 558n: String
Employee Employeeld
- userName: String - userMame: String
FullTimeEmployee FullTimeEmployeeld
- empld: long - empld: long
Manager Managerld
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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:

The inheritance hierarchy of identity classes must exactly mirror the hierarchy of the persistent classes that they identify. In
the exampl e pictured above, abstract class Per son is extended by abstract class Enpl oyee, which is extended by non-
abstract class Ful | 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 oyeel 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
aforementioned 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
definitions of the persistent class hierarchy.

It is not 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, while the first concrete subclass, Ful | Ti neEnpl oyee, could define one
or more identity fields.

All subclasses of a concrete identity class must be equal s and hashCode-compatible with the concrete superclass. This
means that in our example, aManager | d instanceand aFul | Ti meEnpl oyeel d instance with the same identity field
values should have the same hash code, and should compare equal to each other using the equal s method of either one. In
practice, this requirement reduces to the following coding practices:

1. Useinstanceof instead of comparing Cl ass objectsin theequal s methods of your identity classes.

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

4.3. 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-
back 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:

Pr ePer 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 equivalent 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 datastructure.

Pr eUpdat e: Methods marked with this annotation will be invoked just before the persistent values in your objects are
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4.3.2.
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flushed to the datastore. Thisis equivaent 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 isnormally used to set persistent fields with
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 in
the datastore. Thisis useful for clearing stale data cached at the application layer. Thisis equivalent to the XML element tag
post - updat e.

» PreRenpve: 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 Renove: Methods marked with this annotation will be invoked after an object has been marked for deletion. Thisis
equivalent to the XML element tag post - r enove.

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 Magazi ne

@r ansi ent

private byte[][] data;
@manyToMany

private List<Photo> photos;
@Post Load

public void convertPhotos ()

data = new byte[photos.size ()][];

for (int i =0; | < photos.size (); i++)
data[i] = photos.get (i).toByteArray ();
}
@reDel ete

public void | ogMagazi neDel etion ()

getLog ().debug ("del eting nmagazi ne containi ng" + photos.size ()
+ " photos.");

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

<entity cl ass="Magazi ne">
<pre-renove>l ogMagazi neDel eti on</ pre-renove>
<post - | oad>convert Phot os</ post - | oad>
</entity>
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We fully explore persistence metadata annotations and XML in Chapter 5, Metadata [25]

4.3.3. Using Entity Listeners

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 alows 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. Obj ect argument which represents the persistent object that triggered the event.

Entities can enumerate listenersusing the 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 |istener.
*/

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

}
/**

* Exanple entity listener.

*

/

public class Magazi neLogger

@post Per si st
public void | ogAddition (Object pc)

getLog ().debug ("Added new magazi ne:" + ((Magazine) pc).getTitle ());

@r eRenove
public void | ogDel eti on (Object pc)

getLog ().debug ("Renpbving fromcirculation:" +
((Magazine) pc).getTitle ());

In XML we define both the listeners and their callback methods this way:

<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.

23



Entity

Y ou can exclude default listeners, and listeners defined in superclasses, from the invocation chain viatwo class-level annotations:

» Excl udeDef aul t Li st ener s: This annotation 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 - | i st ener s element.

» Excl udeSuper cl assLi st ener s: Thisannotation will cause Kodo to skip invoking any listeners declared in super-
classes. The XML equivalent is empty theexcl 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. Tooverride 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. Inaresourcenamed or m xm placed inthe META- | NF directory of the classpath or the jar archive containing your persist-
ent classes.

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

We describe the standard metadata annotations and XML eguivalents throughout this chapter. The full schemafor XML mapping
filesisavailablein Section 5.3, “ XML Schema” [38] JPA also standardizes relational mapping metadata and named query
metadata, which we discussin Chapter 12, Mapping Metadata [ 115nd Section 10.1.9, “ Named Queries’ [87]respectively.

Kodo defines many useful annotations beyond the standard set. See Section 6.3, “ Additional JPA Metadata” [47Gnd
Section 6.4, “ M etadata Extensions’ [478h the Reference Guide for details. There are currently no XML equivalents
for these extension annotations.
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org.mag org.mag.pub
Author
authors™ *= [ _id: |gng
- firstName: String
R L - lastName: 5tring
=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 publisher ardress
- copiesSold: int o Company
- version: int - mags® — -id: long
- name: String
- revenue: double
- version: int
I
magazine subscriptions™
Lineltem_ __Subscription LifetimeSubscription
- comments: String -id: lang —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. It must not be areserved literal in JPQL. It defaults to the un-
qualified name of the entity class.

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

* cl ass: Theentity class. This attributeis required.
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» nane: Named used to refer to the classin queries. See the name property above.

» access: Theaccesstypeto usefor the class. It must either be FI ELD or PROPERTY. For details on access types, see Sec-
tion 5.2, “Field and Property Metadata” [30]

Kodo uses a process called enhancement to modify the bytecode of entities for transparent lazy loading and immediate
dirty tracking. See Section 5.2, “ Enhancement” [447h the Reference Guide for details on enhancement.

Id Class

5.1.3.

Aswe discussed in Section 4.2.1, “ I dentity Class’ [19], entities with multiple identity fields must use an identity class to encap-
sulate their persistent identity. The | dCl ass annotation specifiesthis class. It acceptsasinglej ava. | ang. Cl ass vaue.
The equivalent XML element isi d- cl ass, which hasasingle attribute:

* cl ass: Thisrequired attribute lists the class name for 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 Query 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: The accesstypeto use for the class. It must either be FI ELD or PROPERTY. For details on access types, see Sec-
tion 5.2, “Field and Property Metadata” [30]

Kodo allows you to query on mapped superclasses. A query on a mapped superclass will return all matching subclassin-
stances. Kodo aso alows you to declare relations to mapped superclass types; however, you cannot query across these
relations.

Embeddable

The Enbeddabl 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 isenbeddabl e. It understands the following attributes:

» cl ass: Theentity class. Thisattribute is required.
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» access: Theaccesstypeto usefor the class. It must either be FI ELD or PROPERTY. For details on access types, see Sec-
tion 5.2, “Field and Property Metadata” [30]

Kodo allows a persistent class to be both an entity and an embeddable class. Instances of the class will act as entites
when persisted explicitly or assigned to non-embedded fields of entities. Instances will act as embedded values when as-
signed to embedded fields of entities.

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

EntityListeners

5.1.6.

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 assesfor the entity. The equivalent XML elementisenti ty-1i st ener s. For more details on entity listeners,
see Section 4.3, “ Lifecycle Callbacks’ [21].

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 Docunent and Addr ess are a mapped superclass and an embeddabl e 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.

Example 5.1. Class Metadata

package org. mag;
@ntity

@ dd 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

}
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package org. nmag. subscri be;

@MmppedSuper cl ass
public abstract class Docunent

}

@ntity
public class Contract
ext ends Docunent

}

@ntity
public class Subscription

@Entity
public static class Lineltem
ext ends Contract

}

@Entity(name="Lifetine")
public class LifetimeSubscription
ext ends Subscription

}

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

The equivalent declarationsin XML:

<entity-mappi ngs xm ns="http://java.sun. conl xm / 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 " >

</ mabbéd- 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 iiy>

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

</ ent iiy>

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

</ ent iiy>

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

</entit y>

<entity class="org.mag. 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-nmappi ngs>
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5.2. 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. Under field access, the imple-
mentation injects state directly into your persistent fields, and retrieves changed state from your fields aswell. To declare field
access on an entity with XML metadata, set theaccess attribute of your ent i t y XML element to FI ELD. To use field access
for an entity using annotation metadata, simply place your metadata and mapping annotations on your field declarations:

@banyToOne
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 i sP ();

Y ou must aso define the following setter method:

void setP (T value);

To use property access, set your ent i t y element'saccess attribute to PROPERTY, or place your metadata and mapping an-
notations on the getter method:

@manyToOne
private Conpany getPublisher () { ... }

private void setPublisher (Conpany publisher) { ... }

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.
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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.

Transient

5.2.2.

The Tr ansi ent annotation specifiesthat afield is non-persistent. Useit to exclude fields from management that would other-
wise be persistent. Tr ansi ent isamarker annotation only; it has no properties.
The equivalent XML element ist r ansi ent . It hasasingle attribute;

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

Id

5.2.3.

Annotate your simple identity fieldswith | d. This annotation has no properties. We explore entity identity and identity fieldsin
Section 4.1.3, “ Identity Fields’ [16].
The equivalent XML element isi d. It has one required attribute:

* name: 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 the Gener at ed-
Val ue annotation for this purpose. It has the following properties:

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

orsin Section 12.5, “ Generators’ [123]f the Gener at i onType isset but this property is unset, the JPA implementation
uses appropriate defaults for the selected generation type.

The equivalent XML element isgener at ed- val ue, which includes the following attributes:

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

e gener at or : Equivalent to the generator property listed above.
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Kodo 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 5.3.3, “ Autoassign / | dentity Strategy Caveats’ [452h the
Reference Guide.

Kodo also offers two 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:

e uui d-string: Kodowill generate a 128-bit UUID unique within the network, represented as a 16-character
string. For more information on UUIDSs, see the IETF UUID draft specification at: ht-
tp://lwwwl.ics.uci.edu/~¢jw/authoring/uuid-guid/

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

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

Embedded Id

5.2.5.

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 Enbedded| 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, “ I dentity
Fields’ [16].

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

5.2.6.

Usethe Ver si on annotation to designate a version field. Section 4.1.4, “Version Field” [16] explained the importance of ver-
sion fieldsto 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 c¢ 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 . Date,j ava. sql . Ti mest anp, Enuns, and Seri al i zabl e types.

Basi ¢ declaresthese properties:
e FetchType fetch: Whether to load the field eagerly (Fet chType. EAGER) or lazily (Fet chType. LAZY). The de-
faultisFet chType. EAGER.

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

* nane: The name of the field or property. This attribute is required.
» fetch: Oneof EAGEROrLAZY.

e optional : Boolean indicating whether the field value may be null.

5.2.6.1. Fetch Type

5.2.7.

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 thefield isloaded by the JPA implementation before it returns the
persistent object to you. Whenever you retrieve an entity from a query or fromthe 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 popul ate 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 loads

transparently when accessed. Asyou will seein Section 7.3, “ Persistence Context” [64] you can also use eager fetching to en-
sure that entites have all needed data loaded before they become detached at the end of a persistence context.

Kodo can lazy-load any field type. Kodo also alows you to dynamically change which fields are eagerly or lazily loaded
at runtime. See Section 5.6, “ Fetch Groups® [464h the Reference Guide for details.

The Reference Guide details Kodo's eager fetching behavior in Section 5.7, “ Eager Fetching” [468]

Embedded

5.2.8.

Use the Enbedded 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 there is a many-to-one rela-
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:
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* (O ass targetEntity: Theclassof the related entity type.

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

* FetchType fetch: Whether to load the field eagerly (Fet chType. EACER) or lazily (Fet chType. LAZY). Thede-
faultsisFet chType. EAGER. See Section 5.2.6.1, “Fetch Type’ [33] above for details on fetch types.

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

* nane: The name of thefield or property. This attribute is required.
* target-entity: Theclassof therelated type.
» fetch: Either EAGER or LAZY.

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

5.2.8.1. Cascade Type

Weintroduce the JPA Ent i t yManager in Chapter 8, EntityManager [67] The Ent i t yManager has APIsto 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 all 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 an operation to the

entities held in a persistent field with the cascade property of your metadata annotation. This processisrecursive. Thecas-
cade property acceptsan array of CascadeType enum values.

* CascadeType. PERSI ST: When persisting an entity, also persist the entities held in this field. 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 this field.

» 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 thisfield.

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

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

@mbnyToOne( cascade=CascadeType. ALL)
private Conpany publisher;
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In XML, these enumeration constants are available as child elements of thecascade element. Thecascade 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- mer ge/ >
<cascade-renove/ >
<cascade-refresh/>
</ cascade>
</ many-t o- one>

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

5.2.9.

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. But now we see that the

Conpany. mags field isthe inverse - a one-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:

e 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.

* 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 vaues defining cascade behavior for the collection elements. We explore cas-
cades abovein Section 5.2.8.1, “ Cascade Type” [34]. The defaultsis an empty array.

e« FetchType fetch: Whether to load the field eagerly (Fet chType. EAGER) or lazily (Fet chType. LAZY). The de-
faultsisFet chType. LAZY. See Section 5.2.6.1, “ Fetch Type” [33] above for details on fetch types.

The equivalent XML element isone- t o- many, which includes the following attributes:

* nane: The name of thefield or property. This attribute is required.
 target-entity: Theclassof therelated type.
» fetch: Either EAGER or LAZY.

» mapped- by: The name of thefield or property that owns the relation. See Section 5.2, “Field and Property M etadata”
[30].
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You may aso nest the cascade element withinaone-t o- nany element.

5.2.9.1. 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 Art i cl e. aut hor s and Au-
thor. arti cl es formthe other. In both cases, thereisaclear link between the two fields that form the relationship. A
magazine refers to its publisher while the publisher refersto all its published magazines. An article refers to its authors while each
author refersto his or her written articles.

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

1. Conpany. mags usesthe datastore mapping for Magazi ne. publ i sher, but inversesit. In fact, it isillegal to specify
any additional mapping information when you use the mappedBy property. All mapping information is read from the refer-
enced field. We explore mapping in depth in Chapter 12, Mapping Metadata [115]

2. Magazi ne. publ i sher isthe"owner" of therelation. Thefield that specifies the mapping data is aways the owner. This
means that changesto the Magazi ne. publ i sher field are reflected in the datastore, while changes to the Com
pany. nmags field alone are not. Changesto Conpany. mags may dtill affect the JPA implementation's cache, however.
Thus, it isvery important that you keep your object model consistent by properly maintaining both sides of your bidirection-
al relations at al 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,
however, to only mark one side of the relation as mappedBy. One side has to actually do the mapping!

Y ou can configure Kodo to automatically synchronize both sides of a bidirectional relation, or to perform various ac-
tions when it detects inconsistent relations. See Section 5.4, “Managed Inverses’ [453h the Reference Guide for de-
tails.

5.2.10. One-To-One

When an entity A references asingle entity B, and no other As can reference the same B, we say there is a one-to-one relation
between A and B. In our sample model, Magazi ne has aone-to-onerelationto Ar t i ¢l e through the
Magazi ne. cover Arti cl e field. No two magazines can have the same cover article.

JPA indicates one-to-one relations between entities with the OneToOne annotation. This annotation has the following properties:

e (Cass targetEntity: 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 re-
lationsin Section 5.2.9.1, “ Bidirectional Relations’ [36] above. Leaving this property unset signals that thisis a standard
unidirectional relation.

» CascadeType[] cascade: Array of enum vaues defining cascade behavior for this field. We explore cascadesin Sec-
tion 5.2.8.1, “ Cascade Type' [34] above. Defaults to an empty array.

« FetchType fetch: Whether to load the field eagerly (Fet chType. EAGER) or lazily (Fet chType. LAZY). Thede-
faultsisFet chType. EAGER. See Section 5.2.6.1, “Fetch Type’ [33] above for details on fetch types.

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

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

* mapped- by: Thefield that ownsthe relation. See Section 5.2, “Field and Property M etadata” [30].

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

5.2.11. 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 a many-

to-many relation between A and B. In our sample model, for example, each article has areference to all the authors that contrib-

uted to the article. Other articles might have some of the same authors. We say, then, that Art i cl e and Aut hor have a many-

to-many relation throughthe Art 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:

e 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-many field in the related entity that maps this bidirectional relation. We explain
bidirectional relationsin Section 5.2.9.1, “Bidirectional Relations’ [36] above. Leaving this property unset signals that this
isastandard unidirectional relation.

» CascadeType[] cascade: Array of enum values defining cascade behavior for the collection elements. We explore cas-
cades above in Section 5.2.8.1, “ Cascade Type” [34]. The default is an empty array.

* FetchType fetch: Whether to load the field eagerly (Fet chType. EACER) or lazily (Fet chType. LAZY). Thede-
faultsisFet chType. LAZY. See Section 5.2.6.1, “ Fetch Type” [33] above for details on fetch types.

The equivalent XML element ismany- t o- many. It accepts the following attributes:

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

* mapped- by: Thefield that ownsthe relation. See Section 5.2, “Field and Property Metadata” [30].

Y ou may also nest the cascade element within anany-t o- nany element.

5.2.12. 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 elementsin ascending order. Any other
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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 the one- t o- many or many-t o- many
elements. The text within this element is parsed as the order by string.

Kodo expands the avail able ordering syntax. See Section 6.4.2.4, “ Order-By” [480h the Reference Guide for details.

5.2.13. 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 a field from each entity value. The MapKey annotation designates the field
that is used as the key. It has the following properties:

* String nane: Thenameof afield in the related entity class to use as the map key. If no nameis given, the default isthe
identity field of the related entity class.

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

* nane: The name of thefield in the related entity classto use as the map key.

5.2.14. 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 defaulttonon-persistent.
2. Fiddsof any primitive type, primitive wrapper type, j ava. | ang. String,byte[],Byte[],char[], Charac-

ter[],java. mat h. Bi gDeci nal ,j ava. mat h. Bi gl nt eger,java. util.Date,java. util. Cal endar,
java. sql . Dat e,j ava. sql . Ti mest anp, orany Seri al i zabl e type default to persistent, asif annotated with

@Basi c.
3. Fieldsof an embeddable type default to persistent, asif annotated with @nbedded.

4. All other fields default to non-persistent.

Note that according to these defaullts, 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.

5.3. XML Schema
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We present the complete XML schema below. Many of the elements relate to object/relational mapping rather than metadata;
these elements are discussed in Chapter 12, Mapping Metadata [115]

<?xm version="1.0" encodi ng="UTF-8"?>
<xsd: schena t arget Nanespace="http://java. sun. com xn / ns/ persi st ence/ or n{
xm ns: orme"http://java. sun. com xm / ns/ per si st ence/ or ni
xm ns: xsd="ht t p: / / www. W3. or g/ 2001/ XM_Schema"
el ement For mDef aul t =" qual i fi ed"
attributeFornDef aul t ="unqualified"
versi on="1.0">

<xsd: annot ati on>
<xsd: docunent ati on>
@#)orm1_0.xsd 1.0 Feb 14 2006
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: annot ati on>
<xsd: docunent at i on>

This is the XM. Schena for the persistence object-rel ational
mapping file.

The file may be named "META-INF/ ormxm " in the persistence
archive or it may be nanmed sone other name whi ch woul d be
used to locate the file as resource on the classpath.

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

<xsd: conpl exType name="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>

<l o Kkkkkkkkkkkkkkkhkhkkkkkkkkkkkk ok ok ok ok ok ok ok ok kkkokkokkokkkkokkk  _ 5

<xsd: el ement name="entity-mappi ngs">
<xsd: conpl exType>
<xsd: annot at | on>
<xsd: docunent ati on>

The entity-mappings element is the root el ement of an mapping
file. It contains the followi ng four types of elenents:

1. The persistence-unit-netadata el enent contai ns netadata
for the entire persistence unit. It is undefined if this el enent
occurs in multiple mapping files within the same persistence unit.

2. The package, schemm, catal og and access el enents apply to all of
the entity, napped-superclass and enbeddabl e el enents defined in
the sane file in which they occur.

3. The sequence-generator, table-generator, naned-query,

naned- nati ve-query and sql -result-set-nmapping el enents are gl obal
to the persistence unit. It is undefined to have nore than one
sequence-generator or table-generator of the same nane in the sane
or different mapping files in a persistence unit. It is also
undefined to have nore than one naned-query or naned-native-query
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 mapping information for a nanaged persistent class. The nmapping
informati on contained in these el ements may be conplete or it may

be partial .

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

<xsd: el ement name="description" type="xsd:string"
m nCccurs="0"/>

<xsd: el ement name="persi stence-unit-netadata"
type="orm persi stence-unit - net adat a"
m nCccurs="0"/>

<xsd: el ement name="package" type="xsd:string"
m nCccurs="0"/>

<xsd: el enent nane="schemn" type="xsd: string"
m nCccurs="0"/>

<xsd: el ement name="cat al 0og" 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 nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el enent nane="t abl e-generator" type="ormtabl e-generator"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el ement name="naned- query" type="orm nanmed- query"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el ement name="named- nati ve-query" type="orm named-native-query"
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m nO:curs-"O" maxQOccur s=" unbounded"/>
<xsd: el ement name="sql -resul t-set-nmappi ng"
type="ormsql -result-set - mappi ng"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nanme="nmapped- super cl ass" type="or m mapped- super cl ass"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="entity" type="ormentity"
m nCccur s="0" maxQOccur 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="1.0" use="required"/>
</ xsd: conpl exType>
</ xsd: el enent >

<l o Kkkkkkkkkkkkkkhhhhkkkkkkkkkk ok ok ok ok ok ok kk ok ok kkkokkkkokkkkk ok ok  _ 5

<xsd: conpl exType nanme="persi stence-unit-netadata">
<xsd: annot at | on>
<xsd: docurent ati on>

Met adata that applies to the persistence unit and not just to
the mapping file in which it Is contained.

If the xm - mappi ng- met adat a- conpl ete el enent is specified then
the conpl ete 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 ati on>
<xsd: sequence>
<xsd: el ement nane="xnl - mappi ng- met adat a- conpl ete" type="orm enptyType"
m nCccurs="0"/>
<xsd: el enent nane="persistence-unit-defaul ts"
t ype="or m persi st ence-uni t-defaul ts"
m nCccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>
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<xsd: conpl exType nanme="persi stence-unit-defaul ts">
<xsd: annot ati on>
<xsd: docurent ati on>

These defaults are applied to the persistence unit as a whole
unl ess they are overridden by |ocal annotation or
el ement settings.

schema - Used as the schema for all tables or secondary tables
that apply to the persistence unit

catalog - Used as the catalog for all tables or secondary tables
that apply to the persistence unit

access - Used as the access type for all mmnaged classes in
the persistence unit

cascade- persi st - Adds cascade-persist to the set of cascade options
in 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 ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="schema" type="xsd: string"
m nCccurs="0"/>
<xsd: el ement name="cat al og" type="xsd:string"
m nCccurs="0"/>
<xsd: el ement name="access" type="orm access-type"
m nCccurs="0"/>
<xsd: el ement name="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>
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<xsd: conpl exType nanme="entity">
<xsd: annot ati on>
<xsd: docunent ati on>

Defines the settings and mappings for an entity. Is allowed to be
sparsely popul ated and used in conjunction with the annotati ons.
Al ternatively, 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 appli ed.

@rar get (TYPE) @Retenti on( RUNTI MVE)
public @nterface Entity {
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String nane() default

</ 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 ement name="tabl e" type="ormtable"
m nCccurs="0"/>
<xsd: el enent nane="secondary-tabl e" type="orm secondary-table"
m nCccurs="0" maxQccur 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" maxQccur s="unbounded"/ >
<xsd: el ement name="id-cl ass" type="ormid-class" mi nQccurs="0"/>
<xsd: el ement name="i nheritance" type="orminheritance" m nQOccurs="0"/>
<xsd: el ement name="di scri m nator-val ue" type="orm discrim nator-val ue"
m nCccurs="0"/>
<xsd: el enent nane="di scri m nat or-col um"
type="orm di scri m nator-col um"
m nCccurs="0"/>
<xsd: el enent nane="sequence-generator" type="orm sequence-generator"
m nCccurs="0"/>
<xsd: el ement name="t abl e-generator" type="ormtabl e-generator”
m nCccurs="0"/>
<xsd: el enent nane="naned- query" type="orm naned- query"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="naned- nati ve-query" type="orm named-native-query"
m nCccur s="0" maxQccur s="unbounded"/ >
<xsd: el enent nanme="sql -resul t-set-nmappi ng"
type="ormsql -resul t - set - mappi ng"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="excl ude-defaul t-1isteners" type="orm enptyType"
m nCccurs="0"/>
<xsd: el enent nane="excl ude- supercl ass-1isteners" type="orm enptyType"
m nCccurs="0"/>
<xsd: el ement name="entity-listeners" type="ormentity-Iisteners"”
m nCccurs="0"/>
<xsd: el enent nane="pre-persist" type="orm pre-persist" mnCccurs="0"/>
<xsd: el ement name="post-persist" type="orm post-persist"
m nCccurs="0"/>
<xsd: el ement name="pre-renove" type="orm pre-renove" m nOccurs="0"/>
<xsd: el enent nane="post-renove" type="orm post-renmpve" m nCccurs="0"/>
<xsd: el ement name="pre-update" type="orm pre-update" mi nQccurs="0"/>
<xsd: el ement name="post-update" type="orm post-update" m nQOccurs="0"/>
<xsd: el ement name="post-| oad" type="orm post-load" m nOccurs="0"/>
<xsd: el enent nane="attribute-override" type="ormattribute-override"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement nane="associ ati on-override"
type="orm associ ati on-overri de"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="attributes" type="ormattributes" m nQccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="cl ass" type="xsd:string" use="required"/>
<xsd: attribute name="access" type="orm access-type"/>
<xsd: attribute name="netadat a-conpl ete" type="xsd: bool ean"/>
</ xsd: conpl exType>

P L L

<xsd: conpl exType name="attri butes">
<xsd: annot ati on>
<xsd: docunent ati on>

This el ement contains the entity field or property mappings.

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 at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el enent nane="id" type="ormid"
m nCccurs="0" maxQccur 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 nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="versi on" type="orm version"

m nCccur s="0" maxQccur s="unbounded"/ >
<xsd: el ement name="many-to-one" type="orm many-to-one"

m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el enent nane="one-to-many" type="orm one-to-many"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el ement name="one-to-one" type="orm one-to-one"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el enent nanme="nany-to-many" type="orm many-to- many"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el enent nane="enbedded" type="orm enbedded"
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m nCccurs="0" maxQccur s="unbounded"/>
<xsd: el enent nane="transi ent" type="ormtransient"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
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<xsd: si npl eType name="access-type">
<xsd: annot ati on>
<xsd: document at i on>

This el ement determ nes how the persistence provider accesses the
state of an entity or enbedded object.

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="PROPERTY"/ >
<xsd: enuner ati on val ue="FI ELD"/ >
</xsd:restriction>
</ xsd: si npl eType>
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<xsd: conpl exType nanme="entity-|isteners">
<xsd: annot ati on>
<xsd: docurent ati on>

@rarget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface EntityListeners {
C ass[] val ue();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="entity-listener" type="ormentity-Ilistener"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
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<xsd: conpl exType name="entity-1istener">
<xsd: annot at | 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 enent nanme="pre-persist" type="orm pre-persist" mnCccurs="0"/>
<xsd: el ement name="post-persist" type="orm post-persist"

m nCccurs="0"/>

<xsd: el ement name="pre-renove" type="orm pre-renove" m nOccurs="0"/>
<xsd: el enent nane="post-renopve" type="orm post-renmpve" m nCccurs="0"/>
<xsd: el enent nane="pre-update" type="orm pre-update" m nCccurs="0"/>
<xsd: el ement name="post-update" type="orm post-update" m nQOccurs="0"/>
<xsd: el ement name="post-|oad" type="orm post-load" m nOccurs="0"/>

</ xsd: sequence>

<xsd:attribute name="cl ass" type="xsd:string" use="required"/>

</ xsd: conpl exType>

<l o Kkkkkkkkkkkhkkhkhkhkkkkkkkkkkkkkkkkkokkk ok ok kokkokkokkkkk ok ok  _ 5

<xsd: conpl exType name="pre-persist">
<xsd: annot at | on>
<xsd: docurent ati on>

@rar get ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PrePersist {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attribute name="nmet hod- name" type="xsd:string" use="required"/>
</ xsd: conpl exType>

P R R L

<xsd: conpl exType name="post - persist">
<xsd: annot ati on>
<xsd: docunent ati on>

@arget ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PostPersist {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attribute name="nethod-name" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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P L

<xsd: conpl exType nanme="pre-renove">
<xsd: annotation>
<xsd: docunent at i on>

@arget ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PreRenove {}

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: attribute name="met hod- name" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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<xsd: conpl exType name="post-renove" >
<xsd: annot ati on>
<xsd: docunent ati on>

@rar get ({ METHOD}) @Ret enti on( RUNTI MVE)
public @nterface PostRenove {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attri bute name="net hod- name" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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<xsd: conpl exType nanme="pre-update">
<xsd: annot at | on>
<xsd: docunent ati on>

@arget ({ METHOD}) @Rret ent i on( RUNTI VE)
public @nterface PreUpdate {}

</ xsd: docunent ati on>
</ xsd: annot at i on>
<xsd: attribute name="met hod- name" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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<xsd: conpl exType nanme="post -update">
<xsd: annot ati on>
<xsd: docunent at i on>

@arget ({ METHOD}) @Ret enti on( RUNTI ME)
public @nterface PostUpdate {}

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: attribute name="nethod-name" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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<xsd: conpl exType nanme="post-|oad">
<xsd: annot at | on>
<xsd: docurent ati on>

@ar get ({ METHOD}) @Retenti on( RUNTI ME)
public @nterface PostlLoad {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attri bute name="net hod- name" type="xsd:string" use="required"/>
</ xsd: conpl exType>

P R L

<xsd: conpl exType name="query-hint">
<xsd: annot at | on>
<xsd: docunent ati on>

@arget ({}) @Retention(RUNTI ME)
public @nterface QueryHi nt {
String name();
String val ue();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:attribute name="nanme" type="xsd:string" use="required"/>
<xsd:attribute name="val ue" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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<xsd: conpl exType nane="naned- query">
<xsd: annot ati on>
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<xsd: docunent ati on>

@'ar get ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface NamedQuery {
String nanme();
String query (),
QueryH nt[] hints() default {};

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

<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="nanme" type="xsd:string" use="required"/>
</ xsd: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkkkkkhhkkkhkkkhkhhhhhhhhkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="naned-nati ve- query">
<xsd: annot ati on>
<xsd: docunent ati on>

@rarget ({TYPE}) @Ret enti on( RUNTI ME)
public @nterface NanedNativeQuery {

String name();

String query();

QueryH nt[] hints() default {};

Class resultC ass() default void.class;

String resultSetMapping() default ""; //named Sqgl Resul t Set Mappi ng
}

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

<xsd: el ement name= query type="xsd: string"/>

<xsd: el enent nane="hint" type="orm query-hint"

m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="nanme" type="xsd:string" use="required"/>
<xsd:attribute name="result-cl ass" type="xsd:string"/>
<xsd:attribute name="result-set-mappi ng" type="xsd:string"/>
</ xsd: conpl exType>
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<xsd: conpl exType nanme="sql -resul t -set - mappi ng">
<xsd: annot at on>
<xsd: docunent ati on>

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

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="entity-result" type="orm ent ity-result”
m nCccurs="0" maxQccurs=" unbounded"/ >
<xsd: el enent nane="col um-result" type="orm colum-result"
m nCccur s="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
</ xsd: conpl exType>
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<xsd: conpl exType name="entity-result">
<xsd: annot at | on>
<xsd: docurent ati on>

@rarget ({}) @Retenti on( RUNTI ME)

public @nterface EntityResult {
Class entityd ass();
Fi el dResul t[] flelds() default {};
String discrinnatorColum() def aul t

wo,
’

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

<xsd: el ement name="field-result" type— ormfield-result"

m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="entity-class" type="xsd:string" use="required"/>
<xsd:attribute name="di scri m nator-colum" type="xsd:string"/>
</ xsd: conpl exType>




Metadata

<l o Kkkkkkkkkkkkkkkkkhkkkkkkkkkk ok ok ok ok ok ok kkkk ok ok kokkkkokkkkok ok ok _ 5

<xsd: conpl exType name="field-result">
<xsd: annot at | on>
<xsd: docunent ati on>

@rarget ({}) @Retention(RUNTI ME)
public @nterface FieldResult {
String name();
String colum();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attri bute name="nanme" type="xsd:string" use="required"/>
<xsd:attribute name="col um" type="xsd:string" use="required"/>
</ xsd: conpl exType>

P

<xsd: conpl exType nane="col um-resul t">
<xsd: annotation>
<xsd: docunent at i on>

@arget ({}) @Retention( RUNTI ME)
public @nterface Col umResult {
String nane();

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

P L L

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

@arget ({ TYPE}) @Ret enti on( RUNTI ME)

public @nterface Table
String name() default
String catal og() default
String schema() default
Uni queConstraint[] uniqueConstraints() default {};

}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="uni que-constrai nt" type="orm uni que-constraint"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="nanme" type="xsd:string"/>
<xsd: attri bute name="catal og" type="xsd:string"/>
<xsd:attribute name="schema" type="xsd:string"/>
</ xsd: conpl exType>

W
,

won

’

’

P L L

<xsd: conpl exType name="secondary-tabl e">
<xsd: annot ati on>
<xsd: docunent ati on>

@arget ({TYPE}) @Retenti on( RUNTI ME)
public @nterface SecondaryTable {
String name();
String catal og() default "";
String schema() default "";
Pri mar yKeyJoi nCol um[] pkJoi nCol utms() default {};
Uni queConstraint[] uniqueConstraints() default {};

</ xsd: docunent ati on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement nanme="pri mary-key-j oi n-col um"
type="orm pri mary-key-j oi n-col um"
m nQccur 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" use="required"/>
<xsd: attri bute name="catal og" type="xsd:string"/>
<xsd:attribute name="schema" type="xsd:string"/>
</ xsd: conpl exType>

P L R L

<xsd: conpl exType nanme="uni que-constraint">
<xsd: annotation>
<xsd: docunent at i on>
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@rarget ({}) @Retention(RUNTI ME)
public @nterface UniqueConstraint {
String[] col umNanes();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="col utm- nane" type=
maxQCccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>

"xsd: string”

QI oe Kkkkkkkk kX kk kA Xk Kk kX hkkkkhkkkkk kX hkkkhhkkkhkkkkkkxkk  _ |5

<xsd: conpl exType nanme="col um">
<xsd: annot ation>
<xsd: docunent at i on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Col um
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; // decinal precision
int scale() default O; // decimal scale

}

</ xsd: docunent ati on>

</ xsd: annot at i on>
<xsd:attribute name="name" 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:attribute name="I|ength" type="xsd:int"/>
<xsd: attribute name="precision" type="xsd:int"/>
<xsd:attribute name="scal e" type="xsd:int"/>

</ xsd: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkhkkkhhkkkhkkkhhhhhhhkhhhkhkkkkkkxkk __ 5

<xsd: conpl exType name="j oi n- col um" >
<xsd: annot ati on>
<xsd: docunent ati on>

@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI ME)
public @nterface Joi nCol um {
String name() default "";
String referencedCol umNane() default "";
bool ean uni que() default false;
bool ean nul Il 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 at i on>
<xsd:attribute name="name" type="xsd:string"/>
<xsd: attribute 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>

<l o Kkkkkkkkkkkkhhkhhhkkkkkkkkkk ok ok ok ok ok ok kk ok ok ok ok kokkokkokkkkok ok ok _ 5

<xsd: si npl eType name="generation-type">
<xsd: annot ati on>
<xsd: docurent ati on>

public enum GenerationType { TABLE, SEQUENCE, |DENTITY, AUTO };

</ xsd: docunent ati on>

</ xsd: annot ati on>

<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="TABLE"/ >
<xsd: enuner ati on val ue="SEQUENCE"/ >
<xsd: enuneration val ue="1DENTI TY"/>
<xsd: enuner ati on val ue="AUTO'/ >
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</xsd:restriction>
</ xsd: si npl eType>

<l o Kk kkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kk ok ok kkkkkkkkkk ok ok kkkkkk ok ok _ 5

<xsd: conpl exType name="attri bute-override">
<xsd: annot ati on>
<xsd: docunent ati on>

@rarget ({TYPE, METHOD, FIELD}) @Rretention(RUNTI ME)
public @nterface AttributeOverride {

String name();

Col um col um() ;

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="col um" type="orm col um"/>
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
</ xsd: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkhhkkkkhkhkhkkkkkkxkk __ 5

<xsd: conpl exType name="associ ati on-override">
<xsd: annotation>
<xsd: docunent at i on>

@arget ({ TYPE, METHOD, FIELD}) @retention(RUNTI MVE)
public @nterface AssociationOverride {

String name();

Joi nCol um[] j oi nCol ums();

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="j oi n- col um" type="ormj oi n-col um"
maxQCccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
</ xsd: conpl exType>

Q| o Kk kkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kkhk  _ 5

<xsd: conpl exType name="i d-cl ass">
<xsd: annot ati on>
<xsd: docurent ati on>

@'ar get ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface 1dd ass
C 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>

Clon Kkkkkkkkkkkkkkkhkkkkkkkkhkkkkkkkkhkkkkhhkkkhkkkkkkxkk __ 5

<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 ement name="sequence-generator" type="orm sequence-generator"
m nCccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kk ok ok kkkk ok ok kkkokkkkokkokkokkk 5

<xsd: conpl exType name="enbedded-i d">
<xsd: annot at | on>
<xsd: docurent ati on>

@ar get ({ METHOD, FIELD}) @Ret enti on( RUNTI NE)
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public @nterface Enbeddedl d {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="attribute-override" type="ormattribute-override"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="nanme" type="xsd:string" use="required"/>
</ xsd: conpl exType>

<l o Kk kkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kkkkkk ok ok _ 5

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

@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI MVE)
public @nterface Transient {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: attri bute name="nanme" type="xsd:string" use="required"/>
</ xsd: conpl exType>

<l o kkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kokkok ok ok kok ok ok kok ok k5

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

@rar get ({ METHOD, FIELD}) @Retenti on( RUNTI ME)
public @nterface Version {}

</ xsd: docunent ati on>

</ xsd: annot at i on>

<xsd: sequence>
<xsd: el ement name="col um" type="orm col um" m nQccurs="0"/>
<xsd: el enent nane="tenporal " type="ormtenporal” mnCccurs="0"/>

</ xsd: sequence>

<xsd:attribute name="nanme" type="xsd:string" use="required"/>

</ xsd: conpl exType>

QI oe Kkkkkkkkk Xk k kA hk kX kh kA kkkkkk kX hk ok khhkkkhkkkkkkxkk  __ 5

<xsd: conpl exType name="basi c">
<xsd: annot ati on>
<xsd: docunent at i on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Basic {

FetchType fetch() default EAGER

bool ean optional () default true;

}

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="col utm" type="orm col utm" m nQccurs="0"/>
<xsd: choi ce>
<xsd: el enent nane="1ob" type="ormlob" m nQccurs="0"/>
<xsd: el ement name="tenporal " type="ormtenporal” m nQccurs="0"/>
<xsd: el enent nanme="enuner ated" type="orm enunerated" m nCccurs="0"/>
</ xsd: choi ce>
</ xsd: sequence>
<xsd:attri bute name="nanme" type="xsd:string" use="required"/>
<xsd:attribute name="fetch" type="ormfetch-type"/>
<xsd: attribute name="optional" type="xsd: bool ean"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkhkhkkkkkkkkkkkk ok ok ok ok kkkok ok ok kkkokkokkokkokkok ok ok _ 5

<xsd: si npl eType name="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: enuner ati on val ue="LAZY"/>
<xsd: enuner ati on val ue="EAGER'/ >
</xsd:restriction>
</ xsd: si npl eType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kk ok ok kkkk ok ok kkkokkkkokkokkokkk 5

<xsd: conpl exType name="| ob" >
<xsd: annot at | on>
<xsd: docurent ati on>

@ar get ({ METHOD, FIELD}) @Ret enti on( RUNTI NE)
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public @nterface Lob {}

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

QI oe KkkkkkkkkXkkkkkkhkkkhkkhhkkhkkkkkhhkkkhhkkkhkkkkkkxkk __ 5

<xsd: si npl eType nanme="t enporal ">
<xsd: annot ati on>
<xsd: docunent at i on>

@arget ({ METHOD, FIELD}) @retention( RUNTI VE)
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>

P R R

<xsd: si npl eType nanme="t enporal -type">
<xsd: annot ati on>
<xsd: docunent at i on>

publ i ¢ enum Tenpor al Type {
DATE, // java.sql.Date
TIME, // java.sql.Tinme
TI MESTAMP // java.sql . Ti mestanp

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

<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="DATE"/>
<xsd: enuneration val ue="TI ME"/ >
<xsd: enuner ati on val ue="TI MESTAMP"/ >

</ xsd:restriction>
</ xsd: si npl eType>

QI oe Kkkkkkkkk Xk k kA hk kX kh kA kkkkkk kX hk ok khhkkkhkkkkkkxkk  __ 5

<xsd: si npl eType nanme="enuner at ed" >
<xsd: annot ati on>
<xsd: docunent at i 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>

P L L

<xsd: si npl eType nanme="enumtype">
<xsd: annot ati on>
<xsd: docunent ati on>

publ i ¢ enum Enunilype {
ORDI NAL,

STRI NG

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="ORDI NAL"/ >
<xsd: enuner ati on val ue="STRI NG'/ >
</xsd:restriction>
</ xsd: si npl eType>

<l o Kkkkkkkkkkkkhhkhhhkkkkkkkkkk ok ok ok ok ok ok kk ok ok ok ok kokkokkokkkkok ok ok _ 5

<xsd: conpl exType name="many-t o-one">
<xsd: annot ati on>
<xsd: docurent ati on>

@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI MVE)
public @nterface ManyToOne {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
Fet chType fetch() default EAGER
bool ean optional () default true

</ xsd: docunent at i on>
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</ xsd: annot at i on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="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:attri bute name="nanme" 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: conpl exType>

<l o Kkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kok ok ok ok ok _

<xsd: conpl exType nanme="cascade-type">
<xsd: annot at | on>
<xsd: docunent ati on>

public enum CascadeType { ALL, PERSI ST, MERGE, REMOVE, REFRESH};

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="cascade-al | " type="orm enptyType"
m nCccurs="0"/>
<xsd: el enent nane="cascade-persist" type="orm enptyType"
m nCccurs="0"/>
<xsd: el ement name="cascade-merge" type="orm enptyType"
m nCccurs="0"/>
<xsd: el enent nane="cascade-renove" type="orm enptyType"
m nCccurs="0"/>
<xsd: el ement name="cascade-refresh" type="orm enptyType"
m nCccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kkkokkkkokkokkokkokkokkk ok ok _ 5

<xsd: conpl exType nanme="one-to-one">
<xsd: annot ation>
<xsd: docurent ati on>

@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface OneToOne {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default EAGER
bool ean optional () default true;
) String mappedBy() default "";

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<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" maxQccur s="unbounded"/ >
<xsd: el enent nane="j oi n- col um" type="ormj oi n-col um"
m nCccurs="0" maxQccur 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: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: attribute name="napped-by" type="xsd:string"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkhhkhhhkkkkkkkkkk ok ok ok ok ok ok kk ok ok ok ok kokkokkokkkkok ok ok _ 5

<xsd: conpl exType name="one-to- many">
<xsd: annot ati on>
<xsd: docurent ati on>

@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface OneToMany {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default LAZY;
String mappedBy() default "";
}

</ xsd: docunent at i on>
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</ xsd: annot at i on>
<xsd: sequence>
<xsd: el enent nane="order-by" type="orm order-by"
m nCccurs="0"/>
<xsd: el enent nanme="nmap- key" type="orm nmap- key"
m nCccurs="0"/>
<xsd: choi ce>
<xsd: el ement name="j oi n-tabl e" type="ormj oi n-table"
m nCccurs="0"/>
<xsd: el enent nane="j oi n- col um" type="ormj oi n-col um"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: choi ce>
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0"/>
</ xsd: sequence>
<xsd: attri bute name="nanme" type="xsd:string" use="required"/>
<xsd:attribute name="target-entity" type="xsd:string"/>
<xsd:attribute name="fetch" type="ormfetch-type"/>
<xsd: attri bute name="mapped- by" type="xsd:string"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok kok ok ok ok ok ok ok kokkokkok ok ok kok ok ok _

<xsd: conpl exType nanme="j oi n-tabl e">
<xsd: annot at | on>
<xsd: docunent ati on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI ME)
public @nterface JoinTabl e {
String nane() default "";
String catal og() default
String schema() default ;
Joi nCol um[] ] oi nCol ums() default {};
Joi nCol um[] 1 nverseJdoinCol ums() 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 nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="inverse-j oi n-col um" type="ormj oi n-col um"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="uni que-constrai nt" type="orm uni que-constraint"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute name="name" type="xsd:string"/>
<xsd: attri bute name="catal og" type="xsd:string"/>
<xsd:attribute name="schemn" type="xsd:string"/>
</ xsd: conpl exType>

<l oo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkhhhkhhhhkhkhkkkkkkxkk __ 5

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

@rar get ({ METHOD, FIELD}) @Rretenti on( RUNTI MVE)
public @nterface ManyToMany {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default LAZY;
String nappedBy() default "";

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: el ement name="order-by" type="orm order-by"
m nCccurs="0"/>
<xsd: el enent nane="map- key" type="orm nap- key"
m nCccurs="0"/>
<xsd: el ement name="j oi n-tabl e" type="ormj oi n-table"
m nCccurs="0"/>
<xsd: el enent nane="cascade" type="orm cascade-type"
m nCccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="nanme" type="xsd:string" use="required"/>
<xsd:attribute name="target-entity" type="xsd:string"/>
<xsd:attribute name="fetch" type="ormfetch-type"/>
<xsd: attribute name="mapped- by" type="xsd:string"/>
</ xsd: conpl exType>

P L

<xsd: conpl exType nanme="gener at ed-val ue">
<xsd: annotation>
<xsd: docunent ati on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface GeneratedVal ue {
GenerationType strategy() default AUTG
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String generator() default

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd:attribute name="strategy" type="orm generation-type"/>
<xsd:attribute name="generator" type="xsd:string"/>
</ xsd: conpl exType>

P

<xsd: conpl exType name="map- key" >
<xsd: annot at | on>
<xsd: docunent ati on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface MapKe
String name() default

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

<l o kkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kokkok ok ok kok ok ok kok ok k5

<xsd: si npl eType name="or der-by">
<xsd: annot ati on>
<xsd: docunent ati on>

@rar get ({ METHOD, FIELD}) @Retenti on( RUNTI ME)
public @nterface O derBy {
String value() default "";

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:string"/>
</ xsd: si npl eType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kkkokkkkokkokkokkokkokkk ok ok _ 5

<xsd: conpl exType name="i nheritance">
<xsd: annot ation>
<xsd: docurent ati on>

@arget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface |nheritance {
I nheritanceType strategy() default SINGLE_TABLE;

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:attribute name="strategy" type="orminheritance-type"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok kk ok ok kkkk ok ok kkkokkokkokkokkkkk  _ 5

<xsd: si npl eType name="inheritance-type">
<xsd: annot ati on>
<xsd: docurent 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"/ >
<xsd: enuner ati on val ue="JO NED'/ >
<xsd: enuner ati on val ue="TABLE_PER CLASS"/ >
</xsd:restriction>
</ xsd: si npl eType>

<l o Kkkkkkokokokokkok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok _

<xsd: si npl eType nane="di scri ni nator-val ue">
<xsd: annot ati on>
<xsd: docunent ati on>

@arget ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface DiscrimnatorVal ue {
String value();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:string"/>
</ xsd: si npl eType>

<l o Kkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkk ok ok kk ok ok kkkok ok ok kk ok ok  _ 5

52




Metadata

<xsd: si npl eType nanme="di scri m nator-type">
<xsd: annot ati on>
<xsd: docunent ati on>

public enum Di scrim natorType { STRING CHAR | NTECER };

</ xsd: docunent ati on>

</ xsd: annot ati on>

<xsd:restriction base="xsd:token">
<xsd: enuneration val ue="STRING'/ >
<xsd: enuneration val ue="CHAR"/ >
<xsd: enuner ati on val ue="I| NTEGER'/ >

</ xsd:restriction>

</ xsd: si npl eType>

Q| o Kk kkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok kkkk  _ 5

<xsd: conpl exType name="pri mary-key-j oi n-col um" >
<xsd: annot ati on>
<xsd: docunent ati on>

@arget ({ TYPE, METHOD, FIELD}) @retenti on(RUNTI ME)
public @nterface PrimaryKeyJoi nCol um
String name() default "";
String referencedCol utmNane() defaul t
String columbDefinition() 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="col utm-definition" type="xsd:string"/>
</ xsd: conpl exType>

Clow Kkkkkkkkkkkkkkkhkhkhkhhkkhhkkkhkkkkhkkkhhkkkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="di scri nm nat or - col um" >
<xsd: annotation>
<xsd: document at i on>

@arget ({ TYPE}) @Retention( RUNTI ME)
public @nterface DiscrimnatorColum {
String nanme() default "DTYPE';
Di scrim nat or Type di scri m nat orType() default STRI NG
String columbDefinition() default "";
int length() default 31;

}

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: attribute name="name" type="xsd:string"/>
<xsd:attribute name="discrimnator-type" type="ormdiscrimnator-type"/>
<xsd:attribute name="col um-definition" type="xsd:string"/>
<xsd:attribute name="length" type="xsd:int"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok kk ok ok kkkk ok ok kkkokkokkokkokkkkk  _ 5

<xsd: conpl exType nanme="enbeddabl e">
<xsd: annot at | on>
<xsd: docurent ati on>

Defines the settings and nmappi ngs for enbeddabl e objects. Is
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
inthe class. If this is the case then the defaulting rules will
be recursively applied.

@arget ({ TYPE}) @Retenti on( RUNTI MVE)
public @nterface Enbeddable {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string" m nCccurs="0"/>
<xsd: el ement name="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:attribute name="netadat a- conpl ete" type="xsd: bool ean"/>
</ xsd: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkhhhkkhhhkhkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="enbeddabl e-attributes">
<xsd: sequence>
<xsd: el ement name="basi c" type="orm basic"
m nOccurs-"O" maxQccur s="unbounded"/ >
<xsd: el enent nanme="transi ent" type="ormtransient"
m nCccurs="0" maxQccur s="unbounded"/ >
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</ xsd: sequence>
</ xsd: conpl exType>

<l o Kk kkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kk ok ok kkkkkkkkkk ok ok kkkkkk ok ok _ 5

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

@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI ME)
public @nterface Enbedded {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="attribute-override" type="ormattribute-override"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok kok ok ok ok ok ok ok kokkokkok ok ok kok ok ok _

<xsd: conpl exType nanme="mapped- super cl ass" >
<xsd: annot at | on>
<xsd: docunent ati on>

Defines the settings and mappings for a mapped superclass. |s

all owed to be sparsely popul ated and used I n 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.

@rar get (TYPE) @Ret enti on( RUNTI ME)
public @nterface MappedSupercl ass{}

</ 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 ement name="id-cl ass" type="ormid-class" m nQOccurs="0"/>
<xsd: el enent nane="excl ude-defaul t-listeners" type="orm enptyType"
m nCccurs="0"/>
<xsd: el ement name="excl ude-supercl ass-1isteners" type="orm enptyType"
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" mnQccurs="0"/>
<xsd: el ement name="post-persist" type="orm post-persist”
m nCccurs="0"/>
<xsd: el ement name="pre-renove" type="orm pre-renove" minQccurs="0"/>
<xsd: el ement name="post-renove" type="orm post-renove" m nOccurs="0"
<xsd: el ement name="pre-update" type="orm pre-update" m nOccurs="0"/>
<xsd: el enent nane="post-update" type="orm post-update" m nCccurs="0"/>
<xsd: el ement name="post-| oad" type="orm post-load" mi nQccurs="0"/>
<xsd: el ement name="attributes" type="ormattributes" m nQccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="cl ass" type="xsd:string" use="required"/>
<xsd:attribute name="access" type="orm access-type"/>
<xsd: attribute name="netadat a- conpl ete" type="xsd: bool ean"/>
</ xsd: conpl exType>

/>

P L

<xsd: conpl exType name="sequence-generator">
<xsd: annot ation>
<xsd: docunent ati on>

@arget ({ TYPE, METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface SequenceGenerator {
String name();
String sequenceNane() default
int initialValue() default 1;
int allocationSize() default 50;

nou .
,

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd: attri bute name="sequence- nane" type="xsd:string"/>
i initial-value" type="xsd:int"/>
<xsd:attribute name="al | ocati on-size" type="xsd:int"/>
</ xsd: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkhhhkkhhhkhkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="t abl e- generat or">
<xsd: annot ati on>
<xsd: docunent ati on>

@rarget ({ TYPE, METHOD, FIELD}) @Rretention( RUNTI MVE)
public @nterface Tabl eGenerator {
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String nanme();

String table() default "";

String catal og() default

String schema() default ;
String pkCol umNane() default "";
String val ueCol umNane() default
String pkCol umvVval ue() default "";

int initialValue() default O;

int allocationSize() default 50;

Uni queConstraint[] uniqueConstraints() default {};

}

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

<xsd: el ement name="uni que-constraint" type="orm uni que-constraint"
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="tabl e" type="xsd:string"/>
<xsd:attribute name="catal og" type="xsd:string"/>
<xsd:attribute name="schema" type="xsd:string"/>
<xsd: attri bute name="pk-col um-name" type="xsd:string"/>
<xsd:attribute name="val ue-col um-nanme" type="xsd:string"/>
<xsd: attri bute name="pk-col um-val ue" type="xsd:string"/>
<xsd:attribute name="initial-value" type="xsd:int"/>
<xsd:attri bute name="al | ocati on-si ze" type="xsd:int"/>

</ xsd: conpl exType>

</ xsd: schema>

5.4. Conclusion

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

Example 5.2. Complete Metadata

package org. mag;

@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 @asic
private byte[] content; // defaults to @Basic

55



Metadata

@banyToMany(cascade=CascadeType. PERSI ST)
@ derBy("l ast Name, firstNane")
private Col |l ecti on<Aut hor> aut hors;

package org. nag. pub;

@ntity
public class Conpany
{

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

private String nane; /1l defaults to @asic
private double revenue; // defaults to @asic
private Address address; // defaults to @nbedded

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

@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE})
private Col |l ection<Subscription> subscri ptions;

}

@ntity
public class Author

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

private String firstName; // defaults to @Basic
private double |astName; // defaults to @Basic
private Address address; // defaults to @nbedded

@mnyToMany( mappedBy="aut hors", cascade=CascadeType. PERSI ST)
private Collection<Article> arts;

}

@nbeddabl e
public class Address

private String street; defaults to @Basic
private String city; defaults to @asic

/1

/1
private String state; // defaults to @Basic
private String zip; /1 defaults to @Basic

package org. mag. subscri be;

@MmppedSuper cl ass
publ i ¢ abstract class Docunent

@d private long id;

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

ext ends Docunent

private String terms; // defaults to @Basic

}

@ntity
public class Subscription

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

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

@DneToMany(cascade { CascadeType. PERSI ST, CascadeType. REMOVE})
@mpKey(nane="nunt")
private Map<Long, Li nelten® |ineltens;
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@Entity
public static class Lineltem
ext ends Contract

{
private String comments; // defaults to @Basic
private double price; /1 defaults to @Basic
private [ong num /1 defaults to @asic
@manyToOne
private Magazi ne magazi ne;

}

}

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

{

@asi c(fetch=Fet chType. LAZY)

private bool ean get EllteCJ ub () }

public void setElited ub (bool ean ellte) { . }
}

@ntity(name="Trial")

public class Trial Subscription
extends Subscription

{

public Date getEndDate () }
public void setEndDat e (Date end) { ...}

The same metadata declarationsin XML:

<entity- mappi ngs>
<I-- declares a default access type for all entities -->
<access-type>F| ELD</ access-type>
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed-val ue strategy="I1DENTITY"/>
</id>
<versi on name="version"/>
</attributes>
</ mapped- super cl ass>
<entity class="org. mag. Magazi ne">
<i d-cl ass="org. nag. Magazi ne$Magazi nel d"/ >
<attributes>
<i d name="isbn"/>
<id name="title"/>
<basi ¢ nane="nane"/ >
<basi c nane="price"/>
<basi ¢ name="copi esSol d"/ >
<versi on name="version"/>
<many-t o- one nane="publisher" fetch="LAZY">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- one>
<one-to-many nane="articl es">
<order - by/ >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
<one-to-one nane="coverArticle" fetch="LAZY">
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o0- one>
<transi ent name="data"/>
</attributes>
</entity>
<entity class="org.mg. Article">
<attributes>
<id name="id"/>
<basic name="title"/>
<basi ¢ nane="content"/>
<versi on name="version"/>
<many-to-many name="articl es">
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<order - by>l ast Nane, firstNane</order-by>
</ many-t o- many>
</attributes>
</entity>
<entity class="org. mg. pub. Conpany" >
<attributes>
<id name="id"/>
<basi ¢ name="nane"/ >
<basi ¢ name="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="subscri pti ons">
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<attributes>
<id name="id"/>
<basi c nane="firstNane"/>
<basi ¢ name="| ast Nanme"/ >
<versi on name="version"/>
<many-t o- many nanme="arts" mapped- by="aut hors">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- many>
</attributes>
</entity>
<entity cl ass="org. mg. subcribe. Contract">
<attributes>
<basi c nane="terns"/>
</attributes>
</entity>
<entity cl ass="org. mg. subcribe. Subscri ption">
<attributes>
<id name="id"/>
<basi ¢ name="paynent"/>
<basi ¢ name="startDate"/>
<versi on name="version"/>
<one-to-many name="itens">
<map- key name="nuni >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri pti on. Li neltent>
<attributes>
<basi ¢ nanme="comments"/>
<basi c nane="price"/>
<basi ¢ name="nuni'/>
<many-t o- one nane="nmgazi ne"/>
</attributes>
</entity>
<entity class="org. mg. subscribe. Lifeti neSubscription" nane="Lifetime"
access="PROPERTY" >
<attributes>
<basi c nane="eliteC ub" fetch="LAZY"/>
</attributes>
</entity>
<entity cl ass="org.mg. subscribe. Tri al Subscri ption" name="Trial">
<attributes>
<basi ¢ nane="endDate"/>
</attributes>
</entity>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >
<attributes>
<basi ¢ name="street"/>
<basi ¢ name="city"/>
<basi c nane="state"/>
<basi ¢ name="zip"/>
</attributes>
</ enbeddabl e>
</ entity-mappi ngs>
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Chapter 12, Mapping Metadata [115)ill 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.
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Chapter 6. Persistence

javax.persistence

Persistence

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

Kodo also includes the OpenJPAPer si st ence helper classto provide additional utility methods.

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

public static EntityManagerFactory createEntityManagerFactory (String nane);
public static EntityManagerFactory createEntityManagerFactory (String nanme, Map props);

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.

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

META- | NF/ per si st ence. xm .

6.1. persistence.xml

Theper si st ence. xii fileformat obeys the following Document Type Descriptor (DTD):

<! ELEMENT persi stence (persistence-unit*)>

<! ELEMENT persi stence-unit (description?, provider?,jta-datasource?,
non-j t a-datasource?, (class|jar-file| mapping-file)*,
excl ude-unli sted-cl asses?, properti es?)>

<I ATTLI ST persi stence-unit name CDATA #REQUI RED>

<! ATTLI ST persi stence-unit transaction-type (JTA RESOURCE_LOCAL) "JTA">

<! ELEMENT descri pti on (#PCDATA) >

<! ELEMENT provi der (#PCDATA) >

<! ELEMENT | t a- dat asour ce (#PCDATA) >

<! ELEMENT non-jta- dat asource (#PCDATA) >

<! ELEMENT nappi ng-file (#PCDATA)>

<IELEMENT jar-file (#PCDATA)>

<! ELEMENT cl ass (#PCDATA) >

<! ELEMENT excl ude-unli st ed-cl asses EMPTY>

<! ELEMENT properties (property*)>

<! ELEVENT property EMPTY>

<! ATTLI ST property name CDATA #REQUI RED>

<! ATTLI ST property val ue CDATA #REQUI RED>

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. Each persistence unit describes the configuration for the entity managers created by the persistence unit's entity man-
ager factory. The persistence unit can specify these elements and attribtues.
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Persistence

* nane: Thisisthe nameyou passto the Per si st ence. cr eat eEnt i t yManager Fact or y methods described above.
The name attribute is required.

e transaction-type: Whether to use managed (JTA) or local (RESOURCE L OCAL) transaction management.

» provider: 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. Persi st encePr ovi der | npl to use Kodo.

e jta-data-source: TheJNDI name of aJDBC Dat aSour ce that isautomatically enlisted in JTA transactions. This
may be an XA Dat aSour ce.

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

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

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

* ¢l ass*: The class names of entities and embeddabl e classes.

e properties: Thiselement contains nested pr oper t y 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 [390fescribes Kodo's configuration properties.

Hereisatypica per si st ence. xnl filefor anon-EE environment:

Example 6.1. persistence.xml

<?xm version="1.0"?>
<persi st ence>
<persi stence-unit nane="kodo">
<provi der >
or g. apache. openj pa. per si st ence. Per si st enceProvi der | npl
</ provi der>
<cl ass>tutorial . Ani mal </ cl ass>
<cl ass>tutorial . Dog</cl ass>
<cl ass>tutorial . Rabbit</cl ass>
<cl ass>tutorial . Snake</cl ass>
<properties>
<property name="kodo. Connecti onURL" val ue="j dbc: hsql db: tutori al _dat abase"/>
<property name="kodo. ConnectionDriver Nane" val ue="org. hsql db.jdbcDriver"/>
<property name="kodo. Connecti onUser Nane" val ue="sa"/>
<property name="kodo. Connecti onPassword" val ue=""/>
<property name="kodo. Log" val ue="Def aul t Level =WARN, Tool =I NFO'/ >
</ properties>
</ per si st ence- uni t >
</ persi st ence>
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Persistence

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 EntityManagerFactory

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

Il create the factory defined by the "kodo" entity-manager entry
EntityManager Factory enf = Persistence. createEntityManagerFactory ("kodo", props);
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Chapter 7. EntityManagerFactory

javax.persistence

EntityManagerFaciory

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

- isOpen(): boolean
- close()

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

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

7.1. Obtaining an EntityManagerFactory

Within a container, you will typically use injection to accessan Ent i t yManager Fact or y. There are, however, alternative
mechanismsfor Ent i t yManager Fact ory 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; using the Per si st ence classscr eat eEnt i t yMan-
ager Fact or y methods in an unmanaged environment, as described in Chapter 6, Persistence [60]. 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);

Thetwo cr eat eEnt i t yManager methods above create anew Ent i t yManager each time they are invoked. The optional
Map is used to to supply vendor-specific settings. If you have configured your implementation for JTA transactions and a JTA
transaction is active, thereturned Ent i t yManager will be synchronized with that transaction.

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

¢ kodo. Connecti onUser Nanme

« kodo. Connecti onPassword
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¢ kodo. Connecti onRet ai nMode

e kodo. Transact i onMode

¢ kodo. <property>, 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 Kodo'sEnt i t yManager implementation with the value
supplied in your map. The first options correspond exactly to the same-named Kodo configuration keys described in
Chapter 2, Configuration [390)f the Reference Guide.

7.3. 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 is detail in Section 8.2,
“Entity Lifecycle Management” [68] For now, it is sufficient to know that detachment has two obvious consequences:

1. Thedetached entity cannot load any additional persistent state.

2. TheEntityManager will not return the detached entity from f i nd, nor will queries include the detached entity in their

results. 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.

Kodo offers several features related to detaching entities. See Section 11.1, “ Detach and Attach” [582h the Reference
Guide. In particular, Section 11.1.3, “ Defining the Detached Object Graph” [583]escribes how to use the Det ach-
St at e setting to boost the performance of merging detached entities.

Injected Ent i t yManager s use 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 begins anew 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 lose 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 a new persistence context, and will again start returning
managed entities. Asyou'll seein Chapter 8, EntityManager [67] you can also merge the previously-detached entites back into
the new persistence context.

Example 7.1. Behavior of Transaction Persistence Context

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

EntityManager em // Injected

/1 CQutside a transaction:

/'l Each operation occurs in a separate persistence context and returns
// a new detached instance.

Magazi ne magl = em find (Magazi ne. class, magld);

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

assert True (mag2 != magl);

/'l Transaction begins:

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

Magazi ne mag3 = em find (Magazi ne.class, magld);

assertTrue (mag3 != magl && naeg3 != mag2);

Magazi ne mag4 = em find (Magazine.class (magld);

assert True (mag4 == mag3);

/1 Transaction commits:
// Once again, each operation returns a new i nstance.

Magazi ne mags = em find (Magazi ne.class, magld);
assert True (mag5 != nmag3);

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 from the Ent i t yManager are managed, and the Ent i 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 entitesunder an Ent i t yManager using an extended persistence context.

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

/'l The persistence context is active for the entire life of the EM so there is
/1 only one entity for a given persistent identity.

Magazi ne magl = em find (Magazi ne. class, magld);

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

assert True (nmag2 == nagl);

em get Transaction ().begin ();

/] The same persistence context is active within the transaction.
Magazi ne mag3 = em find (Magazi ne.class, magld);

assert True (mag3 == nmagl);
Magazi ne mag4 = em find (Magazine.class (magld);
assert True (mag4 == magl);

em get Transaction.commit ();
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// \When the transaction commits, the instance is still managed.
Magazi ne mags = em find (Magazine.class, magld);
assert True (mag5 == magl);

/'l The instance finally becones detached when the EM cl oses.
emcl ose ();

7.4. Closing the EntityManagerFactory

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

Enti t yManager Fact ory 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 closeit 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, become invalid. Attempting to closean 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, al methods except i sQpen throw
anl || egal StateException.
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Chapter 8. EntityManager

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 yManager
API, see the Javadoc documentation. Methods whose parameter signatures consist of an ellipsis(...) are overloaded to take mul-
tiple parameter types.

Kodo extends the standard Ent i t yManager interface with the
or g. apache. openj pa. per si 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 EJB persistence runtime. The
methods of the Ent i t yManager can be divided into the following functional categories:

* Transacti on association

» Entity lifecycle management

» Entity identity management

e Cache management

* Query factory

e Closing

8.1. Transaction Association
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public EntityTransacti on getTransaction ();

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 yTr ansact i 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 withan Ent i t yManager through the get Tr ansact i on method.
Note that most EJB persistence implementations can integrate with an application server's managed transactions. If you take ad-

vantage 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.

8.2. Entity Lifecycle Management

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

public void persist (Object entity);

The above method transitions new instances to managed instances. On the next flush or commit, the newly persisted instances
will be inserted into the datastore.

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, anl | | egal Ar gunent Except i on isthrown.

* The persist operation recurses on all 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);

The above method transitions managed instances to removed instances. The instances will be deleted from the datastore on the
next flush or commit. Accessing 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 (Ooject entity);

Usether ef r esh method 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 remove operation cascades as defined below.
e If Aisan existing managed entity, its state is refreshed from the datastore.

» If Aisaremoved entity, it isignored.

e 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 (Ooject 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.

EJB persistence provides support for this pattern by automatically detaching entities when they are serialized or when a persist-
ence context ends (see Section 7.3, “ Persistence Context” [64] for an exploration of persistence contexts). The EJB persistence
merge API re-attaches detached entities. This allows you to detach a persistent instance, modify the detached instance offline, and
merge the instance back into an Ent i t yManager (either the same one that detached the instance, or anew 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.

Be sureto not alter the version or identity fields of detached instancesif 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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>