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Chapter 1. Kodo JPA/JDO

Kodo JPA/IDO is BEA System'simplementation of Sun's Java Persistence API (JPA) specification and Java Data Objects (JDO)
specification 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” [329]f you would prefer to start
with an introduction to the concepts of JPA, begin with Chapter 1, Introduction [12]

To get familiar with JDO, you may want to start with Section 2.2, “Kodo JDO Tutorial” [346]f you are interested in reading
about the background and concepts involved in JDO, start at Chapter 1, Introduction [173]

1.1. About This Document

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

The JPA Overview 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.

1.2. Sales Inquiries

<sal es@ol arnmetric. conp

+1 202-595-2064 x2




Chapter 2. Kodo Installation

2.1. Overview

This download includes the commercially available release of Kodo version 4.0.0. Kodo is an implementation of the Java Persist-
ence APl and Java Data Objects specifications for relational databases. A copy of each specification is provided in the document-
ation.

Y ou just downloaded one of the following:

* kodo-4.0.0.tar. gz - Kodo version 4.0.0 for Unix or Mac OS X.

* kodo-4.0.0. zi p - Kodo version 4.0.0 for Microsoft Windows XP, 2000, NT, ME, 98, and 95.

2.2. Installation
2.2.1. Updates

Please check the web site to download the | atest version of Kodo.

2.2.2. Key Files in the Download

1. README. t xt - The README file.

2. lib/hypersonic-license.txt -Licenseagreement to use Hypersonic database.

3. lib/jakarta-conmons-1|icense.txt - Licenseagreement to use Jakarta Commons libraries.
4. lib/serp-license.txt -Licenseagreement to use Serp libraries.

5. lib/sun-treetable-license.txt -Licenseagreement to use Sun's treetable.

6. lib/xanlan-1icense.txt -Licenseagreement to use Apache Xanlan Project software.

7. lib/xerces-license.txt -Licenseagreement to use Apache Xerces Project software.

2.2.3. Quick Start

Follow the instructions in the appropriate installation section below. Note that if you are reading thisin the README. t xt file,
the online documentation can be found at: http://e-docs.bea.com/kodo/docs40/index.html

If you received this package on a CD, you will need to download avalid license key from: ht-
tp://ftpmain.bea.com/download/pub/license/k odo/kodo40/license.bea While obtaining your license key, we highly recommend
that you download the latest version of Kodo.

2.2.4. Upgrading from Previous Kodo Versions

There may be significant differences to properties, mappings, and internal APIs between major releases of Kodo. For information
about how to upgrade from a previous Kodo versions, see Appendix D of the Kodo Reference Guide.
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2.2.5. Requirements

A valid Kodo license key. Evaluation keys are available at: ht-
tp://ftpmain.bea.com/download/pub/license/kodo/k odo40/license.bea

JDK 1.5 or higher for JPA; JDK 1.2 or greater for JDO.

A relational database with JDBC driver, such as Oracle, IBM DB2, Microsoft SQL Server, Sybase, Pointbase, MySQL, Post-
greSQL, or Hypersonic SQL. Thisinstallation is bundled with Hypersonic, which requires no installation and minimal config-
uration.

2.2.6. Terminology

2.2.7.

KODOHOVE

Thisisthe directory where you installed Kodo.

JDKHOVE

Thisisthe directory where you installed the JDK.

Windows Installation

Read and agree to any third party license agreements.

Edit KODOHOVE/ bi n/ kodocnd. bat and KODOHOVE/ bi n/ kodocomrand. bat so that KODODI R and J DKHOVE are
set correctly.

Run KODOHOVE/ bi n/ kodocnd. bat or KODOHOVE/ bi n/ kodocommrand. bat . (The former relies on ‘cmd’, the com-
mand shell for Windows XP, 2000, and NT; the latter uses 'command’, the command shell for Windows ME, 98, and 95.)
All tutorial commands should be executed from this shell.

Open http://e-docs.bea.com/kodo/docs40/index.html For JPA, navigate to the Kodo JPA Tutorials. For JDO, navigate to
theKodo JDO Tutorials. Thesetutorialsarein Part 1V of the Kodo documentation.

Change to the KODOHOVE/ t ut or i al / per si st ence directory or the KODOHOVE/ t ut ori al / j do directory.

Start the tutorial.

2.2.8. POSIX (Linux, Solaris, Mac OS X, Windows with cygwin, etc.)
Installation

Open ashell.

Ensure that your CLASSPATH environment variable contains the base Java runtime package
($IDKHOVE/ jre/lib/rt.jar for IDK 1.2 or higher).

Change to the KODOHOVE directory.
Type'chnod a+x bi n/ *'. Thiswill give you execute permissions on all packaged shell scripts.

Type'sour ce bi n/ envset up' (On Windowswith Cygwin, type'sour ce bi n/ cygset up’). Thiswill modify your
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CLASSPATH and PATH environment variables to add in the librariesin KODOHOVE/ | i b and the executables in KODO-
HOVE/ bi n.

6. Open http://e-docs.bea.com/kodo/docs40/index.html For JPA, navigate to the Kodo JPA Tutorials. For JDO, navigate to
the Kodo JDO Tutorials. Thesetutorials arein Part 1V of the Kodo documentation.

7. Changetothe KODOHOVE/ t ut ori al / per si st ence directory or the KODOHOVE/ t ut ori al / j do directory.

8. Start thetutoridl.

2.2.9. Common Installation Problems

Problem: Shell error when running 'j avac *.j ava'or whenusing'j ava'

Solution: Ensurethat j ava and j avac areinstalled and in your path. To verify that they areinstaled, type'j ava' on aline by
itself. If this returns a usage statement, then j ava isinstalled and in your path. Repeat with 'j avac' instead of 'j ava'to seeif
j avac isinstalled correctly. If these tests fail, install JDK 1.2 or greater. Also, please make sure that kodocnd. bat setsup
your path properly.

Problem: When running 'kodoc’, you get aNoCl assDef FoundEr r or with amessage like the following:
j ava. | ang. NoCl assDef FoundError: Animal (wong nanme: tutorial/persistence/ Animal)

Solution: This often means that you are invoking kodoc from the directory that contains the class Ani nal , and'." isin your
classpath. Fixing your classpath or running kodoc from a different directory should solve this problem.

Problem: A 'seal i ng vi ol at i on' occurs when running the enhancer.

Solution: Thisindicates that some other library in your CLASSPATH is conflicting with the jars packaged with this distribution.

2.2.10. Resources

If you have any technical questions while evaluating or installing Kodo, please send an email to
<support @ol arnmetric. conp.

The web site (http://www.solar metric.com) has Kodo development resources, including frequently asked questions, our bug
tracking system, Kodo newsgroups, access to technical support, and linksto a variety of technical articles and third party tutori-
als.
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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. The capabilities of serialization as alightweight persistence mechanism pale, however, in comparison to those
provided by EJB. The next chapter compares EJB to serialization and other available persistence mechanisms.
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Chapter 2. Why JPA?

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

Table 2.1. Persistence Mechanisms

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

Transactional |[No Yes Yes Yes Yes Yes Yes
Integrity

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

Existing No Yes Yes No Yes Yes Yes
Schema

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

lational Stores

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

ity

Simplicity Yes Yes Yes Yes No Yes Yes

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
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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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EJB Persistence Architecture

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.
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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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Entity

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” [452)f 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 sbnandt i t | e values. Section 5.2.2, “1d” [34]will show you how to denote your identity
fieldsin JPA metadata. Section 4.2, “ Entity I dentity” [21]below examines persistent identity.

Note

Kodo fully supportsidentity fields, but does not require them. See Section 5.3, “ Object Identity” [455f 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” [35]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’ [50dh 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 [ 28] 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” [67), 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’ [23).

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” [456)f 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 [28]

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.
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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” [42] JPA also standardizes relational mapping metadata and named query
metadata, which we discussin Chapter 12, Mapping Metadata [118jnd Section 10.1.9, “ Named Queries’ [90]respectively.

Kodo defines many useful annotations beyond the standard set. See Section 6.3, “ Additional JPA Metadata” [4814nd
Section 6.4, “ M etadata Extensions’ [483h 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” [33]

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” [452) the Reference Guide for details on enhancement.

Id Class

5.1.3.

Aswe discussed in Section 4.2.1, “ I dentity Class’ [22], 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” [33]

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” [33]

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’ [24].

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’ [19].
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. Y ou can only apply the Gener at edVal ue annotation to numeric fields. It has the follow-
ing properties:

« CenerationType strategy: Enum vaue specifying how to auto-generate the field value. The Gener at i onType
enum has the following values:
e Cener at or Type. AUTQ The default. Assign the field a generated value, leaving the details to the JPA vendor.
e« CenerationType. | DENTI TY: The database will assign an identity value on insert.
e CenerationType. SEQUENCE: Use adatastore sequence to generate afield value.
e CenerationType. TABLE: Use asequence 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’ [126]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 AUTO, 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’ [458h 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 UUIDs, see the IETF UUID draft specification at: ht-
tp://wwwl.ics.uci.edu/~ejw/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 kodo. 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 @nbeddedI d
field. The type of afield annotated with Embedded! d must be an embeddable entity class. The fields of this embeddable class
are considered the identity values of the owning entity. We explore entity identity and identity fieldsin Section 4.1.3, “Identity
Fields’ [19].

The Enbeddedl 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.

Use the Ver si on annotation to designate aversion field. Section 4.1.4, “Version Field” [19] explained the importance of ver-
sion fieldsto JPA. Thisisamarker annotation; it has no properties.
The equivaent XML elementisver 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. Stri ng,byte[],Byte[],char[],Character[],

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

j ava. sqgl . Dat e,j ava. sql . Ti mest anp, Enuns, and Seri al i zabl e types.

Basi ¢ declaresthese properties:

* FetchType fetch: Whether to load the field eagerly (Fet chType. EACER) or lazily (Fet chType. LAZY). Thede-
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faultisFet chType. EAGER

* bool ean opti onal : Whether the datastore alows null values. The defaultsis true.

The equivalent XML element isbasi c. It hasthe following attributes:

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

» opti onal : 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 from the Ent i t yManager , you are guaranteed that all
of its eager fields are populated with datastore data.

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

With amix of eager and lazily-loaded fields, you can ensure that commonly-used fields load efficiently, and that other state |oads

transparently when accessed. Asyou will seein Section 7.3, “ Persistence Context” [67] 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 allows you to dynamically change which fields are eagerly or lazily |oaded
at runtime. See Section 5.6, “ Fetch Groups’ [469h the Reference Guide for details.

The Reference Guide details Kodo's eager fetching behavior in Section 5.7, “ Eager Fetching” [473]

Embedded

5.2.8.

Use the Enrbedded 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 thefield 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.
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JPA indicates many-to-one relations between entities with the Many ToOne annotation. This annotation has the following proper-
ties:
* (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’ [36] above for details on fetch types.

* bool ean opti onal : Whether the related object must exist. If f al se, thisfield cannot be null. 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 [70]} 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:

@m&nyToOne( 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 eement isitself a
child of many- t 0- one. The following examples are equivalent:

<many-t o- one nanme="publisher">
<cascade>
<cascade- persi st/ >
<cascade- nerge/ >
<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: Names the 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” [37]. The defaultsis an empty array.

 FetchType fetch: Whether to load thefield eagerly (Fet chType. EAGER) or lazily (Fet chType. LAZY). The de-
faultsisFet chType. LAZY. See Section 5.2.6.1, “ Fetch Type” [36] above for details on fetch types.

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

e nane: The name of thefield or property. This attribute is required.

* target-entity: Theclassof therelated type.
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 fetch: Either EAGEROr LAZY.

* mapped- by: The name of thefield or property that owns the relation. See Section 5.2, “ Field and Property M etadata”
[33].

Y ou 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 abidirectional 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 form the 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 hisor 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. nmags usesthe datastore mapping for Magazi ne. publ i sher, but inversesit. Infact, itisillegal to specify
any additional mapping information when you use the mappedBy property. All mapping information is read from the refer-
enced field. We explore mapping in depth in Chapter 12, Mapping Metadata [118]

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. nags field alone are not. Changesto Conpany. nags may still affect the JPA implementation's cache, however.
Thus, it is very important that you keep your object model consistent by properly maintaining both sides of your bidirection-
al relations at all times.

Y ou should always take advantage of the mappedBy property rather than mapping each field of a bidirectional relation inde-
pendently. Failing to do so may result in the JPA implementation trying to update the database with conflicting data. Be careful,
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’ [458h 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 cl 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:

» Class targetEntity: Theclassof the related entity type. Thisinformation is usually taken from the field type.

« String mappedBy: Namesthe field in the related entity that maps this bidirectional relation. We explain bidirectional re-
lationsin Section 5.2.9.1, “ Bidirectional Relations’ [39] above. Leaving this property unset signals that thisis a standard
unidirectional relation.

» CascadeType[] cascade: Array of enum values defining cascade behavior for thisfield. We explore cascades in Sec-
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tion 5.2.8.1, “ Cascade Type' [37] above. Defaults to an empty array.

* FetchType fetch: Whether to load thefield eagerly (Fet chType. EAGER) or lazily (Fet chType. LAZY). The de-
faultsisFet chType. EAGER. See Section 5.2.6.1, “Fetch Type’ [36] above for details on fetch types.

* bool ean opti onal : Whether the related object must exist. If f al se, thisfield cannot be null. The defaultsist r ue.

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.

f et ch: Either EAGER or LAZY.

* mapped- by: Thefield that ownsthe relation. See Section 5.2, “Field and Property M etadata” [33].

Y ou may also nest the cascade element within aone- t 0- 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 through the 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’ [39] 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’ [37]. 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” [36] 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 M etadata” [33].

Y ou may also nest the cascade element within anany-t o- nany element.
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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
value must be of the form:

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

Each<fi el d nanme> 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 available ordering syntax. See Section 6.4.2.3, “ Order-By” [485h 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 afield 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 the one- t o- many or many-t o- many ele-
ments. The map- key element has the following attributes:

* nane: The name of the field 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 ¢, transient,orfinal defaulttonon-persistent.
2. Fiddsof any primitive type, primitive wrapper type, j ava. | ang. String,byte[],Byte[],char[], Char ac-

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. Fiedsof an embeddable type default to persistent, as if annotated with @nbedded.

4. All other fields default to non-persistent.
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Note that according to these defaults, all relations between entities must be annotated explicitly. Without an annotation, arelation
field will default to serialized storage if the related entity typeis serializable, or will default to being non-persistent if not.

5.3. XML Schema

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 [118]

<?xm version="1.0" encodi ng="UTF-8"?>
<xsd: schema target Namespace="http://] ava. sun. com xm / ns/ per si st ence/ or n{
xm ns:orne"http://java. sun. com xn / ns/ persi st ence/ or nt
xm ns: xsd="ht t p: // ww. w3. or g/ 2001/ XM_Scherma"
el emrent For nDef aul t =" qual i fi ed"
attri but eFor mDef aul t ="unqual i fi ed"
version="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: docurnent ati on>

This is the XM Schena for the persistence object-relationa
mapping file

The file nmay be naned "META-INF/orm xm " in the persistence
archive or it may be named sonme ot her name which 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 nanme="versi onType">
<xsd:restriction base="xsd:token">
<xsd: pattern value="[0-9]+(\.[0-9]+)*"/>
</ xsd:restriction>
</ xsd: si npl eType>

<l oo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkhhkkhhhkhkhkkkkkkxkk __ 5

<xsd: el enent nanme="entity- nappi ngs">
<xsd: conpl exType>
<xsd: annot ati on>
<xsd: docunent ati on>

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

1. The persistence-unit-netadata el ement contains netadata
for the entire persistence unit. It is undefined if this elenent
occurs in multiple mapping files within the sanme persistence unit

2. The package, schema, catal og and access el ements 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, nanmed-query
nanmed- nati ve-query and sql-resul t-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 sane nane in the sane
or different mapping files in a persistence unit. It is also
undefined to have nore than one nanmed-query or naned-native-query
of the sane nane in the sane or different mapping files in a

persi stence unit.

4. The entity, mapped-superclass and embeddabl e el ements each define
the mapping infornmation for a nanaged persistent class. The nmapping
informati on contained in these el ements may be conplete or it may

be parti al

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane= descrlptlon type="xsd: string"
nlancurs— 0"/ >
<xsd: el enent nane="persi stence-unit-netadata"
t ype="or m per si st ence- uni t - net adat a"
n]nChcurs-"O"/>
<xsd: el enent nane="package" type="xsd:string"
n1ancurs—"0W
<xsd: el ement name="schem" type="xsd:string"
m nCccurs="0"/>
<xsd: el enent nane="catal og" type="xsd:string"
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m nCccurs="0"/>

<xsd: el enent nane="access" type="orm access-type"
m nCccurs="0"/>

<xsd: el ement name="sequence-generator" type="orm sequence-generator"
m nCccur s="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 nCccur s="0" maxQccur s="unbounded"/ >

<xsd: el enent nane="naned- native-query" type="orm naned- native-query"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el ement name="sql -resul t-set-mappi ng"
type="orm sql -resul t - set - mappi ng"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el ement name="mapped- supercl ass" type="orm mapped- supercl ass"
m nCccurs="0" maxQccur s="unbounded"/ >

<xsd: el ement name="entity" type="ormentity"
m nCccurs="0" maxQccur 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 versionType"
fixed="1.0" use="required"/>
</ xsd: conpl exType>
</ xsd: el ement >

P L L

<xsd: conpl exType name="persi stence-unit-nmetadata">
<xsd: annot ati on>
<xsd: docunent at i 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- et adat a- conpl ete el enent is specified then
the conplete set of napping netadata for the persistence unit
is contained in the XML mapping files for the persistence unit.

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nane="xnl - mappi ng- met adat a- conpl ete" type="orm enptyType"
m nCccurs="0"/>
<xsd: el ement name="persistence-unit-defaults"
type="orm persi st ence-unit-defaul ts"
m nCccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kok ok ok kokkokkokkokkok ok ok _

<xsd: conpl exType name="persi stence-unit-defaul ts">
<xsd: annot at | on>
<xsd: docunent ati on>

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

schema - Used as the 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 managed classes in
the persistence unit

cascade- persi st - Adds cascade-persist to the set of cascade options
inentity relationships of the persistence unit

entity-listeners - List of default entity listeners to be invoked
on each entity in the persistence unit.

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="schem" type="xsd:string"
m nCccurs="0"/>
<xsd: el ement name="cat al og" type="xsd:string"
m nCccurs="0"/>
<xsd: el enent nanme="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-Iisteners"
m nCccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>

<|__ IR R R R R EEEEEEEEEEEEEEEEEEEEERREEEEEEEREREEEEEEREEEEEEEES] caS
<xsd: conpl exType name="entity">

<xsd: annot ati on>
<xsd: docunent ati on>
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Defines the settings and mappings for an entity. Is allowed 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 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 ements wll

be recursively applied.

@arget (TYPE) @Retenti on( RUNTI ME)
public @nterface Entity {
String name() default "";

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="description" type="xsd:string" minCccurs="0"/>
<xsd: el enent nane="tabl e" type="ormtable"
m nCccurs="0"/>
<xsd: el ement name="secondary-tabl e" type="orm secondary-table"
m nCccur s="0" maxQccur s="unbounded"/ >
<xsd: el enent nanme="pri mary-key-j oi n- col um"
type="orm pri mary-key-j oi n- col um"
m nCccur s="0" maxQccur s="unbounded"/ >
<xsd: el ement name="id-cl ass" type="ormid-class" m nQccurs="0"/>
<xsd: el enent nanme="inheritance" type="orminheritance" m nCccurs="0"/>
<xsd: el ement name="di scri m nator-val ue" type="ormdi scri m nator-val ue"
m nCccurs="0"/>
<xsd: el enent nane="di scri m nat or-col um"
type="ormdi scri m nator-col um"
m nCccurs="0"/>
<xsd: el ement name="sequence-generator" type="orm sequence-generator"
m nCccurs="0"/>
<xsd: el enent nane="t abl e-generator" type="ormtabl e-generator"
m nCccurs="0"/>
<xsd: el ement name="naned- query" type="orm nanmed- query"
m nCccur s="0" maxQOccur s="unbounded"/ >
<xsd: el ement name="named- native-query" type="orm named-native-query"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="sql -resul t-set-nmappi ng"
type="orm sql -resul t - set - mappi ng"
m nCccurs="0" maxQOccur s="unbounded"/ >
<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" m nQccurs="0"/>
<xsd: el ement name="attribute-override" type="ormattribute-override"
m nCccur s="0" maxQOccur s="unbounded"/ >
<xsd: el ement name="associ ati on-overri de"
type="orm associ ati on-overri de"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="attributes" type="ormattributes" m nOccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="nanme" type="xsd:string"/>
<xsd: attribute name="cl ass" type="xsd:string" use="required"/>
<xsd:attribute name="access" type="orm access-type"/>
<xsd:attribute name="metadat a- conpl ete" type="xsd: bool ean"/>

/>

</ xsd: conpl exType>
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<xsd: conpl exType name="attri butes">

<xsd: annot ati on>
<xsd: docurent ati on>

This el enent contains the entity field or property nmappings.

It may be sparsely populated to include only a subset of the
fields or properties. |If netadata-conplete for the entity is true
then the renmai nder of the attributes will be defaulted according
to the default rules.

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el ement name="id" type="ormid"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="enbedded-i d" type="orm enbedded-id"
m nCccurs="0"/>
</ xsd: choi ce>
<xsd: el ement name="basi c" type="orm basic"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="version" type="orm version"
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m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="many-t o-one" type="orm many-to-one"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="one-to-many" type="orm one-to-many"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="one-to-one" type="orm one-to-one"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="nany-to-many" type="orm many-to- many"
m nCccur s="0" maxQccur s="unbounded"/ >
<xsd: el enent nane="enbedded" type="orm enbedded"
m nCccurs="0" maxQccur s="unbounded"/>
<xsd: el ement name="transi ent" type="ormtransient"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
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<xsd: si npl eType nanme="access-type">
<xsd: annot ati on>
<xsd: docurent ati on>

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

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="PROPERTY"/ >
<xsd: enuneration val ue="Fl ELD"/ >
</ xsd:restriction>
</ xsd: si npl eType>
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<xsd: conpl exType name="entity-|isteners">
<xsd: annot at | on>
<xsd: document ati on>

@arget ({TYPE}) @retenti on( RUNTI ME)
public @nterface EntityListeners {
Cl ass[] val ue();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="entity-listener" type="ormentity-listener"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<l oo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkhhhkhhhhkhkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="entity-|istener">
<xsd: annot ati on>
<xsd: docunent ati on>

Defines an entity listener to be invoked at |ifecycle events
for the entities that list this |istener.

</ xsd: docunent at i on>

</ xsd: annot at i on>

<xsd: sequence>
<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 enent nane="pre-renpve" type="orm pre-renove" m nCccurs="0"/>
<xsd: el ement name="post-renove" type="orm post-renmove" m nQccurs="0"/>
<xsd: el ement name="pre-update" type="orm pre-update" m nOccurs="0"/>
<xsd: el ement name="post-update" type="orm post-update" m nOccurs="0"/>
<xsd: el enent nane="post-| oad" type="orm post-|oad" m nQccurs="0"/>

</ xsd: sequence>

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

</ xsd: conpl exType>

QI oe Kkkkkkkk kX k ok kA kK AR h kAR Ik kkk ok kX hk ok khh kX ke ok ok hkkxk ok _ |5

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

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

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

<l o Kkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kkkokkk ok ok kkkkkokkkkokkkkk ok ok _ 5

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

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

</ xsd: docunent at i 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 name="pre-renove">
<xsd: annot ati on>
<xsd: docurent ati on>

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

</ 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 name="post-renove">
<xsd: annot ati on>
<xsd: docunent ati on>

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

</ 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 nane="pre-update">
<xsd: annot ati on>
<xsd: docunent at i on>

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

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

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok kkkkkkkkkokkkkokkokkk ok ok _ 5

<xsd: conpl exType name="post - updat e" >
<xsd: annot at | on>
<xsd: docurent ati on>

@rar get ({ METHOD}) @Ret enti on( RUNTI VE)
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>

P L L

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

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

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

Qoo Kkkkkkkkkkkkkkkkkkkkhkkhkkkhkkkkkhhkhhhhhkhkkkkkkxkk __ 5

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

@rarget ({}) @Retention(RUNTI ME)
public @nterface QueryHint {
String name();
String val ue();

46




Metadata

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

QI oe KkkkkkkkkXkkkkkkhkkkhkkhhkkhkkkkkhhkkkhhkkkhkkkkkkxkk __ 5

<xsd: conpl exType name="naned- query" >
<xsd: annot ati on>
<xsd: document at i on>

@arget ({ TYPE}) @Retenti on( RUNTI ME)
public @nterface NanedQuery {
String name();
String query();
QueryH nt[] hints() default {};

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

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

<xsd: el ement name="hint" type="orm query-hint"

m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attri bute name="nanme" type="xsd:string" use="required"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok kk ok ok kk ok ok kokkokkok ok ok _ 5

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

@arget ({ TYPE}) @Rret enti on( RUNTI MVE)
public @nterface NanmedNativeQuery {
String name();
String query();
QueryH nt[] hints() default {};
Class resultC ass() default void.class;
) String result Set Mappi ng() default ""; //named Sql Resul t Set Mappi ng

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

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

<xsd: el ement name="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-class" type="xsd:string"/>
<xsd:attribute name="result-set-mappl ng" type="xsd:string"/>
</ xsd: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkkkhkhhkkkhkkkkhhkkhhhkkkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="sql -resul t-set-nmappi ng">
<xsd: annot ati on>
<xsd: docunent ati on>

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

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="entity-result" type="ormentity-result”
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="col um-result" type="orm col um-result"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute name="nanme" type="xsd:string" use="required"/>
</ xsd: conpl exType>

P R R L

<xsd: conpl exType name="entity-result">
<xsd: annot ati on>
<xsd: docunent ati on>

@arget ({}) @Retention(RUNTI ME)
public @nterface EntityResult {
Cl ass entityd ass();
FieldResult[] fields() default {};
String discrimnatorColum() default
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</ xsd: docunent at i 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 scrim nator-colum" type="xsd:string"/>
</ xsd: conpl exType>

Clow KkkkkkkkkXkkkkkhhkkkkkkhkkkkkk kX hkkkhhkkkhkkkkkkxkk  __ 5

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

@arget ({}) @Retention(RUNTI ME)
public @nterface Fiel dResult {
String name();
String colum();

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

<l o Kkkkkkkkkkkkkhkkkkkkkk ok ok ok ok ok ok kk ok ok kkkkkk ok ok kk ok ok kkkkkk ok ok  _ 5

<xsd: conpl exType name="col urm-result">
<xsd: annot ati on>
<xsd: docunent ati on>

@rarget ({}) @Retention(RUNTI ME)
public @nterface Col umResult {
String name();

</ xsd: docunent at i on>
</ xsd: annot ati on>
<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 nanme="t abl e" >
<xsd: annot ati on>
<xsd: docurent ati on>

@rarget ({TYPE}) @Retenti on( RUNTI ME)
public @nterface Table {
String name() default "";
String catal og() default
String schema() default

Uni queConstraint[] uniqueConstraints() default {};

</ xsd: docunent at i 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:attribute name="catal og" type="xsd:string"/>
<xsd:attribute name="schem" type="xsd:string"/>
</ xsd: conpl exType>

<l o Kk kkkkkkkkkkkkkkkkkkkkkk ok ok ok ok kk ok ok ok ok ok ok ok ok ok ok kk ok ok kkkkkkkk  _ 5

<xsd: conpl exType nanme="secondary-tabl e">
<xsd: annot ati on>
<xsd: docurent ati on>

@rarget ({TYPE}) @Retenti on( RUNTI ME)
public @nterface SecondaryTabl e {
String name();
String catal og() default
String schema() default
Pri mar yKeyJoi nCol um[] pkJoi nCol ums() default {};
Uni queConstraint[] uniqueConstraints() default {};

</ xsd: docunent ati on>
</ xsd: annot ati 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 nCccur s="0" maxCccur s="unbounded"/ >
<xsd: el ement nanme="uni que-constraint" type="orm uni que-constraint"
m nQccur s="0" maxCccur s="unbounded"/ >
</ xsd: sequence>

48




Metadata

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

</ xsd: conpl exType>

P L R

<xsd: conpl exType name="uni que-constraint">
<xsd: annot ation>
<xsd: docunent ati on>

@arget ({}) @Retention( RUNTI ME)
public @nterface Uni queConstraint {
String[] col ummNanes();

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="col utm- nane" type="xsd:string"
maxQccur s="unbounded”/ >
</ xsd: sequence>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkhkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok kkkkkkkokkokkokkokkokkk 5

<xsd: conpl exType name="col urm">
<xsd: annot ati on>
<xsd: docurent ati on>

@rar get ({ METHOD, FI ELD}) @Rretenti on( RUNTI MVE)
public @nterface Colum
String name() default

bool ean uni que() default false;

bool ean nul | abl e() default true;

bool ean insertabl e() default true;

bool ean updat abl e() default true;

String columbDefinition() default "";

String table() default "";

int length() default 255;

int precision() default 0; // decimal precision
int scale() default 0; // decimal scale

}

</ xsd: docunent at i on>

</ xsd: annot ati on>
<xsd:attribute name="nanme" type="xsd:string"/>
<xsd: attri bute name="uni que" type="xsd: bool ean"/>
<xsd:attri bute name="nul | abl e" type="xsd: bool ean"/>
<xsd:attribute name="insertabl e" type="xsd: bool ean"/>
<xsd: attribute name="updat abl e" type="xsd: bool ean"/>
<xsd: attri bute 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>

’

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok kkkokkokkokkkkokkkkok ok ok _ 5

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

@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface Joi nCol um {
String name() default "";
String referencedCol utmNane() 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 ati on>

</ xsd: annot ati on>
<xsd:attribute name="name" type="xsd:string"/>
<xsd: attribute name="ref erenced- col um-nanme" type="xsd:string"/>
<xsd: attribute name="uni que" type="xsd: bool ean"/>
<xsd:attribute name="nul | abl e" type="xsd: bool ean"/>
<xsd:attribute name="insertabl e" type="xsd: bool ean"/>
<xsd: attribute name="updat abl e" type="xsd: bool ean"/ >
<xsd: attri bute name="col um-definition" type="xsd:string"/>
<xsd:attribute name="tabl e" type="xsd:string"/>

</ xsd: conpl exType>

<| - R R R RS R R R R R R R R R R R R RS R R R R RS EEE S )
<xsd: si npl eType nanme="generati on-type">

<xsd: annot ati on>
<xsd: docunent at i on>
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public enum GenerationType { TABLE, SEQUENCE, |DENTITY, AUTO };

</ xsd: docunent ati on>

</ xsd: annot ati on>

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

</ xsd:restriction>

</ xsd: si npl eType>

oo 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 ok ok ok ok ok ok ok ok ok ok ok

<xsd: conpl exType name="attri bute-override">

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

@arget ({ TYPE, METHOD, FIELD}) @Retenti on( 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="nanme" type="xsd:string" use="required"/>

</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkhkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok kokkkkokkokkk ok ok _ 5

<xsd: conpl exType name="associ ation-override">
<xsd: annot at | on>
<xsd: document ati on>

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

String name();

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

</ 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"
maxQccur s="unbounded”/ >
</ xsd: sequence>
<xsd: attribute name="nanme" type="xsd:string" use="required"/>
</ xsd: conpl exType>

<l o kkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok ok ok ok ok ok ok kok ok ok kokkokkkkk ok ok _ 5

<xsd: conpl exType nanme="id-cl ass">
<xsd: annot ati on>
<xsd: docunent ati on>

@arget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface 1dd ass {
Cl ass val ue();

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

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

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

@ar get ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface Id {}

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="col um" type="orm col um"
m nCccurs="0"/>
<xsd: el ement name="gener at ed- val ue" type="orm gener at ed- val ue"
m nCccurs="0"/>
<xsd: el ement name="tenporal" type="ormtenporal"
m nCccurs="0"/>
<xsd: el ement name="t abl e-generator" type="ormtabl e-generator"
m nCccurs="0"/>
<xsd: el enent nane="sequence-generator" type="orm sequence-gener ator
m nCccurs="0"/>
</ xsd: sequence>
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<xsd:attribute name="name" type="xsd:string" use="required"/>
</ 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-id">
<xsd: annot ati on>
<xsd: docunent ati on>

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

</ 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 name="transient">
<xsd: annot at | on>
<xsd: docunent ati on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI ME)
public @nterface Transient {}

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

Clow Kkkkkkkkkkkkkkkhkhkhkhhkkhhkkkhkkkkhkkkhhkkkhkkkkkkxkk __ 5

<xsd: conpl exType name="versi on">
<xsd: annotation>
<xsd: docunent at i on>

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

</ xsd: docunent at i on>

</ xsd: annot ati on>

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

</ xsd: sequence>

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

</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok kkkkkkkkkokkkkokkokkk ok ok _ 5

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

@arget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface Basic {

FetchType fetch() default EAGER

bool ean optional () default true;

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el ement name="col um" type="orm col um" m nQccurs="0"/>
<xsd: choi ce>
<xsd: el ement name="| ob" type="orm|ob" m nOccurs="0"/>
<xsd: el enent nane="tenporal " type="ormtenporal” m nCccurs="0"/>
<xsd: el ement name="enuner at ed" type="orm enunerated" mi nOQccurs="0"/>
</ xsd: choi ce>
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd: attribute name="fetch" type="ormfetch-type"/>
<xsd:attribute name="optional" type="xsd: bool ean"/>
</ xsd: conpl exType>

P R R L

<xsd: si npl eType name="fetch-type">
<xsd: annot ati on>
<xsd: docunent ati on>

public enum FetchType { LAZY, EAGER };

</ xsd: docunent at i on>

</ xsd: annot ati on>

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

<l oo Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ko ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K ok ok

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

@ar get ({ METHOD, FI ELD}) @ret ent i on( RUNTI MVE)
public @nterface Lob {}

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

oo Rk 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 Kk

<xsd: si npl eType nanme="t enporal ">
<xsd: annot ati on>
<xsd: docurent ati on>

@ar get ({ METHOD, FI ELD}) @Retenti on( 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>

oo Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ko ko ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

<xsd: si npl eType nanme="tenporal -type">
<xsd: annot ati on>
<xsd: docunent ati 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: enunerati on val ue="TI ME"/ >
<xsd: enuner ati on val ue="TI MESTAMP"/ >

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

oo Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

<xsd: si npl eType name="enuner at ed" >
<xsd: annot ati on>
<xsd: docurent ati on>

@arget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface Enunerated {
EnuniType val ue() default ORDI NAL;

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

Qoo Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ko ok ok ko ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

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

publ i ¢ enum Enunilype {
ORDI NAL,

STRI NG

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

<| - R R R RS R R R R R R R R R R R R RS R R R R RS EEE S
<xsd: conpl exType name="many-t o-one">

<xsd: annotation>
<xsd: docunent at i on>
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@rar get ({ METHOD, FIELD}) @Rretenti on( RUNTI MVE)
public @nterface ManyToOne
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default EAGER
bool ean optional () default true;

}

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el enent nanme="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: conpl exType>

Qoo Kkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhhkkhhhkkkhkkkkkkxkk __ 5

<xsd: conpl exType nane="cascade-type">
<xsd: annot ati on>
<xsd: docunent ati on>

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

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

P T

<xsd: conpl exType nane="one-to-one">
<xsd: annotation>
<xsd: docunent ati on>

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface OneToOne {
Class targetEntity() default void.class;
CascadeType[] cascade() default {};
FetchType fetch() default EAGER
bool ean optional () default true;
) String nappedBy() default "";

</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: choi ce>
<xsd: el ement name="pri mary-key-j oi n-col um"
type="orm pri mary-key-j oi n-col um"
m nCccurs="0" maxQccur s="unbounded"/ >
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nCccur s="0" maxQOccur 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:attribute 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="optional" type="xsd: bool ean"/>
<xsd: attribute name="napped-by" type="xsd:string"/>
</ xsd: conpl exType>

<| - R R R RS R R R R R R R R R R R R RS R R R R RS EEE S )
<xsd: conpl exType name="one-t o- many">

<xsd: annotation>
<xsd: docunent at i on>
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@rarget ({ METHOD, FI ELD}) @Retenti on( RUNTI VE)
public @nterface OneToMany
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 nOccurs-"O"/
<xsd: el ement nanme="nap- key t ype="or m nap- key"
m nCccurs="0"/>
<xsd: choi ce>
<xsd: el enent nane="joi n-tabl e" type="ormjoin-table"
m nCccurs="0"/>
<xsd: el ement name="j oi n-col um" type="ormj oi n-col um"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: choi ce>
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="target-entity" type="xsd:string"/>
<xsd:attribute name="fetch" type="ormfetch-type"/>
<xsd: attribute name="mapped-by" type="xsd:string"/>
</ xsd: conpl exType>

QI oo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkhhkkhhhkkkhkkkkkkxkk __ 5

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

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

String name() default "";

String catal og() default

String schema() default "";

Joi nCol um[] j oi nCol urms() default {};

Joi nCol um[] inverseJoi nCol ums() def aul t {};

Uni queConstraint[] uniqueConstraints() default {};
}

</ 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"
m nQccur s="0" naxOccurs—"unbounded"/>
<xsd: el ement name="inverse-j oi n-col um" type="ormj oi n-col um"
m nCccurs="0" maxQOccur s="unbounded"/ >
<xsd: el enent nanme="uni que-constraint" type="orm uni que-constraint"
m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="catal og" type="xsd:string"/>
<xsd:attribute name="schema" type="xsd:string"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok ok ok kokkkkokkokkokkkkk ok ok _ 5

<xsd: conpl exType nanme="many-t o- many">
<xsd: annot at| on>
<xsd: document ati on>

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

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="order - by type="orm or der - by"
m nQccur s="0" />
<xsd: el ement name="map- key" type="orm map-key"
m nCccurs="0"/>
<xsd: el enent nanme="j oi n-tabl e" type="ormjoin-table"
m nCccurs="0"/>
<xsd: el ement name="cascade" type="orm cascade-type"
m nCccurs="0"/>
</ xsd: sequence>
<xsd: attri bute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="target-entity" type="xsd:string"/>
<xsd:attribute name="fetch" type="ormfetch-type"/>
<xsd: attribute name="nmapped-by" type="xsd:string"/>
</ xsd: conpl exType>
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P L

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

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

public @nterface GeneratedVal ue {
GenerationType strategy() default AUTG
String generator() default "";

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

Qoo Kkkkkkkkkkkkkkkkkkkkkkhhkkkhkkkhkhhhhhhhhkhkkkkkkxkk __ 5

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

@rar get ({ METHOD, FIELD}) @Rretenti on( RUNTI ME)
public @nterface MapKe
String nane() default

’

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

Clow Kkkkkkkkkkkkkkkhkhkhkhhkkhhkkkhkkkkhkkkhhkkkhkkkkkkxkk __ 5

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

@arget ({ METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface OrderBy {
String value() default "";

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

P T

<xsd: conpl exType nanme="i nheritance">
<xsd: annotation>
<xsd: docunent ati on>

@arget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface Inheritance {
I nheritanceType strategy() default SING.E_TABLE;

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

P L L

<xsd: si npl eType name="i nheritance-type">
<xsd: annot ati on>
<xsd: docunent ati on>

public enum I nheritanceType
{ SINGLE_TABLE, JO NED, TABLE_PER CLASS};

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd:restriction base="xsd:token">
<xsd: enuner ati on val ue="SI NGLE_TABLE"/ >
<xsd: enuneration val ue="JO NED'/ >
<xsd: enuneration val ue="TABLE_PER CLASS"/ >
</ xsd:restriction>
</ xsd: si npl eType>

Qoo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkhhhkkhhhkhkhkkkkkkxkk __ 5

<xsd: si mpl eType name="di scri m nat or-val ue">
<xsd: annot ati on>
<xsd: docunent ati on>

@rarget ({TYPE}) @Ret enti on( RUNTI ME)
public @nterface DiscrimnatorVal ue {
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String value();

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

<l o Kkkkkkkkkkkkkkkkkkkkkkkhkkk ok ok ok ok ok kk ok ok ok ok kokkokkokkokkokkk ok ok _ 5

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

public enum Di scrimnator Type { STRING CHAR, | NTEGER };

</ xsd: docunent ati on>

</ xsd: annot ati on>

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

</ xsd:restriction>

</ xsd: si npl eType>

<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 nanme="pri mary-key-j oi n-col um">
<xsd: annot at | on>
<xsd: docunent ati on>

@arget ({ TYPE, METHOD, FIELD}) @Retenti on( RUNTI ME)
public @nterface PrimaryKeyJoi nCol um {
String nane() default "";
String referencedCol utmNane() default

String columbDefinition() default "";

</ xsd: docunent ati 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="col um-definition" type="xsd:string"/>
</ xsd: conpl exType>

<l o Kkkkkkkkkkkhkhkhhhkkkkkkkkkkkkkkkkkkkkkkkkkokkokkokkk ok ok  _ 5

<xsd: conpl exType name="di scri m nat or - col um" >
<xsd: annot ati on>
<xsd: docurent ati on>

@arget ({ TYPE}) @Ret enti on( RUNTI ME)
public @nterface DiscrimnatorColum {
String name() default "DTYPE";
Di scrim natorType discrimnatorType() default STRING
String columDefinition() default "";
int length() default 31;

}

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

P L L

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

Defines the settings and mappi 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 wll
be recursively appli ed.

@rarget ({ TYPE}) @Ret enti on( RUNTI ME)
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 enent nane="attributes" type="orm enbeddabl e-attributes"
m nCccurs="0"/>
</ xsd: sequence>
<xsd:attribute name="cl ass" type="xsd:string" use="required"/>
<xsd:attribute name="access" type="orm access-type"/>
<xsd: attribute name="netadat a- conpl ete" type="xsd: bool ean"/>
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</ xsd: conpl exType>

Clon Xkkkkkkkkkkkkkkkkkkkhkkhhkkhkkkkhhkkkhhkkkhkkkkkkxkk __ 5

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

oo 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 ok ok ok ok ok ok ok ok ok ok ok

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

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

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="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>

QI oo Kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkhhkkhhhkkkhkkkkkkxkk __ 5

<xsd: conpl exType nanme="rmapped- supercl ass" >
<xsd: annot ati on>
<xsd: document at i on>

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

al lowed to be sparsely popul ated and used in conjunction with

the annotations. Alternatively, the netadata-conplete attribute
can be used to indicate that no annotations are to be processed
If this is the case then the defaulting rules will be recursively
appl i ed.

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

</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: el enent nanme="description" type="xsd:string" m nQccurs="0"/>
<xsd: el ement name="id-cl ass" type="ormid-class" mi nQccurs="0"/>
<xsd: el ement name="excl ude-defaul t-1isteners" type="orm enptyType"
m nCccurs="0"/>
<xsd: el enent nanme="excl ude- supercl ass-1isteners" type="orm enptyType"
m nCccurs="0"/>
<xsd: el ement name="entity-listeners" type="ormentity-listeners”
m nCccurs="0"/>
<xsd: el enent nanme="pre-persist" type="orm pre-persist" mnCccurs="0"/>
<xsd: el enent nane="post-persist" type="orm post-persist"
m nCccurs="0"/>
<xsd: el ement name="pre-renove" type="orm pre-renove" m nOccurs="0"/>
<xsd: el enent nanme="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 nQccurs="0"/>
<xsd: el ement name="post-|oad" type="orm post-load" m nOccurs="0"/>
<xsd: el ement name="attributes" type="ormattributes" m nOccurs="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>

<l o Kk kkkkkkkkkkkkkk ok ok ok ok ok ok kk ok ok ok ok ok ok ok ok kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok kkhk  _ 5

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

@rarget ({ TYPE, METHOD, FIELD}) @Rretention( RUNTI ME)
public @nterface SequenceGenerator {
String name();
String sequenceNane() default
int initialValue() default 1;
int allocationSize() default 50;

’

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

Clon Xkkkkkkkkkkkkkkkkkkkhkkhhkkhkkkkhhkkkhhkkkhkkkkkkxkk __ 5

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

@arget ({ TYPE, METHOD, FIELD}) @Retenti on( RUNTI MVE)
public @nterface Tabl eGenerator {

String name();

String tabl e() default "";

String catal og() default "";

String schema() default ""

String pkCol umNane() default "";

String val ueCol umNane() defaul t

String pkCol umVal ue() defaul t

int initialValue() default O;

int allocationSize() default 50;

Uni queConstraint[] uniqueConstraints() default {};
}

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

<xsd: el enent name="uni que-constraint" type="orm uni que-constraint"

m nCccurs="0" maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="nanme" 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: attribute name="pk-col um-nanme" type="xsd:string"/>
<xsd: attribute name="val ue-col um-nanme" type="xsd:string"/>
<xsd: attribute name="pk-col um-val ue" type="xsd:string"/>
<xsd:attribute name="initial-value" type="xsd:int"/>
<xsd:attribute name="al |l ocati on-si ze" type="xsd:int"/>
</ xsd: conpl exType>

</ xsd: schenma>

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 Magazi ne

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

private double price; // defaults to @asic
private int copiesSold; // defaults to @asic

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

cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
private Article coverArticle;
@neToMany(cascade={ CascadeType. PERS| 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
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}

@ntity
public class Article

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

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

@mnyToMany( cascade=CascadeType. PERS| ST)

@ derBy("l ast Name, firstNane")
private Col | ecti on<Author> authors;

package org. mag. pub;

@Entity
public class Conpany
{

@d private long id;

@/ersion private int version;

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

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

@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
private Collection<Subscription> subscriptions;

}

@ntity
public class Author

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

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

@anyToMany( mneppedBy="aut hors", cascade=CascadeType. PERSI ST)
private Col |l ection<Article> arts;

}

@nbeddabl e
public class Address

private String street; // defaults to @Basic
private String city; /] defaults to @Basic
private String state; // defaults to @Basic
private String zip; /1 defaults to @Basic

package org. mag. subscri be;

@mppedSuper cl ass
public abstract class Docunent

@d private long id;

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

ext ends Docunent

private String terns; // defaults to @asic

}

@ntity
public class Subscription

@d private long id;
@/ersion private int version;
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private Date startDate; // defaults to @asic
private double paynent; // defaults to @Basic

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

@ntity
public static class Lineltem
ext ends Contract

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

}

}

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

{

@Basi c(f et ch=Fet chType. LAZY)

private boolean getElitedub () }

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

@ntity(name="Trial")

public class Trial Subscription
extends Subscription

{

public Date get EndDate () }
public void setEndDat e (Date end) { ...}

The same metadata declarationsin XML :

<entity- mappi hgs>
<!-- declares a default access type for all entities -->
<access-type>Fl ELD</ access-type>
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<versi on name="version"/>
</attributes>
</ mapped- super cl ass>
<entity class="org. mag. Magazi ne">
<i d-cl ass="or g. mag. Magazi ne$Magazi nel d"/ >
<attributes>
<id name="isbn"/>
<id name="title"/>
<basi ¢ name="nane"/ >
<basi ¢ name="price"/>
<basi ¢ nane="copi esSol d"/ >
<version name="version"/>
<many-t o- one name="publisher" fetch="LAZY">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- one>
<one-to-many name="articl es">
<order - by/ >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
<one-to0-one nanme="coverArticle" fetch="LAZY">
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t 0- one>
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<transi ent nanme="data"/>
</attributes>
</entity>
<entity class="org.mg. Article">
<attributes>
<id name="id"/>
<basic nane="title"/>
<basi ¢ name="content"/>
<versi on name="version"/>
<many-to-nmany nanme="articl es">
<order - by>l ast Nane, firstNane</order-by>
</ many-t o- many>
</attributes>
</entity>
<entity cl ass="org. mag. pub. Conpany" >
<attributes>
<id name="id"/>
<basi ¢ nane="nane"/ >
<basi ¢ nane="revenue"/>
<versi on name="version"/>
<one-to-many name="mags" mapped- by="publ i sher">
<cascade>
<cascade- persi st/ >
</ cascade>
</ one-t o- many>
<one-to-many nanme="subscri ptions">
<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 ¢ name="first Name"/>
<basi ¢ name="| ast Nanme"/ >
<versi on name="version"/>
<many-to-many name="arts" mapped- by="aut hors">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- many>
</attributes>
</entity>
<entity class="org. mag. subcribe. Contract">
<attributes>
<basi ¢ name="terns"/>
</attributes>
</entity>
<entity class="org. mg. subcribe. Subscri ption">
<attributes>
<id name="id"/>
<basi ¢ nanme="paynent"/>
<basi c nane="startDate"/>
<versi on name="version"/>
<one-to-many name="itens">
<map- key name="nunt' >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
</attributes>
</entity>
<entity cl ass="org. mg. subscribe. Subscri pti on. Li nelteni>
<attributes>
<basi ¢ nane="comments"/>
<basi ¢ name="price"/>
<basi ¢ name="nuni'/>
<many-t o- one nane="nmagazi ne"/>
</attributes>
</entity>
<entity class="org.mag. subscribe. Lifeti meSubscription" name="Lifetinme"
access="PROPERTY" >
<attributes>
<basi ¢ name="el iteC ub" fetch="LAZY"/>
</attributes>
</entity>
<entity class="org.mg. subscribe. Tri al Subscri ption" name="Trial ">
<attributes>
<basi ¢ name="endDat e"/>
</attributes>
</entity>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >
<attributes>
<basi c nanme="street"/>
<basi ¢ name="city"/>
<basi ¢ name="state"/>
<basi ¢ name="zip"/>
</attributes>
</ enbeddabl e>
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</ entity-mappi ngs>

Chapter 12, Mapping Metadata [118)vill show you how to map your persistent classes to the datastore using additional annota-
tions and XML markup. First, however, we turn to the JPA runtime APIs.
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Chapter 6. Persistence

javax.persistence

Persistence

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

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

Within a container, you will typically useinjection to accessan Ent i t yManager Fact or y. Applications operating in a con-
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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* 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. The default
isJTA.

» 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 the pr ovi der tokodo. per si st ence. Per si st enceProvi der | npl to use Kodo.

» 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.

e ¢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 [393Jescribes Kodo's configuration properties.

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

Example 6.1. persistence.xml

<?xm version="1.0"?>
<persi stence>
<persi stence-unit nane="kodo">
<provi der >kodo. per si st ence. Per si st enceProvi der | npl </ provi der >
<cl ass>tutorial . Ani mal </ cl ass>
<cl ass>tutori al . Dog</ cl ass>
<cl ass>tutorial . Rabbi t </cl ass>
<class>tutorial . Snake</cl ass>
<properties>
<property name="kodo. Connecti onURL" val ue="j dbc: hsql db: tut ori al _dat abase"/>
<property nanme="kodo. ConnectionDriver Nane" val ue="org. hsql db.jdbcDriver"/>
<property name="kodo. Connecti onUser Name" 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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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);

65



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 KodoEnt 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 [63]. 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

kodo. persi st ence. KodoEnt 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 [393)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” [71] 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” [577h the Reference
Guide. In particular, Section 11.1.3, “ Defining the Detached Object Graph” [578]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 [70] 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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- 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 thekodo. per si st ence. KodoEnt i t yManager in-
terface to provide additional functionality.

TheEnti t yManager isthe primary interface used by application developersto 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

public EntityTransaction getTransaction ();
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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 and Enti 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 API (JTA) rather
than through the Ent i t yTr ansact i on.

8.2. Entity Lifecycle Management

Ent i t yManager sperform 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 beinserted 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, an| | | egal Ar gunent Except i on isthrown.

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

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

public void renove (Cbject 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 enove method behaves as follows:

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

» If Aisaremoved entity, it isignored.

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

» Theremove operation recurses on al relation fields of A whose cascadesinclude CascadeType. REMOVE.
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This action can only be used in the context of an active transaction.

public void refresh (Object 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.
» If Aisan existing managed entity, its state is refreshed from the datastore.

« If Aisaremoved entity, it isignored.

» If Aisadetached entity, an |1 | | egal Ar gunent Except i on isthrown.

e Therefresh operation recurses on all relation fields of A whose cascades include CascadeType. REFRESH.

public Object nmerge (Object 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 servlet might store persistent data in 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” [67] 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 a new one). The changes
will then be applied to the existing instance from the datastore.

A detached entity maintains its persistent identity, but cannot load additional state from the datastore. Accessing any persistent
field or property that was not loaded at the time of detachment has undefined results.

Be sure to not alter the version or identity fields of detached instances if you plan on merging them later.

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

If you attempt to merge an instance whose representation has changed in the datastore since detachment, the merge operation will
throw an exception, or the transaction in which you perform the merge will fail on commit, just asif anormal optimistic conflict
were detected.
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Kodo offers enhancements to EJB persistence detachment functionality, including additional options to control which
fields are detached. See Section 11.1, “ Detach and Attach” [577h the Reference Guide for details.

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

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

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

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

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

» The merge operation recurses on al relation fields of A whose cascades include CascadeType. MERGE.

public void lock (Object entity, LockMbdeType node);

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

» READ: Other transactions may concurrently read the object, but cannot concurrently update it.
*  WRI TE: Other transactions cannot concurrently read or write the object. When atransaction is committed that holds WRITE

locks on any entites, those entites will have their version incremented even if the entities themselves did not change in the
transaction.

Kodo has additional APIsfor controlling object locking. See Section 9.4, “ Object L ocking” [542) the Reference Guide
for details.

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

73


http://java.sun.com/javaee/5/docs/api/javax/persistence/LockmodeType.html

EntityManager

Mew/Transient

commit

persist rollback® new

persist/rallback™

refresh Managed
—

remone

commitrollbackiclose
rollback

Detached

* = Extended persistence context |

8.3. Lifecycle Examples

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

Example 8.1. Persisting Objects

/] Create sone objects.
Magazi ne mag = new Magazi ne ("1B78-YWL", "JavaWrld");

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

mag. set Publ i sher (pub);

pub. addMagazi ne (mag);

Article art = new Article ("EJB Rules!", "Transparent Cbject Persistence");
art.addAut hor (new Author ("Fred", "Hoyle"));
mag. addArticle (art);

/| Persist them

EntityManager em = enf.createEntityManager ();
em get Transaction ().begin ();

em persi st (nmag);

em persi st (pub);

em persist (art);

em get Transaction ().commt ();

/Il O we could continue using the EntityManager ...
emcl ose ();

Example 8.2. Updating Objects

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

/'l Updates shoul d al ways be nade within transactions. Note that

74



EntityManager

I/ there is no code explicitly linking the magazi ne or conpany
// with the transaction; EJB automatically tracks all changes.
EntityManager em = enf.createEntityManager ();

em get Transaction ().begin ();

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

mag. set Price (5.99);

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

pub. set Revenue (1750000D);

em get Transaction ().commt ();

/1 O we could continue using the EntityManager
emcl ose ();

Example 8.3. Removing Objects

/'l Assune we have an object id for the conpany whose subscriptions
I/ we want to delete
oj ect oid = ;

/] Deletes should al ways be nade within transactions.

EntityManager em = enf.createEntityManager ();

em get Transaction ().begin ();

Conpany pub = (Conpany) em find (Conpany.class, oid);

for (Subscription sub : pub. get Subscriptions ())
emrenove (sub);

pub. get Subscriptions ().clear ();

em get Transaction ().commt ();

// O we could continue using the EntityMnager
emclose ();

Example 8.4. Detaching and Merging

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

/1 CLI ENT:
/] Requests an object with a given oid.
Record detached = (Record) getFronServer (o0id);

/| SERVER:

/'l Sends object to client; object detaches on EM cl ose.
Obj ect oid = processd i ent Request ;

EntityManager em = enf.createEntityManager ();

Record record = emfind (Record.class, oid);

em cl ose ()

sendToCl i ent (record);

I/ CLI ENT:

/1 Makes sone nodifications and sends back to server.
det ached. set SoneField ("bar");

sendToServer (detached);

/| SERVER:

/'l Merges the instance and commits the changes.
Record nodified = (Record) processC ientRequest ();
EntityManager em = enf.createEntityManager ();

em get Transaction ().begin ();

Record nmerged = (Record) em nerge (nodified);

mer ged. set Last Modi fi ed (System current Ti meM ilis 0));
mer ged. set Modi fier (getClientldentityCode ());

em get Transaction ().commt ();
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emclose ();

8.4. Entity ldentity Management

Each Ent i t yManager isresponsible for managing the persistent identities of the managed objects in the persistence context.
The following methods allow you to interact with the management of persistent identities. The behavior of these methodsis
deeply affected by the persistence context type of the Ent i t yManager ; see Section 7.3, “ Persistence Context” [67] for an ex-
planation of persistence contexts.

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

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

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

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

publ i c bool ean contains (Object entity);

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

8.5. Cache Management

public void flush ();

Thef | ush method writes any changes that have been made in the current transaction to the datastore. If the Ent i t yManager
does not already have a connection to the datastore, it obtains one for the flush and retainsiit for the duration of the transaction.
Any exceptions during flush cause the transaction to be marked for rollback. See Chapter 9, Transaction [79]

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

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

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

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

* AUTO Theimplementation is permitted to flush before queries to ensure that the results reflect the most recent object state.

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

Kodo only flushes before a query if the query might be affected by data changed in the current transaction. Additionally,
Kodo allows fine-grained control over flushing behavior. See the Reference Guide's Section 4.8, “ Configuring the Use
of JDBC Connections’ [438]

public void clear ();

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

8.6. Query Factory

public Query createQuery (String query);

Quer y objects are used to find entities matching certain criteria. The cr eat eQuer y method creates a query using the given
EJB Query Language (JPQL) string. See Chapter 10, JPA Query [82]for details.

public Query createNamedQuery (String nane);

This method retrieves a query defined in metadata by name. The returned Quer y instanceisinitialized with the information de-
clared in metadata. For more information on named queries, read Section 10.1.9, “Named Queries’ [90]

public Query createNativeQuery (String sql);
public Query createNativeQuery (String sql, Cass resultds);
public Query createNativeQuery (String sql, String resultMapping);
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Native queries are queries in the datastore's native language. For relational databases, this is the Structured Query Language
(SQL). Chapter 11, SQL Queries[116Haborates on EJB persistence's native query support.

8.7. Closing

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

When an Ent i t yManager isno longer needed, you should call itscl ose method. Closing an Ent i t yManager releases any
resourcesit isusing. The persistence context ends, and the entities managed by the Ent i t yManager become detached. Any
Query instancesthe Ent i t yManager created becomeinvalid. Calling any method other thani sOpen onaclosed Enti t y-

Manager resultsinan| | | egal St at eExcepti on. You cannot closean Ent i t yManager that isin the middle of atrans-
action.

If you arein amanaged environment using injected entity managers, you should not close them.
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Transactions are critical to maintaining dataintegrity. They are used to group operations into units of work that act in an all-
or-nothing fashion. Transactions have the following qualities:

« Atomicity. Atomicity refersto the all-or-nothing property of transactions. Either every data update in the transaction com-
pletes successfully, or they al fail, leaving the datastore inits original state. A transaction cannot be only partially successful.

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

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

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

maintaining data integrity, consider the following example:

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

public void transferFunds (User from User to, double ammt)

from decr enent Account (amt);
to.increment Account (ammt);

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

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

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

9.1. Transaction Types

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

Pessimistic transactions generally lock the datastore records they act on, preventing other concurrent transactions from using the
same data. This avoids conflicts between transactions, but consumes database resources. Additionally, locking records can result
in deadlock, a situation in which two transactions are both waiting for the other to release its locks before completing. The results
of adeadlock are datastore-dependent; usually one transaction is forcefully rolled back after some specified timeout interval, and
an exception isthrown.
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This document will often use the term datastore transaction in place of pessimistic transaction. Thisisto acknowledge that some
datastores do not support pessimistic semantics, and that the exact meaning of a non-optimistic JPA transaction is dependent on
the datastore. Most of the time, a datastore transaction is equivalent to a pessimistic transaction.

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

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

Kodo uses optimistic semantics by default, but supports both optimistic and datastore transactions. Kodo also offers ad-
vanced locking and versioning APIs for fine-grained control over database resource allocation and object versioning.
See Section 9.4, “Object Locking” [542ind Section 5.8, “Lock Groups’ [476)f the Reference Guide for details on
locking. Section 5.2.5, “Version” [35] of this document covers standard object versioning.

9.2. The EntityTransaction Interface

javax.persistence

EntityTransaction

- begin()

- eommity)

- roliback()

- isActive(): boolean

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

Kodo offers additional transaction-related functionality in KodoEnt i t yManager . See Section 8.2, “Integrating with
the Transaction Manager” [535jor how to configure Kodo to use managed transactions.

public void begin ();
public void commt ();
public void rollback ();

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

tions if any exception is thrown during the commit process.

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

public bool ean isActive ();

Finally, thei sAct i ve method returnst r ue if the transaction isin progress (begi n has been called more recently than com
nmt orrol | back),andf al se otherwise.

Example 9.1. Grouping Operations with Transactions

public void transferFunds (EntityManager em User from User to, double ammt)

// Note: It would be better practice to nove the transaction demarcation
/1 code out of this method. The code below is for exanple purposes only.
Transaction trans = em get Transaction ();

trans. begin ();

try

from decr enent Account (amt);
to.increnent Account (ammt);
trans.commit ();

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

)
trans.roll back (); /1 Aternative: Fix error and retry.
throw re;
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Javax.jdo

Query

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

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

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

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

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

The API for executing JPQL queries will be discussed in Section 10.1, “ JPQL API” [82] and afull language reference will be
covered in Section 10.2, “ JPQL Language Reference” [91]

10.1. JPQL API
10.1.1. Query Basics

SELECT x FROM Magazi ne x

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

public Query createQuery (String jpql);

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

public List getResultList ();

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

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

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

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

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

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

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

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

SELECT x FROM Magazi ne x WHERE x.title = 'JDJ'
But it could not be expressed as:
SELECT x FROM Magazine x WHERE x. TI TLE = ' JDJ'

Aswiththesel ect clause, alias namesin thewher e clause are resolved to the entity declared in the f r omclause. The query
above could be described in English as"for all Magazi ne instancesx, return alist of every x suchthat x'stitl e fieldis
equal to 'IDJ".

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

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

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

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

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

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

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

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

This expression would match magazines whose price is 4.00, 5.00, or 7.00, but not 6.00. Alternately:

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

This expression will magazines whose priceis 5.00 or 7.00, but not 4.00 or 6.00.

JPQL also includes the following conditionals:

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

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

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

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

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

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

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

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

« | S [NOIl EMPTY: Specifiesthat the collection field holds no elements. For example:

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

This statement will return all magazineswhoseart i cl es member contains no elements.

e | S [NOI] NULL: Specifiesthat thefield is equal to null. For example:

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

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

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

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

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

10.1.2. Relation Traversal

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

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

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

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

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

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

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

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

10.1.3. Fetch Joins

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

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

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

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

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

Specifying thej oi n f et ch declaration is functionally equivalent to adding the fields to the Query's Fet chConf i g-
ur ati on. See Section 5.6, “ Fetch Groups’ [469]

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

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

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

» SUBSTRI NG string, startlndex, |ength):Returnsthe part of thest ri ng argument starting at st art | ndex
(1-based) and ending at | engt h characterspast st art | ndex.

SELECT x FROM Magazi ne x WHERE SUBSTRI NG(x.title, 1, 1) ="'J'

e« TRIM[LEADING | TRAILING | BOTH [character FROM string: Trimsthe specified character from either
the beginning (LEADI NG), the ending (TRAI LI NG), or both (BOTH) the beginning and ending of the string argument. If no
trim character is specified, the space character will be trimmed.

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

* LOVER(stri ng): Returnsthe lower-case of the specified string argument.

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

* UPPER(stri ng) : Returns the upper-case of the specified string argument.

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

e LENGTH( st ri ng) : Returnsthe number of characters in the specified string argument.

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

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

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

* ABS( numnber) : Returns the absolute value of the argument.
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SELECT x FROM Magazi ne x WHERE ABS(x.price) >= 5.00

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

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

e MOD( number, divi sor) : Returnsthe modulo of nunber and di vi sor.

SELECT x FROM Magazi ne x WHERE MOD(x. price, 10) = 0

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

* CURRENT_TI MESTAMP: Returns the current timestamp.

10.1.5. Polymorphic Queries

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

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

10.1.6. Query Parameters

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

public Query setParaneter (int pos, Object value);

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

EntityManager em =

Query g = em createQJery (" SELECT x FROM l\/agazme X WHERE x.title = ?1 and x.price > ?2");
g. set Paramater (1, ) set Paranmeter (2, 5.0);

Li st <Magazi ne> results = g.getResul tList ();
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This code will substitute JDJ for the ?1 parameter and 5. O for the ?2 parameter, then execute the query with those values.

public Query setParaneter (String nane, Object value);

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

EntityManager em= ...

Query q = emcreateQuery ("SELECT x FROM Magazi ne x WHERE x.title = :titleParam and x.price > :priceParani);
g.set Paraneter ("titleParant, "JDJ").setParaneter ("priceParant, 5.0);

Li st<Magazi ne> results = q.getResul tList ();

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

10.1.7. Ordering

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

SELECT x FROM Magazine x order by x.title asc, x.price desc

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

10.1.8. Aggregates

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

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

EntityManager em = ...
Query q = emcreateQuery ("SELECT AVGE x. price) FROM Magazine x");
Nunmber result = (Nunber) g.getSingleResult ();

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

EntityManager em = ...
Query g = emcreateQuery ("SELECT MAX(x.price) FROM Magazine x WHERE x.title = 'JDJ'");
Nunber result = (Nunber) g.getSingleResult ();
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10.1.9. Named Queries

Query templates can be statically declared using the NanedQuer y and NanmedQuer i es annotations. For example:

@ntity
@NanmedQueri es({
@NanmedQuer y( name="nmagsOver Pri ce",
query="SELECT x FROM Magazi ne x WHERE x.price > ?1"),
@anmedQuer y(nanme="nagsByTi tle",
query="SELECT x FROM Magazi ne x WHERE x.title = :titleParant')

)
public class Magazi ne

}

These declarations will define two named queries called magsOver Pri ce and magsByTi t 1l e.

public Query createNanmedQuery (String nane);

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

Enti tyManager em =

Query g = em createNarredQJery ("magsOverPrice");
g.setParaneter (1, 5.0 )

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

Enti tyManager em= .

Query q = em createNamedQJery & rmgsByTltI e");
g.set Parameter ("titl eParam "JDJ

Li st <Magazi ne> results = q. get Resul t Li st 0);

10.1.10. Delete By Query

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

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

public int executeUpdate ();
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This method returns the number of objects deleted. The following example deletes all subscriptions whose expiration date has
passed.

Example 10.1. Delete by Query

Query g = em creat eQJery (" DELETE s FROM Subscription s WHERE s. subscriptionDate < :today");
g. set Par amet er ("today", new Date ());
int deleted = q. executeUpdate 0

10.1.11. Update By Query

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

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

public int executeUpdate ();

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

Example 10.2. Update by Query

Query g = emcreat eQJery (" UPDATE Subscription s SET s.paid = :paid WHERE s. subscriptionDate < :today");
g. set Paranet er (" today new Date ());

g.setParaneter ("paid", true);

int updated = q.executeUpdate 0

10.2

JPQL Language Reference

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

Much of this section is paraphrased or taken directly from Chapter 4 of the JSR 220 specification.
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10.2.1. JPQL Statement Types

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

* QL_statement ::= select_statement | update_statement | delete_statement
The complete BNF for JPQL isdefined in Section 10.2.12, “JPQL BNF” [112Any JPQL statement may be constructed dynam-

ically or may be statically defined in a metadata annotation or XML descriptor element. All statement types may have parameters,
as discussed in Section 10.2.5.4, “ JPQL Input Parameters’ [101]

10.2.1.1. JPQL Select Statement

A select statement is a string which consists of the following clauses:

» aSELECT clause, which determines the type of the objects or values to be selected;

» aFROMclause, which provides declarations that designate the domain to which the expressions specified in the other clauses
of the query apply;

» an optional WHERE clause, which may be used to restrict the results that are returned by the query;

« anoptional GROUP BY clause, which allows query results to be aggregated in terms of groups,

» anoptional HAVI NG clause, which allows filtering over aggregated groups,

« anoptional ORDER BY clause, which may be used to order the results that are returned by the query.

In BNF syntax, a select statement is defined as:

» select statement ::= select_clause from_clause [where clause] [groupby_clause] [having_clause] [orderby _clause]

A select statement must always have a SELECT and a FROMclause. The square brackets [] indicate that the other clauses are op-
tional.

10.2.1.2. JPQL Update and Delete Statements

Update and del ete statements provide bulk operations over sets of entities. In BNF syntax, these operations are defined as:

e update statement ::= update clause [where clause]
» delete statement ::= delete clause [where clause]

The update and delete clauses determine the type of the entities to be updated or deleted. The WHERE clause may be used to re-
strict the scope of the update or delete operation. Update and del ete statements are described further in Section 10.2.9, “ JPQL
Bulk Update and Delete” [111]

10.2.2. JPQL Abstract Schema Types and Query Domains

The Java Persistence query language is atyped language, and every expression has atype. The type of an expression is derived
from the structure of the expression, the abstract schematypes of the identification variable declarations, the types to which the
persistent fields and relationships evaluate, and the types of literals. The abstract schematype of an entity is derived from the en-
tity class and the metadata information provided by Java language annotations or in the XML descriptor.
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Informally, the abstract schematype of an entity can be characterized as follows:

» For every persistent field or get accessor method (for a persistent property) of the entity class, thereisafield ("state-field")
whose abstract schema type correspondsto that of the field or the result type of the accessor method.

» For every persistent relationship field or get accessor method (for a persistent relationship property) of the entity class, there
isafield ("association-field") whose type is the abstract schema type of the related entity (or, if the relationship is a one-
to-many or many-to-many, a collection of such). Abstract schema types are specific to the query language data model. The
persistence provider is not required to implement or otherwise materialize an abstract schematype. The domain of a query
consists of the abstract schematypes of all entities that are defined in the same persistence unit. The domain of a query may
be restricted by the navigability of the relationships of the entity on which it is based. The association-fields of an entity's ab-
stract schema type determine navigability. Using the association-fields and their values, a query can select related entities and
use their abstract schematypesin the query.

10.2.2.1. JPQL Entity Naming

Entities are designated in query strings by their entity names. The entity name is defined by the name element of the Entity an-
notation (or the entity-name XML descriptor element), and defaults to the unqualified name of the entity class. Entity names are
scoped within the persistence unit and must be unique within the persistence unit.

10.2.2.2. JPQL Schema Example

This exampl e assumes that the application developer provides several entity classes representing magazines, publishers, authors,
and articles. The abstract schema types for these entitiesare Magazi ne, Publ i sher, Aut hor ,andArticl e.

The entity Publ i sher has aone-to-many relationships with Magazi ne. Thereis also a one-to-many relationship between
Magazi ne and Arti cl e. Theentity Arti cl e isrelated to Aut hor in aone-to-one relationship.

Queriesto select magazines can be defined by navigating over the association-fields and state-fields defined by Magazi ne and
Aut hor . A query to find all magazines that have unpublished articlesis as follows:

SELECT DI STI NCT mag FROM Magazi ne AS mag JO N mag. articles AS art WHERE art. published = FALSE

This query navigates over the association-field authors of the abstract schematype Magazi ne to find articles, and uses the state-
field publ i shed of Arti cl e to select those magazines that have at |east one article that is published. Although predefined re-
served identifiers, such as DI STI NCT, FROM AS, JO N, WHERE, and FAL SE, appear in upper case in this example, predefined
reserved identifiers are case insensitive. The SELECT clause of this example designates the return type of this query to be of type
Magazi ne. Because the same persistence unit defines the abstract persistence schemas of the related entities, the developer can
also specify aquery over art i cl es that utilizes the abstract schematype for products, and hence the state-fields and associ-
ation-fields of both the abstract schematypes Magazi ne and Aut hor . For example, if the abstract schematype Aut hor hasa
state-field named f i r st Nane, aquery over art i cl es can be specified using this state-field. Such a query might beto find al
magazines that have articles authored by someone with the first name "John".

SELECT DI STI NCT nag FROM Magazi ne nmag
JON mag. articles art JON art.author auth WHERE aut h. firstName = ' John'

Because Magazi ne isrelated to Aut hor by means of the relationships between Magazi ne and Art i cl e and between Ar t -
i ¢l e and Aut hor , navigation using the association-fields authors and product is used to express the query. This query is spe-
cified by using the abstract schemaname Magazi ne, which designates the abstract schema type over which the query ranges.
The basis for the navigation is provided by the association-fields authors and product of the abstract schema types Magazi ne
and Arti cl e respectively.
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10.2.3. JPQL FROM Clause and Navigational Declarations

The FROMclause of a query defines the domain of the query by declaring identification variables. An identification variable isan
identifier declared in the FROMclause of aquery. The domain of the query may be constrained by path expressions. Identification
variables designate instances of a particular entity abstract schematype. The FROMclause can contain multiple identification
variable declarations separated by acomma.(,).

» from_clause ::= FROM identification variable declaration {, {identification variable declaration | collec-
tion_member_declaration} }*

* identification_variable declaration ::=range variable declaration { join | fetch_join }*
e range variable declaration ::= abstract schema name[AS] identification_variable

* join:=join_specjoin_association_path expression [AS] identification_variable

» fetch join::=join_spec FETCH join_association path expression

» join_association path_expression ::=join_collection_valued path expression |
join_single valued association_path expression

e join_spec::=[ LEFT [OUTER] | INNER] JOIN

» collection_member_declaration ::= IN (collection_valued path_expression) [AS] identification_variable

10.2.3.1. JPQL FROM Identifiers

Anidentifier is acharacter sequence of unlimited length. The character sequence must begin with a Javaidentifier start character,
and al other characters must be Javaidentifier part characters. An identifier start character is any character for which the method
Character.isJaval dentifierStart returnst r ue. Thisincludes the underscore () character and the dollar-sign ($)
character. An identifier-part character is any character for which the method Char act er . i sJaval denti fi er Part returns
t r ue . The question-mark (?) character is reserved for use by the Java Persistence query language. The following are reserved

identifiers:

e SELECT
e FROM

« WHERE

« UPDATE
» DELETE
« JAON

« QUTER
* | NNER

« LEFT

+ GROUP

« BY
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« TRM
.« POSI TI ON

« CHARACTER_LENGTH
« CHAR LENGTH

« Bl T_LENGTH

« CURRENT_TI ME

« CURRENT_DATE

*  CURRENT_TI MESTAVP

* NEW

« EXI STS
« ALL

« ANY

+ SOME

Reserved identifiers are case insensitive. Reserved identifiers must not be used as identification variables. It is recommended that
other SQL reserved words not be used as identification variables in queries, as they may be used as reserved identifiersin future
releases of the specification.

10.2.3.2. JPQL Identification Variables

Anidentification variableisavalid identifier declared in the FROMclause of a query. All identification variables must be de-
clared in the FROMclause. |dentification variables cannot be declared in other clauses. An identification variable must not be are-
served identifier or have the same name as any entity in the same persistence unit: Identification variables are case insensitive. An
identification variable evaluates to avalue of the type of the expression used in declaring the variable. For example, consider the
previous query:

SELECT DI STI NCT mag FROM Magazine mag JO N neg. articles art JON art.author auth WHERE auth.firstName = ' John'

In the FROMclause declaration mag. ar ti cl es art , theidentification variablear t evaluatesto any Ar ti cl e valuedirectly
reachable from Magazi ne. The association-field ar t i cl es isacollection of instances of the abstract schematype Arti cl e
and the identification variable ar t refersto an element of this collection. The type of aut h isthe abstract schematype of Au-

t hor . Anidentification variable ranges over the abstract schematype of an entity. Anidentification variable designates an in-
stance of an entity abstract schematype or an element of a collection of entity abstract schematype instances. |dentification vari-
ables are existentially quantified in aquery. An identification variable always designates areference to asingle value. It is de-
clared in one of three ways: in arange variable declaration, in ajoin clause, or in a collection member declaration. The identifica-
tion variable declarations are evaluated from left to right in the FROMclause, and an identification variable declaration can use
the result of a preceding identification variable declaration of the query string.

10.2.3.3. JPQL Range Declarations

The syntax for declaring an identification variable as arange variable is similar to that of SQL; optionally, it usesthe AS
keyword.

» range variable declaration ::= abstract_schema name[AS] identification_variable
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Range variable declarations alow the developer to designate a "root" for objects which may not be reachable by navigation. In
order to select values by comparing more than one instance of an entity abstract schematype, more than one identification vari-
able ranging over the abstract schematype is needed in the FROMclause.

The following query returns magazines whose prices are greater than the price of magazines published by "Adventure" publish-
ers. This exampleillustrates the use of two different identification variablesin the FROMclause, both of the abstract schematype
Magazi ne. The SELECT clause of this query determines that it is the magazines with prices greater than those of "Adventure"
publisher's that are returned.

SELECT DI STI NCT magl FROM Magazi ne magl, Magazi ne nmag2
WHERE nmagl. price > mag2.price AND nag2. publisher.name = ' Adventure'

10.2.3.4. JPQL Path Expressions

An identification variable followed by the navigation operator (.) and a state-field or association-field is a path expression. The
type of the path expression is the type computed as the result of navigation; that is, the type of the state-field or association-field
to which the expression navigates. Depending on navigability, a path expression that leads to an association-field may be further
composed. Path expressions can be composed from other path expressions if the original path expression evaluates to a single-
valued type (not a collection) corresponding to an association-field. Path-expression navigability is composed using "inner join"
semantics. That is, if the value of a non-terminal association-field in the path expression is null, the path is considered to have no
value, and does not participate in the determination of the result. The syntax for single-valued path expressions and collection-val-
ued path expressionsis as follows:

» single valued_path_expression ::= state field_path_expression | single_valued_association _path_expression
» state field path _expression ::= {identification variable | single valued association_path_expression} .state field

e single valued association_path _expression ::= identifica-
tion_variable{single valued association field.}*single valued association field

» collection_valued_path_expression ::= identifica-
tion_variable{single valued association field.}*collection_valued association field

» date field ::= {embedded class state field.}*simple_state field

A single valued association_field is designated by the name of an association-field in a one-to-one or many-to-one relationship.
Thetype of asingle valued association field and thusasingle valued association path_expression is the abstract schematype
of the related entity. A collection_valued association field is designated by the name of an association-field in a one-to-many or
amany-to-many relationship. The type of a collection_valued_association_field is acollection of values of the abstract schema
type of the related entity. An embedded_class state field is designated by the name of an entity-state field that corresponds to an
embedded class. Navigation to arelated entity results in avalue of the related entity's abstract schematype.

The evaluation of a path expression terminating in a state-field results in the abstract schema type corresponding to the Javatype
designated by the state-field. It is syntactically illegal to compose a path expression from a path expression that evaluates to a col-
lection. For example, if mag designates Magazi ne, the path expression mag. ar ti cl es. aut hor isillega since navigation
to authors results in a collection. This case should produce an error when the query string is verified. To handle such a navigation,
an identification variable must be declared in the FROMclause to range over the elements of thear t i cl es collection. Another
path expression must be used to navigate over each such element in the WHERE clause of the query, asin the following query,
which returns all authors that have any articlesin any magazines:

SELECT DI STINCT art.author FROM Magazi ne AS mag, |N(mag.articles) art
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10.2.3.5. JPQL Joins

Aninner join may beimplicitly specified by the use of a cartesian product in the FROMclause and ajoin condition in the WHERE
clause.

The syntax for explicit join operationsis as follows:

e join::=join_specjoin_association_path expression [AS] identification variable
+ fetch_join ::=join_spec FETCH join_association_path_expression

* join_association path_expression ::= join_collection_valued path expression |
join_single valued_association_path_expression

« join_spec ::=[ LEFT [OUTER] | INNER] JOIN

The following inner and outer join operation types are supported.

10.2.3.5.1. JPQL Inner Joins (Relationship Joins)

The syntax for the inner join operation is

[ INNER] JON join_association_path_expression [AS] identification_variable

For example, the query below joins over the relationship between publishers and magazines. This type of join typically equatesto
ajoin over aforeign key relationship in the database.

SELECT pub FROM Publ i sher pub JO N pub. magazi nes mag WHERE pub. revenue > 1000000

The keyword | NNER may optionally be used:

SELECT pub FROM Publ i sher pub | NNER JO N pub. magazi nes mag WHERE pub.revenue > 1000000

Thisis equivalent to the following query using the earlier | N construct. It selects those publishers with revenue of over 1 million
for which at least one magazine exists:

SELECT OBJECT(pub) FROM Publisher pub, |N(pub.magazi nes) mag WHERE pub.revenue > 1000000

10.2.3.5.2. JPQL Outer Joins

LEFT JO Nand LEFT OQUTER JA N are synonymous. They enable the retrieval of a set of entities where matching valuesin
the join condition may be absent. The syntax for aleft outer join is:

LEFT [OQUTER] JO N joi n_associ ati on_pat h_expression [AS] identification_variable
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For example:

SELECT pub FROM Publ i sher pub LEFT JO N pub. magazi nes mag WHERE pub. revenue > 1000000

The keyword OUTER may optionally be used:

SELECT pub FROM Publ i sher pub LEFT OUTER JO N pub. magazi nes nags WHERE pub. revenue > 1000000

An important use case for LEFT JO Nisin enabling the prefetching of related dataitems as a side effect of aquery. Thisis ac-
complished by specifying the LEFT JO NasaFETCH JO N.

10.2.3.5.3. JPQL Fetch Joins

A FETCH JO N enables the fetching of an association as a side effect of the execution of aquery. A FETCH JO Nis specified
over an entity and its related entities. The syntax for afetch joinis

o fetch_join::=[ LEFT [OUTER] | INNER ] JOIN FETCH join_association_path_expression

The association referenced by the right side of the FETCH JQO N clause must be an association that belongs to an entity that is
returned as aresult of the query. It is not permitted to specify an identification variable for the entities referenced by the right side
of the FETCH JQ N clause, and hence references to the implicitly fetched entities cannot appear el sewhere in the query. The fol-
lowing query returns a set of magazines. As a side effect, the associated articles for those magazines are also retrieved, even
though they are not part of the explicit query result. The persistent fields or properties of the articles that are eagerly fetched are
fully initialized. The initialization of the relationship properties of thear t i cl es that are retrieved is determined by the
metadatafor the Art i cl e entity class.

SELECT nag FROM Magazi ne mag LEFT JO N FETCH mag. articles WHERE mag.id = 1

A fetch join has the same join semantics as the corresponding inner or outer join, except that the related objects specified on the
right-hand side of the join operation are not returned in the query result or otherwise referenced in the query. Hence, for example,
if magazineid 1 hasfive articles, the above query returns five references to the magazine 1 entity.

10.2.3.6. JPQL Collection Member Declarations

An identification variable declared by a collection_member_declaration ranges over values of a collection obtained by navigation
using a path expression. Such a path expression represents a navigation involving the association-fields of an entity abstract
schematype. Because a path expression can be based on another path expression, the navigation can use the association-fields of
related entities. An identification variable of a collection member declaration is declared using a special operator, the reserved
identifier I N. The argument to the | N operator is a collection-valued path expression. The path expression evaluates to a collec-
tion type specified as aresult of navigation to a collection-valued association-field of an entity abstract schematype. The syntax
for declaring a collection member identification variableis as follows:

» collection_member_declaration ::= IN (collection_valued path_expression) [AS] identification_variable

For example, the query

SELECT DI STINCT mag FROM Magazi ne nag
JO N mag. articles art
JO N art.author auth
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WHERE aut h. | ast Nane = ' Gri shani

may equivalently be expressed as follows, using the | N operator:

SELECT DI STINCT mag FROM Magazi ne nag,
IN(nmag. articles) art
WHERE art. aut hor.|lastNane = ' Gishani

Inthisexample, ar ti cl es isthe name of an association-field whose value is a collection of instances of the abstract schema
typeArti cl e. Theidentification variable ar t designates a member of this collection, asingle Ar t i cl e abstract schematype
instance. In this example, mag is an identification variable of the abstract schematype Magazi ne.

10.2.3.7. JPQL Polymorphism

Java Persistence queries are automatically polymorphic. The FROMclause of a query designates not only instances of the specific
entity classes to which the query explicitly refers but of subclasses as well. The instances returned by a query include instances of
the subclasses that satisfy the query criteria

10.2.4. JPQL WHERE Clause

The WHERE clause of a query consists of a conditional expression used to select objects or values that satisfy the expression. The
WHERE clause restricts the result of a select statement or the scope of an update or delete operation. A WHERE clause is defined as
follows:

» where_clause ::= WHERE conditional_expression

The GROUP BY construct enables the aggregation of values according to the properties of an entity class. The HAVI NG construct
enables conditions to be specified that further restrict the query result as restrictions upon the groups. The syntax of the HAVI NG
clauseisasfollows:

* having_clause ::= HAVING conditional_expression

The GROUP BY and HAVI NG constructs are further discussed in Section 10.2.6, “JPQL GROUP BY, HAVING” [107]

10.2.5. JPQL Conditional Expressions

The following sections describe the language constructs that can be used in a conditional expression of the WHERE clause or
HAVI NG clause. State-fields that are mapped in serialized form or as lobs may not be portably used in conditional expressions.

The implementation is not expected to perform such query operations involving such fields in memory rather than in the
database.

10.2.5.1. JPQL Literals

A string literal is enclosed in single quotes--for example: 'literal’. A string literal that includes a single quote is represented by two
single quotes--for example: 'literal"s. String literals in queries, like Java String literals, use unicode character encoding. The use
of Java escape notation is not supported in query string literals Exact numeric literals support the use of Javainteger literal syntax
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aswell as SQL exact numeric literal syntax. Approximate literals support the use Javafloating point literal syntax aswell as SQL
approximate numeric literal syntax. Enum literals support the use of Java enum literal syntax. The enum class name must be spe-
cified. Appropriate suffixes may be used to indicate the specific type of a numeric literal in accordance with the Java Language
Specification. The boolean literals are TRUE and FALSE. Although predefined reserved literals appear in upper case, they are
case insensitive.

10.2.5.2. JPQL ldentification Variables

All identification variables used in the WHERE or HAVI NG clause of a SELECT or DELETE statement must be declared in the
FROMclause, as described in Section 10.2.3.2, “JPQL Identification Variables’ [96]. The identification variables used in the
VWHERE clause of an UPDATE statement must be declared in the UPDATE clause. |dentification variables are existentially quanti-
fied in the WHERE and HAVI NG clause. This means that an identification variable represents a member of a collection or an in-
stance of an entity's abstract schematype. An identification variable never designates a collection in its entirety.

10.2.5.3. JPQL Path Expressions

Itisillegal to use acollection valued path expression within a WHERE or HAVI NG clause as part of a conditional expression ex-
cept in an empty_collection_comparison_expression, in a collection_member_expression, or as an argument to the Sl ZE operat-
or.

10.2.5.4. JPQL Input Parameters

Either positional or named parameters may be used. Positional and named parameters may not be mixed in a single query. Input
parameters can only be used in the WHERE clause or HAVI NG clause of a query.

Note that if an input parameter value is null, comparison operations or arithmetic operations involving the input parameter will
return an unknown value. See Section 10.2.10, “JPQL Null Values’ [111]

10.2.5.4.1. JPQL Positional Parameters

The following rules apply to positional parameters.

» Input parameters are designated by the question mark (?) prefix followed by an integer. For example: ?1.
* Input parameters are numbered starting from 1. Note that the same parameter can be used more than once in the query string

and that the ordering of the use of parameters within the query string need not conform to the order of the positional paramet-
ers.

10.2.5.4.2. JPQL Named Parameters

A named parameter is an identifier that is prefixed by the":" symboal. It follows the rules for identifiers defined in Sec-
tion 10.2.3.1, “JPQL FROM Identifiers’ [94]. Named parameters are case sensitive.

Example:

SELECT pub FROM Publ i sher pub WHERE pub.revenue > :rev

10.2.5.5. JPQL Conditional Expression Composition

Conditional expressions are composed of other conditional expressions, comparison operations, logical operations, path expres-
sionsthat evaluate to boolean values, boolean literals, and boolean input parameters. Arithmetic expressions can be used in com-
parison expressions. Arithmetic expressions are composed of other arithmetic expressions, arithmetic operations, path expres-
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sions that evaluate to numeric values, numeric literals, and numeric input parameters. Arithmetic operations use numeric promo-
tion. Standard bracketing () for ordering expression evaluation is supported. Conditional expressions are defined as follows:

conditional_expression ::= conditional _term | conditional_expression OR conditional_term
conditional_term ::= conditional_factor | conditional_term AND conditional _factor
conditional_factor ::= [ NOT ] conditional_primary

conditional_primary ::= simple_cond_expression | (conditional_expression)

simple_cond_expression ::= comparison_expression | between_expression | like_expression | in_expression |
null_comparison_expression | empty_collection_comparison_expression | collection_member_expression | exists_expression

Aggregate functions can only be used in conditional expressionsin a HAVI NG clause. See Section 10.2.6, “ JPQL GROUP BY,
HAVING” [107]

10.2.5.6. JPQL Operators and Operator Precedence

The operators are listed below in order of decreasing precedence.

Navigation operator (.)
Arithmetic operators: +, - unary *, / multiplication and division +, - addition and subtraction

Comparison operators : =, >, >=, <, <=, <> (not equal), [NOT] BETVEEN, [NOT] LI KE, [NOT] I N, I S[NOT] NULL, I S
[NOT] EMPTY, [NOT] MEMBER [COF]

Logical operators; NOT AND OR

The following sections describe other operators used in specific expressions.

10.2.5.7. JPQL Between Expressions

The syntax for the use of the comparison operator [NOT] BETWEEN in a conditional expression is as follows:

arithmetic_expression [NOT] BETWEEN arithmetic_expression AND arithmetic_expression | string_expression [NOT]
BETWEEN string_expression AND string_expression | datetime_expression [NOT] BETWEEN datetime_expression AND date-
time_expression

The BETWEEN expression

x BETWEEN y AND z

is semantically equivalent to:

y <= x AND x <= z

The rules for unknown and NULL values in comparison operations apply. See Section 10.2.10, “JPQL Null Values’ [111Ex-
amples are;

p. age BETWEEN 15 and 19
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isequivalent to

p.age >= 15 AND p. age <= 19

p. age NOT BETWEEN 15 and 19

is equivalent to

p.age < 15 OR p.age > 19

10.2.5.8. JPQL In Expressions

The syntax for the use of the comparison operator [NOT] | Nin a conditional expression is asfollows:

* in_expression ::= state field_path expression [NOT] IN (in_item {, in_item}* | subquery)

e in_item ::=literal | input_parameter

The state field_path_expression must have a string, numeric, or enum value. The literal and/or input_parameter values must be
like the same abstract schematype of the state field path_expression in type. (See Section 10.2.11, “ JPQL Equality and Com-
parison Semantics’ [11%]

The results of the subquery must be like the same abstract schematype of the state field path expression in type. Subqueries are
discussed in Section 10.2.5.15, “JPQL Subqueries’ [106Examples are:

o.country IN ("UK', 'US, 'France')

istrue for UK and false for Peru, and is equivalent to the expression:

(o.country = "UK') OR (o.country = "'US') OR (o.country ="' France')

In the following expression:

o.country NOT IN ('UK', '"US', 'France')

isfasefor UK and true for Peru, and is equivalent to the expression:

NOT ((o.country = '"UK') OR (o.country = 'US') OR (o.country = 'France'))

There must be at least one element in the comma separated list that defines the set of values for the | N expression. If the value of
adstate field _path expressioninan| Nor NOT | Nexpressionis NULL or unknown, the value of the expression is unknown.
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10.2.5.9. JPQL Like Expressions

The syntax for the use of the comparison operator [NOT] LI KE in a conditional expression is as follows:
string_expression [NOT] LIKE pattern_value [ESCAPE escape_character]

The string_expression must have a string value. The pattern_value isastring literal or a string-valued input parameter in which an
underscore () stands for any single character, a percent (%) character stands for any sequence of characters (including the empty
sequence), and all other characters stand for themselves. The optional escape_character is a single-character string literal or a
character-valued input parameter (i.e., char or Character) and is used to escape the special meaning of the underscore and percent
charactersin pattern_value. Examples are:

addr ess. phone LIKE ' 1293’

istruefor '123' '12993' and false for '1234'

asentence.word LIKE '|_se'

istruefor 'lose’ and false for 'loose’

awor d. underscored LIKE '\_% ESCAPE '\'

istruefor' foo' and false for 'bar'

addr ess. phone NOT LIKE ' 1298’

isfalsefor '123" and '12993' and true for '1234' If the value of the string_expression or pattern_valueis NULL or unknown, the
value of the LI KE expression is unknown. If the escape character is specified and is NULL, the value of the LI KE expression
is unknown.

10.2.5.10. JPQL Null Comparison Expressions

The syntax for the use of the comparison operator | S NULL in aconditional expression is as follows:
{single valued path expression | input_parameter } IS[NOT] NULL

A null comparison expression tests whether or not the single-valued path expression or input parameter isaNULL value.

10.2.5.11. JPQL Empty Collection Comparison Expressions

The syntax for the use of the comparison operator | S EMPTY in an empty_collection_comparison_expression is as follows:

collection_valued_path _expression IS[NOT] EMPTY
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This expression tests whether or not the collection designated by the collection-valued path expression is empty (i.e, has o ele-
ments).

For example, the following query will return all magazines that don't have any articles at all:

SELECT nag FROM Magazi ne mag WHERE mag. articles 1S EMPTY

If the value of the collection-valued path expression in an empty collection comparison expression is unknown, the value of the
empty comparison expression is unknown.

10.2.5.12. JPQL Collection Member Expressions

The use of the comparison collection_member_expression is as follows: syntax for the operator MVEMBER OF in an

» collection_member_expression ::= entity _expression [NOT] MEMBER [OF] collection_valued path_expression

e entity expression ::=single valued association path_expression | smple_entity expression

» simple_entity expression ::= identification_variable | input_parameter

This expression tests whether the designated value is a member of the collection specified by the collection-valued path expres-
sion. If the collection valued path expression designates an empty collection, the value of the MEMBER OF expression is FALSE
and the value of the NOT MEMBER OF expression is TRUE. Otherwise, if the value of the collection-valued path expression or

single-valued association-field path expression in the collection member expression is NULL or unknown, the value of the collec-
tion member expression is unknown.

10.2.5.13. JPQL Exists Expressions

An EXI STS expression is apredicate that is true only if the result of the subquery consists of one or more values and that isfalse
otherwise. The syntax of an exists expression is

» exists expression ::= [NOT] EXISTS (subquery)

The use of the reserved word OF is optional in this expression.

Example:

SELECT DI STI NCT auth FROM Aut hor auth
WHERE EXI STS
( SELECT spouseAut hor FROM Aut hor spouseAut hor WHERE spouseAut hor = auth. spouse)

Theresult of this query consists of all authors whose spouse is also an author.

10.2.5.14. JPQL All or Any Expressions

An ALL conditional expression is apredicate that istrue if the comparison operation istrue for all valuesin the result of the sub-
query or the result of the subquery is empty. An ALL conditional expression isfalseif the result of the comparison isfalse for at
least one row, and is unknown if neither true nor false. An ANY conditional expression is apredicate that istrue if the comparison
operation istrue for some value in the result of the subquery. An ANY conditional expression isfalseif the result of the subquery
isempty or if the comparison operation isfalse for every value in the result of the subquery, and is unknown if neither true nor
false. The keyword SOVE is synonymous with ANY. The comparison operators used with ALL or ANY conditional expressions are
=, <, <=, >, >=, <>, The result of the subquery must be like that of the other argument to the comparison operator in type. See
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Section 10.2.11, “JPQL Equality and Comparison Semantics’ [112]The syntax of an ALL or ANY expression is specified as
follows:

o al_or_any expression::={ ALL | ANY | SOME} (subquery)

The following example select the authors who make the highest salary for their magazine:

SELECT auth FROM Aut hor auth
WHERE aut h. sal ary >= ALL(SELECT a.sal ary FROM Author a WHERE a. nmgazi ne = aut h. nagazi ne)

10.2.5.15. JPQL Subqueries

Subqueries may be used in the WHERE or HAVI NG clause. The syntax for subqueriesis asfollows:

» subquery ::=simple_select clause subquery _from_clause [where clause] [groupby_clause] [having_clause]

Subqueries are restricted to the WHERE and HAVI NG clauses in this release. Support for subgueriesin the FROMclause will be
considered in alater release of the specification.
o simple sdlect _clause::= SELECT [DISTINCT] simple_select_expression

e subquery_from clause ::= FROM subselect_identification variable declaration {, subse-
lect_identification variable declaration}*

» subselect_identification variable declaration ::= identification variable declaration | association_path_expression [AS] iden-
tification_variable | collection_member_declaration

» simple_select expression ::=single valued path expression | aggregate_expression | identification_variable

Examples:

SELECT DI STI NCT auth FROM Aut hor auth
VWHERE EXI STS ( SELECT spouseAut h FROM Aut hor spouseAut h WHERE spouseAut h = aut h. spouse)

SELECT mag FROM Magazi ne mag
WHERE ( SELECT COUNT(art) FROM nmg.articles art) > 10

Note that some contexts in which a subquery can be used require that the subquery be a scalar subquery (i.e., produce asingle
result). Thisisillustrated in the following example involving a numeric comparison operation.

SELECT goodPubl i sher FROM Publ i sher goodPubl i sher
WHERE goodPubl i sher.revenue < (SELECT AVQ p.revenue) FROM Publisher p)

10.2.5.16. JPQL Functional Expressions
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The JPQL includes the following built-in functions, which may be used in the WHERE or HAVI NG clause of a query. If the value
of any argument to afunctional expression is null or unknown, the value of the functional expression is unknown.

10.2.5.16.1. JPQL String Functions

» functions_returning_strings ::= CONCAT (string_primar y, string_primary) | SUBSTRING(string_primar v,
simple_arithmetic_expression, simple_arithmetic_expression) | TRIM([[trim_specification] [trim_character] FROM]
string_primary) | LOWER(string_primar y) | UPPER(string_primar y)

o trim_specification ::= LEADING | TRAILING | BOTH

» functions_returning_numerics ::= LENGTH(string_primar y) | LOCATE(string_primar y, string_primar y[,
simple_arithmetic_expression])

The CONCAT function returns a string that is a concatenation of its arguments. The second and third arguments of the SUB-

STRI NGfunction denote the starting position and length of the substring to be returned. These arguments are integers. The first
position of astring is denoted by 1. The SUBSTRI NG function returns a string. The TRI Mfunction trims the specified character
from astring. If the character to be trimmed is not specified, it is assumed to be space (or blank). The optional trim_character isa
single-character string literal or a character-valued input parameter (i.e., char or Character). If atrim specification is not provided,
BOTH s assumed. The TRI Mfunction returns the trimmed string. The LOAER and UPPER functions convert a string to lower and
upper case, respectively. They return astring. The LOCATE function returns the position of a given string within a string, starting
the search at a specified position. It returns the first position at which the string was found as an integer. The first argument isthe
string to be located; the second argument is the string to be searched; the optional third argument is an integer that represents the
string position at which the search is started (by default, the beginning of the string to be searched). The first positionin astring is
denoted by 1. If the string is not found, O is returned. The LENGTH function returns the length of the string in charactersasan in-

teger.
10.2.5.16.2. JPQL Arithmetic Functions

» functions_returning_numerics ::= ABS(simple_arithmetic_expression) | SQRT(simple_arithmetic_expression) |
MOD(simple_arithmetic_expression, simple_arithmetic_expression) | SIZE(collection_valued_path_expression)

The ABS function takes a numeric argument and returns a number (integer, float, or double) of the same type as the argument to
the function. The SQRT function takes a numeric argument and returns a double.

Note that not al databases support the use of atrim character other than the space character; use of this argument may result in
gueriesthat are not portable. Note that not all databases support the use of the third argument to LOCATE; use of this argument
may result in queries that are not portable.

The MOD function takes two integer arguments and returns an integer. The Sl ZE function returns an integer value, the number of
elements of the collection. If the collection is empty, the SI ZE function evaluates to zero. Numeric arguments to these functions
may correspond to the numeric Java object types as well as the primitive numeric types.

10.2.5.16.3. JPQL Datetime Functions

functions_returning_datetime:= CURRENT_DATE | CURRENT_TIME | CURRENT_TIMESTAMP

The datetime functions return the value of current date, time, and timestamp on the database server.

10.2.6. JPQL GROUP BY, HAVING

The GROUP BY construct enables the aggregation of values according to a set of properties. The HAVI NG construct enables con-
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ditions to be specified that further restrict the query result. Such conditions are restrictions upon the groups. The syntax of the
GROUP BY and HAVI NG clausesis asfollows:

» groupby_clause ::= GROUP BY groupby_item {, groupby_item}*
» groupby_item ::=single valued path_expression | identification_variable

* having_clause ::= HAVING conditional_expression

If aquery contains both a WHERE clause and a GROUP BY clause, the effect is that of first applying the where clause, and then
forming the groups and filtering them according to the HAVI NG clause. The HAVI NG clause causes those groups to be retained
that satisfy the condition of the HAVI NG clause. The requirements for the SELECT clause when GROUP BY is used follow those
of SQL: namely, any item that appears in the SELECT clause (other than as an argument to an aggregate function) must also ap-
pear in the GROUP BY clause. In forming the groups, null values are treated as the same for grouping purposes. Grouping by an
entity is permitted. In this case, the entity must contain no serialized state fields or |ob-valued state fields. The HAVI NG clause
must specify search conditions over the grouping items or aggregate functions that apply to grouping items.

If thereisno GROUP BY clause and the HAVI NG clause is used, the result is treated as a single group, and the select list can only
consist of aggregate functions. When a query declares a HAVI NG clause, it must always also declare a GROUP BY clause.

10.2.7. JPQL SELECT Clause

The SELECT clause denotes the query result. More than one value may be returned from the SELECT clause of aquery. The
SELECT clause may contain one or more of the following elements: a single range variable or identification variable that ranges
over an entity abstract schematype, asingle-vaued path expression, an aggregate select expression, a constructor expression. The
SELECT clause has the following syntax:

o sdlect clause::= SELECT [DISTINCT] select_expression {, select_expression} *

» select expression ::=single valued path expression | aggregate expression | identification_variable | OB-
JECT (identification_variable) | constructor_expression

e constructor_expression ::= NEW constructor_name ( constructor_item {, constructor_item}* )
» constructor_item ::= single_valued_path_expression | aggregate_expression
* aggregate expression::={ AVG|MAX |MIN | SUM } ([DISTINCT] state field path _expression) | COUNT ([DISTINCT]

identification_variable | state field path_expression | single_valued association_path_expression)

For example:

SELECT pub.id, pub.revenue
FROM Publ i sher pub JO N pub. magazi nes mag WHERE mag. price > 5.00

Note that the SELECT clause must be specified to return only single-valued expressions. The query below istherefore not valid:

SELECT mag. aut hors FROM Magazi ne AS nmag

The DI STI NCT keyword is used to specify that duplicate values must be eliminated from the query result. If DI STI NCT is not
specified, duplicate values are not eliminated. Standal one identification variablesin the SELECT clause may optionally be quali-
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fied by the OBJECT operator. The SELECT clause must not use the OBJECT operator to qualify path expressions.

10.2.7.1. JPQL Result Type of the SELECT Clause

The type of the query result specified by the SELECT clause of aquery is an entity abstract schematype, a state-field type, the
result of an aggregate function, the result of a construction operation, or some sequence of these. The result type of the SELECT
clause is defined by the the result types of the select_expressions contained in it. When multiple select_expressions are used in
the SELECT clause, the result of the query is of type Object[], and the elements in this result correspond in order to the order of
their specification in the SELECT clause and in type to the result types of each of the select_expressions. The type of the result of
aselect_expression is as follows:

* Asingle valued path expression that isastate field path expression resultsin an object of the same type as the correspond-
ing state field of the entity. If the state field of the entity isa primitive type, the corresponding object type s returned.

» single valued_path_expression that isasingle valued association _path_expression resultsin an entity object of the type of
the relationship field or the subtype of the relationship field of the entity object as determined by the object/relational map-
ping.

» Theresult type of anidentification variable isthe type of the entity to which that identification variable corresponds or a sub-
type as determined by the object/relational mapping.

e Theresult type of aggregate expression is defined in section Section 10.2.7.4, “ JPQL Aggregate Functions’ [109]

* Theresult type of aconstructor_expression is the type of the class for which the constructor is defined. The types of the argu-
ments to the constructor are defined by the above rules.

10.2.7.2. JPQL Constructor Expressions

inthe SELECT Clause A constructor may be used in the SELECT list to return one or more Javainstances. The specified classis
not required to be an entity or to be mapped to the database. The constructor name must be fully qualified.

If an entity class nameis specified in the SELECT NEWCclause, the resulting entity instances are in the new state.

SELECT NEW com conpany. Publ i sherInfo(pub.id, pub.revenue, nmg.price)
FROM Publ i sher pub JO N pub. magazi nes nmag WHERE nmg. price > 5.00

10.2.7.3. JPQL Null Values in the Query Result

If the result of aquery corresponds to a association-field or state-field whose value is null, that null valueis returned in the result
of the query method. Thel S NOT NULL construct can be used to eliminate such null values from the result set of the query.
Note, however, that state-field types defined in terms of Java numeric primitive types cannot produce NULL valuesin the query
result. A query that returns such a state-field type as aresult type must not return anull value.

10.2.7.4. JPQL Aggregate Functions

in the SELECT Clause The result of a query may be the result of an aggregate function applied to a path expression. The follow-
ing aggregate functions can be used in the SELECT clause of a query: AVG, COUNT, MAX; M N, SUM For al aggregate functions
except COUNT, the path expression that is the argument to the aggregate function must terminate in a state-field. The path expres-
sion argument to COUNT may terminate in either a state-field or a association-field, or the argument to COUNT may be an identi-
fication variable. Arguments to the functions SUMand AVG must be numeric. Arguments to the functions MAX and M N must cor-
respond to orderable state-field types (i.e., numeric types, string types, character types, or date types). The Javatype that is con-
tained in the result of a query using an aggregate function is as follows:
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»  COUNT returns Long.
* MAX, M Nreturn the type of the state-field to which they are applied.
* AVGreturns Double.

» SUMreturns Long when applied to state-fields of integral types (other than Biglnteger); Double when applied to state-fields of
floating point types; Biglnteger when applied to state-fields of type Biglnteger; and BigDecimal when applied to state-fields
of type BigDecimal. If SUM AVG, MAX, or M Nis used, and there are no values to which the aggregate function can be ap-
plied, the result of the aggregate function isNULL. If COUNT is used, and there are no values to which COUNT can be applied,
the result of the aggregate function is 0.

The argument to an aggregate function may be preceded by the keyword DI STI NCT to specify that duplicate values are to be
eliminated before the aggregate function is applied. Null values are eliminated before the aggregate function is applied, regardless
of whether the keyword DI STI NCT is specified.

10.2.7.4.1. JPQL Aggregate Examples

Examples The following query returns the average price of al magazines:

SELECT AVGQ mag. price) FROM Magazi ne nmag

The following query returns the sum total cost of all the prices from all the magazines published by ‘Larry':

SELECT SUM mag. pri ce) FROM Publisher pub JO N pub. magazi nes mag pub.firstName = 'Larry’

The following query returns the total number of magazines:

SELECT COUNT(rmag) FROM Magazi ne nmag

10.2.8. JPQL ORDER BY Clause

The ORDER BY clause allows the objects or values that are returned by the query to be ordered. The syntax of the ORDER BY
clauseis

» orderby clause::= ORDER BY orderby_item {, orderby_item}*

» orderby_item ::= state field_path _expression [ASC | DESC]

Itislegal to specify DI STI NCT with MAX or M N, but it does not affect the resullt.

When the ORDER BY clause is used in a query, each element of the SELECT clause of the query must be one of the following:
an identification variable x, optionally denoted as OBJECT( x) , asingle valued_association_path_expression, or a
state field_path_expression. For example:

SELECT pub FROM Publ i sher pub JO N pub. magazi nes nag ORDER BY o.revenue, 0.nane
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If more than one orderby _item is specified, the | eft-to-right sequence of the orderby _item elements determines the precedence,
whereby the leftmost orderby _item has highest precedence. The keyword ASC specifies that ascending ordering be used; the
keyword DESC specifies that descending ordering be used. Ascending ordering isthe default. SQL rules for the ordering of null
values apply: that is, al null values must appear before all non-null valuesin the ordering or al null values must appear after all
non-null valuesin the ordering, but it is not specified which. The ordering of the query result is preserved in the result of the
guery method if the ORDER BY clauseis used.

10.2.9. JPQL Bulk Update and Delete

Operations Bulk update and delete operations apply to entities of a single entity class (together with its subclasses, if any). Only
one entity abstract schema type may be specified in the FROMor UPDATE clause. The syntax of these operationsis as follows:

e update statement ::= update clause [where clause]
» update clause ::= UPDATE abstract_schema _name [[AS] identification variable] SET update item {, update_item}*
* update item ::=[identification_variable.]{ state field | single valued_association field} = new_value

* new_vaue::=simple arithmetic_expression | string_primary | datetime_primary | boolean_primary | enum_primary
simple_entity _expression | NULL

e delete statement ::= delete _clause [where clause]

* delete clause::= DELETE FROM abstract_schema_name [[AS] identification_variable]

The syntax of the WHERE clause is described in Section 10.2.4, “ JPQL WHERE Clause” [100]. A delete operation only applies
to entities of the specified class and its subclasses. It does not cascade to related entities. The new_value specified for an update
operation must be compatible in type with the state-field to which it is assigned. Bulk update maps directly to a database update
operation, bypassing optimistic locking checks. Portable applications must manually update the value of the version column, if
desired, and/or manually validate the value of the version column. The persistence context is not synchronized with the result of
the bulk update or delete. Caution should be used when executing bulk update or del ete operations because they may result inin-
consistencies between the database and the entities in the active persistence context. In general, bulk update and delete operations
should only be performed within a separate transaction or at the beginning of atransaction (before entities have been accessed
whose state might be affected by such operations).

Examples:

DELETE FROM Publ i sher pub WHERE pub. revenue > 1000000. 0

DELETE FROM Publ i sher pub WHERE pub. revenue = 0 AND pub. magazi nes | S EMPTY

UPDATE Publ i sher pub SET pub.status = 'outstanding'
VWHERE pub. revenue < 1000000 AND 20 > ( SELECT COUNT(nmeg) FROM pub. magazi nes nag)

10.2.10. JPQL Null Values

When the target of areference does not exist in the database, its value is regarded as NULL. SQL 92 NULL semantics defines the
evaluation of conditional expressions containing NULL values. The following is abrief description of these semantics:
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e Comparison or arithmetic operations with aNULL value aways yield an unknown value.

» Two NULL values are not considered to be equal, the comparison yields an unknown value.

e Comparison or arithmetic operations with an unknown value always yield an unknown value.

e ThelS NULLandl'S NOT NULL operators convert aNULL state-field or single-valued association-field value into the re-
spective TRUE or FALSE value.

Note: The JPQL defines the empty string, "", as a string with 0 length, which is not equal to aNULL value. However, NULL val-
ues and empty strings may not always be distinguished when queries are mapped to some databases. Application developers
should therefore not rely on the semantics of query comparisons involving the empty string and NULL value.

10.2.11. JPQL Equality and Comparison Semantics

Only the values of like types are permitted to be compared. A type is like another type if they correspond to the same Java lan-
guage type, or if oneis a primitive Java language type and the other is the wrappered Java class type equivalent (e.g., int and In-
teger arelike typesin this sense). There is one exception to thisrule: it is valid to compare numeric values for which the rules of
numeric promotion apply. Conditional expressions attempting to compare non-like type values are disallowed except for this nu-
meric case. Note that the arithmetic operators and comparison operators are permitted to be applied to state-fields and input para-
meters of the wrappered Java class equivalents to the primitive numeric Java types. Two entities of the same abstract schematype
areequal if and only if they have the same primary key value. Only equality/inequality comparisons over enums are required to
be supported.

10.2.12. JPQL BNF

Thefollowing isthe BNF for the Java Persistence query language, from section 4.14 of the JSR 220 specification.

e QL_statement ::= select_statement | update_statement | delete_statement

» select statement ::= select_clause from_clause [where clause] [groupby_clause] [having_clause] [orderby _clause]
» update statement ::= update clause [where clause]

» delete statement ::= delete_clause [where clause]

» from_clause ::= FROMidentification_variable declaration {, {identification_variable declaration | collec-
tion_member_declaration}}*

* identification_variable declaration ::=range variable declaration { join | fetch_join }*

* range variable declaration ::= abstract_schema_name [AS] identification variable

e join:=join_specjoin_association path expression [AS] identification_variable

» fetch_join::=join_spec FETCHjoin_association_path expression

» association_path_expression ::= collection_valued_path_expression | single_valued_association_path_expression
* join_spec::=[LEFT [OUTER]|l NNER] JO N

* join_association_path_expression ::= join_collection_valued path expression |
join_single valued_association_path_expression

e join_collection_valued_path expression ::= identification_variable.collection valued association_field
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join_single valued association_path_expression ::= identification_variable.single valued association_field
collection_member_declaration ::= 1 N (collection_valued_path _expression) [AS] identification_variable

single valued path expression ::= state field path_expression | single valued association_path_expression
state field_path _expression ::={identification_variable | single_valued association_path _expression} .state field

single_valued_association_path_expression ::= identification_variable{single valued association_field.} *
single valued association_field

collection valued path_expression ::= identifica
tion_variable{single valued association field.}*collection valued association field

state field ::= {embedded_class state field.} *simple_state field
update clause ::= UPDATE abstract_schema name [[AS] identification_variable] SET update_item {, update _item}*
update _item ::=[identification variable.]{ state field | single valued association field} = new_value

new_value ::= simple_arithmetic_expression | string_primary | datetime_primary | boolean_primary | enum_primary
simple_entity expression | NULL

delete clause ::= DELETE FROMabstract_schema_name [[AS] identification_variable]
select_clause ::= SELECT [DI STI NCT] select_expression {, select_expression} *

select_expression ::= single_valued_path expression | aggregate_expression | identification_variable |
OBJ ECT (identification_variabl€)| constructor_expression

constructor_expression ::= NEWconstructor_name( constructor_item {, constructor_item}*)
constructor_item ::= single_valued_path_expression | aggregate_expression

aggregate_expression ::= { AVG [MAX [M N |SUM ([DI STI NCT] state field path _expression) | COUNT ([DI STI NCT] identi-
fication_variable | state field path_expression | single valued association_path_expression)

where_clause ::= WHERE conditional_expression

groupby_clause ::= GROUP BY groupby_item {, groupby_item} *

groupby_item ::= single valued path_expression | identification variable

having_clause ::= HAVI NG conditional_expression

orderby clause ::= ORDER BY orderby_item {, orderby _item}*

orderby_item ::= state field path_expression [ASC [DESC]

subquery ::= simple_select_clause subquery_from_clause [where _clause] [groupby_clause] [having_clause]

subquery _from_clause ::= FROMsubselect_identification_variable declaration {, subse-
lect_identification variable declaration}*

subselect_identification variable declaration ::= identification variable declaration | association_path_expression [AS] iden-
tification_variable | collection_member_declaration

simple_select_clause :;:= SELECT [DI STI NCT] simple_select_expression

simple_select_expression ::= single_valued_path_expression | aggregate _expression | identification_variable
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conditional_expression ::= conditional_term | conditional_expression OR conditional_term
conditional_term ::= conditional_factor | conditional_term AND conditional _factor
conditional_factor ::= [NOT ] conditional_primary

conditional_primary ::= simple_cond_expression |(conditional_expression)

simple_cond_expression ::= comparison_expression | between_expression | like_expression | in_expression |
null_comparison_expression | empty_collection_comparison_expression | collection_member_expression | exists_expression

between_expression ::= arithmetic_expression [NOT] BETVEEEN arithmetic_expression AND arithmetic_expression |
string_expression [NOT] BETVEEN string_expression AND string_expression | datetime_expression [NOT] BETVEEN date-
time_expression AND datetime_expression

in_expression ::= state field_path _expression [NOT] | N(in_item {, in_item}* | subquery)

in_item ::=literal | input_parameter

like_expression ::= string_expression [NOT] LI KE pattern_value [ESCAPE escape _character]
null_comparison_expression ::= {single_valued path_expression | input_parameter} | S [NOT] NULL
empty_collection_comparison_expression ::= collection_valued_path_expression | S[NOT] EMPTY
collection_member_expression ::= entity_expression [NOT] MEMBER [OF] collection_valued path_expression
exists_expression ::= [NOT] EXI STS(subquery)

al_or_any expression ::={ALL |[ANY [SOVE} (subquery)

comparison_expression ::= string_expressioncomparison_operator{ string_expressionfall_or_any _expression} |
boolean_expression { =|<>} {boolean_expression | al_or_any expression} | enum_expression {=|<>} {enum_expression |
al_or_any expression} | datetime_expression comparison_operator { datetime_expression | all_or_any expression} | en-
tity_expression {= |<>} {entity_expression | all_or_any_expression} | arithmetic_expression comparison_operator
{arithmetic_expression | all_or_any_expression}

comparison_operator ;== [> [>= |< |<= [<>

arithmetic_expression ::= simple_arithmetic_expression |[(subquery)

simple_arithmetic_expression ::= arithmetic_term | smple_arithmetic_expression {+ |- } arithmetic_term
arithmetic_term ::= arithmetic_factor | arithmetic_term {* |/ } arithmetic_factor

arithmetic_factor ::= [{ + |-}] arithmetic_primary

arithmetic_primary ::= state field path_expression | numeric_literal | (Ssmple_arithmetic_expression) | input_parameter |
functions_returning_numerics | aggregate_expression

string_expression ::= string_primary |(subquery)

string_primary ::= state field path_expression | string_literal | input_parameter | functions_returning_strings | aggreg-
ate_expression

datetime_expression ::= datetime_primary |(subquery)
datetime_primary ::= state field path_expression | input_parameter | functions_returning_datetime | aggregate_expression

boolean_expression ::= boolean_primary |(subquery)
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boolean_primary ::= state field path_expression | boolean_literal | input_parameter |

enum_expression ::= enum_primary |(subquery)

enum_primary ::= state field_path_expression | enum_literal | input_parameter |

entity_expression ::= single_valued_association_path_expression | simple_entity _expression

simple_entity expression ::= identification_variable | input_parameter

functions_returning_numerics ::= LENGTH(string_primary)| LOCATE(string_primary,string_primary [,
simple_arithmetic_expression]) | ABS(simple_arithmetic_expression) | SQRT(simple_arithmetic_expression) |
MOD(simple_arithmetic_expression, simple_arithmetic_expression) | SI ZE(collection valued_path _expression)
functions_returning_datetime :;:= CURRENT_DATE| CURRENT _TI ME | CURRENT_TI MESTAMP
functions_returning_strings ::= CONCAT(string_primary, string_primary) | SUBSTRI NG(string_primary,
simple_arithmetic_expression,simple_arithmetic_expression)| TRI M([[trim_specification] [trim_character] FROM

string_primary) | LONER(string_primary) | UPPER(string_primary)
trim_specification ::= LEADI NG| TRAI LI NG| BOTH
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Chapter 11. SQL Queries

11.1

JPQL isapowerful query language, but there are times when it is not enough. Maybe you're migrating a JDBC application to JPA
on a strict deadline, and you don't have time to translate your existing SQL selects to JPQL. Or maybe a certain query reguires
database-specific SQL your JPA implementation doesn't support. Or maybe your DBA has spent hours crafting the perfect select
statement for a query in your application's critical path. Whatever the reason, SQL queries can remain an essential part of an ap-
plication.

Y ou are probably familiar with executing SQL queries by obtaining aj ava. sql . Connect i on, using the JDBC APIsto cre-
atea St at enent , and executing that St at enent  to obtain aResul t Set . And of course, you are free to continue using this
low-level approach to SQL execution in your JPA applications. However, JPA also supports executing SQL queries through the

j avax. per si st ence. Query interface introduced in Chapter 10, JPA Query [82]. Using a JPA SQL query, you can re-
trieve either persistent objects or projections of column values. The following sections detail each use.

I mportant

This feature requires K odo Enter prise Edition.

Creating SQL Queries

TheEnt i t yManager hastwo factory methods suitable for creating SQL queries:

public Query createNativeQuery (String sql String, Cass resultd ass);
public Query createNativeQuery (String sql String, String resultSetMapping);

Thefirst method is used to create anew Quer y instance that will return instances of the specified class.

The second method uses a Sgl Resul t Set Mappi ng to determine the type of object or objects to return. The example below
shows these methods in action.

Example 11.1. Creating a SQL Query

EntityManager em= ...;
Query query = emcreateNati veQuery ("SELECT * FROM MAG', Magazi ne. cl ass);
processMagazi nes (query.getResultList ());

In addition to SELECT statements, Kodo supports stored procedure invocations as SQL queries. Kodo will assume any
SQL that does not begin with the SELECT keyword (ignoring case) is a stored procedure call, and invoke it as such at
the JDBC level.

11.2. Retrieving Persistent Objects with SQL
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When you give a SQL Quer y acandidate class, it will return persistent instances of that class. At aminimum, your SQL must
select the class primary key columns, discriminator column (if mapped), and version column (also if mapped). The JPA runtime
uses the values of the primary key columns to construct each result object's identity, and possibly to match it with a persistent ob-
ject dready inthe Ent i t yManager 's cache. When an object is not already cached, the implementation creates a new aobject to
represent the current result row. It might use the discriminator column value to make sure it constructs an object of the correct
subclass. Finaly, the query records available version column data for use in optimistic concurrency checking, should you later
change the result object and flush it back to the database.

Aside from the primary key, discriminator, and version columns, any columns you select are used to populate the persistent fields
of each result object. JPA implementations will compete on how effectively they map your selected data to your persistent in-
stance fields.

Let's make the discussion above concrete with an example. It uses the following simple mapping between a class and the data-
base:

org.mag

Magazine
- isbn: String
- title: String
- price: double
- popiesSaold: int

Example 11.2. Retrieving Persistent Objects

QJery query = em createNativeQuery ("SELECT | SBN, TITLE, PRI CE,
VERS FROM MAG W-IERE PRICE > 5 AND PRI CE < 10" Maga2| ne. cI ass);
Li st <Maga2| ne> results = query.getResultList ();
for (Magazine nag : results)
processMagazi ne (mag);

The query above works as advertised, but isn't very flexible. Let's update it to take in parameters for the minimum and maximum
price, so we can reuse it to find magazinesin any price range:

Example 11.3. SQL Query Parameters

Query query = em createNati veQuery ("SELECT | SBN, TITLE, PRICE, "
+ "VERS FROM MAG WHERE PRI CE > ?1 AND PRI CE < ?2", Magazi ne. cl ass);

query. set Paranmeter (1, 5d);
query. set Paranmeter (2, 10d);

Li st <Magazi ne> results = query.getResultList ();
for (Magazine mag : results)
processMagazi ne (mag);

Like JDBC prepared statements, SQL queries represent parameters with question marks, but are followed by an integer to repres-
ent itsindex.
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Chapter 12. Mapping Metadata

Object-relational mapping is the process of mapping entities to relational database tables. In EJB persistence, you perform object/
relational mapping through mapping metadata. M apping metadata uses annotations to describe how to link your object model to
your relational model.

Kodo offers tools to automate mapping and schema creation. See Chapter 7, Mapping [489h the Reference Guide.

Throughout this chapter, we will draw on the object model introduced in Chapter 5, Metadata [28]. We present that model again
below. Aswe discuss various aspects of mapping metadata, we will zoom in on specific areas of the model and show how we
map the object layer to the relational layer.

org.mag org.mag.pub
Author
authors™ o id: |ong
- firstMame: String
ol A - lastName: String
= e NGy < ans* — - version: int
- title: String
- content: byte(] T
- version: int address
Address
- street: String
coverArticle articles” - city: String
| | - state: String
Magazine - Zip: String
- isbn: String |
- title: String :
- price: double pubhlsher address
- copiesSold: int - Company
- version: int - mags® — -id: long
- name: String
- revenue: double
- version: int
I
magazine subscriptions®
Llneltem_ _ Subscription LifetimeSubscription
- comments: String -id: long —elileClub: boolean
- price: double -« ilems™ 4 - startDate: Date
- num: long - payment: double
- version: int
‘L TrialSubscription
Doc - endDate: Date
Contract TdTong s
- torms: |- version: int
org.mag.subscribe

All mapping metadatais optional. Where no explicit mapping metadatais given, EJB 3 persistence uses the defaults defined by
the specification. As we present each mapping throughout this chapter, we also describe the defaults that apply when the mapping
is absent.
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12.1. Table

The Tabl e annotation specifies the table for an entity class. If you omit the Tabl e annotation, base entity classes default to a
table with their unqualified class name. The default table of an entity subclass depends on the inheritance strategy, as you will see
in Section 12.6, “ Inheritance” [129]

Tabl eshavethe following properties:

e String nane: Thename of the table. Defaults to the unqualified entity class name.

e String schena: Thetable's schema. If you do not name a schema, EJB uses the default schema for the database connec-
tion.

« String catal og: Thetable's catalog. If you do not name a catalog, EJB uses the default catalog for the database connec-
tion.

* UniqueConstraint[] uni queConstraints:Anarray of unique constraints to place on the table. We cover unique
constraints below. Defaults to an empty array.

The equivalent XML element ist abl e. It has the following attributes, which correspond to the annotation properties above:

* nane
e schena
 catal og

Thet abl e element also accepts nested uni que- const r ai nt elements representing unique constraints. We will detail
unique constraints shortly.

Sometimes, some of the fieldsin a class are mapped to secondary tables. In that case, use the class Tabl e annotation to name
what you consider the class' primary table. Later, we will see how to map certain fields to other tables.

The example below maps classes to tables according to the following diagram. The CONTRACT, SUB, and LI NE_| TEMtables
are in the CNTRCT schema; all other tables are in the default schema.
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org.mag org.mag.pub
Magazine |---# Company -~ - =
T
Article fF---» Author F---#
A
Contract
Lineltem fF--- -
T
Subscription
Trial I
Subscription
Lifetime |
Subscription
org.mag.subscribe

Note that the diagram does not include our model's Docunent and Addr ess classes. Mapped superclasses and embeddable
classes are never mapped to tables.

Example 12.1. Mapping Classes

package org. nag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@rabl e( name="MAG")

FUbI ic class Magazine

public static class Magazineld

}
}

@ntit

y
@rabl e( name="ART")
public class Article

}

package org. mag. pub;

@ntity
@rabl e( nane="COVP")
?ubl ic class Conpany

}

@Entity
@rabl e( name="AUTH")
FUbI ic class Author

}

@nbeddabl e
public class Address

{
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package org. mag. subscri be;

@/MmppedSuper cl ass
publ i ¢ abstract class Docunent

}

@ntity

@abl e(schema " CNTRCT")

public class Contract
ext ends Docunent

}

@ntity
@rabl e(name="SUB", schema="CNTRCT")
public class Subscription

@ntity
@rabl e(narre "LI NE_I TEM', schena="CNTRCT")
public static class Li nel tem

ext ends Contract

}

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

}

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

The same mapping information expressed in XML.:

<entity-mappi ngs xm ns="http://java. sun. com xm / ns/ per si st ence/ or ni'
xm ns: xsi ="http://wwmv. wW3. or g/ 2001/ XM_Schema- i nst ance"
xsi : schemaLocation="http://]ava. sun. conl xm / ns/ persi stence/ormorm1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >

</ mapped- super cl ass>
<entity class="org.nmg. Magazi ne">
<t abl e nane="MAG'/ >
<i d-cl ass="org. mag. Magazi ne. Magazi nel d"/ >
</entity>
<entity class=" org. mag. Article">
<t abl e nane="ART"/>

</enti ty>
<entity class=" org. mag pub Conpany" >
<t abl e name="

</enti ty>
<entity class="org.mg. pub. Aut hor">
<t abl e name="AUTH'/ >

</ ent iiy>
<entity cl ass="org.mg. subcribe. Contract">
<t abl e schema="CNIRCT"/ >

</ eniiiy>
<entity class=" org. mag. subcri be. Subscri ption">
<t abl e name="SUB" schema="CNTRCT"/>

</enti ty>
<entity class="org. mg. subscribe. Subscri ption. Li neltent>
<t abl e name="LI NE_I TEM' schema="CNTRCT"/ >

121



Mapping Metadata

</entity>

<entity class="org. mag. subscribe. Lifeti neSubscription" nane="Lifetime">
</ ent iiy>

<entity class="org. mag. subscribe. Tri al Subscri ption" name="Trial ">
<lentit y>

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

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

12.2.

Unigque Constraints

Unique constraints ensure that the data in a column or combination of columnsis unique for each row. A table's primary key, for
example, functions as an implicit unique constraint. In EJB persistence, you represent other unique constraints with an array of
Uni queConst r ai nt annotations within the table annotation. The unique constraints you define are used during table creation
to generate the proper database constraints, and may also be used at runtime to order | NSERT, UPDATE, and DELETE state-
ments. For example, suppose there is a unique constraint on the columns of field F. In the same transaction, you remove an object
A and persist anew object B, both with the same F value. The EJB persistence runtime must ensure that the SQL deleting Ais
sent to the database before the SQL inserting B to avoid a unique constraint violation.

Uni queConst r ai nt hasasingle property:

e String[] col umNanes: The names of the columns the constraint spans.

In XML, unique constraints are represented by nesting uni que- const r ai nt elementswithinthet abl e element. Each
uni que- const rai nt element inturn nests col umMm- nare text elements to enumerate the contraint's columns.

Example 12.2. Defining a Unique Constraint

The following defines a unique constraint on the TI TLE column of the ART table:

@ntity
@rabl e(name="ART", uni queConstrai nt s=@ni que(col uimNanmes="TI TLE"))
public class Article

}

The same metadata expressed in XML form:

<entity class="org.mg. Article">
<t abl e name="ART">
<uni que- constrai nt >
<col um- nane>Tl TLE</ col um- nanme>
</ uni que- constrai nt >
</t abl e>

</ eniiiy>
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12.3. Column

In the previous section, we saw that aUni queConst r ai nt usesan array of column names. Field mappings, however, use

full-fledged Col unm annotations. Column annotations have the following properties:

e String nane: The column name. Defaultsto the field name.

e String col umbDefi ni ti on: The database-specific column type name. This property is only used by vendors that sup-
port creating tables from your mapping metadata. During table creation, the vendor will use the value of the
col umbDef i ni t i on asthe declared column type. If no col umDef i ni t i on isgiven, the vendor will choose an appro-
priate default based on the field type combined with the column's length, precision, and scale.

* int |ength: Thecolumn length. This property istypically only used during table creation, though some vendors might use
it to validate data before flushing. CHAR and VARCHAR columns typically default to alength of 255; other column types use
the database default.

* int precision: Theprecision of anumeric column. This property is often used in conjunction with scal e to form the
proper column type name during table creation.

e int scal e: The number of decimal digits a numeric column can hold. This property is often used in conjunction with
pr eci si on to form the proper column type name during table creation.

* bool ean nul | abl e: Whether the column can store null values. Vendors may use this property both for table creation and
at runtime; however, it is never required. Defaultstot r ue.

* bool ean insert abl e: By setting this property to f al se, you can omit the column from SQL | NSERT statements. De-
faultstot r ue.

* bool ean updat abl e: By setting this property to f al se, you can omit the column from SQL UPDATE statements. De-
faultstot r ue.

e String tabl e: Sometimesyou will need to map fields to tables other than the primary table. This property allows you
specify that the column resides in a secondary table. We will see how to map fields to secondary tables later in the chapter.

The equivalent XML element iscol umm. This element has attributes that are exactly equivalent to the Col urm annotation's
properties described above:

* nane

e colum-definition

* length

e precision

 scale

* insertable

* updatabl e

e table

12.4. Identity Mapping
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With our new knowledge of columns, we can map the identity fields of our entities. The diagram below now includes primary
key columns for our model's tables. The primary key column for Aut hor uses nonstandard type | NTEGER64, and the
Magazi ne. i sbn field is mapped to a VARCHAR( 9) column instead of a VARCHAR( 255) column, which isthe default for
string fields. We do not need to point out either one of these oddities to the EJB persistence implementation for runtime use. If,
however, we want to use the EJB persistence implementation to create our tables for us, it needs to know about any desired non-
default column types. Therefore, the example following the diagram includes this datain its encoding of our mappings.

org.mag org.mag.pub
Magazine Company
- isbn: String -id: lang
- title: String
Article Author
-id: long - id: long
Trial Document
Subseription |~} -id: long Contract
: "
Subscription :
-id: long L_.
|
! Lineltem F-
Lifetime J: — .
Subscription [~
—— org.mag.subscribe

Note that many of our identity fields do not need to specify column information, because they use the default column name and
type.

Example 12.3. | dentity Mapping

package org. nag;
@ntity
@ dd ass(Magazi ne. Magazi nel d. cl ass)
@rabl e( name="MAG'")
public class Magazine
{
@ol um( | engt h=9)
@d private String isbn;
@d private String title;

public static class Magazineld
}
}
@ntity
@rabl e( name="ART", uni queConstr ai nt s=@ni que( col uimNanes="TI TLE"))
public class Article

@d private long id;
}
package org. nag. pub;

@ntity
@rabl e( name="COWP")
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public class Conpany

@Col um( nane="Cl D")
@d private long id;

}

@ntity
@rabl e( name="AUTH")
public class Author

@ol um( name="Al D', col umbDefi niti on="1 NTEGER64")
@d private long id;

}

@ nbeddabl e
public class Address

package org. nag. subscri be;

@MmppedSuper cl ass
publ i ¢ abstract class Docunent

@d
@zener at edVal ue( st rat egy=Gener at i onType. | DENTI TY)
private long id;

}

@ntity

@rabl e( schema=" CNTRCT")

public class Contract
ext ends Docunent

}

@ntity
@rabl e(name="SUB", schema="CNTRCT")
public class Subscription

@d private long id;

@ntity
@rabl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

ext ends Contract

}

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

}

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

The same metadata for Magazi ne and Conpany expressed in XML form:

<entity class="org. mag. Magazi ne">

<id-cl ass cl ass="org. mag. Magazi ne. Magazi ne. Magazi nel d"/ >
<t abl e name="MAG'/ >
<attributes>

<id name="isbn">

<col um | engt h="9"/>
</id>
<id name="title"/>
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</attributes>
</entity>
<entity cl ass="org. mg. pub. Conpany" >
<t abl e nanme="COW"/ >
<attributes>
<id name="id">
<col um nane="Cl D'/ >
</id>

</attribut es>
</entity>

12.5. Generators

One aspect of identity mapping not covered in the previous section is EJB's ahility to automatically assign a value to your numer-
ic identity fields using generators. We discussed the available generator typesin Section 5.2.2, “1d” [34]. Now we show you
how to define named generators.

12.5.1. Sequence Generator

Most databases allow you to create native sequences. These are database structures that generate increasing numeric values. The
SequenceCener at or annotation represents a named database sequence. Y ou can place the annotation on any package, entity
class, persistent field declaration (if your entity usesfield access), or getter method for a persistent property (if your entity uses
property access). SequenceGener at or hasthe following properties:

e String name: Thegenerator name. This property is required.

 String sequenceNane: The name of the database sequence. If you do not specify the database sequence, your vendor
will choose an appropriate default.

 int initial Val ue: Theinitial sequence value.
* int allocationSize: Some databases can pre-allocate groups of sequence values. This allows the database to service

sequence requests from cache, rather than physically incrementing the sequence with every request. This alocation size de-
faults to 50.

Kodo allows you to use describe one of Kodo's built-in generator implementations in the sequenceNane property.
You can aso set the sequenceNane to syst emto use the system sequence defined by the kodo. Sequence con-
figuration property. See the Reference Guide's Section 9.7, “ Generators’ [555or details.

The XML element for a sequence generator issequence- gener at or . Its attributes mirror the above annotation's properties:

* nane
e sequence-nane
e initial-value

e allocation-size
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To use a sequence generator, set your Gener at edVal ue annotation'sst r at egy property to Gener at i on-
Type. SEQUENCE, anditsgener at or property to the sequence generator's declared name. Or equivaently, set your gener -
at ed- val ue XML element'sst r at egy attribute to SEQUENCE and itsgener at or attribute to the generator name.

12.5.2. TableGenerator

A Tabl eGener at or refersto a database table used to store increasing sequence values for one or more entities. As with Se-
guenceCener at or, you can place the Tabl eGener at or annotation on any package, entity class, persistent field declara-
tion (if your entity uses field access), or getter method for a persistent property (if your entity uses property access). Tabl eGen-
er at or hasthe following properties:

e String nane: The generator name. This property is required.

e String tabl e: The name of the generator table. If left unspecified, your vendor will choose a default table.
 String schema: The named table's schema.

e String catal og: The named tabl€'s catalog.

 String pkCol umNane: The name of the primary key column in the generator table. If unspecified, your implementation
will choose a default.

 String val ueCol utmNane: The name of the column that holds the sequence value. If unspecified, your implementation
will choose a default.

e String pkCol unmVal ue: The primary key column value of the row in the generator table holding this sequence value.
Y ou can use the same generator table for multiple logical sequences by supplying different pk Col ummVal ues. If you do not
specify avalue, the implementation will supply a default.

« int initial Val ue: Thevaue of the generator'sfirst issued number.

« int allocationSize: Thenumber of valuesto alocate in memory for each trip to the database. Allocating valuesin

memory allows the EJB persistence runtime to avoid accessing the database for every sequence request. This number also
specifies the amount that the sequence value is incremented each time the generator table is updated. Defaults to 50.

The XML equivalentisthet abl e- gener at or element. This element's attributes correspond exactly to the above annotation's

properties:

* nane

« table

» schem
e catal og

* pk-col umm- nane

e val ue-col umm- nane
* pk-col um-val ue

e initial-value

e allocation-size
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To use atable generator, set your Gener at edVal ue annotation'sst r at egy property to Gener at i onType. TABLE, and
itsgener at or property to the table generator's declared name. Or equivalently, set your gener at ed- val ue XML element's
st r at egy attribute to TABLE and itsgener at or attribute to the generator name.

12.5.3. Example

Let's take advantage of generatorsin our entity model. Here are our updated mappings.

Example 12.4. Generator Mapping

package org. mag;

@ntity

@ dCl ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG")

public class Magazi ne

@ol umm( | engt h=9)
@d private String isbn;
@d private String title;

public static class Magazineld

}

@ntity

@abl e(name="ART", uni queConstrai nt s=@Jhni que(col utmNanes="TI| TLE"))
@equenceCener at or (name="Arti cl eSeq", sequenceNane="ART_SEQ')
public class Article

@d
@cener at edVal ue( st rat egy=CGener ati onType. SEQUENCE, generator="Articl eSeq")
private long id;

package org. mag. pub;

@Entity
@rabl e( nane=" COVP")
public class Conpany

@col um( nanme="Cl D")
@d private long id;

}

@ntity
@abl e( name="AUTH")
public class Author

@d

@cener at edVal ue( st rat egy=CGener at i onType. TABLE, gener at or =" Aut hor Gen")

@rabl eGener at or ( nane=" Aut hor Gen", tabl e=" AUTH_GEN', pkCol utmNane="PK",
val ueCol umNane="Al D")

@Col um( name="Al D', col umbDefi niti on="1NTEGER64")

private long id;

}

@nbeddabl e
public class Address

package org. mag. subscri be;

@bppedSuper cl ass
public abstract class Docunent

@d
@=ener at edVal ue( gener at e=Gener at i onType. | DENTI TY)
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private long id;

}

@ntity

@abl e(schema="CNTRCT")

public class Contract
ext ends Document

}

@ntity
@abl e(name="SUB", schema="CNTRCT")
public class Subscription

@d
@zener at edVal ue( st rat egy=Gener ati onType. | DENTI TY)
private long id;

@ntity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

extends Contract

}

@ntity(name="Lifetime")
public class LifetimeSubscription
ext ends Subscription

}

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

The same metadatafor Ar ti cl e and Aut hor expressed in XML form:

<entity class="org.mg. Article">
<t abl e name="ART">
<uni que- constrai nt >
<col um- nanme>TI TLE</ col um- nanme>
</ uni que- constrai nt >
</tabl e>
<sequence-generator nane="Articl eSeq" sequence-nanme="ART_SEQ'/>
<attributes>
<id name="id">
. d<gener at ed- val ue strategy="SEQUENCE" generator="ArticleSeq"/>
</id>

</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col utmm nane="AlI D' col unm-defi ni ti on="1 NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generator="Aut hor Gen"/ >
<t abl e- gener at or name="Aut hor Gen" t abl e=" AUTH_GEN'
e pk- col umm- name="PK" val ue- col utm- nanme="Al D'/ >
</1d>

</attributes>
</entity>

12.6. Inheritance
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In the 1990's programmers coined the term impedance mismatch to describe the difficultiesin bridging the object and relational
worlds. Perhaps no feature of object modeling highlights the impedance mismatch better than inheritance. Thereis no natural, ef-
ficient way to represent an inheritance relationship in arelational database.

Luckily, EJB persistence gives you a choice of inheritance strategies, making the best of abad situation. The base entity class
defines the inheritance strategy for the hierarchy with the | nher i t ance annotation. | nher i t ance hasthe following proper-
ties:

* InheritanceType strategy: Enum value declaring the inheritance strategy for the hierarchy. Defaultsto | nheri t -
anceType. SI NGLE_TABLE. We detail each of the available strategies below.

The corresponding XML element isi nher i t ance, which hasasingle attribute:
 strategy:Oneof SI NGLE_TABLE, JO NED, or TABLE_PER CLASS.

The following sections describe EJB's standard inheritance strategies.

Kodo allows you to vary your inheritance strategy for each class, rather than forcing a single strategy per inheritance
hierarchy. See Section 7.7, “ Additional JPA Mappings’ [508h the Reference Guide for details.

12.6.1. Single Table

Thel nheritanceType. SI NGLE_TABLE strategy maps all classesin the hierarchy to the base class table.

org.mag.subscribe

Subscription

T

Lifetime
Subscription

In our model, Subscri pti on ismapped to the CNTRCT. SUB table. Li f et i meSubscri pt i on, which extends Sub-
scri ption, addsitsfield datato thistable aswell.

Example 12.5. Single Table Mapping

@ntity

@rabl e( name="SUB", schema="CNTRCT")

@ nheritance(strategy=InheritanceType. SI NGLE_TABLE)
public class Subscription

}

@ntity(name="Lifetime")
public class LifetimeSubscription
extends Subscription
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The same metadata expressed in XML form:

<entity class="org. mg. subcribe. Subscription">
<t abl e name="SUB" schema="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/ >
</ ent iiy>
<entity class="org.nmag. subscribe.LifetinmeSubscription">

</ eniiiy>

Single table inheritance is the default strategy. Thus, we could omit the @ nher i t ance annotation in the example above and
get the same resullt.

Mapping subclass state to the superclass table is often called flat inheritance mapping.

12.6.1.1. Advantages

Single table inheritance mapping is the fastest of al inheritance models, sinceit never requires ajoin to retrieve a persistent in-
stance from the database. Similarly, persisting or updating a persistent instance requires only asingle | NSERT or UPDATE state-
ment. Finally, relations to any class within a single table inheritance hierarchy are just as efficient as relations to a base class.

12.6.1.2. Disadvantages

The larger the inheritance model gets, the "wider" the mapped table gets, in that for every field in the entire inheritance hierarchy,
a column must exist in the mapped table. This may have undesirable consequence on the database size, since awide or deep in-
heritance hierarchy will result in tables with many mostly-empty columns.

12.6.2. Joined

Thel nheritanceType. JO NED strategy uses a different table for each classin the hierarchy. Each table only includes state
declared inits class. Thusto load a subclass instance, the EJB persistence implementation must read from the subclass table as
well as the table of each ancestor class, up to the base entity class.

Using joined subclass tablesis also called vertical inheritance mapping.
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org.mag.subscribe
Contract | ___
I BIGI 18
Lineltem [----#
1D BIGI

Pri mar yKeyJoi nCol unm annotationstell the EJB implementation how to join each subclass table record to the correspond-
ing record in its direct superclasstable. In our model, the LI NE_I TEM | D column joinsto the CONTRACT. | D column. The
Pr i mar yKeyJoi nCol unn annotation has the following properties:

e String nane: Thename of the subclass table column. When thereis asingle identity field, defaults to that field's column
name.

e String referencedCol utmNane: The name of the superclass table column this subclass table column joins to. When
thereisasingleidentity field, defaults to that field's column name.

e String col umbDefi ni tion: Thisproperty hasthe same meaning asthe col unmDef i ni ti on property onthe
Col umm annotation, described in Section 12.3, “ Column” [123].

The XML equivalent isthe pri mar y- key-j oi n- col utm  element. Its attributes mirror the annotation properties described
above:

* nane

» referenced-col um-nane

e colum-definition

The example below shows how we use| nher i t anceTabl e. JO NED and a primary key join column to map our sample
model according to the diagram above. Note that a primary key join column is not strictly needed, because there is only one iden-

tity column, and the subclass table column has the same name as the superclass table column. In this situation, the defaults suf-
fice. However, we include the primary key join column for illustrative purposes.

Example 12.6. Joined Subclass Tables

@Entity
@rabl e( schema="CNTRCT")
@ nheritance(strategy=IlnheritanceType. JO NED)
public class Contract
ext ends Document

}

public class Subscription

@ntity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
@r i mar yKeyJoi nCol uim( nanme="1D", referencedCol umNane="1D")
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public static class Lineltem
extends Contract

The same metadata expressed in XML form:

<entity class="org. mg. subcribe. Contract">
<t abl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >

</ eniiiy>
<entity class="org. mg. subscribe. Subscri pti on. Li neltent>

<t abl e name="LI NE_I TEM' schema="CNTRCT"/>
<pri mary-key-joi n-col um nane="1D" referenced-col um-nanme="PK"/ >

</eniiiy>

When there are multiple identity columns, you must define multiple Pr i mar yKeyJoi nCol urms using the aptly-named
Pri mar yKeyJoi nCol unms annotation. This annotation's valueis an array of Pr i mar yKeyJoi nCol umms. We could re-
write Li nel t enis mapping as:

@ntity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
@r i mar yKeyJoi nCol umms( {
@r i mar yKeyJoi nCol uim( nane="1D", referencedCol umNanme="1D")

public static class Lineltem
ext ends Contract

In XML, simply list asmany pri mar y- key-j oi n- col unm elements as necessary.

12.6.2.1. Advantages

Thejoined strategy has the following advantages:
1. Using joined subclass tables results in the most normalized database schema, meaning the schema with the least spurious or
redundant data.

2. Asmore subclasses are added to the data model over time, the only schema modification that needs to be made is the addi-
tion of corresponding subclass tables in the database (rather than having to change the structure of existing tables).

3. Relationsto abase class using this strategy can be loaded through standard joins and can use standard foreign keys, as op-
posed to the machinations required to load polymorphic relations to table-per-class base types, described below.

12.6.2.2. Disadvantages

Aside from certain uses of the table-per-class strategy described below, the joined strategy is often the slowest of the inheritance
models. Retrieving any subclass requires one or more database joins, and storing subclasses requires multiple | NSERT or UP-
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DATE statements. Thisis only the case when persistence operations are performed on subclasses; if most operations are per-
formed on the |east-derived persistent superclass, then this mapping is very fast.

When executing a select against a hierarchy that uses joined subclass table inheritance, you must consider how to load
subclass state. Section 5.7, “ Eager Fetching” [473h the Reference Guide describes Kodo's options for efficient data
loading.

12.6.3. Table Per Class

Likethe JO NED strategy, the | nheri t anceType. TABLE PER CLASS strategy uses a different table for each classin the
hierarchy. Unlikethe JO NED strategy, however, each table includes all state for an instance of the corresponding class. Thus to
load a subclass instance, the EJB persistence implementation must only read from the subclass table; it does not need to join to
superclass tables.

org.mag

Magazine
-isbn: String
-fitle: String |- - »=

Tabloid
- data: Object

- - -

TAB_DATA: BLOB
.

Suppose that our sample model's Magazi ne class has a subclass Tabl oi d. The classes are mapped using the table-per-class
strategy, asin the diagram above. In a table-per-class mapping, Magazi ne'stable MAG contains all state declared in the base
Magazi ne class. Tabl oi d mapsto a separate table, TABLO D. This table contains not only the state declared in the Tabl oi d
subclass, but al the base class state from Magazi ne aswell. Thusthe TABLO D table would contain columnsfor i sbn,

titl e, andother Magazi ne fields. These columns would default to the names used in Magazi ne's mapping metadata. Sec-
tion 12.8.3, “Embedded Mapping” [150)ill show you how touse At t ri but eOverri desand Associ ati onOverri des
to override superclass field mappings.

Example 12.7. Table Per Class Mapping

@ntity

@rabl e( name="MAG'")
@nheritance(strategy=InheritanceType. TABLE_PER CLASS)
public class Magazi ne

}

@ntity

@rabl e(name="TABLO D")

public class Tabloid
ext ends Magazi ne
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And the same classesin XML:

<entity cl ass="org.mag. Magazi ne">
<t abl e name="MAG'/ >
<i nheritance strategy="TABLE PER CLASS"/>

</entit y>
<entity cl ass="org. mg. Tabl oi d">
<t abl e name="TABLO D'/ >

</eniiiy>

12.6.3.1. Advantages

The table-per-class strategy is very efficient when operating on instances of aknown class. Under these conditions, the strategy
never requires joining to superclass or subclass tables. Reads, joins, inserts, updates, and deletes are all efficient in the absence of
polymorphic behavior. Also, asin the joined strategy, adding additional classes to the hierarchy does not require modifying exist-
ing class tables.

12.6.3.2. Disadvantages

Polymorphic relations to non-leaf classes in a table-per-class hierarchy have many limitations. When the concrete subclassis not
known, the related object could be in any of the subclass tables, making joins through the relation impossible. This ambiguity also
affects identity lookups and queries; these operations require multiple SQL SELECTSs (one for each possible subclass), or a com-
plex UNI ON.

Section 7.8.1, “ Table Per Class’ [519h the Reference Guide describes the limitations Kodo places on table-per-class
mapping.

12.6.4. Putting it All Together

Now that we have covered EJB's inheritance strategies, we can update our mapping document with inheritance information. Here
is the complete model:
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org.mag org.mag.pub
Magazine Company
- isbn: String -id: long
- title: String
Article Author
-id: lang r-- -id: lang
Trial Contract
Subscription [ 7] ~id: long
I A
Subscription !
-id: long L_.
:
]
'?' ! Lineltem ==~ =
Lifetime | J: —
Subscription
—— Drg.mﬂg.suhmrlm

And hereis the corresponding mapping metadata:

Example 12.8. Inheritance Mapping

package org. mag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@rabl e( name="MAG'")

public class Magazi ne

@col um( | engt h=9)
@d private String isbn;
@d private String title;

public static class Magazineld

}
}

@ntity

@abl e( name="ART", uni queOonstral nt s=@Jni que( col un'nNarres— TI TLE"))
@equenceCener at or(narre "ArticleSeq", sequenceNane="ART_SEQ')
public class Article

@d
@zener at edVal ue(st rat egy=CGener at i onType. SEQUENCE, generator="Articl eSeq")
private long id

}

package org. mag. pub;

@ntity
@rabl e( name="COVP")
?ubl ic class Conpany

@ol um( nanme="Cl D")
@d private long id;
}
@ntity
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@rabl e( name="AUTH")
public class Author
{

@d

@=ner at edVal ue(strat egy=Cener ati onType. TABLE, gener at or =" Aut hor Gen")

@rabl eGener at or (nane=" Aut hor Gen", tabl e=" AUTH_GEN', pkCol utmNane="PK",
val ueCol umNane="Al D")

@ol um( name="Al D', col umbDefi niti on="1NTEGER64")

private long id;

}

@nbeddabl e
public class Address

package org. mag. subscri be;

@MmppedSuper cl ass
publ i c abstract class Docunent

{
@d
@zener at edVal ue( st rat egy=Gener ati onType. | DENTI TY)
private long id;

}

@ntity

@rabl e( schema=" CNTRCT")
@nheritance(strategy=I nheritanceType.JO NED)
public class Contract

ext ends Docunent

}

@ntity

@rabl e(name="SUB", schema="CNTRCT")
@nheritance(strategy=InheritanceType. SI NGLE_TABLE)
public class Subscription

@d
@zener at edVal ue( st rat egy=Gener at i onType. | DENTI TY)
private long id;

@ntity
@abl e(name="LI NE_| TEM', schema="CNTRCT")
@ri mar yKeyJoi nCol umm( nane="1D", referencedCol umNanme="1D")
public static class Lineltem
ext ends Contract

}

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

}

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

The same metadata expressed in XML form:

<entity-mappi ngs xm ns="http://java.sun. conl xnl / ns/ persi stence/ or n
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ persi stence/orm orm 1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
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</id>

</ attributes>
</ mapped- super cl ass>
<entity class="org. mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. nag. Magazi ne. Magazi nel d"/ >
<attributes>
<i d name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>

</attributes>
</entity>
<entity class="org.mg.Article">
<t abl e nane="ART">
<uni que- constrai nt >
<col um- nanme>T| TLE</ col um- nanme>
</ uni que- constrai nt >
</t abl e>
<sequence-generator name="Articl eSeq" sequence-nanme="ART_SEQ'/>
<attributes>
<id name="id">
" d<gener at ed- val ue strategy="SEQUENCE" generator="Articl eSeq"/>
</1d>

</attributes>
</entity>
<entity class="org. mag. pub. Conpany" >
<t abl e nane="COW"/ >
<attributes>
<id name="id">
<col um nanme="Cl D'/ >
</id>

</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col utm nane="Al D' col utm-defi niti on="1NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- gener at or name="Aut hor Gen" t abl e=" AUTH_GEN'
e pk- col utm- name="PK" val ue- col um- nanme="Al D'/ >
</1d>

</attributes>

</entity>

<entity class="org. mag. subcribe. Contract">
<t abl e schema="CNIRCT"/ >
<inheritance strategy="JO NED'/ >
<attributes>

</attributes>
</entity>
<entity cl ass="org. mg. subcribe. Subscri ption">
<t abl e name="SUB" schema="CNTRCT"/>
<inheritance strategy="SI NGLE_TABLE"/ >
<attributes>
<id name="id">
. d<gener at ed-val ue strategy="1DENTITY"/>
</id>

</attributes>
</entity>
<entity class="org. mag. subscribe. Subscri pti on. Li nel tent >
<tabl e nane="LI NE_I TEM' schena="CNTRCT"/>
<pri mary-key-j oi n-col um name="1D" referenced-col um-name="PK"/>

</ 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>
</entity-mappi ngs>

12.7. Discriminator
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The single table inheritance strategy results in a single table containing records for two or more different classesin an inheritance
hierarchy. Similarly, using the joined strategy resultsin the superclass table holding records for superclass instances as well as
for the superclass state of subclass instances. When selecting data, EJB needs away to differentiate a row representing an object
of one class from arow representing an object of another. That is the job of the discriminator column.

The discriminator column is alwaysin the table of the base entity. It holds a different value for records of each class, allowing the
EJB persistence runtime to determine what class of object each row represents.

TheDi scri m nat or Col unm annotation represents a discriminator column. It has these properties:

e String name: The column name. Defaultsto DTYPE.
* | engt h: For string discriminator values, the length of the column. Defaults to 31.

e String col umbDefi ni ti on: Thisproperty hasthe same meaning asthe col ummDef i ni ti on property onthe
Col um annotation, described in Section 12.3, “ Column” [123].

o DiscrinminatorType discrim nator Type: Enum value declaring the discriminator strategy of the hierarchy.
The corresponding XML element isdi scri m nat or - col umm. Its attribues mirror the annotation properties above:

* name

* length

 colum-definition

e discrimnator-type: Oneof STRI NG CHAR, or | NTEGER

TheDi scri mi nat or Val ue annotation specifies the discriminator value for each class. Though this annotation's valueis -
ways a string, the implementation will parseit accordingtothe Di scri mi nat or Col umm'sdi scri mi nat or Type property
above. Thetype defaultsto Di scri m nat or Type. STRI NG, but may beDDi scri m nat or Type. CHARor Di scri m n-
at or Type. | NTEGER. If you do not specify aDi scri mi nat or Val ue, the provider will choose an appropriate defaullt.

The corresponding XML element isdi scri m nat or - val ue. The text within this element is parsed as the discriminator
value.

Kodo assumes your model employs a discriminator column if any of the following are true:

1. The base entity explicitly declares an inheritance type of SI NGLE TABLE.

2. The base entity sets a discriminator value.

3. The base entity declares a discriminator column.

Only SI NGLE_TABLE inheritance hierarchies require a discriminator column and values. JO NED hierarchies can use
adiscriminator to make some operations more efficient, but do not require one. TABLE_PER_CLASS hierarchies have

no use for a discriminator.

Kodo defines additional discriminator strategies; see Section 7.7, “ Additional JPA Mappings’ [508h the Reference
Guide for details. Kodo also supports final entity classes. Kodo does not use a discriminator on final classes.
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We can now tranglate our newfound knowledge of EJB discriminators into concrete EJB mappings. We first extend our diagram
with discriminator columns:

org.mag org.mag.pub
Magazine Company
- isbn: String - id: long
- title: String
Article Author
-id: long - id: lang
Trial
Subscription | ~; Contract |--#=
: =
Subscription |
-id: long L_.
|
! Lineltem | === -
Lifetime | J: —
Subscription
—— urg.mﬂg.ﬁuhﬂﬂrlbﬂ

Next, we present the updated mapping document. Notice that in this version, we have removed explicit inheritance annotations
when the defaults sufficed. Also, notice that entities using the default DTYPE discriminator column mapping do not need an ex-
plicit Di scri mi nat or Col unm annotation.

Example 12.9. Discriminator Mapping

package org. mag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG'")

@i scrim nator Val ue(" Mag")

public class Magazine

@ol um( | engt h=9)

@d private String isbn;
@d private String title;

public static class Magazineld

}
}

@ntity
@abl e(name="ART", uni queConstrai nt s=@Jhni que(col utmNanes="TIl TLE"))

@equenceCGener at or (name="Arti cl eSeq", sequenceNane="ART_SEQ')
public class Article

@d
@ner at edVal ue( st rat egy=Cener ati onType. SEQUENCE, generator="Articl eSeq")
private long id;

}

package org. mag. pub;

@Entity
@rabl e( name="COWP")
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public class Conpany

@Col um( nane="Cl D")
@d private long id;

}

@ntity
@rabl e( name="AUTH")
public class Author

@d

@ener at edVal ue(strat egy=Cener ati onType. TABLE, gener at or =" Aut hor Gen")

@rabl eGener at or (name="Aut hor Gen", tabl e="AUTH GEN', pkCol utmNanme="PK",
val ueCol umNane="Al D")

@ol um( name="Al D', col umbDefi niti on="1NTEGER64")

private long id;

}

@ nbeddabl e

public class Address
{

}

package org. nag. subscri be;

@mppedSuper cl ass
publ i ¢ abstract class Docunent

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

}

@ntity
@rabl e( schema="CNTRCT")
@ nheritance(strategy=IlnheritanceType. JO NED)
@i scri m nat or Col um( name="CTYPE")
public class Contract
ext ends Docunent

}

@ntity

@abl e(nanme="SUB", schema="CNTRCT")

@i scri m nat or Col um( name="KI ND', discrim natorType=Di scrim nator Type. | NTEGER)
@i scrim natorVal ue("1")

public class Subscription

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

@ntity
@rabl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

extends Contract

}

@ntity(name="Lifetine")

@i scrim nator Val ue("2")

public class LifetimeSubscription
extends Subscription

}

@ntity(name="Trial")

@i scrim natorVal ue("3")

public class Trial Subscription
extends Subscription
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The same metadata expressed in XML:

<entity-mappi ngs xm ns="http://java. sun. conl xm / ns/ per si st ence/ or ni'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemaLocation="http://java. sun. conl xm / ns/ persi stence/ormorm1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>

</attributes>
</ mapped- super cl ass>
<entity class="org.mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. nag. Magazi ne. Magazi nel d"/ >
<di scri m nat or - val ue>Mag</ di scri m nat or - val ue>
<attributes>
<i d name="ishbn">
<col um | engt h="9"/>
</id>
<id name="title"/>

</attributes>
</entity>
<entity class="org.mag.Article">
<t abl e nane="ART">
<uni que- constrai nt >
<col um- nane>Tl TLE</ col um- nane>
</ uni que- constrai nt >
</tabl e>
<sequence-generator name="Articl eSeq" sequence-nanme="ART_SEQ'/>
<attributes>
<id name="id">
" d<gener at ed-val ue strategy="SEQUENCE" generator="Articl eSeq"/>
</1d>

</attributes>
</entity>
<entity class=" org. mag. pub. Conpany" >
<t abl e nane="COW"/ >
<attributes>
<id name="id">
<col um nanme="Cl D'/ >
</id>

</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col utm nane="Al D' col utm-defi nition="1NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- gener at or name="Aut hor Gen" t abl e=" AUTH_GEN'
- pk- col utm- name="PK" val ue- col um- name="Al D'/ >
</1d>

</attributes>

</entity>

<entity class="org. mg. subcribe. Contract">
<t abl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >
<di scri m nat or-col um nane="CTYPE"/ >
<attributes>

</attributes>
</entity>
<entity class="org.mg. subcribe. Subscription">
<tabl e name="SUB" schema="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/ >
<di scri m nat or - val ue>1</di scri m nat or - val ue>
<di scri m nator-col um name="KI ND' discrim nator-type="|NTEGER"/ >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>

</attributes>
</entity>
<entity class="org.mg. subscribe. Subscri pti on. Li nelteni>
<tabl e name="LI NE_I TEM' schenma="CNTRCT"/>
<pri mary- key-j oi n-col uim name="1D" referenced- col um- nane="PK"/ >

</ ent iiy>

<entity class="org. mag. subscribe. Lifeti meSubscription" name="Lifetime">
<di scri m nat or - val ue>2</ di scri m nat or - val ue>

</ ent iiy>

<entity class="org. mag. subscribe. Tri al Subscri ption" name="Trial ">
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<di scri m nat or - val ue>3</ di scri m nat or - val ue>

</entit y>
</entity-mappi ngs>

12.8. Field Mapping

The following sections enumerate the myriad of field mappings EJB persistence supports. EJB augments the persistence metadata
covered in Chapter 5, Metadata [28] with many new object-relational annotations. Aswe explore the library of standard map-
pings, we introduce each of these enhancements in context.

Kodo supports many additional field types, and allows you to create custom mappings for unsupported field types or
database schemas. See the Reference Guide's Chapter 7, Mapping [48%jor complete coverage of Kodo EJB's mapping

capabilities.

12.8.1. Basic Mapping

A basic field mapping stores the field value directly into a database column. The following field metadata types use basic map-
ping. These types were defined in Section 5.2, “ Field and Property M etadata” [33].

« |d fidds.
* Versi on fields.

 Basic fideds.

In fact, you have already seen examples of basic field mappings in this chapter - the mapping of al identity fieldsin Ex-

ample 12.3, “ Identity Mapping” [124]. Asyou saw in that section, to write a basic field mapping you use the Col unm annota-
tion to describe the column the field value is stored in. We discussed the Col urm annotation in Section 12.3, “ Column” [123].
Recall that the name of the column defaultsto the field name, and the type of the column defaults to an appropriate type for the
field type. These defaults allow you to sometimes omit the annotation altogether.

12.8.1.1. LOBs

Adding the Lob marker annotation to a basic field signals that the dataisto be stored asa LOB (Large OBject). If the field holds
string or character data, it will map to a CLOB (Character Large OBject) database column. If the field holds any other data type, it
will be stored as binary datain a BLOB (Binary Large OBject) column. The implementation will serialize the Javavaue if
needed.

The egquivalent XML element is| ob, which has no children or attributes.

12.8.1.2. Enumerated

Y ou can apply the Enuner at ed annotation to your Enumfields to control how they map to the database. The Enuner at ed
annotation's value one of the following constants from the Enunily pe enum:

e EnuniType. ORDI NAL: The default. The persistence implementation places the ordinal value of the enum in a numeric
column. Thisisan efficient mapping, but may break if you rearrange the Java enum declaration.
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* EnuniType. STRI NG Store the name of the enum value rather than the ordinal. This mapping uses a VARCHAR column
rather than a numeric one.

The Enuner at ed annotation is optional. Any un-annotated enumeration field defaults to ORDI NAL mapping.

The corresponding XML element isenuner at ed. Its embedded text must be one of STRI NGor ORI DI NAL.

12.8.1.3. Temporal Types

The Tenpor al annotation determines how the implementation handles your basicj ava. uti | . Dat e and

java. util. Cal endar fieldsat the JDBC level. The Tenpor al annotation's value is a constant from the Tenpor al Type
enum. Available values are:

e Tenpor al Type. TI MESTAMP: The default. Use JDBC's timestamp APIs to manipulate the column data.

» Tenpor al Type. DATE: Use JDBC's SQL date APIsto manipulate the column data.

e Tenporal Type. Tl ME: Use JIDBC's time APIs to manipulate the column data.

If the Tenpor al annotation is omitted, the implementation will treat the data as a timestamp.

The corresponding XML element ist enrpor al , whose text value must be one of: TI ME, DATE, or TI MESTAMP.

12.8.1.4. The Updated Mappings

Below we present an updated diagram of our model and its associated database schema, followed by the corresponding mapping
metadata. Note that the mapping metadata relies on defaults where possible. Also note that as a mapped superclass, Docunent
can define mappings that will automatically transfer to its subclass' tables. In Section 12.8.3, “ Embedded Mapping” [150)ou
will see how a subclass can override its mapped superclass mappings.
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org.mag org.mag.pub
Magazine Company
- isbn: String -id: long
- title: String - name: String
- price: double - revenue: double
- copiesSold: int - version: int
~ VerER —
Author
= ":n"““‘“ ~Td:Tong
-, S? I - firstName: String
- - lastName: String
e _b'h"f&D - version: int
- version: int
—
org.mag.subscribe
Subscription Document
~id:long . - id: long
-startDate: Date - version: int
- payment: double | —
- version: int ]
—— i Contract
- terms: String
TrialSubscription
- endDate: Date S
— Lineltem
LifetimeSubscription |/ - comments: String
~eliteClub: boolean - prica: Gotkeg
- num: long
T —
I—

Example 12.10. Basic Field Mapping

package org. mag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@abl e( name="MAG'")

@i scrim nat or Val ue(" Mag")

public class Magazi ne

@col um( | engt h=9)
@d private String isbn;
@d private String title;

@Col um( nanme="VERS")
@/ersion private int version;

private String nane;
private double price;

@col um( nanme="COP| ES")
private int copiesSold;

public static class Magazineld

}
}

@ntity

@abl e(name="ART", uni queConstrai nts=@hni que(col umNanes="TI TLE"))

@equenceCener at or (name="Arti cl eSeq",

sequenceNanme="ART_SEQ')
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public class Article

@d
@cener at edVal ue( st rat egy=CGener at i onType. SEQUENCE, generator="Articl eSeq")
private long id;

@Col um( nanme="VERS")
@/ersion private int version;

private String title;
private byte[] content;

package org. mag. pub;

@ntity

@abl e( nane="COWP")
public class Conpany
{

@Col um( nane="Cl D")
@d private long id;

@col um( nanme="VERS")
@/ersion private int version;

private String nane;

@col um( name="REV")
private doubl e revenue;

}

@ntity

@abl e( name="AUTH")
public class Author
{

@d

@cener at edVal ue( st rat egy=CGener ati onType. TABLE, gener at or =" Aut hor Gen")

@rabl eGener at or ( nane=" Aut hor Gen", tabl e=" AUTH_GEN', pkCol utmNane="PK",
val ueCol umNane="Al D")

@Col um( nanme="Al D', col umbDefi nition="1NTEGER64")

private long id;

@Col um( nane="VERS")
@/ersion private int version;

@col um( nanme="FNAME")
private String firstName;

@ol umm( name="LNAME")
private String | astNane;

}

@Enbeddabl e
public class Address

}

package org. mag. subscri be;

@bppedSuper cl ass
publ i c abstract class Docunent

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

@ol umm( name="VERS")
@/ersion private int version;

}

@ntity

@abl e(schema="CNTRCT")

@ nheritance(strategy=IlnheritanceType. JO NED)
@i scri m nat or Col um( name="CTYPE")

public class Contract

ext ends Docunent
{

@.ob
private String terns;
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@Entity

@rabl e(name="SUB", schema="CNTRCT")

@i scri m nat or Col um( name="KI ND', discrim natorType=Di scri m nator Type. | NTECER)
@i scrim natorVal ue("1")

public class Subscription

@d
@zener at edVal ue( st rat egy=Gener at i onType. | DENTI TY)
private long id;

@Col um( nane="VERS")
@/ersion private int version;

@col um( nanme="START")
private Date startDate;

@ol umm( name=" PAY")
private doubl e paynent;

@Entity
@rabl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

extends Contract

{
@Col um( nane="COW'")
private String comments;
private double price;
private |ong num

}

}

@ntity(name="Lifetinme")

@i scrim natorVal ue("2")

public class LifetimeSubscription
extends Subscription

{

@Basi c(fet ch:Fet chType. LAZY)

@ol umm( name="EL| TE"

private boolean getEliteCub () { . }

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

@ntity(name="Trial"

@i scrimnator Val ue("3")

public class Trial Subscription
extends Subscription

{

@Col utm( name="END" )

public Date getEndDate () }

public void set EndDate (Date end) { ...}
}

The same metadata expressed in XML:

<entity-mappi ngs xm ns="http://java.sun. conl xn / ns/ persi stence/ or n
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schera- i nst ance"
xsi : schemaLocati on="http://] ava. sun. com xm / ns/ per si stence/orm orm 1_0. xsd"
version="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunent " >
<attributes>
<id name="id">
<gener at ed-val ue strategy="1DENTITY"/>
</id>
<versi on name="version">
<col utm nane="VERS"/ >
</ version>

</attributes>
</ mapped- super cl ass>
<entity class="org.mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. nag. Magazi ne. Magazi nel d"/ >
<di scri m nat or - val ue>Mag</ di scri m nat or - val ue>
<attributes>
<id name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>
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<basi ¢ nanme="nane"/ >

<basi c nane="price"/>

<basi ¢ nane="copi esSol d" >
<col utm nane="CCPI ES"/ >

</ basi c>

<versi on name="version">
<col utm nane="VERS"/ >

</ versi on>

</attributes>
</entity>
<entity class="org.mg.Article">
<t abl e name="ART">
<uni que- constrai nt >
<col um- name>TI TLE</ col um- nane>
</ uni que- constrai nt >
</ tabl e>
<sequence-generator name="ArticleSeq", sequenceNanme="ART_SEQ'/>
<attributes>
<id name="id">
" d<gener at ed-val ue strategy="SEQUENCE" generator="Articl eSeq"/>
</1d>
<basic nane="title"/>
<basi ¢ name="content"/>
<versi on name="versi on">
<col utm nane="VERS"/ >
</ version>

</attributes>
</entity>
<entity class="org. mag. pub. Conpany" >
<t abl e name="COW"/ >
<attributes>
<id name="id">
<col um nane="Cl D'/ >
</id>
<basi ¢ name="nane"/ >
<basi ¢ name="revenue">
<col utm nane="REV"/ >
</ basi c>
</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
<col utm nane="Al D' col utm-definition="1NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- gener at or nanme="Aut hor Gen" t abl e=" AUTH_GEN'
pk- col utm- name="PK" val ue- col um- nanme="Al D'/ >
</id>
<basi ¢ nane="firstNane">
<col utm nane="FNAME"/ >
</ basi c>
<basi ¢ nanme="1| ast Nane" >
<col utmm nanme="LNAME"/ >
</ basi c>
<versi on name="versi on">
<col utm nane="VERS"/ >
</ versi on>

</attributes>
</entity>
<entity class="org. mag. subcribe. Contract">
<t abl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >
<di scri m nat or-col um nanme="CTYPE"/ >
<attributes>
<basi c nane="terns">
<l ob/ >
</ basi c>

</attributes>
</entity>
<entity class="org. mg. subcribe. Subscri pti on">
<tabl e nane="SUB" schenma="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/ >
<di scri m nat or - val ue>1</di scri m nat or - val ue>
<di scri m nator-col um name="KI ND" discrim nator-type="|NTEGER"/ >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<basi ¢ nanme="paynent" >
<col utm nane="PAY"/ >
</ basi c>
<basi ¢ name="start Date">
<col utm nane="START"/ >
</ basi c>
<versi on name="version">
<col um nane="VERS"/ >
</ version>
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</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri ption. Li neltent >
<t abl e name="LI NE_I TEM' schema="CNTRCT"/>
<pri mary-key-joi n-col um nane="1D" referenced-col um-nanme="PK"/ >
<attributes>
<basi ¢ name="coments">
<col utm nane="COW'/ >
</ basi c>
<basi c nane="price"/>
<basi ¢ nane="nunt/>

</attributes>
</entity>
<entity class="org.mg. subscribe. LifetimeSubscription" name="Lifetinme">
<di scri m nat or - val ue>2</ di scri m nat or - val ue>
<attributes>
<basi c nane="eliteC ub" fetch="LAZY">
<col uim nane="ELI TE"/ >
</ basi c>

</attributes>
</entity>
<entity class="org.mg. subscribe. Tri al Subscri ption" name="Trial ">
<di scri m nat or - val ue>3</ di scri m nat or - val ue>
<attributes>
<basi ¢ nane="endDat e" >
<col utm nane="END'/ >
</ basi c>

</attributes>
</entity>
</entity-mappi ngs>

12.8.2. Secondary Tables

Sometimes aalogical record is spread over multiple database tables. EJB persistence calls a class declared table the primary ta
ble, and calls other tables that make up alogical record secondary tables. Y ou can map any persistent field to a secondary table.
Just write the standard field mapping, then perform these two additional steps:

1. Setthet abl e attribute of each of the field's columns or join columns to the name of the secondary table.

2. Define the secondary table on the entity class declaration.

Y ou define secondary tables with the Secondar yTabl e annotation. This annotation has all the properties of the Tabl e an-
notation covered in Section 12.1, “ Table” [119], plusapkJoi nCol unms property.

The pkJoi nCol unms property isan array of Pri mar yKeyJoi nCol umms dictating how to join secondary table records to
their owning primary table records. Each Pr i mar yKeyJoi nCol umm joins a secondary table column to a primary key column
in the primary table. See Section 12.6.2, “ Joined” [131] above for coverage of Pri mar yKeyJoi nCol unm's properties.

The corresponding XML elementissecondar y-t abl e. Thiselement has al the attributes of thet abl e element, but also ac-
ceptsnested pri mar y- key-j oi n- col utm elements.

In the following example, we movethe Arti cl e. cont ent field we mapped in Section 12.8.1, “Basic Mapping” [143] into
ajoined secondary table, like so:
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org.mag
Article

-id: long

- content: byte[]

Example 12.11. Secondary Table Field Mapping

package org. nag;

@ntity
@abl e( name="ART")
@econdar yTabl e( name="ART_DA
pkJoi nCol ums=@pr i rraryKeyJ0| nCol um( name="ART_I D', referencedCol uimNanme="1D"))
public class Article

@d private long id;

@Col umm(t abl e=" ART_DATA")
private byte[] content;

Andin XML:

<entity class=" org. nag. Article">
<t abl e nane="ART">
<secondary-tabl e name="ART_DATA">
<pri mary-key-joi n-col um nane="ART_I D' referenced-col um-name="1D"/>
</ secondary-t abl e>
<attributes>
<id name="id"/>
<basi ¢ nane="content">
<col umm t abl e=" ART_DATA"/ >
</ basi c>

</attributes>
</entity>

12.8.3. Embedded Mapping

Chapter 5, Metadata [28] describes EJB's concept of embeddable objects. The field values of embedded objects are stored as
part of the owning record, rather than as a separate database record. Thus, instead of mapping a relation to an embeddable object
asaforeign key, you map al the fields of the embeddable instance to columnsin the owning field's table.
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org.mag.pub
Company
-name: String | _ _ __ o _____
-revenue: double  F---------------—-—-
- address: Address > Address
- street: String
- city: String
- slate: String
- Zip: String

EJB persistence defaults the embedded column names and descriptions to those of the embeddable class' field mappings. The
AttributeOverri de annotation overrides a basic embedded mapping. This annotation has the following properties:

e String nane: The name of the embedded class field being mapped to this class' table.

e Col um col um: The column defining the mapping of the embedded class field to this class table.

The corresponding XML elementisat tri but e- overri de. It hasasinglenane attribute to name the field being overrid-
den, and asingle col umm child element.

To declare multiple overrides, usethe At t r i but eOverri des annotation, whose valueisan array of At t ri but eQver -
ri des. In XML, simply list multipleat t ri but e- overri de elementsin succession.

To override amany to one or one to one relationship, usethe Associ at i onOverri de annotationin placeof Attri bu-
teOverri de.Associ ati onOver ri de hasthefollowing properties:

e String nane: Thename of the embedded class field being mapped to this class' table.

e Joi nColum[] j oi nCol umms: The foreign key columnsjoining to the related record.

The corresponding XML elementisassoci at i on-overri de. It hasasinglename attribute to name the field being over-
ridden, and one or morej oi n- col umm child elements.

To declare multiple relation overrides, usethe Associ at i onOverri des annotation, whose value isan array of Associ -
ati onOverri des. In XML, simply list multipleassoci ati on- over ri de elementsin succession.

Example 12.12. Embedded Field Mapping

In this example, Conpany overrides the default mapping of Addr ess. st r eet and Addr ess. ci ty. All other embedded
mappings are taken from the Addr ess embeddable class.

package org. mag. pub;

@ntity

@rabl e( name="COVP")
public class Conpany
{

@nbedded

@\t tributeOverrides({
@\t tributeOverride(name="street", colum=@Col um(nane="STRT")),
@\t tributeOverride(name="city", colum=@Col um(nane="ACl TY"))

private Address address;
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@Entity
@rabl e( name="AUTH")
public class Author

/1 use all defaults from Address class mappi ngs
private Address address;

}
@nbeddabl e
public class Address
{
private String street;
private String city;
@ol um( col umbDefi ni ti on="CHAR(2)")
private String state;
private String zip;
}

The same metadata expressed in XML.:

<entity class="org. mg. pub. Conpany" >
<t abl e name="COW"/ >
<attributes>

<enbedded nanme="address">
<attribute-override name="street">
<col um name="STRT"/ >
</attribute-override>
<attribute-override nane="city">
<col um nane="ACI TY"/ >
</attribute-override>
</ enbedded>
</attributes>
</entity>
<entity class="org.mg. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<enbedded nanme="address">
<I-- use all defaults from Address -->
</ enbedded>
</attributes>
</entity>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >
<attributes>
<basi c nane="street"/>
<basi ¢ name="city"/>
<basi ¢ name="state">
<col um col um-definition="CHAR(2)"/>
</ basi c>
<basi ¢ name="zip"/>
</attributes>
</ enbeddabl e>

Y ou can a'so use attribute overrides on an entity class to override mappings defined by its mapped superclass or table-per-class
superclass. The example below re-maps the Docunent . ver si on field to the Cont r act table's CVERSI ON column.

Example 12.13. Mapping Mapped Superclass Field

@mppedSuper cl ass
public abstract class Docunent
{

@Col umm( nanme="VERS")
@/ersion private int version;

}
@Entity

@rabl e( schema="CNTRCT")
@ nheritance(strategy=IlnheritanceType. JO NED)
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@i scri m nat or Col um( name="CTYPE")

@\t tributeOverride(name="version", colum=@ol um(nanme="CVERSI ON"))
public class Contract

( ext ends Documnent

}

The same metadata expressed in XML form:

<mapped- super cl ass cl ass="org. mag. subcri be. Docunent " >
<attributes>
<versi on name="version">
<col utm nane="VERS" >
</ versi on>

</attributes>

</ mapped- super cl ass>

<entity class="org. mg. subcribe. Contract">
<t abl e schema="CNT ">
<i nheritance strategy="JO NED'/ >
<di scri m nat or - col um nanme="CTYPE"/ >
<attribute-override name="version">

<col utm nane=" CVERSI ON'/ >

</attribute-override>
<attributes>

</attributes>
</entity>

12.8.4. Direct Relations

A direct relation is a non-embedded persistent field that holds a reference to another entity. many to one and one to one metadata
field types are mapped as direct relations. Our model has three direct relations; Magazi ne'spubl i sher fieldisadirect rela-
tionto aConpany, Magazi ne'scover Arti cl e fieldisadirect relationto Art i cl e, andtheLi nel t em magazi ne field
isadirect relation to aMagazi ne. Direct relations are represented in the database by foreign key columns:

org.mag
Magazine

- isbn: String

- title: String

- publisher: Company

- coverArticle: Article

Article
-id: lang

—
org.mag.pub

I0: BI
Company
-id: long | __u| CcIDB -

-
org.mag.subscribe

Lineltem
- magazine: Magazine
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Y ou typically map adirect relation with Joi nCol umm annotations describing how the local foreign key columnsjoin to the
primary key columns of the related record. The Joi nCol unm annotation exposes the following properties:

e String name: The name of the foreign key column. Defaults to the relation field name, plus an underscore, plus the name
of the referenced primary key column.

e String referencedCol utmNane: The name of the primary key column being joined to. If there is only one identity
field in the related entity class, the join column name defaults to the name of the identity field's column.

* bool ean uni que: Whether this column is guaranteed to hold unique values for all rows. Defaults to false.
Joi nCol um aso hasthesamenul | abl e, i nsert abl e, updat abl e, col umDefi ni ti on,andt abl e properties as
the Col umm annotation. See Section 12.3, “Column” [123] for details on these properties.

Thej oi n- col umm element represents ajoin column in XML. Its attributes mirror the above annotation's properties:

* nane

» referenced-col um- nane

e uni que

e nullable

 insertable

* updatabl e

 colum-definition

« table

When there are multiple columns involved in the join, aswhen aLi nel t emreferencesaMagazi ne inour model, the Joi n-

Col umms annotation allows you to specify an array of Joi nCol urm values. In XML, simply list multiplej oi n- col urm
elements.

Kodo supports many non-standard joins. See Section 7.6, “ Non-Standard Joins’ [506h the Reference Guide for de-
tails.

Example 12.14. Direct Relation Field Mapping

package org. nag;

@abl e( name="AUTH")
public class Magazi ne

@ol umm( | engt h=9)
@d private String isbn;
@d private String title;

@neToOne
@oi nCol utm( name="COVER_| D' referencedCol uimmNanme="1D")
private Article coverArticle;

@manyToOne
@oi nCol utm( name="PUB_| D' referencedCol umNane="Cl D")
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private Conpany publisher;

}

@rabl e( name="ART")
public class Article

{
@d private long id;

package org. mag. pub;

@abl e( name="COVP")
public class Conpany

@ol um( nanme="Cl D")
@d private long id;

package org. mag. subscri be;

public class Subscription

@abl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem
extends Contract

{
@manyToOne
@oi nCol ums( {
@oi nCol um( name="MAG_| SBN" referencedCol ummNanme="1SBN'),
@oi nCol umm( name="MAG Tl TLE" ref er encedCol utmNane="TIl TLE")
9]
private Magazi ne magazi ne;
}

The same metadata expressed in XML form:

<entity class="org. mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. mag. Magazi ne. Magazi nel d"/ >
<attributes>
<id name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>
<one-to-one nane="coverArticle">
<j oi n-col um name="COVER_I D' referenced-col um-name="1D"/>
</ one-t 0- one>
<many-t o- one name="publisher">
<j oi n- col um nane="PUB_I C' referenced- col um-name="Cl D'/ >
</ many-t o- one>

</attributes>
</entity>
<entity class="org.mag. Article">
<t abl e nane="ART"/>
<attributes>
<id name="id"/>

</attributes>
</entity>
<entity cl ass="org. mag. pub. Conpany" >
<t abl e nane="COW"/ >
<attributes>
<id name="id">
<col um nanme="Cl D'/ >
</id>

</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri pti on. Li nel tent >
<tabl e nane="LI NE_I TEM' schena="CNTRCT"/>
<pri mary-key-joi n-col um name="1D" referenced-col um-name="PK"/ >
<attributes>
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<many-t o- one name="nmgazi ne">
<j oi n- col um nane="MAG_| SBN' referenced-col um-nanme="1SBN'/ >
<J 0i n-col um nane="MAG_TI TLE" referenced- col um- nane="TI TLE"/ >
</ many-t o- one>

</attribut es>
</entity>

When the entities in aone to one relation join on shared primary key values rather than separate foreign key columns, use the
Pri mar yKeyJoi nCol unm( s) annotation or pri mar y- key-j oi n- col uim elementsin place of Joi nCol uim(s) /
j oi n- col um elements.

12.8.5. Join Table

A join table consists of two foreign keys. Each row of ajoin table associates two objects together. EJB persistence usesjoin
tables to represent collections of entity objects: one foreign key refers back to the collection's owner, and the other refersto a col-
lection element.

oneto many and many to many metadata field types can map to join tables. Several fields in our model use join table mappings,
including Magazi ne. articlesandArticl e. aut hors.

org.mag

Magazine
- isbn: String
- title: String
- articles: Collection<Article>

Article

-id: lang
- authors: Collection<Author>

Author
- id: long

Y ou define join tables with the Joi nTabl e annotation. This annotation has the following properties:

* String name: Table name. If not given, the name of the table defaults to the name of the owning entity's table, plus an un-
derscore, plus the name of the related entity's table.

e String catal og: Tablecatalog.

e String schena: Table schema

e Joi nCol um[] j oi nCol umms: Array of Joi nCol unm sshowing how to associate join table records with the owning
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row in the primary table. This property mirrorsthe pkJoi nCol unms property of the Secondar yTabl e annotation in
functionality. See Section 12.8.2, “ Secondary Tables’ [149] to refresh your memory on secondary tables.

If thisisabidirectional relation (see Section 5.2.9.1, “ Bidirectional Relations’ [39]), the name of ajoin column defaultsto
the inverse field name, plus an underscore, plus the referenced primary key column name. Otherwise, the join column name
defaults to the field's owning entity name, plus an underscore, plus the referenced primary key column name.

e Joi nCol um[] i nverseJoi nCol umms: Array of Joi nCol unms showing how to associate join table records with
the records that form the elements of the collection. These join columns are used just like the join columns for direct relations,
and they have the same naming defaults. Read Section 12.8.4, “ Direct Relations’ [153] for areview of direct relation map-

ping.

j oi n-t abl e isthe corresponding XML element. It has the same attributes asthe t abl e element, but includes the ability to
nestj oi n- col utm andi nver se-j oi n- col umMm elements as children. We have seenj o0i n- col unm elements already;
i nver se-j oi n- col um elements have the same attributes.

Here are the join table mappings for the diagram above.

Example 12.15. Join Table Mapping

package org. mag;

@Entity
@rabl e( name="MAG')
public class Magazi ne

@col um( | engt h=9)
@d private String isbn;
@d private String title;

@neToMany(...)
@ der By
@oi nTabl e( name="MAG_ARTS",
j oi nCol utms={
@oi nCol utm( name="MAG_| SBN', referencedCol uimNanme="1SBN'"),
@oi nCol um( name="MAG_TI TLE", referencedCol ummNane="TI TLE")

i nver seJoi nCol ums=@oi nCol um(nanme="ART_I| D', referencedCol umNane="1D"))
private Collection<Article> articles;

}

@Entity
@rabl e( name="ART")
public class Article

@d private long id;

@manyToMany( cascade=CascadeType. PERSI ST)
@ der By( "1 ast Name, firstNane")
@oi nTabl e( name=" ART_AUTHS",
j oi nCol ums=@oi nCol um(nanme="ART_I| D', referencedCol umNane="1D"),
i nver seJoi nCol ums=@oi nCol um(nane="AUTH | D', referencedCol umNane="AlD"))
private Col |l ecti on<Aut hor> aut hors;

}

package org. nag. pub;

@ntity
@abl e( name="AUTH")
public class Author

@Col um( nanme="Al D', col umbDefi niti on="1NTEGER64")
@d private long id;
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The same metadata expressed in XML:

<entity cl ass="org.mag. Magazi ne">
<t abl e name="MAG'/ >
<attributes>
<id name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>
<one-to-many name="articl es">
<order - by/ >
<j oi n-t abl e name="MAG _ARTS" >
<j oi n- col um nane="MAG_| SBN' referenced-col um-nanme="|SBN'/ >
<j oi n-col um name="MAG TI TLE" referenced-col um-nanme="TI TLE"/ >
</j oi n-tabl e>
</ one-t o- many>

</attributes>
</entity>
<entity class="org.mg. Article">
<t abl e name="ART"/>
<attributes>
<id name="id"/>
<many-to-many name="articl es">
<order - by>l ast Nane, firstNane</order-by>
<j oi n-tabl e nane="ART_AUTHS" >
<j oi n-col um name="ART_I D' referenced-col um-name="1D"/>
<i nverse-joi n-col um name="AUTH_I D" referenced-col um-name="Al D'/ >
</j oi n-tabl e>
</ many-t o- many>

</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
<attributes>
<id name="id">
. d<co| um nane="Al D' col unm- defi ni ti on="1 NTEGER64"/ >
</id>

</attribut es>
</entity>

12.8.6. Bidirectional Mapping

Section 5.2.9.1, “ Bidirectional Relations’ [39] introduced bidirectional relations. To map abidirectional relation, you map one
field normally using the annotations we have covered throughout this chapter. Then you use the mappedBy property of the other
field's metadata annotation or the corresponding mapped- by XML attribute to refer to the mapped field. Look for this pattern in
these bidirectional relations as you peruse the compl ete mappings below:

* Magazi ne. publ i sher and Conpany. ags.

e Article.authors andAut hor. articl es.

12.8.7. Map Mapping

All map fieldsin EJB persistence are modeled on either one to many or many to many associations. The map key is always de-
rived from an associated entity's field. Thus map fields use the same mappings as any one to many or many to many fields,
namely dedicated join tables or bidirectional relations. The only additions are the MapKey annotation and map- key element
to declare the key field. We covered these additionsin in Section 5.2.13, “Map Key” [41].
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org.mag.subscribe

Subscription |
- items: Map<Long,Lineltem>

Lineltem
- num: lang

The example below maps Subscri pti on'smap of Li nel t ensto the SUB_| TEMS join table. The key for each map entry is
theLi nel t emsnumfield value.

Example 12.16. Join Table Map Mapping

package org. mag. subscri be;

@Entity
@rabl e(name="SUB", schema="CNTRCT")
public class Subscription

@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
@MmpKey(name=" num'
@ol nTabl e( nane= SUB | TEMS", scherra CNTRCT
j 0i nCol uMms =@ oi nCol urm(nane "SUB_I D),
i nver seJoi nCol urms=@oi nCol urm( nanme="1 TEM 1D"))
private Map<Long, Linelten> itemns;

@ntity
@rabl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

ext ends Contract

private [ong num

————

The same metadata expressed in XML:

<entity class="org.nmg. subscribe. Subscri ption">
<t abl e name="SUB" schema="CNTRCT"/>
<attributes>

<one-t 0- many narre:"i tens">
<map-key nanme="nun'>
<j ol n-tabl e nane="MAG _ARTS">
<j oi n-col um name="MAG_| SBN' referenced-col um- narre—"l SBN'/ >
<J oi n-col um name= "MAG_TI TLE" ref er enced- col utm- nane="TI TLE"/ >
</j oi n-tabl e>
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>

</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri ption. Li nel tent >
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<tabl e name="LI NE_I TEM' schenma="CNTRCT"/ >
<attributes>

<basi ¢ name="nuni'/>

</attribut es>
</entity>

12.9. The Complete Mappings

We began this chapter with the goal of mapping the following object model:

org.mag org.mag.pub
Author
authars” * _Td: long
- firstName: String
T Article - lastMame: String
by - arts* — - version: int
- title: String
- content: byte] T
- version: int address
Address
- streat: String
coverArticle articles” - city: String
| | - state: String
Magazine - Zip: String
- isbn: String | X
- title: String :
- price: double publisher ardress
- copiesSold: int = c.ampnny
- version: int - mags® — -id: long
- name: String
- revenue: double
- version: int
I
magazine subscriptions*
L|ﬂe|tﬂl‘|‘l_ , Subscription LifetimeSubscription
- comments: String -id: lang ~ellleClub: boolean
- price: double - items® 4 - startDate: Date
- num: long - payment: double
- version: int
l TrialSubscription
Doc - endDate; Date
Contract id:long T
- o - version: int
org.mag.subscribe

That goal has now been met. In the course of explaining EJB's object-relational mapping metadata, we slowly built the requisite
schema and mappings for the complete model. First, the database schema:
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And finally, the complete entity mappings. We have trimmed the mappings to take advantage of EJB defaults where possible.

Example 12.17. Full Entity Mappings

package org. nag;

@ntity

@ dd ass(Magazi ne. Magazi nel d. cl ass)
@rabl e( name="MAG")

@i scri m nator Val ue("Mag")

?ubl ic class Magazine

@col um( | engt h=9)
@d private String isbn;
@d private String title;

@col um( name="VERS")
@/ersion private int version;

161



Mapping Metadata

private String nane;
private double price;

@ol umm( name="COPI ES")
private int copiesSold;

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

cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
@oi nCol uim( name="COVER_| D")
private Article coverArticle;

@neToMany(cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
@ der By
@oi nTabl e( name="MAG_ARTS",
j oi nCol ums={
@oi nCol utm( name="MAG | SBN', referencedCol ummNane="1SBN'"),
@oi nCol um( nane="NAG_TI TLE ref erencedCol utmNane=""TI TLE")

i nver seJoi nCol ums=@oi nCol um( nane="ART_I D"))
private Collection<Article> articles;

@mbnyToOne( f et ch=Fet chType. LAZY, cascade=CascadeType. PERSI ST)
@oi nCol um( nane="PUB_I D")
private Conpany publisher;

@ransient private byte[] data;

public static class Magazineld

}

@ntity

@abl e(name="ART", uni queConstrai nt s=@Jhni que(col utmNanmes="T| TLE"))
@equenceCener at or (name="Arti cl eSeq", sequenceNane="ART_SEQ')
public class Article

@d
@ener at edVal ue(strat egy=Cener ati onType. SEQUENCE, generator="Articl eSeq")
private long id;

@col umm( name="VERS")
@/ersion private int version;

private String title;
private byte[] content;

@/HnyTol\/Hny(cascade:CascadeType. PERSI ST)
@ der By( "I ast NanE firstNane")
@oi nTabl e( nane=" ART AUTHS",
j oi nCol uMms=@oi nCol un"n(nane "ART_| D“)
i nver seJoi nCol utms=@oi nCol urm( name=" AUTH 1D"))
private Coll ection<Author> authors;

package org. nag. pub;

@ntity

@abl e( nane="COVP")
public class Conpany
{

@col um( name="Cl D")
@d private long id;

@col um( nanme="VERS")
@/ersion private int version;

private String nane;

@col um( name="REV")
private doubl e revenue;

@nbedded

@\t tributeOverrides({
@\ttributeOverride(name="street", colum=@Col um(nane="STRT")),
@\t tributeOverride(name="city", colum=@ol um(nane="ACl TY"))

private Address address;

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

@meToMany(cascade CascadeType. PERS| ST, CascadeType. REMOVE)
@oi nTabl e( name=" COVP_SUBS",

j oi nCol uMms=@oi nCol un"n(name "COVP_ID"),

i nver seJoi nCol utms=@oi nCol urm( nanme=" SUB 1D"))

162



Mapping Metadata

private Col | ecti on<Subscription> subscriptions;

}

@ntity
@rabl e( nane="AUTH")
public class Author

@d

@=ener at edVal ue( st rat egy=Cener ati onType. TABLE, gener at or =" Aut hor Gen")

@abl eGener at or (name="Aut hor Gen", tabl eName="AUTH GEN', pkCol utmNanme="PK",
val ueCol umNane=" Al D")

@col um( name="Al D', col umbDefi ni ti on="1 NTEGERG64")

private long id;

@col umm( name="VERS")
@/ersion private int version;

@Col um( nanme="FNAVME")
private String firstNane;

@Col umm( nane="LNANME")
private String |astNane;

private Address address;

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

}

@nbeddabl e
public class Address

private String street;

private String city;

@col um( col umDef i ni ti on="CHAR(2)")
private String state;

private String zip;

package org. mag. subscri be;

@mbppedSuper cl ass
public abstract class Docunent

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

@col um( name="VERS")
@/ersion private int version;

}

@ntity
@abl e(schema="CNTRCT")
@ nheritance(strategy=IlnheritanceType. JO NED)
@i scri m nat or Col um( name="CTYPE")
public class Contract
ext ends Docunent

@ob
private String terns;

}

@ntity

@abl e(name="SUB", schema="CNTRCT")

@i scri m nat or Col um( name="KI ND', discrim natorType=Di scrim nator Type. | NTEGER)
@i scrim natorVal ue("1")

public class Subscription

@d
@ener at edVal ue( st rat egy=Cener ati onType. | DENTI TY)
private long id;

@col um( name="VERS")
@/ersion private int version;

@Col um( nane=" START")
private Date startDate;

@col um( name=" PAY")
private doubl e paynent;

@neToMany( cascade={ CascadeType. PERSI ST, CascadeType. REMOVE} )
@mpKey( name="nunt")
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@oi nTabl e( name="SUB_I TEM5", schema="CNTRCT

j oi nCol uMms=@oi nCol urm(nane "SUB I D),

i nver seJoi nCol utms=@oi nCol urm( name="1 TEM 1D"))
private Map<Long, Li neltenw itens;

@ntity

@abl e(name="LI NE_| TEM', schema="CNTRCT")
public static class Lineltem

( ext ends Contract

@ol umm( name="COW")
private String comments;

private double price;
private |ong num

@manyToOne

@oi nCol ums({
@oi nCol um( nane="MAG_| SBN', referencedCol umNane="1SBN'),
@oi nCol unm( name="NAG_TI TLE", ref er encedCol urmName=""Tl TLE")

private Magazi ne magazi ne;

}

@ntity(name="Lifetinme")

@i scrimnatorVal ue("2")

public class LifetimeSubscription
ext ends Subscription

{

@Basi c(f et ch=Fet chType. LAZY)

@ol urm( name="ELI TE")

private bool ean getEliteC ub () }

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

@ntity(name="Trial")

@i scrim natorVal ue("3")

public class Trial Subscription
ext ends Subscription

{

@ol um( nanme="END")

public Date getEndDate () }

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

The same metadata expressed in XML form:

<entity-mappi ngs xm ns="http://java. sun. com xm / ns/ per si st ence/ or ni'
xm ns: xsi ="http://wwmw. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocation="http://]ava. sun. conl xm / ns/ persi stence/ormorm 1_0. xsd"
versi on="1.0">
<mapped- super cl ass cl ass="org. mag. subscri be. Docunment " >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<versi on name="version">
<col utm nane="VERS"/ >
</ version>
</attributes>
</ mapped- super cl ass>
<entity class="org.mag. Magazi ne">
<t abl e name="MAG'/ >
<i d-cl ass="org. nag. Magazi ne. Magazi nel d"/ >
<di scri m nat or - val ue>Mag</ di scri m nat or - val ue>
<attributes>
<id name="isbn">
<col um | engt h="9"/>
</id>
<id name="title"/>
<basi ¢ name="name"/>
<basi ¢ name="price"/>
<basi ¢ name="copi esSol d" >
<col utm nane="COPI ES"/ >
</ basi c>
<versi on name="version">
<col utm nane="VERS"/ >
</ version>
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<many-t o- one nanme="publisher" fetch="LAZY">
<j oi n-col um name="PUB_| D'/ >
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- one>
<one-to-nmany nane="articl es">
<order - by/ >
<j oi n-t abl e name="MAG _ARTS" >
<j oi n- col um nane="MAG_| SBN' referenced-col um-nanme="|SBN'/ >
<J 0i n-col um nane="MAG_TI TLE" referenced-col um- nane="TI TLE"/ >
<i nverse-joi n-col um name="ART_I D'/ >
</j oi n-tabl e>
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
<one-to-one nane="coverArticle" fetch="LAZY">
<j oi n-col um nanme="COVER_I D'/ >
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t 0- one>
<transi ent nanme="data"/>
</attributes>
</entity>
<entity class="org.mg. Article">
<t abl e nanme="ART">
<uni que- constrai nt >
<col um- nanme>T| TLE</ col um- nanme>
</ uni que- constrai nt >
</tabl e>
<sequence-generator nanme="ArticleSeq", sequenceName="ART_SEQ'/>
<attributes>
<id name="id">
" d<gener at ed-val ue strategy="SEQUENCE" generator="Articl eSeq"/>
</1d>
<basic nane="title"/>
<basi ¢ name="content"/>
<versi on name="versi on">
<col utm nane="VERS"/ >
</ version>
<many-to-many name="articl es">
<or der - by>| ast Narme, firstName</order-by>
<j oi n-t abl e nane="ART_AUTHS" >
<j oi n-col um nane="ART_I D' referenced-col um-name="1D"/>
<i nverse-j oi n-col um nanme="AUTH_I D" referenced-col um-nanme="Al D'/ >
</j oi n-tabl e>
</ many-t o- many>
</attributes>
</entity>
<entity cl ass="org. mg. pub. Conpany" >
<t abl e nane="COW"/ >
<attributes>
<id name="id">
<col um nanme="Cl D'/ >
</id>
<basi ¢ nane="nane"/ >
<basi ¢ name="revenue">
<col utm nane="REV"/ >
</ basi c>
<versi on name="version">
<col utm nane="VERS"/ >
</ versi on>
<one-to-many name="mags" mapped- by="publ i sher">
<cascade>
<cascade- persi st/ >
</ cascade>
</ one-t o- many>
<one-to-many nane="subscri ptions">
<j oi n-t abl e name="COWP_SUBS" >
<j oi n-col um nane="COWP_| D'/ >
<i nverse-j oi n-col um name="SUB_I D'/ >
</j oi n-tabl e>
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
<enbedded nanme="address">
<attribute-override name="street">
<col um nanme="STRT"/ >
</attribute-override>
<attribute-override nane="city">
<col um nane="ACl TY"/ >
</attribute-override>
</ embedded>
</attributes>
</entity>
<entity class="org. mag. pub. Aut hor">
<t abl e nane="AUTH'/ >
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<attributes>
<id name="id">
<col um nanme="Al D' col um-defi ni ti on="1 NTEGER64"/ >
<gener at ed- val ue strategy="TABLE" generat or =" Aut hor Gen"/ >
<t abl e- generat or nanme="Aut hor Gen" tabl e=" AUTH CGEN'
Jid pk- col umm- nane="PK" val ue- col um- nanme="Al D'/ >
</id>
<basi ¢ name="first Name">
<col utm name="FNAME"/ >
</ basi c>
<basi ¢ nane="| ast Nane" >
<col utm name="LNAME"/ >
</ basi c>
<versi on name="version">
<col utm nane="VERS"/ >
</ versi on>
<many-to-many name="arts" mapped-by="aut hors">
<cascade>
<cascade- persi st/ >
</ cascade>
</ many-t o- many>
<enbedded nane="address"/>
</attributes>
</entity>
<entity class="org. mg. subcribe. Contract"
<t abl e schema="CNIRCT"/ >
<i nheritance strategy="JO NED'/ >
<di scri m nator-col um nanme="CTYPE"/ >
<attributes>
<basi c name="terns">
<l ob/ >
</ basi c>
</attributes>
</entity>
<entity class="org. mag. subcribe. Subscri ption">
<tabl e nane="SUB" schenma="CNTRCT"/>
<i nheritance strategy="SI NGLE_TABLE"/ >
<di scri m nat or - val ue>1</di scri m nat or - val ue>
<di scri m nat or-col um nanme="KIND' discrimnator-type="|NTECER'/ >
<attributes>
<id name="id">
<gener at ed- val ue strategy="1DENTITY"/>
</id>
<basi ¢ name="paynent ">
<col utm nane="PAY"/ >
</ basi c>
<basi c nane="start Date">
<col utm nane="START"/ >
</ basi c>
<versi on name="versi on">
<col utm nane="VERS"/ >
</ version>
<one-t 0- many narre:"i tens">
<map-key nanme="num'>
<j ol n-tabl e nane="SUB_ ITENS" schema=" CNTRCT" >
<j oi n-col um nanme="SUB_I D'/ >
<i nverse-j oi n-col um name="1TEM | D'/ >
</j oi n-tabl e>
<cascade>
<cascade- persi st/ >
<cascade-renove/ >
</ cascade>
</ one-t o- many>
</attributes>
</entity>
<entity class="org. mg. subscribe. Subscri pti on. Li neltent>
<t abl e name="LI NE_I TEM' schema="CNTRCT"/>
<attributes>
<basi ¢ nane="comments">
<col utm nane="COW'/ >
</ basi c>
<basi c nanme="price"/>
<basi ¢ nanme="nunt/>
<many-t o- one nanme="nmgazi ne" >
<j oi n-col um name="MAG_| SBN' referenced-col um-name="1SBN'/>
<J 0i n- col um nane="MAG_TI TLE" referenced- col umm- nane="TI TLE"/ >
</ many-t o- one>
</attributes>
</entity>
<entity class="org. mag. subscribe. Lifeti meSubscription" name="Lifetime">
<di scri m nat or - val ue>2</ di scri m nat or - val ue>
<attributes>
<basi ¢ name="el ited ub" fetch="LAZY">
<col utm nanme="ELI TE"/ >
</ basi c>
</attributes>
</entity>
<entity class="org. mag. subscribe. Tri al Subscri ption" name="Trial ">
<di scri m nat or - val ue>3</ di scri m nat or - val ue>
<attributes>
<basi ¢ name="endDat e" >
<col utm nanme="END"/ >
</ basi c>
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</attributes>
</entity>
<enbeddabl e cl ass="org. mag. pub. Addr ess" >
<attributes>
<basi c nanme="street"/>
<basic nane="city"/>
<basi c nane="state">
<col um col um-defi ni ti on="CHAR(2)"/>
</ basi c>
<basi ¢ nane="zip"/>
</attributes>
</ enbeddabl e>
</entity-mappi ngs>
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Chapter 13. Conclusion

This concludes our overview of the EJB persistence specification. The Kodo EJB Tutorials continue your EJB education with
step-by-step instructions for building simple EJB persistence applications. The Kodo Reference Guide contains detailed docu-
mentation on all aspects of the Kodo EJB persistence implementation and core devel opment tools.
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Chapter 1. Introduction

Java Data Objects (JDO) is a specification from Sun Microsystems for the transparent persistence of Java objects to any transac-
tional datastore. This document provides an overview of JDO. The information presented applies to all JDO implementations, un-
less otherwise noted.

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

1.1. Intended Audience

This document is intended for developers who want to learn about JDO in order to use it in their applications. It assumes that you
have a strong knowledge of Java and object-oriented concepts, and afamiliarity with the eXtensible Markup Language (XML).
This document does not, however, assume any experience with database programming or the manipulation of persistent datain

general.

1.2. Transparent Persistence

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

Transparent persistence is the storage and retrieval of persistent data with little or no work from you, the developer. For example,
Java seriaization is aform of transparent persistence because it can be used to persist Java objects directly to afile with very little
effort. Serialization's capabilities as a transparent persistence mechanism pale in comparison to those provided by JDO, however.
The next chapter compares JDO to serialization and other avail able persistence mechanisms.
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Chapter 2. Why JDO?

Java devel opers who need to store and retrieve persistent data already have several options available to them: seriaization, JDBC,
object-relational mapping tools, object databases, EJB 2 entities, and JPA. Why introduce yet another persistence framework?
The answer to this question isthat each of the aforementioned persistence solutions has severe limitations. JDO attempts to over-

come these limitations, asillustrated by the table below.

Table 2.1. Persistence Mechanisms

Supports: Serialization |[JDBC ORM ODB EJB 2 JPA JDO
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 No Yes
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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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). Entity EJBs are components that
represent persistent information in a datastore. Like object-relational mapping solutions, entity EJBs provide an object-ori-
ented view of persistent data. Unlike object-relational software, however, entity EJBs are not limited to relational databases,
the persistent information they represent may come from an Enterprise Information System (EIS) or other storage device.
Also, EJBs use a strict standard, making them portable across vendors. Unfortunately, the EJB standard is somewhat limited
in the object-oriented concepts it can represent. Advanced features like inheritance, polymorphism, and complex relations are
absent. Additionally, EJBs are difficult to code, and they require heavyweight and often expensive application serversto run.
EJBs, especially session and message-driven beans, do have other advantages, however, and so the JDO specification details
how to integrate JDO and EJBs.

The upcoming EJB 3 specification introduces the Java Persistence APl (JPA). This APl isstrikingly similar to JDO, and is
much easier to use than the EJB 2 programming model. JPA does not, however, support non-relational databases.

JDO combines the best features from each of the persistence mechanisms listed above. Creating persistent classes under JDO is
as simple as creating serializable classes. JDO supports the large data sets, data consistency, concurrent use, and query capabilit-

ies of JDBC. Like object-relational software and object databases, JDO allows the use of advanced object-oriented concepts such

asinheritance. JDO avoids vendor lock-in by relying on a strict specification like entity EJBs. Like entitiesin EJB 2, JDO does

not prescribe any specific back-end datastore. JDO implementations might store objectsin relationa databases, object databases,

flat files, or any other persistent storage device. And like JPA, JDO is extremely easy to use.

By default, Kodo stores objectsin relational databases using JDBC. It can be customized for use with other datastores.

JDOisnot ideal for every application. For many applications, though, it provides an exciting alternative to other persistence
mechanisms.
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Chapter 3. JDO Architecture

The diagram below illustrates the relationships between the primary components of the JDO architecture.

javax.jdo.datastore
Sequence / DataStoreCache
=]
—
javax.jdo
PersistenceManagerFactory Transaction
PersistenceManager : Extent
1
FetchPlan 1 Query
JDOHelper
PersistenceCapable

e JDOHel per: Thej avax. j do. JDOHel per contains static hel per methods to query the lifecycle state of persistent objects
and to obtain Per si st enceManager Fact or y instances in a vendor-neutral fashion.

» PersistenceManager Fact ory : Thej avax. j do. Per si st enceManager Fact ory isafactory for Per si st -
enceManagers.

* PersistenceManager: Thej avax. j do. Per si st enceManager isthe primary JDO interface used by applications.
Each Per si st enceManager manages a set of persistent objects, and has APIs to insert new objects and delete existing
ones. Thereis a one-to-one relationship between aPer si st enceManager andaTr ansact i on. Per si st enceMan-
ager salso act asfactoriesfor Ext ent and Quer y instances.

» Persi st enceCapabl e: JDO calls user-defined persistent classes persistence-capable classes. Most JIDO vendors provide
an enhancer to transparently add a special Per si st enceCapabl e interface to each persistent class. Y ou will never use
thisinterface directly.

 Transacti on: Each Per si st enceManager hasaone-to-onerelation with asinglej avax. j do. Transacti on.
Transact i onsallow operations on persistent data to be grouped into units of work that either completely succeed or com-
pletely fail, leaving the datastore in its original state. These all-or-nothing operations are important for maintaining data integ-
rity.

» Extent:Ajavax.]jdo. Extent isalogical view of al the objects of a particular class that exist in the datastore. Y ou can
configure Ext ent sto also include subclasses. Ext ent sare obtained from aPer si st enceManager .

e Query:Thejavax. | do. Query interface isimplemented by each JDO vendor to find persistent objects that meet certain
criteria. JIDO standardizes support for queries using the Java Data Objects Query Language (JDOQL ), and for relational data-
base queries using the Structured Query Language (SQL). Y ou obtain Quer y instances from aPer si st enceManager .

* Fet chPl an: Each Per si st enceManager and Quer y hasamutablereferencetoaj avax. j do. Fet chPl an. The
Fet chPI an givesyou control over eager fetching, result scrolling, and other data loading behavior.
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» Sequence: Thej avax. j do. dat ast or e. Sequence interface represents an object capable of generating sequential
values. Sequences are defined in mapping metadata (see Chapter 15, Mapping Metadata [26(] cached at the Per si st -
enceManager Fact or y level, and obtained through the Per si st enceManager .

» Dat aSt or eCache: Many JDO implementations provide some form of datastore cache. The
j avax. j do. dat ast or e. Dat aSt or eCache interface provides a standard way to interact with your vendor's cache.

The example below illustrates how the JDO interfaces interact to execute a JDOQL query and update persistent objects.

Example 3.1. Interaction of JDO Interfaces

/'l get a PersistenceManager Factory using the JDOHel per; typically
/'l the factory is cached for easy repeated use
Per si st enceManager Factory factory =
JDOHel per. get Per si st enceManager Factory (System getProperties ());

/'l get a PersistenceManager fromthe factory
Per si st enceManager pm = factory. get Persi stenceManager ();

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

Il query for all enployees who work in our research division

/1 and put in over 40 hours a week average

Extent extent = pm get Extent (Enployee.class, false);

Query query = pm newQuery (extent);

query.setFilter ("division. name == 'Research' && avgHours > 40");

/1 we only need to popul ate the netadata-defined salary fetch group data;
/1 there might be a ot of enployees, so read fromstore in batches of 100
query. get FetchPlan ().setGoup ("salary");

query. get FetchPl an ().setFetchSi ze (100);

List results = (List) query.execute ();

/1 give all those hard-working enpl oyees a raise; keep track of hardest worker
Enpl oyee enp;

Enpl oyee nostHours = nul | ;

for (lterator itr = results.iterator (); itr.hasNext ();)

{

emp = (Enpl oyee) itr.next ();

enp.setSalary (enp.getSalary () * 1.1);

if (mostHours == null || enp.avgHours () > nostHours.avgHours ())
) nmost Hours = enp;
/1 we know we're going to be fetching the hardest-working enpl oyee a
/1 1ot in our application, so pinits data to the cache
factory. get Dat aSt oreCache ().pin (JDOHel per. get Cbjectld (npstHours));

// commt the updates and free persistence manager
tx.comit ();
pmclose ();

/1 if we were ending our application, we'd free the factory too
/1 factory.close ();

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

3.1. JDO Exceptions
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RuntimeException
L}

JDOFatalinternalException

JDOFatalException JDOFatalUserException

JDOFatalDataStoreException

JDOException T
- FailedObject: Object E JDOOptimisticVerificationException
- MestedExceptions: Throwable[]

JDOUnsupportedOptionException

v
JDOCanRetryException ﬁ[ JDOUserException

JDODataStoreException

.‘.P

JDOObjectNotFoundException

javax.jdo

The diagram above depicts the JIDO exception architecture. Runtime exceptions such as Nul | Poi nt er Excepti onsand | | -
| egal Ar gurrent Except i onsaside, JDO components only throw JDOExcept i ons.

The JDO exception hierarchy should be self-explanatory. The base JDOExcept i on class provides the following useful proper-
ties:

» Fail edObj ect : Thefailed object isthe persistent instance or identity object that caused the exception, if applicable. Itis
particularly useful for JDOOpt i mi sti cVeri ficati onExcepti onsand JDOObj ect Not FoundExcepti ons.

» Nest edExcepti ons: An array of nested exceptions that caused the failure. Rather than stop immediately at the first error,
many JDO methods collect all errors during execution and throw a single parent exception, nesting the collected exceptions
within it. For example, afailed attempt to commit a transaction might result in aJDOFat al Dat aSt or eExcept i on with
anested JDOOpt i i sticVerificati onExcepti on for each persistent instance that failed the optimsitic concurrency
check.

See the Javadoc for additional details on JDO exceptions.

178


../../jdo-javadoc/javax/jdo/JDOException.html
../../jdo-javadoc/

Chapter 4. PersistenceCapable

In most JDO implementations, user-defined persistent classes implement aspecial Per si st enceCapabl e interface. Thisin-
terface contains many complex methods that enable the JDO implementation to manage the persistent fields of class instances.
Fortunately, you do not have to implement this interface yourself. In fact, writing a persistent classin JDO is usually no different
than writing any other class. There are no specia parent classes to extend from, field types to use, or methods to write. Thisis one
important way in which JDO makes persistence completely transparent to you, the devel oper.

Example 4.1. PersistenceCapable Class

package org. nag;

/**
* Exanpl e persistent class. Notice that it |ooks exactly |like any other
* class. JDO makes writing 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 double price;

private Conpany publ i sher;
private Magazine ()
{
}
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 onitted

4.1. Enhancer

In order to shield you from the intricacies of the Per si st enceCapabl e interface, JDO implementations typically provide an
enhancer. An enhancer is atool that automatically adds code to your persistent classes after you have written them. Though some
vendors may use source enhancers that modify your Java code, enhancers generally operateon . cl ass files. They post-process
the bytecode generated by your Java compiler, adding the necessary fields and methods to implement the expected interface. This
bytecode modification perfectly preserves the line numbers in stack traces and is compatible with Java debuggers, so enhance-
ment does not affect debugging.
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Magazine.java | g f;:“‘r Magazine.class | u{ anhancer
es

The diagram above illustrates the compilation of a persistent class. JDO implementations typically include an Ant task so that you
can make enhancement an automatic part of your build process. Some JDO implementations may also use custom class |oaders or
Java5's class loading hooks to perform enhancement transparently at runtime, rather than adding a step to the build process.

Note

Kodo uses bytecode, rather than source code, enhancement. Kodo offers both a compile-time enhancer tool and a
runtime enhancement option for Java 5 users. See Section 5.2, “ Enhancement” [452)f the Reference Guide.

4.2. Persistence-Capable vs. Persistence-Aware

Classes that have been enhanced to implement the Per si st enceCapabl e interface are referred to as persistence-capable
classes. Classes that directly access public or protected persistent fields of persistence-capable classes are called persistence-
aware. Persistence-aware classes must also be enhanced - each time a persistence-aware class directly accesses a persistent field
of apersistence-capable class, the enhancer adds code to notify the JDO implementation that the field in question is about to be
read or written. This enables the IDO implementation to synchronize the field's value with the datastore as needed. Unless the
persistence-aware class is a so persistence-capable, the enhancer does not add code to make the class implement the Per si st -
enceCapabl e interface.

Generally, it is best to keep all of your persistent fields private, or protected but only accessed by persistent subclasses. In addi-
tion to the standard arguments in favor of state encapsulation, this approach avoids the hassle of tracking which non-persistent
classes must be enhanced as persistence-aware because they happen to access a public or protected field of some persistent class.

4.3. Restrictions on Persistent Classes

4.3.1.

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

Default or No-Arg Constructor

4.3.2.

The JDO specification requires that all persistence-capable classes must have a no-arg constructor. This constructor may be
private. 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.

Kodo's enhancer will automatically add a protected no-arg constructor to your class when required. Therefore, this re-
striction does not apply under Kodo.

Inheritance

JDO 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:

180



PersistenceCapable

» 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 JDO identity type. If they use application identity, they must either use
the same identity class, or else they must each declare that they use separate identity classes whose inheritance hierarchy ex-

actly mirrors the inheritance hierarchy of the persistent class hierarchy. We cover JDO identity in Section 4.5, “JDO | den-
tity” [186]

4.3.3. Persistent Fields

JDO manages the state of all persistent fields. Before you access afield, the JDO 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. This alows
you to treat the field in exactly the same way you treat any other field - another aspect of JDO's transparent persistence.

JDO 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.

Immutabl e types, once created, cannot be changed. The only way to alter a persistent field of an immutable typeisto assign a
new valueto the field. JDO supports the following immutable types:

o All primitives(i nt, float, byte,etc)

e All primitivewrappers(j ava. | ang. | nteger, java.lang. Float, java.l ang. Byte,€tc)
 java.lang. String

e java.mat h. Bi gl nt eger

* java. mat h. Bi gDeci mal

e java.l ang. Nunber

* java.util.Locale

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

e java.util.Date

e java.util.Collection

 java.util.HashSet

e java.util.Mp

 java.util.HashMap

* java.util.Hashtable

Collection and map types may be parameterized.

Most implementations do not allow you to persist nested mutable types, such as Col | ect i onsof Maps.
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Kodo supportsall JDK 1.2 Set , Li st , and Map types, j ava. uti | . Cal endar,j ava. sql . Dat e,
java. sql . Ti me,j ava. sql . Ti mest anp, enums, and many other mutable and immutable field types. Kodo aso
allows you to plug in support for custom types.

Most JIDO implementations support mutable fields by transparently replacing the field value with an instance of a special subclass
of the field's declared type. For example, if your persistent object hasafield containing aj ava. uti | . Dat e, the JDO imple-
mentation will transparently replace the value of that field at runtime with some vendor-specific Dat e subclass -- cal it JDOD-

at e. Thejob of thissubclassisto track modifications to the field. Thus the JDODat e class will override all mutator methods of
Dat e to notify the JDO implementation that the field's value has been changed. The JDO implementation then knows to write the
field's new value to the datastore at the next opportunity.

Of course, when you develop and use persistent classes, thisis all transparent. Y ou continue to use the standard methods of mut-
ablefields as you normally would. It isimportant to know how support for mutable fields isimplemented, however, in order to
understand why JDO has such trouble with arrays. JDO allows you to use persistent array fields, and it automatically detects
when these fields are assigned a new array value or set to nul | . Because arrays cannot be subclassed, however, JDO cannot de-
tect when new values are written to array indexes. If you set an index of a persistent array, you must either reset the array field, or
explicitly tell the IDO implementation you have changed it; thisis referred to as dirtying the field. Dirtying is accomplished
through the JDOHel per 'smakeDi rt y method.

Example 4.2. Accessing Mutable Persistent Fields

/**

* Exanpl e denonstrating the use of nutable persistent fields in JDO
* Assune Person is a persistent class.

*/

public void addChild (Person parent, Person child)

{

/1 can nodify npst nutable types directly; JDO tracks
/1 the nodifications for you

Date | astUp = parent.getlLast Updated ();
lastUp.setTime (SystemcurrentTineMIlis ());
Col | ection children = parent.getChildren ();
children.add (child);

chil d.set Parent (parent);

/1 arrays need explicit dirtying if they are nodified,
/1l but not if the field is reset

parent.set Obj ect Array (new Qoject[0]);
child.getojectArray ()[0] = parent;

JDOHel per. makeDirty (child, "objectArray");

/1 or: child.setObjectArray (child.getObjectArray ());

As the parent-child example aboveillustrates, JDO supports relations between persistent objects in addition to the standard Java
types covered so far. All IDO implementations should allow user-defined persistent classes as well as collections and maps of
user-defined persistent classes as persistent field types. The exact collection and map types you can use to hold persistent rela-
tions will depend on which mutable field types the implementation supports.

Most JDO implementations also have some support for fields whose concrete classis not known. Fields declared astype

j ava. | ang. Obj ect or asauser-defined interface type fall into this category. Because these fields are so general, though,
there may be limitations placed on them. For example, they may be impossible to query, and loading and/or storing them may be
inefficient.
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K odo supports user-defined persistent objects as elements of any of the supported collection types. It aso supports user-
defined persistent objects as keys, values, or both in any supported map type.

Kodo supports persistent j ava. | ang. Qbj ect fields by serializing the field value and storing it as a sequence of
bytes. It supports persistent interface fields by storing the object id of the instance stored in the field, then re-fetching the
corresponding object when the field is loaded. Collections and maps where the element/key/value typeis

j ava. | ang. Qbj ect or aninterface are fully supported as well.

4.3.4. Conclusions

This section detailed all of the restrictions JDO places on persistent classes. While it may seem like we presented alot of informa-
tion, you will seldom find yourself hindered by these restrictions in practice. Additionally, there are often ways of using JDO's
other features to circumvent any limitations you run into. The next section explores a powerful JDO feature that is particularly
useful for this purpose.

4.4. Lifecycle Callbacks

It is often necessary to perform various actions at different stages of a persistent object's lifecycle. JDO includes two mechanisms
for monitoring changes in the lifecycle of your persistent objects: thel nst anceCal | backs interface, and thel nst ancelLi -
fecycl eLi st ener event framework.

4.4.1. InstanceCallbacks

javax.jdo javax.jdo.listener

LoadCallback

= IdoPosiLoad])

StoreCallback

- jdoPraStare()

InstanceCallbacks

ClearCaliback

= doPreCleary)

DeleteCallback

- [daPraDeletef)

Y our persistent classes can implement the | nst anceCal | backs family of interfacesto to receive callbacks when certain JDO
lifecycle events take place. There are four callbacks available:

ThelLoadCal | back. j doPost Load method is called by the IDO implementation after the default fetch group fields of
your class have been loaded from the datastore. Default fetch groups are explained in Chapter 5, Metadata [193For now
think of the default fetch group as al of the primitive fields of the object. No other persistent fields can be accessed in this
method.

j doPost Load is often used to initialize non-persistent fields whose values depend on the values of persistent fields. An ex-
ample of thisis presented below.

St or eCal | back. j doPr eSt or e iscaled just before the persistent values in your object are flushed to the datastore. Y ou
can access al persistent fieldsin this method.
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j doPr eSt or e isthe complement toj doPost Load. Whilej doPost Load ismost often used to initialize non-persistent
values from persistent data, j doPr eSt or e isusually used to set persistent fields with information cached in non-persistent
ones. See the example below. Note that the persistent identity of the object may not have been assigned yet when this method
iscalled.

Thed ear Cal | back. j doPr eC ear method is called before the persistent fields of your object are cleared. JDO imple-
mentations clear the persistent state of objects for several reasons, most of which will be covered later in this document. You
canusej doPr eCl ear to clear non-persistent cached data and null relations to other objects. Y ou should not access the
values of persistent fieldsin this method.

Del et eCal | back. j doPr eDel et e iscalled before an object transitions to the deleted state. Access to persistent fieldsis
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.

Unlikethe Per si st enceCapabl e interface, you must implement thel nst anceCal | backs interfaces explicitly if you
want to receive lifecycle callbacks.

Thej avax. j do. | nst anceCal | backs interfaceis mainly present for backwards compatibility with previous JDO
versions. You will typically implement the specificj avax. j do. | i st ener package interfaces for the callbacks you
want to receive. However, it may be convenient to implement | nst anceCal | backs rather than theindividua inter-
faces when your class utilizes several callbacks.

Example 4.3. Using Callback | nterfaces

[ **

* Exanpl e denonstrating the use of the InstanceCallbacks interface to
* persist a java.net.|netAddress and inplenent a privately-owned rel ation.
/

public class Host

{

i npl ements LoadCal | back, StoreCallback, DeleteCallback

/1 the InetAddress field cannot be persisted directly by JDO, so we
/1 use the jdoPostLoad and jdoPreStore nethods bel ow to persist it
/1 indirectly through its host name string

private transient |netAddress address; /1 non- persi stent

private String host Nane; /'l persistent

/'l set of devices attached to this host
private Set devices = new HashSet ();

Il setters, getters, and business logic onmtted
public void jdoPostLoad ()
{

/1 formthe |InetAddress using the persistent host nane
try

address = | net Addr ess. get ByNane (host Nane) ;
%:at ch (1 OException ioe)
t hrow new JDOException ("Invalid host nane: " + hostNane, ioe);
}
public void jdoPreStore ()
/] store the host name information based on the |InetAddress val ues
host Nane = addr ess. get Host Narme ();
public void jdoPreDelete ()
/] delete certain related devices when this object is del eted, based
/'l on business | ogic

Per si st enceManager pm = JDOHel per. get Per si st enceManager (this);
pm del et ePersistentAll (filterDependents (devices));
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4.4.2. InstanceLifecycleListener

Jdo.liste
Jauax jgo-lintaaer LoadLifecycleListener
InstanceLifecycleEvent - posiload(instanceLifecycleEvent)
+LOAD
+STORE StoreLifecycleListener
+ CLEAR )
+ DELETE - preStorefinstancelifecycleEvent)
+ CREATE - postStore{instancelifecycleEvent)
+ DIRTY
ClearLifecycleListener
- Type: int
- Source: Object - preClear(instanceLifecycleEvent)
- postCiear{instancelifecycleEvent)
DeleteLifecycleListener
InstanceLifecycleListener - preDelete(instancelifecycleEvent)
<——] - postDeletefinstancelLifecycleEvent)
CreateLifecycleListener
- postCreatefinstanceLifecycleEvent)
DirtyLifecycleListener
- preDirty{instanceLifecycleEvent)
- postDirty{instancelLifecycleEvent)

The kodo. event package contains additional Kodo events beyond the JDO standard; see Section 9.8, “ Transaction
Events’ [559)f the Reference Guide and the package Javadoc for details.

Only persistent classes can implement thel nst anceCal | backs interfaces. This makes sense for lifecycle actions such as
caching internal state and deleting dependent relations, but is clumsy for cross-cutting concerns like logging and auditing. The li-
fecycle listener event framework solves this problem by allowing non-persistent classes to subscribe to lifecycle events. The
framework consists of acommon event class, a common super-interface for event listeners, and several individual listener inter-
faces. A concrete listener class can implement any combination of listener interfaces.

* Instanceli fecycl eEvent : The event class. The source of alifecycle event is the persistent object for which the event
was triggered.

 Instanceli fecycl eLi st ener: Common base interface for all listener types. | nst anceli f ecycl eLi st ener has
no operations, but gives a measure of type safety when adding listener objectsto aPer si st enceManager or Per si st -
enceManager Fact or y. See Chapter 8, PersistenceManager [214nd Chapter 7, PersistenceManager Factory [207]

e LoadLi fecycl elLi st ener: Listensfor persistent state loading events. Its post Load method is equivalent to the | n-
st anceCal | backs. j doPost Load method described above.
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 Storelifecycl eli stener: Listensfor persistent state flushes. Itspr eSt or e method is equivalent to the | n-
stanceCal | backs. j doPr eSt or e method described above. Itspost St or e handler isinvoked after the data for the
source object has been flushed to the database. Unlike pr e St or e, the source object is guaranteed to have a persistent iden-
tity by thetime post St or e istriggered.

 CearlLifecycl elLi st ener: Receives notifications when objects clear their persistent state. Itspr eCl ear method is
equivalentto | nst anceCal | backs. j doPreC ear. Thepost C ear eventissent just after the source object's state is
cleared.

» Del etelifecycl eLi st ener: Listensfor object deletion events. Its pr eDel et e method isequivaentto | n-
stanceCal | backs. j doPreDel et e. Itspost Del et e handler istriggered after the source object has transitioned to
the deleted state. Accessto persistent fieldsis not allowed in post Del et e.

e Createlifecycl elListener:Thepost Cr eat e event isfired when an object first transitions from unmanaged to per-
sistent-new, such as during acall to Per si st enceManager . nakePer si st ent .

« DirtylLifecycl eLi st ener : Dirty events fire when an object isfirst modified (in JDO parlance, becomes dirty) within a
transaction. The runtime invokes pr eDi r t y before applying the change to the object, and post Di rt y after applying the
change.

4.5. JDO 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
theequal s method. By default, this method simply relies on numeric identity.

JDO introduces another form of object identity, called JDO identity. JDO identity tests whether two persistent objects represent
the same state in the datastore.

The JDO identity of each persistent instance is encapsulated in its JDO identity object. Y ou can obtain the JDO identity object for

a persistent instance through the JDOHel per 'sget Cbj ect | d method. If two JDO identity objects compare equal using the
equal s method, then the two persistent objects represent the same state in the datastore.

Example 4.4. JDO | dentity Objects

/**

* This nethod tests whether the given persistent objects represent the
* sanme datastore record. It returns false if either argunent is not

* a persistent object.

*

publ i c bool ean persistentEquals (Object obj1l, Object obj2)
Obj ect jdoldl = JDOHel per.get Objectld (obj1);

bj ect | dol d2 JDOHel per. get Ooj ectld (obj2);
return jdoldl !'= null && jdoldl. equals (jdold2);

}

If you are dealing with asingle Per si st enceManager , then thereis an even easier way to test whether two persistent object
references represent the same state in the datastore: the == operator. JDO requires that each Per si st enceManager maintain
only one JVM object to represent each unique datastore record. Thus, JDO identity is equivalent to numeric identity within a
Per si st enceManager 's cache of managed objects. Thisis referred to as the uniqueness requirement.

The uniqueness requirement is extremely important - without it, it would be impossible to maintain data integrity. Think of what
could happen if two different objects of the same Per si st enceManager were allowed to represent the same persistent data.
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If you made different modifications to each of these objects, which set of changes should be written to the datastore? How would
your application logic handle seeing two different "versions' of the same data? Thanks to the uniqueness requirement, these ques-
tions do not have to be answered.

There are three types of JDO identity, but only two of them are important to most applications: datastore identity and application
identity. The majority of JDO implementations support datastore identity at a minimum; many support application identity as
well. All persistent classes in an inheritance tree must use the same form of JDO identity.

K odo supports both datastore and application identity.

Datastore Identity

4.5.2.

Datastore identity is managed by the JDO implementation. It isindependent of the values of your persistent fields. Y ou have no
control over what classis used for JDO identity objects, and limited control over what datais used to create identity values. The
only requirement placed on JDO vendors implementing datastore identity is that the class they use for JDO identity objects meets
the following criteria

e The class must be public.

» The class must be serializable.

» All non-static fields of the class must be public and serializable.

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

e Theclassmust implement thet oSt ri ng method such that passing the result to Per si st enceMan-
ager . new(bj ect | dl nst ance createsanew JDO identity object that compares equal to the instance the string was ob-
tained from.

Thelast criterion is particularly important. Asyou will seein the chapter on Per si st enceManager s, it allowsyou to store
the identity of a persistent instance as a string, then later recreate the identity object and retrieve the corresponding persistent in-
stance.

Application ldentity

Application identity is managed by you, the developer. Under application identity, the values of one or more persistent fieldsin
an object determine its JDO identity. These fields are called primary key fields. Each object's primary key field values must be
unique among all other objects of the same type.

When using application identity, theequal s and hashCode methods of the persistence-capable class must depend on all of the
primary key fields.

Kodo does not depend upon this behavior. However, some JDO implementations do, so you should implement it if port-
ability is a concern.

If your class has only one primary key field, you can use single field identity to simplify working with application identity (see
Section 4.5.3, “ Single Field I dentity” [190] Otherwise, you must supply an application identity class to use for JDO identity ob-
jects. Y our application identity class must meet all of the criterialisted for datastore identity classes. It must also obey the follow-
ing requirements:
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» The class must have a string constructor, or a constructor that takesaCl ass, St ri ng argument pair. The optional Cl ass
argument is the target persistent class, and the string isthe result of t oSt r i ng on another identity instance of the same type.

» The names of the non-static fields of the class must include the names of the primary key fields of the corresponding persist-
ent class, and the field types must be identical.

» Theequal s and hashCode methods of the class must use the values of all fields corresponding to primary key fieldsin the
persistent class.

» |Iftheclassisaninner class, it must best ati c.

» All classesrelated by inheritance must use the same application identity class, or else each class must have its own application
identity class whose inheritance hierarchy mirrors the inheritance hierarchy of the owning persistent classes (see Sec-
tion 4.5.2.1, “ Application I dentity Hierarchies’ [199]

» Primary key fields must be primitives, primitive wrappers, St r i ngs, or Dat es. Notably, other persistent instances can not
be used as primary key fields.

For legacy schemas with binary primary key columns, Kodo also supports using primary key fields of typebyt e[ ] .

These criteriaallow you to construct an application identity object from either the values of the primary key fields of a persistent
instance, or from a string produced by thet oSt r i ng method of another identity object.

Though it is not a reguirement, you should also use your application identity class to register the corresponding persistent class
with the VM. Thisistypically accomplished with a static block in the application identity class code, as the example below illus-
trates. This registration process is aworkaround for a quirk in JDO's persistent type registration system whereby some by-id look-
ups might fail if the type being looked up hasn't been used yet in your application.

Though you may still create application identity classes by hand, Kodo provides the appi dt ool to automatically gen-
erate proper application identity classes based on your primary key fields. See Section 5.3.2, “ Application | dentity
Tool” [456)f the Reference Guide.

Example 4.5. Application | dentity Class

| **

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

private String isbn; /Il primary key field

private String title; /Il primary key field

/**

* Equality nust be inplenented in terns of primary key field

* equality, and nust use instanceof rather than conparing
* classes directly.
*/

publ i c bool ean equal s (Object other)

if (other == this)
return true;

if (!(other instanceof Magazine))
return fal se;

Magazi ne nmag = (Magazine) ot her;

return (isbn == mag.isbn
|| (isbn !'= null && isbn.equals (nag.isbn)))
&& (title == mag.title
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) || (title !'=null & title.equals (mag.title)));
/**

* Hashcode nust al so depend on prinmary key val ues.
*/
public int hashCode ()

return ((is == nul

Iy 2 0 : isbn.hashCode ())
A((tit = null) 2 0

) itle. hashCode ());

/'l rest of fields and nethods omitted

[ **

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

/'l register Magazine with the JVM
try { dass.forNane ("Mgazine") } catch (Exception e) {}

/1 each primary key field in the Magazi ne class nust have a
/1 corresponding public field in the identity class

public String isbn;

public String title;

/**

* Default constructor requirenent.
*
/
public Magazineld ()
{
}

| **

* String constructor requirenent.
*/
public Magazineld (String str)

int idx = str.indexCf (':");
isbn = str.substring (0, idx);
title = str.substring (idx + 1);

[ **

* toString nust return a string parsable by the string constructor.
*/
public String toString ()

return isbn + ":" + title;

/*
* Equality nust be inplenmented in terns of primary key field
* equality, and nust use instanceof rather than conparing
* classes directly (sonme JDO inplenentations may subclass JDO
* identity class).
*/
publ i c bool ean equal s (Object other)
if (other == this)
return true;

if (!(other instanceof Magazineld))
return fal se;

Magazineld mi = (Magazineld) other;

return (isbn == m.isbn
|| (isbn != nui | && i sbn.equals (m.isbn)))
&& (title == m.title
|] (title !'= null & title.equals (m.title)));
}
/**

* Hashcode nust al so depend on prinmary key val ues.
*

/
public int hashCode ()

return ((isbn == null) ? 0 : isbn.hashCode ())
N ((title == null) ?2 0 : title.hashCode ());
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4.5.2.1. Application ldentity Hierarchies

Person Personld
- 55N: String - 58n: String
Employee Employeeld
- userName: String - userMame: String
FullTimeEmployee FullTimeEmployeeld
- empld: long - empld: long
Manager Managerld

An dternative to having a single application identity class for an entire inheritance hierarchy is to have one application identity
class per level in the inheritance hierarchy. The requirements for using a hierarchy of application identity classes are as follows:

» Theinheritance hierarchy of application identity classes must exactly mirror the hierarchy of the persistent classes that they
identify. In the example pictured above, abstract class Per son is extended by abstract class Enpl oyee, which is extended
by non-abstract 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 application identity hierarchy may define additional primary key fields until the hierarchy becomes non-
abstract. In the aforementioned example, Per son defines a primary key field ssn, Enpl oyee defines additional primary
key field user Nane, and Ful | Ti meEnpl oyee addsafina primary key field, enpl d. However, Manager may not
define any additional primary key fields, sinceit is a subclass of a non-abstract class. The hierarchy of identity classes, of
course, must match the primary key field definitions of the persistent class hierarchy.

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

» All subclasses of aconcrete identity class must be equal s and hashCode-compatible with the concrete superclass. This
means that in our example, aManager | d instance and aFul | Ti meEnmpl oyeel d instance with the same primary key
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. Usei nstanceof instead of comparing Cl ass objectsinthe equal s methods of your identity classes.

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

4.5.3. Single Field Identity
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javax.jdo.identity Byteidentlty

“Key: byle

Charldentity
- Key: char

Infidentity
SingleFieldidentity - Key: int
- getReyAsObject(): Object  |«—

- gelTargetClassName(): String Longldentity
- getTargetClass(): Class - Key: long

Shortidentity
- Key: short

Stringldentity
- Key: String

Single field identity is a subset of application identity. When you have only one primary key field, you can choose to use one of
JDO's built-in single field identity classes instead of coding your own application identity class. All single field identity classes
extendj avax. j do.identity. Singl eFi el dl denti ty. This base type defines the following methods:

public Cbject getKeyAsObject ()

Returns the primary key value as an object. Each Si ngl eFi el dl dent i t y subclassalso definesaget Key method to return
the primary key in its primitive form.

public Cl ass getTargetC ass ()

Thetarget class of asingle field identity object isthe persistent class to which the identity object corresponds. Note that the target
classis not part of the serialized state of aSi ngl eFi el dl dent ity instance. After an instance has been deseriaized, callsto
this method return nul | .

public String getTargetCl assNane ()

Returns the name of the target class. This method returns the correct value even after asingle field identity object has been deseri-
alized.

The following list enumerates the primary key field types supported by single field identity, and the built-in identity class for each
type:

* byte,java.lang.Byte:javax.jdo.identity.Byteldentity
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* char,java.l ang. Character:javax.jdo.identity.Charldentity
e int,java.lang.Integer:javax.jdo.identity.Intldentity

* long,java.l ang. Long:javax.jdo.identity.Longldentity

« short,java.lang. Short:javax.jdo.identity. Shortldentity

* java.lang. String:javax.jdo.identity.Stringldentity

4.6. Conclusions

This chapter covered everything you need to know to write persistent class definitionsin JDO. JDO implementations cannot use
your persistent classes, however, until you complete one additional step: you must create the JDO metadata. The next chapter ex-
plores metadatain detail.
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Chapter 5. Metadata

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

1. Toidentify persistent classes.

2. Tooverride default IDO behavior.

3. To provide the IDO implementation with information that it cannot glean from simply reflecting on the persistent class.
Metadatais specified as in the eXtensible Markup Language (XML). The Document Type Definition (DTD) for the persistence
portion of metadata documentsis given in the next section. JDO also standardizes relational mapping metadata and named query

metadata, which we discussin Chapter 15, Mapping Metadata [2604nd Section 11.10, “Named Queries’ [250fespectively. Do
not worry about digesting the entire DTD immediately; we will fully cover each aspect of persistence metadatain turn.

5.1. Persistence Metadata DTD

<! ELEMENT j do (extension*, package+, extension*)>

<! ELEMENT package (extension*, class+, extension*)>
<! ATTLI ST package nane CDATA ''>

<! ELEMENT cl ass (extension*, field*, fetch-group*, extension*)>

<! ATTLI ST cl ass name CDATA #REQUI RED>

<I ATTLI ST cl ass persi stence-nodifier (persistence-capable|persistence-aware)
' persi st ence-capabl e' >

<I ATTLI ST cl ass identity-type (datastore|application|nondurable) #l MPLI ED>

<! ATTLI ST cl ass obj ecti d-cl ass CDATA #l MPLI ED>

<I ATTLI ST cl ass requires-extent (true|false) #l MPLI ED>

<I ATTLI ST cl ass enbedded-only (true|false) #l MPLI ED>

<I ATTLI ST cl ass detachabl e (true|fal se) # MPLI ED>

< ELEMENT field (extension*, (array|collection|mp)?, extension*)>

<I ATTLI ST field name CDATA #REQUI RED>

<I ATTLI ST field persistence-nodifier (none|persistent|transactional) #l MPLI ED>
<! ATTLI ST field default-fetch-group (true|false) #l MPLI ED>

<I ATTLI ST field null-value (default|exception|none) # MPLIED>

<I ATTLI ST field dependent (true|false) # MPLI ED>

<I ATTLI ST field enmbedded (true|fal se) #l MPLI ED>

< ATTLI ST field primary-key (true|lfalse) 'false' >

<I ATTLI ST field fetch-depth CDATA #l MPLI ED>

<l ELEMENT array (extension*)>
<! ATTLI ST array enbedded-el ement (true|fal se) # MPLI ED>
<! ATTLI ST array dependent-el ement (true|false) #l MPLI ED>

<! ELEMENT col | ecti on (extension*)>

<! ATTLI ST col | ecti on el enent-type CDATA #| MPLI ED>

<! ATTLI ST col | ecti on enbedded- el enent (true|fal se) #l MPLI ED>
<I ATTLI ST col | ecti on dependent-el enent (true|fal se) #l MPLI ED>

<! ELEMENT map (extension*)>

<! ATTLI ST nap key-type CDATA #| MPLI ED>

<! ATTLI ST nap enbedded-key (true|fal se) #l MPLIED>

<I ATTLI ST map dependent-key (true|fal se) #l MPLI ED>
<! ATTLI ST map val ue-type CDATA #| MPLI ED>

<! ATTLI ST map enbedded-val ue (true|false) #l MPLI ED>
<! ATTLI ST nap dependent-val ue (true|false) #l MPLI ED>

<! ELEMENT fetch-group (field)*>
<! ATTLI ST fetch-group name CDATA #REQUI RED>

<! ELEMENT ext ensi on ANY>

<I ATTLI ST ext ensi on vendor - name CDATA #REQUI RED>
<! ATTLI ST ext ensi on key CDATA #| MPLI ED>

<! ATTLI ST ext ensi on val ue CDATA #| MPLI ED>
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5.2. JDO, Package, and Extension Elements

Theroot element of all persistence metadata documentsisthej do element. The only legal children of thej do element are
package eementsand ext ensi on elements. Each package element must specify anane attribute giving the full name of
the package it represents. Extensions are used to annotate metadata with vendor-specific information. The ext ensi on element
may contain arbitrary XML content, and has three attributes:

» vendor - nane: The name of the vendor the extension appliesto. This attribute is required.

» key: The name of the property you are setting with the extension. Each vendor will supply alist of supported properties.

» val ue: Thevalue of the property.

Kodo defines many useful metadata extensions. See Section 6.4, “ M etadata Extensions’ [483h the Reference Guide

for the complete set.
org.mag org.mag.pub
Author
] - o | - firstName: String
authors " | - lastMame: String
Article |
-id: long address
- title: String
- subtitles: List<String= Address
- content: byte[] - street: String
- city: String
- state: String
coverArticle  articles* - Zip: String
I I
Magazine *
- isbn: String | addﬁess
- title: String publisher Company
- price= doutss |—|—> - name: String
- copiesSald: int | mags® - revenue: double
5ubscri'pticn5'
magalzine v
Llneltlem 5 Subscr R LifetimeSubscription
- comments: String items* 4 - startDate: Date ~ oliaCiuD: Booleah
- price: double - - payment: double -
- num: long
A Ofanrract TrialSubscription
= —Ielrms'.‘gString - endDate: Date
org.mag.subscribe

Through the course of this chapter, we will build a persistence metadata document for the model above. Our first step isto define
the basic metadata structure using the elements we have examined so far:

Example 5.1. Basic Structure of Metadata Documents
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<?xm version="1.0"?>
<j do>
<package name="org. mg">

</ pai:i(ége>
<package name="org. mag. pub">
</ paékége>
<package name="org. mag. subscri be">
</ paékége>
</ j do>

5.3. Class Element

package elements contain one or morecl ass elements, surrounded by zero or more ext ensi on elements. Every persistent
classin the package named by each package element must be represented by acl ass element. Before we explore this element
in detail, a brief note on how JDO resolves class namesisin order.

Several metadata attributes require you to specify class names. The names you give should follow these guidelines:

» If theclassisin the package named by the current package element, you can give just the class name, without specifying
the package. For example, if the current package nameisor g. mag and theclassisor g. nag. Magazi ne, then you can
simply write Magazi ne for the class name.

* Similarly, if theclassisinj ava. | ang,j ava. util ,orj ava. mat h packages, you do not need to specify the packagein
the class name.

» Otherwise, use the full class name, including package name.

» Iftheclassisaninner class, then writeit as<par ent - cl ass>$<i nner - cl ass> For example, Subscri p-
tion$Li neltem

We now turn our attention back to the cl ass element. This element has the following attributes:

* nane: The unqualified name of the class. This attribute is required.

e persistence-nodifi er: Thisattribute defaultsto per si st ence- capabl e, denoting a persistent class. Y ou can,
however, also list persistence-aware classes in metadata by setting this attribute to per si st ence- awar e (see Section 4.2,
“Persistence-Capable vs. Persistence-Awar e’ [180] for a discussion of persistence-aware classes). In this case, the class
metadata should have no other content. Listing persistence-aware classes in metadatais optional.

e identity-type: Givesthe DO identity type used by the class. Lega valuesareappl i cat i on for application identity,
dat ast or e for datastore identity, and none. This attribute defaults to avalue of appl i cat i on if you declare any
primary key fieldsor an obj ect i d- cl ass, and dat ast or e otherwise.

* obj ecti d-cl ass: For application identity, the name of the JDO identity class used by this persistent class. If thisis a per-
sistent subclass that uses the same objectid-class as its superclass, you do not have to specify this attribute. Do not specify this
attribute if you use single field identity (see Section 4.5.3, “ Single Field Identity” [190]).

e requires-extent: Setthisattributeto f al se if you will never need to query for persistent instances of thisclass (i.e,, if
al objects of the class can be obtained through JDO identity lookups or through relations with other objects). Defaults to
true.

* enbedded- onl y: Set thisattribute to t r ue to indicate that this class will only be used in embedded relations, and does not
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require any independent representation in the datastore. When enbedded- onl y ist r ue, r equi r es- ext ent defaultsto
fal se.

» det achabl e: Whether instances of this class can be detached from aPer si st enceManager and later re-attached to ap-

ply offline changes. The default isf al se. See Section 8.7, “ Detach and Attach Functionality” [21%or details on detach-
ment.

Example 5.2. Metadata Class Listings

<?xm version="1.0"?>
<j do>
<package name="org. mg">
<I-- application identity -->
<cl ass nane="Magazi ne" obj ecti d-cl ass="Magazi ne$Magazi nel d" >
</ cl ass>
<I-- single field
i

dentity -->
<cl ass nanme="Art e

i
cle" identity-type="application">

</ cl ass>

</ package>

<package name="org. mag. pub">
<I-- default datastore identity -->
<cl ass nane="Conpany" >
</ cl ass>
<cl ass nane="Aut hor">
</ cl ass>
<cl ass nanme="Address" enbedded-onl y="true">
</ cl ass>

</ package>

<package name="org. mag. subscri be">
<I-- single field identity -->
<cl ass nane="Contract" identity-type="application">
</ cl ass>
<cl ass name="Subscription">
</ cl ass>
<cl ass name="Li feti meSubscription">
</ cl ass>
<cl ass name="Tri al Subscri pti on">
</ cl ass>
<l-- static inner class -->
<cl ass nanme="Subscri ption$Li nel t ent >
</ cl ass>

</ package>

</j do>

5.4. Field Element

Thecl ass element may contain ext ensi on elements, f i el d elements, andf et ch- gr oup elements. f i el d elements rep-
resent fields declared by the persistent class. These elements are optional; if afield declared in the classis not named by some

fi el d element, then its properties are defaulted as explained in the attribute listings below. Thanks to JDO's comprehensive set
of defaults, most fields do not need to be listed explicitly. f i el d elements accept the following attributes:

« nane: The name of thefield, asit isdeclared in the persistent class. This attributeis required.
* persistence-nodifi er: Specifieshow JDO should manage the field. Legal values are per si st ent for persistent

fields, t ransact i onal for fieldsthat are non-persistent but can be rolled back along with the current transaction, and
none. The default value of this attribute is based on the type of thefield:
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e Fieldsdeclaredst ati c, transient,orfinal defaulttonone.
e Fields of any primitive or primitive wrapper type default to per si st ent .

* Fieldsof typesj ava. |l ang. String, java.lang. Nunber, java.math. Bi gDeci nal ,
java.math. Bi gl nteger, java.util.Local e,andjava. util . Dat e defaulttopersi stent.

e Fields of any user-defined persistence-capable type default to per si st ent .
« Arraysof any of the types above default to per si st ent .

« Fields of the following container typesinthej ava. uti | package defaultto per si stent: Col | ecti on, Set,
Li st, Map, ArraylList, HashMap, HashSet, Hashtabl e, LinkedList, TreeMap, TreeSet,
Vect or.

« All other fields default to none.

* primary-key: Setthisattributetot r ue if the class uses application identity and thisfield is aprimary key field. Defaults
tof al se.

* nul | -val ue: Specifiesthe treatment of nul | values when the field iswritten to the datastore. Use avalue of none if the
data store should hold anul | valuefor thefield. Usedef aul t to write adatastore default value instead. Finally, use ex-
cept i on if you want the JDO implementation to throw an exception if the field isnul | at flush time. Defaultsto none.

» defaul t-fetch-group: Default fetch group fields are managed as a single unit for efficiency. They are typically loaded
as ablock from the datastore, and are often written as ablock as well. This attribute defaultsto t r ue for primitive, primitive
wrapper, Stri ng, Date, BigDeci nal,andBi gl nt eger types. All other typesdefaulttof al se.

» dependent : Set thisattributeto t r ue to create a dependent relation. In a dependent relation, the referenced object is de-
leted whenever the owning object is deleted, or whenever the relation is severed by nulling or resetting the owning field. For
example, if the Magazi ne. cover Arti cl e field is marked dependent, then setting Magazi ne. cover Articl etoa
new Arti cl e instance will automatically deletetheold Ar t i cl e stored inthefield. Similarly, deleting aMagazi ne ob-
ject will automatically deleteits current cover Arti cl e.

Thedependent attribute is only meaningful if the field holds a reference to another persistence-capable object.

Kodo allows you to assign a dependent object that has been severed from its owning field or whose owner has been de-
leted to another relation within the same transaction. Thiswill prevent the dependent object from being deleted.

» enbedded: Thisisahint to the JDO implementation to store the field as part of the class instance in the datastore, rather
than as a separate entity. For example, arelational implementation might store a Conpany’'s Addr ess propertiesin the same
database row as the Conpany record. Embedded defaultsto t r ue for primitive, primitive wrapper, Dat e, Bi gDeci m
al , Bi gl nteger, array, collection, and map types. All other types default to f al se. Embedded objects do not appear in
the Ext ent for their class, and cannot be retrieved directly by query.

Any embedded relation to another persistence-capable object is automatically dependent as well.
All fi el d elements may contain ext ensi on child elements. f i el d elements that represent array, collection, or map fields
may also containasinglear r ay, col | ecti on, or map child element, respectively. Each of these elements may contain addi-

tional ext ensi on elementsin turn.

Thear r ay element has two attributes:

» dependent - el enent : Equivaent tothef i el d element'sdependent attribute, but applies to the values stored in each
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array index. In addition to the owning field being reset or nulled, dependent elements can be severed from their owner by re-
moving the element from the array. Thiswill cause the element value to be deleted.

» enbedded- el enent : Thisattribute mirrorsthe enbedded attribute of thef i el d element, but appliesto the values
stored in each array index.

Thecol | ecti on element also hasthedependent - el enent and enbedded- el emrent attributes. Additionally, it de-
clarestheel erment - t ype attribute. Use this attribute to tell the JDO implementation what class of objects the collection con-
tains. Thisisimportant for efficient storage of the collection contents. The el enent - t ype defaultstoj ava. | ang. Obj ect
unless you are using Java 5 parameterized types, in which case it defaults to the type parameter in your field declaration.

The map element define six attributes. They are:

* key-type: Theclassof objects used for map keys. Similar to el enent - t ype asdescribed above. Thekey-t ype de-
faultstoj ava. | ang. Obj ect unlessyou are using Java 5 parameterized types, in which case it defaults to the key type
parameter in your field declaration.

» dependent - key: Sameasthedependent - el ement attribute of arrays and collections, but applies to map keys.

» enbedded- key: Sameastheenbedded- el erent attribute of arrays and collections, but applies to map keys.

» val ue-type: Theclass of objects used for map values. Theval ue-t ype defaultstoj ava. | ang. Obj ect unlessyou
are using Java 5 parameterized types, in which case it defaults to the value type parameter in your field declaration.

» dependent - val ue: Sameasthedependent - el enent element of arrays and collections, but applies to map values.

» enbedded- val ue: Sameastheenbedded- el ement element of arrays and collections, but applies to map values.

5.5. Fetch Group Element

Fetch groups are sets of fields that are loaded together. Y ou may recall that afield can usethedef aul t - f et ch- gr oup attrib-
ute to control whether it isin the default fetch group. JDO also allows you to create other fetch groups. Asyou will seein
Chapter 12, FetchPlan [254}you can use fetch groups in conjunction with JDO's Fet chPl an interface to fine-tune data | oad-

ing.

Y ou create fetch groups with thef et ch- gr oup metadata element. This element goes within thecl ass element, after all
fi el d elements. Classes can define multiple fetch groups. Thef et ch- gr oup element has the following attributes:

* nane: The name of the fetch group. Fetch group names are global, and are expected to be shared among classes. For ex-
ample, a shopping website may use a detail fetch group in each product classto efficiently load all the data needed to display
aproduct's "detail" page. The website might also define a sparse list fetch group containing only the fields needed to display a
table of products, asin asearch result.

The following names are reserved for use by JDO: def aul t, val ues, al | , none, and any name beginning with j do.

Kodo also reserves fetch group names beginning with ej b or kodo.

Eachf et ch- gr oup containsf i el d elements. Asyou might expect, listing af i el d withinaf et ch- gr oup includes that
field in the fetch group. Each fetch group f i el d can have the following attributes:
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» nane: The name of the persistent field.

» fetch-dept h: If thefield represents arelation, the depth to which to recurse. The current fetch group will be applied to the
related object when fetching it, and so on until the depth is exhausted or the related object has no relation fields in the current
fetch group. Under the default depth of 1, the related object will be fetched, but none of itsrelation fields will be traversed,
even if they are in the current fetch group. With a depth of 2, the related object will be fetched, and if it has any relation fields
in the current fetch group, those will be fetched with a depth of 1. A depth of 0 indicates that the recursion continues until the
graph is exhausted or arelated object has no relation fields in the current fetch group.

Thus, to create a detail fetch group consisting of thepubl i sher andarti cl es relations, with the fetch group applied recurs-
ively to the related objects, use:

<fetch-group nane="detail ">
<field nane="publisher" fetch-depth="0"/>
<field name="articl es" fetch-depth="0"/>
</ f et ch-group>

Kodo currently places the following restrictions on fetch groups:

1. A givenfield may bein only one fetch group, including the default fetch group.

2. All relation fields included in a custom fetch group must set their f et ch- dept h to 0, meaning the fetch group
will be applied recursively to arbitrary depth.

The behavior mandated by these restrictions mimics the behavior of previous Kodo versions.

5.6. The Complete Document

That exhausts the metadata document structure. We present the complete metadata document for our sample model below:

Example 5.3. Full Metadata Document

<?xm version="1.0"?>

<l-- Note that all persistence-capable classes nust be listed, but -->
<!-- very few fields need to be specified -->
<j do>

<package name="org. mag">
<cl ass name="Magazi ne" obj ecti d-cl ass="Magazi ne$Magazi nel d" >
<field name="isbn" primary-key="true"/>
<field name="title" primary-key="true"/>
<field nane="articl es">
<col l ection elenent-type="Article" dependent-el ement="true"/>
</field>
<fetch-group nane="detail ">
<field nanme="publisher" fetch-depth="0"/>
<field name="articl es" fetch-depth="0"/>
</ f et ch- gr oup>
</ cl ass>
<cl ass nanme="Article" identity-type="application" detachable="true">
<field name="id" primary-key="true"/>
<field nane="aut hors">
<map key-type="String" val ue-type="org. mag. pub. Aut hor"/>
</field>
<field nane="subtitles">
<col |l ection el ement-type="String"/>
</field>
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</cl ass>
</ package>
<package name="or g. mag. pub">
<cl ass name="Conpany" >
<field name="address" enbedded="true"/>
<field nane="subscriptions">
<col | ection el ement-type="org. mag. subscri be. Subscri ption"/>
</field>
<field name="mags" >
<col I ection el enent-type="org. mag. Magazi ne"/ >
</field>
</ cl ass>
<cl ass nane="Aut hor">
<field name="address" enbedded="true"/>
</cl ass>
<cl ass name="Address" enbedded-only="true"/>
</ package>
<package name="or g. mag. subscri be">
<cl ass nane="Contract" identity-type="application">
<field name="id" primary-key="true"/>
</ cl ass>
<cl ass nanme="Subscription" detachabl e="true">

<col | ection el enent-type="Subscription$Li neltent dependent-el enent="true"/>
<ext ensi on vendor - nanme="kodo" key="| ock-group" val ue="none"/>
</field>

</ cl ass>

<cl ass name="Lifeti meSubscription"/>

<cl ass name="Tri al Subscri ption"/>

<cl ass name="Subscri ption$Li nel tent/>

</ package>
</j do>

5.7. Metadata Placement

JDO metadata must be available both during class enhancement and at runtime. The metadata document listing a persistent class
must be available as aresource from the class class |oader, and must exist in one of two standard locations:

1. Inaresourcecaled <cl ass- name>. j do, where <cl ass- name> isthe name of the class the document applies to,
without package name. The resource must be located in the same package as the class.

2. Inaresourcecaled package. j do. Theresource should be placed in the corresponding package, or in any ancestor pack-
age. Package-level documents contain the metadata for all the persistence-capable classes in the package, except those

classes that haveindividual cl ass- nane. j do resources. Package-level documents may also contain the metadata for
classes in any sub-packages.

Assuming you are using a standard Java class |oader, these rules imply that for aclass Magazi ne defined by thefileor g/
mag/ Magazi ne. cl ass, you can define the corresponding metadatain any of the following files:

» org/ mag/ Magazi ne. j do

» org/ mag/ package. j do

e org/ package.jdo

* package.jdo

Because metadata documents are |oaded as resources, JDO implementations can also read them from j ar files.
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Chapter 6. JDOHelper

javax.jdo

JDOHelper

+ makeDirty(Object)

+ getObjectid(Object): Object

+ getVersion(Object): Object

+ getPersistenceManager{Object): PersistenceManager

+ isDimy{Object): boolean

+ isTransactional{Object): boolean
+ isPersistent: boolean

+ isNew{Object): booiean

+ [sDeleted(Object): boolearn

+ getPersistencelManagerFactory(Froperties(, ClassLoader]): PersistencelanagerFactory
+ getPersistenceManagerFactory(String[, ClassLoader]): PersistenceManagerFactory
+ getPersistenceManagerFactory(File], ClassLoader]): PersistenceManagerFactory

+ getPersistenceManagerFactory(String, Context): PerslstenceManagerFmory

Kodo includes the KodoJDOHel per helper class to provide additional utility methods.

Applications use the JDOHel per for three types of operations: persistence-capable operations, lifecycle operations, and Per -
si st enceManager Fact or y construction. We investigate each below.

6.1. Persistence-Capable Operations

public static void nakeDirty (Object pc, String fieldNane);

public static Object getObjectld (Object pc);

public static Object getVersion (Object pc);

public static PersistenceManager get PersistenceManager (Object pc);

We have aready seen the first two persistence-capable operations, makeDi rt y and get Cbj ect | d. Given a persistence-cap-
able object and the name of the field that has been modified, the makeDi r t y method notifies the JDO implementation that the
field's value has changed so that it can write the new value to the datastore. JDO usually tracks field modifications automatically;
the only time you are required to use this method is when you assign a new value to some index of apersistent array.

Theget Obj ect | d method returns the JDO identity object for the persistence-capabl e instance given as an argument. If the giv-
en instance is not persistent, this method returnsnul | .

Under some settings, your JDO implementation may have to insert a newly-persisted object into the datastore before it
can determine the object's JDO identity. Thus, calling JDOHel per . get Obj ect | d on an object that has been made
persistent in the current transaction might cause the Per si st enceManager to flush. Flushing is described in
Chapter 8, PersistenceManager [214]

Theget Ver si on method returns the version object of the given persistence-capable instance. Version objects are used to en-
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sure that concurrent optimistic transactions don't overwrite each other's changes. For more information on optimistic transactions,
see Section 9.1, “Transaction Types’ [226tandard JDO versioning strategies are discussed in Section 15.10, “Version” [284]

If the argument to get Ver si on isnot persistent or does not have a version, the method returnsnul | .
Thefina persistence-capable operation, get Per si st enceManager , is self-explanatory. It smply returnsthe Per si st -

enceManager that is managing the persistence-capable object supplied as an argument. If the argument is atransient object,
meaning it is not managed by aPer si st enceManager , nul | isreturned.

6.2. Lifecycle Operations

public static boolean isDirty (Object pc);

public static boolean isTransactional (Ooject pc);
public static bool ean i sPersistent (Object pc);
public static bool ean i sNew (Object pc);

public static bool ean isDel eted (Object pc);

JDO recognizes several lifecycle states for persistence-capable objects. Instances transition between these states according to
strict rules defined in the JDO specification. State transitions can be triggered by both explicit actions, such as calling the de-

| et ePer si st ent method of aPer si st enceManager to delete a persistent object, and by implicit actions, such as reading
or writing a persistent field.

Thelist below enumerates the lifecycle states for persistence-capable instances. Unless otherwise noted, each state must be sup-
ported by all IDO implementations. Do not concern yourself with memorizing the states and transitions presented; you will rarely
need to think about them in practice.

Some of the state transitions below occur at transaction boundaries. If you are unfamiliar with transactions, you may
want to read the first few paragraphs of Chapter 9, Transaction [22@p become familiar with the concepts involved be-
fore continuing.

» Transient. Objectsthat are created via a user-defined constructor and have no association with the persistence framework are
called transient objects. Transient objects behave exactly asif JDO does not exist.

» Persistent-new. The persistent-new stateis reserved for objects that have been made persistent within the current transaction.
On flush or transaction commit, the information in the persistent-new object isinserted into the datastore. On transaction roll-
back, a persistent-new instance returns to the transient state. The datastore is not affected. If the Tr ansact i on's Re-
st or eVal ues property issettot r ue, theinstance's persistent and transactional fields will be restored to the values they
had when the transaction began.

» Persistent-new-deleted. Objects that have been both persisted and then deleted in the current transaction wind up in the per-
sistent-new-del eted state. When objects are in this state, you are only allowed to access their primary key fields. Attempting
to access any other persistent field will result inaJDOUser Except i on.

A persistent-new-del eted object transitions to transient on transaction commit. The values of its persistent fields are replaced
with Java default values. A persistent-new-deleted object also becomes transient if the transaction is rolled back. In this case,
its persistent and transactional fields will be restored to the values they had when the transaction began if the

Transacti on'sRest or eVal ues property ist r ue, else they will be left untouched.

» Persistent-clean. Objects that represent specific state in the datastore and whose persistent fields have not been changed in the
current transaction are persistent-clean.

» Persistent-dirty. Persistent objects that have been changed within the current transaction are persistent-dirty. On transaction
commit, the datastore will be updated to reflect the object's persistent state.
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» Persistent-deleted. If a persistent object is the parameter of acall to the Per si st enceManager . del et ePer si st ent
method, is deleted by query, or is orphaned from a dependent relation, it becomes persistent-deleted. When an object isin this
state, you are only allowed to accessits primary key fields. Attempting to access any other persistent field may result in a
JDOUser Excepti on.

A persistent-deleted object transitions to transient on transaction commit. The datastore record for the object is removed.

» Hollow. Persistent objects whose values have not been loaded from the datastore are in the hollow state. Whenever an in-
stance transitions to hollow, its persistent fields are cleared and replaced with their Java default values. The fields will be re-
loaded with their datastore values the first time you access them. Delaying the loading of persistent information until it is
needed is known as lazy loading.

JDO implementations use only weak or soft references to track hollow instances, so they may be garbage collected if your ap-
plication does not hold strong references to them.

» Persistent-nontransactional. Persistent-nontransactional objects represent persistent datain the datastore, but are not guaran-
teed to reflect the most current values of that data. A lifecycle state that allows access to data that may be stale might sound
useless, if they are utilized carefully, however, persistent-nontransactional objects can sometimes offer large performance
gains, with little danger of employing outdated data in your application.

The persistent-nontransactional state is an optional feature of JDO, and may not be supported in some implementations. It is
also by far the most complex lifecycle state. It is governed by the Nont r ansact i onal Read, Nont ransacti onal -
Wite, RetainValues,andOptim stic propertiesof theTr ansact i on. Implementations may support any or all
of these properties. These properties are detailed in Section 7.2.2, “ PersistenceM anager and Transaction Defaults’ [209]

Outside of atransaction, reading and writing persistent fields of a persistent-nontransactional instance does not result in any
state change. If the instance enters a datastore transaction, its persistent fields are discarded. Within this type of transaction,
reading a persistent field of a persistent-nontransactional instance causes a transition to persistent-clean, and writing a persist-
ent field causes atransition to persistent-dirty.

When a persistent-nontransactional instance enters an optimsitic transaction, on the other hand, its persistent field values are
retained. Within an optimistic transaction, reading a persistent field of a persistent-nontransactional instance does not change
the instance's state; writing a persistent field causes atransition to persistent-dirty.

» Transient-clean. The transient-clean and transient-dirty states are grouped together in the transient-transactional lifecycle cat-
egory. Transient-transactional objects are not persistent, but their fields can be restored to their previous values when atrans-
action isrolled back. Y ou can make a transient instance transient-transactional by passing it to the
Per si st enceManager 'smakeTr ansact i onal method. Some JDO vendors may not support the transient-transac-
tional states; they are an optional feature of the JDO specification.

» Transient-dirty. Transient-transactional instances that have been modified in the current transaction are transient-dirty. On
transaction completion, atransient-dirty object transitions to transient-clean. If the Tr ansact i on isrolled back and its Re-
st or eVal ues property ist r ue, the persistent and transactional fields of atransient-dirty object will be restored to the val-
ues they had when the transaction began.

Kodo supports all JDO lifecycle states, including all optional states.

The following diagram displays the state transitions for persistent objects. Each arrow represents a change from one state to an-
other, and the text next to the arrow indicates the event that triggers change. Method names in blue are methods of the Tr ans-

act i on interface. Method names in red are methods of the Per si st enceManager interface. These interfaces are covered

later in this document.
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After reviewing the JDO lifecycle states, the purpose of the JDOHel per 'slifecycle operations-i sDirty, isTransac-
tional, isPersistent, isNew, isDeleted -shouldbeclear. Each onetellsyouwhether or not the given persist-
ence-capable instance has has the named property, where these properties are determined by the lifecycle state of the instance. In
fact, you can calculate the exact state of the instance based on these properties according to the table below. Once again, however,
you will rarely worry about the lifecycle state of your persistence-capable objectsin practice.

Table 6.1. JDOHelper Lifecycle Methods

Persistent Transactional Dirty New Deleted
Transient
Transient-Clean X
Transient-Dirty X X
Persistent-New X X X X
Persistent- X
Nontransactional
Persistent-Clean X X
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Persistent Transactional Dirty New Deleted
Persistent-Dirty X X X
Persistent-Deleted | X X X X
Persistent- X X X X X
New-Deleted

6.3. PersistenceManagerFactory Construction

public static PersistenceManager Factory get PersistenceManager Factory (Properties props);

public static PersistenceManager Factory get Persi st enceManager Factory (Properties props, C assLoader |oader);
public static PersistenceManager Factory get Persi stenceManager Factory (String rsrc);

public static PersistenceManager Factory get Persi stenceManager Factory (String rsrc, C assLoader |oader);
public static PersistenceManager Factory get PersistenceManager Factory (File file);

public static PersistenceManager Factory get PersistenceManager Factory (File file, O assLoader |oader);

You can usethe get Per si st enceManager Fact or y methods of JDOHel per to obtain Per si st enceManager Fact -
or y objectsin avendor-neutral fashion. Each method acceptsaj ava. uti | . Properti es instance, the name of a
CLASSPATH properties resource, or a propertiesfile. JDOHel per usesthe

j avax. j do. Per si st enceManager Fact or yCl ass property value to invoke your vendor's Per si st enceManager -
Fact ory class. It usestherest of the properties to configure the Per si st enceManager Fact or y before returning it to
you. Vendors may construct anew Per si st enceManager Fact or y with each invocation of this method, or may return a
pooled instance that matches the supplied properties. The available configuration options and their associated property names are
discussed in Chapter 7, PersistenceManagerFactory [207]

Setthej avax. j do. Per si st enceManager Fact or yCl ass to
kodo. j do. Per si st enceManager Fact or yl npl to use Kodo.

If the vendor's Per si st enceManager Fact or y classisnot visible to the current thread's class loader, you can supply an al-
ternative Cl assLoader tothe JDOHel per when invoking each method.

public static PersistenceManager Factory get PersistenceManager Factory (String nane,
Cont ext j ndi Context);

public static PersistenceManager Factory get PersistenceManager Factory (String nane,
Cont ext jndi Context, C assLoader |oader);

Thisis a convenience method to retrieve a previously-bound Per si st enceManager Fact or y from the Java Naming and
Directory Interface (JNDI). If the given Cont ext isnul | ,the JDOHel per will createanew | ni ti al Cont ext with which
to perform the lookup.

Example 6.1. Obtaining a PersistenceManager Factory from Properties

/1 this is usually just done once in your application sonewhere, and then
/'l you cache the factory for easy retrieval by application conmponents
Properties props = new Properties ();

/Il this property key tells the JDOHel per what factory class to instantiate
props. set Property ("javax.jdo. PersistenceManager Fact oryd ass",
"kodo. j do. Per si st enceManager Factoryl npl ") ;

/1 these properties define the default settings for PersistenceManagers
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/'l produced by this factory, these settings are covered in the next chapter

props. setProperty ("javax.jdo.option.Optimstic", "true");

props. set Property ("]avax.|do.option. RetainValues", "true");

props. set Property ("] avax.jdo.option. ConnectionUser Nane", "solarnetric");
props. set Property ("]avax.|do.option. ConnectionPassword", "kodo");

props. set Property ("]avax.]do.option.ConnectionURL", "jdbc:hsql:database");

props. set Property ("]avax.| do.option. ConnectionDriverNane",
"org. hsqgl db. ) dbcDriver");

Per si st enceManager Fact ory pnf = JDOHel per. get Per si st enceManager Factory (props);

Example 6.2. Obtaining a PersistenceManager Factory from a Resource

/1 the jdo.properties resource sets the javax.|do. PersistenceManager Factory

/1 key to kodo. | do. PersistenceManager Fact oryl npl, and i ncl udes ot her

/] javax.jdo.option.* settings

Per si st enceManager Fact ory pnf = JDOHel per. get Persi st enceManager Factory ("jdo. properties");
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Javax.jdo

PersistenceManagerFactory
- ConnectionUserName: String
- ConnectionPassword: String
- ConnectionlJRL: String
- ConnectionDriverMame: String
- ConnectionFactoryMame: String
- ConnectionFactory2Name: String
- ConnectionFactory: Object
- ConnectionFactory2: Object

- Multithreaded: boolean

- Optimistic: boolean

- RetainValues: boolean

- RestoreValues: boolean

- MontransactionalRead: boolean

- MontransactionalWrite: boolean

- lgnoreCache: boolean

- Mapping: String

- DetachAllOnCommit: boolean

- addinstanceLifecycleListener(InstanceLfecyleListener, Class[])
- removelnstancel lfecycleListener{instanceLlfecycleListener)

- getPersistenceManager(): PersistenceManager
- getPersistenceManager(Siring, Siring): PersistenceManager

- supportedOptions(): Collection
- getProperties(): Properties

- getDataStoreCache(): DataStoreCache

- isClosed(): boolean
- close()

The Per si st enceManager Fact or y creates Per si st enceManager instances for application use. It allows you to con-
figure datastore connectivity and to specify the default settings of the Per si st enceManager sit constructs. Y ou can also use
it to programmatically discover what JDO options your current vendor supports, enabling you to build applications that optimize
themselves for full-featured products, but still function under more basic JIDO implementations.

Kodo extends the standard Per si st enceManager Fact ory with the KodoPer si st enceManager Fact ory
interface to provide additional functionality.

7.1. Obtaining a PersistenceManagerFactory

JDO vendors may supply public constructors for their Per si st enceManager Fact or y implementations, but the recommen-
ded method of obtaining aPer si st enceManager Fact or y isthrough the Java Connector Architecture (JCA) in a managed
environment, or through the JDOHel per 'sget Per si st enceManager Fact or y methods in an unmanaged environment, as
described in Section 6.3, “ Per sistenceM anager Factory Construction” [205]. Per si st enceManager Fact or i es obtained
through these means are immutable; any attempt to change their property settings will result inaJDOUser Except i on. Thisis
because the returned factory may come from a pool, and might be shared by other application components.

JDO requiresthat concrete Per si st enceManager Fact or y classesimplement the Ser i al i zabl e interface. Thisalows
you to create and configure aPer si st enceManager Fact or y, then serialize it to afile or storeit in a Java Naming and Dir-

207


../../api/kodo/jdo/KodoPersistenceManagerFactory.html

Persi stenceM anagerFactory

ectory Interface (JNDI) tree for later retrieval and use.

7.2. PersistenceManagerFactory Properties

7.2.1.

The mgjority of the Per si st enceManager Fact or y interface consists of Java bean-style "getter" and "setter" methods for
several properties, represented by field declarations in the diagram at the beginning of this chapter. These properties can be
grouped into two functional categories: datastore connection configuration and default Per si st enceManager and Tr ans-
acti on options.

The sections below explain the meaning of each property. Many of these properties can be set through the Pr operti es in-

stance supplied to the aforementioned get Per si st enceManager Fact or y methodsin JDOHel per . Where thisis the case,
the Pr operti es key isdisplayed along with the method declarations.

Connection Configuration

Use the properties below to tell IDO implementations how to connect with your datastore.

public String getConnectionUserNane ();
public voi d set Connecti onUser Nane (String user);
J avax. j do. opti on. Connecti onUser Nane

The user name to specify when connecting to the datastore.

public String getConnectionPassword ();
public void setConnecti onPassword (String pass);
j avax. j do. opti on. Connect i onPasswor d

The password to specify when connecting to the datastore.

public String getConnectionURL ();
public void setConnectionURL (String url);
J avax. j do. opti on. Connecti onURL

The URL of the datastore.

public String getConnectionDriverNanme ();
public void setConnectionDriverName (String driver);
j avax. j do. opti on. Connecti onDri ver Name

The full class name of the driver to use when interacting with the datastore.

public String getConnectionFactoryNanme ();
public void setConnectionFactoryName (String nane);
J avax. j do. opti on. Connecti onFact or yNane
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The JNDI location of a datastore connection factory. This property overrides the other datastore connection properties above.

public Object getConnectionFactory ();
public voi d setConnecti onFactory (Object factory);

A datastore connection factory. This property overrides all other datastore connection properties above, including the Connec-

t i onFact or yName. The exact type of the given factory isimplementation-dependent. Many JDO implementations will expect
a standard Java Connector Architecture (JCA) Connect i onFact or y. Implementations layered on top of JDBC might expect a
JDBC Dat aSour ce. Still other implementations might use other factory types.

Kodo uses JDBC Dat aSour ces as connection factories.

public String getConnectionFactory2Nane ();
public void setConnecti onFactory2Nanme (String nane);
j avax. j do. opti on. Connecti onFact or y2Nane

In a managed environment, connections obtained from the primary connection factory may be automatically enlisted in any glob-
al transaction in progress. The JDO implementation might require an additional connection factory that is not configured to parti-
cipate in global transactions. For example, Kodo's default algorithm for datastore identity generation requires its own non-
managed transaction. Specify the INDI location of this factory through this property.

public Object getConnectionFactory2 ();
public voi d setConnecti onFactory2 (Object factory);

1.2.2.

The connection factory used for local transactions. Overrides the Connect i onFact or y2Nane above.

PersistenceManager and Transaction Defaults

The settings below will become the default property values for the Per si st enceManager sand associated Tr ansact i ons
produced by the Per si st enceManager Fact or y. Some implementations may not fully support all properties. If you attempt
to set a property to an unsupported value, the operation will throw aJDOUnsupport edOpt i onExcept i on.

publ i ¢ bool ean get Ml tithreaded ();
public void setMiltithreaded (bool ean nultithreaded);
J avax. j do.option. Miltithreaded

Set this property tot r ue to indicate that Per si st enceManager sor the persistence-capable objects they manage will be ac-
cessed concurrently by multiple threads in your application. Some JDO implementations might optimize performance by avoid-
ing any synchronization when this property isleft f al se.

publ i c bool ean getOptim s
public void setOptimistic
J avax. j do.option. Optim sti

Dk
I

ean optimstic);
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Settot r ue to use optimistic transactions by default. Section 9.1, “ Transaction Types’ [226]i scusses optimistic transactions.

publ i ¢ bool ean get Ret ai nVal ues ();
public voi d setRetainVal ues (bool ean retain);
J avax. j do. opti on. Ret ai nVal ues

If this property ist r ue, thefields of persistent objects will not be cleared on transaction commit. Otherwise, persistent fields are
cleared on commit and re-read from the datastore the next time they are accessed.

publ i ¢ bool ean get RestoreVal ues ();
public void setRestoreVal ues (bool ean restore);
j avax. j do. opti on. Rest or eVal ues

Controls the behavior of persistent and transactional fields on transaction rollback. Set this property tot r ue to restore the fields
to the values they had when the transaction began.

publ i ¢ bool ean get Nont ransacti onal Read ()
public void setNontransactional Read (bool ean read);
J avax. j do. option. Nont ransacti onal Read

Specifies whether you can read persistent state outside of atransaction. If this property isf al se, any attempt to iterate an Ex-
t ent , execute aQuer y, or access non-primary key persistent object fields outside of atransaction will result inaJDOUser Ex-
ception.

publ i c bool ean get Nontransactional Wite ();
public void setNontransactional Wite (bool ean wite);
javax. j do. option. Nontransacti onal Wite

Specifies whether you can write to persistent objects and perform persistence operations outside of a transaction. If this property
isf al se, any attempt to modify a persistent object outside of atransaction will resultinaJDOUser Except i on.

Note that changes made outside of atransaction are discarded if the modified object enters a datastore transaction, but retained if
it enters an optimistic transaction. We cover transactionsin Chapter 9, Transaction [226]

publ i ¢ bool ean get | gnoreCache
public void setlgnoreCache (bool ean i gnore);
J avax. j do. opti on. | gnor eCache

This property controls whether changes made to persistent instances in the current transaction are considered when evaluating
queries. A value of t r ue isahint to the JDO runtime that changes in the current transaction can be ignored; this usually enables
the implementation to run the query using the datastore's native query interface. A value of f al se, on the other hand, may force
implementations to flush changes to the datastore before running queries, or to run transactional queriesin memory, both of
which can have a negative impact on performance.

publ i ¢ bool ean get DetachAl | OnConmit ();
public void setDetachA | OnCommit (bool ean detach);
J avax. j do. opti on. Det achAl | OnConmi t
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Per si st enceManager s can optionally detach their entire object cache when a transaction commits. This setting controls the
default for Per si st enceManager s produced by this factory. We discuss detachment in Section 8.7, “ Detach and Attach
Functionality” [219]

public String getMapping ();
public void setMapping (String mapping);
J avax. j do. opti on. Mappi ng

The name of the logical mapping between your persistent classes and the datastore. Section 15.1, “Mapping M etadata Place-
ment” [26Qflescribes how the mapping name is used to locate relational mapping metadata.

public voi d addl nstanceLi fecycl eLi stener (InstanceLifecyclelListener listen,
Cl ass[] classesOflnterest);
public void renovel nstanceli fecycl eLi stener (InstancelifecycleListener |isten);

Recall from Section 4.4.2, “Instancel ifecycleListener” [185] that | nst anceli f ecycl eLi st ener sconsume events fired
by lifecycle changes in persistent objects. The methods above allow you to add and remove listeners that will be passed on to all
Per si st enceManager sthe Per si st enceManager Fact or y createsin the future. See the same-named methods of the
Per si st enceManager interfacein Section 8.2, “ Configuration Properties’ [215jor API details.

Kodo supports al of the properties above. It recognizes many additional properties as well; see Chapter 2, Configura-
tion [393)f the Reference Guide for details.

7.3. Obtaining PersistenceManagers

publ i ¢ PersistenceManager get PersistenceManager ();
publ i c PersistenceManager get PersistenceManager (String user, String pass);

The Per si st enceManager Fact or y interface includestwo get Per si st enceManager methods for obtaining Per -
si st enceManager instances. One version takes as parameters the user name and password to use for the Per si st enceM
anager 's data store connection. The other version relies on the Connect i onUser Nane and Connect i onPasswor d set-
tings of the Per si st enceManager Fact or y. Both methods may return a newly-constructed Per si st enceManager , or
may return one from a pool of instances.

If the Per si st enceManager Fact or y was not already immutable, then it will be after you acquire the first Per si st -
enceManager fromit. Any attempt to change the factory's properties will result inaJDOUser Except i on.

7.4. Properties and Supported Options

public Properties getProperties ();
public Collection supportedOptions ();
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In addition to creating Per si st enceManager s, the Per si st enceManager Fact or y aso supplies metadata about the
current JDO implementation. The get Pr opert i es method returnsaPr oper t i es instance containing, at a minimum, the
following keys:

* Vendor Name: The name of the JDO vendor.

e Ver si onNunber : The version number string for the product.

Thesupport edOpt i ons method returnsa Col | ect i on of St ri ngs enumerating the JDO options supported by the imple-
mentation. The following option names are recognized:

* javax.jdo.option. Transi ent Transact i onal : Support for the transient-clean and transient-dirty lifecycle states.

* javax.]jdo.option. Nontransacti onal Read: Support for the Nont r ansact i onal Read property described in
Section 7.2.2, “ PersistenceM anager and Transaction Defaults’” [209].

e javax.]do.option. Nontransactional Wit e: Support for the Nont r ansact i onal Wi t e property described
in Section 7.2.2, “ PersistenceM anager and Transaction Defaults’ [209].

» javax.jdo.option. Retai nVal ues: Support for the Ret ai nVal ues property described in Section 7.2.2,
“PersistenceM anager and Transaction Defaults’ [209].

e javax.jdo.option.Optimnstic: SupportfortheQpti m sti c property described in Section 7.2.2,
“PersistenceM anager and Transaction Defaults’ [209].

e javax.]do.option. Applicationldentity: Supportfor JDO application identity, as described in Section 4.5.2,
“Application I dentity” [187].

e javax.jdo.option. Datastorel dentity: Support for DO datastore identity, as described in Section 4.5.1,
“Datastore | dentity” [187].

* javax.]jdo.option. NonDurabl el dentity: Support for non-durable identity, a seldom-used form of JDO identity
not covered in this document.

e javax.]do.option. ArrayLi st : Support for persistentj ava. uti | . ArrayLi st fields.

* javax.jdo.option. Li nkedLi st : Support for persistent j ava. uti | . Li nkedLi st fields.
e javax.]do.option. Tr eeMap: Support for persistentj ava. uti | . Tr eeMap fields.

* javax.jdo.option. TreeSet : Support for persistentj ava. uti | . Tr eeSet fields.

e javax.]do.option. Vector: Support for persistentj ava. uti | . Vect or fields.

* javax.jdo.option. List: Support for persistentj ava. uti | . Li st fields.

e javax.]do.option. Array: Support for persistent array fields.

e javax.jdo.option.NullCollection:Thisstringwill be present if the implementation can differentiate between
nul I and empty collections and maps when querying or loading data from the datastore.

e javax.]do.option. ChangeApplicationl dentity: Thisstringwill be present if the implementation allows you
to change the primary key fields of persistent objects, effectively changing their identity.

* javax.jdo.option. Get Dat aSt or eConnect i on: Whether the Per si st enceMan-
ager . get Dat aSt or eConnect i on is supported.
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e javax.jdo.option.BinaryConpati bility: Thisstringwill be present if the implementation is binary compatible
with the JDO reference enhancer.

e javax.]do.option. Unconstrai nedQueryVari abl es: Support for unconstrained variablesin JIDOQL queries.
See Example 11.10, “Unconstrained Variables’ [238]

* javax.jdo.query. JDOQL: Support for IDOQL queries. We discuss queriesin Chapter 11, Query [232]

e javax.]jdo.query. SQ.: Support for SQL queries. We discuss SQL queriesin Chapter 17, SQL Queries[320]

Vendors may include strings for other options and query languages they support as well.

Kodo currently supports all options except j avax. j do. opt i on. ChangeAppl i cati onl dentity,
j avax. j do. opti on. NonDur abl el dentity,javax. ) do. opti on. Nul | Col | ecti on, and
javax.]j do.option. Bi naryConpatibility.

7.5. DataStoreCache Access

publ i ¢ Dat aSt oreCache get Dat aSt or eCache ();

The Per si st enceManager Fact or y isthe gateway to your vendor's data cache. Chapter 13, DataStoreCache [257e-
scribes JIDO's standard Dat aSt or eCache API for vendor data caches.

7.6. Closing the PersistenceManagerFactory

publ i c bool ean isCl osed ();
public void close ();

Per si st enceManager Fact or i es are heavyweight objects. Each factory might maintain a metadata cache, object state
cache, Per si st enceManager pool, connection pool, and more. If your application no longer needs aPer si st enceMan-
ager Fact or y, you should close it to free these resources. When a Per si st enceManager Fact ory closes, al Per -

si st enceManager sfrom that factory, and by extension all persistent objects managed by those Per si st enceManager s,
becomeinvalid. Attempting to close aPer si st enceManager Fact or y while one or more of its Per si st enceManager s
has an active transaction resultsin aJDOUser Except i on.

Closing aPer si st enceManager Fact or y should not be taken lightly. It is much better to keep a factory 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 ob-
vious reason to create and close multiple Per si st enceManager Fact ory instances. In fact, because closing aPer si st -
enceManager Fact or y has such drastic consequences, it requires that the current security context havethecl osePer -

si st enceManager Fact ory JDOPer ni ssi on. Once afactory isclosed, all methods excepti sCl osed throw a
JDQOUser Except i on.
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Javax.jdo

PersistenceManager

- UserObject: Object

- UserObjects: Map

- Multithreaded: boolean

- IgnoreCache: boolean

- DetachAllOnCommit: boolean

- addinstanceLifecycleListener({InstanceLifecyleListener, Class(])
- removelnstancellfecycleListener(instanceLlfecycleListener)

- currentTransaction(): Transaction
- getFetchPian(): FetchPlan

- makePersistent{Object): Object
- makePersistentAllf...): ...

- deletePersistent{Object)

- deletePersistentAllf...)

- make Transient(Object)

- make TransientAll...)

- makeTransactional{Object)

- make TransactionalAll...)

- makeNonTransactional{Object)
- makeMNonTransactionalAllf...)

- refresh{Object)

- refreshAll...)

- refreshAll(JDOException)

- retrieve(Object)

- retrieveAllf...)

- detachCopy(Object): Object
- detachCopyAll(...): ...

- getObjectByidy...): Object

- getObjectsByldy...): ...

- getObjectByld{Class, Object): Object

- getObjectid{Object): Object

- getObjectidClass({Class): Class

- newObjectidinstance(Class, Object): Object

- evict{Object)

- evictAllf...)

= flush()

- checkConsistency()

- getExtent{Class, boolean): Extent
- newQuery(...): Query

- newNamedQuery(String): Query
- getSequence(String): Sequence

- getConnection(): JOOConnection

- isClosed(): boolean
- closef)

The diagram above presents an overview of the Per si st enceManager interface. For a complete treatment of the Per si st -
enceManager API, seethe Javadoc documentation. Methods whose parameter signatures consist of an ellipsis(...) are over-
loaded to take multiple parameter types.
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Kodo extends the standard Per si st enceManager interface with the KodoPer si st enceManager interface to
provide additional functionality.

The Per si st enceManager isthe primary interface to the JDO runtime. Each Per si st enceManager manages a cache of
persistent and transactional objects, and has an association with asingle Tr ansact i on.

We divide the methods of the Per si st enceManager into the following functional categories:

e User object association.

» Configuration properties.

e Transacti on association.

* Fet chPl an association.

» Persistence-capable lifecycle management.
» Detach and attach functionality.

» JDO identity management.

» Cache management.

 Extent,Query, and Sequence factory.
» Connection access.

* Closing.

8.1. User Object Association

public Cbject getUseroject ();

public void setUserCbject (Ooject obj);

public Object putUserObject (Object key, Object obj);
public Object getUserObject (Object key);

public Object renoveUser Object (Object key);

The Per si st enceManager 's user objects allow you to associate arbitrary objects with each Per si st enceManager . The
given objects are not used in any way by the JDO implementation.

Theget User Cbj ect andset User Obj ect methods associate a primary user object with the Per si st enceManager .
The put User Obj ect , get User Cbj ect,andr enoveUser Qbj ect methods, on the other hand, delegate to an internal
map of secondary user objects. Asinthej ava. uti |l . Map APIs, theput andr enove operations return the object formerly
stored under the given key.

8.2. Configuration Properties

publ i c bool ean get Ml tithreaded ();

public void setMiltithreaded (bool ean threaded);
publ i ¢ bool ean getl gnoreCache ;

public void setlgnoreCache (bool ean ignore);
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The Per si st enceManager interface includes "getter" and "setter" methods for two configuration properties: Mul ti t h-
readed and | gnor eCache. These properties are discussed in Section 7.2.2, “ PersistenceM anager and Transaction De-
faults’ [209]. The Per si st enceManager 'sl gnor eCache settingis passed onto all Query and Ext ent instances the
Per si st enceManager creates.

public voi d addl nstanceLi fecycl eLi stener (InstanceLifecyclelListener listen,
Cl ass[] classesOflnterest);
public void renovel nstanceli fecycl eLi stener (InstancelifecyclelListener |isten);

These methods allow you to add and remove listeners that are notified when managed instances change lifecyle states. The life-
cycle event framework is discussed in detail in Section 4.4.2, “InstancelL ifecycleListener” [185]. When adding a new listener,
you can supply an array of persistent classes that the listener isinterested in. The listener will only receive events for these classes
and their subclasses. If the given array isnul | , the listener will receive eventsfor all classes. The types of eventsthe listener re-
celvesishased onthel nst anceli f ecycl eLi st ener sub-interfaces it implements.

8.3. Transaction Association

public Transaction currentTransaction ();

Every Per si st enceManager hasaone-to-onerelation withaTr ansact i on instance. In fact, many vendors use asingle
classto implement both the Per si st enceManager and Tr ansact i on interfaces. If your application requires multiple con-
current transactions, you will use multiple Per si st enceManager s.

You canretrievethe Tr ansact i on associated with aPer si st enceManager throughthecur r ent Tr ansact i on meth-
od.

8.4. FetchPlan Association

public FetchPl an get FetchPl an ();

Each Per si st enceManager hasareferenceto aFet chPl an. The Fet chPl an allowsyou to fine-tune the fetching of per-
sistent state, as Chapter 12, FetchPlan [254]lescribes.

8.5. Persistence-Capable Lifecycle Management

Per si st enceManager s perform several actions that affect the lifecycle state of persistence-capable instances. Each of these
actions is represented by multiple methodsin the Per si st enceManager interface: one method that acts on asingle persist-
ence-capable object, such asmakePer si st ent , and corresponding methods that accept a collection or array of persistence-cap-
able objects, such asmakePer si st ent Al | .

public Cbject nmakePersistent (Object pc);
public Collection makePersistentAll (Collection pcs);
public Object[] makePersistentAll (Object[] pcs);
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Transitions transient instances to persistent-new, and creates managed copies of detached objects. This action can only be used in
the context of an active transaction. On the next flush or commit, the newly persisted instances will be inserted into the datastore,
and changes to the detached instances will be flushed to the corresponding datastore records. If you attempt to attach an instance
whose representation has changed in the datastore since detachment, the makePer si st ent operation will throw an exception,
or the transaction in which you perform the attachment will fail on commit, just asif anormal optimistic conflict were detected.
If the attach processfails, the Rol | backOnl y flag isset on the current transaction.

For each argument, makePer si st ent [ Al | | returns the argument instance if it was transient, or a managed copy of the argu-
ment instance if it was detached. Thus, when attaching objects, it isimportant to use the returned copies rather than continuing to
act on the detached objects.

ect pc);
I ection pcs);
c

public void del etePersistent (Obj
| (Col
| (Qbject[] pcs);

public void del et ePersistentAl
public void del et ePersistentAl

j
(
(

Transitions persistent instances to persistent-deleted, or persistent-new instances to persistent-new-deleted. This action, too, can
only be called during an active transaction. The given instances will be deleted from the datastore on the next flush or commit.

public void makeTransi ent (Objec
public void makeTransientAll (Co
I (vje

j ect DC)_;
(Col l ection pcs);
public void makeTransientAl|l (Obje

ct[] pcs);

This action transitions persistent instances to transient. The instances immediately |ose their association with the Per si st -
enceManager and their JDO identity. The datastore records for the instances are not modified.

This action can only be run on clean objects. If it isrun on adirty object, aJDOUser Except i on isthrown.

public void makeTransactional (Object pc);
public void makeTransactional All (Collection pcs);
public void nakeTransactional All (Qbject[] pcs);

Use this action to make transient instances transient-transactional, or to bring persistent-nontransactional instances into the cur-
rent transaction. In the latter case, the action must be invoked during an active transaction.

public voi d makeNontransactional (Object pc);
public void makeNontransactional All (Collection pcs);
public void nakeNontransactional All (Cbject[] pcs);

Transitions transient-clean instances to transient, and persistent-clean instances to persistent-nontransactional. Invoking this ac-
tion on adirty instance will resultinaJDOUser Except i on.

public void refresh (Object pc);

public void refreshAll (Collection pcs);
public void refreshAll (Object[] pcs);
public void refreshAll ();

public void refreshAll (JDOException je);

217



Persi stenceM anager

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

Calling ther ef r eshAl | method with no parameters acts on all transactional objectsin the Per si st enceManager cache. If
there is no transaction in progress, the method is a no-op.

Calling ther ef r eshAl | method with aJDOExcept i on refreshes the failed object held by the exception, and recurses on al
nested exceptions.

public void retrieve (Object pc)

public void retrieveAll (Collection pcs)

public void retrieveAll (Object[] pcs);

public void retrieveAll (Collection pcs, boolean fgOnly);
public void retrieveAll (Cbject[] pcs, boolean fgOnly);

Retrieving a persistent object immediately loads all of the object's persistent fields with their datastore values. Y ou might use this
action to make sure an instance's fields are fully loaded before transitioning it to transient. Note, however, that this action is not
recursive. That is, if object A hasarelation to object B, then passing A tor et ri eve will load B, but will not necessarily fill B's
fields with their datastore values.

Setting f gOnl y to true will ensure that the fields in the current fetch groups are loaded, but may not load other fields.

8.6. Lifecycle Examples

Example 8.1. Persisting Objects

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

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

mag. set Publ i sher (pub);

pub. addMagazi ne (mag);

Article art = new Article ("JDO Rules!", "Transparent Cbject Persistence");
art.addAut hor (new Author ("Fred", "Hoyle"));
mag. addArticle (art);

/1 we only need to nake the root object persistent; JDO will traverse
/'l the object graph and make all related objects persistent too

Per si st enceManager pm = pnf. get Per si st enceManager ();

pm current Transacti on () begin ();

pm makePer si stent (nag

pm current Transacti on () commt ();

/1 or we could continue using the PersistenceManager. ..
pmclose ();

Example 8.2. Updating Objects

Magazi ne. Magau nel d m = new Magazi ne. Magazineld ();
m.isbn = lB78 YuoL"
m.title = "Javaver| d*

/1 read a nmgazine; note that in order to read objects outside of
/'l transactions you nust have the NonTransacti onal Read option set
Per si st enceManager pm = pnf. get Persi st enceManager ();
Magazi ne mag = (Magazi ne) pm get CbjectByld (m, true);
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Conpany pub = nmg. get Publ i sher ();

/1 updates should always be made within transactions; note that
/1 there is no code explicitly linking the magazine or conpany
/1 with the transaction; JDO automatically tracks all changes
pm current Tr ansact i on () begin ();

mag. setPrice (5.9

pub. set Revenue (1750000D)

pm current Transaction (). conmi t 0);

/1 or we could continue using the PersistenceManager. ..
pmclose ();

Example 8.3. Deleting Objects

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

/] read a conpany; note that in order to read objects outside of
/1 transactions you nmust have the NonTransactional Read option set
Per5|stencel\/anager pm = pnf. get Per si st enceManager ();
Conpany pub = (Conpany) pm get Obj ectByld (oid, true);

/1 del etes should al ways be nade within transactions
pm current Transaction ().begin ();

pm del et ePer si st ent Al | (pub get Subscriptions ());

pub. get Subscriptions ().clear ();

pm current Transaction ().conmmt () ;

/1 or we could continue using the PersistenceManager. ..
pmclose ();

8.7. Detach and Attach Functionality

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 servlet 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 seriadization, 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.

JDO provides support for this pattern using detach APIs that allow you to detach a persistent instance. Y ou can then modify the
detached instance offline, and attach the instance back into a Per si st enceManager - either the same one that detached the
instance or anew one - using makePer si st ent , which applies the changes to the the datastore.

In order to be able to detach a persistent instance, the metadata for the class must declare that it is eligible for detachment using
thedet achabl e class attribute. We described this attribute in Section 5.3, “ Class Element” [195].

After changing the det achabl e attribute of aclass, you must re-enhance it. Detachability requires that the enhancer
add additional fieldsto the class to hold information about the persistent instance's identity and state.

ct detachCopy (Object pc);
ection detachCopyAl | (Collection pcs);

°
c
=3
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public Cbject[] detachCopyAll (Cbject[] pcs);

Each detach method returns unmanaged copies of the given instances. The copy mechanism is similar to serialization, except that
only currently-loaded fields are copied.

When serializing a detachable object, the serialized copy will be in the detached state automatically. Y ou do not need to explicitly
detach an object before serializing it.

Whether through det achCopy or through serialization, detaching a dirty instance causes the current transaction transaction to
flush. This means that when subseguently re-attaching the detached object, JDO assumes that the transaction from which it was
originally detached committed. If the transaction rolled back, then either the re-attachment process will throw an exception, or the
transaction in which you re-attach the instance will fail on commit, just asif anormal optimistic conflict was detected.

publ i ¢ bool ean getDetachAl | OnCommit ();
public void setDetachAl |l OnConmit (bool ean detach);

Set the Det achAl | OnCommi t property to automatically detach the entire Per si st enceManager cache on commit. Unlike
the explicit det achCopy methods, the implicit detach-on-commit occurs in-place. Every instance in the Per si st enceMan-
ager cache transitions to the detached state, then the cache s cleared.

Kodo offers many enhancements to JDO detachment functionality, including additional options for automatic detach-
ment. See Section 11.1, “ Detach and Attach” [577) the Reference Guide for details.

Example 8.4. Detaching and Attaching

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

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

/| SERVER:

/] detaches object and returns to client

bj ect oid = processC ient Request ();

Per si st enceManager pm = pnf. get Per si st enceManager ();

Record record = (Record) pm get Cbj ectByld (oid);

/'l we detach explicitly because we want to close the PM before serializing
Record detached = (Record) pm detachCopy (record);

pmclose ();

sendToCl i ent (detached);

I/ CLI ENT:

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

sendToServer (detached);

/| SERVER:

/'l re-attaches the instance and commit the changes
Record nodified = (Record) processC ientRequest ();

Per si st enceManager pm = pnf. get Persi st enceManager ();
pm current Transaction ().begin ();

Record attached = (Record) pm makePersistent (nodified);
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attached. setLast Modified (SystemcurrentTimeMIlis ());
attached. set Modifier (getdientldentityCode ());

pm current Transaction ().commt ();

pmclose ();

8.8. JDO Identity Management

Each Per si st enceManager isresponsible for managing the JDO identities of the persistent objectsin its cache. The follow-
ing methods allow you to interact with the management of JDO identities.

public Class get ObjectldC ass (Cl ass pcCl ass);

Returns the JDO identity class used for the given persistence-capable class. If the given class does not use application identity, re-
turnsnul | .

public Object newObjectldlnstance (Cl ass pcCl ass, Object pkOrString);

This method is used to re-create JDO identity objects from the string returned by their t oSt r i ng method, or, in the case of
singlefield identity, from the primary key value. Given a persistence-capable class and a JDO identity string or primary key ob-
ject, the method constructs a JDO identity object. Using the get Obj ect Byl d method described below, thisidentity object can
then be employed to obtain the corresponding persistent instance.

Kodo also alows you to pass the primary key value of datastore identity instance into this method to create a datastore
identity object.

public Object getObjectld (Object pc);

Returns the JDO identity object for a persistent instance managed by this Per si st enceManager . Thismethod is similar to
JDOHel per . get Obj ect 1 d.

publ i
publ i

c Object getObjectByld (Cb ] ect oid, bool ean validate);
¢ Object getObjectByld (Object oi d)

These methods returns the persistent instance corresponding to the given JDO identity object. If the instance is already cached,
the cached version is returned. Otherwise, a new instance is constructed, and may or may not be loaded with data from the data-
store.

If theval i dat e parameter of the method ist r ue, the IDO implementation will throw a JDOCObj ect Not FoundExcept i on
if the datastore record for the given JDO identity does not exist. Otherwise, the implementation may return a cached object
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without validating it. The implementation might return a hollow instance even when no cached object exists, and an exception
will not be thrown until you attempt to access one of the object's persistent fields.

Invoking the method version without aval i dat e parameter isequivalent to usingaval i dat e parameter of t r ue.

public Object[] getCbjectsByld (Object[] oids, boolean validate);
public Qbject[] getCbjectsByld (Cbject[] oids);

public Collection getObjectsByld (Collection oids, boolean validate);
public Collection getObjectsByld (Collection oids);

These method are exactly equivaent to the singular get Obj ect Byl d methods, but acts on an array or collection of identity ob-
jects. They may be more efficient than calling the singular method for each identity object.

public Cbject getObjectByld (C ass pcC ass, Object pkOrString);

Thisis a convenience method equivalent to using newChj ect | dl nst ance to construct an identity object with the given
Cl ass and Obj ect , then calling get Obj ect Byl d with that identity object and aval i dat e parameter of t r ue. The code
below demonstrates this equivalence.

Persi stenceManager pm= ...;
bj ect pkvalue = ...;

bj ect oid = pm newObj ect | dl nstance (Magazi ne. cl ass, pkVal ue);
Magazi ne magl = (Magazi ne) pm get ObjectByld (oid, true);

Magazi ne mag2 = (Magazi ne) pm get Obj ect Byl d (Magazi ne. cl ass, pkVal ue);
assert True (magl == nmag2

8.9. Cache Management

These methods allow you to interact indirectly with the Per si st enceManager 's cache.

public void evict (Object pc);

public void evictAll (Collection pcs);
public void evictAll (Object[] pcs);
public void evictAll ();

Evicting an object tellsthe Per si st enceManager that your application no longer needs that object. Unlessit is dirty, the ob-
ject transitions to hollow and the Per si st enceManager releases all strong referencesto it, allowing it to be garbage collec-
ted.

Calling theevi ct Al | method with no parameters acts on all persistent-clean objectsin the Per si st enceManager 's cache.

public void flush ();

Thef | ush method writes any changes that have been made in the current transaction to the datastore. If the Per si st enceM
anager does not already have a connection to the datastore, it obtains one for the flush and retainsiit for the duration of the
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transaction. Any exceptions during flush cause the transaction to be marked for rollback, asif Tr ansac-
tion. set Rol | backOnl y were caled. See Chapter 9, Transaction [226]

Flushing has no effect outside of atransaction.

public void checkConsistency ();

8.10.

This method validates the dirty objectsin the Per si st enceManager cache against the datastore. Within a datastore transac-
tion, this method may delegateto f | ush. Within an optimistic transaction, this method obtains a datastore connection and
checks that the instances in cache are consistent with their datastore records. If the implementation detects any inconsistencies,
such as concurrent modification by another thread/process, it throwsaJDOOpt i nmi sti cVeri fi cati onExcepti on. Any
datastore resources obtained during the course of this method are released before the method returns. This method has no effect
outside of atransaction.

You can usecheckConsi st ency to determineif a subsequent commit islikely to succeed. If checkConsi st ency throws

aJDOOpt i mi sticVerificati onExcepti on,you have an opportunity to gather the failed objects in the exception and its
nested exceptions and fix their inconsi stencies before committing.

Extent Factory

public Extent getExtent (Cl ass pcCl ass, bool ean includeSubcl asses);

8.11.

Ext ent sarelogical representations of all persistent instances of a given persistence-capable class, possibly including sub-
classes.

Ext ent sare obtained through the Per si st enceManager 'sget Ext ent method. This method takes two parameters: the
class of objectsthe Ext ent contains, and abool ean indicating whether or not the Ext ent also contains subclass instances.

Y ou cannot retrieve Ext ent sfor persistence-capabl e classes whose metadata specifiesavalue of f al se for ther equi r es- ex-
t ent attribute.

Query Factory

public Query newQuery ();

public Query newQuery (String query);

public Query newQuery (C ass candi dated ass);

public Query newQuery (Cl ass candi dateC ass, String query);

public Query newQuery (Extent candi dates);

public Query newQuery (Extent candi dateC ass, String query);

public Query newQuery (C ass candi dated ass, Collection candi dates);

public Query newQuery (Cl ass candi dateC ass, Collection candidates, String query);
public Query newQuery (Object query);

public Query newQuery (String |anguage, Object query);

Quer y objects are used to find persistent objects matching certain criteria. Y ou can obtain Quer y instances through one of the
Per si st enceManager 's several newQuer y methods. Methods that take a query string parameter accept either a JIDOQL fil-
ter or aJDOQL single-string query. See Chapter 11, Query [232dnd the Per si st enceManager Javadoc for details.

public Query newNanedQuery (String nane);
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This method retrieves a query defined in metadata by name. The returned Quer y instanceisinitialized with the information de-
clared in metadata, but is fully mutable. For more information on named queries, read Section 11.10, “ Named Queries’ [250]

8.12. Sequence Factory

publ i c Sequence get Sequence (String nane);

Sequences are value generators defined in metadata. This method allows you to access a sequence by name. Chapter 16, Se-
gquence [318}overs sequences in detail.

8.13. Connection Access

publ i ¢ JDOConnection get Connection ();

Theget Connect i on method returns the datastore connection in use by the Per si st enceManager . If the Per si st -
enceManager does not have a connection already, it obtains one. The returned object implements JDOConnect i on, which
provides a single method:

bj ect get Nati veConnection ();

This method returns the underlying datastore connection, free from all decorators. Using the raw connection is dangerous, and
should be avoided when possible. Instead, cast the JDOConnect i on to the proper connection type. For example, in arelational
JDO implementation, the JDOConnect i on will alsoimplement j ava. sqgl . Connecti on.

If aJDO datastore transaction is in progress, then the returned connection will be transactionally consistent. If an optimistic trans-
action isin progress, the connection returned is only guaranteed to be transactionally consistent if the Per si st enceManager
has already flushed during the transaction. See Section 9.1, “ Transaction Types' [226jor descriptions of optimistic and pessim-
istic transaction types.

Kodo's Per si st enceManager sexpose aabegi nSt or e method you can use to ensure that a datastore transaction
isin progress without flushing. See the method Javadoc for details.

Always close the returned connection (but not the underlying native connection!) before attempting any other Per si st enceM
anager operations. The JDO implementation will ensure that the native connection is not released if atransaction isin progress.

Example 8.5. Using the PersistenceManager's Connection

inport java.sql.*;

Persi st enceManager pm= ...;
Connection conn = (Connection) pm get Connection ();
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/1 do JDBC stuff

conn.close ();

8.14

Closing

publ i c bool ean i sC osed ();
public void close ();

When aPer si st enceManager isno longer needed, call itscl ose method. In an unmanaged environment, closing a Per -
si st enceManager releases any resourcesit is using. The persistent objects managed by the Per si st enceManager be-
comeinvalid, asdo any Quer y, Ext ent , and Sequence instancesit created. Calling any method other thani sCl osed ona
closed Per si st enceManager resultsinaJDOUser Except i on. You cannot close aPer si st enceManager thatisin
the middle of atransaction in an unmanaged environment.

In a managed environment where transactions are controlled by an external Tr ansact i onManager , closing aPer si st -
enceManager returnsit to apool, where it remains associated with the current global transaction. The Per si st enceMan-
ager does not freeits resources until the global transaction ends. In this environment, it is good practice to obtain the Per -

si st enceManager fromthePer si st enceManager Fact ory at the beginning of each business method, and to close it at
the end of each method. The JDO implementation will ensure that you always receive the same Per si st enceManager within
the same transactional context.
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Transactions are critical to maintaining dataintegrity. They are used to group operations into units of work that act in an all-
or-nothing fashion. Transactions have the following qualities:

« Atomicity. Atomicity refersto the all-or-nothing property of transactions. Either every data update in the transaction com-
pletes successfully, or they al fail, leaving the datastore inits original state. A transaction cannot be only partially successful.

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

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

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

maintaining data integrity, consider the following example:

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

public void transferFunds (User from User to, double ammt)

from decr enent Account (amt);
to.increment Account (ammt);

Now suppose that user Alice wants to transfer 100 dollars to user Bob. No problem: you invoke your t r ansf er Funds method,
supplying Alicein the f r omparameter, Bob inthet o parameter, and 100. 00 astheamnt . Thefirst line of the method is ex-
ecuted, and 100 dollarsis subtracted from Alice's account. But then, something goes wrong. An unexpected exception occurs, or
the network fails, and your method never completes.

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

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

9.1. Transaction Types

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

Pessimistic transactions generally lock the datastore records they act on, preventing other concurrent transactions from using the
same data. This avoids conflicts between transactions, but consumes alot of database resources. Additionally, locking records can
result in deadlock, a situation in which two transactions are both waiting for the other to release its locks before completing. The
results of a deadlock are datastore-dependent; usually one transaction is forcefully rolled back after some specified timeout inter-
val, and an exception is thrown.
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JDO does not have pessimistic transactions per se. Instead, JDO has datastore transactions. Thisis JDO's way of admitting that
some datastores do not support pessimistic semantics, and that the exact meaning of anon-optimistic JDO transaction is depend-
ent on the datastore. In most JDO implementations, a datastore transaction is equivalent to a pessimistic transaction.

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

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

Kodo supports both optimistic and datastore transactions. Kodo defaults JDO datastore transactions to pessimistic se-
mantics; however, Kodo also offers advanced locking and versioning APIs for fine-grained control over database re-
source allocation and object versioning. See Section 9.4, “ Object L ocking” [5423nd Section 5.8, “ L ock Groups’ [476]
of the Reference Guide for details on locking. Section 15.10, “Version” [284)f this document covers object versioning
strategies.

9.2. The JDO Transaction Interface

javax.jdo

Transaction
- Synchronization: Synchronization
- NonTransactionalRead: boolean
- MonTransactionalWrite: boolean
- RetainValues: boolean
- RestoreValues: boolean
- Optimistic: boolean
- begin()
- commity()
- rolibacky{)
- setRolibackOnly()
- getRolibackOnly(): boolean
- isActive(): boolean

TheTr ansact i on interface controls transactions in JDO. This interface consists of "getter" and "setter" methods for several
Java bean-style properties and standard transaction demarcation methods.

Kodo offers additional transaction-related functionality through the KodoPer si st enceManager .

Kodo can also integrate with your application server's JTA service. See Section 8.2, “ Integrating with the Transaction
Manager” [535h the Reference Guide for details.

9.2.1. Transaction Properties

publ i ¢ bool ean get Nontransactional Read ();
public void setNontransacti onal Read (bool ean read);
publ i c bool ean get Nontransactional Wite ();
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public void setNontransactional Wite (boolean wite);
publ i ¢ bool ean get Retai nVal ues ()

public voi d setRetainVal ues (bool ean retain);

publ i ¢ bool ean get Rest oreVal ues ()

public voi d set RestoreVal ues (bool ean restore);

publ i c bool ean getOptimstic ()

public void setOptinistic (boolean optimistic);

public Synchroni zati on get Synchroni zation ();

public void setSynchroni zation (Synchronization synch);

9.2.2.

TheTransacti on'sNontransacti onal Read, Nontransactional Wite, RetainValues, RestoreVal-
ues, and Opt i m st i c propertiesmirror those presented in Section 7.2.2, “ PersistenceM anager and Transaction Defaults’
[209]. We need not discuss them again.

Thefinal Tr ansact i on property, Synchr oni zat i on, has not been covered yet. This property enables you to associate a

j avax.transaction. Synchroni zati on instancewiththe Tr ansact i on. The Tr ansact i on will notify your Syn-
chroni zat i on instance on transaction completion events, so that you can implement custom behavior on commit or rollback.
Seethej avax. transacti on. Synchroni zat i on Javadoc for details.

Kodo implements a compl ete transaction event listener framework in addition to the standard Synchr oni zat i on
callbacks mandated by the JDO specification. Seethe kodo. event package Javadoc for details.

Transaction Demarcation

public void begin ();
public void commt ()
public void roll back ()

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

public void setRollbackOnly ();
publi ¢ bool ean get Rol | backOnl y 0);

In alarge system, it is generally good practice to isolate transaction demarcation code from business logic. Y our business meth-
ods should not begin and end transactions; that should be Ieft to the calling code. In fact, declarative transaction frameworks like
EJB's Container Managed Transactions (CMT) get rid of explicit transaction demarcation altogether.

Sometimes, though, your business methods may encounter an error that invalidates the current transaction. The set Rol | back-
Onl y method allows your business logic to mark the transaction for rollback. The method takes no parameters: once a transac-
tion has been marked for rollback it cannot be unmarked. A transaction that has been marked for rollback cannot commit success-
fully. A call toconmi t will result in an exception and an automatic rollback. The get Rol | backOnl y method allows you to
test whether the current transaction has been marked for rollback.

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

Example 9.1. Grouping Operations with Transactions

public void transferFunds (User from User to, double amt)

/1 note: it would be better practice to nove the transaction denarcation
/] code out of this nethod, but for the purposes of exanple...
Per si st enceManager pm = JDCHel per . get Per si st enceManager (from;
Transaction trans = pmcurrent Transaction ();
trans. begin ();
try
{
from decrement Account (ammt);
to.increnent Account (amt);
trans.commit ();

}
catch (JDOFatal Exception jfe) // trans is already rolled back

throw jfe;

}

catch (RuntimeException re) /1 includes non-fatal JDO exceptions
trans.rol |l back (); /l or could attenpt to fix error and retry
throw re;
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Javax.jdo

Extent
- CandidateClass: Class
- Subclasses: boolean
- getFetchPlan(): FetchPlan
- iteratorf): fterator
- close(lterator)
- closeAll()

An Ext ent isalogical view of al persistent instances of a given persistence-capable class, possibly including subclasses. Ex-
t ent sare obtained from Per si st enceManager s, and are usually used to specify the candidate objectsto aQuery.

Kodo extends the standard Ext ent with the KodoExt ent interface to provide additional functionality. Y ou can cast
any Ext ent in Kodo to aKodoExt ent .

public O ass getCandi dated ass ();
publ i ¢ bool ean hasSubcl asses ();

Theget Candi dat ed ass method returns the persistence-capable class of the Ext ent 'sinstances. The hasSubcl asses
method indicates whether instances of subclasses are part of the Ext ent  aswell.

public FetchPl an get FetchPl an ();

Beforeiterating an Ext ent , you may want to use the Fet chPl an to optimize which fields and relations of the returned objects
will be loaded, and to configure result scrolling. See Chapter 12, FetchPlan [254for details on the Fet chPl an interface.

When you create an Ext ent with Per si st enceManager . get Ext ent , the Ext ent 'sFet chPl an isinitialized to the
same values as the plan of itsowning Per si st enceManager . Subsequent changes to the Ext ent 'sFet chPl an, however,
will not affect the Per si st enceManager 's plan.

public Iterator iterator ();
public void close (lterator itr);
public void closeAll ();

You can obtain an iterator over every object in an Ext ent usingthei t er at or method. The iterators used by some implement-
ations might consume datastore resources; therefore, you should always close an Ext ent 'siterators as soon as you are done with
them. Y ou can close an individual iterator by passing it to the cl ose method, or all open iterators at once with cl oseAl | .
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Example 10.1. Iterating an Extent

Per si st enceManager pm = ...;

Ext ent mags = pm get Extent (Magazine.cl ass, true);
Iterator itr = enployees.iterator ();
while (itr.hasNext ())

processMagazi ne ((Magazine) itr.next ());
mags. close (itr);
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Javax.jdo

Query
- lgnoreCache: boolean
- Extensions: Map
- 5eiClass(Class)
- setCandidatesy...)
- selFilter(String)

- declareParameters{String)
- declare Variables(String)
- declarelmports(String)

- setUnique{boolean)

- setRange(long, long)
- selOrdering(String)

- setResult{String)
- setGrouping(String)
- setResultClass{Class)

- getFetchPlan(): FetchPlan
- compile()

- exacute(...): Object

- exacuteWithMapiMap): Objact

- executeWithArray{Object(]): Object
- close(Object)

- closeAll()

Thej avax. j do. Query interface serves two functions: object filtering and dataretrieval. This chapter examines each in turn.

Kodo extends the standard Quer y interface with the KodoQuer y interface to provide additional functionality. You
can cast any Query in Kodo to aKodoQuery.

11.1. Object Filtering

JDO queries evaluate a group of candidate objects against a set of conditions, eliminating the objects that don't match. We refer to
this as object filtering. The original group of objects might bea Col | ect i on of instances you've aready retrieved, or an Ex-

t ent . Recall from Chapter 10, Extent [230] that an Ext ent represents all persistent instances of a certain class, optionally in-
cluding subclasses.

Filter conditions are specified in the IDO Query Language (JDOQL). The filtering process might take place in the datastore, or
might be executed in memory. JDO does not mandate any one mechanism, and many implementations use a mixture of datastore
and in-memory execution depending on the circumstances.

Basic object filtering utilizes the following Quer y methods:

public void setCl ass (Cl ass candi dateCl ass);
public voi d setCandi dates (Extent candi dates);
public void setCandi dates (Collection candi dates);
public void setFilter (String filter);
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» set d ass namesthe candidate class. Candidate objects that are not assignable to the candidate class cannot match the filter.

» Thetwo set Candi dat es methods specify the set of objects to evaluate. If you supply an Ext ent , you don't need to also
call set O ass; theQuery inheritsthe Ext ent 's candidate class. Reciprocally, if you call set O ass but do not call
either set Candi dat es method, the query candidates default to the Ext ent of the candidate class, including subclasses.

» setFilter acceptsaJDOQL string establishing the conditions an object must meet to be included in the query results. As
you'll see shortly, JIDOQL looks exactly like a Java boolean expression using the candidate class persistent fields and rela-
tions. When you don't set afilter explicitly, it defaults to the ssimplest possible boolean expression: t r ue. In this case, all can-
didate objects assignabl e to the candidate class match the query.

Let's see an example of basic object filtering in action. Our example draws on the following subset of the object model defined in
Chapter 5, Metadata [193]. We use this model subset throughout this chapter.

org.mag org.mag.pub
Magazine
- isbn: String Company
- title:: String | : - name: String
- price: double publisher 1 - revenue: double
- copiesSold: int

1 1
coverArticle aricles®

Article
- title: String
- subtitles: List<String=

Example 11.1. Filtering

The following code processes all Magazi ne objectsin the database whose price is greater than 10 dollars.

Per si stenceManager pm = ;

Query query = pm nerJery ()

query. set G ass (Magazi ne. cl ass);

query. set Candi dates (pm get Extent (Magazine.class, true));

query.setFilter ("this.price > 10");

List mags = (List) _query. execute 0);

for (lterator itr = mags.iterator (); itr.hasNext ();)
processMagazi ne ((Magazine) itr.next ());

query. cl ose (mags);

The code above is technically correct, but could be much more concise. First, remember that setting a candidate class defaults the
candidates to the Ext ent of that class, and vice versa. So we don't need both the set Ol ass and set Candi dat es calls. We

can also get rid of thet hi s qualifier onpri ce inour filter string, since unqualified field names are already assumed to belong
to the current object, just asin Java code. Finally, we can take advantage of the fact that Per si st enceManager overloadsthe
newQuer y method to tighten our code further. Here is the revised version:

Per si st enceManager pm = .

Query query = pm nerJery (l\/aga2| ne.class, "price > 10");

List mags = (List) _Query. execute O);

for (lterator itr = nags.iterator () itr.hasNext ();)
processMagazi ne ((Magazine) itr.next ());

query. cl ose (mags);
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Thefilter above is rather basic. Before moving on to more advanced queries, though, we need to dive into the details of JIDOQL.

JDOQL

JDOQL is adatastore-neutral query language based on Java. It relies solely on your object model, completely abstracting the de-
tails of the underlying data model. As you have aready seen, the syntax of JDOQL isvirtualy identical to Javasyntax. In fact, a
good trick when writing a JIDOQL string isto pretend that you are writing a method of the query's candidate class. Y ou have ac-

cessto al of the class persistent fields, and to thet hi s keyword. There are, however, some notable ways in which JDOQL dif-
fersfrom Java:

* You can traverse through private persistent fields of relations.

» String literals can be either double-quoted or single-quoted.

» Equality and ordering comparisons between primitives and instances of wrapper classes (Bool ean, Byte, | nteger,
etc) arevalid.

e Equality and ordering between Dat esarevalid.
* Equality comparisons aways use the == operator; the equal s method is not supported.
e Theassignment operators (=, +=, *=,etc) aswell asthe++ and - - operators are not supported.
* Methods are not supported, with the following exceptions:

* Collection.contains

e Collection.isEmty

e Map. cont ai nsKey*

« Map. cont ai nsVal ue*

« Map. i sEnpt y*

e String.toUpper Case*

e String.tolLower Case*

e String.startsWth

e String.endsWth

e String. mat ches*: Regular expression support islimited totheuseof . , . *, and ( ?i ) to represent case-insensitive
matching.

e String.indexO*:BoththeString.indexO(String str) andtheString.indexOF(String str,
i nt from ndex) formsaresupported.

e String.substring*:BoththeString. substring(int start) andtheStri ng. substring(int
bei ngl ndex, int endl ndex) formsare supported.

e Mat h. abs*
e Math.sqrt*

e JDOHel per. get nj ect | d*
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» JDOQL supportsthe following aggregates: i n, nmax, sum avg, count*. We discussaggregatesin detail later in the
chapter.

e Traversing anull-valued field causes the subexpression to evaluate to f al se rather than throwing aNul | Poi nt er Ex-
ception.

Kodo offers several extensionsto JDOQL, and allows you to define your own extensions. See the Reference Guide's
Section 9.6, “ Query L anguage Extensions’ [550nd Section 9.6.4, “JDOQL Subqueries’ [553or details.

While it isimportant to note the differences between JDOQL and Java enumerated in the list above, it isjust asimportant to note
what isnot in the list. Mathematical operators, logical operators, i nst anceof , casting, field traversal, and static field access are
omitted, meaning they are al fully supported by JDOQL.

We demonstrate some of the interesting aspects of JDOQL below.

Example 11.2. Relation Traversal and Mathematical Operations

Find all magazines whose sales account for over 1% of the total revenue for the publisher. Notice the use of standard Java "dot"
notation to traverse into the persistent fields of Magazi ne'spubl i sher relation.

QJery query = pm newQuery (Mgazine. cl ass,
"price * copiesSold > publisher.revenue * .01");
Li st mags = (List) query.execute ();

Example 11.3. Precedence, Logical Operators, and String Functions

Find all magazines whose publisher's name is "Random House" or matches aregular expression, and whose priceis less than or
equal to 10 dollars. Here, we use single-quoted string literals to avoid having to escape double quotes within the filter string. No-
tice also that we compare strings with == rather than the equal s method.

QJery query = pm newQuery (Magau ne.class, "price <= 10.0 "
&& (publisher.name == "Random House' "
"|| publisher.nanme.tolLowerCase ().nmatches ('add.*ley')");
Li st mags = (List) query.execute ();

Example 11.4. Collections

Find all magazines whose cover article has a subtitle of "The Real Story" or whose cover article has no subtitles.

QJery query = pm newQuery (Magazine. cl ass,
coverArtche subtitles.contains (' The Real Story')
"|| coverArticle.subtitles.isEmty ()";
Li st mags = (List) query.execute ();
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Example 11.5. Static Methods

Retrieve all magazines whose publisher's revenue's square root is greater than 100 dollars.

Query query = pm newQuery (Magazine. cl ass,

"Mat h.sqrt (publisher.revenue) > 100");

Li st mags = (List) query.execute ();

11.3. Advanced Object Filtering

In this section, we explore advanced topics in object filtering, supported by the following Quer y methods:

public void decl areParaneters (String paraneters);
public void declareVariables (String variables);
public void declarelnports (String inports);

Thedecl ar ePar anet er s method defines the names and types of the query's parameters. Declaring query parametersis
anal ogous to declaring the parameter signature of a Java method, and uses the same syntax. Parameters acts as placeholdersin
the filter string, allowing you to supply new values on each execution. Parameters also alow for query by example, as demon-
strated in Example 11.8, “Query By Example’ [238]

Parameters do not have to be declared. Asyou will seein the examples below, you can introduce implicit parameters into
your queries simply by prefixing the parameter name with a colon in your JDOQL string. Wherever the type of an implicit
parameter can't be inferred from the context, you can set the type by casting the parameter in the JIDOQL.

Y ou cannot mix implicit and declared parameters in the same query. Each query must declare all of its parameters, or none of
them.

decl ar eVari abl es namesthelocal variables used in the query filter. It uses standard Java variable declaration syntax.
Query variables are typically used to place conditions on elements of collections or maps.

Like parameters, variables do not have to be declared. Whenever you use an unrecognized identifier where a variable would
be appropriate, the JDO implementation will dynamically define an implicit variable with that name. In the case of an uncon-
strained variable, you must cast the variable in your JIDOQL to supply itstype. Unlike parameters, you can mix both declared
and implicit variables in the same query.

Y ou can import classes into the query's namespace with the decl ar el npor t s method. The method argument uses stand-
ard Javai nport syntax. By default, queries only recognize unqualified class names when the class isin the package of the
candidate class, or whenitisinj ava. | ang. Using imports, you can save yourself the trouble of typing out full class names
in your parameter and variable declarations, and in your your filter string (class names can appear in filter strings when you
usethei nst anceof operator, access astatic field, or perform a cast).

The following examples will give you afeel for the query elements described above. They use the object model we defined in the
previous section.

Example 11.6. Imports and Declared Parameters
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Find the magazines with a certain publisher and title, where the publisher and title are supplied as parameters on each execution.

Per si st encel\/anager pm=...;

Conpany conp = .
String str = ...;

QJery query = pm nerJery (Magazi ne. cl ass,
"publi sher == pub && title == ttl");

query. decl arel nports (" |np0rt org. mag. pub *");

query. decl areParanmeters ("String ttl, Conpany pub");

Li st mags = (List) query.execute (str conp) ;

for (lterator itr = nags.iterator (); itr. hasNext 0O3)
processl\/agazme ((Magazine) itr.next ());

query. cl ose (nmags);

There are two things to take away from this example. First, the import prevents us from having to qualify the Conrpany class
name when declaring our pub parameter (although in this case, it would have been easier to just write out the full class namein
the parameter declaration). The unqualified Conpany nameis not automatically recognized by the query because Conpany
isn't in the same package as Magazi ne, the candidate class.

Second, notice that we supply values for the parameter placeholders when we execute the query. Parameters can be of any type
recoghized by JDO, though primitive parameters have to be supplied as instances of the appropriate wrapper type on execution.

The Quer y interface includes several methods for executing queries with various numbers of parameters. When you use declared
parameters, you should supply the parameter values in the same order that you declare the parameters.

Example 11.7. Implicit Parameters

The query below is exactly the same as our previous example, except this time we use implicit parameters.

Per si st encel\/anager pm= ...,
Conpany conp = ...;
String str = ...;

QJery query = pm nerJery (Magazi ne. cl ass,
publisher == :pub & title == :ttl");
Li st rmgs = (List) _Query. execut e (corrp str)
for (lterator itr = nags.iterator (); itr. hasNext 0O3)
processMagazi ne ((Magazine) itr.next ());
query. cl ose (mags);

Here, we use colon-prefixed names to introduce new parameters without declarations. When we execute the query, we supply the
parameter values in the order the implicit parametersfirst appear in the JIDOQL. Later in the chapter, we'll see queries that consist
of multiple IDOQL strings. Each string might introduce new implicit parameters. When deciding the proper order to supply the
parameter values, start with the parameters in the result string, then those in the filter, then the grouping string, and finally the or-
dering string.

In the query above, we can infer the type of each parameter based on its context. Thisis almost always the case. There are times,
however, when the context alone is not enough to determine the type of an implicit parameter. In these cases, use a cast to supply
the parameter type:

Per si st encel\/anager pm=...;

Conpany conp =
QJery query = pm newQuery (Mgazine.cl ass,
"publ i sher.revenue == ((org.nag. pub Conpany) I pub) . revenue");

List mags = (List) _Query. execute (conp

for (lterator itr = nags.iterator (); i tr.hasNext 0O3:)
processMagazi ne ((Magazine) itr.next ());

query. cl ose (mags);
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Example 11.8. Query By Example

Parameters do not need to be in the datastore to be useful. Y ou can implement query by examplein JDO by using an existing "ex-
ample" object as a query parameter:

Per si st encel\/anager pm =

Magazi ne exanpl e = new Magau ne ();

exanpl e. setPri ce (100)

exanple.setTitle (" Fourier Transforns' ")

QJery query = pm newQuer y (Naga2| ne. cl ass,
"price == ex.price & title == ex. tithe );

query. decl arePar aneters ("Magazi ne ex");

Li st mags = (List) query.execute (exanpl e);

for (lterator itr = mags.iterator (); itr.hasNext ();)
processMagazi ne ((Magazine) itr.next ());

Example 11.9. Variables

Find all magazines that have an article titled "Fourier Transforms'.

Per si stenceManager pm = ;
QJery query = pm nerJery (l\/agazme class, "articles.contains (art) "
"&% art.title == 'Fourier Transforms "

query decl areVariables ("Article art");

List mags = (List) _query. execute ();

for (lterator itr = mags.iterator (); itr.hasNext ();)
processMagazi ne ((Magazine) itr.next ());

query. cl ose (nmags);

A variable represents any persistent instance of its declared type. So you can read the filter string above as. "The magazine's

arti cl es collection contains some article ar t , where ar t 'stitleis 'Fourier Transforms™. Notice how we bind ar t to a partic-
ular collection with thecont ai ns method, then test its propertiesin an & &'d expression. Thisis a common pattern in JDOQL
filters, and applies equally well to placing conditions on the keys and values of maps.

Of course, we don't have to declarear t explicitly. The same query without decl ar eVar i abl es would work just aswell:

Per si stenceManager pm = ;
QJery query = pm nerJery (Nagazme class, "articles.contains (art) "
"8 art.title == 'Fourier Transfornms' "
Li st mags = (List) query.execute 0);
for (lterator itr = nags.iterator (); itr.hasNext ();)
processMagazi ne ((Magazine) itr.next ());
query. cl ose (mags);

In this case the JDO implementation assumes ar t isan implicit variable because it does not match the name of any field in the
candidate class. The new variable's typeis set to the known element type of the collection that containsit.

Example 11.10. Unconstrained Variables

The example above uses a variable to represent any element in a collection. We refer to variables used to test collection or map
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elements as constrained or bound variables, because the values of the variable are limited by the collection or map involved.
Many JDO implementations also support unconstrained variables. Rather than representing a collection or map element, an un-
constrained variabl e represents any persistent instance of its class. Consider the following example:

QJery query = pm newQuery (Article.class, "mag.copiesSold > 10000 "
"&& mag. coverArticle == this");
query decl areVari abl es ("Magazi ne nag");
List arts = (List) query.execute ();
for (lterator itr = arts.iterator (); itr.hasNext ();)
processArticle ((Article) itr.next ());
query.close (arts);

What does this query do? Let's break it down. The first clause matches any magazine that has sold more than 10,000 copies. The
second clause requires that the cover article of the magazine is the candidate instance being evaluated (notice the query's candid-
ateclassisArti cl e inthisexample). So the query returns all articlesthat are the cover article for a magazine that has sold more
than 10,000 copies. The unconstrained variable mag allowed us to overcome the fact that there was no direct relation from Ar t -

i cl etoMagazi ne (only thereverse).

Later in this chapter, we'll see how to use a projection to drastically simplify this query.

We can also execute this query without declaring the mag variable explicitly. Without a constraining cont ai ns clause,
however, the type of an unconstrained, implicit variable isimpossible to infer. Use a cast to supply the type:

Qjery query = pm newQery (Article.class, "((Mgazine) mag).copiesSold > 10000 "
" && mag. coverArticle == this");
Li st arts = (List) query.execute (),
for (lterator itr = arts.iterator (); itr.hasNext ();)
processArticle ((Article) itr.next ());
query.close (arts);

11.4

Up until now, we have focused on how to configure our queries with the right filter, but we have ignored how to actually execute
the query. The next section corrects this oversight.

Compiling and Executing Queries

public FetchPlan getFetchPlan ();

Before compiling and/or executing your query, you may want to use the query's Fet chPl an to optimize which fields and rela-
tions of your result objects will be loaded, and to configure result scrolling. See Chapter 12, FetchPlan [254or details on the
Fet chPI an interface.

When you create a query with Per si st enceManager . newQuery or Per si st enceManager . newNanedQuery, the
query's Fet chPl an isinitialized to the same values as the plan of its owning Per si st enceManager . Subsequent changesto
the query's Fet chPl an, however, will not affect the Per si st enceManager 's plan.

public void conpile ();

Compiling is a hint to the implementation to optimize an execution plan for the query. During compilation, the query validates all
of its elements and reports any inconsistencies by throwing aJDOUser Except i on. Queries automatically compile themselves
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before they execute, so you probably won't use this method often.

public Object execute ();

public Object execute (Object parantl);

public Object execute (Object parandl, Object paran®);

public Cbject execute (Object paranml, Cbject paranR, Object paranB);
public Object executeWthArray (Object[] parans);

public Object executeWthMap (Map parans);

As evident from the exampl es throughout this chapter, queries are executed with one of the many execut e methods defined in
the Quer y interface. If your query uses between 0 and 3 parameters, you can use the execut e version that takes the proper
number of Obj ect arguments. For queries with more than 3 parameters, you can use the generic execut eW t hAr r ay and
execut eW t hMap methods. In the latter method, the map is keyed on the parameter name.

All execut e methods declare areturn type of Cbj ect because the return type depends on how you've configured the query. So
far we've only seen queriesthat return Li st s, but thiswill change in the next section.

public void close (Cbject result);
public void closeAll ();

11.5

Some query results may hold on to datastore resources. Therefore, you should close query results when you no longer need them.
You can close an individual query result with the cl ose method, or all open results at once with cl oseAl | .

By default, Kodo greedily fills each result list and immediately releases all database resources, making cl ose unneces-
sary. Y ou can, however, configure Kodo to use lazy element instantiation where appropriate. Under lazy instantiation,
list elementsthat are never accessed are never created, and elements may be released after being traversed. Combined
with Kodo's memory-sensitive data structures and smart eager fetching policies, lazy element instantiation also allows
you to efficiently iterate over huge data sets - even when the entire data set could not possibly fit into memory at once.
These lazy results consume database resources, so if you enable them you are strongly encouraged to close al query res-
ults after processing. If they are not closed explicitly, they are closed automatically when the VM garbage collects
them. See Section 4.10, “ Large Result Sets’ [440h the Reference Guide for details on configuring Kodo for lazy result
instantiation.

Limits and Ordering

We have seen how you tell the query which objects you want. This section shows you how to also tell it how many objects you
want, and what order you want them in.

public void setUni que (bool ean uni que);
public void setRange (long start, |long end);

Usethe set Uni que method when you know your query matches at most a single object. A unique query always returns either
the one candidate instance that matched the filter, or null; it never returnsali st . In fact, unique queries enforce the one-result
rule by throwing aJDOUser Except i on if more than one candidate survives the filtering process.

Whileset Uni que isdesigned for queries with only one result, set Range is designed for those with many. Most applications
that deal with large amounts of data only process or display afixed number of records at atime. For example, aweb app might
show the user 20 results per page, though many thousands of records exist in the database. Using set Range, you can retrieve
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the exact range of objects you're interested in. The method behaves much likeLi st . subLi st or St ri ng. subStri ng: it
uses 0-based indexes, and the end index is exclusive. Unlike these methods, however, set Range won't throw an exception
when your range extends beyond the available elements. If 50 records exist and you ask for therange 40, 60, you'll receive a
list containing the 41st (remember indexes are 0-based) through 50th result objects. If you ask for therange 60, 80, you'll get
an empty list.

Whenever you don't specify arange on aquery, it defaults to a start index of 0 and an end index of Long. MAX_VALUE, which
represents no limit.

public void setOrdering (String ordering);

Ranges are meaninglessiif the result order isn't constant between query executions, and many datastores don't guarantee consist-
ent natural ordering. set Or der i ng gives you control over the order of results, so you don't have to rely on the vagaries of the
datastore. The method's argument is a commar-separated list of field names or expressions, each followed by the keyword as-
cendi ng or descendi ng. Those keywords can be abbreviated asasc and desc respectively. Results are ordered primarily
by the first (left-most) expression. Wherever two results compare egqual with that expression, the next ordering expression is used
to order them, and so on.

Example 11.11. Unique

Find the magazine " Spaces' published by Manning. We know that this query can only match 0 or 1 magazines, so we set the
uni que flag to avoid having to extract the result object fromalLi st .

Per si st enceManager pm =

QJery query = pm nerJery (l\/aga2| ne. cl ass,
"publisher.name == 'Manning' && title == 'Spaces'");

query. set Uni que (true);

processMagazi ne ((Magazi ne) query.execute ());

Example 11.12. Result Range and Ordering

Order all magazines by price and return the 21st through 40th results.

Per si stencel\/anager pm= .

Query query = pm nerJery (l\/agau ne. cl ass) ;

query.setOrdering ("price ascending");

query. set Range (20, 40);

List mags = (List) query.execute ();

for (lterator itr = mags.iterator (); itr.hasNext ();)
processl\/agazme ((Magazine) itr.next ());

query. cl ose (mags);

11.6

Projections

At the beginning of the chapter, we said that JDO queries serve two purposes: object filtering and dataretrieval. So far, we have
concentrated primarily on object filtering. We now shift our focus to dataretrieval, starting with projections.
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A projection consists of one or more values formed by traversing the fields of the candidates. Y ou can use projections to get back
only the fields or relations that you are interested in, rather than manually pulling the desired data from each result object. Asyou
will seelater, you can even instruct JDO to pack the projected field values into a class of your choosing.

Projections are established with the set Resul t method:

public void setResult (String result);

resul t isacomma-separated string of result expressions. Each result expression might be afield name, arelation traversal, or
any other valid JDOQL clause. In al our queriesto this point, we've taken advantage of the fact that when you don't specify ares-
ult string explicitly, it defaultsto t hi s, meaning the query returns each matching object itself (actually, r esul t defaultsto

di stinct this as C, whereCistheunquaified candidate class name, but for now just think of it ast hi s).

We present a simple projection below. We're still using the object model defined in Section 11.1, “ Object Filtering” [232].

Example 11.13. Projection

Query query = pm nerJery (Magazi ne. cl ass);

query. setResuIt ("title, price");

List results = (List) query.execute ();

for (lterator itr = results.iterator (); itr.hasNext ();)

Obj ect[] data = (Qoject[]) itr.next ();
processData ((String) data[0], (Doubl e) data[1]);

query.close (results);

Each query result in this caseisnhot aMagazi ne instance, but an array consisting of each magazine's title and price. Projections
allow you to acquire only the data you're interested in, and ignore the rest.

JDOHel per . get Obj ect | d becomes a particularly useful IDOQL method when applied to projections. Notice that because
we only select asingle result expression this time, we get back the raw result values (in this case, identity objects) instead of ob-
ject arrays.

Query query = pm nerlery (Magazi ne. cl ass, publ i sher.revenue > 1000000");
query. set Result ("JDOHel per. get Cbj ectld (thl s)");
List oids = (List) _query. execute ();
for (Iterator itr = oids.iterator () itr.hasNext ();)
processObjectld (itr.next ());
query.cl ose (oids);

Projections aren't limited to the candidate class and itsfields. Hereis a query selecting the first 3 characters of the cover article's
title for all magazines under 5 dollars:

Example 11.14. Projection Field Traversal

Query query = pm neruery (Magazi ne. class, "price < 5");

query. setResuIt ("coverArticle.title.substring (0, 3)");

List ttls = (List) query.execute ();

for (lterator itr = ttls.iterator (); itr.hasNext ();)
processTitle ((String) itr.next ());
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query.close (ttls);

But what if we change our minds, and decide we're really interested in the subtitles of all cover articles, rather than their titles?
Setting the result query tocover Arti cl e. subtitles. substring (0, 3) won'tdothetrick;subtitlesisaCol -
| ectionfield,and Col | ect i on doesn't haveasubst ri ng method. What we're after isnt thesubt i t | es field itself, but
its elements.

Y ou may recall from previous examples that we used query variables to represent the elements of collections. We can apply the

same solution here. By binding a variable to the elements of thesubt i t | es collection in our filter and selecting the variable in
our result string, we achieve our goal .

Example 11.15. Projection Variables

QJery query = pm newQuery (Magazi ne.cl ass, "price <5 "
"&& coverArticle.subtitles.contains (ttl)");
query setResuIt ("ttl.substring (0, 3)");
List ttls = (List) query.execute (),
for (lterator itr = ttls.iterator (); itr.hasNext ();)
processSubtitle ((String) itr.next ());
query.close (ttls);

Now we have our subtitle data, but we're faced with anew problem: alot of subtitles start with the same 3 characters, and we
really only want to process each string once. Luckily, JDO has a built-in solution. If you begin aresult string with the di st i nct
keyword, JDO filters out duplicates. This applies not only to simple projections as in this example, but to complex projections
consisting of multiple return values, including persistent object values.

Example 11.16. Distinct Projection

QJery query = pm newQuery (Magazine.class, "price <5 "

"&& coverArticle.subtitles.contains (ttl)"

query setResult ("distinct ttl.substring (0, 3)"
List ttls = (List) query.execute ();

for (lterator itr = ttls.iterator (); itr.hasNext ();)
processSubtitle ((String) itr.next ());

query.close (ttls);

e
W
)i

Some object-relational mapping products require you to alter your query to circumvent duplicate results caused by rela-
tional joins. In the simple case, this may only involve using a SELECT DI STI NCT equivalent. But in the complex
case, such as with aggregate data, you might need to tell the implementation to use subselects and other complicated
workarounds to avoid the relational joins problem.

Thisis not the casein JDO. JDO implementations always automatically eliminate duplicates caused by relational joins.
You only need to usethedi st i nct keyword inyour JDO result string when there are repeated values in the database
that you'd like to filter out.
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Remember the unconstrained variable example earlier in this chapter? We wanted to find all the cover articles of magazines that
sold over 10,000 copies, but we had to work around the fact that thereisno relation from Art i cl e to Magazi ne:

QJery query = pm newQuery (Article.class, "mag.copiesSold > 10000 "
"&& mag. coverArticle == this");
query decl areVari abl es ("Magazi ne mag");
List arts = (List) query.execute ();
for (lterator itr = arts.iterator (); itr.hasNext ();)
processArticle ((Article) itr.next ());
query.close (arts);

To conclude the section, let's simplify this query using our newfound knowledge of projections:

Query query = pm newQuery (Magazine.cl ass, "copiesSold > 10000");

query.setResult ("coverArticle");

List arts = (List) query.execute ();

for (lterator itr = arts.iterator (); itr.hasNext ();)
processArticle ((Article) itr.next ());

query.cl ose (arts);

11.7

Aggregates

Aggregates are just what they sound like: aggregations of data from multiple instances. Combined with object filtering and group-
ing, aggregates are powerful tools for summarizing your persistent data.

JDOQL includes the following aggregate functions:

e m n(expression) : Returns the minimum value of the given expression among matching instances.
* max(expressi on) : Returns the maximum value of the given expression among matching instances.
e sun{ expressi on) : Returns the sum of the given expression over all matching instances.

* avg(expression) : Returns the average of the given expression over all matching instances.

e count (expressi on) : Returns the number of matching instances for which the given expression is not null.

Kodo allows you to define your own aggregate functions. See Section 9.6, “ Query L anguage Extensions’ [550h the
Reference Guide for detalls.

The following example counts the number of magazines that cost under 5 dollars:

Example 11.17. Count

Query query = pm newQuery (Magazine.class, "price < 5");
query.setResult ("count(this)");
Long count = (Long) query.execute ();
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Y ou may be thinking that we could have gotten the count just as easily by executing a standard query and calling Col | ec-
tion.size () ontheresult, and you'd be right. But not all aggregates are so easy to replace. Our next example retrieves the
minimum, maximum, and average magazine prices in the database. These values would be alittle more difficult to calculate
manually. More importantly, iterating over every single persistent magazine in order to factor its price into our calculations would
be woefully inefficient.

Example 11.18. Min, Max, Avg

Query query = pm neruery (Magazi ne. cl ass) ;
query. set Resul t ( mn(price), max(price), avg(price)");
Obj ect[] prices = (G) ect[]) query.execute ();
Doubl e min = (Double) prices[0];
Doubl e max = (Double) prices[1];
Doubl e avg = (Double) pri ces[2];

The functionality described above is useful, but aggregates only really shine when you combine them with object grouping.

public void setGouping (String grouping);

The Query interface'sset Gr oupi ng method allows you to group query results on field values. The grouping string consists
of one or more comma-separated clauses to group on, optionally followed by the havi ng keyword and a boolean expression.
Thehavi ng expression pares down the candidate groups just as the query's filter pares down the candidate objects.

Now your aggregates apply to each group, rather than to all matching objects. Let's see thisin action:

Example 11.19. Grouping

The following query returns each publisher and the average price of its magazines, for all publishers that publish no more than 10
magazines.

Query query = pm nerJery (Magazi ne. cl ass)
query.setResult (" publlsher avg(price)");

query. setGroupl ng ("publi sher havi ng count(thl s) <= 10");
List results = (Li st) query. execute ();

for (lterator itr = results.iterator () itr.hasNext ();)

oj ect[] data = (Qoject[]) itr.next ();
processData ((Conpany) data[0], (Double) data[1]);

}
query.close (results);

Y ou probably noticed that in our initial aggregate examples, the queries all returned a single result object, while the query above
returned aLi st . Before you get too confused, let's take a brief detour to examine query return types.

» If you have called set Uni que(true), the query returns asingle result object (or null).

e Elseif youhavecaled set Uni que(fal se),thequery returnsali st .
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» Elseif the query result is an aggregate and you have not specified any grouping, the query returns asingle result object.

» Elsethequery returnsali st .
In addition to how many results are returned, query configuration can affect the type of each result:

» If you have specified aresult class, the query returnsinstances of that class. We cover result classes in the next section.
e Elseif you have not set aresult string, the query returns instances of the candidate class.
» Elseif you have specified a single projection or aggregate result:

e A projection returnsinstances of the projected field type. When mathematical expressions are involved, the less precise
operand is always promoted to the type of the more precise operand.

* m n(expression) returnsan instance of the expression type.
e max(expressi on) returnsan instance of the expression type.

« sum expression) returnsal ong for integral types other than Bi gl nt eger , and the expression type for all other
types.

e avg(expression) returnsaninstance of the expression type.
e count (expression) returnsal ong.

» Elseif you have specified multiple projections or aggregates in your result string, the query returns instances of Cbj ect [ ],
where the class of each array index value follows the typing rules above.

» Casting a projection or aggregate expression in the result string converts that result element to the type specified in the cast.

Don't worry about trying to memorize all of these rules. In practice, they amount to a much simpler rule: queries return what you
expect them to. A query for al the magazines that match afilter returnsalist of Magazi nes. But an aggregate query for the
count of all magazines that match afilter just returnsalLong. A projection query for the title of al magazines returns alist of

St ri ngs. But aprojection for both the title and price of each magazinereturnsalist of Cbj ect [ ] s, each consisting of a

Stri ng and aDoubl e. So although you can always explicitly set the uni que flag and result class to obtain a specific result
shape, the defaults are usually exactly what you want.

Result Class

Queries have the ability to pack result datainto a custom result class. Y ou might use this feature for anything from populating
data transfer objects automatically, to avoiding the casting and other inconveniences involved in dealing with the Obj ect [ ] s
normally generated by multi-valued projections. Y ou specify a custom result classwith theset Resul t Cl ass method.

public void setResultCl ass (C ass resultd ass);

11.8.1. JavaBean Result Class

JDO populates result objects by matching the result class public fields and JavaBean setter methods to the expressions defined in
the query result string. The result class must be public (or otherwise instantiable via reflection), and must have a no-args con-
structor.
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Example 11.20. Populating a JavaBean

public class Sal esData
{

private double price;
private int copiesSold;

public void setPrice (double price)

this.price = price;

}
publ i c double getPrice ()

~—

return price;

ublic void setCopi esSold (int copiesSold)
this.copiesSold = copi esSol d;

ublic int getCopiesSold ()

return copi esSol d;

B o T o

}

Query query = pm newQuery (Magazine.cl ass);

query.setResult ("price, copiesSold");

query. set Resul t O ass (Sal esDat a. cl ass);

List results = (List) query.execute ();

for (lterator itr = results.iterator (); itr.hasNext ();)
processSal esData ((Sal esData) itr.next ());

query.close (results);

The example above is simple enough; the names of the projected fields are matched to the setter methods in the result class. But
what if the names don't match? What if the result expressions contain aggregates, mathematical expressions, and relation tra-
versals, al of which contain symbolsthat can't match afield or setter method name?

JDO provides the answer in the form of result expression aliases. An diasis alabel assigned to aparticular result expression for
the purposes of matching that expression to fields or methods in the result class. To demonstrate this, let's modify our example
above to populate each Sal esDat a object not with the price and copies sold of each magazine, but with the average price and
total copies sold of all magazines published by each company.

Example 11.21. Result Aliases

Query query = pm newQuery (Magazine.cl ass);
query.setResult ("avg(price) as price, suncopi esSold) as copiesSold");
query. set Resul t Ol ass ( Sal esDat a. cl ass) ;
query. set Groupi ng ("publisher");
List results = (List) query.execute ();
for (lterator itr = results.iterator (); itr.hasNext ();)
processSal esData ((Sal esData) itr.next ());
query.close (results);

Earlier in this chapter, we mentioned that the default result string for aquery isdi sti nct this as C,whereCistheun-
qualified name of the candidate class. Now, finally, the meaning of this default string should be clear. But just to make it con-
crete, hereisan example:
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Example 11.22. Taking Advantage of the Default Result String

public class Wapper
private Magazi ne mag;
public void setMagazi ne (Magazi ne nmag)

this.mag = nag;

publ i ¢ Magazi ne get Magazi ne ()
return mag;

}

Query query = pm newQuery (Magazine. cl ass);

query. set Resul t O ass (Wapper.cl ass);

List results = (List) query.execute ();

for (lterator itr = results.iterator (); itr.hasNext ();)
processW apper ((Wapper) itr.next ());

query.close (results);

In this query ontheor g. mag. Magazi ne class, the default result stringisdi sti nct this as Magazi ne. Because our
result class has a corresponding set Magazi ne method, the query can automatically populate each W apper with amatching
magazine.

11.8.2. Generic Result Class

Whenever the specified result class does not contain apublic field or setter method matching a particular result expression, the
guery looks for a method named put that takestwo Cbj ect arguments. If found, the query invokes that method with the result
expression or alias as the first argument, and its value as the second argument. This not only means that you can include a generic
put method in your custom result classes, but that any Map implementation is suitable for use as a query result class.

Example 11.23. Populating a Map

Query query = pm newQuery (Magazine.cl ass);
query.setResult ("title.toUpperCase (), copiesSold");
query. set Resul t O ass (HashMap. cl ass) ;

List results = (List) query.execute ();

for (lterator itr = results.iterator (); itr.hasNext ();)

HashMap map = (HashMap) itr.next ();
processData (map.get ("title.toUpperCase ()"), map.get ("copiesSold"));

query.close (results);

11.9

Single-String JDOQL

It is often convenient to represent an entire JDOQL query as asingle string. JDO defines a single-string query form that encom-
passes all parts of aquery: the unique flag, result string, result class, filter, parameters, variables, imports, grouping, ordering, and
range.
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Kodo uses the single-string format to implement JDOQL subquery support, covered in Section 9.6.4, “JDOQL Sub-
queries’ [553)f the Reference Guide.

We present the grammar for single-string JIDOQL queries below. Clauses in square brackets are optional. Clauses in angle brack-
ets are required, and represent portions of the Quer y API.

sel ect [unique] [<result>] [into <result class>]
[from <candi date cl ass> [excl ude subcl asses] ]
[where <filter>]
[ paranmet ers <paraneter declarations>]
[variabl es <variabl e decl arations>]
[imports <inport declarations>]
[ group by <groupi ng>]
[order by <ordering>]
[range <start>, <end>]

Each keyword above can appear in all lower case or all upper case.

The Per si st enceManager hasafactory method designed specifically for constructing a query from aJDOQL string:

public Query newQuery (String query);

Additionally, any of the Per si st enceManager 's query factory methods that accept a JIDOQL filter string will also accept the
JDOQL single-string format. See Section 8.11, “ Query Factory” [223].

In each code block below, we create and execute a standard JDOQL query, then demonstrate the same process using the single-
string format. Asyou'll see, trandlating any query into single-string form is just a matter of plugging the corresponding stringsin-
to the grammar above.

Query query = pm nerJer 0);

query.setResult ("di stlnct title");

query. set C ass (Nhgau ne. cl ass);

query.setFilter ("price < :p");

query. set Range (10, 20);

List results = (List) query.execute (new Double (10.0));

QJery query = pm nerJery (Magazi ne. cl ass, "select distinct title "
"wher e prlce < :p range 10, 20"
Li st results (List) query.execute (new Doubl e (10.0));

Query query = pm newQuery ();

query. set Uni que (true);

query. set Candi dat es (pm get Ext ent (Magau ne. cl ass, false));
query.setFilter ("title == "'JDJ'

Magazi ne mag = (Magazi ne) query. execut e 0);

Query query = pm newQuery ("select uni que from org. mg. Magazi ne "
+ "exclude subcl asses where title == "'JDJ' |
Magazi ne mag = (Magazi ne) query.execute ();

Query query = pm newQuery ();

query.set Result ("publisher.name as pub, avg(price) as price");
query. set Resul t O ass (org. nag. pub. PubPrice. cl ass);

query. set O ass (Magazi ne. cl ass);

query. set Groupi ng ("publisher having avg(price) < :p");
query.setOrdering ("publisher.name ascendi ng");
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query. set Range (3, Long. MAX_VALUE);
List results = (List) query.execute (new Double (10.0));

Query query = pm newQuery ("sel ect publisher.name as pub, avg(price) as price "
+ "into org.mag. pub. PubPrice fromorg. rrag Naga2| ne "
group by publisher having avg(price) <
+ "order by publisher.nane ascendi ng range 3 Long. MAX_VALUE") ;
List results = (List) query.execute (new Double (10. 0));

On afinal note, single-string queries are mutable. Y ou can construct a single-string query as in the examples above, then change
the result string, filter, or any other part of the query through the standard Quer y APIs. Thisis especially useful for temporary
properties like the result range, and for setting the candidate class:

Query query = pm newQuery (Magau ne.class, "select title where "
+ "title.startsWth ("J")");

query. set Range (10, 20);

Magazi ne mag = (Magazi ne) query. execute ();

11.10. Named Queries

11.10.

Named queries provide a means to define complex or commonly used queriesin metadata. These queries have all the capabilities
of queries created in code, including support for parameters, aggregates, and projections.

1. Defining Named Queries

Y ou typically define named queriesin query metadata files. Thesefilesusea. j doquery extension, but otherwise follow the
same naming and placement rules we outlined for . j do filesin Section 5.7, “ M etadata Placement” [200].

Query metadata also has the same basic structure as persistence metadata. Thereisaroot j doquer y element that contains
package elements, which in turn contain cl ass elements. ext ensi onsare sprinkled throughout. The only novel element is

query.

<! ELEMENT j doquery (extension*, (package|query)+, extension*)>

<! ELEMENT package (extension*, class+, extension*)>
<! ATTLI ST package name CDATA #REQUI RED>

<! ELEMENT cl ass (query+)>
<! ATTLI ST cl ass name CDATA #REQUI RED>

<! ELEMENT query ((#PCDATA| ext ensi on)*)>
<! ATTLI ST query name CDATA #REQUI RED>
<I ATTLI ST query | anguage CDATA #l MPLI ED>

<! ELEMENT ext ensi on ANY>

<I ATTLI ST ext ensi on vendor - name CDATA #REQUI RED>
<! ATTLI ST ext ensi on key CDATA #| MPLI ED>

<I ATTLI ST ext ensi on val ue CDATA #| MPLI ED>

Thequer y element defines a named query. Y ou can place quer y elements just below the document's root element or at the
cl ass level. Queries within the root element do not have an automatic candidate class. Queriesinacl ass element default to
that candidate class.

Named queries are expressed in single-string form, which we detailed in the previous section. The text of the query goes within
thequery element. This element also has the following attributes:
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» nane: The name of the query. This attributeis required.

* | anguage: Thelanguage of the query text. Defaultstoj avax. j do. query. JDOQL. In Chapter 17, SQL Queries[320]
we discuss how to write SQL queries, and vendors may offer support for additional query languages.

The following example defines both aroot-level and a class-level named query.

Example 11.24. Query Metadata Document

Thesal esReport query generates salesinformation. Thef i ndByTi t | e query, on the other hand, findsaMagazi ne by
title. Note that this query does not useaf r om clause to name its candidate class; its candidate class defaults to the surrounding
cl ass element.

<?xm version="1.0"?>
<j doquery>
<query nanme="sal esReport">
select title, price * copiesSold from org. mag. Magazi ne
</ query>
<package name="org. mg">
<cl ass nanme="Magazi ne" >
<query name="findByTitl e">sel ect unique where title == :t</query>
</ cl ass>
</ package>
</j doquery>

The Magazi ne query metadata file above might be in any of the following locations:

* org/ mag/ Magazi ne. j doquery

« org/ mag/ package. j doquery

* org/ package.j doquery

e package.j doquery

Y ou do not have to use separate . j doquer y filesto define named queries, however. Y ou can integrate query definitions right
into your persistence metadata (. j do files) or mapping metadata (. or mfiles). Just add query elements below the root ele-

ment, or after thelast f i el d and beforeany f et ch- group elementsinany cl ass. Hereiswhat it looks like to define the
queries above in Magazi ne's persistence metadata, rather thanina. j doquery file:

Example 11.25. Persistence Metadata Document

<?xm version="1.0"?>
<j do>
<query nane="sal esReport">
select title, price * copiesSold from org. mag. Magazi ne
</ query>
<package name="org. mag">
<cl ass name="Magazi ne" obj ecti d-cl ass="Magazi ne$bj ect | d">
<field name="isbn" primary-key="true"/>
<field name="title" primary-key="true"/>
<field name="articles">
<col | ection el ement-type="Article" dependent-el enent="true"/>
</field>
<query name="findByTitl e">sel ect unique where title == :t</query>
<fetch-group nane="detail ">
<field nanme="publisher" fetch-depth="0"/>
<field name="articl es" fetch-depth="0"/>
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</ fetch-group>
</cl ass>
</ package>
</j do>

11.10.2. Executing Named Queries

public Query newNamedQuery (Class cls, String nane);

At runtime, you obtain named queries with the Per si st enceManager . newNanmedQuer y method. The Cl ass argument
specifies the class that defines the query. Use nul | if the query is defined outside the scope of aclass. The St ri ng argument is
the name of the query.

Before returning a named query, the system populates it with the information provided in the metadata, then compilesit to make
sureitisvalid. You can still change the query before executing it, using the methods of the Quer y interface. These changes
won't affect other query instances returned from subsequent callsto newNanedQuery.

The example below executes the two queries we defined in Example 11.24, “ Query M etadata Document” [251].

Example 11.26. Executing Named Queries

Per si st enceManager pm= ...;

Query query = pm newNanedQuery (null, "sal esReport");
List sales = (List) query.execute ();

for (lterator itr = sales.iterator (); itr.hasNext ();)

bj ect[] salesData = (Qbject[]) itr.next ();
processSal esData ((String) sal esData[0], (Double) salesData[1]);

}
query. cl ose (sales);

query = pm newNanedQuery (Magazine.class, "findByTitle");
Magazi ne jdj = (Magazine) query.execute ("JDJ");

11.11. Delete By Query

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

Thisfeature is only partially implemented in this Kodo release. In particular, note that objects deleted by query are not
properly cleared from the datastor e cache and that certain event callbacks may not be specification-compliant. Until
thisfeatureis fully implemented, we recommend isolating classes subject to delete by query in a separate cache which
can be evicted manually or through timeouts.

Delete by query is accomplished through the following Quer y methods:
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public | ong del etePersistentAll ();
public | ong del etePersistentAll (Qoject[] paraneters);
public long del etePersistentAll (Map paraneters);

These methods work simlilarly to the Quer y. execut e methods. Instead of returning matching objects, however, the de-
| et eAl | methods delete the matching instances from the database, returning the number of objects deleted.

The following example deletes all subscriptions whose expiration date has passed.

Example 11.27. Delete By Query

Query query = pm newQuery (Subscription.class, "expirationDate <

1tod
long del eted = query. del etePersistentAll (new Object[] { new Date ()

ay");
1)

11.12. Conclusion

The Query interface is a powerful weapon in your JDO arsenal. In this chapter, we focused on how to use queriesin conjunction
with the datastore-neutral, object-oriented JDO query language, JDOQL. In Chapter 17, SQL Queries[320)e detail how to part-
ner the Quer y interface with SQL instead.
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Chapter 12. FetchPlan

The previous chapter showed you how to retrieve objects with JDO queries. But how do you control which fields and relations of
those objects are fetched immediately, and which are loaded lazily? Similarly, when you use the Per si st enceManager to
lookup an object by JDO identity, or when you traverse a persistent relation, how does the JDO implementation decide which
fields to populate? The answer lies in fetch groups.

Section 5.4, “ Field Element” [196] introduced the default fetch group. Thisis the metadata-defined set of fields that load by de-
fault whenever you retrieve an object. Section 5.5, “ Fetch Group Element” [198] showed you how to define additional custom
fetch groups for additional control. By specifying the set of active fetch groups at runtime, you control the persistent fields that
are populated immediately, versus those that are populated lazily. The interface you use to specify the set of active fetch groupsis
the Fet chPl an.

javax.jdo

FetchPlan
+ DEFALLT: String
+ FETCH_SIZE_GREEDY: int
+ FETCH_SIZE_OPTIMAL: int
+ DETACH_LOAD_FIELDS: int
+ DETACH_UNLOAD_FIELDS: int
- FetchSize: int
- DetachmentOptions: int
- getGroups(): Set
- addGroup(String): FetchPlan
- removeGroup(String): FetchPlan
- selGroup(String): FetchPlan
- setGroups(...): FetchPlan

Per si st enceManager , Query, and Ext ent instances expose their fetch plans though their respective get Fet chPl an
methods.

public FetchPlan get FetchPlan ();

The Per si st enceManager 's plan dictates the set of active fetch groups used when loading objects by JDO identity, or when
traversing persistent relations. When a new query is created through the Per si st enceManager 'snewQuery or new-
NanmedQuer y methods, the query inherits the fetch plan settings from the Per si st enceManager .

Asyou expect, Quer y and Ext ent plans apply to the objects loaded through the execution of the query or iteration of the ex-

tent. Y ou can modify aQuer y or Ext ent 'sfetch plan independently of the owning Per si st enceManager 's plan; changes
to one do not affect the other.

Kodo extends the standard Fet chPI an interface with the KodoFet chPl an interface and its relational sub-interface,
the JDBCFet chPI an. Section 9.3.7, “ KodoFetchPlan” [542)f the Reference Guide details these interfaces.

public static final String DEFAULT = "default";
public Collection getGoups ();

public FetchPl an addG oup (String group);
public FetchPlan renoveGoup (String group);
public FetchPlan set Group (String group);
public FetchPl an set G oups (Collection groups);
public FetchPlan setGoups (String[] groups);
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Fet chPI an defines several methods for manipulating the set of active fetch groups, and asingle get Gr oups accessor to re-
trieve an immutable view of the set. Each mutator returns areference to the Fet chPl an instance for method chaining.

The DEFAULT constant represents the default fetch group.

public static int FETCH S| ZE GREEDY = -1;
public static int FETCH_SI ZE_OPTIMAL = O;
public int getFetchSize ();

public FetchPlan set Fet chSi ze (int size);

The fetch size is a hint to the implementation on how to process result sets. FETCH_SI ZE GREEDY eagerly loads all result ob-
jects. FETCH_SI ZE_OPTI MAL leaves the result set processing strategy up to the JDO implementation. And any positive num-
ber Ninstructs the JDO runtime to process results as you access them in batches of N.

Kodo excels at large result set handling. Under the proper settings, Kodo can even process result sets consisting of more
objects than can fit into VM memory.

Example 12.1. Using the FetchPlan

Per si stenceManager pm = ;
Query query = pm newQue ry (Naga2| ne.cl ass, "publisher.name == ' Random House'");
query. get FetchPl an (). setFetchSize (50). addGroup ("search-results");
Li st mags = (List) query.execute ();
for (lterator itr = nags.iterator (); itr.hasNext ();)
processMagazi ne ((Magazine) itr.next ());

12.1

Detachment Options

In addition to controlling the active fetch groups, the fetch plan allows you to control the Per si st enceManager 's detach be-
havior. We covered detachment in Section 8.7, “ Detach and Attach Functionality” [219].

public static int DETACH LOAD FI ELDS;

public static int DETACH UNLOAD Fl ELDS;
public int getDetachment Options ();

public voi d set Detachment Opti ons (| nt flags);

The bit flags above control what state is available in your detached objects. By default (f | ags = 0), the set of fields available
in adetached instance is determined is the set of fields that were loaded when the original object was detached. The DE-
TACH_LOAD_FI ELDS flag instructs the JDO implementation to load the fields in your active fetch groups before detaching,
guaranteeing that these fields will be available in the detached instance. The DETACH_UNLQAD_FI ELDS flag, on the other
hand, ensures that fields outside of your active fetch groups will not be available in the detached instance, even if they were
loaded in the original managed object. Y ou can combine these flags using bitwise operators.

Example 12.2. Using Detachment Options
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Per si st enceManager pm= ...;
pm get Fet chPl an (). set Det achment Opti ons (Fet chPl an. DETACH_LOAD_FI ELDS
| FetchPl an. DETACH _UNLOAD_FI ELDS) ;

Kodo's extended kodo. j do. KodoFet chPl an asoincludesaDETACH ALL_FI ELDS flag.

Kodo currently does not support the DETACH LOAD FI ELDS flag unless you also set the DE-
TACH_UNLQAD_FI ELDS flag, as in the example above.
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Chapter 13. DataStoreCache

javax.jdo.datastore
DataStoreCache

- evict{Object)
- evictAllf...)

- pinfObject)

- pinAl..)

- unpin{Cbject)
- unpinAllf...)

Recall that each Per si st enceManager maintains a cache of persistent objects. Though this cache may improve performance,
itis primarily in place to maintain data integrity and to satisfy JDO's uniqueness requirement. Thus, many vendors also imple-
ment alevel 2 datastore cache for added performance. JDO's Dat aSt or eCache interface gives you a standard way to access
your vendor's level 2 cache.

publ i ¢ Dat aSt oreCache get Dat aSt or eCache ();

Datastore caches act across Per si st enceManager s, a the Per si st enceManager Fact or y level. Some vendors may
also go beyond the factory level to per-JVM and clustered caches. The Per si st enceManager Fact or y'sget Dat a-

St or eCache method retrieves the datastore cache. Vendors who do not support alevel 2 data cache will implement all Dat a-
St or eCache operations as no-ops.

Kodo extends the standard Dat aSt or eCache interface with the KodoDat aSt or eCache interface to provide addi-
tional functionality. Y ou can cast any Dat aSt or eCache in Kodo to aKodoDat aSt or eCache.

As Section 10.1, “ Data Cache” [560h the Reference Guide explains, Kodo allows you to define multiple named caches.
The Dat aSt or eCache facade in Kodo delegates to any of these caches as necessary. The KodoPer si st enceM
anager Fact or y aso supplies amethod to retrieve a Dat aSt or eCache facade to a specific named cache. Interact-
ing with a specific named cache can be more efficient than forcing Kodo to cal culate which cache to delegate to for each
operation on the generic facade.

public void evict (Object oid);

public void evictAll ();

public void evictAll (Object[] oids);
public void evictAll (Collection oids);

Theevi ct methodstell the cache to release data. Each method takes one or more JDO identity objects, and releases the cached
data for the corresponding persistent instances. Theevi ct Al | method with no arguments clears the cache. Eviction is useful
when the datastore is changed by a separate process outside your JDO implementation's control. In this scenario, you typically
have to manually evict the data from the datastore cache; otherwise the JDO runtime, oblivious to the changes, will maintain its
stale copy.
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DataStoreCache

In addition to manual eviction, Kodo offers per-class data timeouts and cron-style eviction schedules for caches. See
Section 10.1, “ Data Cache” [560) the Reference Guide for details.

public void pin (Object oid);

public void pinAll (Cbject[] oids);
public void pinAll (Collectlon oi ds)
public void unpin (Cbject oid);

public void unpinAll (Cbject[] oids);
public void unpinAll (Collection oi ds)

Most caches are of limited size. Pinning a JDO identity object to the cache ensures that the cache will not expire the data for the
corresponding instance, unless you manually evict it. Note that even after manual eviction, the datawill get pinned again the next
timeit isfetched from the store. Y ou can only remove a pin and make the data once again available for normal cache overflow
eviction through the unpi n methods. Use pinning when you want a guarantee that a certain object will always be available from
cache, rather than requiring a datastore trip.

Example 13.1. Using the DataStoreCache

[ **

* This callback is invoked after an outside process runs to update the gl ven

* Subscription records. It evicts the records fromthe cache so that the
* JDO application does not receive stale data.
*/

public voi d postBatchProcess (PersistenceManager Factory pnf, |ong[] sublds)

Dat aSt or eCache cache = pnf. get Dat aSt oreCache ();
for (int i = 0; i < sublds.length; i++)
cache. evict (new Longldentity (Subscription.class, sublds[i]));
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Most enterprise data today is stored in relational databases. Based on the relational data model developed in 1970 by E. F. Codd,
relational databases store data in a collection of tables. Columnsin each table represent the data's attributes, and rows represent
individual records. Keys link records together, both within the same table and across tables. The Structured Query Language
(SQL) operates on the stored data.

JDO / Relational, or IDOR for short, is a subset of the JDO specification dedicated to relational databases. JDOR standardizes
how to map objectsto relational tables, how to perform queriesin SQL rather than JDOQL, and how to interact with database se-
guences. The remainder of this document covers each of these topicsin detail.
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Chapter 15. Mapping Metadata

Object-relational mapping is the process of mapping persistent classes to relational database tables. In JDOR, you perform ob-
ject/relational mapping through mapping metadata. Mapping metadata uses XML to describe how to link your object model to
your relational model. With afew notable exceptions, every persistent class and every persistent field must have mapping
metadata.

Kodo offers tools to automate mapping. See Chapter 7, Mapping [489h the Reference Guide.

15.1. Mapping Metadata Placement

By default, JDOR implementations expect to find mapping metadata integrated into the per sistence metadata defined in your

. ] do files. You can, however, instruct the implementation to ook for separate mapping files by supplying avalue for the

j avax. j do. opti on. Mappi ng keyintheProperti es usedto construct your Per si st enceManager Fact ory (see
Section 6.3, “ PersistenceM anager Factory Construction” [205]). When thiskey is set, JDOR completely ignores any mapping
metadatain your . j do files. Instead, the implementation looks for mapping metadatain separate . or mfiles. The placement
rulesfor these . or mfiles are very similar to the rulesfor . j do files: the mapping document for a persistent class must be avail-
able as aresource from the class' class |oader, and must exist in one of two standard locations:

1. Inaresourcecaled <cl ass- name>- <mappi ng>. or m where <cl ass- name> isthe unqualified name of the classthe
document appliesto, and <mappi ng> isthe value of thej avax. j do. opti on. Mappi ng property. The resource must
be located in the same package as the class.

2. Inaresource caled package- <mappi ng>. or m where <mappi ng> isthe value of the
j avax. j do. opti on. Mappi ng property. The resource should be placed in the corresponding package, or in any ancest-
or package. Package-level documents should contain the mappings for all the persistence-capable classes in the package, ex-

cept those classes that have individual <cl ass- nane>- <mappi ng>. or mresources associated with them. They may
also contain the mappings for classesin any sub-packages.

Assuming you are using a standard Java class |oader, these rulesimply that for aj avax. j do. opt i on. Mappi ng setting of
hsql and aclassMagazi ne defined by thefileor g/ mag/ Magazi ne. cl ass, the corresponding mapping document could
be defined in any of the following files:

» org/ mag/ Magazi ne- hsql . orm

» org/ mag/ package-hsqgl .orm

» org/ package-hsql.orm

* package-hsqgl.orm

Because mapping documents are loaded as resources, JDOR implementations can also read them fromj ar files.

Kodo offers additional options for mapping metadata placement, including the ability to define mappings yourself at
runtime. See Section 7.5, “Mapping Factory” [503]
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15.2. Mapping Metadata DTD

Below we present the Document Type Definition for . or m files. Other than the root or melement, the same elements and attrib-
utes apply when integrating mapping metadatainto . j do files. When using integrated mapping, ssmply add the mapping attrib-
utes and elements below to your existing class and field metadata.

<! ELEMENT orm (extensi on*, package+, extension*)>

<! ELEMENT package (extension*, (class|sequence)+, extension*)>
<! ATTLI ST package nane CDATA ''>

<! ELEMENT sequence (extension*)>

<! ATTLI ST sequence name CDATA #REQUI RED>

<I ATTLI ST sequence strategy (nontransactional |transactional|contiguous) #l MPLI ED>
<! ATTLI ST sequence dat ast or e-sequence CDATA #| MPLI ED>

<I ATTLI ST sequence factory-cl ass CDATA #| MPLI ED>

<! ELEMENT cl ass (extension*, datastore-identity?, inheritance?, version?, join*, field*, extension*)>
<I ATTLI ST cl ass nanme CDATA #REQUI RED>
<I ATTLI ST cl ass tabl e CDATA #| MPLI ED>

<! ELEMENT datastore-identity (extension*, colum*, extension*)>
<I ATTLI ST datastore-identity strategy CDATA 'native' >

<! ATTLI ST datastore-identity sequence CDATA #| MPLI ED>

<! ATTLI ST datastore-identity col unm CDATA #l MPLI ED>

<! ELEMENT i nheritance (extension*, join?, discrimnator?, extension*)>
<I ATTLI ST i nheritance strategy CDATA #l MPLI ED>

<! ELEMENT di scrim nator (extension*, columm*, index?, extension*)>
<I ATTLI ST di scrim nator strategy CDATA #|l MPLI ED>

<! ATTLI ST di scrinminator colunm CDATA #l MPLI ED>

<! ATTLI ST di scrim nator indexed (true|false|unique) # MPLIED>

<! ATTLI ST di scrim nator val ue CDATA #l MPLI ED>

<! ELEMENT versi on (extension*, colum*, index?, extension*)>
<! ATTLI ST version strategy CDATA #| MPLI ED>

<! ATTLI ST versi on col uimm CDATA #l MPLI ED>

<! ATTLI ST version indexed (true|false|unique) # MPLIED>

<l ELEMENT j oi n (extension*, colum*, foreign-key?, index?, unique?, extension*)>
<I ATTLI ST join outer (true|false) 'false' >

<! ATTLI ST joi n tabl e CDATA #| MPLI ED>

<I ATTLI ST j oi n col uimm CDATA #| MPLI ED>

<I ATTLI ST join del ete-action (restrict|cascade|null|default|none) # MPLI ED>

<! ATTLI ST join indexed (true|false|unique) #l MPLI ED>

<! ATTLI ST joi n uni que (true|false) #l MPLI ED>

<! ELEMENT col um (ext ensi on*)>

<! ATTLI ST col unm nane CDATA #| MPLI ED>

<! ATTLI ST col um j dbc-type CDATA #| MPLI ED>

<I ATTLI ST col um sql -type CDATA #| MPLI ED>

<! ATTLI ST col umm | engt h CDATA #| MPLI ED>

<! ATTLI ST col unmm scal e CDATA #| MPLI ED>

<! ATTLI ST colum al l ows-nul |l (true|fal se) #l MPLI ED>
<! ATTLI ST col umm target CDATA #| MPLI ED>

<I ATTLI ST colum target-field CDATA #l MPLI ED>

<! ATTLI ST col unm def aul t - val ue CDATA #l MPLI ED>

<! ELEMENT field (extension*, join?, enbedded?, elenent?, key?, value?, order?,
col um*, foreign-key?, index?, unique?, extension*)>

<! ATTLI ST field name CDATA #REQUI RED>

<! ATTLI ST field val ue-strategy CDATA #l MPLI ED>

<I ATTLI ST fi el d sequence CDATA #| MPLI ED>

<I ATTLI ST field serialized (true|fal se) # MPLI ED>

<! ATTLI ST field tabl e CDATA #| MPLI ED>

<I ATTLI ST field col uimm CDATA #l MPLI ED>

<I ATTLI ST field del ete-action (restrict]|cascade|null|default|none) #l MPLI ED>

<I ATTLI ST field indexed (true|fal se|unique) # MPLI ED>

<I' ATTLI ST field unique (true|false) # MPLI ED>

<! ATTLI ST field napped- by CDATA #l MPLI ED>

<! ELEMENT enbedded (extension*, field*, extension*)>
<! ATTLI ST enbedded nul | -i ndi cat or - col um CDATA #| MPLI ED>

<! ELEMENT el ement (extension*, enbedded?, colum*, foreign-key?, index?, unique?, extension*)>
<! ATTLI ST el ement serialized (true|fal se) # MPLI ED>

<! ATTLI ST el ement tabl e CDATA #| MPLI ED>

<! ATTLI ST el ement col urm CDATA #l MPLI ED>

<I ATTLI ST el ement del ete-action (restrict|cascade| null|defaul t|none) # MPLI ED>

<I ATTLI ST el ement indexed (true|fal se|unique) # MPLI ED>

<! ATTLI ST el ement uni que (true|fal se) #l MPLI ED>

<! ELEMENT key (extension*, enbedded?, colum*, foreign-key?, index?, unique?, extension*)>
<I ATTLI ST key mapped- by CDATA #l MPLI ED>

<! ATTLI ST key serialized (true|fal se) #l MPLI ED>

<! ATTLI ST key tabl e CDATA #| MPLI ED>

<! ATTLI ST key col uim CDATA #| MPLI ED>

<I ATTLI ST key del ete-action (restrict|cascade|null|default|none) #l MPLI ED>
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<! ATTLI ST key indexed (true]|fal se|unique) #l MPLI ED>
<! ATTLI ST key uni que (true|false) #l MPLI ED>

<! ELEMENT val ue (extension*, enbedded?, colum*, foreign-key?, index?, unique?, extension*)>
<! ATTLI ST val ue serialized (true|false) #l MPLIED>

<! ATTLI ST val ue tabl e CDATA #| MPLI ED>

<! ATTLI ST val ue col uim CDATA #| MPLI ED>

<I ATTLI ST val ue del ete-action (restrict|cascade|null|defaul t|none) #l MPLI ED>

<! ATTLI ST val ue i ndexed (true|fal se|unique) # MPLI ED>

<! ATTLI ST val ue uni que (true|false) #l MPLI ED>

<! ELEMENT order (extension*, colum*, index?, extension*)>
<! ATTLI ST order col uim CDATA #| MPLI ED>
<! ATTLI ST order indexed (true|fal se|lunique) #l MPLI ED>

<! ELEMENT i ndex (extension*)>

<! ATTLI ST i ndex name CDATA #| MPLI ED>

<! ATTLI ST i ndex tabl e CDATA #| MPLI ED>

<! ATTLI ST i ndex uni que (true|false) 'false' >

<! ELEMENT f or ei gn- key (extension*)>

<! ATTLI ST foreign-key name CDATA #| MPLI ED>

<I ATTLI ST foreign-key table CDATA #l MPLI ED>

<I ATTLI ST forei gn-key del ete-action (restrict|cascade|null|default) 'restrict'>
<I ATTLI ST foreign-key update-action (restrict|cascade|null|default) 'restrict'>
<! ATTLI ST foreign-key deferred (true|false) #l MPLI ED>

<! ELEMENT uni que (extension*)>

<I ATTLI ST uni que name CDATA #| MPLI ED>

<! ATTLI ST uni que tabl e CDATA #l MPLI ED>

<! ATTLI ST uni que deferred (true|false) 'false' >

<! ELEMENT ext ensi on ANY>

<! ATTLI ST ext ensi on vendor - name CDATA #REQUI RED>
<I ATTLI ST extensi on key CDATA #l MPLI ED>

<I ATTLI ST extensi on val ue CDATA #| MPLI ED>

Mapping metadata's basic structureis virtually identical to that of persistence metadata, as defined in Chapter 5, Metadata [193].
Theroot or melement contains package elements, which contain cl ass elements, which containf i el ds. The content of
each mapping element, however, is very different than the content of its persistence metadata equivalent. The following sections
discuss this content in detail.

Throughout this chapter, we will draw on the object model introduced in Chapter 5, Metadata [193]. We present that model
again below. Aswe discuss various aspects of mapping metadata, we will zoom in on specific areas of the model and show how
we map the object layer to the relational layer.
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org.mag org.mag.pub
Author
] " o | - firstName: String
authors " | - lastName: String
Article I
=d: mng address
- title: String
- subtitles: List<String= Address
- content: byte(] - streeet: String
- city: String
- state: String
coverArticle articles” il
I I
Magazine r
- Isbn: String | addEESS
- title: String publisher Company
- price: double |—|-p - name: String
- copiesSald: int «| mags |- revenue: double
5ubscri'ption5‘
mag.—alqzine I
InGRu— SUDSCTIPRNE LifetimeSubscription
- comments: String tems* 4~ startDate: Date —ellleCiuD: bocie
- price: double -+ - payment: double =
- num: lang
o) ofanrmcr TrialSubscription
= —t:-:-lrrnS‘gString - endDate: Date
org.mag.subscribe

15.3. Sequences

Sequences are generators that are commonly used to create identity values or populate persistent fields. The package-level se-
guence element defines a named sequence. It has no child elements other than possible ext ensi ons, but uses the following
attributes:

* nane: The unqualified name of the sequence. Classes in the same package as the sequence can use this name as-is; classes
outside of this package must refer to the sequence by its fully-qualified name, which is the sequence's defining package name
+"." + the sequence name. This attribute is required.

» strategy: The sequence strategy. If not given, the implementation chooses a suitable default strategy. The strategy must be
one of:

« nontransacti onal : The sequence is updated outside of the current transaction. If the transaction rolls back, the se-
guence does not roll back.

e transacti onal : The sequenceis updated within the current transaction. If the current transaction rolls back, the se-
guence also rolls back. Transactional behavior isonly guaranteed for datastore transactions. All sequences may behave
like nontransactional sequences during optimistic transactions.

e conti guous: Contiguous sequences guarantee that consecutive values will be monotonically increasing. All contiguous
seguences are transactional .

» dat ast or e- sequence: Names the native database sequence from which to extract values. This attribute is optional.
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» factory-cl ass: Thefully quaified name of a sequence factory class. This class must have a static no-arg newl n-
st ance method that returns a Sequence instance. The Sequence interfaceis covered in detail in Chapter 16, Sequence
[318]This attribute is optional .

Kodo allows you to use a plugin string describing one of Kodo's built-in sequence implementations for thef act or y-
cl ass attribute. See the Reference Guide's Section 9.7, “ Generators’ [555or built-in sequence options.

Example 15.1. Named Sequences

<?xm version="1.0"?>
<or >
<package name="org. mag">
<sequence nanme="Articl eSeq" datastore-sequence="ART_SEQ'/>

</ paékége>
<package name="org. mag. pub">
<sequence name="Aut hor Seq" factory-cl ass="Aut hor $SequenceFact ory"/>

</ paékége>
<package name="org. mag. subscri be">
<sequence nane="Contract Seq" strategy="transactional"/>
</ paékége>
</ or ne

15.4. Class Table

Asin persistence metadata, mapping metadata usesthe cl ass element and its narre attribute to identify persistent classes.
Mapping metadata, however, expandsthe cl ass element with thet abl e attribute.

Thet abl e attribute specifies the name of the table whose rows represent instances of this class. If the table isin a non-default
schema, you can specify this attribute as <schema- nane>. <t abl e- nane>. Thisattribute is optional, because not all classes
must be mapped to unique tables. We explore the mapping of classes to tablesin more depth in Section 15.8, “Inheritance” [273]

Sometimes, some of the fieldsin a class are mapped to secondary tables. In that case, use the class t abl e attribute to name what
you consider the class primary table. Later, we will see how to map certain fields to other tables.

The example below maps classes to tables according to the following diagram. Note that the abstract Cont r act classisleft un-
mapped. The SUB, TRI AL_SUB, and LI NE_| TEMtables are in the CNTRCT schema; all other tables are in the default schema.
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org.mag org.mag.pub

Magazine |---# Company | ---#

Article  F---» Author F---

|
e

Contract
Lineltem ===
T
Subscription
Trial I
Subscription
Lifetime |
Subscription

org.mag.subscribe

Note that the example does not include our model's Addr ess classin the mapping metadata document. In Chapter 5, Metadata
[193], we defined Addr ess as an embedded only class. That means that Addr ess instances are only stored as part of other re-
cords; therefore Addr ess does not have its own mapping.

Example 15.2. Mapping Classes

<?xm version="1.0"?>
<or n>
<package name="org. mg">
<sequence nanme="ArticleSeq" datastore-sequence="ART_SEQ'/>
<cl ass nane="Magazi ne" tabl e="MAG'>
<l cl ass>
<cl ass nanme="Article" tabl e="ART">
</ cl ass>
</ package>
<package name="org. mag. pub">
<sequence nane="Aut hor Seq" factory-cl ass="Aut hor $SequenceFactory"/>
<cl ass name="Conpany" tabl e=" COW" >
</ cl ass>
<cl ass nanme="Aut hor" tabl e="AUTH'>
</ cl ass>
</ package>
<package name="org. mag. subscri be">
<sequence nanme="Contract Seq" strategy="transactional"/>
<cl ass name="Contract">
</ cl ass>
<cl ass nanme="Subscription" tabl e="CNTRCT. SUB" >
</ cl ass>
<cl ass nanme="Li feti meSubscription">
</ cl ass>
<cl ass name="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
</ cl ass>
<cl ass name="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_I| TEM' >
</ cl ass>
</ package>
</ or n»
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15.5. Datastore Identity

In arelational database, atable's primary key isthe set of columns whose values uniquely identify arow within that table. JDOR
requires al persistent class tables to have primary keys, though these keys may be logical (i.e. thereis no requirement that the
database enforce the uniqueness of the primary key column values).

Under JDO's application identity type, the primary key field mappings are enough to infer the primary key columns of each
class table. Classes that use datastor e identity, on the other hand, must describe their tables' primary key using the dat a-
store-identity mapping eement. Thiselement isthefirst child of the cl ass element, and has the following attributes:

e strategy: A strategy for auto-generating the primary key value. JDOR recognizes the strategies below, and vendors may
define additional proprietary strategies.

nat i ve: Leave primary key value generation to the JDOR implementation. Thisis the default strategy if none is spe-
cified.

sequence: Use a sequence to generate the primary key value. This strategy is used in conjunction with thesequence
attribute below.

aut oassi gn: The database automatically assigns a primary key value on insert. This might be accomplished with an
auto-increment column or with database triggers.

When you use the aut oassi gn strategy, calling JDOHel per . get Obj ect 1 d or Per si st enceMan-

ager . get Obj ect | d with a persistent-new object may causethe Per si st enceManager to flush. The Per si st -
enceManager will insert the new object and retrieve the database-assigned primary key value so that it can return the
new instance's proper persistent identity.

i denti ty: The primary key column is managed by the database as an identity type.

i ncr enent : The JDOR implementation will select the highest current primary key value, and increment it by one to get
the primary key value for the next inserted object.

uui d- st ri ng: Generates a 128-bit UUID unique within the network and represents the result as a 16-character string.
For more information on UUIDs, see the IETF UUID draft specification at: ht-
tp:/iwwwl.ics.uci.edu/~gjw/authoring/uuid-guid/

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

Not al standard datastore identity strategies will be implemented by all vendors. For example, there is no way for a vendor
that uses numeric datastore identity values to support theuui d- st ri ng and uui d- hex strategies.

Kodo supportsthenat i ve, sequence, aut oassi gn, andi dent i t y datastore identity strategies. Kodo treats
i dent i ty and aut oassi gn equivaently, asthey are the same for most databases. Before using thei dentity or
aut oassi gn strategies, see Section 5.3.3, “ Autoassign / | dentity Strategy Caveats’ [458]

Though Kodo does not define any custom datastore identity strategies, you can take over the generation of datastore

identity values by using the sequence strategy in conjunction with a sequence that hasacustom f act or y- cl ass.

* sequence: Names a sequence to use to generate the primary key value. When this attribute is specified, the st r at egy at-
tribute described above automatically defaults to avalue of sequence.
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If you specify syst emasthe sequence attribute value, Kodo will use the system sequence defined by the
kodo. Sequence configuration property instead of looking for a named sequence.

e col um: The name of the primary key column.

In place of the col umm attribute above, you can embed col umm elements within the dat ast or e-i dent i t y element. This
allows you to define multiple datastore identity columns for implementations that require it, and to specify additional attributes
aside from the column name. Section 15.6, “ Column” [268]iscusses the col urm element in detail .

The diagram below now includes primary key columns for our model's tables. The primary key column for Li nel t emuses non-
standard type | NTEGER64, and the Magazi ne. i sbn field is mapped to a CHAR( 15) column instead of a VARCHAR( 255)
column, which is the default for string fields. We do not need to point out either one of these oddities to the JDOR implementa-
tion for runtime use. If, however, we want to use the JDOR implementation to create our tables for us, it needs to know about any
desired non-default column types. Therefore, the example following the diagram includes this datain its encoding of our map-
pings. The example also includes the mappings of primary key fields in our application identity classes; we will get to field map-
ping in Section 15.11, “ Field Mapping” [287]

org.mag org.mag.pub
Magazine
- isbn: String Company |---
- title: String
Article
- id: long Author | --
Contract
-id: lang
Lineltem p---
Subscription
Trial i
Subscription
Lifetime | -.
Subscription
org.mag.subscribe

Example 15.3. Datastore | dentity Mapping

<?xm version="1.0"?>
<or e
<package name="org. mag">
<sequence nanme="Articl eSeq" datastore-sequence="ART_SEQ'/>
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="isbn">
<col um nane="1SBN' j dbc-type="char" |ength="15"/>
</field>
<field nane="title" colum="TITLE"/>
</ cl ass>
<cl ass nane="Article" tabl e="ART">
<field nane="id" colum="1D"/>

</ cl ass>
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</ package>
<package name="org. mag. pub">
<sequence name="Aut hor Seq" factory-cl ass="Aut hor $SequenceFact ory"/>
<cl ass name="Conpany" tabl e=" COWP" >
<dat astore-identity colum="CI D' strategy="autoassign"/>
<l cl ass>
<cl ass nanme="Aut hor" tabl e="AUTH'>
<dat astore-identity sequence="Aut hor Seq">
<col utm nanme="Al D' sql -type="| NTEGER64"/ >
</ datastore-identity>
</ cl ass>
</ package>
<package name="org. mag. subscri be">
<sequence nanme="Contract Seq" strategy="transactional"/>
<cl ass nane="Contract">
</ cl ass>
<cl ass name="Subscri pti on" tabl e=" CNTRCT. SUB" >
<field nane="Contract.id" colum="1D"/>
</ cl ass>
<cl ass name="Li feti meSubscription">
</ cl ass>
<cl ass name="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
</ cl ass>
<cl ass name="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_|I TEM' >
<field nane="Contract.id" colum="1D"/>
</ cl ass>
</ package>
</ or n»

15.6. Column

In the previous section, we saw that the dat ast or e-i dentity element cantake either acol umm attribute or nested

col umm elements. This option is repeated on many el ements throughout mapping metadata. The motivation for this dualistic ap-
proach is to make the common case easy, but retain the flexibility to handle more complex scenarios. When a mapping has a
single column with default properties, you can use the col umm attribute to just name the column. When, on the other hand, a
mapping has multiple columns or columns with non-default properties, you can fall back to nested col umm elements. We saw
thisin Example 15.3, “ Datastor e | dentity Mapping” [267] above: most classes used the col umm attribute to simply name the
primary key column, but Aut hor and Magazi ne used anested element in order to specify additional column information.
Column elements have the following attributes:

* name: The column name. Later in this chapter, we will come across situations where a column is not in the expected table. In
these cases, you can specify the column name as <t abl e- nane>. <col umm- namne>, or even
<schema- nane>. <t abl e- nane>. <col um- nane>.

The column name is required for runtime use. The reason the nane attribute isn't marked #REQUI RED in the DTD is that
some vendors may allow you to partially-specify column information during the mapping process, and have the rest filled in
by avendor-supplied tool.

e jdbc-type: Determines what JDBC APIs the implementation uses to load and store data to the column. This attribute is
only required when the column uses a non-default type for the associated data - for example, whena St ri ng is mapped to a
CLOB column rather than a CHAR or VARCHAR.

Standard values for this attribute include all of the constant names from thej ava. sqgl . Types class, in either uppercase or
lowercase: BIGINT, bigint, BLOB, blob, DECIMAL, decimal, VARCHAR, varchar, etc.

» sql -t ype: The database-specific column type name. This attribute is only used by vendors that support creating tables from
your mapping metadata. During table creation, the vendor will use the text of thesql - t ype attribute as the declared column
type. If nosql - t ype isgiven, the vendor will choose an appropriate default based on the column's JDBC type, length, and
scale.
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* | engt h: The column length. This attribute is typically only used during table creation, though some vendors might use it to
validate data before flushing. CHAR and VARCHAR columns typically default to alength of 255; other column types use the
database default.

e scal e: The number of decimal digits a numeric column can hold. This attribute is often used in conjunction with | engt h to
form the proper column type name during table creation.

e al |l ows- nul | : Whether the column can store null values. Vendors may use this attribute both for table creation and at
runtime; however, it is never required. Defaultsto f al se for primary key columns and columns holding primitive field val-
ues, and t r ue for al other columns.

o default-val ue: A database-assigned default value for the column if no valueis given in the | NSERT SQL. Vendors will
pass this default on to the database during table creation. When a new object is being persisted with Java default field values,
vendors may use this attribute to decide whether to include the columns for those fields in the generated | NSERT SQL.

Kodo uses a combination of acolumn's default value and JDO metadata's nul | - val ue field attribute to decide wheth-
er to include acolumn in an | NSERT statement. The following table describes what valueis inserted for afield with a
default value, based on whether the column hasadef aul t - val ue and onthefield'snul | - val ue attribute:

Table 15.1. Default Value I nserts

def aul t - val ue nul | - val ue unset nul | -val ue="none" nul | -val ue="defaul t"

Set Column not included in | N- NULL / Field value Column not included in | N-
SERT SERT

Unset NULL / Field value NULL / Field value Field type's Java default

e target:Injoins, the column that this column joins to. We examine joinsin detail in the next section.

« target-field:Injoins, the primary key field of the related type that this column joins to. We examine joinsin detail in
the next section.

Kodo also defines extensions to mark that the current mapping should not attempt to insert or update a column's value.
See Section 7.9.3, “ Column Extensions’ [524h the Reference Guide.

15.7. Joins

One of the mainstays of arelational database is the ability for one record to refer to another. This allows relational databases to
join related records together to retrieve large chunks of data efficiently. A record A typically references arecord B by setting
some of its columns to the same values as B's primary key columns. The columnsin A that mirror primary key columnsin B are
called foreign key columns. Most relational databases can enforce several special behaviors for foreign keys, which we explorein
Section 15.12, “ Foreign Keys’ [309For now, though, it is sufficient to remember that foreign keys are sets of columns that act
asalogical reference to another record by storing that record's primary key values.

In Kodo, logical foreign key columns do not have to link to primary key columns. Y ou can link any columns. Y ou can
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also express joins in which some columns must have specific constant values. See the Reference Guide's Section 7.6,
“Non-Standard Joins’ [506jor details on Kodo's support for non-standard joins.

Consider the two tables above. Table T1 has a primary key column PK, two foreign key columns FK1 and FK2, and a standard
data column DATA. Table T2 has two primary key columns PK1 and PK2, foreign key column FK, and a data column. The dotted
arrows indicate that T1's foreign key columnslink to T2's primary key columns, and T2's foreign key column linksto T1's
primary key column. A foreign key'stableis called the source table, and the table it links to is called the target table.

By matching the data in the foreign key and primary key columns, you can see that row R1 in T1 references row R2 in T2 and
vice versa. Conversaly, row R2 in T1 referencesrow R1 in T2 and vice versa. The solid arrows depict these cross-referencing re-
lationships.

In JDOR, you specify aforeign key column's target primary key column with the col urm element'st ar get attribute. So, as-
suming we're mapping something in aclass using the T1 table, the link from T1 to T2 becomes:

<cl ass nane="..." table="T1">
< ..0>
<col um nane="FK1" target="PKL1"/>
<col utm nane="FK2" target="PK2"/>
</[...>
</ cl ass>

Note that we did not qualify the column names above with the containing table name. The foreign key column names are not
qualified because the foreign key columns are in the parent class' table. The target primary key column names are not qualified
because JDOR defaults the target table based on the context of the mapping. For example, when you map arelation field, JDOR
assumes the target table is the table of the related class.

A standard forward foreign key like the one above maps the target table records referenced by the current source table record.

Y ou can, however, also map an inverse foreign key. An inverse foreign key maps all the source table records referencing the cur-
rent target table record. Inverse foreign keys only apply to mappings from the target table - in this case, T2. Thus, you must quali-
fy the foreign key column names with their source table name:

<cl ass nane="..." table="T2">
< ..>
<col utm nane="T1. FK1" target="PK1"/>
<col utm nane="T1. FK2" target="PK2"/>
<...l>
</ cl ass>

15.7.1. Shortcuts

Now let's shift our focus to the link from T2 to T1 through the T2. FK foreign key column. This is easy enough to represent in
mapping metadata:

<cl ass nanme="..." table="T2">

270



Mapping Metadata

<...>
<col utm nane="FK" target="PK"/>
<...l>
</ cl ass>

We can, however, simplify this even further. When the target table's primary key consists of a single column, you can omit the
t ar get attribute. JDOR assumes that the target is the lone primary key column of the target table (which isitself defaulted
based on the mapping context):

<cl ass name="..." table="T2">
<..>
<col um nane="FK"/>
<...l>
</cl ass>

Recall from the previous section that when you only need to specify a column name, you can use the enclosing element's
col umm attribute in place of anested col urm element. This allows usto be even more concise:

<cl ass name="..." table="T2">
<... colum="FK"/>
</ cl ass>

JDOR provides one other significant shortcut not seen here. When the foreign key column name is the same as the target primary
key column name, you do not haveto set thet ar get attribute.

15.7.2. Self Joins

Foreign key columns do not have to reference records in other tables. Often, atable will use foreign keysto itself.

100 101 W

101 - X

Asyou can see, R1 linksto R2 through the FK foreign key column. The mapping is straightforward:

<cl ass nanme="..." table="T1">
<...>
<col utm nane="FK" target="PK"/>
<...[>
</ cl ass>

Or, after applying available shortcuts:

<cl ass nanme="..." table="T1">
<... colum="FK"/>
</ cl ass>
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Y ou may be wondering how to represent an inver se self-join. Because the source and target tables are the same, the naive ap-
proach results in a mapping that looks identical to aforward join, which is obviously incorrect:

<cl ass name="..." table="T1">
<...>
<col um nane="FK" target="PK"/>
<...[>
</ cl ass>

The answer is simple and surprisingly consistent. When we created an inverse foreign key mapping between T1 and T2 above,
we had to fully qualify the foreign key column names. To represent an inverse self join, just use the same trick:

<cl ass nanme="..." table="T1">
< ..>
<col um nane="T1. FK" target="PK"/>
<...l>

</cl ass>

Though the foreign key column isin the parent class' table and wouldn't normally require qualification, using the qualified name
serves as a hint to the JDOR implementation that thisis an inversejain.

15.7.3. Target Fields

JDOR alows you to specify atarget primary key field name in place of atarget column with thet ar get - f i el d attribute. This
issimply an object-oriented shortcut for targetting the named field's column. For example:

<cl ass nane="A" table="T1">
<field name="rel ati onToB" >
<col um nanme="FK1" target-field="idl"/>
<col um nanme="FK2" target-field="id2"/>
</field
</ cl ass>
<cl ass name="B" tabl e="T2">
<field name="idl" col um="PK1"/>
<field nane="id2" col um="PK2"/>
</ cl ass>

Isequivalent to:

<cl ass name="A" tabl e="T1">
<field nane="rel ati onToB" >
<col um nane="FK1" target="PKLl"/>
<col um nane="FK2" target="PK2"/>
</field
</ cl ass>
<cl ass nane="B" table="T2">
<field name="id1" col um="PK1"/>
<field name="id2" col um="PK2"/>
</ cl ass>

Y ou can fully-qualify atarget field name with its class, just as you can fully-qualify atarget column name with its table.
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Target fields are useful when you rely on Kodo's mapping tools to create the schema, and you want to supply mapping
hints without having to name the target columns. The Reference Guide Details Kodo's mapping toolsin Section 7.1,
“Forward Mapping” [489]

Also, Kodo does not require that target fields be primary key fields. See Section 7.6, “ Non-Standard Joins’ [506h the
Reference Guide.

15.8. Inheritance

In the 1990's programmers coined the term impedance mismatch to describe the difficultiesin bridging the object and relational
worlds. Perhaps no feature of object modeling highlights the impedance mismatch better than inheritance. There is no natural, ef-
ficient way to represent an inheritance relationship in arelational database.

Luckily, JDOR provides very flexible object-relational mapping of inheritance trees, making the best of a bad situation. Each
classin an inheritance hierarchy can usethei nher i t ance element to describe its inheritance mapping. This element has a
single attribute: st r at egy. In thelist that follows, we examine JDOR's standard inheritance strategies. Some vendors may
define additional proprietary strategies.

Kodo does not define any non-standard inheritance models, but does allow you to create your own custom mappings.
See the Reference Guide's Section 7.10, “ Custom Mappings’ [524jor details on writing custom inheritance strategies
and pluggin them in to Kodo.

15.8.1. subclass-table

Thesubcl ass-t abl e inheritance strategy indicates that the current class is not mapped to any table at al, and that all of its
fields must be mapped by subclasses into their own tables. This strategy is typically used with abstract base classes that are not
represented in the relational schema. Classes that declare an inheritance strategy of subcl ass-t abl e should not define the

cl ass element'st abl e attribute, nor should they attempt to define mappings for any fields.

org.mag.subscribe

Contract
-id: long

I
|

Subscription Lineltern

In our model, the abstract Cont r act classusesthesubcl ass-t abl e inheritance strategy. Cont r act 'stwo direct sub-
classes, Subscri pti on andLi nel t em each map al of Cont r act 'sfieldsinto their own tables.

Example 15.4. subclass-table Mapping
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<cl ass nane="Contract">
<i nheritance strategy="subcl ass-table"/>

</ cl ass>

The pattern of mapping the fields of an abstract, unmapped base class into the tables of each subclassis often referred to
as ahorizontal or distributed inheritance mapping.

15.8.1.1. Advantages

An advantage of using thesubcl ass- t abl e strategy for abstract base classes is that properties common to multiple persistent
subclasses can be defined in the superclass without having to suffer the performance consequences and relational design restric-
tionsinherent in other strategies (which we will examine shortly). Persisting and modifying instances of subclassesis efficient,
typicaly only requiring asingle | NSERT or UPDATE statement. L oading relations to these subclasses is also efficient.

15.8.1.2. Disadvantages

Though relations to mapped subclasses of asubcl ass-t abl e class are very efficient, relations to the unmapped base class it-
self are equally inefficient. When the concrete subclassis not known, the related object could be in any of the subclass tables,
making joins through the relation impossible. Subclasses can even use repeated primary key values, forcing the JDOR imple-
mentation to record more than just the related primary key valuesin the database.

This ambiguity also affects queries and identity lookups. queries against asubcl ass- t abl e base class require either multiple
SELECT statements (one for each mapped subclass), or acomplex SQL UNI ON.

Kodo provides metadata extensions you can use to indicate that afield declared as arelation to a base classis actually a
relation to a specific subclass. These extensions often alleviate the need for mapping arelationto asubcl ass-t abl e
type. See Section 6.4, “ Metadata Extensions’ [483]

When arelationto asubcl ass-t abl e class cannot be avoided, Kodo stores either the related object's primary key
values or its stringified object id. If the type uses datastore identity or has a concrete application identity class, Kodo
stores the primary key values. If the type uses application identity and has an abstract identity class, Kodo must resort to
storing the stringified identity object.

15.8.1.3. Additional Considerations

Here are some additional caveats to consider when using the subcl ass-t abl e inheritance mapping:

» Declaring classes abstract. Y ou are not required to make all subcl ass-t abl e classes abstract. However, we recommend
that you do so, as any attempt to persist asubcl ass-t abl e base classinstance will result in an exception on flush.

» Application identity. When asubcl ass-t abl e superclass uses application identity, you must observe one of the following
two restrictions:

1. Theprimary key valuesin each of the tables that extend the subcl ass-t abl e superclass must be unique. In our
model, that means that there can be no row in CNTRCT. SUB with the same primary key value asarow in
CNTRCT. LI NE_I TEM Thisisbecause acall to get Obj ect Byl d with an application identity instance cannot identi-
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fy which subclassthe ID is associated with.

2. Rather than having a single application identity class associated with the entire class hierarchy, each subclass declaresits
own application identity class. The inheritance hierarchy of the application identity classes must exactly match the inher-
itance hierarchy of the persistent classes they represent, as discussed in Section 4.5.2.1, “ Application |dentity Hier-
archies’ [190].

15.8.2. new-table

Thenew-t abl e inheritance strategy employs a new table to hold the fields of the class. Y ou must specify the table namein the
cl ass element'st abl e attribute.

new-t abl e isthe default strategy for base persistent classes and for subclasses of subcl ass-t abl e classes. Classes that
extend non-subcl ass-t abl e base classes can also use this strategy to map their fields to a new table, rather than to the su-
perclass table. The subclass table might contain only subclass state, or might re-map all superclass state as well.

15.8.2.1. Joined

When the subclass table only contains subclass state, the JDOR implementation must be able to link corresponding records in the
superclass and subclass tables together to retrieve all of the persistent state for a subclassinstance. Y ou tell the JIDOR implement-
ation how to do thisby nesting aj oi n element inyour i nher i t ance element. Thus, thisis often referred to as ajoined inher-
itance strategy.

Asitsnameimplies, thej oi n element maps alogical foreign key from the subclass table to the superclass table. It has a
col um attribute and nested col umm elements for representing the subclass table's foreign key columns. Section 15.7, “ Joins’

[269] demonstrated how to use col unmsto map joins. Typically, the subclass table's foreign key columns are also that table's
primary key columns.

Using joined subclass tablesis also called vertical inheritance mapping.
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org.mag org.mag.pub
Magazine
~isbn: String Company | ---
- title: String
T
Article
- id: lang Author -
S
org.mag.subscribe
Contract
- id: long
--4 Subscription Lineltern
] Trial
Subscription

All of the classesin our model except Cont ract andLi f eti meSubscri pti on (not pictured) usethenew-t abl e
strategy. Most of these classes are either base classes or direct subclasses of Cont r act , asubcl ass-t abl e class. Inthese
cases, thenew-t abl e strategy isthe default. Tri al Subscri pti on, however, extends Subscri pti on, whichisitself
mapped to atable. Therefore, Tri al Subscri pti on could have mapped itsfieldsto Subscri pti on'stable.

org.mag.subscribe

--4 Subscription

I

Trial
Subscription

Instead, Tri al Subscri pti on mapsits declared fieldsto the CNTRCT. TRI AL_SUB table, and joins to the CNTRCT. SUB ta-
ble for base class state. The join is made by linking the CNTRCT. TRI AL_SUB. | Dforeign key column to the
CNTRCT. SUB. | D primary key column. The example below shows how to represent this in mapping metadata.

Example 15.5. Joined Subclass Tables

<cl ass nane="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<i nheritance strategy="newtable">
<j oi n>
<col um name="1D" target="CNTRCT. SUB. | D"/ >
</joi n>
</inheritance>

</cl ass>
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That isthe long version, however. JDOR is smart enough to default the target table to the superclass table, and we can apply join
shortcutsto yield a much more concise representation:

<cl ass name="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<inheritance strategy="newtable">
<join colum="I1D"/>
</inheritance>

</ cl ass>

15.8.2.1.1. Advantages

If you want to map a class to a table and none of the superclasses of that class are themsel ves mapped to atable (or the class has
no persistent superclasses), then the new- t abl e strategy is your only choice. It is only meaningful to discuss the advantages
and disadvantages of the new- t abl e strategy for classes that have a superclass mapped to a different table. For example, our
model's Tri al Subscri pti on classextendsSubscri pti on, yet mapsits declared fields to a different table. We could have
mapped Tri al Subscri pti on'sfieldsto Subscri pti on'stable; what made us choose to to use a separate joined table in-
stead?

1. Using joined subclass tables resultsin the most normalized database schema, meaning the schema with the least spurious or
redundant data.

2. Asmore subclasses are added to the data model over time, the only schema modification that needs to be made is the addi-
tion of corresponding subclass tables in the database, rather than having to change the structure of existing tables.

3. Relationsto abase class using the new- t abl e strategy can be loaded through standard joins and can use standard foreign
keys, as opposed to the machinations required to load relationsto subcl ass-t abl e base types.

15.8.2.1.2. Disadvantages

Using multiple joined tables slows things down. Retrieving any subclass requires one or more database joins, and storing sub-
classes requires multiple | NSERT or UPDATE statements. Thisis only the case when persistence operations are performed on
subclasses; if most operations are performed on the |east-derived persistent superclass, then this mapping is very fast.

When executing a select against a hierarchy that uses joined subclass table inheritance, you must consider how to load
subclass state. Section 5.7, “ Eager Fetching” [473h the Reference Guide describes Kodo's options for efficient data
loading.

15.8.2.2. Table Per Class

Likethejoined new- t abl e strategy, the table-per-classnew- t abl e strategy maps a subclassto its own table. Unlike the
joined strategy, however, the subclass table includes all state for an instance of the corresponding class. Thusto load a subclass
instance, the JIDOR implementation must only read from the subclass table; it does not need to join to superclass tables.
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org.mag

Magazine
- isbn: String
- title: String

Tabloid
“data: Object

TAB_DATA: BLOB

Suppose that our sample model's Magazi ne class has a subclass Tabl oi d. The classes are mapped using the table-per-class
strategy, asin the diagram above. In atable-per-class mapping, Magazi ne'stable MAG contains all state declared in the base
Magazi ne class. Tabl oi d mapsto a separate table, TABLQO D. This table contains not only the state declared in the Tabl oi d
subclass, but al the base class state from Magazi ne aswell. Thusthe TABLQO D table would contain columnsfor i sbn,
title,andother Magazi ne fields.

Example 15.6. Table Per Class Mapping

<cl ass name="Tabl oi d" tabl e="TABLO D" >
<i nheritance strategy="newtable"/>
<fi el d name="Magazi ne. i sbn" col um="1SBN"'/>
<field name="Magazi ne.title" col um="TI TLE"/>

<fiel d name="data" col um=" TAB_DATA"/ >
</cl ass>

Notice that only the lack of aj oi n withinthei nheri t ance element differentiates a table-per-class strategy from ajoined
strategy. Also, notice that a table-per-class subclass explicitly re-maps all of itsinherited fields into its own table.

15.8.2.2.1. Advantages

The table-per-class strategy is very efficient when operating on instances of a known class. Under these conditions, the strategy
never requires joining to superclass or subclass tables. Reads, joins, inserts, updates, and deletes are all efficient in the absence of
polymorphic behavior. Also, asin the joined strategy, adding additional classes to the hierarchy does not require modifying exist-
ing class tables.

15.8.2.2.2. Disadvantages

Polymorphic relations to a non-leaf classesin atable-per-class hierarchy have many limitations. In some ways, they are similar to
relationsto asubcl ass-t abl e base class. When the concrete subclassis not known, the related object could be in any of the
subclass tables, making joins through the relation impossible. This ambiguity also affects identity lookups and queries; these op-
erations require multiple SQL SELECTSs (one for each possible subclass), or a complex UNI ON.

Section 7.8.1, “Table Per Class’ [519h the Reference Guide describes the limitations Kodo places on table-per-class
mapping.
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15.8.3. superclass-table

super cl ass-t abl e isthe default strategy for subclasses of new- t abl e and other super cl ass-t abl e classes. In this
strategy, the subclass fields are mapped to superclass' table. Classes that usethe super cl ass-t abl e inheritance strategy
should not specify thecl ass element'st abl e attribute.

org.mag.subscribe

Subscription

T

Lifetime
Subscription

In our model, Subscri pti on ismapped to the CNTRCT. SUB table. Li f et i meSubscri pti on, which extends Sub-
scri ption, addsitsfield datato thistable aswell.

Example 15.7. superclass-table Mapping

<cl ass nane="Li feti meSubscription">
<i nheritance strategy="supercl ass-table"/>

</cl ass>

Mapping subclass state to the superclass table is often called flat inheritance mapping.

15.8.3.1. Advantages

super cl ass-t abl e inheritance mapping is the fastest of all inheritance models, since it never requiresajointo retrieve a
persistent instance from the database. Similarly, persisting or updating a persistent instance requires only asingle | NSERT or
UPDATE statement. Finally, relationsto any classwithinasuper cl ass-t abl e inheritance hierarchy are just as efficient as
relations to a base class.

15.8.3.2. Disadvantages

The larger the inheritance model gets, the "wider" the mapped table gets, in that for every field in the entire inheritance hierarchy,
a column must exist in the mapped table. This may have undesirable consequence on the database size, since awide or deep in-
heritance hierarchy will result in tables with many mostly-empty columns.

15.8.4. Putting it All Together

Now that we have covered JDOR's inheritance strategies, we can update our mapping document with inheritance information.
Here is the complete model:
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org.mag org.mag.pub
Magazine
- isbn: String Company F---
- title: String
A
Article
- id: long F-- - Author F--»
AlD:
A
org.mag.subscribe
Contract
-id: lang
Subscription Lineltem
(a]
Lifetime Trial
Subscription Subscription

And hereis the corresponding mapping metadata:

Example 15.8. Inheritance Mapping

<?xm version="1.0"?>
<or n>
<package name="org. mag">
<sequence nanme="Articl eSeq" datastore-sequence="ART_SEQ'/>
<cl ass name="Magazi ne" tabl e="MAG'>
<!-- not strictly necessary, since this is the default -->
<i nheritance strategy="newtable"/>
<field nane="isbn">
<col um nane="1SBN' j dbc-type="char" |ength="15"/>
</field>
<field nane="title" colum="TITLE"/>

</ cl ass>
<cl ass name="Article" table="ART">
<l-- not strictly necessary, since this is the default -->

<i nheritance strategy="newtable"/>
<field nane="id" colum="1D"/>
</cl ass>
</ package>
<package name="org. mag. pub">
<sequence nane="Aut hor Seq" factory-cl ass="Aut hor $SequenceFact ory"/>
<cl ass nanme="Conpany" tabl e=" COWP" >
<dat astore-identity colum="CI D' strategy="autoassign"/>
<l-- not strictly necessary, since this is the default -->
<i nheritance strategy="newtable"/>
</ cl ass>
<cl ass name="Aut hor" tabl e=" AUTH'>
<dat astore-identity sequence="Aut hor Seq">
<col utm nanme="Al D' sql -type="| NTEGER64"/ >
</ datastore-identity>
<l-- not strictly necessary, since this is the default -->
<i nheritance strategy="newtable"/>
</ cl ass>
</ package>
<package name="org. mag. subscri be">
<sequence nane="Contract Seq" strategy="transactional"/>
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<cl ass name="Contract">
<i nheritance strategy="subcl ass-table"/>
</ cl ass>
<cl ass name="Subscri ption" tabl e="CNTRCT. SUB" >
<l-- not strictly necessary, since this is the default -->
<i nheritance strategy="newtable"/>
<field nane="Contract.id" colum="1D"/>
</ cl ass>
<cl ass name="Li feti meSubscri ption">
<l-- not strictly necessary, since this is the default -->
<i nheritance strategy="supercl ass-table"/>
</cl ass>
<cl ass name="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<i nheritance strategy="newtable">
<join colum="1D"/>
</inheritance>

</ cl ass>
<cl ass name="Subscri ption$Li neltent' tabl e="CNTRCT. LI NE_| TEM >
<l-- not strictly necessary, since this is the default -->

<i nheritance strategy="newtable"/>
<field name="Contract.id" colum="ID"/>
</ cl ass>
</ package>

</ or >

15.9

Discriminator

Thesuper cl ass-t abl e inheritance strategy results in a single table containing records for two or more different classesin
an inheritance hierarchy. Similarly, using the new- t abl e strategy to create joined subclass tables results in the superclass table
holding records for superclassinstances as well as for the superclass state of subclass instances. When selecting data, JDOR
needs away to differentiate a row representing an object of one class from arow representing an object of another. That isthe job
of thedi scri m nat or mapping element.

Thedi scri m nat or element isnested withinthei nheri t ance element. The least-derived mapped class in an inheritance
hierarchy defines the discriminator. In other words, the first new- t abl e classin ahierarchy declares the discriminator strategy
and column; subcl ass-t abl e superclasses do not declare adiscriminator at al, and al subclasses of the first new-t abl e
class can only declare adiscriminator value. Thedi scri ni nat or element hasthe following attributes:

st r at egy: The discriminator strategy. JDOR recognizes several standard strategies, which we detail in the following sec-
tions. Vendors may also define their own proprietary strategies.

Kodo definesthef i nal discriminator strategy for base persistent classes that are not declared final, but nevertheless
will not have any persistent subclasses. Using thef i nal strategy for these classesis slightly more efficient than the
none strategy described below. Kodo also allows you to plug in your own discriminator implementations. The Refer-
ence Guide's Section 7.10, “ Custom Mappings’ [522has details on creating custom discriminators.

val ue: A discriminator value for this class. This attribute is used with the val ue- map discriminator strategy; see Sec-
tion 15.9.2, “value-map” [282]

col unn: The column that holds the discriminator value. As you will see, not all discriminator strategies require acolumn. As
with thedat ast or e-i denti t y element, you can use anested col unm element in lieu of the col unm attribute.

15.9.1. class-name
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Thecl ass- namne discriminator strategy writes the name of the class each row represents to the discriminator column, indicated
by the col umm attribute/element. Aside from its ease-of-use, the main advantage of this strategy is that a good JDOR implement-
ation can calculate all of the subclasses of a given persistent type solely by querying the discriminator column. This means that
you do not have to point the implementation at a manually-maintained list of persistent classes. It can be bothersome to keep such
alist properly synchronized with a rapidly-changing object model during development, or to deploy with afull list of classesin a
J2EE environment where multiple sub-applications share a single server.

On the other hand, storing class names in the database couples your data to your Java object model. In many projects, the persist-
ent data will last far longer than your object mode; perhaps even longer than the Java language itself! For these projects, consider
theval ue- map strategy.

15.9.2. value-map

Theval ue- map strategy islikethecl ass- namne strategy, except that a designated symbolic value is written to the discrimin-
ator column instead of the class name. This means the JIDOR implementation cannot determine a type's subclasses by querying
the discriminator column alone, but it has the advantage of keeping your database independent of your object model.

Tousetheval ue- map strategy, the least-derived mapped class declares the discriminator column, and all concrete classesin
the hierarchy (least-derived class included) usethedi scri m nat or element'sval ue attribute to assign themselves a symbol-
ic value. Thisvalue will be inserted into the discriminator column for rows representing instances of the class. In fact, the dis-
criminator strategy automatically defaultsto val ue- map whenever theval ue attribute is defined; you do not need to specify
thest r at egy attribute aswell.

15.9.3. none

Setting the discriminator strategy to none indicates that there is no discriminator column. Thisisillegal for hierarchies using
super cl ass-t abl e inheritance, but isvalid in other circumstances:

» Base classes that you will never extend do not need a discriminator.
» Subclassesof asubcl ass-t abl e type do not need a discriminator, unless they themselves have additional subclasses.

» A vertical hierarchy that uses joined subclass tables viathe new- t abl e inheritance strategy does not reguire a discriminator
column, if your database supports outer joins. An outer join isajoin in which the related record does not have to exist. When
reading an object, the JDOR implementation can outer join to all possible subclass tables and use the presence or absence of a
matching row in each table to calculate the class of the instance. Obviously, thisis not avery efficient strategy for large hier-
archies; for these we recommend using a column-based strategy such asval ue- map.

15.9.4. Putting it All Together

We can now translate our newfound knowledge of JDOR discriminators into concrete JDOR mappings. We first extend our dia-
gram with discriminator columns:
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org.mag org.mag.pub
Magazine
- Isbn: String Company | ---
- title: String
A
Article
- id: long F-- - Author F--
A
org.mag.subscribe
Contract
-id: lang
i~ Subscription Lineltem
' &
' |
' Lifetime Trial
"1 Subscription Subscription

Next, we present the updated mapping document. There are several things to noticein this revised version:

We have removed explicit inheritance strategy declarations for classes using the default strategy.
Magazi ne, Arti cl e, and Conpany usethe none discriminator strategy because we do not plan on subclassing them.

Aut hor usesthecl ass- nane strategy; perhaps we plan on selling our application framework to other developers, and
we want them to be able to add new subclasses of Aut hor easily.

Cont r act isabstract and is not amapped class (it usessubcl ass-t abl e inheritance), and therefore it has no discrim-
inator. Itstwo subclasses Subscri pti on and Li nel t em however, are each the least-derived mapped classes in the hier-
archy, and so they each declare adiscriminator. Note that though they are sibling classes, they can each use a different dis-
criminator mapping because their superclass is unmapped.

Subscri pti on'sdiscriminator strategy automatically defaultsto val ue- map because we definetheval ue attribute.
Under theval ue- nap strategy, we must also define a unique discriminator value for every concrete subclass of Sub-
scription.

Discriminator columns default to type VARCHAR. Subscri pti on and its subclasses use numeric discriminator values,
therefore, when we map Subscr i pt i on'sdiscriminator column we use anested col umm element rather than the
col unm attribute. The nested element allows usto tell the IDOR implementation the proper j dbc- t ype of the column.

Example 15.9. Discriminator Mapping

<?xm version="1.0"?>
<or >

<package name="org. mag">
<sequence name="Articl eSeq" datastore-sequence="ART_SEQ'/>
<cl ass name="Magazi ne" tabl e="MAG'>
<i nheri tance>
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<di scri m nator strategy="none"/>
</inheritance>
<field name="isbn">
<col um nane="1SBN' j dbc-type="char" |ength="15"/>
</field>
<field nane="title" colum="TITLE"/>
</ cl ass>
<cl ass name="Article" tabl e="ART">
<i nheri tance>
<di scri m nator strategy="none"/>
</inheritance>
<field name="id" colum="1D"/>
</cl ass>
</ package>
<package name="org. mag. pub">
<seguence nane= " Aut hor Seq" fact ory- cl ass="Aut hor $SequenceFact ory"/ >
<cl ass name="Conpany" tabl e=" COVP
<dat astore-identity colum="CI D' strategy="autoassign"/>
<i nheritance>
<di scri m nator strategy="none"/>
</inheritance>
</ cl ass>
<cl ass nanme="Aut hor" tabl e="AUTH'>
<dat astore-identity sequence="Aut hor Seq" >
<col um nanme="Al D' sql -type="1 NTEGER64"/ >
</ datastore-identity>
<i nheri tance>
<di scrim nator colum="CLS" strategy="cl ass-nane"/>
</inheritance>
</cl ass>
</ package>
<package name="org. mag. subscri be">
<sequence nanme="Contract Seq" strategy="transactional"/>
<cl ass name="Contract">
<i nheritance strategy="subcl ass-table"/>
</ cl ass>
<cl ass name="Subscri ption" tabl e="CNTRCT. SUB" >
<i nheri tance>
<di scri m nator val ue="1">
<col um nanme="TYPE" j dbc-type="tinyint"/>
</ di scri m nat or >
</inheritance>
<field nane="Contract.id" colum="1D"/>
</ cl ass>
<cl ass nanme="Li feti meSubscription">
<i nheri tance>
<di scri m nator val ue="2"/>
</inheritance>
</ cl ass>
<cl ass name="Tri al Subscri pt| on" tabl e— " CNTRCT. TRI AL_SUB" >
<i nheritance strategy="newtable">
<join colum="1D"/>
<di scri m nator val ue="3"/>
</inheritance>
</cl ass>
<cl ass nanme="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_| TEM >
<i nheri tance>
<di scrim nator strategy="none"/>
</inheritance>
<field nane="Contract.id" colum="1D"/>
</ cl ass>
</ package>
</ or np

15.10. Version

Section 9.1, “ Transaction Types’ [226] introduced optimistic transactions. In order to prevent one optimistic transaction from
blindly overwriting the changes made by a concurrent transaction, JDOR versions your objects. Thever si on element dictates
what form this versioning takes.

Thever si on element appearsjust after thei nher i t ance element in amapping document. Only the least-derived mapped
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classesin an inheritance hierarchy usethever si on element. The element has the following attributes:

e strategy: Theversion strategy. We review the standard JDO strategies in the following sections. Vendors may define ad-
ditional non-standard strategies.

Kodo does not define any non-standard version strategies, but does allow you to plug in custom strategies of your own.
The Reference Guide's Section 7.10, “ Custom Mappings’ [522locuments version customization in detail.

Kodo also allows you to define multiple lock groups for fine-grained control over optimistic versioning. See Section 5.8,
“Lock Groups’ [476h the Reference Guide for more information on lock groups.

e col um: The column that holds the version value. Not al version strategies require a column.

Aswith other elements, the col um attribute can be replaced with anested col umm element.

15.10.1. none

Asits nameimplies, the none version strategy performs no versioning at all. Using concurrent optimistic transactions under this
strategy is dangerous.

15.10.2. version-number

Thever si on- nunber strategy stores amonotonically increasing version number in the column indicated by the col umm at-
tribute/element. When a dirty object's database record is being updated, the JIDOR implementation checks its in-memory version
number against the database version number. If the database version is higher, the implementation knows that another transaction
has modified the object since the current Per si st enceManager last read its state, and it aborts the transaction to preserve

dataintegrity. If the version number is the same, on the other hand, the implementation increments the number and proceeds with
the flush.

Thever si on- nunber strategy isthe fastest, most efficient, and most accurate version strategy. Its only drawback isthat it re-
quires a dedicated database column. If you are mapping to legacy tables you might not be able to use it.

15.10.3. date-time

Thedat e- t i me strategy isexactly likethever si on- nunber strategy, but it timestamps each update rather than storing an
increasing integer. This strategy is mainly present to support existing tables that use time-based versioning. We do not recom-
mend it for new schemas, sinceit istheoretically possible for two updates to happen so close together that they have the same
timestamp. Thever si on- nunber strategy is a better choice. In addition to being slightly more efficient, it does not suffer
from these sorts of timing failures.

15.10.4. state-comparison

Thest at e- conpar i son version strategy does not require a database column. It works by comparing the last-read values of
your object with the database on flush. If any valuesin the database don't match the recorded last-read value, then some other
transaction must have concurrently modified the data, and the flush is aborted.

Unfortunately, the st at e- i mage strategy is much more memory-hungry than other strategies, because the JDOR runtime has

to store the last-read values of all modified fields. It also resultsin more complex UPDATE SQL statements as the JDOR imple-
mentation verifies that no column has been changed by a concurrent transaction. Finally, it suffers from the following limitations:

e Only simple, exact field values can be used in state comparisons. If acommit only changesaf | oat or Col | ecti on field,
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subsequent commits will not detect any difference in the object's version, because these fields are not compared. Thusit is
possible for one transaction to unknowingly overwrite another.

» If two concurrent transactions make changes to fields that reside in adigjoint set of tables, the second transaction may over-
write the first. For example, if one transaction modifiesaTr i al Subscri pti on instance by only changing fields mapped

to CNTRCT. SUB, and a concurrent transaction modifies the same instance but only changes fields mapped to
CNTRCT. TRI AL_SUB, one transaction might overwrite the other.

Due to these shortcomings, we only recommend using the st at e- conpar i son strategy when performing optimistic transac-
tions on legacy tables without a version column.

15.10.5. Putting it All Together

Here is our model with version columns added:

org.mag org.mag.pub
Magazine
- isbn: String Company |---
- title: String
-
Article
- id: long Author F--
T
org.mag.subscribe
Contract
-id: lang
7 Subscription Lineltermn
(A1
Lifetime Trial
‘1 Subscription Subscription

And hereis our updated mapping data. We made sure that all version strategies are represented for illustrative purposes. Note that
as an unmapped subcl ass-t abl e type, Cont r act does not declare aversion. Itsdirect subclasses Subscri pti on and

Li nel t em however, each define version mappings. Tri al Subscri pti on does not declare an additional version on its
CNTRCT. TRI AL_SUB table, because it joins down to its superclass table. We have a so continued to consolidate our mappings;
this document leaves out default inheritance and discriminator mappings.

Example 15.10. Version Mapping

<?xm version="1.0"?>
<or n>
<package name="org. mag">
<sequence nanme="Articl eSeq" datastore-sequence="ART_SEQ'/>
<cl ass name="Magazi ne" tabl e="MAG'>
<versi on col um="VERS" strategy="version-nunber"/>
<field nane="isbn">
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<col um nanme="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TITLE"/>
</cl ass>
<cl ass nane="Article" table="ART">
<versi on colum="UPD" strategy="date-tinme"/>
<field name="id" colum="1D"/>
</ cl ass>
</ package>
<package name="org. nmg. pub">
<sequence nane="Aut hor Seq" factory-cl ass="Aut hor $SequenceFact ory"/>
<cl ass nanme="Conpany" tabl e="COW" >
<dat astore-identity colum="CI D' strategy="autoassign"/>
<version strategy="none"/>
</ cl ass>
<cl ass nanme="Aut hor" tabl e="AUTH'>
<dat astore-identity sequence="Aut hor Seq">
<col um nanme="Al D' sql -type="| NTEGER64" />
</ datastore-identity>
<i nheri tance>
<di scrimnator colum="CLS" strategy="cl ass-nane"/>
</inheritance>
<version strategy="state-conparison"/>
</ cl ass>
</ package>
<package name="org. mag. subscri be">
<sequence name="ContractSeq" strategy="transactional"/>
<cl ass name="Contract">
<i nheritance strategy="subcl ass-table"/>
</cl ass>
<cl ass name="Subscri pti on" tabl e=" CNTRCT. SUB" >
<i nheritance>
<col utm nanme="TYPE" jdbc-type="tinyint"/>
</ di scrim nator>
</inheritance>
<versi on col um="VERS" strategy="version-nunber"/>
<field nane="Contract.id" colum="1D"/>
</ cl ass>
<cl ass name="Li feti meSubscri ption">
<i nheri tance>
<di scri m nator val ue="2"/>
</inheritance>
</cl ass>
<cl ass nanme="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<inheritance strategy="newtable">
<join colum="1D"/>
<di scri m nator val ue="3"/>
</inheritance>
</ cl ass>
<cl ass name="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_| TEM' >
<versi on col um="VERS" strategy="version-nunber"/>
<field name="Contract.id" colum="I1D"/>
</cl ass>
</ package>
</ or n»

15.11. Field Mapping

The following sections enumerate the myriad of field mappings JDOR supports. JDOR augments standard persistence metadata's
fi el d element with many new object-relational attributes and sub-elements. Aswe explore the library of standard mappings, we

introduce each of these enhancements in context.

Kodo allows you to create custom field mappings for unsupported field types or database schemas. See the Reference

Guide's Chapter 7, Mapping [48%or complete coverage of Kodo JDO's mapping capabilities.
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15.11.1. Superclass Fields

Asyou may have already noticed from the mapping document we have been constructing throughout this chapter, subclasses can
map superclass fields by setting thef i el d element'snane attributeto <super cl ass- nane>. <fi el d- name>. For ex-
ample, Subscri pti on mapsitsCont ract superclass'i d field:

<cl ass name="Subscri ption" tabl e="CNTRCT. SUB" >
<field nane="Contract.id" colum="1D"/>

</ cl ass>

If Cont ract werein adifferent packagethan Subscri pti on, wewould have to fully qualify Cont r act 's class name:

<cl ass name="Subscri ption" tabl e=" CNTRCT. SUB" >
<field nanme="org. mag. subscri be. Contract.id" colum="1D"/>

</ cl ass>

As we tour the standard JDOR field mappings throughout this chapter, keep in mind that any of them can be applied to a super-
classfield just as easily asto afield in the current class.

15.11.2. Basic Mapping

A basic field mapping stores the field value directly into a database column. Primitives, primitive wrappers, St r i ngs, Dat es,
Local es, and any other supported type that can be easily translated into a native JDBC value default to basic mapping. In fact,
you have already seen examples of basic field mappingsin this chapter - for example, the mapping of Magazi ne's primary key
fieldsin Example 15.3, “ Datastor e I dentity M apping” [267].

To write abasic field mapping, just name the column that holds the field value. Thef i el d element acceptsacol umm attribute
or nested col unm  elements for this purpose. We introduced columns and the attribute/element dichotomy already in Sec-
tion 15.6, “ Column” [268].

Kodo stores Java 5 Enumvalues by storing the value namein any CHAR or VARCHAR column. Storing the name is safer
than storing the ordinal position, in case you reorder your enum values or add new options at the beginning or middle of
the value list.

Below we present an updated diagram of our model and its associated database schema, followed by its representation as a map-
ping metadata document. All basic fields are now mapped.
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org.mag org.mag.pub

Magazine Company

- isbn: String - name: String

- title: String - revenue: double

- price: double

- copiesSald: int
Article Author

- id: long - firstName: String

- title: String - lastMame: String

org.mag.subscribe

Contract

,4-id: long -

. Lineltem
Subscription - price: double

- startDate: Date - num: long
- payment: double

I .
LifetimeSubscription TrialSubscription
- eliteClub: boolean - endDate: Date k.

Example 15.11. Basic Field Mapping

<?xm version="1.0"?>
<or ne>
<package name="org. mg">
<cl ass nanme="Magazi ne" tabl e="MAG'>
<field nane="isbn">
<col um nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TITLE"/>
<field nane="price" colum="PRI CE"/>
<field name="copi esSol d" col um="COPI ES"/ >
</ cl ass>
<cl ass nane="Article" table="ART">
<field nane="id" colum="1D"/>
<field name="title" col um="TITLE"/>
</ cl ass>
</ package>
<package name="org. mag. pub">
<cl ass nanme="Conpany" tabl e=" COW" >
<field nane="nane" col utm="NAME"/ >
<field nane="revenue" col um="REV"'/>
</ cl ass>
<cl ass nanme="Aut hor" tabl e="AUTH'>
<field nane="firstNane" col utm="FNAME"/>
<field name="1 ast Name" col utm="LNAME"/ >
</ cl ass>
</ package>
<package name="or g. mag. subscri be">
<cl ass name="Subscri ption" tabl e="CNTRCT. SUB" >
<field nane="Contract.id" colum="I1D"/>
<field nane="startDate" col urm="START"/>
<field nane="paynent" col um="PAY"/>
</ cl ass>
<cl ass nanme="Lifeti meSubscription">
<field nane="eliteC ub" col um="ELITE"/>

289



Mapping Metadata

</cl ass>

<cl ass nanme="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<fi el d name="endDat e" col um="END"/ >

</ cl ass>

<cl ass nane="Subscri ption$Li neltenf tabl e="CNTRCT. LI NE_I TEM >
<field name="Contract.id" colum="ID"/>
<field name="price" col um="PRI CE"/>
<field nanme="nun col um="NUM'/ >

</ cl ass>

</ package>
</ or np

15.11.2.1. CLOB

Unlike Java, most relational databases cannot transparently store strings of arbitrary length. The standard database string types
CHAR and VARCHAR are often limited to holding 255 characters or less. To store longer strings, you must use the CL OB column

type.
CLOB stands for Character Large OBject. In JDOR, mapping aJava St r i ng field to a database CLOB column is exactly like cre-

ating any other basic mapping. The only difference isthat you must usethecol uim element'sj dbc-t ype attribute to tell the
JDOR implementation to use JDBC's CLOB APIsrather than the standard string APIs.

Our sample model usestwo large string fields: Cont r act . t er ns and Li nel t em coment s. Since Cont r act usesa
subcl ass-t abl e mapping, Li nel t emmaps both these fields to its own table:

org.mag.subscribe

Contract
- terms: String

Lineltem
- comments: String

In mapping metadata, CL OB mapping looks like this;

Example 15.12. CLOB Field Mapping

<cl ass nanme="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_| TEM >
<field name="Contract.terns">
<col um nanme="TERMS" j dbc-type="cl ob"/>
</field>
<field nane="comments">
<col utm nane="COMMENTS" j dbc-type="cl ob"/>
</field>

</cl ass>
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In Kodo, you can set the col umm's| engt h attributeto - 1 rather than setting itsj dbc-t ype tocl ob. Thisap-
proach allows K odo to take advantage of some databases' ability to represent unlimited-length strings natively, without
resorting to a CLOB. If your database does not support unlimited-length strings natively, Kodo falls back to CL OB hand-

ling.

15.11.2.2. BLOB

BLOBs are Binary Large OBjects. JDOR uses BLOB columnsto store byt e arrays and serialized Java objects.

Mapping abyt e[ ] fieldtoaBLOB column isabasic mapping. For example, let's map our model'sArti cl e. cont ent field
to the ART. CONTENT BLOB column:

org.mag

Article
- content: byte] |- ol

Example 15.13. Byte Array Field Mapping

<cl ass name="Article" tabl e="ART">
<field nanme="content" col umm="CONTENT"/>

</ cl ass>

Mapping a serialized Obj ect field to aBLOB column islike mapping abyt e[ ] field, except that you must explicitly instruct
JDOR to seridizethefield value withthe seri al i zed attribute. Suppose that instead of abyt e[ ] ,our Arti cl e. cont ent
fieldis of type Obj ect , and we want to serialize that Cbj ect to the CONTENT column:

org.mag

Articie —
- content: Objeet | - m

Example 15.14. Serialized Field Mapping

<cl ass name="Article" table="ART">
<field name="content" col utm="CONTENT" serialized="true"/>

</ cl ass>

15.11.3. Automatic Values
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In Section 15.5, “ Datastore | dentity” [266], you saw how to usethedat ast or e-i denti ty element'sst r at egy and se-
guence attributes to automatically generate datastore identity values. Y ou can apply the same pattern to auto-generate values for
fields of new objects. Thefi el d element'sval ue- st r at egy attribute accepts the same strategies asdat ast or e- i den-
tity'sstrategy attribute. Thefi el d element also hasasequence attribute that functions exactly like dat ast or e-

i dentity'ssequence attribute. Let's modify our mappingstoset Arti cl e'si d field automatically fromthe Arti cl eSeq
sequence, and to make the Li neNunber . numfield auto-incrementing:

Example 15.15. Automatic Field Values

<?xm version="1.0"?>
<or nm>
<package name="org. mag
<sequence name= "Arti cI eSeq" dat ast or e- sequence="ART_SEQ'/ >
<cl ass name="Article" table="ART">
<I'-- specifying the sequence attribute defaults the -->
<l-- value-strategy attribute to "sequence" automatically -->
<field name="id" colum="1D" sequence="Articl eSeq"/>

</ cl ass>

</ paéi(ége>

<package name="org. mag. subscri be">
<cl ass name="Subscri ption$Li nel ten tabl e="CNTRCT. LI NE_I TEM' >

<field name="nun col um="NUM' val ue-strat egy="aut oassi gn"/>

</ cl ass>

</ paéi(ége>

</ or np

Kodo supports the standard sequence, i dent i t y, aut oassi gn, uui d- stri ng, and uui d- hex field value
strategies. Kodo also offersthe custom ver si on strategy. Kodo will automatically set afield with thever si on value
strategy to the object's optimistic version value. The field must be a numeric or date type. If you use aversion field, you
should not specify a separate version mapping (we covered version mapping in Example 15.10, “Version M apping”
[286]).

Kodo also definesar ead- onl y metadata extension that allows you to ignore or restrict updates to a persistent field.
See Section 6.4.2.6, “ Read-Only” [486h the Reference Guide for details. Fields that use the custom ver si on value
strategy are always read-only.

Usingtheaut oassi gnori dentity strategy onafield may causethe Per si st enceManager to flush when retrieving
the value of that field on a persistent-new instance. If the field isa primary key field, retrieving the object id of a persistent-new
instance may also cause aflush, just asit does for new instances using the aut oassi gn datastore identity strategy. See Sec-

tion 15.5, “ Datastore I dentity” [266] for the complete explanation.

15.11.4. Secondary Tables

Sometimes aalogical record is spread over multiple database tables. JDOR calls a class declared table the primary table, and
calls other tables that make up alogical record secondary tables. Y ou can map any persistent field to a secondary table. Just write
the standard field mapping, then perform these two additional steps:

1. Setthefi el d element'st abl e attribute to the name of the secondary table housing the mapped columns.

2. Nestaj oi n element withinthef i el d that describes how the secondary table joinsto the class primary table. Thej oi n
element goes before the field's nested col unm elements, if any. We covered joinsin Section 15.7, “ Joins’ [269]. In fact,
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we aready used thej oi n element to join a subclass table to its superclass table in Section 15.8.2, “ new-table” [275].

Secondary table joins, however, have one caveat that subclass table joins do not. In a subclass join, you know that there will
always be arecord in the superclass table for every record in the subclass table. In a secondary table join, that is not the case.
Some databases are maintained such that primary table rows may not have matching secondary table rows. When you load
objects based on these records, you want the fields mapped to the secondary table to come back nul | .

Joins that produce nul | sfor missing records are called outer joins. Y ou may recall having read about another use for outer
joinsin Section 15.9.3, “none” [282]. If your field is mapped to a secondary table that doesn't necessarily have arow for
every primary table row, set thej oi n element'sout er attributetot r ue.

When the out er attributeist r ue, Kodo will not insert null data rows into the named secondary table. That is, if you
areinserting anew object, and it hasnul | valuesfor every field mapped to an outer-joined secondary table, Kodo will
not insert arow into that secondary table.

In the following example, we movethe Arti cl e. cont ent field we mapped in Section 15.11.2.2, “BLOB” [291] into an
outer-joined secondary table, like so:

org.mag ——
Article \E
- id: long ""' E

- content: byte[]

Example 15.16. Secondary Table Field Mapping

<cl ass nane="Article" table="ART">
<field name="id" colum="I1D"/>
<field name="content" tabl e="ART_DATA" col utm=" CONTENT" >
<join outer="true">
<col um nane="ART_I D' target="1D"/>
</j oi n>
</field>

</class>

Because the target table ART only has a single primary key column, we can usejoin shortcutsto get rid of the nested col umrm
element. Our final mapping becomes:

<cl ass name="Article" tabl e="ART">
<field nanme="id" colum="|D"/>
<field name="content" tabl e="ART_DATA" col umm="CONTENT" >
<join outer="true" colum="ART_ID'/>
</field>

</cl ass>
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15.11.5. Direct Relations

A direct relation is a non-embedded persistent field that holds a reference to another persistence-capable object. Our model has
three direct relations: Magazi ne'spubl i sher fieldisadirect relation to aConpany, Magazi ne'scover Arti cl e fieldis
adirectrelationto Arti cl e, andtheLi nel t em magazi ne field isadirect relation to aMagazi ne. Direct relations are rep-
resented in the database by foreign key columns:

org.mag

Magazine
- isbn: String
- title: String L
- publisher: Company
- coverArticle: Article

Article
- id: long I
-
org.mag.pub
Company o

org.mag.subscribe

Lineltem
- magazine: Magazine

Y ou should be familiar with foreign key mapping from Section 15.7, “ Joins’ [269]. Additionally, we have already demonstrated
mapping foreign key columns onto thej oi n element in Section 15.8.2, “ new-table” [275] and Section 15.11.4, “ Secondary
Tables’ [292]. The only difference now isthat direct relations map the foreign key columns directly onto thef i el d element:

Example 15.17. Direct Relation Field Mapping

<?xm version="1.0"?>
<or ne>
<package name="org. mg">
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="isbn">
<col um nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TITLE"/>
<field name="coverArticle">
<col utm nane="COVER | D" target="1D"/>
</field>
<field name="publisher">
<col um nanme="PUB_I D' target="CI D'/ >
</field>
</ cl ass>
<cl ass name="Article" tabl e="ART">
<field nanme="id" colum="1D"/>

</ cl ass>
</paékége>
<package name="or g. mag. pub">

<cl ass name="Conpany" tabl e=" COWP" >
<dat astore-identity colum="Cl D'/ >

</ cl ass>
</paékége>
<package name="org. mag. subscri be">

<cl ass name="Subscription$Li neltent tabl e="CNTRCT. LI NE_| TEM >
<fi el d nane="magazi ne">
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<col utm nanme="MAG_ | SBN' target="1SBN'/>
<col utm nane="MAG_TI TLE" target="TI TLE"/>
</field>
</ cl ass>
</ paéi(ége>
</ or n»

Or, after applying syntactic shortcuts:

<?xm version="1.0"?>
<or n>
<package name="org. mag">
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="isbn">
<col utm nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TITLE"/>
<field name="coverArticle" colum="COVER | D'/ >
<field name="publisher" col um="PUB_ID'/>
</ cl ass>
<cl ass name="Article" tabl e="ART">
<field nane="id" colum="1D"/>

</ cl ass>
</ paékége>
<package name="or g. mag. pub">

<cl ass name="Conpany" tabl e=" COWP" >
<dat astore-identity colum="Cl D'/ >

</cl ass>
</ package>
<package name="org. mag. subscri be">
<cl ass name="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_| TEM >
<fi el d nane="magazi ne">
<col um nanme="MAG_ | SBN' target="1SBN'/>

<col um name="MAG TI TLE" target="TI TLE"/>
</field>

<l cl ass>
</ paéi(ége>
</ or n»

A direct relation between types A and B is also called a one-to-one relation when every A hasaunique B. It iscalled a
many-to-one relation when multiple As can refer to the same B.

15.11.5.1. Inverse Keys

The direct relations above are all based on forward foreign keys. But relations can a so be based on inverse keys. We described
inverse foreign keysin Section 15.7, “ Joins’ [269].

For example, suppose that instead of Magazi ne having arelationtoitscover Arti cl e, Arti cl e hasarelation to the
Magazi ne it serves as the cover of. We can represent this relation without changing our schema:
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org.mag
______ + e -
Article
- id: long A
- coverQf: Magazine

Example 15.18. I nverse Key Relation Field Mapping

Noticethat the Arti cl e. cover O field refersto the foreign key column in the MAG table by using the fully qualified column
name.

<cl ass name="Magazi ne" tabl e="MAG'>

</ cl ass>

<cl ass nane="Article" table="ART">
<field name="id" colum="1D"/>
<field name="cover O ">

<col um nanme="MAG PUB_I D" target="1D"/>
</field>

</ cl ass>

After syntactic shortuts:

<cl ass nanme="Magazi ne" tabl e="MAG'>
</ cl ass>
<cl ass name="Article" tabl e="ART">

<field name="id" colum="1D"/>
<field name="coverOf" col um="MAG PUB_I D'/ >

</ cl ass>

15.11.5.2. Bidirectional Relations

In the previous sections, we saw that a single foreign key from the MAGtable to the ART table can model an object relation from
Magazi netoArti cl e (throughthe Magazi ne. cover Arti cl e field), orfromArti cl e to Magazi ne (though the
Article.cover O field). A natural question iswhether the foreign key can represent both relations at the same time. The an-
swer isyes.

When two fields are logical inverses of each other like Magazi ne. cover ArticleandArti cl e. cover O, they form abi-
directional relation. And when the two fields of a bidirectiona relation share the same database mapping, JDOR formalizes the
connection with the mapped- by field attribute. Using the mapped- by attribute, we can map both

Magazi ne. cover ArticleandArticl e. cover O asfollows:

Example 15.19. Mapping a Bidirectional Relation
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<cl ass nane="Magazi ne" tabl e="MAG'>
<field nane="coverArticle" colum="PUB_ID'/>
</ cl ass>
<cl ass nane="Article" table="ART">
<field name="coverO" mapped-by="coverArticle"/>

</ cl ass>

Marking Arti cl e. cover O asnmapped- by Magazi ne. cover Arti cl e meanstwo things:

1. Article.coverO usestheforeign key mapped by Magazi ne. cover Arti cl e, butinversesit. Infact, itisillegal to
specify any additional mapping information when you use the mapped- by attribute. All mapping information is read from
the referenced field.

2. Magazi ne. coverArti cl e isthe"owner" of the relation. The field that specifies the mapping data is always the owner.
This means that changesto the Magazi ne. cover Arti cl e field are reflected in the database, while changesto the Ar t -
i cl e.cover O field aonearenot. Changesto Arti cl e. cover O may still affect the JDOR implementation's cache,
however. Thus, it is very important that you keep your object model consistent by properly maintaining both sides of your
bidirectional relations at all times.

It is more efficient to make the field that maps to the foreign key's natural forward direction the owner of a bidirectional
relation. Specify the mapping data on the forward foreign key side, and use mapped- by on the inverse foreign key
side, just aswe did with Magazi ne. cover ArticleandArticl e. cover Of .

Y ou should always take advantage of the napped- by attribute rather than mapping each field of a bidirectional relation inde-
pendently. Failing to do so may result in the JDOR implementation trying to update the database with conflicting data. Be careful
to only mark one side of the relation as mapped- by, however. One side hasto 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’ [458h the Reference Guide for de-
tails.

15.11.6. Basic Collections

Collections and arrays of primitive wrappers, St r i ngs, Dat es, or anything else that can be directly stored in a database column
all fall under the umbrella of basic collection mapping. Basic collection mapping is just a specia case of secondary table map-
ping, as seen in Section 15.11.4, “ Secondary Tables’ [292]. Basic collections map to a secondary table consisting of three com-
ponents:

1. Foreign key columns linking back to the owning class primary table. Aswith all secondary table mappings, these foreign
key columns are mapped to aj oi n element.

2. A column to hold a collection element. Each row of the collection table holds a single collection or array element. Logicaly
enough, theel enent element represents a collection or array el ement.

3. Anoptiona ordering column. Relational databases do not preserve record order. This column stores the relative position of
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elements within the collection or array so that the JDOR implementation can retrieve them in the same order they were in
when stored. The or der element anchors ordering column information in mapping metadata.

In addition to supporting an ordering column, Kodo allows you to order on the collection element values, or, in the case
of relations, fields of the related type. See Section 6.4.2.3, “ Order-By” [485h the Reference Guide for details.

TheArticle.subtitles fieddistheonly basic collection in our model. ThisLi st of St ri ngsis mapped as follows:

org.mag

Article
-1d: long
- subtitles: List<String> |

In mapping metadata, this becomes:

Example 15.20. Basic Collection Field Mapping

<cl ass name="Article" tabl e="ART">
<field nanme="id" colum="1D"/>
<field name="subtitl es" tabl e="ART_SUBS">

<j oi n>
<col um nanme="ART_I D' target="1D"/>
</j oi n>

<el ement col um="SUBTI TLE"/ >
<order col um="C0RD"/>
</field>

</cl ass>

Taking advantage of join shortutsyields:

<cl ass nane="Article" table="ART">
<field name="id" colum="1D"/>
<field name="subtitl es" tabl e="ART_SUBS">
<join colum="ART_I D'/ >
<el enent col um="SUBTI TLE"/ >
<order col um="C0RD"/>
</field>

</cl ass>

The same pattern applies to mapping collections of BLOBs or CLOBS, or any elements that can be stored in one or more data
columns.

15.11.7. Association Table Collections

298



Mapping Metadata

An association table consists of two foreign keys, plus an optional ordering column. In other words, if you replace the data
columns of a basic collection table (Section 15.11.6, “ Basic Collections’ [297]) with another foreign key, you produce an asso-
ciation table. Asits nameimplies, each row of an association table associates two objects together. JDOR uses association tables
to represent collections of persistence-capable objects: one foreign key refers back to the collection's owner, and the other refers
to acollection element. Our model's Magazi ne. arti cl es and Conpany. subscri pti ons fields both have association
table mappings.

org.mag
Magazine ~
- isbn: String F--®=  |SBN: CHI - -
- title: SIring F-—™ TITLE: VARCE - -
- articles: Collection<Article= '

Article
- id: lang

org.mag.pub

Company |
- subscriptions: Collection<Subscription=

org.mag.subscribe

Subscription

An association table relation between types A and B is aso called a one-to-many relation when every A has a unique set
of Bs. It is called a many-to-many relation when multiple As can refer to the same B.

In metadata, an association table mapping is exactly like a basic collection mapping (Section 15.11.6, “ Basic Callections’
[297]), except that the el enent columns represent aforeign key. Y ou should be very familiar with foreign key mapping by
now. See Section 15.7, “ Joins’ [269] for arefresher.

Example 15.21. Association Table Collection Field Mapping

<?xm version="1.0"?>
<or n>
<package name="org. mag">
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="isbn">
<col um nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TITLE"/>
<field name="articl es" tabl e="MAG ARGS">
<j oi n>
<col um nanme="MAG | SBN' target="1SBN'/>
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<col utm nanme="MAG TI TLE" target="TI TLE"/>
</j oi n>
<el enent >
<col um nanme="ART_I D' target="1D"/>
</ el ement >
</field>
</ cl ass>
<cl ass name="Article" tabl e="ART">
<field nane="id" colum="1D"/>
</ cl ass>
</ package>
<package name="org. mag. pub">
<cl ass name="Conpany" tabl e=" COWP" >
<dat astore-identity colum="Cl D' strategy="autoassign"/>
<field name="subscri ptions" tabl e=" COW_SUBS">
<j oi n>
<col um nanme="COWP_I D' target="CI D'/ >
</] oi n>
<el enent >
<col um nanme="SUB_I D' target="I1D"/>
</ el ement >
</field>

</ cl ass>

</ paékége>

<package name="org. mag. subscri be">
<cl ass nanme="Subscription" tabl e="CNTRCT. SUB" >

<field nane="Contract.id" colum="1D"/>

</ cl ass>

</ pai:i(ége>

</ or n»

Applying join shortcutsyields:

<?xm version="1.0"?>
<or >
<package name="org. mg">
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="isbn">
<col utm nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TITLE"/>
<field name="articl es" tabl e="MAG ARGS">
<j oi n>
<col um nanme="MAG | SBN' target="1SBN'/>
<col um nanme="MAG TI TLE" target="TI TLE"/>
</] oi n>
<el ement col um="ART_I D'/ >
</field>
</ cl ass>
<cl ass nanme="Article" tabl e="ART">
<field nane="id" colum="1D"/>

</ cl ass>
</ package>
<package name="org. mag. pub">
<cl ass name="Conpany" tabl e=" COWP" >
<dat astore-identity colum="Cl D' strategy="autoassign"/>
<field nane="subscri ptions" tabl e="COWP_SUBS">
<join colum="COWP_| D'/ >
<el ement col um="SUB_I D'/ >
</field>

</ cl ass>

</ paékége>

<package name="org. mag. subscri be">
<cl ass name="Subscri pti on" tabl e=" CNTRCT. SUB" >

<field name="Contract.id" colum="I1D"/>

</ cl ass>

</ paékége>

</ or m>
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None of our model's association table collections are ordered, but if they were, we could use the or der mapping element to spe-
cify the ordering column, just asin abasic collection mapping.

15.11.7.1. Bidirectional Relations

Association tables have no built-in sense of direction. Each row links two objects, period. Y ou can look at the MAG_ARTS table
in our example above as linking each Magazi ne toitsArti cl es, or aslinkingeach Art i cl e tothe Magazi nesit appears
in. The two outlooks are equally valid. This makes association tables perfect candidates for representing bidirectional relations.

Section 15.11.5.2, “ Bidirectional Relations’ [296] examined direct bidirectional relations that share aforeign key. Association
table bidirectional relations share association table rows instead. Aside from that, al the same concepts apply. In particular, you
gtill usethe mapped- by attribute to mark one collection field as mapped and "owned" by another collection field. The owning

field is responsible for manipulating association table records - the same caveats about keeping your bidirectional relations syn-

chronized apply equally to collections.

In the example below, we have added an Ar t i cl e. magazi nes field asthelogical inverse of thethe Magazi ne. arti cl es
field.

Example 15.22. Mapping Bidirectional Association Table Relations

<?xm version="1.0"?>
<or n>
<package nanme="org.mg">
<cl ass nanme="Magazi ne" tabl e="MAG'>
<field nane="isbn">
<col utm nane="1SBN' j dbc-type="char" |ength="15"/>
</field>
<field nane="title" col um="TITLE"/>
<field name="articl es" tabl e=" MAG ARGS">
<j oi n>
<col um nanme="MAG_ | SBN' target="1SBN'/>
<col utm nanme="MAG Tl TLE" target="TI TLE"/>
</j oi n>
<el ement colum="ART_I D'/ >
</field>
</ cl ass>
<cl ass name="Article" table="ART">
<field name="id" colum="1D"/>
<fi el d name="nmagazi nes" mapped-by="articles"/>

</ cl ass>
</ paékége>
</ orn»

Association tables are symmetric; therefore, the choice of owning vs. non-owning side is arbitrary. However, only the
owning side of the relation can order the its collection elements.

15.11.8. Inverse Key Collections

Inverse key collection mappings are the only standard collection mappings that do not use a secondary table. Instead, the mapping
isbased on an inverse foreign key in the table of the related class. Rather than try to explain the mapping abstractly, let's jump to
an example.
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Inverse key collection relations are a so called one-to-many relations.

org.mag.subscribe

Subscription
- items: Collection<Lineltem=

Lineltem

TheSubscri ption.itens fieldinour model isaninverse key collection. Subscri ption.itensisaCol |l ecti on of
Li nel t em objects. Thereisaforeign key from Li nel t enistable, CNTRCT. LI NE_I TEM to Subscri pti on'stable,
CNTRCT. SUB. Therelation isloaded by selecting all Li nel t emrecords whose foreign key links back to the owning Sub-
scri ption'srecord.

This situation may look familiar to you. It is, in fact, exactly like the inverse key direct relation from Section 15.11.5.1, “Inverse
Keys’ [295]. The only thing separating this mapping from the inverse key direct relation mapping is that in this case, multiple
rowsin CNTRCT. LI NE_| TEMmight have aforeign key to the same CNTRCT. SUB record. At the object level, thisresultsin a
collection rather than a direct reference.

This differenceis also reflected in the mapping metadata. While direct references are mapped tof i el d, collection elements are
mapped tof i el d'snested el enent element. Also, you do not have to fully qualify the name of the foreign key columnsin an
inverse key collection, asyou do in an inverse key direct relation. That is because the lack of a secondary tableisahint to the
JDOR implementation that you are using an inverse key collection, and it knows to ook in the table of the related class for the
foreign key columns.

Example 15.23. Inverse Key Collection Field Mapping

<?xm version="1.0"?>
<or n>
<package name="or g. mag. subscri be">
<cl ass name="Subscri pti on" tabl e=" CNTRCT. SUB" >
<field name="Contract.id" colum="ID"/>
<field nane="itens">
<el enent >
<col um nanme="SUB_I D' target="1D"/>
</ el ement >
</field>
</ cl ass>
<cl ass name="Subscri ption$Li nel tent tabl e="CNTRCT. LI NE_|I TEM' >
<field nane="Contract.id" colum="I1D"/>

</ cl ass>
</ paékége>
</ orn»

Or withjoin shortcutsin place:

<?xm version="1.0"?>
<or ne>
<package name="org. mag. subscri be">
<cl ass name="Subscription" tabl e="CNTRCT. SUB" >
<field nane="Contract.id" colum="1D"/>
<field nane="itens">
<el ement col um="SUB_I D'/ >

</field>
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</ cl ass>
<cl ass nanme="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_I TEM >
<field name="Contract.id" colum="I1D"/>
</ cl ass>
</ paékége>
</ or >

Though it israre, you can map an order column to an inverse key collection to maintain collection order. Y ou use the or der
mapping element, asin any other collection mapping. The order column must be in the same table as the foreign key column(s).

Kodo allows you to specify an order column even in bidirectional inverse key collection mappings.

15.11.8.1. Bidirectional Relations

Most inverse key collections are actually half of abidirectional relation. The other half is a standard direct relation mapping (Sec-
tion 15.11.5, “ Direct Relations’ [294]) onto the foreign key. In fact, it is unusua to write an inverse key collection mapping as
we did above; the vast mgjority of inverse key collections simply use the mapped- by attribute introduced in Section 15.11.5.2,
“Bidirectional Relations’ [296] to refer to their partner field. Our model's Magazi ne. publ i sher and Com

pany. nagazi nes fields are perfect illustrations of the normal pairing between adirect relation and an inverse key collection.

org.mag
e
Magazine ]
- publisher: Company [-------- ||- -,
4 :
org.mag.pub :

Company b7 5
- . i i o
mags: Collection=Magazine= ool Lk

Example 15.24. Direct Relation / I nverse Key Collection Pair

<?xm version="1.0"?>
<or n>
<package name="org. mag">
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="publisher" col um="PUB_I D'/ >

</ cl ass>
</ paékége>
<package name="org. mag. pub">
<cl ass name="Conpany" tabl e=" COWP" >
<dat astore-identity colum="ClID'/>
<field name="rmags" mapped- by="publisher"/>
</ cl ass>
</ paékége>
</ or n»
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15.11.9. Maps

JDOR supports maps of all kinds. Y our map keys can be basic types like St r i ngs, more interesting types like BLOBs and
CLOBs, or even persistence-capable objects. Map values have equal flexibility. Rather than treat each combination of key and
value types as a separate mapping, this section explains the concepts of map mapping in JDOR. Armed with a solid understand-
ing of map concepts, you will be able to write a mapping for any combination of key and value classes, because object-relational
mapping in JDOR is remarkably consistent.

There are two waysto represent amap. Thefirst isto write the map to a secondary table. Y ou may recall secondary table map-
ping of singular values from Section 15.11.4, “ Secondary Tables’ [292]. In amap's secondary table, each row represents a map
entry. Therefore, every map's secondary table has the following three components:

1. Foreign key columns linking back to the owning class primary table. Aswith all secondary table mappings, these foreign
key columns are mapped to aj oi n element.

2. Columnsto hold the entry's key. If the map uses asimple key type like St r i ng, these columns will be standard data
columns. If the map uses persistence-capabl e objects as keys, these will be foreign key columns linking to the records for
those objects. Key columns are anchored to to akey element nested inthef i el d element.

3. Columnsto hold the entry's value. Like key columns, value columns can be direct data columns or foreign key columns, de-
pending on the map's value type. Y ou specify map value columnson thefi el d'sval ue element.

In short, secondary table map mapping is like a combination of basic collection mapping (Section 15.11.6, “ Basic Callections’
[297]) and association table collection mapping (Section 15.11.7, “ Association Table Collections’ [298]), depending on the key
and value types involved.

Articl e. aut hor s isthelone map field in our model. For each author of the article, this field maps the author's last name to
the persistent Aut hor instance.

org.mag

Article

-1d: long
- authors: Map<String,Author=

Author

org.mag.pub

To trandate this to mapping metadata, we perform a basic secondary table mapping, then add the key columnsto the key ele-
ment and the value foreign key columnsto theval ue element.

Example 15.25. Map Field Mapping

<?xm version="1.0"?>
<or >
<package name="org. mag">
<cl ass name="Article" tabl e="ART">
<field name="id" colum="I1D"/>
<field name="aut hors" tabl e="ART_AUTHS" >
<j oi n>
<col um nanme="ART_I D' target="1D"/>
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</j oi n>
<key col um="LNAME"/ >
<val ue>
<col um nanme="AUTH_I D' target="AlD'/>
</val ue>
</field>
</ cl ass>

</ package>
<package name="org. mag. pub">
<cl ass name="Aut hor" tabl e="AUTH'>
<dat astore-identity sequence="Aut hor Seq">
<col utm nanme="Al D' sql -type="1 NTEGER64"/ >
</ dat astore-identity>

</ cl ass>
</ paéi(ége>
</ or >

Or with join shortutsin place:

<?xm version="1.0"?>
<or >
<package name="org. mg">
<cl ass name="Article" table="ART">
<field name="id" colum="I1D"/>
<field name="aut hors" tabl e="ART_AUTHS" >
<join colum="ART_I D'/ >
<key col um="LNAME"/ >
<val ue col um="AUTH_I D'/ >
</field>

<l cl ass>
</ paékége>
<package name="or g. mag. pub">
<cl ass nanme="Aut hor" tabl e="AUTH'>
<dat astore-identity>

<col um nanme="Al D' sql -type="| NTEGER64"/ >
</ datastore-identity>

<l cl ass>
</ paéi(ége>
</ or n»

The second way to represent amap in JDOR is as a set of persistence-capable values with derived keys. In the example above, the
key for each Aut hor isher last name. So rather than create a secondary table with a dedicated key column, we can ssimply map
the Aut hor values, then declare that the key is mapped by each Aut hor 'slast name. Thislets us get rid of the key column al-
together.

Example 15.26. Derived Key Mapping

<?xm version="1.0""?>
<or n>
<package nane="org.mg">
<cl ass nane="Article" table="ART">
<field name="id" colum="I1D"/>
<field name="aut hors" tabl e=" ART_AUTHS" >
<join colum="ART_ID'/>
<key mapped- by="I| ast Nane"/ >
<val ue col um="AUTH | D"/ >
</field>

</ cl ass>
</ paékége>
<package name="org. mag. pub">
<cl ass nanme="Aut hor" tabl e="AUTH'>
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<dat astore-identity>
<col utm nane="AlI D' sql -type="1 NTEGER64"/ >
</ datastore-identity>
</ cl ass>
</ paéi(ége>
</ or n»

When the key is derived from afield of the value type, you aren't limited to using a secondary table to hold the map. In fact, you
can take any mapping that works for a collection of persistence-capable objects and turn it into a map mapping in two steps:

1. Addakey XML element. Set itsmapped- by attribute to the name of afield in the persistence-capable value class. JDOR
will automatically map each entry on the value of thisfield.

2. Usetheval ue XML element instead of the el enent collection element to map the related persistence-capable objects.

The diagram above depicts the mapping of aSubscri pti on'sLi nel t ers. We created this mapping in Section 15.11.8,

“Inverse Key Collections’ [301]. The example below turns this mapping into a map. Each map entry associatesali nel t emis
numfield valueto that Li nel t em

Example 15.27. Inverse Foreign Key Map Mapping

public class Subscription
ext ends Contract

private Map<Long, Li nelten® |ineltens;

}

<?xm version="1.0"?>
<or ne>
<package name="or g. mag. subscri be">
<cl ass name="Subscri ption" tabl e="CNTRCT. SUB" >
<field nane="Contract.id" colum="1D"/>
<field nane="itens">
<key mapped- by="nuni'/>
<val ue col um="SUB_I D'/ >
</field>
</ cl ass>
<cl ass name="Subscri ption$Li nel ten tabl e="CNTRCT. LI NE_I TEM' >
<field nane="Contract.id" colum="1D"/>

</ cl ass>
</ pai:lkége>
</ orn»

15.11.10. Embedded Objects

Chapter 5, Metadata [193] describes JDO's concept of embedded objects. The field values of embedded objects are stored as
part of the owning record, rather than as a separate database record. Thus, instead of mapping a relation to an embedded object as
aforeign key, you map all the fields of the embedded instance to columns in the owning field's table.
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org.mag.pub
Company

-name: String | __ _ _ _ _ _ o ____

-revenue: double. fp---------------—---—-

- address: Address - Address i
- street: String - STAT:E
- city: String 1 N
- state: String - 2P
- Zip: String

To perform an embedded mapping, nest the enrbedded element in the embedded f i el d. This element has the following attrib-
utes:

 null-indicator-col um: Set this attribute to the name of a column that indicates whether the embedded instance is
null. When the JDOR implementation retrieves the embedded object, it will check this column first. If the column valueis
nul |, the IDOR runtime will load nul | into the field that owns the embedded object. If the column valueisnot nul | , the
JDOR runtime will set the owning field to a new embedded object instance, and will load that instance's fields with data from
their mapped columns.

The null indicator column can be a column that is also mapped to an embedded field, or can be an artificial column whose
sole purpose is to indicate whether the embedded instance is null. In the latter case, the JDOR implementation will set this
column automatically.

If you do not specify a null indicator column, then an embedded instance will never get loaded asnul | . Even if you commit

an owning object with its embedded field set to nul | , the next time you re-read the owning object its embedded field will get
loaded with a non-null embedded instance. The embedded instance will have default values for al of itsfields.

Within the enbedded element, nest f i el d elementsfor all the fields of the embedded object. Map these fields as you would
any other fields; you can even map recursive embedded fields, to arbitrary depth.

In our model, Conpany embedsits Addr ess, as pictured in the diagram above. Aut hor aso embedsits Addr ess. Let's see
how this looks in mapping metadata:

Example 15.28. Embedded Field Mapping

This exampl e uses the same column names for Addr ess's embedded fields in both the COMP and AUTH tables. Note, though,
that nothing prevents you from using completely different mappings each time you embed an object.

<?xm version="1.0"?>
<or ne>
<package nanme="org. mag. pub">
<cl ass name="Conpany" tabl e=" COWP" >
<field name="address">
<enbedded nul | -i ndi cat or - col utm=" STREET" >
<field nane="street" col um="STREET"/>
<field name="city" colum="CITY"/>
<field name="state">
<col utm nane="STATE" jdbc-type="char" |ength="2"/>
</field>
<field name="zi p" col um="2zIP"/>
</ enbedded>
</field>
</ cl ass>
<cl ass name="Aut hor" tabl e="AUTH">
<field nane="address">
<enbedded nul | -i ndi cat or - col utm="STREET" >
<field name="street" col um="STREET"/>
<field name="city" colum="CITY"/>
<field nane="state">
<col utmm nane="STATE" jdbc-type="char" |ength="2"/>
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</field>
<field name="zip" col um="2ZIP"/>
</ enbedded>
</field>

</ cl ass>
</ paékége>
</ or >

We set the null indicator column to STREET. Any time the STREET columnisnul | , JDOR loadsnul | into theaddr ess
field. Any time STREET isnot null, JDOR loadsanew Addr ess instance into the addr ess field, and populates that Ad-
dr ess with data based on the above field mappings.

This section focused on fields that hold a direct reference to an embedded object. However, JDOR also supports collections that
contain embedded object elements, and maps that contains embedded object keys, values, or both. In these cases, the columns for
the embedded object's fields are part of the collection or map table. Mapping embedded elements, keys, or valuesis exactly like
mapping an embedded field, except that instead of nesting the enbedded element under thef i el d element, you nest it under
theel enment , key, or val ue elements, respectively. For example, if Conpany had a collection of embedded addresses, like
SO

org.mag.pub

Company
- addresses: Collection<Address= - Address
- street: String
- city: String
- state: String
- Zip: String
Then the mapping would be:

Example 15.29. Embedded Collection Elements

<cl ass nane="Conpany" tabl e=" COW" >
<dat astore-identity colum="CI D' strategy="autoassign"/>
<fi el d name="addresses" tabl e=" COVP_ADDRS" >
<join col um="COW_I| D'/ >
<el enent >
<enbedded>
<field name="street" col uim="STREET"/>
<field name="city" colum="CI TY"/>
<field nane="state">
<col um nane="STATE" jdbc-type="char" |ength="2"/>
</field>
<field name="zi p" col um="2zIP"/>
</ embedded>
</ el ement >
</field>

</ cl ass>
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Normally, you will not use a null indicator column for embedded collection elements, map keys, and map values. Only do so if
you plan on storing null values in your collection or map.

15.12. Foreign Keys

Section 15.7, “ Joins’ [269] introduced foreign keys as logical links between records. Most relational databases have the ability to
manifest these logical links as physical database constraints. Foreign key constraints have a delete action that runsif the linked-to
record is deleted, and an update action that runsiif the linked-to record's primary key changes. Y ou have a choice between the fol-
lowing action types:

e restrict: Throw an exception if the linked-to record is deleted/updated. All databases with physical foreign keys support
this action. Using this action ensures that there are no orphaned referencesin the database, because a record cannot be deleted
or changeits primary key while there are till foreign keys referencing it.

» cascade: Modify the foreign key record to match the linked-to record. As a delete action, this means that if the referenced
row is deleted, the row referencing it will be deleted aswell. As an update action, it means that the referencing row's foreign
key values will automatically change whenever the linked-to row's primary key values are modified. Not all databases support
cascading foreign keys, especially cascading update action keys.

e nul | :If thereferenced row is deleted or changesits primary key, null the columns of this foreign key. Some databases do
not support this action.

» def aul t: Set the columns of thisforeign key to their default valuesif the linked-to row is deleted or changes its primary
key. Some databases do not support this action.

JDOR uses foreign key declarations both at table-creation time and at runtime. If your JDOR vendor provides atool for creating
tables based on your mappings, then that tool will create physical database foreign keys corresponding to your foreign key declar-
ations. At runtime, the JDOR implementation can use your foreign key markup to order its| NSERT, UPDATE, and DELETE
statements so as hot to violate any foreign key constraints. For example, if you are deleting two records A and B, where A hasa
restrict-delete action foreign key to B, your JIDOR implementation must issue the DELETE for A before the DELETE for B. Other-
wise, A'sforeign key will throw an exception when B is deleted, aborting the transaction. Thus, it isimportant that you faithfully
represent your tables foreign keysin your mapping metadata.

If your mapping metadata specifies foreign key actions that are not supported by your database, Kodo's table creation
tools fall back to supported actions automatically. If your database does not support foreign keys at all, Kodo's tools will
not generate any foreign key creation SQL.

JDOR provides multiple ways to represent a physical foreign key. The easiest way isto add the del et e- act i on attribute to
any mapping element holding foreign key columns. This attribute accepts any of the foreign key action names listed above, and
represents aforeign key with ther est ri ct update action and the given del ete action. Because the vast majority of foreign keys
usether estri ct update action, setting adelete action is an easy and concise way to represent most foreign keys. If your phys-
ical foreign key is on the columns of arelation field, set thedel et e- act i on attribute onthef i el d element. If your foreign
key is on the join columns between a subclass table and superclasstable, add the del et e- acti on attributetothei nheri t -
ance element's nested j oi n element. The following elements can all house join columns, and therefore all accept thedel et e-
action attribute: fi el d,j oi n, el ement, key, val ue.

If your vendor's schema creation tools generate physical foreign keys on relations by default, setting the del et e- ac-
ti on attributeto none will suppressforeign key creation.
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Example 15.30. Using the del et e- act i on Attribute

Thelink from aMagazi ne toitscover Arti cl e, thejoin from MAG_ARTS association table records to their owning

Magazi nes, and the reference from each association tablerecord to its Ar t i cl e are all given physical foreign keys below.
With these foreign keysin place, attempting to deleteany Art i cl e still referenced by aMagazi ne will throw an exception on
flush. Deleting aMagazi ne will automatically clear its entriesin the MAG_ARTS table (the IDOR implementation should do
this anyway, but having a cascading foreign key in place is better in case other, less robust processes delete records without clean-
ing up after themselves).

<?xm version="1.0"?>
<or n>
<package name="org. mag">
<cl ass name="Magazi ne" tabl e="MAG'>
<field name="isbn">
<col um nane="1SBN"' j dbc-type="char" |ength="15"/>
</field>
<field nane="title" colum="TITLE"/>
<field name="coverArticle" colum="COVER ID' del ete-action="restrict"/>
<field name="articl es" tabl e="MAG ARTS">
<join del ete-action="cascade">
<col um nanme="MAG | SBN' target="1SBN'/>
<col utm nanme="MAG TI TLE" target="TI TLE"/>
</ ] oi n>
<el ement col um="ART_I D' del ete-action="restrict"/>
</field>
</ cl ass>
<cl ass nanme="Article" tabl e="ART">
<field nane="id" colum="1D"/>

</ cl ass>
</ paéi(ége>
</ or m>

The second way to represent a physical foreign key iswith a contextual f or ei gn- key element. Y ou can nest thef or ei gn-
key element within any element that acceptsadel et e- act i on attribute. Thef or ei gn- key element goesjust after any
nested col umrms. And just as nested col urm elements provide more power than the col umm attribute, nested f or ei gn- key
elements provide more power thanthe del et e- act i on attribute. Thef or ei gn- key element has the following attributes:

e nane: The name of the foreign key. This attribute is only used during table creation. If it is not present, the JDOR imple-
mentation will choose a suitable default name, or create an unnamed key.

» del et e-acti on: Thekey'sdelete action. Defaultstor estri ct .

e updat e- acti on: Thekey'supdate action. Defaultstor estri ct .

» deferred: Setthisattributetot r ue if the actions of thiskey are deferred. Deferred actions wait until just before the data-
base transaction commits before taking place. This simplifies things for the JIDOR implementation, because it no longer hasto
carefully order itsinserts, updates, and deletes to avoid foreign key constraints. Unfortunately, many databases do not support
deferred constraints.

Thef or ei gn- key element also allows nested ext ensi on elements.

Here is the previous example, modified to usef or ei gn- key elementsrather than del et e- act i on attributes. Thisversion
also specifies the names of the keys, and makes some of them deferred.

Example 15.31. Using Contextual Foreign Key Elements
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<?xm version="1.0"?>
<or ne>
<package name="org. mag">
<cl ass nanme="Magazi ne" tabl e="MAG'>
<field nane="isbn">
<col um nane="1SBN' j dbc-type="char" |ength="15"/>
</field>
<field name="title" col um="TI TLE"/>
<field name="coverArticle" col um="COVER | D'>
<forei gn-key nane="COV_ART_FK" deferred="true"/>
</field>
<field name="articl es" tabl e="MAG ARTS">
<join colum="MAG | D'>
<f orei gn-key nane="OMNER_MAG FK" del et e-acti on="cascade"/>
</j oi n>
<el ement col um="ART_I D'>
<forei gn-key nane="MAG ART_FK" deferred="true"/>
</ el ement >
</field>
</ cl ass>
<cl ass nane="Article" table="ART">
<field name="id" colum="1D"/>

</ cl ass>
</pa6kége>
</ or >

15.13. Indexes

Indexes are database structures that speed up searches, similar to how the index of a book helps you find what you're looking for.
Placing indexes on columns that you often use in queries can drastically improve query performance. Note that primary key
columns and columns with a physical foreign key are aready naturally indexed by the database; you do not need to place addi-
tional indexes on them.

JDOR only uses index markup for table creation; it is not used at runtime. If you are mapping your classes to existing tables, you
do not have to denote your existing indexes in the mapping metadata.

Aswith foreign keys, JDOR alows you to specify an index with either an attribute or an element. In the attribute-based ap-
proach, you place thei ndexed attribute on the mapping element whose columns you want to index. This attribute recognizes
thevaluest r ue, f al se, and uni que. A unique index assumes that the combined data in the index's columns is unique for
each row. The following mapping elements accept thei ndexed attribute: di scri mi nat or,version,field,join,ele-
nent , key, val ue, or der.

Example 15.32. Using thei ndexed Attribute

Indexing the columns of the Article.titl e fied:

<cl ass name="Article" table="ART">
<field name="title" colum="TITLE" indexed="true"/>

</ cl ass>

In place of thei ndexed attribute, you can use a contextual i ndex element. Any element that acceptsthei ndexed attribute
also accepts anested i ndex element. The element goes after any nested col unmsand f or ei gn- keys. It has the following at-
tributes:
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» nane: The name of the index. If you do not specify aname, the JDOR implementation will choose a suitable default.

* uni que: Boolean attribute indicating whether thisis a unique index.

Thei ndex element also permits nested ext ensi on elements.

Here isthe previous example with ani ndex element in place of thei ndexed attribute:

Example 15.33. Using Contextual I ndex Elements

<cl ass name="Article" tabl e="ART">

<field name="title" col um="TI TLE">
<i ndex name="ART_TTL_I DX"/>
</field>
</ cl ass>

15.14. Unique Constraints

Unique constraints ensure that the data in a column or combination of columnsis unique for each row. A table's primary key, for
example, functions as an implicit unique constraint. In JDOR, you represent other unique constraints with the uni que attribute
or the uni que element. These attributes and elements are used during table creation to generate the proper database constraints,
and may also be used at runtime to order | NSERT, UPDATE, and DELETE statements. For example, suppose there is a unique
constraint on the columns of field F. In the same JDO transaction, you delete an object A and make persistent a new object B,
both with the same F value. The JDOR runtime must ensure that the SQL deleting A is sent to the database before the SQL insert-
ing B to avoid a unique constraint violation.

Theuni que attribute can be either t r ue or f al se. When placed on a mapping element, it appliesto all columns of that ele-
ment. The following elements accept the uni que attribute: f i el d, j oi n, el ement , key, val ue.

Example 15.34. Using the uni que Attribute

The following adds a unique constraint to the columns of the Arti cl e. titl e field:

<cl ass name="Article" tabl e="ART">
<field name="title" col um="TITLE" uni que="true"/>

</cl ass>

The contextual uni que element serves the same purpose as the uni que attribute, but allows you to specify more information
about the constraint. Any element that accepts the uni que attribute also accepts a nested uni que element. The element goes
after any nested col umms, f or ei gn- keys, andi ndexes. Theuni que element has the following attributes:

* nane: The constraint name. If left unspecified, the JDOR implementation will choose a suitable default or create an unnamed
constraint.

o deferred: Setthisattributetot r ue if this constraint's actions actions are deferred. Deferred actions wait until just before
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the database transaction commits before running. This means the JDOR implementation doesn't have to worry about ordering
its SQL statements to meet constraints. Unfortunately, many databases do not support deferred constraints.

The uni que element also allows nested ext ensi on elements.

Hereisour previous example using auni que element instead of an attribute:

Example 15.35. Using Contextual Unigque Elements

<cl ass nane="Article" table="ART">
<field name="title" col um="TI TLE">
<uni que name="ART_TTL_UNQ'/ >
</field>

</ cl ass>

15.15. The Complete Document

We began this chapter with the goal of mapping the following object model:

org.mag org.mag.pub
Author
] " o | - firstMame: String
authors " | - lastName: String
Article |
- id: |gng address
- title: String
- subtitles: List<String= Address
- content: byte(] - streeet: String
- city: String
- state: String
coverArticle articles” - P
| l
Magazine L
- isbn: String | addﬁess
- title: String publisher Company
- price: double |—|—> ~name: String
- copiesSold: int | mags® |- revenue: double
5ubscri'pticn5'
mag.-alzine v
Llﬂeltlem T Subsc.r YRR LifetimeSubscription
- comments: String items* 4~ startDate: Date ~ allleCilD: BoGEE
- price: double - - payment: double -
- num: long
a0 ofanrmct TrialSubscription
= —telrms‘gString -endDate: Date
org.mag.subscribe

That goal has now been met. In the course of explaining JDOR's object-relational mapping metadata, we slowly built the requisite
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schema and mappings for the complete model. First, the database schema:

And finaly, the complete JDOR mapping document:

Example 15.36. Full Mapping Document

<?xm version="1.0"?>
<or n>
<package nane="org. mg">
<sequence nanme="Articl eSeq" datastore-sequence="ART_SEQ'/>
<cl ass nanme="Magazi ne" tabl e="MAG'>
<versi on col um="VERS" strategy="version-nunber"/>
<field name="isbhn">
<col um nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field name="title" colum="TITLE"/>
<field nane="price" col um="PRI CE"/>
<field name="copi esSol d" col uim="COPI ES"/ >
<field name="coverArticle" colum="COVER ID' del ete-action="restrict"/>
<field nane="articl es" tabl e="MAG ARGS">
<join del ete-action="cascade">
<col utm nanme="MAG_| SBN' target="1SBN'/>
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<col utm nanme="MAG TI TLE" target="TI TLE"/>

</j oi n>
<el enment colum="ART_I D' del ete-action="restrict"/>
</field>
<field name="publisher" colum="PUB_I D' del ete-action="restrict"/>
</ cl ass>

<cl ass nane="Article" table="ART">
<versi on colum="UPD"' strategy="date-time"/>
<field name="id" colum="1D" sequence="Articl eSeq"/>
<field nane="title" colum="TITLE" uni que="true"/>
<field nane="content" col um="CONTENT"/>
<field name="aut hors" tabl e=" ART_AUTHS" >
<join colum="ART_I D' del ete-acti on="cascade"/>
<key col urm="LNAME"/ >
<val ue colum="AUTH | D' del ete-action="restrict"/>
</field>
<field name="subtitl es" tabl e="ART_ SUBS">
<join colum="ART_I D' del ete-action="cascade"/>
<el ement col um="SUBTI TLE"/ >
<order col um="C0RD"/>
</field>
</cl ass>
</ package>
<package name="org. nmg. pub">
<sequence name= " Aut horSeq" fact ory- cl ass="Aut hor $SequenceFact ory"/ >
<cl ass nane="Company" tabl e=" CCNP
<dat astore-identity colum="CI D' strategy="autoassign"/>
<versi on strategy="none"/>
<field name="name" col utm="NAME" uni que="true"/>
<field nanme="revenue" col um="REV"'/>
<field nane="address">
<enbedded nul | -i ndi cat or - col utm="STREET" >
<field name="street" col uim="STREET"/>
<field nanme="city" colum="Cl TY"/>
<field nane="state">
<col um nane="STATE" j dbc-type="char" |ength="2"/>
</field>
<field name="zi p" colum="2ZIP" indexed="true"/>
</ embedded>
</field>
<field name="subscri pti ons" tabl e=" COW_SUBS" >
<join colum="COW_I D' del ete-acti on="cascade"/>
<el ement col um="SUB I D' del ete-action="restrict"/>

</field>
<field name="rmags" mapped- by="publisher"/>
</ cl ass>

<cl ass nanme="Aut hor" tabl e="AUTH'>
<dat astore-identity sequence="Aut hor Seq">
<col um nanme="Al D' sql -type="1 NTEGER64"/ >
</ datastore-identity>
<i nheri tance>
<di scrim nator colum="CLS" strategy="cl ass-nane"/>
</inheritance>
<versi on strategy="state-conparison"/>
<field name="firstNane" col utm="FNAME"/>
<field nane="1ast Name" col umm="LNAME" i ndexed="true"/>
<field name="address">
<enbedded nul | -i ndi cat or - col utm=" STREET" >
<field nane="street" col um="STREET"/ >
<field name="city" colum="CI TY"/>
<field name="state">
<col utm nane="STATE" j dbc-type="char" |ength="2"/>
</field>
<field name="zip" colum="ZIP" indexed="true"/>
</ embedded>
</field>
</ cl ass>
</ package>
<package name="org. mag. subscri be">
<sequence nanme="Contract Seq" strategy="transactional"/>
<cl ass name="Contract">
<i nheritance strategy="subcl ass-table"/>
</cl ass>
<cl ass name="Subscri pti on" tabl e=" CNTRCT. SUB" >
<i nheritance>
<di scri m nator val ue="1">
<col um nanme="TYPE" jdbc-type="tinyint"/>
</ di scri m nat or >
</inheritance>
<versi on col um="VERS" strategy="version-nunber"/>
<field nane="Contract.id" colum="1D"/>
<field narre:" startDate" col um="START"/>
<field name= payn‘ent col um="PAY"/ >
<field nane="itens">
<el enent colum="SUB_| D'/ >
</field>
</ cl ass>
<cl ass name="Li feti meSubscription">
<i nheri tance>
<di scri m nator val ue="2"/>
</inheritance>
<field nane="eliteC ub" col um="ELI TE"/>
</cl ass>
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<cl ass name="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<i nheritance strategy="newtable">
<join colum="1D" delete-action="restrict"/>
<di scrim nator val ue="3"/>
</inheritance>
<field name="endDat e" col um="END"'/>
</ cl ass>
<cl ass name="Subscri ption$Li nel ten tabl e="CNTRCT. LI NE_| TEM' >
<versi on col um="VERS" strategy="version-nunber"/>
<field name="Contract.id" colum="1D"/>
<field name="price" col um="PRI CE"/>
<field name="num col um="NUM' val ue-strategy="autoassi gn"/>
<fi el d name="rmagazi ne" del ete-action="restrict">
<col utm nane="MAG_ | SBN' target="1SBN'/>
<col utm nanme="MAG Tl TLE" target="TI TLE"/>
</field>
</ cl ass>
</ package>
</ or n»

Until now, we have focused on mapping metadatain the . or m file format. Aswe mentioned at the beginning of this chapter,
however, you can integrate mapping metadata right into your . j do file instead. Here are the above mappings integrated into our
persistent class JDO metadata:

Example 15.37. I ntegrated JDO Metadata Document

<?xm version="1.0"?>
<j do>
<package name="org.mg">
<sequence nanme="ArticleSeq" datastore-sequence="ART_SEQ'/>
<cl ass name="Magazi ne" objecti d-cl ass="Magazi ne$Magazi nel d" tabl e="MAG' >
<versi on col um="VERS" strategy="version-nunber"/>
<field name="isbn" primary-key="true">
<col um nane="1SBN' jdbc-type="char" |ength="15"/>
</field>
<field nane="title" colum="TITLE" prinmary-key="true"/>
<field name="price" col um="PRI CE"/>
<fi el d nanme="copi esSol d" col utm="COPI| ES"/ >
<field name="coverArticle" colum="COVER ID' del ete-action="restrict"/>
<field name="articl es" tabl e="MAG ARGS">
<col | ection el ement-type="Article" dependent-el ement="true"/>
<join del ete-action="cascade">
<col utm nane="MAG_ | SBN' target="1SBN'/>
<col utm nanme="MAG Tl TLE" target="TI TLE"/>
</j oi n>
<el ement col um="ART_I D' del ete-action="restrict"/>
</field>
<field nane="publisher" colum="PUB_ID' del ete-action="restrict"/>
<fetch-group name="detail ">
<field name="publisher" fetch-depth="0"/>
<field nane="articl es" fetch-depth="0"/>
</ f et ch- gr oup>
</ cl ass>
<cl ass name="Article" identity-type="application" detachabl e="true" tabl e="ART">
<versi on colum="UPD' strategy="date-tine"/>
<field nane="id" primary-key="true" colum="1D" sequence="ArticleSeq"/>
<field name="title" colum="TI TLE" uni que="true"/>
<field nane="content" col um="CONTENT"/>
<field name="aut hors" tabl e="ART_AUTHS" >
<map key-type="String" val ue-type="org. mag. pub. Aut hor"/>
<join colum="ART_I D' del ete-acti on="cascade"/>
<key col um="LNAME"/>
<val ue col um="AUTH_ I D' del ete-action="restrict"/>
</field>
<field name="subtitl es" tabl e="ART_SUBS">
<col |l ection el ement-type="String"/>
<join colum="ART_I D' del ete-acti on="cascade"/>
<el enment col um="SUBTI TLE"/ >
<order col um="0RD"/ >
</field>
</cl ass>
</ package>
<package name="org. mag. pub">
<sequence nane="Aut hor Seq" factory-cl ass="Aut hor $SequenceFact ory"/>
<cl ass nanme="Conpany" tabl e=" COW" >
<dat astore-identity colum="CI D' strategy="autoassign"/>
<version strategy="none"/>
<field name="nanme" col um="NAME" uni que="true"/>
<field nane="revenue" col um="REV"'/>
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<field nane="address" enbedded="true">
<enbedded nul | -i ndi cat or - col utm="STREET" >
<field name="street" col um="STREET"/>
<field name="city" colum="CITY"/>
<field nane="state">
<col utmm nane="STATE" jdbc-type="char" |ength="2"/>
</field>
<field name="zi p" colum="2ZIP" indexed="true"/>
</ embedded>
</field>
<fi el d name="subscri pti ons" tabl e=" COW_SUBS" >
<col | ection el ement-type="org. mag. subscri be. Subscri pti on"/>
<join colum="COW_I D' del ete-acti on="cascade"/>
<el ement col um="SUB I D' del ete-action="restrict"/>
</field>
<field name="mags" mapped- by="publ i sher">
<col | ecti on el ement -type="org. mag. Magazi ne"/ >
</field>
</cl ass>
<cl ass name="Aut hor" tabl e=" AUTH">
<dat astore-identity sequence="Aut hor Seq">
<col utm nanme="Al D' sql -type="| NTEGER64"/ >
</ dat astore-identity>
<i nheritance>
<di scri m nator colum="CLS" strategy="cl ass-nane"/>
</inheritance>
<versi on strategy="state-conparison"/>
<field name="firstName" col utm="FNAME"/ >
<field name="| ast Name" col utm="LNAME" i ndexed="true"/>
<field nane="address" enbedded="true">
<enbedded nul | -i ndi cat or - col utm="STREET" >
<field name="street" col um="STREET"/>
<field name="city" colum="CITY"/>
<field nane="state">
<col utmm nane="STATE" jdbc-type="char" |ength="2"/>
</field>
<field name="zi p" colum="2ZIP" indexed="true"/>
</ embedded>
</field>
</ cl ass>
<cl ass name="Address" enbedded-only="true"/>

</ package>
<package name="org. mag. subscri be">

<sequence nanme="Contract Seq" strategy="transactional"/>
<cl ass name="Contract" identity-type="application">
<i nheritance strategy="subcl ass-table"/>
<field nanme="id" prinmary-key="true"/>
</cl ass>
<cl ass name="Subscri pti on" detachabl e="true" tabl e=" CNTRCT. SUB" >
<i nheri tance>
<di scri m nator val ue="1">
<col um nanme="TYPE" jdbc-type="tinyint"/>
</ di scrim nator>
</inheritance>
<versi on col um="VERS" strategy="version-nunber"/>
<field nane="Contract.id" colum="1D"/>
<field nane="startDate" col urm="START"/>
<field name="paynment" col um="PAY"/>
<field name="itens">
<col I ection el enent-type="Subscription$Li neltent dependent-el enent="true"/>
<el enment colum="SUB_I D'/ >
<ext ensi on vendor - nanme="kodo" key="| ock-group" val ue-"none"/>
</field>
</cl ass>
<cl ass nane="Li feti meSubscription">
<i nheri tance>
<di scrim nator val ue="2"/>
</inheritance>
<field name="eliteC ub" col um="ELITE"/>
</ cl ass>
<cl ass name="Tri al Subscri ption" tabl e="CNTRCT. TRI AL_SUB" >
<inheritance strategy="newtable">
<join colum="1D" delete-action="restrict"/>
<di scri m nator val ue="3"/>
</inheritance>
<field name="endDat e" col um="END"'/>
</cl ass>
<cl ass name="Subscri ption$Li neltent tabl e="CNTRCT. LI NE_| TEM' >
<versi on col um="VERS" strategy="version-nunber"/>
<field name="Contract.id" colum="1D"/>
<field name="price" col um="PRI CE"/>
<field name="num col um="NUM' val ue-strategy="autoassi gn"/>
<fiel d name="rmagazi ne" del ete-action="restrict">
<col utm nanme="MAG_ | SBN' target="1SBN'/>
<col um nanme="MAG TI TLE" target="TI TLE"/>
</field>
</ cl ass>

</ package>

</j do>
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Chapter 16. Sequence

javax.jdo.datastore

Sequence
- name: String
- next{): Object
- currenty(): Object
- nextValue(): long
- curremtValue(): long
- allocate(int)

Sequences are simple value generators. Aswe saw in Chapter 15, Mapping Metadata [260], sequences are typically used to
automatically create identity or field values for persistent objects. At times, however, you may want to use a sequence directly
though JDO's Sequence interface.

publ i c Sequence get Sequence (String nane);

Chapter 15, Mapping Metadata [260] 