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Preface

Hibernate 6 was a major redesign of the world®s most popular and feature-rich ORM solution. The redesign touched almost every subsyster
of Hibernate, including the APIs, mapping annotations, and the query language. This new Hibernate was suddenly more powerful, more
robust, more portable, and more type safe.

Hibernate 7 builds on this foundation, adds support fdPA 3.2and introducesHibernate Data Repositoriesan implementation of the

Jakarta Data specificationTaken together, these enhancements yield a level of compile-time type safetyNand resulting developer
productivityNwhich was previously impossible. Hibernate Data Repositories offers truly seamless integration of the ORM solution with the
persistence layer, obsoleting older add-on repository frameworks.

Hibernate ORM an#libernate Reactiveare core components dQuarkus 3 the most exciting new environment for cloud-native
development in Java, and Hibernate remains the persistence solution of choice for almost every major Java framework or server.

Unfortunately, the changes in Hibernate 6 also obsoleted much of the information about Hibernate thatOs available in books, in blog posts,
and on stackoverflow.

This guide is an up-to-date, high-level discussion of the current feature set and recommended usage. It does not attempt to cover every
feature and should be used in conjunction with other documentation:

¥HibernateOs extensiviavadog

¥the Guide to Hibernate Query Language
¥Introducing Hibernate Data Repositorieand
¥the HibernateUser Guide

The Hibernate User Guide includes detailed discussions of most aspects of Hibernate. But with so much information to
| cover, readability is difficult to achieve, and so it©s most useful as a reference. Where necessary, welll provide links to
relevant sections of the User Guide.


https://jakarta.ee/specifications/persistence/3.2/jakarta-persistence-spec-3.2
https://hibernate.org/repositories/
https://jakarta.ee/specifications/data/1.0/jakarta-data-1.0
https://hibernate.org/reactive/
https://quarkus.io
https://docs.hibernate.org/orm/8.0/javadocs/
https://docs.hibernate.org/orm/8.0/querylanguage/html_single/
https://docs.hibernate.org/orm/8.0/repositories/html_single/
https://docs.hibernate.org/orm/8.0/userguide/html_single/

Chapter 1. Introduction

Hibernate is usually described as a library that makes it easy to map Java classes to relational database tables. But this formulation does no
justice to the central role played by the relational data itself. So a better description might be:

Hibernate makegelational data visible to a program written in Java, inratural andtypesafe form,

1. making it easy to write complex queries and work with their results,

2. letting the program easily synchronize changes made in memory with the database, respecting the ACID properties of
transactions, and

3. allowing performance optimizations to be made after the basic persistence logic has already been written.

Here the relational data is the focus, along with the importance of type safety. The gaabjett/relational mapping(ORM) is to eliminate
fragile and untypesafe code, and make large programs easier to maintain in the long run.

ORM takes the pain out of persistence by relieving the developer of the need to hand-write tedious, repetitive, and fragile code for flattening
graphs of objects to database tables and rebuilding graphs of objects from flat SQL query result sets. Even better, ORM makes it much
easier to tune performance later, after the basic persistence logic has already been written.

Actually, the problem that object/relational mapping solves has been mischaracterized for decades, and has very little to do with any so-
called "mismatch" between classes and tables. The real problem is:

1. Data is stored imormalized tables.
2. The process of efficiently reading data from tabldenormalizes the data with joins .
3. In an object-oriented program, we often want to work with data in something quite close twitginal normalized form .

Therefore, the principal task of object/relational mapping is tenormalize the data after reading it from the databaSenis need exists even
if the classes in our program are identical to the database tables.

A perennial question is: should | use ORM, or plain SQL? The answer is uss@lboth JPA and Hibernate were designed
to work in conjunction withhandwritten SQL. You see, most programs with nontrivial data access logic will benefit from
the use of ORM at leasbmewhere But if Hibernate is making things more difficult, for some particularly tricky piece of
data access logic, the only sensible thing to do is to use something better suited to the problem! Just because youOre
using Hibernate for persistence doesnOt mean you have to useévrything

LetOs underline the important point here: the goal of ORMigo hide SQL or the relational model. After all, HibernateOs query language is
nothing more than an object-oriented dialect of ANSI SQL

Is Hibernate a "leaky abstraction"?

HibernateNand ORM in generalNhas been accused of beitegiy abstraction that is, of failing to completely hide the underlying
relational database. Is this true? Well, as you can guess from what weOve already said, the short answemd:thatOs a good

thing. Of course, whether you consider an abstraction "leaky” depends on what you think itOs trying to abstract. Hibernate
successfully abstracts many things: variations between dialects of SQL, messy interactions with JDBC, SQL object naming
conventions, and so on. But it doesnOt even attempt to pretend thereOs anything other than a relational data model underlying all
this. The simple reason is performance. ItOs just not possibéehieve acceptable performancin data access without

acknowledging the nature of the underlying persistent representation. WeOre old enough to have seen multiple generations of
developer relearn this lesson by experience.

Developers often ask about the relationship between Hibernate and JPA, so letOs take a short detour into some history.

1.1. Hibernate and JPA

Hibernate was the inspiration behind théava (nowJakarta) Persistence APbr JPA, and includes a complete implementation of the latest
revision ofthis specification

The early history of Hibernate and JPA

The Hibernate project began in 2001, when Gavin KingOs frustration with Entity Beans in EJB 2 boiled over. It quickly overtook other
open source and commercial contenders to become the most popular persistence solution for Java, and theHibeknate in
Action written with Christian Bauer, was an influential bestseller.


https://docs.hibernate.org/orm/8.0/querylanguage/html_single/
https://jakarta.ee/specifications/persistence/3.2/jakarta-persistence-spec-3.2

In 2004, Gavin and Christian joined a tiny startup called JBoss, and other early Hibernate contributors soon followed: Max Rydahl
Andersen, Emmanuel Bernard, Steve Ebersole, and Sanne Grinovero.

Soon after, Gavin joined the EJB 3 expert group and convinced the group to deprecate Entity Beans in favor of a brand-new
persistence APl modelled after Hibernate. Later, members of the TopLink team got involved, and the Java Persistence API evolved as
a collaboration betweenNprimarilyNSun, JBoss, Oracle, and Sybase, under the leadership of Linda Demichiel.

Over the intervening two decadesnany talented people have contributed to the development of Hibernate. WeOre all especially
grateful to Steve, who has led the project for many years, since Gavin stepped back to focus in other work.

We can think of the API of Hibernate in terms of three basic elements:

¥an implementation of the JPA-defined APIs, most importantly, of the interfaBesityManagerFactory andEntityManager, and of the
JPA-defined O/R mapping annotations,

¥anative APexposing the full set of available functionality, centered around the interfaSessionFactory, which extends
EntityManagerFactory , andSession, which extendsntityManager, and

¥a set ofmapping annotationswhich augment the O/R mapping annotations defined by JPA, and which may be used with the JPA-
defined interfaces, or with the native API.

Hibernate also offers a range of SPIs for frameworks and libraries which extend or integrate with Hibernate, but weOre not interested in any
of that stuff here.

Data wodel

Persistence-related
Entity classes)

program IOgic Uses

Your progrowm

annotated Lt/

N r \“;

JPA API
EntityManager JPA annctations

A
W extends > | augment

Uses
H.Lemo:t.e_ API Hibernate
L Session annctations

J Hibernate ORM  \__ W,

Vs

As an application developer, you must decide whether to:

¥write your program in terms o$ession and SessionFactory, or

¥maximize portability to other implementations of JPA by, wherever reasonable, writing code in tern&ntifyManager and
EntityManagerFactory , falling back to the native APIs only where necessary.

Whichever path you take, you will use the JPA-defined mapping annotations most of the time, and the Hibernate-defined annotations for
more advanced mapping problems.

You might wonder if itDs possible to develop an application usinlg JPA-defined APIs, and, indeed, thatOs possible in

principle. JPA is a great baseline that really nails the basics of the object/relational mapping problem. But without the
native APIs, and extended mapping annotations, you miss out on much of the power of Hibernate.

Since Hibernate existed before JPA, and since JPA was modelled on Hibernate, we unfortunately have some competition and duplication in


https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/SessionFactory.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/Session.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/annotations/package-summary.html

naming between the standard and native APIs. For example:

Table 1.1: Examples of competing APIs with similar naming

Hibernate JPA
org.hibernate.annotations.CascadeType javax.persistence.CascadeType
org.hibernate.FlushMode javax.persistence.FlushModeType
org.hibernate.annotations.FetchMode javax.persistence.FetchType
org.hibernate.query.Query javax.persistence.Query
org.hibernate.Cache javax.persistence.Cache
@org.hibernate.annotations.NamedQuery @javax.persistence.NamedQuery
@org.hibernate.annotations.Cache @javax.persistence.Cacheable
org.hibernate.relational. SchemaManager jakarta.persistence.SchemaManager

Typically, the Hibernate-native APIs offer something a little extra thatOs missing in JPA, so this isnOt #zactBu itOs something to
watch out for.

1.2. Writing Java code with Hibernate

If youOre completely new to Hibernate and JPA, you might already be wondering how the persistence-related code is structured.
Well, typically, our persistence-related code comes in two layers:

1. a representation of our data model in Java, which takes the form of a set of annotated entity classes, and

2. a larger number of functions which interact with HibernateOs APIs to perform the persistence operations associated with our various
transactions.

The first part, the data or "domain" model, is usually easier to write, but doing a great and very clean job of it will strongly affect your
success in the second part.

Most people implement the domain model as a set of what we used to call "Plain Old Java Objects", that is, as simple Java classes with no
direct dependencies on technical infrastructure, nor on application logic which deals with request processing, transaction management,
communications, or interaction with the database.

Take your time with this code, and try to produce a Java model thatOs as close as reasonable to the relational data model.
Avoid using exotic or advanced mapping features when theyOre not really needed. When in the slightest doubt, map a
foreign key relationship using®ManyToOwith @OneToMany(mappedByrByeference to more complicated association
mappings.

The second part of the code is much trickier to get right. This code must:

¥manage transactions and sessions,

¥interact with the database via the Hibernate session,
¥publish CDI events and send JMS messages,
¥fetch and prepare data needed by the Ul, and
¥handle failures.

Responsibility for transaction and session management, and for recovery from certain kinds of failure, is best handled in
some sort of framework code.

WeOre going twme back soorto the thorny question of how this persistence logic should be organized, and how it should fit into the rest
of the system.

1.3. Hello, Hibernate

Before we get deeper into the weeds, weOll quickly present a basic example program that will help you get started if you donOt already have
Hibernate integrated into your project.



We begin with a simpl&radlebuild file:

build.gradle
plugins {
E id Yjava'
}

group = 'org.example’
version = '1.0-SNAPSHOT'

repositories  {
E mavenCentral)

}

dependencies {

E //the GOAT ORM

E implementation 'org.hibernate.orm:hibernate-core:8.0.0.Alphal’

E // Hibernate Processor

E annotationProcessor 'org.hibernate.orm:hibernate-processor:8.0.0.Alphal’
E // Hibernate Validator

E implementation 'org.hibernate.validator:hibernate-validator:9.0.1.Final’
E implementation 'org.glassfish.expressly:expressly:6.0.0'

E // Agroal connection pool

E runtimeOnly 'org.hibernate.orm:hibernate-agroal:8.0.0.Alphal’

E //logging via Log4j

E runtimeOnly 'org.apache.logging.log4j:log4j-core:2.24.3'

E // H2 database

E runtimeOnly 'com.h2database:h2:2.3.232'

}

Only the first of these dependencies is absolutegquiredto run Hibernate.
Next, weOll add a logging configuration file ifay4;:

log4j2.properties

rootLogger.level = info
rootLogger.appenderRefs = console
rootLogger.appenderRef.console.ref = console

# SQL statements (set level=debug to enable)
logger.hibernate.name = org.hibernate.SQL
logger.hibernate.level = info

# JDBC parameter binding (set level=trace to enable)
logger.jdbc-bind.name =org.hibernate.orm.jdbc.bind
logger.jdbc-bind.level  =info

# JDBC result set extraction (set level=trace to enable)
logger.jdbc-extract.name =org.hibernate.orm.jdbc.extract
logger.jdbc-extract.level =info

# JDBC batching (set level=trace to enable)
logger.batch.name =org.hibernate.orm.jdbc.batch
logger.batch.level =info

# direct log output to the console

appender.console.name = console

appender.console.type = Console
appender.console.layout.type = PatternLayout
appender.console.layout.pattern = %highlight{[%p]} %m%n

Now we need some Java code. We begin with entity class
Book.java

package org.hibernate.example ;


https://gradle.org
https://logging.apache.org/log4j/

import jakarta.persistence.Entity ;
import jakarta.persistence.ld
import jakarta.validation.constraints.NotNull ;

@Entity

class Book {

E @l

E String isbn;

E @NotNull

E String title ;

E Book) {}

E BooKString isbn, String title ) {
E this .isbn = isbn;
E this . title = title ;
E }

}

Finally, letOs see code whionfiguresand instantiates Hibernate and asks it fiersist and quenythe entity. DonOt worry if this makes no
sense at all right now. ts the job of the rest of this Short Guide to make all this crystal clear.

Main.java

package org.hibernate.example ;
import org.hibernate.jpa.HibernatePersistenceConfiguration ;
import static java.lang. System out;

public class Main {

E public static void main(String [| args) {

E var sessionFactory =

E new HibernatePersistenceConfiguration ("Bookshelf" )

E . managedClagsBook class )

E /[ use H2 in-memory database

E .jdbcUrl ("jdbc:h2:mem:dbi1")

E .jdbcCredentials ("sa", ™)

E /] set the Agroal connection pool size

E . jdbcPoolSize ( 16)

E // display SQL in console

E .showSq(true , true, true)

E . createEntityManagerFactory ();

E /I export the inferred database schema

E sessionFactory . getSchemaManag@r create (true );

E I/ persist an entity

E sessionFactory . inTransaction (session -> {

E session. persist (new BooK "9781932394153;" "Hibernate in Action" ));
E »;

E /I query data using HQL

E sessionFactory . inSession (session -> {

E out. printin  (session. createSelectionQuery ("select isbn||": '||title from Book" ). getSingleResult ());
E D

E /I query data using criteria API

E sessionFactory . inSession (session -> {

E var builder = sessionFactory . getCriteriaBuilder ();

E var query = builder . createQuery(String . class);

E var book = query. from(Book class);

E query. select (builder . concat(builder . concat(book get(Book_.isbn), builder .literal (™" )),
E book get(Book._. title )));

E out. printin  (session. createSelectionQuery (query). getSingleResult ());
E D;

E }

}



In practice, we never access the database directly fromain() method. So now letOs talk about how to organize persistence logic in a real
system. The rest of this chapter is not compulsory. If youOre itching for more details about Hibernate itself, youOre quite welcome to skip
straight to thenext chapter and come back later.

1.4. Entities

A class in the domain model which directly represents a relational database table is calleshtity. Entity classes are central to object
persistence and to object/relational mapping. TheyOre also, typically, central players in the business logic of our application program.
Entities represent thehingsin our business domain. This makes them very important objects indeed!

Given how much weight an entity already bears due to its very nature, we need to think carefully before weighing it down with too many
additional responsibilities.

What sort of logic belongs in an entity?

There exists an extensive online literature which posits that there @t domain modelswhere entities have methods
implementing interesting business logic, anahemic domain mode|swvhere the entities are pure data holders, and that a developer
should hold an opinion that one or the other of these sorts of domain model is "better".

We do not hold any such opinion, and if you ask us for one, we will most likely suddenly discover somewhere else we need to be.

A more interesting question is ndtow muchlogic belongs in the entity class, buthat sortof logic belongs there. We think the
answer is that an entity should never implement technical concerns, and should never obtain references to framework objects. Nor
should it hold extra mutable state which is not very directly related to its role in representing persistent state. For example:

¥an entity may compute totals and averages, even caching them if necessary, enforce its invariants, interact with and construct
other entities, and so on, and its annotations express how it maps to database tables,

¥but the entity should not call theEntityManager or a Jakarta Data repository, build a criteria query, send a JMS message, start a
transaction, publish events to the CDI event bus, maintain a stateful queue of events to be published later, or anything of a similar
nature.

One way to summarize this is:

Entities do business logic; but they donOt do orchestration.

Later, weOll discuss various waysrtanage transactionssend event notifications andquery the database Such code will always be
external to the entity itself.

In keeping with our commitment to anti-dogmatism, we would like to add the following important caveat to the discussion in the previous
callout.

Active Record

The discussiorabove expresses our "traditional" approachNwhich lay behind the design of Hibernate, of JPA, and of Jakarta DataN
where entity classes are plain Java objects without dependence on framework code. An alternative approach is the Active Record
pattern, as exemplified by?anache In Active Record, entity types inherit framework objects, and persistence operations are located
directly on the entities. You can think of this as merging the roles of entity and DAO/Repository into a single object.

Active Record comes with both upsides and downsides, but we don®t mean to exclude it from consideration. We must therefore
slightly modify the prescription weOve given above: in an Active Record, itOs obviously OK to adeesitythenager and perform

other persistence-related operations, and we therefore expect our Active Record class to look somewhat more "technical” than a trad
entity.

But the basic principle remains intact: an entity does not do orchestration, it does not manage transactions, it does not obtain
references toother sorts of framework object, and it does not hold mutable state unrelated to its persistent state.

For now, weQOre going to assume that entities are implemented as plain Java classes.

1.5. Stateful and stateless sessions

It should be very clear from the example codbove, that the session is also a very important object. It exposes basic operations like
persist() andcreateQuery() , and so itOs our first port of call when we waninteract with the databasevia Hibernate. In the code we just
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saw, weOve usedstateful session

Later, weOll learn about the idea opersistence contexOversimplifying for now, you can think of it as a cache of data which has been read
in the current transaction. Thus, in the architecture of Hibernate, itOs sometimes callefirshdevel cacheEach stateful session!Nlthat is,
every HibernateSession, and every JP£&ntityManager!N!has its own persistence context.

But stateful sessions have never been the only possibility. BtetelessSession interface offers a way to interact with Hibernateithout
going through a persistence context. However, the programming model is somewhat different.

Stateless sessions

Among our biggest regrets is that we didnOt give enough loBaelessSession twenty years ago. Sure, a stateful session is in

some sense more powerful, or at least more magical. But with that magic comes a loss of direct control over persistence operations,
and some traps for inexperienced users. A significant minority of developers find working with a persistence context frustrating, and
they would surely be better served by a stateless session.

¥We used to vievBtatelessSession as an API directed toward very specific usage patterns, in particular, batch processing of large
numbers of entities. As a result, we left out certain functionality!N!for example, use cfebend-level cachiN!which didnOt seem
relevant to those use cases. This |8ftatelessSession lacking feature parity witfSession, and it was a mistake. In Hibernate 7,
weOve fixed this mistake SfatelessSession now offers essentially all the functionality of Hibernate except, naturally, the first-
level cache.

¥ Compounding our error, we lefstatelessSession out of JPA. This meant that a large number of Hibernate ustdsOt even
realize this option existedVe promise to make sure there are stateless sessions in Jakarta Persistence 4.

So, finally, let us state for the record: we messed up here. Hibernate is all affgjatt/relational mapping;persistence contexts are
something extra on top. You donOt have to use stateful sessions, and youOre not doing anything wrong if you decide to use stateless
sessions instead.

As of Hibernate 7, a key decision for any new project is which of these programming models to take as a baseline. Fortunately, the two
models arenOt mutually exclusive. This is a friendly competition, where the two APIs are designed to complement each other. Even if we
decide to use statefuSessions most of the time, we can still useStatelessSession wherever itOs more convenient.

l On the other hand, if you decide to adopt Jakarta Data, the decision is made for you: repositories in Jakarta Data 1.0 are
. always stateless, and iklibernate Data Repositoriea repository is backed by $tatelessSession .

But now weOve got just a little bit ahead of ourselves. In the next section taking weOre taking a journayighidiibut definitely doesnOt
necessariliNlend at the idea of a "repository".

1.6. Organizing persistence logic

In a real program, persistence logic like the code shown above is usually interleaved with other sorts of code, including logic:

¥implementing the rules of the business domain, or
¥for interacting with the user.

Therefore, many developers quicklyNeveno quickly in our opinionNreach for ways to isolate the persistence logic into some sort of
separate architectural layer. WeQOre going to ask you to suppress this urge for now.

We prefer dottom-up approach to organizing our code. We like to start thinking about methods and functions, not about architectural
layers and container-managed objects.

Rethinking the persistence layer

When we wroteAn Introduction to Hibernate, he predecessor of this document, we broke with a long practice of remaining agnostic
in debates over application architecture. Into the vacuum created by our agnosticism had poured a deluge of advice which tended to
encourage over-engineering and violation of the First Commandment of software engineeBogOt Repeat Yoursefe felt

compelled to speak up for a more elementary approach.

Here, we reiterate our preference for design which emerges organically from the code itself, via a process of refactoring and iterative
abstraction. The Extract Method refactoring is a far, far more powerful tool than drawing boxes and arrows on whiteboards.

In particular, we hereby give you permission to write code which mixes business logic with persistence logic within the same
architectural layer. Every architectural layer comes with a high cost in boilerplate, and in many contexts a separate persistence layer
is simply unnecessary. Both of the following architectures represent allowed points within the design space:
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In the case that a separate persistence layghelpful, we encourage you to consider the use of Jakarta Data repositories, in
preference to older approaches.

To illustrate the sort of approach to code organization that we advocate, letOs consider a service which queries the database using HQL or
SQL. We might start with something like this, a mix of Ul and persistence logic:

@Path"/" )
@Producgs'application/json" )
public class BookResource{

m

private final SessionFactory sessionfactory = ... ;

@GET

@Path"book/{isbn}" )

public Book getBool String isbn) {
var book = sessionFactory . fromTransaction (session -> session. find (Book class, isbn));
return book == null ? Responsestatus (404). build () : book

T M [T > [T [

Indeed, we might alsdinish with something like thatNitOs quite hard to identify anything concretely wrong with the code above, and for
such a simple case it seems really difficult to justify making this code more complicated by introducing additional objects.

One very nice aspect of this code, which we wish to draw your attention to, is that session and transaction management is handled by
generic "framework” code, just as we already recommended above. In this case, weOre usfraptiimnsaction() method, which
happens to come built in to Hibernate. But you might prefer to use something else, for example:

¥in a container environment like Jakarta EE or Quarkaosntainer-managed transactionandcontainer-managed persistence contexts
¥ something you write yourself.

The important thing is that calls likereateEntityManager() andgetTransaction().begin() donOt belong in regular program logic, because
itOs tricky and tedious to get the error handling correct.

Let®s now consider a slightly more complicated case.

@Path"/" )

@Producgs'application/json" )

public class BookResource{

E private static final int RESULTS_PER_PAGHE,

m

private final SessionFactory sessionfactory = ... ;

@GET
@Patf"books/{titlePattern}/{pageNumber:\\d+}" )
public List <Book> findBooks (String titlePattern , int pageNumbér {
var page = Page pagg RESULTS_PER_PA&GgeNumbér
var books =
sessionFactory . fromTransaction (session -> {
var findBooksByTitle = "from Book where title like ?1 order by title" ;
return session. createSelectionQuery (findBooksByTitle , Book class)
. setParameter( 1, titlePattern )

T M T [ [T [ e m e
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. setPage( page
. getResultList ();
Pk
return books isEmpty() ? Responsestatus (404). build () : books

T M T > T

This is fine, and we wonOt complain if you prefer to leave the code exactly as it appears above. But thereOs one thing we could perhaps
improve. We love super-short methods with single responsibilities, and there looks to be an opportunity to introduce one here. LetOs hit the
code with our favorite thing, the Extract Method refactoring. We obtain:

static List <Book> findBooksTitled (Session session, String titlePattern , Pagepage {

var findBooksByTitle = "from Book where title like ?1 order by title" ;

return session. createSelectionQuery (findBooksByTitle , Book class)
. setParameter(1, titlePattern )

. setPage( page
. getResultList ();

)

>~ [T> [T> [T> [T TP

This is an example of guery method a function which accepts arguments to the parameters of a HQL or SQL query, and executes the
query, returning its results to the caller. And thatOs all it does; it doesnOt orchestrate additional program logic, and it doesnOt perform
transaction or session management.

1tOs even better to specify the query string using@wsamedQuergnotation, so that Hibernate can validate the query at startup time, that
is, when theSessionFactory is created, instead of when the query is first executed. Indeed, since we inclttileernate Processom our
Gradle build the query can even be validated abmpile time

We need a place to put the annotation, so let©s move our query method to a new class:

@CheckHQLvalidate named queries at compile time

@NamedQuemame= "findBooksByTitle" ,

E query = "from Book where title like :title order by title" )
class Queries {

. getResultList ();

E static List <Book> findBooksTitled (Session session, String titlePattern , Pagepage {

E return session. createQuery(Queries_. _findBooksByTitle_ ) //type safe reference to the named query
E . setParameter("title" , titlePattern )

E . setPage( page

E

E

Notice that our query method doesnOt attempt to hide thetityManager from its clients. Indeed, the client code is responsible for
providing the EntityManager or Session to the query method.

The client code may:

¥ obtain anEntityManager or Session by callinginTransaction() orfromTransaction() , as we saw above, or,
¥in an environment with container-managed transactions, it might obtain it via dependency injection.

Whatever the case, the code which orchestrates a unit of work usually just callS¢ssion or EntityManager directly, passing it along to
helper methods like our query method if necessary.

@GET
@Patf"books/{titlePattern}/{pageNumber:\\d+}" )
public List <Book> findBooks (String titlePattern , int pageNumber {
E  var page = Page pagel RESULTS_PER_PA®&eNumber
var books =
sessionFactory . fromTransaction (session ->

/I call handwritten query method

Queries. findBooksTitled (session, titlePattern , page);
return books isEmpty() ? Responsestatus (404). build () : books

=7 [T [Tp [T [Th [T [T

You might be thinking that our query method looks a bit boilerplatey. ThatOs true, perhaps, but weOre much more concerned that itOs still n¢
perfectly typesafe. Indeed, for many years, the lack of compile-time checking for HQL queries and code which binds arguments to query
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parameters was our number one source of discomfort with Hibernate. Here @t@heckH@hnotation takes care of checking the query
itself, but the call tosetParameter() is still not type safe.

Fortunately, thereOs now a great solution to both problems. Hibernate Processor is able to fill in the implementation of such query methods
for us. This facility is the topic @f whole chapter of this introductionso for now weQll just leave you with one simple example.

Suppose we simpliffQueries to just the following:

/I a sort of proto-repository, this interface is never implemented
interface  Queries {

/I a HQL query method with a generated static "implementation”
@HQtwhere title like :title order by title" )

List <Book> findBooksTitled (String title , Page page;

= [Tp [T» [T»

Then Hibernate Processor automatically produces an implementation of the method annota@dQh a class nameQueries_. We can call
it just like we were previously calling our handwritten version:

@GET
@Patf"books/{titlePattern}/{pageNumber:\\d+}" )
public List <Book> findBooks (String titlePattern , int pageNumber {
E  var page = Page pagg RESULTS_PER_PA®Gg§eNumbgr
var books =
sessionFactory . fromTransaction (session ->
/I call the generated query method "implementation”
Queries_. findBooksTitled (session, titlePattern , page);
return books isEmpty() ? Responsestatus (404). build () : books

=7 [T [Th [T [TH [T [T

In this case, the quantity of code eliminated is pretty trivial. The real value is in improved type safety. We now find out about errors in
assignments of arguments to query parameters at compile time.

This is all quite nice so far, but at this point youOre probably wondering whether we could use dependency injection to obiteitanoeof
the Queries interface, and have this object take care of obtaining its o#ssion. Well, indeed we can. What we need to do is indicate the
kind of session theQueries interface depends on, by adding a method to retrieve the session. Observe, again, that stii(i attempting
to hide theSession from the client code.

Il a true repository interface with generated implementation
interface  Queries {

E // declare the kind of session backing this repository

E Session session();

E //aHQL query method with a generated implementation
E @HQ!where title like :title order by title" )

E List <Book findBooksTitled (String title , Pagepage;
}

TheQueries interface is now considered epository, and we may use CDI to inject the repository implementation generated by Hibernate
Processor. Also, since | guess weOre now working in some sort of container environment, weQll let the container manage transactions for us

@Inject Queries queries; //inject the repository

@GET

@Patf"books/{titlePattern}/{pageNumber:\\d+}" )

@Transactional

public List <Book> findBooks (String titlePattern , int pageNumber {

E  var page = Page pagg RESULTS_PER_PA®HeNumbgr

var books = queries . findBooksTitled (session, titlePattern , page; // call the repository method
return books isEmpty() ? Responsestatus (404). build () : books

7T [T M

Alternatively, if CDI isnOt available, we may directly instantiate the generated repository implementation classaging
Queries_(entityManager) .

TheJakarta Data specificatiomow formalizes this approach using standard annotations, and our implementation of this

specification, Hibernate Data Repositories, is built intbbernate ProcessarYou probably already have it available in
your program.
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Unlike other repository frameworks, Hibernate Data Repositories offers something that plain JPA simply doesnOt have:
full compile-time type safety for your queries. To learn more, please refdntmducing Hibernate Data Repositories

Why we changed our mind about repositories

At the time we wroteAn Introduction to Hibernate, 6ve were especially frustrated with the limitations of popular frameworks which
claimed to simplify the use of JPA by wrapping and hiding teityManager. In our considered opinion, such frameworks typically
made JPA harder to use, sometimes misleading users into misuse of the technology.

The birth of the Jakarta Data specification has obsoleted our arguments against repositories, along with the older frameworks which
were the source of our frustration. Jakarta DataNas realized by Hibernate Data RepositoriesNoffers a clean but very flexible way to
organize code, along with much better compile-time type safety, without getting in the way of direct use dbtitelessSession .

Now that we have a rough picture of what our persistence logic might look like, itOs natural to ask how we should test our code.

1.7. Testing persistence logic

When we write tests for our persistence logic, weOre going to need:

1. a database, with
2. an instance of the schema mapped by our persistent entities, and
3. a set of test data, in a well-defined state at the beginning of each test.

It might seem obvious that we should test against the same database system that weOre going to use in production, and, indeed, we should
certainly have at leassometests for this configuration. But on the other hand, tests which perform I/O are much slower than tests which
don®t, and most databases canOt be set up to run in-process.

So, since most persistence logic written using Hibernate 6xgremelyportable between databases, it often makes good sense to test
against an in-memory Java databaseH2 is the one we recommend.)

1] We do need to be careful here if our persistence code uses native SQL, or if it uses concurrency-management features like
pessimistic locks.

Whether weOre testing against our real database, or against an in-memory Java database, weOll need to export the schema at the beginnin
of a test suite. Wasuallydo this when we create the HibernagessionFactory or JPAEntityManagerFactory , and so traditionally weOve
used aconfiguration propertyfor this.

The JPA-standard property jakarta.persistence.schema-generation.database.action . For example, if weOre using
PersistenceConfiguration to configure Hibernate, we could write:

configuration . property (PersistenceConfiguration . SCHEMAGEN_DATABASE ,ACTION
E Action . SPEC_ACTION_DROP_AND JCREATE

Alternatively, we may use the nechemaManagéPl to export the schema, just as we didove. This option is especially convenient when
writing tests.

sessionFactory . getSchemaManag@r create (true );

Since executing DDL statements is very slow on many databases, we donOt want to do this before every test. Instead, to ensure that each
test begins with the test data in a well-defined state, we need to do two things before each test:

1. clean up any mess left behind by the previous test, and then
2. reinitialize the test data.

We may truncate all the tables, leaving an empty database schema, usingthemaManager
sessionFactory . getSchemaManag@r truncate ();
After truncating tables, we might need to initialize our test data. We may specify test data in a SQL script, for example:

/import.sql

insert into Books (isbn, title ) values ('9781932394153, 'Hibernate in Action' )
insert into Books (isbn, title ) values ('9781932394887', 'Java Persistence with Hibernate' )
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insert into Books (isbn, title ) values ('9781617290459' 'Java Persistence with Hibernate, Second Edition' )

If we name this filémport.sql , and place it in the root classpath, thatOs all we need to do.

Otherwise, we need to specify the file in tikenfiguration propertyjakarta.persistence.sql-load-script-source . If weOre using
PersistenceConfiguration to configure Hibernate, we could write:

configuration . property (AvailableSettings . JAKARTA HBM2DDL LOAD_SCRIPT_SOURCE
E "lorg/lexample/test-data.sql"  );

The SQL script will be executed every timgoort() ortruncate() is called.

ThereOs another sort of mess a test can leave behind: cached datasedbad-level cacheWe recommendlisabling
HibernateOs second-level cache for most sorts of testing. Alternatively, if the second-level cache is not disabled, then
before each test we should call:

sessionFactory . getCachd). evictAllRegions ();

Now, suppose youOve followed our advice, and written your entities and query methods to minimize dependencies on "infrastructure", that
is, on libraries other than JPA and Hibernate, on frameworks, on container-managed objects, and even on bits of your own system which
are hard to instantiate from scratch. Then testing persistence logic is now straightforward!

YouOll need to:

¥hootstrap Hibernate and create &essionFactory or EntityManagerFactory at the beginning of your test suite (weOve already seen how
to do that), and

¥ create a newSession or EntityManager inside each@Testmethod, usingnTransaction() , for example.

Actually, some tests might require multiple sessions. But be careful not to leak a session between different tests.

Another important test weQll need is one which validates ®/R mapping annotationsgainst the actual database
schema. This is again the job of the schema management tooling, either:

configuration . property (PersistenceConfiguration . SCHEMAGEN_DATABASE ,ACTION
E Action . ACTION_VALIDATE

Or:

sessionFactory . getSchemaManag@r validate ();

This "test" is one which many people like to run even in production, when the system starts up.

1.8. Overview

1tOs now time to begin our journey toward actuallyderstandingthe code we saw earlier.
This introduction will guide you through the basic tasks involved in developing a program that uses Hibernate for persistence:

1. configuring and bootstrapping Hibernate, and obtaining an instanceS#ssionFactory or EntityManagerFactory ,

2. writing adomain mode] that is, a set oéntity classesvhich represent the persistent types in your program, and which map to tables of
your database,

3. customizing these mappings when the model maps to a pre-existing relational schema,

4. using theSession or EntityManager to perform operations which query the database and return entity instances, or which update the
data held in the database,

5. using Hibernate Processor to improve compile-time type-safety,
6. writing complex queries using the Hibernate Query Language (HQL) or native SQL, and, finally
7. tuning performance of the data access logic.

Naturally, weOll start at the top of this list, with the least-interesting topmfiguration
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Chapter 2. Configuration and bootstrap

We would love to make this section short. Unfortunately, there are several distinct ways to configure and bootstrap Hibernate, and weOre
going to have to describe at least two of them in detail.

The five basic ways to obtain an instance of Hibernate are shown in the following table:

Using the standard JPA-defined XML, and the operation Usually chosen when portability between JPA implementations is
Persistence.createEntityManagerFactory() important.
Using the standard JPA-definelersistenceConfiguration class Usually chosen when portability between JPA implementations is

important, but programmatic control is desired.

UsingHibernatePersistenceConfiguration — or the olderConfiguration When portability between JPA implementations is not important, this
class to construct &essionFactory option adds some convenience and saves a typecast.

Using the more complex APIs defineddry.hibernate.boot Used primarily by framework integrators, this option is outside the
scope of this document.

By letting the container take care of the bootstrap process and of Used in a container environment like WildFly or Quarkus.
injecting the SessionFactory or EntityManagerFactory

Here weOll focus on the first two options.

Hibernate in containers

Actually, the last option is extremely popular, since every major Java application server and microservice framework comes with
built-in support for Hibernate. Such container environments typically also feature facilities to automatically manage the lifecycle of
an EntityManager or Session and its association with container-managed transactions.

To learn how to configure Hibernate in such a container environment, youOll need to refer to the documentation of your chosen
container. For Quarkus, hereOs tetevant documentation

If youOre using Hibernate outside of a container environment, youOll need to:

¥include Hibernate ORM itself, along with the appropriate JDBC driver, as dependencies of your project, and
¥ configure Hibernate with information about your database, by specifying configuration properties.

2.1. Including Hibernate in your project build

First, add the following dependency to your project:
org.hibernate.orm:hibernate-core:{version}

Where{version} is the version of Hibernate youOre usi®i§,0.Alphal , for example.

YouOll also need to add a dependency for the JDBC driver for your database.

Table 2.2: JDBC driver dependencies

Database Driver dependency

PostgreSQL or CockroachDB org.postgresgl:postgresql:{version}

MySQL or TiDB com.mysql:mysql-connector-j:{version}
MariaDB org.mariadb.jdbc:mariadb-java-client:{version}
DB2 com.ibm.db2:jcc:{version}

SQL Server com.microsoft.sqlserver:mssql-jdbc:{version}
Oracle com.oracle.database.jdbc:ojdbc17:{version}
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Database Driver dependency

H2 com.h2database:h2:{version}

HSQLDB org.hsqldb:hsgldb:{version}

MongoDB The JDBC driver is bundled with the dialect mentionedOptional
dependencies

Google Spanner com.google.cloud:google-cloud-spanner-jdbc:{version}

Where{version} is the latest version of the JDBC driver for your database.

2.2. Optional dependencies

Optionally, you might also add any of the following additional features:
Table 2.3: Optional dependencies

Optional feature Dependencies

AnSLF4Jogging implementation org.apache.logging.log4j:log4j-core
or org.slf4j:slf4j-jdk14

A JDBC connection pool, for examplegroal org.hibernate.orm:hibernate-agroal

TheHibernate Processarespecially if youOre using Jakarta Data or theorg.hibernate.orm:hibernate-processor
JPA criteria query API

TheQuery Validatoy for compile-time checking of HQL org.hibernate:query-validator

Hibernate Validator an implementation oBean Validation org.hibernate.validator:hibernate-validator
and org.glassfish.expressly:expressly

Local second-level cache support via JCache dtdCache org.hibernate.orm:hibernate-jcache
and org.ehcache:ehcache

Local second-level cache support via JCache daffeine org.hibernate.orm:hibernate-jcache
and com.github.ben-manes.caffeine:jcache

Distributed second-level cache support viafinispan org.infinispan:infinispan-hibernate-cache-v60
A JSON serialization library for working with JSON datatypes, for com.fasterxml.jackson.core:jackson-databind

example,Jackson 2 {jackson3}{Jackson 3] orasson tools.jackson.core:jackson-databind
or org.eclipse:yasson

Hibernate Spatial org.hibernate.orm:hibernate-spatial

Envers for auditing historical data org.hibernate.orm:hibernate-envers

Hibernate JFRfor monitoring via Java Flight Recorder org.hibernate.orm:hibernate-jfr

Hibernate Jandex integration, foentity discovery org.hibernate.orm:hibernate-scan-jandex

Community dialects org.hibernate.orm:hibernate-community-dialects
Third-party dialects MongoDB org.mongodb:mongodb-hibernate:{version}

Google Spannercom.google.cloud:google-cloud-spanner-
hibernate-dialect:{version}

Where{version} is the version of the third-party dialect compatible

with the version of Hibernate ORM you are using. See the dialectOs own
documentation for more information. Theompatibility matrix on the
Hibernate websitemay also be of help.
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You might also add the Hibernateytecode enhanceito your Gradle build if you want to ugeld-level lazy fetching

2.3. Configuration using JPA XML

Sticking to the JPA-standard approach, we would provide a file narpedsistence.xml , which we usually place in thelETA-INElirectory
of apersistence archivehat is, of thejar file or directory which contains our entity classes.

<persistence xmlIns="http://java.sun.com/xml/ns/persistence"

E xmlins:xsi= "http://www.w3.0rg/2001/XMLSchema-instance"
E xsi:schemalocation="http://java.sun.com/xml/ns/persistence
https://jakarta.ee/xml/ns/persistence/persistence_3_0.xsd"

E version="2.0" >

E <persistence-unit nametorg.hibernate.example” >

E <class>org.hibernate.example.Book </class>

E <class>org.hibernate.example.Author </class>

E <properties>

E <l-- PostgreSQL -->

E <property nameYakarta.persistence.jdbc.url"

E value="jdbc:postgresql://localhost/example" />
E <l-- Credentials -->

E <property nameYakarta.persistence.jdbc.user"

E value="gavin" />

E <property nameYakarta.persistence.jdbc.password"

E value="hibernate" />

E <!l-- Automatic schema export -->

E <property nameYakarta.persistence.schema-generation.database.action"
E value="drop-and-create" />

E <l-- SQL statement logging -->

E <property namethibernate.show_sql" value="true" />

E <property name=hibernate.format_sql" value="true" />

E <property namethibernate.highlight_sql" value="true" />
E </properties>

E </persistence-unit>

</persistence>

The<persistence-unit> element defines a namegersistence unitthat is:

¥a collection of associated entity types, along with
¥ a set of default configuration settings, which may be augmented or overridden at runtime.

Each<class> element specifies the fully-qualified name of an entity class.

Scanning for entity classes

In some container environments, for example, in any EE container <tiass> elements are unnecessary, since the container will
scan the archive for annotated classes, and automatically recognize any class anno@t€utity.

Each<property> element specifies aonfiguration propertyand its value. Note that:

¥the configuration properties in thgakarta.persistence namespace are standard properties defined by the JPA spec, and
¥properties in thehibernate namespace are specific to Hibernate.

We may obtain arEntityManagerFactory by callingPersistence.createEntityManagerFactory()

EntityManagerFactory entityManagerFactory =
E Persistence . createEntityManagerFactory ("org.hibernate.example" );
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If necessary, we may override configuration properties specifiegpénsistence.xml :

EntityManagerFactory entityManagerFactory =
E Persistence . createEntityManagerFactory ("org.hibernate.example” ,
E Mapof (AvailableSettings . JAKARTA_JDBC_PASSWagiworg);

2.4. Programmatic configuration using JPA API
The newPersistenceConfiguration class allows full programmatic control over creation of tlmtityManagerFactory .

EntityManagerFactory entityManagerFactory =
= new PersistenceConfiguration ("Bookshop")
. managedClagsBook class )
. managedClagsAuthor. class)
/I PostgreSQL
. property (PersistenceConfiguration .JDBC_URL"jdbc:postgresql://localhost/example” )
/I Credentials
. property (PersistenceConfiguration .JDBC_USERiser)
. property (PersistenceConfiguration .JDBC_PASSWOpd3sword
/I Automatic schema export
. property (PersistenceConfiguration . SCHEMAGEN_DATABASE_,ACTION
Action . SPEC_ACTION_DROP_AND JCREATE
/I SQL statement logging
. property (JdbcSettings . SHOW_SQitue )
. property (JdbcSettings . FORMAT_SQtue )
. property (JdbcSettings . HIGHLIGHT_SQlrue )
/I Create a new EntityManagerFactory
. createEntityManagerFactory ();

[T [T [T [T [T [T [T T T T T T T T e e m

The specification gives JPA implementors like Hibernate explicit permission to extend this class, and so Hibernate offers the
HibernatePersistenceConfiguration , which lets us obtain &essionFactory without any need for a cast.

SessionFactory sessionFactory =
F new HibernatePersistenceConfiguration ("Bookshop")
. managedClagsBook class )
. managedClagsAuthor. class)
/I PostgreSQL
. jdbcUrl ("jdbc:postgresql://localhost/example” )
/I Credentials
. jdbcCredentials (user, passworgd
/I Automatic schema export
. schemaToolingAction( Action . SPEC_ACTION_DROP_AND JCREATE
/I SQL statement logging
.showSq(true , true, true)
/I Create a new SessionFactory
. createEntityManagerFactory ();

™ ™ > T M T ™ T T M T [T [T

Alternatively, the venerable clasSonfiguration offers similar functionality.

Advanced configuration options

Actually, these APIs are very simple facades resting on the much more powerfulNbut also more complexNAPIs defined in the
packageorg.hibernate.boot . This API is useful if you have very advanced requirements, for example, if youOre writing a framework or
implementing a container. YouOll find more information in theer Guideand in thepackage-level documentatiorof

org.hibernate.boot

2.5. Entity discovery

In a Jakarta EE container environment, we donOt usually need to list entity and embeddable classes explithistence.xml . Instead,
the container scans the persistence urjitr file and automatically discovers classes annotat@kEntity, @Embeddahler
@MappedSuperclass

HibernatePersistenceConfiguration  offers the same functionality if theptional dependencyhibernate-scan-jandex is available at
runtime.

17


https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/jpa/HibernatePersistenceConfiguration.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/cfg/Configuration.html
https://docs.hibernate.org/orm/8.0/userguide/html_single/#bootstrap-native
https://docs.hibernate.org/orm/8.0/javadocs//org/hibernate/boot/package-summary.html

In the following code, entity classes available on the class loader which loddeih.class are automatically discovered.

SessionFactory sessionFactory =
/I entities discovered on ClassLoader of Main.class
new HibernatePersistenceConfiguration ("Bookshop”, Main class)
/I PostgreSQL
. jdbcUrl ("jdbc:postgresql://localhost/example” )
/I Credentials
. jdbcCredentials (user, passworgd
/I Automatic schema export
. schemaToolingAction(Action . SPEC_ACTION_DROP_AND )CREATE
/I SQL statement logging
.showSq(true, true, true)
/I Create a new SessionFactory
. createEntityManagerFactory ();

[T > M [T M [T ™ e T e m e

Notice that we were able to remove the callsttanagedClass()

2.6. Configuration using Hibernate properties file

If weOre using programmatic configuration, but we donOt want to put certain configuration properties directly in the Java code, we can
specify them in a file nametlibernate.properties , and place the file in the root classpath.

# PostgreSQL

jakarta.persistence.jdbc.url Sjdbc:postgresql://localhost/example
# Credentials
jakarta.persistence.jdbc.user  =hibernate

jakarta.persistence.jdbc.password  =zAh7mY$2MNshzAQ5

# SQL statement logging
hibernate.show_sql =true
hibernate.format_sql =true
hibernate.highlight_sql  =true

2.7. Basic configuration settings

ThePersistenceConfiguration class declarestatic final constants holding the names of all configuration properties defined by the
specification itself, for example]DBC_URIolds the property naméjakarta.persistence.jdbc.driver"

Similarly, the clas®vailableSettings enumerates all the configuration properties understood by Hibernate.

Of course, weOre not going to cover every useful configuration setting in this chapter. Instead, weOll mention the ones you need to get
started, and come back to some other important settings later, especially when we talk about performance tuning.

Hibernate has manyNtoo manyNswitches and toggles. Please donOt go crazy messing about with these settings; most of
them are rarely needed, and many only exist to provide backward compatibility with older versions of Hibernate. With
rare exception, the default behavior of every one of these settings was carefully chosentteetdgehavior we recommend

The properties you really do need to get started are these three:

Table 2.4: JDBC connection settings

Configuration property name Purpose
jakarta.persistence.jdbc.url JDBC URL of your database
jakarta.persistence.jdbc.user and Your database credentials

jakarta.persistence.jdbc.password

Since Hibernate 6, you donOt need to spefifernate.dialect . The correct Hibernate SQbialect will be determined
for you automatically. The only reason to specify this property is if youOre using a custom user-writtérdeparty

# Dialect class.

Similarly, neitherhibernate.connection.driver_class  norjakarta.persistence.jdbc.driver is needed when working
with one of the supported databases.
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In some environments itOs useful to be able to start Hibernate without accessing the database. In this case, we must explicitly specify not
only the database platform, but also the version of the database, using the standard JPA configuration properties.

# disable use of JDBC database metadata
hibernate.boot.allow_jdbc_metadata_access =false

# explicitly specify database and version
jakarta.persistence.database-product-name  =PostgreSQL
jakarta.persistence.database-major-version =15
jakarta.persistence.database-minor-version =7

The product name is the value returned lgva.sgl.DatabaseMetaData.getDatabaseProductName(), for example PostgreSQLMySQIH2
Oracle, EnterpriseDB, MariaDB or Microsoft SQL Server .

Table 2.5: Settings needed when database is inaccessible at startup

Configuration property name Purpose

hibernate.boot.allow_jdbc_metadata_access Set tofalse to disallow access to the database at startup
jakarta.persistence.database-product-name The database product name, according to the JDBC driver
jakarta.persistence.database-major-version and The major and minor versions of the database

jakarta.persistence.database-minor-version

Pooling JDBC connections is an extremely important performance optimization. You can set the size of HibernateOs built-in connection pool
using this property:

Table 2.6: Built-in connection pool size
Configuration property name Purpose

hibernate.connection.pool_size The size of the connection pool

This configuration property is also respected when you use Agroal, HikariCP, or c3p0 for connection pooling.

n By default, Hibernate uses a simplistic built-in connection pool. This pool is not meant for use in production, and later,
when we discuss performance, weOll see howelect a more robust implementation

Alternatively, in a container environment, youOll need at least one of these properties:
Table 2.7: Transaction management settings
Configuration property name Purpose

jakarta.persistence.transactionType (Optional, defaults taJTA Determines if transaction management is via JTA or resource-local
transactions. SpecifRESOURCE_LQCMA should not be used.

jakarta.persistence.jtaDataSource JNDI name of a JTA datasource

jakarta.persistence.nonJtaDataSource JNDI name of a non-JTA datasource
In this case, Hibernate obtains pooled JDBC database connections from a container-maragg@$ource

2.8. Automatic schema export

You can have Hibernate infer your database schema from the mapping annotations youOve specified in your Java code, and export the
schema at initialization time by specifying one or more of the following configuration properties:
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Table 2.8: Schema management settings

Configuration property name Purpose

jakarta.persistence.schema-generation.database.action ¥If drop-and-create , first drop the schema, then export tables,
sequences, and constraints, and then populate initial data

¥If create , export tables, sequences, and constraints, without
attempting to drop them first, and then populate initial data

¥If create-drop , drop the schema and recreate it @essionFactory
startup; additionally, drop the schema oBessionFactory
shutdown

¥If drop, drop the schema orsessionFactory shutdown
¥If validate , validate the database schema without changing it

¥|f update, only export whatOs missing in the schema, and alter
incorrect column types

¥|f populate, only populate initial data

jakarta.persistence.create-database-schemas (Optional) Iftrue , automatically create schemas and catalogs

jakarta.persistence.schema-generation.create-source (Optional) Ifmetadata-then-script  orscript-then-metadata , execute
an additional SQL script when exported tables and sequences

jakarta.persistence.schema-generation.create-script-source (Optional) The name of a SQL DDL script to be executed
jakarta.persistence.sql-load-script-source (Optional) The name of a SQL DML script to be executed
hibernate.hbm2ddl.import_files_sql_extractor (Optional) Ifmulti-line , SQL statements may be split across multiple

lines in scripts, and must be-terminated.

This feature is extremely useful for testing.

The easiest way to pre-initialize a database with test or "reference" data is to place a list olfSQt. statements in a file
named, for exampleimport.sql , and specify the path to this file using the propeibkarta.persistence.sql-load-
script-source . WeOve already seenexampleof this approach, which is cleaner than writing Java code to instantiate
entity instances and callingersist() on each of them.

As we mentioneckarlier, it can also be useful to control schema export programmatically.
TheSchemaManagéPl allows programmatic control over schema export:

sessionFactory . getSchemaManag@r create (true );

2.9. Logging the generated SQL

To see the generated SQL as itOs sent to the database, you have two options.

One way is to set the propertyibernate.show_sql totrue , and Hibernate will log SQL directly to the console. You can make the output
much more readable by enabling formatting or highlighting. These settings really help when troubleshooting the generated SQL
statements.

Table 2.9: Settings for SQL logging to the console

Configuration property name Purpose

hibernate.show_sql Iftrue , log SQL directly to the console

hibernate.format_sq| Iftrue , log SQL in a multiline, indented format
hibernate.highlight_sql Iftrue , log SQL with syntax highlighting via ANSI escape codes

Alternatively, you can enablBEBU&vel logging for the categoryrg.hibernate.SQL using your preferred SLF4J logging implementation.

For example, if youOre using Log4J 2 (as abo@ptional dependencie} add these lines to youog4j2.properties ~ file:
# SQL execution
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logger.hibernate.name = org.hibernate.SQL
logger.hibernate.level = debug

# JDBC parameter binding

logger.jdbc-bind.name =org.hibernate.orm.jdbc.bind
logger.jdbc-bind.level  =trace

# JDBC result set extraction

logger.jdbc-extract.name =org.hibernate.orm.jdbc.extract
logger.jdbc-extract.level =trace

# JDBC batching
logger.jdbc-batch.name =org.hibernate.orm.jdbc.batch
logger.jdbc-batch.level  =trace

SQL logging respects the settingibernate.format_sql  andhibernate.highlight_sql , so we donOt miss out on the pretty formatting and
highlighting.
2.10. Minimizing repetitive mapping information

The following properties are very useful for minimizing the amount of information youdll need to explicitly spe@fyableand @Column
annotations, which weOll discuss belowOmject/relational mapping

Table 2.10: Settings for minimizing explicit mapping information

Configuration property name Purpose

hibernate.default_schema A default schema name for entities which do not explicitly declare one
hibernate.default_catalog A default catalog name for entities which do not explicitly declare one
hibernate.physical_naming_strategy APhysicalNamingStrategy implementing your database naming standards
hibernate.implicit_naming_strategy AnImplicitNamingStrategy which specifies how "logical" names of relational objects should

be inferred when no name is specified in annotations

Writing your ownPhysicalNamingStrategy and/or ImplicitNamingStrategy is an especially good way to reduce the
clutter of annotations on your entity classes, and to implement your database naming conventions, and so we think you
should do it for any nontrivial data model. WeOll have more to say about théaining strategies

2.11. Quoting SQL identifiers

By default, Hibernate never quotes a SQL table or column name in generated SQL when the name contains only alphanumeric characters.
This behavior is usually much more convenient, especially when working with a legacy schema, since unquoted identifiers arenOt case-
sensitive, and so Hibernate doesn®t need to know or care whether a column is naAMBEiame or Namen the database side. On the other
hand, any table or column name containing a punctuation character lfis automatically quoted by default.

The following settings enable additional automatic quoting:

Table 2.11: Settings for identifier quoting

Configuration property name Purpose
hibernate.auto_quote_keyword Automatically quote any identifier which is a SQL keyword
hibernate.globally _quoted_identifiers Automatically quote every identifier
Note thathibernate.globally_quoted_identifiers is a synonym foxdelimited-identifiers/> in persistence.xml . We donOt recommend

the use of global identifier quoting, and in fact these settings are rarely used.
A better alternative is to explicitly quote table and column names where necessary, by wriifigble(name="\"View\") or

@Column(name="\"numben")Since thatOs kinda ugly, Hibernate lets us use a backtick as the quote character instead of
the double quote.
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2.12. Nationalized character data in SQL Server

By default,SQL Server@sar andvarchar types donOt accommodate Unicode data. But a Java string may contain any Unicode character.
So, if youOre working with SQL Server, you might need to force Hibernate to usehtiveandnvarchar column types.

Table 2.12: Setting the use of nationalized character data

Configuration property name Purpose

hibernate.use_nationalized_character_data Usenchar andnvarchar instead ofchar andvarchar

On the other hand, if onlgomecolumns store nationalized data, use ti@Nationalized annotation to indicate fields of your entities which
map these columns.

Alternatively, you can configure SQL Server to use the UTF-8 enabled collatiaR8

2.13. Date and time types and JDBC

By default, Hibernate handles date and time types definedjaya.time by:

¥convertingjava.time types to JDBC date/time types definedjava.sql when sending data to the database, and
¥readingjava.sql types from JDBC and then converting themjawa.time types when retrieving data from the database.

This works best when the database server time zone agrees with JVM system time zone.

We therefore recommend setting things up so that the database server and the JVM agree on the same timdintine.
when in doubt, UTC is quite a nice time zone.

There are two system configuration properties which influence this behavior:

Table 2.13: Settings for JDBC date/time handling

Configuration property name Purpose
hibernate.jdbc.time_zone Use an explicit time zone when interacting with JDBC
hibernate.type.java_time_use_direct_jdbc Read and writgava.time types directly to and from JDBC

You may sehibernate.jdbc.time_zone to the time zone of the database server if for some reason the JVM needs to operate in a different
time zone. We do not recommend this approach.

On the other hand, we would love to recommend the usehitifernate.type.java_time_use_direct_jdbc , but this option is still
experimental for now, and does result in some subtle differences in behavior which might affect legacy programs using Hibernate.
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Chapter 3. Entities

Anentity is a Java class which represents data in a relational database table. We say that theraafiyor maps tothe table. Much less
commonly, an entity might aggregate data from multiple tables, but weOll get to .

An entity hasattributesNproperties or fieldsNwhich map to columns of the table. In particular, every entity must havédamtifier orid,
which maps to the primary key of the table. The id allows us to uniquely associate a row of the table with an instance of the Java class, at
least within a giverpersistence context

WeOll explore the idea of a persistence conlkater. For now, think of it as a one-to-one mapping between ids and entity instances.

An instance of a Java class cannot outlive the virtual machine to which it belongs. But we may think of an entity instance having a lifecycle
which transcends a particular instantiation in memory. By providing its id to Hibernate, we may re-materialize the instance in a new
persistence context, as long as the associated row is present in the database. Therefore, the opeiadisizs() andremove() may be

thought of as demarcating the beginning and end of the lifecycle of an entity, at least with respect to persistence.

Thus, an id represents thpersistent identityof an entity, an identity that outlives a particular instantiation in memory. And this is an
important difference between entity class itself and the values of its attributesNthe entity has a persistent identity, and a well-defined
lifecycle with respect to persistence, whereasSaring orList representing one of its attribute values doesnOt.

An entity usually has associations to other entities. Typically, an association between two entities maps to a foreign key in one of the
database tables. A group of mutually associated entities is often calletbaain mode] thoughdata modelis also a perfectly good term.

3.1. Entity classes

An entity must:

¥be a nonfinal class,
¥with a nonprivate constructor with no parameters.

On the other hand, the entity class may be either concreteabstract , and it may have any number of additional constructors.

An entity class may be static inner class.

The requirement for a default constructor is relaxed when thgtecode enhanceiis used.

Every entity class must be annotate@Entity.

@Entity
class Book {
E BooK) {}

7 m

Alternatively, the class may be identified as an entity type by providing an XML-based mapping for the class.

Mapping entities using XML
When XML-based mappings are used, #eatity> element is used to declare an entity class:

<entity-mappings>

E <packagewrg.hibernate.example </package>
E <entity class="Book">

E <attributes> ... </attributes>

E <lentity>

E

</entity-mappings>

Since theorm.xml mapping file format defined by the JPA specification was modelled closely on the annotation-based mappings, itOs
usually easy to go back and forth between the two options.

We wonOt have much more to say about XML-based mappings in this Short Guide, since itOs not our preferred way to do things.
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"Dynamic" models

We love representing entities as classes because the classes giveyps-aafemodel of our data. But Hibernate also has the ability
to represent entities as detyped instances jaf/a.util.Map . ThereOs information in théser Guideif youOre curious.

This must sound like a weird feature for a project that places importance on type-safety. Actually, itOs a useful capability for a very
particular sort of generic code. For exampldibernate Enverss a great auditing/versioning system for Hibernate entities. Envers
makes use of maps to represent wgrsioned modebf the data.

3.2. Access types

Each entity class has a defawdtcess typeeither:

¥ direct field accessor
¥ property access

Hibernate automatically determines the access type from the location of attribute-level annotations. Concretely:

¥if a field is annotated@|d field access is used, or
¥if a getter method is annotatedId property access is used.

Back when Hibernate was just a baby, property access was quite popular in the Hibernate community. Today, however, field acueds is
more common.

The default access type may be specified explicitly using @accesannotation, but we strongly discourage this, since
itOs ugly and never necessary.

Mapping annotations should be placed consistently:

¥if @ldannotates a field, the other mapping annotations should also be applied to fields, or,
# ¥if @ldannotates a getter, the other mapping annotations should be applied to getters.

Itis in principle possible to mix field and property access using expi@#ccessannotations at the attribute level. We
don®t recommend doing this.

An entity class likeBook which does not extend any other entity class, is calleat entity. Every root entity must declare an identifier
attribute.

3.3. Entity class inheritance
An entity class magxtend another entity class.

@Entity

class AudioBook extends Book {
E AudioBookK) {}

E .
}

A subclass entity inherits every persistent attribute of every entity it extends.

A root entity may also extend another class and inherit mapped attributes from the other class. But in this case, the class which declares the
mapped attributes must be annotated@MappedSuperclass

@MappedSuperclass
class Versioned {
E

}
@Entity

class Book extends Versioned {
E

}

A root entity class must declare an attribute annotate@|!d or inherit one from a@MappedSuperclasé subclass entity always inherits the
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identifier attribute of the root entity. It may not declare its ow@Idattribute.

3.4. Identifier attributes

An identifier attribute is usually a field:

@Entity
class Book {

BooK) {}

T

@ld
Longid;

T

But it may be a property:

@Entity
class Book {
E BooK) {}

T

private Longid;

@ld

[ M e

Long getld () { return
void setld (Longid) { this .id =id; }

id; }

An identifier attribute must be annotated|dor @ EmbeddedId

Identifier values may be:

¥ assigned by the application, that is, by your Java code, or
¥generated and assigned by Hibernate.

WeOll discuss the second option first.

3.5. Generated identifiers

An identifier is often system-generated, in which case it should be annota@@eneratedValue

@I|d @GeneratedValue
Longid;

System-generated identifiers, aurrogate keysnake it easier to evolve or refactor the relational data model. If you have
the freedom to define the relational schema, we recommend the use of surrogate keys. On the other hand, if, as is more
common, youOre working with a pre-existing database schema, you might not have the option.

JPA defines the following strategies for generating ids, which are enumerateGdayerationType

Strategy
GenerationType.UUID
GenerationType.IDENTITY
GenerationType.SEQUENCE

GenerationType. TABLE

Table 3.1: Standard id generation strategies

Java type

UUlDor String

LongorInteger

LongorInteger

LongorInteger

Implementation

A JavaUUID

An identity or autoincrement column
A database sequence

A database table
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Strategy Java type Implementation

GenerationType. AUTO Longor Integer SelectsSEQUENCBBLEorUUIDbased on the identifier type and capabilities of the
database

For example, this UUID is generated in Java code:

@Ild @GeneratedValueJUIDid ; // AUTO strategy selects UUID based on the field type

This id maps to a SQHentity , auto_increment, orbigserial column:

@Ild @GeneratedValyestrategy = IDENTITY Longid;
The @SequenceGenerat@and @ TableGeneratoannotations allow further control oveBEQUEN@Rd TABLE)eneration respectively.
Consider this sequence generator:

@SequenceGeneratgname= "bookSeq", sequenceName "seq_book", initialValue =5, allocationSize =10)

Values are generated using a database sequence defined as follows:

create sequenceseq_bookstart with 5 increment by 10

Notice that Hibernate doesnOt have to go to the database every time a new identifier is needed. Instead, a given process obtains a block of
ids, of sizeallocationSize , and only needs to hit the database each time the block is exhausted. Of course, the downside is that generated
identifiers are not contiguous.

If you let Hibernate export your database schema, the sequence definition will have the sightwith ~ andincrement

values. But if youOre working with a database schema managed outside Hibernate, make simiédh&alue  and
allocationSize members of@SequenceGeneratonatch thestart with  andincrement specified in the DDL.

Any identifier attribute may now make use of the generator namsmbkSeq

@ld
@GeneratedValuegenerator = "bookSeq") // reference to generator defined elsewhere
Longid;

Actually, itOs extremely common to place tBxSequenceGenerat@nnotation on the@Idattribute that makes use of it:

@lId

@GeneratedValue // uses the generator defined below
@SequenceGeneraisequenceName "seq_book", initialValue =5, allocationSize =10)
Longid;

In this case, theameof the @SequenceGeneratahould not be specified.

We may even place @SequenceGeneratar @ TableGeneratoannotation at the package level:

@SequenceGeneraisequenceName "id_sequence”, initialValue = 5, allocationSize =10)
@TableGeneratctable = "id_table" , initialValue =5, allocationSize =10)
package org.example.entities ;

Then any entity in this package which specifissategy=SEQUENGH strategy=TABLEwithout also explicitly specifying a generatoamewill
be assigned a generator based on the package-level annotation.

@Id
@GeneratedValuestrategy =SEQUENCE// uses the sequence generator defined at the package level
Longid;

As you can see, JPA provides quite adequate support for the most common strategies for system-generated ids. However, the annotations
themselves are a bit more intrusive than they should be, and thereOs no well-defined way to extend this framework to support custom
strategies for id generation. Nor ma@GeneratedValube used on a property not annotate@Id Since custom id generation is a rather

common requirement, Hibernate provides a very carefully-designed framework for user-defidederators, which weOll discusslitser-
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defined generators

3.6. Natural keys as identifiers

Not every identifier attribute maps to a (system-generated) surrogate key. Primary keys which are meaningful to the user of the system are
called natural keys

When the primary key of a table is a natural key, we donOt annotate the identifier attri@@eneratedValueand itOs the responsibility of the
application code to assign a value to the identifier attribute.

@Entity

class Book {
@ld

String isbn;

m

m

)

Of particular interest are natural keys which comprise more than one database column, and such natural keys areatatipdsite keys

3.7. Composite identifiers

If your database uses composite keys, youOll need more than one identifier attribute. There are two ways to map composite keys in JPA:

¥ using an@IdClass or
¥ using an@Embeddedid

Perhaps the most immediately-natural way to represent this in an entity class is with multiple fields annot@éfifor example:

@Entity
@IdClas¢Bookld. class)
class Book{

E BooK) {}

E @

E String ishn;
E @

E int printing ;

But this approach comes with a problem: what object can we use to identiBoakand pass to methods likénd() which accept an
identifier?

The solution is to write a separate class with fields that match the identifier attributes of the entity. Every such id class must override
equals() andhashCode() Of course, the easiest way to satisfy these requirements is to declare the id classeeasd@.

record Bookld(String isbn, int printing ) {}

The @ldClassannotation of theBookentity identifiesBookld as the id class to use for that entity.

This is not our preferred approach. Instead, we recommend that Bwokid class be declared as a@ Embeddabtgpe:

@Embeddable
record Bookld(String isbn, int printing ) {}

WeOll learn more aboEmbeddable objectbelow.

Now the entity class may reuse this definition usi@EeEmbeddedldnd the@IdClassannotation is no longer required:
@Entity
class Book {

E Book) {}

E @Embeddedid
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Bookld bookld;

E
}

This second approach eliminates some duplicated code.

Either way, we may now usBookld to obtain instances oBook

Book book = session. find (Book class, new Bookld(isbn, printing ));

3.8. Version attributes

An entity may have an attribute which is used by Hibernatedptimistic lock verification Aversion attributeis usually of typénteger ,
Short, Long LocalDateTime OffsetDateTime, ZonedDateTimgor Instant .

@Version
int version ;

@Version
LocalDateTime lastUpdated ;

A version attribute is automatically assigned by Hibernate when an entity is made persistent, and automatically incremented or updated
each time the entity is updated.

If the version attribute is numeric, then an entity is, by default, assigned the version nuralveen itOs first made persistent. ItOs easy to
specify that the initial version should be assigned the numieinstead:

@Version
int version = 1; //the initial version number

If the version attribute is atnstant or datetime, the value assigned to the attribute is generated in the JVM by default.

If the datetime value should be generated by the database, @& ersionannotation may be used in conjunction with a
generator annotation for example:

@CurrentTimestamp@Version
LocalDateTime lastUpdated ;

Almost every entity which is frequently updated should have a version attribute.

If an entity doesnOt have a version number, which often happens when mapping legacy data, we can still do optimistic
locking. The@OptimisticLocking annotation lets us specify that optimistic locks should be checked by validating the
values ofALLfields, or only theDIRTYfields of the entity. And thé& OptimisticLock annotation lets us selectively exclude
certain fields from optimistic locking.

The @Idand @Versionattributes weOve already seen are just specialized exampleasit attributes

3.9. Natural id attributes

Even when an entity has a surrogate key, it should always be possible to write down a combination of fields which uniquely identifies an
instance of the entity, from the point of view of the user of the system. This combination of fields is its natural key. Abovensigered

the case where the natural key coincides with the primary key. Here, the natural key is a second unique key of the entity, distinct from its
surrogate primary key.

If you canOt identify a natural key, it might be a sign that you need to think more carefully about some aspect of your data

model. If an entity doesnOt have a meaningful unique key, then itOs impossible to say what event or object it represents in
the "real world" outside your program.

Since itOsxtremelycommon to retrieve an entity based on its natural key, Hibernate has a way to mark the attributes of the entity which
make up its natural key. Each attribute must be annotat@Naturallid.

@Entity
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class Book {

E BooK) {}

E @Id @GeneratedValue

E Longid; //the system-generated surrogate key
E @Naturalld

E String isbn; // belongs to the natural key

E @Naturalld

E int printing ; // also belongs to the natural key
E

}

Hibernate automatically generates BNIQUEoNstraint on the columns mapped by the annotated fields.

Consider using the natural id attributes to implememrtuals() andhashCode()

In cases where the natural id is defined by multiple attributes, Hibernate also offers@inaturalldClass annotation which acts similarly to
the Jakarta Persistencé@IdClassannotation forfind operations-

record BookKeyString isbn, int printing ) {}

@Entity

@NaturalldClass( BookKeyclass )
class Book {

E

}

See theUser Guidegfor more details about natural ids.

The payoff for doing this extra work, as we will seech later, is that we can take advantage of optimized natural id lookups that make use
of the second-level cache.

Note that even when youOve identified a natural key, we still recommend the use of a generated surrogate key in foreign keys, since this

makes your data modeinuch easier to change.

3.10. Basic attributes

Abasicattribute of an entity is a field or property which maps to a single column of the associated database table. The JPA specification
defines a quite limited set of basic types:

Table 3.2: JPA-standard basic attribute types

Classification Package Types

Primitive types boolean, int , double, etc
Primitive wrappers java.lang Boolean, Integer , Double, etc
Strings java.lang String

Arbitrary-precision numeric types java.math Biginteger , BigDecimal
UUIDs java.util uuiD

Date/time types java.time LocalDate, LocalTime, LocalDateTime OffsetDateTime, Instant , Year
Deprecated date/time type$ java.util Date, Calendar

Deprecated JDBC date/time typés java.sql Date, Timeg Timestamp
Binary and character arrays byte[] , char(]

Binary and character wrapper arrays java.lang Byte[] , Character(]

29


https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/annotations/NaturalIdClass.html
https://docs.hibernate.org/orm/8.0/userguide/html_single/#naturalid

Classification Package Types
Enumerated types Anyenum

Serializable types Any type which implementgava.io.Serializable
# WeOre begging you to use types fromjtva.time package instead of anything which inheriisva.util.Date

The use oByte[] andCharacter[] as basic types was deprecated by Jakarta Persistence 3.2. Hibernate does not allow
$ null elements in such arrays. Usgte[] orchar[] instead.

n Serializing a Java object and storing its binary representation in the database is usually wrong. As weOll soon see in
Embeddable objectsHibernate has much better ways to handle complex Java objects.

Hibernate slightly extends this list with the following types:

Table 3.3: Additional basic attribute types in Hibernate

Classification Package Types

Additional date/time types java.time Duration , Zoneld, ZoneOffset, and everZonedDateTime
JDBC LOB types java.sql Blob, Clob, NClob

Java class object java.lang Class

Internet addresses java.net InetAddress

Miscellaneous types java.util Currency, Locale, URL.TimeZone

The @Basicannotation explicitly specifies that an attribute is basic, but itOs often not needed, since attributes are assumed basic by default.
On the other hand, if a non-primitively-typed attribute cannot be null, use@Basic(optional=false) is highly recommended.

@Basi¢optional =false ) String firstName ;
@Basi¢optional =false ) String lastName
String middleNamg // may be null

Note that primitively-typed attributes are inferredNOT NULhy default.

How to make a columnnot null in JPA

There are two standard ways to addNOT NULtonstraint to a mapped column in JPA:

¥ using @Basic(optional=false) , or
¥ using @Column(nullable=false) .

You might wonder what the difference is.
Well, itOs perhaps not obvious to a casual user of the JPA annotations, but they actually come in two "layers":

¥annotations like @Entity, @1 and@Basichelong to thelogical layer, the subject of the current chapterNthey specify the
semantics of your Java domain model, whereas

¥ annotations like@Tableand @Columbelong to themapping layer, the topic of thenext chapteNthey specify how elements of the
domain model map to objects in the relational database.

Information may be inferred from the logical layer down to the mapping layer, but is never inferred in the opposite direction.

Now, the@Columannotation, to whom weOll be propeitytroduced a bit later, belongs to thenapping layer, and so itsullable
member only affects schema generation (resulting imet null  constraint in the generated DDL). On the other hand, @8asic
annotation belongs to the logical layer, and so an attribute markegtional=false is checked by Hibernate before it even writes an
entity to the database. Note that:

¥optional=false impliesnullable=false , but
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¥nullable=false does notimply optional=false

Therefore, we prefe@Basic(optional=false) to @Column(nullable=false) .

But wait! An even better solution is to use tl@NotNullannotation from Bean Validation. Just add Hibernate
Validator to your project build, as described @ptional dependencies

3.11. Enumerated types

We included Javanurs on the list above. An enumerated type is considered a sort of basic type, but since most databases donOt have a

native ENUMpe, JPA provides a speci@Enumeratednnotation to specify how the enumerated values should be represented in the
database:

¥by default, an enum is stored as an integer, the value obitsinal() member, but
¥if the attribute is annotated@Enumerated(STRIN@)will be stored as a string, the value of itame() member.

/Ihere, an ORDINAL encoding makes sense
@Enumerated

@Basi¢optional =false )
DayOfWeeklayOfWeek

//but usually, a STRING encoding is better
@Enumerat¢ EnumTypesSTRING

@Basi¢optional =false )
Status status ;

The @EnumeratedValugnnotation allows the column value to be customized:

enumResolution {

E UNRESOLYED FIXED1), REJECTEDL);

E @EnumeratedValu# store the code, not the enum ordinal() value
E final int code

E Resolution (int code {

E this . code = code

E }

}

Since Hibernate 6, aanumannotated @Enumerated(STRING)mapped to:

¥aVARCHARIumn type with aCHEC&onstraint on most databases, or
¥an ENUNMolumn type on MySQL.

Any otherenunis mapped to aINYINTcolumn with aCHEC#&onstraint.

JPA picks the wrong default here. In most cases, storing an integer encoding @finevalue makes the relational data
harder to interpret.

Even consideringpayOfWweekhe encoding to integers is ambiguous. If you chéaka.time.DayOfweek youOll notice that
SUNDA¥ encoded a$. But in the country | was bor§UNDA thefirst day of the week!

So we prefe@Enumerated(STRINf®y mostenumattributes.

An interesting special case arises on PostgreSQL and Oracle.

Named enumerated types

Some databases supportamedENUNpes, which must be declared using in DDL using:

¥ CREATE TYPE E AS ENONPostgreSQL, or
¥ CREATE DOMAIN E AS Ebltu@racle.

These look like a perfect match for Jaeaurs, which also have names!
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Sadly, theseENUMpes arenOt well-integrated with the SQL language, nor well-supported by the JDBC drivers, so Hibernate doesnOt
use them by default. But if you would like to use a named enumerated type on Postgres or Oracle, just annotaenyouattribute
like this:

@JdbcTypeCo@eqlTypes NAMED_ENUM
@Basi¢optional =false )
Status status ;

Alternatively, you may enable the configuration propertybernate.type.prefer_native_enum_types

The limited set of pre-defined basic attribute types can be stretched a bit further by supplyiogneerter

3.12. Converters

A JPAAttributeConverter  is responsible for:

¥ converting a given Java type to one of the types listed above, and/or

¥ perform any other sort of pre- and post-processing you might need to perform on a basic attribute value before writing and reading it to
or from the database.

Converters substantially widen the set of attribute types that can be handled by JPA.
There are two ways to apply a converter:

¥the @Converannotation applies amttributeConverter to a particular entity attribute, or

¥the @Converterannotation (or, alternatively, the@ConverterRegistration annotation) registers amttributeConverter for automatic
application to all attributes of a given type.

For example, the following converter will be automatically applied to any attribute of typeumSet<DayOfWegknd takes care of persisting
the EnumSet<DayOfWedk>a column of typdNTEGER

@ConvertetautoApply = true)
public static class EnumSetConverter

E /I converts Java values of type EnumSet<DayOfWeek> to integers for storage in an INT column
E implements AttributeConverter <EnumSetDayOfWeek Integer > {

E @Override

E public Integer convertToDatabaseColumfEnumSetDayOfWeekenumSet {
E int encoded= 0;

E var values = DayOfWeekalues();

E for (int i =0; i<values.length; i++) {

E if (enumSetcontains (values[i])) {

E encoded |= 1<<;

E }

E }

E return encoded

E }

E @Override

E public EnumSetDayOfWeekconvertToEntityAttribute  (Integer encoded {
E var set = EnumSetoneOf DayOfWeeklass );

E var values = DayOfWeekalues();

E for (int i = 0; i<values.length; i++) {

E if (((1<d) & encoded != 0) {

E set. add values[i]);

E }

E }

E return set;

E }

}

On the other hand, if welonOsetautoapply=true , then we must explicitly apply the converter using ti@Converannotation:
@Conve(tconverter = EnumSetConverterclass)

@Basi¢optional = false )
EnumSetDayOfWeek daysOfWeek
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Converters are supposed to be used for type conversion. Some enterprising members of the community have noticed

" that they can be (mis)used to perform other tasks: trimming whitespace, normalizing case, assigning a default value in
place ofnull , and so on. Hibernateleratesbut does not encourage such (mis)use. In particular, we strongly recommend
against defining arautoApply converter acting on dasic type

All this is nice, but it probably wonOt surprise you that Hibernate goes beyond what is required by JPA.

3.13. Compositional basic types

Hibernate considers a "basic type" to be formed by the marriage of two objects:

¥aJavaType which models the semantics of a certain Java class, and
¥aJdbcType representing a SQL type which is understood by JDBC.

When mapping a basic attribute, we may explicitly specifyaaaType aJdbcType or both.
JavaType

An instance obrg.hibernate.type.descriptor.java.JavaType represents a particular Java class. ItOs able to:

¥ compare instances of the class to determine if an attribute of that class type is dirty (modified),

¥produce a useful hash code for an instance of the class,

¥ coerce values to other types, and, in particular,

¥convert an instance of the class to one of several other equivalent Java representations at the request of its pafiegype

For example|ntegerJavaType knows how to convert amteger orint value to the typed.ong Biginteger , andString , among others.

We may explicitly specify a Java type using i@davaTypannotation, but for the built-inJavaTypes this is never necessary.

@JavaTyfd.ongJavaTypeclass) // not needed, this is the default JavaType for long
long currentTimeMillis ;

For a user-writtenJavaType the annotation is more useful:

@JavaTydBitSetJavaType. class)
BitSet bitSet ;

Alternatively, the@JavaTypeRegistrationannotation may be used to regist@itSetJavaType as the defaultiavaTypefor BitSet .
JdbcType

Anorg.hibernate.type.descriptor.jdbc.JdbcType is able to read and write a single Java type from and to JDBC.
For exampleyarcharJdbcTypetakes care of:

¥writing Java strings to JDB@reparedStatements by callingsetString() , and
¥reading Java strings from JDBResultSet s usinggetString()

By pairingLongJavaTypewith VarcharJdbcTypein holy matrimony, we produce a basic type which mapmg and primitivelongss to the
SQL typeVARCHAR

We may explicitly specify a JDBC type using @édbcTypannotation.

@JdbcTy&/archarJdbcType class )
long currentTimeMillis

Alternatively, we may specify a JDBC type code:

@JdbcTypeCodEypes VARCHAR
long currentTimeMillis ;

The @JdbcTypeRegistrationannotation may be used to register a user-writtddbcTypeas the default for a given SQL type code.
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JDBC types and JDBC type codes

The types defined by the JDBC specification are enumerated by the integer type codes in thgaslass|l. Types . Each JDBC type is
an abstraction of a commonly-available type in SQL. For exampi@es.VARCHABpresents the SQL typeARCHAB VARCHARA
Oracle).

Since Hibernate understands more SQL types than JDBC, thereOs an extended list of integer type codes in the class
org.hibernate.type.SqlTypes . For exampleSqlTypes.GEOMETRpresents the spatial data typEEOMETRY

AttributeConverter

If a giverdavaTypedoesnOt know how to convert its instances to the type required by its paduiecType we must help it out by providing
a JPAAttributeConverter  to perform the conversion.

For example, to form a basic type usihgngJavaTypeand TimestampJdbcTypewve would provide amttributeConverter<Long, Timestamp> .

@JdbcTydimestampJdbcTypelass )
@Conve(tconverter = LongToTimestampConverteclass )
long currentTimeMillis ;

LetOs abandon our analogy right here, before we start calling this basic type a "throuple".

3.14. Date and time types, and time zones
Dates and times should always be represented using the types defingavimtime .

Never use the legacy typésva.sql.Date ,java.sql.Time ,java.sgl.Timestamp , orjava.util.Date . At our urging, support
$ for these types has even beafficially deprecated in JPA 3.Eventually, we hope to completely remove support for
these types from the JPA spec and from Hibernate.

Some of the types ifava.time map naturally to an ANSI SQL column type. A source of confusion is that some databases still donOt follow
the ANSI standard naming here. Also, as youOre probably awarbAthgype on Oracle is not an ANSI SQATEIn fact, Oracle doesnOt have
DAT®I TIMEtypesNevery date or time must be stored as a timestamp.

Table 3.4: Type mappings frgava.time to ANSI SQL

java.time class ANSI SQL type MySQL SQL Server Oracle

LocalDate DATE DATE DATE DATE

LocalTime TIME TIME TIME TIMESTAMP
LocalDateTime TIMSTAMP DATETIME DATETIME2 TIMESTAMP
OffsetDateTime, TIMESTAMP WITH TIME TIMESTAMP DATETIMEOFFSET TIMESTAMP WITH TIME
ZonedDateTime ZONE ZONE

On the other hand, there are no perfectly natural mappings fiestant andDuration on most databases. By default:

¥Duration is mapped to a column of typRUMERIC(21olding the length of the duration in nanoseconds, and
¥Instant is mapped to a column of typE@IMESTAMPATETIM& MySQL).

Fortunately, these mappings can be modified by specifying thibcType

For example, if we wanted to store dnstant usingTIMESTAMP WITH TIME ZOINEESTAMP MySQL) instead GIMESTAMEnen we could
annotate the field:

/I store the Instant as a TIMESTAMP WITH TIME ZONE, instead of as a TIMESTAMP
@JdbcTypeCo@8qlTypes TIMESTAMP_WITH_TIMBZONE
Instant instant ;

Alternatively, we could set the configuration propertyibernate.type.preferred_instant_jdbc_type
/I store field of type Instant as TIMESTAMP WITH TIME ZONE, instead of as a TIMESTAMP
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config . setProperty (MappingSettings. PREFERRED_INSTANT_JDBC S¢fPypes TIMESTAMP_WITH_TIMBZONE

We have worked very hard to make sure that Java date and time types work with consistent and correct semantics across all databases
supported by Hibernate. In particular, Hibernate is very careful in how it handles time zones.

Unfortunately, with the notable exception of Oracle, most SQL databases feature embarrassingly poor support for
timezones. Even some databases which do supposedly supptvtESTAMP WITH TIME Z6iNBBly covert the datetime to

$ UTC. Here, Hibernate is limited by the capabilities of the databases themselves, and so on many databases, time zone
information will not, by default, be preserved for abffsetDateTime or ZonedDateTime

The still-experimental annotation@TimeZoneStoragarovides some additional options in case the default behavior falls
short.

3.15. Embeddable objects

An embeddable object is a Java class whose state maps to multiple columns of a table, but which doesnOt have its own persistent identity.
That is, itOs a class with mapped attributes, but@attribute.

An embeddable object can only be made persistent by assigning it to the attribute of an entity. Since the embeddable object does not have
its own persistent identity, its lifecycle with respect to persistence is completely determined by the lifecycle of the entity to which it
belongs.

An embeddable class must be annotate@Embeddabiastead of@Entity.

@Embeddable
class Name{

@Basi¢optional =false )
String firstName ;

T >

@Basi¢optional =false )
String lastName

m mp

String middleNamg

T

Namg {}

NamgString firstName , String middleName String lastName {
this . firstName = firstName ;
this . middleName= middleNamg
this . lastName = lastName

T M [T M [T

An embeddable class must satisfy the same requirements that entity classes satisfy, with the exception that an embeddable class has no
@Idattribute. In particular, it must have a constructor with no parameters.

Alternatively, an embeddable type may be defined as a Java record type:

@Embeddable
record NamgString firstName, String middleNamg String lastName {}

In this case, the requirement for a constructor with no parameters is relaxed.
We may now use olMamelass (or record) as the type of an entity attribute:

@Entity
class Author {

E @Id @GeneratedValue
E Longid;
E Namename
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Embeddable types can be nested. That is, @Embeddabtdass may have an attribute whose type is itself a differ@Embeddabtdass.

JPA provides at@Embeddadnotation to identify an attribute of an entity that refers to an embeddable type. This
annotation is completely optional, and so we donOt usually use it.

On the other hand a reference to an embeddable typ@éverpolymorphic. One@EmbeddabtdassF may inherit a secon@Embeddable
classR but an attribute of typeRwill always refer to an instance of that concrete cla&sever to an instance df.

Usually, embeddable types are stored in a "flattened" format. Their attributes map columns of the table of their parent entity. Later, in
Mapping embeddable types to UDTs or to JS@OIl see a couple of different options.

An attribute of embeddable type represents a relationship between a Java object with a persistent identity, and a Java object with no
persistent identity. We can think of it as a whole/part relationship. The embeddable object belongs to the entity, and canOt be shared with
other entity instances. And it exists for only as long as its parent entity exists.

Next weOll discuss a different kind of relationship: a relationship between Java objects which each have their own distinct persistent identity
and persistence lifecycle.

3.16. Associations

Anassociationis a relationship between entities. We usually classify associations based onrihéiiplicity. IfRandF are both entity
classes, then:

¥ aone-to-oneassociation relates at most one unique instanBavith at most one unique instance ¢,
¥ amany-to-oneassociation relates zero or more instancesRovith a unique instance of, and
¥ amany-to-manyassociation relates zero or more instancesrRofvith zero or more instance d.

An association between entity classes may be either:

¥ unidirectional navigable fromRto F but not fromFtoR or
¥bidirectional, and navigable in either direction.

In this example data model, we can see the sorts of associations which are possible:

Person Publisher
1
@OneToMany 1
(unidirectional) bidirectional)
@O0neToOne | D1 @MonyToOne |
(bidirectional)
- -

Author \1 J Book

J @MoanyToMany @ManyToMany L

An astute observer of the diagram above might notice that the relationship weOve presented as a unidirectional one-to-
one association could reasonably be represented in Java using subtyping. This is quite normal. A one-to-one association
is the usual way we implement subtyping in a fully-normalized relational model. ItOs related t@QaM¢Enheritance

mapping strategy.

There are three annotations for mapping associatio@ManyToQ@OneToMamand @ManyToMaifjhey share some common annotation
members:

Table 3.5: Association-defining annotation members

Member Interpretation Default value

cascade Persistence operations which shoukthscadeto the associated entity; a  {}
list of CascadeType
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Member Interpretation Default value

fetch Whether the association isagerlyfetched or may beproxied ¥ LAZYfor @OneToMaayd @ManyToMany
¥ EAGERr @ManyToOe
targetEntity The associated entity class Determined from the attribute type declaration
optional For a@ManyToOoe@OneToOassociation, whether the association can  true
benull
mappedBy For a bidirectional association, an attribute of the associated entity whichBy default, the association is assumed
maps the association unidirectional

WeOll explain the effect of these members as we consider the various types of association mapping.

1tOs not a requirement to represesteryforeign key relationship as an association at the Java level. ItOs perfectly acceptable to replace a
@ManyToOmapping with a basic-typed attribute holding an identifier, if itOs inconvenient to think of this relationship as an association at
the Java level. That said, itOs possible to take this idea way too far.

| Aggregates!

1tOs come to our attention that a vocal group of people advocate that Java entity classes should be broken up into tiny disconnected
islands they call "aggregates”. An aggregateNat least as a first approximationNcorresponds roughly to what we would usually call a
parent/child relationship. Simple examples of aggregates might ®eder/Item, orProduct/Part. According to this way of thinking,

there should be no associationsetweenaggregates. So theem.product association should be replaced witbroductlid ,
Part.manufacturer should be replaced wittmanufacturerld , and so on. (Of course, the word "aggregate" may also be employed in
other senses, but this is the sense weOre discussing right now.)

In the example weOve been usiBgpkwould not be permitted to have a collection of entity typ&uthor, and should instead hold
only the ids of the authors, or perhaps instances of soBmkAuthortype which duplicates some state @futhor and is disconnected
from the rest of the model.

LetOs stipulate that this might be a perfectly natural thing to do in certain contexts, for example, when accessing a document
database. But one context where it doesnOt usually make sense is when accessing a relational database via Hibernate. The reason is
that Hibernate offergich functionality for optimizing access to associated data, including:

¥the second level cachgand
¥join, batch, and subselect fetching, whether via H@Intity graphs orfetch profiles

But all this functionality is lost if Hibernate doesnOt know itOs dealing with an association, inevitably making the application program
much more vulnerable to problems withi+1 selectsjust as soon as we encounter a business requirement which involves data from
more than one aggregate. (Always keep in mind that business requirements change much faster than relational data models!)

To put it mildly: this is not how JPA was ever intended to be used.

1tOs difficult to respond charitably to most of the arguments in favor of this approach, since most of them donOt rise above the level of
hand-waving at boxes on drawn on whiteboards. An argumentaa@ respond to is the concern that transparent lazy fetching can

lead to "accidental” fetching of an association and the potential for N+1 selects. This is a legit concern, and one we worry about too,
but where itOs really a problem we have a much better solution: just BtatalessSession , or a Jakarta Data repository, where
association fetching is always an explicit operatiomdeed,StatelessSession even guards against accidentapdates since

update() is always an explicit operation.

Now that we know that associations are actually good and useful, letOs see how to model the various kinds of association we might find
need to map to a relational data model. We begin with the most common association multiplicity.

3.17. Many-to-one

A many-to-one association is the most basic sort of association we can imagine. It maps completely naturally to a foreign key in the
database. Almost all the associations in your domain model are going to be of this form.

Later, weOll see how to map a many-to-one association tassociation table

The @ManyToOaernotation marks the "to one" side of the association, so a unidirectional many-to-one association looks like this:
class Book {
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E @Id @GeneratedValue
E Longid;

E @ManyToQfetch =LAZY
E Publisher publisher ;

E

}

Here, theBooktable has a foreign key column holding the identifier of the associakedblisher .

A very unfortunate misfeature of JPA is th@tManyToOassociations are fetched eagerly by default. This is almost never
what we want. Almost all associations should be lazy. The only scenario in which=EAGERnakes sense is if we think
thereOs alwayswery high probability that theassociated object will be found in the second-level cachghenever this
isnOt the case, remember to explicitly speéifigh=LAZY.

Most of the time, we would like to be able to easily navigate our associations in both directions. We do need a way toRdilitteer of a
givenBook but we would also like to be able to obtain all tiB®oks belonging to a given publisher.

To make this association bidirectional, we need to add a collection-valued attribute toPlaelisher class, and annotate i®@OneToMany

Hibernate needs tgroxy unfetched associations at runtime. Therefore, the many-valued side must be declared using an
interface type likeSet orList , and never using a concrete type liklashSetor ArrayList .

To indicate clearly that this is a bidirectional association, and to reuse any mapping information already specified Botientity, we
must use themappedBgnnotation member to refer back t8ook.publisher .

@Entity
class Publisher {

E @Id @GeneratedValue

E Longid;

E @OneToMé&mappedBypublisher" )
E Set<Book books

ThePublisher.books field is called theunownedside of the association.

Now, we passionatelate the stringly-typedmappedByeference to the owning side of the association. Thankfully, thibernate Processor
gives us a way to make it a bit more type safe:

@OneToMémappedBsBook . PUBLISHER // get used to doing it this way!
Set<Book> books

WeOre going to use this approach for the rest of the Short Guide.

To modify a bidirectional association, we must change tbening side

Changes made to the unowned side of an association are never synchronized to the database. If we desire to change an
association in the database, we must change it from the owning side. Here, we mu&osdtpublisher .

$ In fact, itOs often necessary to charmpeh sidesof a bidirectional association. For example, if the collection
Publisher.books was stored in the second-level cache, we must also modify the collection, to ensure that the second-
level cache remains synchronized with the database.

That said, itOsot a hard requirement to update the unowned side, at least if youOre sure you know what youOre doing.

In principle Hibernatedoesallow you to have a unidirectional one-to-many, that is@OneToManith no matching
@ManyToOake the other side. In practice, this mapping is unnatural, and just doesnOt work very well. Avoid it.

Here weOve us&t as the type of the collection, but Hibernate also allows the uséisf orCollection here, with almost no difference in
semantics. In particular, théist may not contain duplicate elements, and its order will not be persistent.

@OneToMémappedBsBook . PUBLISHER
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Collection <Book> books

WeOll see how to map a collection with a persistent ordech later.

Set, List , or Collection ?

A one-to-many association mapped to a foreign key can never contain duplicate elementSetsseems like the most semantically
correct Java collection type to use here, and so thatOs the conventional practice in the Hibernate community.

The catch associated with using a set is that we must carefully ensureBoakhas a high-quality implementation ofquals() and
hashCode() Now, thatOs not necessarily a bad thing, since a quetitrals() is independently useful.

But what if we usedCollection orList instead? Then our code would be much less sensitive to lequals() andhashCode()were
implemented.

In the past, we were perhaps too dogmatic in recommending the ussaif Now? | guess weOre happy to let you guys decide. In
hindsight, we could have done more to make clear that this was always a viable option.
3.18. One-to-one (first way)

The simplest sort of one-to-one association is almost exactly lik@&anyToOagsociation, except that it maps to a foreign key column with
a UNIQUEonNstraint.

Later, weOll see how to map a one-to-one association tassociation table

A one-to-one association must be annotate@OneToQne

@Entity
class Author {

E @Ild @GeneratedValue

E Longid;

E @OneTo(optional =false , fetch =LAZY
E Person person;

Here, theAuthor table has a foreign key column holding the identifier of the associaadson

A one-to-one association often models a "type of" relationship. In our exampleAatnor is a type oPerson An
alternativeNand often more naturalNway to represent "type of" relationships in Java is ®igtity class inheritance

We can make this association bidirectional by adding a reference back tAtlteor in thePerson entity:

@Entity
class Person {

E @Id @GeneratedValue

E Longid;

E @OneTo(mappedBy= Author_. PERSON
E Author author;

E

}

Person.author is the unowned side, because itOs the side markappedBy

Lazy fetching for one-to-one associations

Notice that we did not declare the unowned end of the associatietth=LAZY. ThatOs because:

1. not everyPersonhas an associateduthor, and
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2. the foreign key is held in the table mapped Bythor, not in the table mapped berson
Therefore, Hibernate canOt tell if the reference fridansonto Author isnull without fetching the associateduthor.

On the other hand, iéveryPersonwas anAuthor, that is, if the association were nooptional , we would not have to consider the
possibility ofnull  references, and we would map it like this:

@OneTooptional =false , mappedBy= Author_. PERSONetch =LAZY

Author author;

This is not the only sort of one-to-one association.

3.19. One-to-one (second way)

An arguably more elegant way to represent such a relationship is to share a primary key between the two tables.

To use this approach, thauthor class must be annotated like this:

@Entity

class Author {

E @I

E Longid;

E @OneTo(optional =false , fetch =LAZY
E @Mapsld

E Person person;

Notice that, compared with the previous mapping:

¥the @Idattribute is no longer @ GeneratedValuand,
¥instead, theauthor association is annotated@Mapsld

This lets Hibernate know that the association Rersonis the source of primary key values fauathor.

Here, thereOs no extra foreign key column inAlhor table, since theéd column holds the identifier oPerson That is, the primary key of
the Author table does double duty as the foreign key referring to thersontable.

ThePersonclass doesnOt change. If the association is bidirectional, we annotate the unowne@steToOne(mappedBy = Author_.PERSON)
just as before.

3.20. Many-to-many

A unidirectional many-to-many association is represented as a collection-valued attribute. It always maps to a sepasaieiation tabldn
the database.

It tends to happen that a many-to-many association eventually turns out to be an entity in disguise.

Suppose we start with a nice clean many-to-many association betw@eathor andBook Later on, itOs quite likely that
weOll discover some additional information which comes attached to the association, so that the association table needs
some extra columns.

For example, imagine that we needed to report the percentage contribution of each author to a book. That information
naturally belongs to the association table. We canOt easily store it as an attrib@eogfnor as an attribute oAuthor.

When this happens, we need to change our Java model, usually introducing a new entity class which maps the
association table directly. In our example, we might call this entity something BaakAuthorship, and it would have
@OneToMaaysociations to bottAuthor andBook along with thecontribution — attribute.

We can evade the disruption occasioned by such "discoveries" by simply avoiding the u@ahyToManght from the
start. ThereOs little downside to representing everyNor at lestost everyNlogical many-to-many association using an
intermediate entity.

A many-to-many association must be annotate@ManyToMany

40



@Entity
class Book {

E @Id @GeneratedValue
E Longid;

E @ManyToMany

E Set<Author> authors;
E

}

If the association is bidirectional, we add a very similar-looking attributeBook but this time we must specifinappedB$o indicate that this

is the unowned side of the association:

@Entity

class Book {

E @Ild @GeneratedValue

E Longid;

E @ManyToMémappedBsAuthor . BOOKS
E Set<Author> authors;

-~ m

Remember, if we wish to the modify the collection we muastange the owning side

WeOve again usédts to represent the association. As before, we have the option to@siéection orList . But in this case iloesmake a

difference to the semantics of the association.

A many-to-many association represented agallection orList may contain duplicate elements. However, as before,
the order of the elements is not persistent. That is, the collection kg, not a set.

We donOt usually map collections witich=EAGERsince that usually leads to poor performance and fetching of
unnecessary data. But this is especially clear in the case of many-to-many associations. We donOt much employ the word
$ "never" when it comes to object/relational mappings, but here we wilever write @ManyToMany(fetch=EAGERESS

youQre deliberately looking for trouble.

3.21. Collections of basic values and embeddable objects

WeOve now seen the following kinds of entity attribute:

Kind of entity attribute Kind of reference Multiplicity

Single-valued attribute of basic type Non-entity At most one
Single-valued attribute of embeddable type Non-entity At most one
Single-valued association Entity At most one
Many-valued association Entity Zero or more

Examples
@Basic String name
@Embedded Name name

@ManyToOne Publisher publisher
@OneToOne Person person

@OneToMany Set<Book> books
@ManyToMany Set<Author> authors

Scanning this taxonomy, you might ask: does Hibernate have multivalued attributes of basic or embeddable type?

Well, actually, weOve already seen that it does, at least in two special cases. So firsgaétthat JPA treatbyte[] andchar[] arrays as
basic types. Hibernate persiststgyte[] orchar[] array to avARBINARY VARCHARIumN, respectively.

But in this section weOre really concerned with casther than these two special cases. So thepart frombyte[] andchar[] , does

Hibernate have multivalued attributes of basic or embeddable type?

And the answer again is thdtdoes Indeed, there are two different ways to handle such a collection, by mapping it:

¥to a column of SQBRRAMype (assuming the database has aRRA%ype), or
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¥to a separate table.

So we may expand our taxonomy with:

Kind of entity attribute Kind of reference Multiplicity Examples
byte[] andchar[] arrays Non-entity Zero or more byte[] image
charf] text
Collection of basic-typed elements Non-entity Zero or more @Array String[] names

@ElementCollection Set<String> names

Collection of embeddable elements Non-entity Zero or more @ElementCollection Set<Name> names

ThereOs actually two new kinds of mapping he@graymappings, and@ElementCollection mappings.

These sorts of mappings are overused.

Thereare situations where we think itOs appropriate to use a collection of basic-typed values in our entity class. But such
n situations are rare. Almost every many-valued relationship should map to a foreign key association between separate
tables. And almost every table should be mapped by an entity class.

The features weOre about to meet in the next two subsections are used much more often by beginners than theyOre used
by experts. So if youOre a beginner, youOll save yourself same hassle by staying away from these features for now.

WeOll talk abou®Arraymappings first.

3.22. Collections mapped to SQL arrays

LetOs consider a calendar event which repeats on certain days of the week. We might represent thivienoentity as an attribute of type
DayOfWeek[Jor List<DayOfWeek>Since the number of elements of this array or list is upper bounded by 7, this is a reasonable case for the
use of anARRA¥ped column. tOs hard to see much value in storing this collection in a separate table.

Learning to not hate SQL arrays

For a long time, we thought arrays were a kind of weird and warty thing to add to the relational model, but recently weOve come to
realize that this view was overly closed-minded. Indeed, we might choose to view/AXRAK/pes as a generalization ®ARCHAR
VARBINARY generic "element" types. And from this point of view, SQL arrays look quite attractive, at least for certain problems. If
weOre comfortable mappirtyyte]] to VARBINARY (255)hy would we shy away from mappirigayOfWeek[to TINYINT ARRAY[7]

Unfortunately, JPA doesnOt define a standard way to map SQL arrays, but hereOs how we can do it in Hibernate:

@Entity

class Event {

@Ild @GeneratedValue
Longid;

@Arraylength =7)
DayOfWe¢k daysOfWeek // stored as a SQL ARRAY type

= [Tp [T» [T [T [T [Th

The @Arrayannotation is optionalNit lets us specify an upper bound on the length of theRRA¥olumn. By writing@Array(length=7) here,
we specified that DDL should be generated with the column typRYINT ARRAY[7]

Just for fun, we used an enumerated type in the code above, but the array element time may be almobtaitytype For example, the
Java array typestring[] , UUID[], double[] , BigDecimal[] , LocalDate[] , andOffsetDateTime[] are all allowed, mapping to the SQL types
VARCHAR(n) ARRAYID ARRARLOAT(53) ARRANUMERIC(p,s) ARRAYATE ARRAXNATIMESTAMP(p) WITH TIME ZONE ARRApectively.

Now for the gotcha: not every database has a SKRRA%pe, and some thatlo have anARRA%pe donOt allow it to be
used as a column type.

$ In particular, neither DB2 nor SQL Server have array-typed columns. On these databases, Hibernate falls back to
something much worse: it uses Java serialization to encode the array to a binary representation, and stores the binary
stream in aVARBINARIumn. Quite clearly, this is terrible. You can ask Hibernate to do sometsligéptly less terrible by
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annotating the attribute @JdbcTypeCode(SqlTypes.JSONY that the array is serialized to JSON instead of binary format.
But at this point itOs better to just admit defeat and use@HBlementCollection instead.

Alternatively, we could store this array or list in a separate table.

3.23. Collections mapped to a separate table

JPAdoesdefine a standard way to map a collection to an auxiliary table: @&lementCollection annotation.

@Entity

class Event {

E  @Id @GeneratedValue
Longid;

@ElementCollection
DayOfWe¢k daysOfWeek // stored in a dedicated table

=7 [T [T [T [T [T M

Actually, we shouldnOt use an array here, since array types capéixied, and so the JPA specification doesnOt even say theyOre
supported. Instead, we should us®et, List , orMap

@Entity

class Event {

E  @Id @GeneratedValue
Longid;

@ElementCollection
List <DayOfWeekdaysOfWeek // stored in a dedicated table

7 [T [T [T [TH [Th M

Here, each collection element is stored as a separate row of the auxiliary table. By default, this table has the following definition:

create table Event_daysOfWeek

Event_id bigint not null ,

daysOfWeelkinyint check (daysOfWeelkbetween O and 6),
daysOfWeek_ORDHReger not null ,

primary key (Event_id, daysOfWeek ORDER

~ [Tp [T» [T> [TD

Which is fine, but itOs still a mapping we prefer to avoid.

@ElementCollection is one of our least-favorite features of JPA. Even the name of the annotation is bad.

The code above results in a table with three columns:

¥a foreign key of thé&vent table,
¥aTINYINTencoding theenumand
$ ¥an INTEGERNcoding the ordering of elements in the array.

Instead of a surrogate primary key, it has a composite key comprising the foreign kEyesft and the order column.

WhenNinevitablyNwe find that we need to add a fourth column to that table, our Java code must change completely.

Most likely, weOll realize that we need to add a separate entity after all. So this mapping isnOt very robust in the face of
minor changes to our data model.

There®s much more we could say about "element collections”, but we wonOt say it, because we donOt want to hand you the gun youOll sho
your foot with.

3.24. Summary of annotations

LetOs pause to remember the annotations weOve met so far.

43



Annotation

@Entity

@MappedSuperclass

@Embeddable

@IdClass

Annotation

@i

@Version

@Basic

@Embeddedld

@Embedded

@Enumerated

@Array

@ElementCollection

Annotation

@Converter

@Convert

@JavaType

@JdbcType

@JdbcTypeCode

@JavaTypeRegistration

@JdbcTypeRegistration

Annotation

@GeneratedValue

@SequenceGenerator

@TableGenerator

@IldGeneratorType
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Table 3.8: Declaring entities and embeddable types

Purpose

Declare an entity class

Declare a non-entity class with mapped attributes inherited by an entity
Declare an embeddable type

Declare the identifier class for an entity with multip@Idattributes

Table 3.9: Declaring basic and embedded attributes

Purpose

Declare a basic-typed identifier attribute

Declare a version attribute

Declare a basic attribute

Declare an embeddable-typed identifier attribute

Declare an embeddable-typed attribute

Declare arenumtyped attribute and specify how it is encoded
Declare that an attribute maps to a SQIRRAYand specify the length

Declare that a collection is mapped to a dedicated table

Table 3.10: Converters and compositional basic types

Purpose

Register amttributeConverter

Apply a converter to an attribute

Explicitly specify an implementation ofavaTypefor a basic attribute

Explicitly specify an implementation ofdbcTypefor a basic attribute

Default

Inferred

Inferred

Inferred

Explicitly specify a JDBC type code used to determine dibcTypefor a basic attribute

Register alavaTypefor a given Java type

Register aldbcTypefor a given JDBC type code

Table 3.11: System-generated identifiers

Purpose

Specify that an identifier is system-generated
Define an id generator backed by a database sequence
Define an id generated backed by a database table

Declare an annotation that associates a custdBenerator with each@Idattribute it
annotates

JPA-standard

JPA-standard

JPA-standard

JPA-standard



Annotation Purpose JPA-standard

@ValueGenerationType Declare an annotation that associates a custddenerator with each@Basicattribute it #
annotates

Table 3.12: Declaring entity associations

Annotation Purpose JPA-standard
@ManyToOne Declare the single-valued side of a many-to-one association (the owning side) "
@OneToMany Declare the many-valued side of a many-to-one association (the unowned side) "
@ManyToMany Declare either side of a many-to-many association "
@OneToOne Declare either side of a one-to-one association "
@Mapsld Declare that the owning side of @OneToOassociation maps the primary key column "

Phew! ThatOs already a lot of annotations, and we have not even started with the annotations for O/R mapping!

3.25. equals() andhashCode()

Entity classes should overridequals() andhashCode() especially when associations arepresented as sets

People new to Hibernate or JPA are often confused by exactly which fields should be included liash€ode() And people with more
experience often argue quite religiously that one or another approach is the only right way. The truth is, thereOs no unique right way to do it,
but there are some constraints. So please keep the following principles in mind:

¥You should not include a mutable field in the hashcode, since that would require rehashing every collection containing the entity
whenever the field is mutated.

¥ 1tOs not completely wrong to include a generated identifier (surrogate key) in the hashcode, but since the identifier is not generated until
the entity instance is made persistent, you must take great care to not add it to any hashed collection before the identifier is generated.
We therefore advise against including any database-generated field in the hashcode.

1tOs OK to include any immutable, non-generated field in the hashcode.
We therefore recommend identifying matural keyfor each entity, that is, a combination of fields that uniquely identifies

an instance of the entity, from the perspective of the data model of the program. The natural key should correspond to a
unique constraint on the database, and to the fields which are include@dguals() andhashCode()

In this example, theequals() andhashCode()methods agree with the@Naturalld annotation:

@Entity
class Book {

E @Id @GeneratedValue

E Longid;

E @Naturalld

E @Basitoptional =false )

E String isbn;

E String getlsbn() {

E return ishn;

E }

E

E @Override

E public boolean equals(Object other) {

E return other instanceof Book /I check type with instanceof, not getClass()
E && (( BooK other). getisbn (). equals(isbn); // compare natural ids
E }

E @Override
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public int hashCodf {
return isbn.hashCod@; // hashcode based on the natural id

}

=7 T [T T

That said, an implementation oéquals() andhashCode()based on the generated identifier of the entity can waflyouOre careful
Your implementation ofquals() must be written to accommodate the possibility that the object passed to #rials()

might be aproxy. Therefore, you should usestanceof , notgetClass() to check the type of the argument, and should
access fields of the passed entity via its accessor methods.
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Chapter 4. Object/relational mapping

Given a domain modelNthat is, a collection of entity classes decorated with all the fancy annotationsistenet in the previous
chapterNHibernate will happily go away and infer a complete relational schema, and exort it to your databasef you ask politely.

The resulting schema will be entirely sane and reasonable, though if you look closely, youOll find some flaws. For example, by default, every
VARCHARIumn will have the same length/ARCHAR(255)

But the process | just describedNwhich we ctdp downmappingNsimply doesnOt fit the most common scenario for the use of O/R
mapping. ItOs only rarely that the Java classes precede the relational schema. Ususmbiyready have a relational schemand weOre
constructing our domain model around the schema. This is callettom up mapping.

Developers often refer to a pre-existing relational database as "legacy" data. This tends to conjure images of bad old
"legacy apps" written in COBOL or something. But legacy data is valuable, and learning to work with it is important.

Especially when mapping bottom up, we often need to customize the inferred object/relational mappings. This is a somewhat tedious
topic, and so we donOt want to spend too many words on it. Instead, weOll quickly skim the most important mapping annotations.

Hibernate SQL case convention

Computers have had lowercase letters for rather a long time now. Most developers learned long ago that text written in MixedCase,
camelCase, or even snake_case is easier to read than text written in SHOUTYCASE. This is just as true of SQL as it is of any other
language.

Therefore, for over twenty years, the convention on the Hibernate project has been that:

¥ query language identifiers are written itowercase,
¥table names are written ilMixedCaseand
¥column names are written imamelCase

That is to say, we simply adopted JavaOs excellent conventions and applied them to SQL.

Now, thereOs no way we can force you to follow this convention, even if we wished to. Hell, you can easily write a
PhysicalNamingStrategy which makes table and column names ALL UGLY AND SHOUTY LIKE THIS IF YOU PRigrERUBLitOs
the convention Hibernate follows, and itOs frankly a pretty reasonable one.

4.1. Mapping entity inheritance hierarchies

In Entity class inheritancave saw that entity classes may exist within an inheritance hierarchy. ThereOs three basic strategies for mapping
an entity hierarchy to relational tables. LetOs put them in a table, so we can more easily compare the points of difference between them.

Table 4.1: Entity inheritance mapping strategies

Strategy Mapping Polymorphic Constraints Normalization When to use it
queries

SINGLE_TABLE Map every class in To retrieve instances Attributes declared Subclass data is Works well when
the hierarchy to the  of a given class, we by subclasses map to denormalized.% subclasses declare
same table, and uses only need to query columns withoutNOT few or no additional
the value of a the one table. NULLconstraints, and attributes.
discriminator column so their non-
to determine which nullability is enforced
concrete class each via aCHECK
row represents. constraint.

Any association may
have aFOREIGN KEY
constraint. $
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Strategy

JOINED

TABLE_PER_CLASS

Mapping

Map every class in
the hierarchy to a
separate table, but
each table only maps
the attributes
declared by the class
itself.

Optionally, a
discriminator column
may be used.

Map every concrete
class in the hierarchy
to a separate table,
but denormalize all
inherited attributes
into the table.

Polymorphic
queries

To retrieve instances
of a given class, we
must JOINthe table
mapped by the class
with:

¥all tables
mapped by its
superclasses and

¥all tables
mapped by its
subclasses.

To retrieve instances
of a given class, we
must take aUNION
over the table
mapped by the class
and the tables
mapped by its
subclasses.

Constraints Normalization

The tables are
normalized.$

Any attribute may
map to a column
with aNOT NULL

constraint. $

Any association may
have aFOREIGN KEY

constraint.$

Associations
targeting a
superclass cannot
have a
corresponding
FOREIGN KEY
constraint in the
database.!!

Superclass data is
denormalized.%

Any attribute may
map to a column
with aNOT NULL

constraint. $

When to use it

The best option
when we care a lot
about constraints
and normalization.

Not very popular.

From a certain point
of view, competes
with
@MappedSuperclass

The three mapping strategies are enumerated ImheritanceType . We specify an inheritance mapping strategy using t@éheritance
annotation.

For mappings with aliscriminator columnwe should:

¥ specify the discriminator column name and type by annotating the root ent@piscriminatorColumn and

¥ specify the values of this discriminator by annotating each entity in the hierar@®iscriminatorValue.

For single table inheritance we always need a discriminator:

@Entity

@DiscriminatorColumr(discriminatorType =CHAR name"kind" )

@DiscriminatorValue ('P' )

class Person{ ... }
@Entity
@DiscriminatorValue ('A" )
class Author { ... }

We donOt need to explicitly speafinheritance(strategy=SINGLE_TABLE)since thatOs the default.

ForJOINEDnheritance we donOt need a discriminator:

@Entity

@Inheritance( strategy =JOINED
class Person{ ... }

@Entity

class Author { ... }

However, we can add a discriminator column if we like, and in that case the generated SQL for polymorphic queries will

be slightly simpler.

Similarly, forTABLE_PER_CLASt®&ritance we have:
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class Person{ ... }
@Entity

class Author { ... }

Hibernate doesnOt allow discriminator columns foXBLE_PER_CLAS®ritance mappings, since they would make no
sense, and offer no advantage.

Notice that in this last case, a polymorphic association like:

@ManyToORerson person;

is a bad idea, since itOs impossible to create a foreign key constraint that targets both mapped tables.

1tOs quite easy to overuse inheritance. WeOve occasionally seen extreme casesJghiEdaheritance hierarchy
includeshundredsof entities, spanning hundreds of tables. Efficiently querying such a hierarchy is an almost impossible
task for Hibernate. Fortunately, aOINEDnheritance relationship can always be remodeled asrae-to-one association
allowing much more efficient queries. In general, a single entity inheritance hierarchy should never span more than a few
tables, including secondary tables.

4.2. Mapping to tables

The following annotations specify exactly how elements of the domain model map to tables of the relational model:

Table 4.2: Annotations for mapping tables

Annotation Purpose

@Table Map an entity class to its primary table

@SecondaryTable Define a secondary table for an entity class

@JoinTable Map a many-to-many or many-to-one association to its association table
@CollectionTable Map an@ElementCollection to its table

The first two annotations are used to map an entity to fismary tableand, optionally, one or moreecondary tables

4.3. Mapping entities to tables
By default, an entity maps to a single table, which may be specified ugirigble

@Entity
@Tabléname"People")
class Person{ ... }

However, the@SecondaryTablannotation allows us to spread its attributes across multipfecondary tables

@Entity

@Tabléname'Books")
@SecondaryTab(@mame"Editions" )
class Book{ ... }

The@Tableannotation can do more than just specify a name:

Table 4.3@Tableannotation members

Annotation member Purpose
name The name of the mapped table
schemd The schema to which the table belongs
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Annotation member Purpose

catalog ! The catalog to which the table belongs

uniqueConstraints One or more@UniqueConstraintannotations declaring multi-column unique constraints
indexes One or more@Indexannotations each declaring an index

check One or more@CheckConstraintannotations declaring multi-column check constraints
comment A DDL comment

It only makes sense to explicitly specify tkeheman annotations if the domain model is spread across multiple schemas.
Otherwise, itOs a bad idea to hardcode the schema (or cataloglifiableannotation. Instead:

¥ set the configuration propertyhibernate.default_schema (orhibernate.default_catalog ), or
¥ simply specify the schema in the JDBC connection URL.

The @SecondaryTablannotation is even more interesting:

Table 4.4@SecondaryTablannotation members

Annotation member Purpose

name The name of the mapped table

schemd The schema to which the table belongs

catalog ! The catalog to which the table belongs

uniqueConstraints One or more@UnigueConstraintannotations declaring multi-column unique constraints

indexes One or more@Indexannotations each declaring an index

pkJoinColumns One or more@PrimaryKeyJoinColumannotations, specifyingrimary key column mappings

foreignKey A@ForeignKeynnotation specifying the name of theEOREIGN KEWvnstraint on the@PrimaryKeyJoinColunsn
check One or more@CheckConstraintannotations declaring multi-column check constraints

comment A DDL comment

Using@SecondaryTablen a subclass in 8INGLE_TABIeftity inheritance hierarchy gives us a sort of mixNGLE_TABLE
with JOINEDnheritance.

4.4. Mapping associations to tables

The@JoinTableannotation specifies amssociation tablethat is, a table holding foreign keys of both associated entities. This annotation is
usually used with@ManyToMaagsociations:

@Entity
class Book {
E

@ManyToMany
@JoinTablé name"'BooksAuthors")
Set<Author> authors;

T M e

But itOs even possible to use it to ma@&lanyToOoe@OneToOassociation to an association table.
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@Entity
class Book {

E

E @ManyToQfetch =LAZY

E @JoinTabl¢ name'BookPublisher" )
E Publisher publisher ;

Here, there should be BINIQUEonNSstraint on one of the columns of the association table.

@Entity

class Author {

E

E @OneTo(optional =false , fetch =LAZY
E @JoinTablg¢ name'AuthorPerson")

E Person author;

Here, there should be BINIQUEOoNSstraint onboth columns of the association table.

Table 4.5@JoinTableannotation members

Annotation member Purpose

name The name of the mapped association table

schemd The schema to which the table belongs

catalog ! The catalog to which the table belongs

uniqueConstraints One or more@UnigueConstraintannotations declaring multi-column unique constraints

indexes One or more@Indexannotations each declaring an index

joinColumns One or more@JoinColumannotations, specifyingoreign key column mappingso the table of the owning side
inverseJoinColumns One or more@JoinColumannotations, specifyingoreign key column mappingso the table of the unowned side
foreignKey A@ForeignKeynnotation specifying the name of theOREIGN KE¥nstraint on thejoinColumnss
inverseForeignKey A@ForeignKeyannotation specifying the name of theEOREIGN KE¥nstraint on theinverseJoinColumnss

check One or more@CheckConstraintannotations declaring multi-column check constraints

comment A DDL comment

To better understand these annotations, we must first discuss column mappings in general.

4.5. Mapping to columns

These annotations specify how elements of the domain model map to columns of tables in the relational model:

Table 4.6: Annotations for mapping columns

Annotation Purpose
@Column Map an attribute to a column
@JoinColumn Map an association to a foreign key column
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Annotation Purpose

@PrimaryKeyJoinColumn Map the primary key used to join a secondary table with its primary, or a subclass talileIMEDnheritance
with its root class table

@OrderColumn Specifies a column that should be used to maintain the order afist .
@MapKeyColumn Specified a column that should be used to persist the keys bfap
WeOll come back to the last two annotations much lateQidered and sorted collections and map keys
We use the@ Columannotation to map basic attributes.
4.6. Mapping basic attributes to columns

The @Columannotation is not only useful for specifying the column name.

Table 4.7@Columannotation members

Annotation member Purpose

name The name of the mapped column

table The name of the table to which this column belongs

length The length of &/ ARCHABRHAROr VARBINARYIumnN type

precision The decimal digits of precision of BLOATDECIMAlor NUMERI@pe

scale The scale of ®ECIMAGr NUMERIDIumn type, the digits of precision that occur to the right of the decimal point

secondPrecision The digits of precision occurring to the right of the decimal point in the seconds field BME or TIMESTAMBluMN
type

unique Whether the column has ENIQUEonNstraint

nullable Whether the column has BOT NUL&onstraint

insertable Whether the column should appear in generated SRISERBtatements

updatable Whether the column should appear in generated SQRDAT&atements

columnDefinition ! A DDL fragment that should be used to declare the column

check One or more@CheckConstrainannotations declaring single-column check constraints

comment A DDL comment

We no longer recommend the use aflumnDefinition since it results in unportable DDL. Hibernate has much better
ways to customize the generated DDL using techniques that result in portable behavior across different databases.

Here we see four different ways to use t@Columannotation:

@Entity

@Tabléname"Books")
@SecondaryTab(@mame"Editions" )
class Book {

E @Ild @GeneratedValue

E @Colunfname"bookld" ) // customize column name

E Longid;

E @Colunffength =100, nullable =false ) // declare column as VARCHAR(100) NOT NULL
E String title ;

@Colungiength =17, unique=true , nullable =false ) // declare column as VARCHAR(17) NOT NULL UNIQUE
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E String ishn;

E @Colunftable ="Editions" , updatable=false ) // column belongs to the secondary table, and is never updated
E int edition ;

}

We donOt us@Columio map associations.

4.7. Mapping associations to foreign key columns

The @JoinColumannotation is used to customize a foreign key column.

Table 4.8@JoinColumannotation members

Annotation member Purpose
name The name of the mapped foreign key column
table The name of the table to which this column belongs

referencedColumnName The name of the column to which the mapped foreign key column refers

unique Whether the column has BENIQUEoNSstraint

nullable Whether the column has BHOT NULtonstraint

insertable Whether the column should appear in generated SQISERBtatements

updatable Whether the column should appear in generated SQRDAT&atements
columnDefinition ! A DDL fragment that should be used to declare the column

foreignKey A@ForeignKeynnotation specifying the name of thEOREIGN KEW¥nstraint

check One or more@CheckConstraintannotations declaring single-column check constraints
comment A DDL comment

A foreign key column doesnOt necessarily have to refer to the primary key of the referenced table. 1tOs quite acceptable for the foreign key t
refer to any other unique key of the referenced entity, even to a unique key of a secondary table.

Here we see how to us@JoinColumio define a@ManyToOassociation mapping a foreign key column which refers to t@d®aturalld of
Book

@Entity
@Tabléname"ltems" )
class Item {

E

E @ManyToQoetional =false ) // implies nullable=false

E @JoinColun(mame= "booklIsbn", referencedColumnName “isbn" , // a reference to a non-PK column

E foreignKey = @ForeignKefname'ltemsToBooksBySsn)) // supply a name for the FK constraint
E Bookbook

In case this is confusing:

¥bookisbn is the name of the foreign key column in titems table,
¥it refers to a unique keisbn in theBookstable, and
¥it has a foreign key constraint nametemsToBooksBySsn

Note that theforeignKey member is completely optional and only affects DDL generation.

If you donOt supply an explicit name usi@goreignkeyHibernate will generate a quite ugly name. The reason for this is
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that the maximum length of foreign key names on some databases is extremely constrained, and we need to avoid
collisions. To be fair, this is perfectly fine if youOre only using the generated DDL for testing. You can customize the
generated constraint names by writing your owmplicitNamingStrategy .

For composite foreign keys we might have multip@JoinColumannotations:

@Entity

@Tabléname"ltems" )

class Item {

E

E @ManyTo(@ogtional =false )

E @JoinColum(mame= "booklsbn", referencedColumnName "isbn" )

E @JoinColum(mame= "bookPrinting" , referencedColumnName "printing" )
E Book book

If we need to specify th@ForeignKeythis starts to get a bit messy:

@Entity
@Tabléname"ltems" )
class Item {

E

E @ManyToQoptional =false )

E @JoinColumrwalue = {@JoinColun(mame= "bookIsbn", referencedColumnName "isbn" ),

E @JoinColummame= "bookPrinting" , referencedColumnName "printing" )},
E foreignKey = @ForeignKefname'ltemsToBooksBySsn))

E Bookbook

For associations mapped to @JoinTable fetching the association requires two joins, and so we must declare@mwinColunsinside the
@JoinTableannotation:

@Entity

class Book {

E @Id @GeneratedValue

E Longid;

E @ManyToMany

E @JoinTabl€joinColumns=@JoinColum(mame"bookld" ),

E inverseJoinColumns=@joinColum@name"authorld" ),
E foreignKey =@ForeignKefname"BooksToAuthors"))

E Set<Author> authors;

Again, theforeignKey member is optional.
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For mapping a@OneToOassociationto a primary keywith @MapslcHibernate lets us use eithe@JoinColumor
@PrimaryKeyJoinColumn

@Entity

class Author {

E @ud

E Longid;

E @OneTo(optional =false , fetch =LAZY
E @Mapsld

E @PrimaryKeyJoinColunfname"personld" )
E Person author;
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Arguably, the use afPrimaryKeyJoinColumis clearer.

4.8. Mapping primary key joins between tables

The @PrimaryKeyJoinColumis a special-purpose annotation for mapping:

¥the primary key column of @ SecondaryTabléwhich is also a foreign key referencing the primary table, or

¥the primary key column of the primary table mapped by a subclass IfD&\EDnheritance hierarchyNwhich is also a foreign key
referencing the primary table mapped by the root entity.

Table 4.9@PrimaryKeyJoinColumannotation members

Annotation member Purpose

name The name of the mapped foreign key column

referencedColumnName The name of the column to which the mapped foreign key column refers
columnDefinition ! A DDL fragment that should be used to declare the column

foreignKey A@ForeignKeynnotation specifying the name of thEOREIGN KEWnstraint

When mapping a subclass table primary key, we place @erimaryKeyJoinColumannotation on the entity class:

@Entity

@Tabléname"People")
@Inheritance( strategy =JOINED
class Person{ ... }

@Entity

@Tabléname"Authors" )

@PrimaryKeyJoinColunfname’personld" ) // the primary key of the Authors table
class Author { ... }

But to map a secondary table primary key, tt@PrimaryKeyJoinColumannotation must occur inside thé& SecondaryTablannotation:

@Entity

@Tabléname'Books")

@SecondaryTab(@mame'Editions"

E pkJoinColumns = @PrimaryKeyJoinColuniname"bookld" )) // the primary key of the Editions table
class Book {

@ld @GeneratedValue

@Colunfname"bookld" ) // the name of the primary key of the Books table

Longid;

T m> e

4.9. Column lengths and adaptive column types

Hibernate automatically adjusts the column type used in generated DDL based on the column length specified @Qbemannotation.

So we donOt usually need to explicitly specify that a column should be ofTigp@or CLORor worry about the parade of INYTEXT
MEDIUMTEXEXTLONGTEXpes on MySQLNbecause Hibernate automatically selects one of those types if required to accommodate a
string of thelength we specify.

The constant values defined in the clasength are very helpful here:
Table 4.10: Predefined column lengths

Constant Value Description

DEFAULT 255 The default length of ¥ ARCHARVARBINARYIumn when none is explicitly specified
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Constant Value Description
LONG 32600 The largest column length for *ARCHARVARBINARNat is allowed on every database Hibernate supports

LONG16 32767 The maximum length that can be represented using 16 bits (but this length is too large V&RCHARVARBINARY
column on for some database)

LONG32 2147483647  The maximum length for a Java string

We can use these constants in ti@Columannotation:

@Colunftength =LONG
String text ;

@Colunftength =LONG32
byte[] binaryData;

This is usually all you need to do to make use of large object types in Hibernate.

4.10. LOBs

JPA provides @ Lolannotation which specifies that a field should be persisted aBlaDBr CLOB

Semantics of the @Loannotation

What the spec actually says is that the field should be persisted

Eas a large object to a database-supported large object type.

1tOs quite unclear what this means, and the spec goes on to say that

Ethe treatment of theLobannotation is provider-dependentE

which doesn®t help much.

Hibernate interprets this annotation in what we think is the most reasonable way. In Hibernate, an attribute annot@teolwill be written
to JDBC using theetClob() orsetBlob() method ofPreparedStatement and will be read from JDBC using thetClob() orgetBlob()
method of ResultSet .

Now, the use of these JDBC methods is usually unnecessary! JDBC drivers are perfectly capable of converting Betwgeand CLOBr
betweenbyte[] andBLOBSo unless you specifically need to use these JDBC LOB APldpg6ineed the@Lokmnnotation.

Instead, as we just saw i@olumn lengths and adaptive column typeall you need is to specify a large enough colutength to
accommodate the data you plan to write to that column.

You should usually write this:

@Colunftength =LONG32// good, correct column type inferred
String text ;

instead of this:

@Lob/ almost always unnecessary
String text ;

This is particularly true for PostgreSQL.
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Unfortunately, the driver for PostgreSQL doesnOt alR¥TEAr TEXTcolumns to be read via the JDBC LOB APIs.

This limitation of the Postgres driver has resulted in a whole cottage industry of bloggers and stackoverflow question-
answerers recommending convoluted ways to hack the Hibernlialect for Postgres to allow an attribute annotated
@Lolo be written usingsetString() and read usingyetString()

$ But simply removing the@Lolannotation has exactly the same effect.
Conclusion:

¥on PostgreSQL@Loklways means th©IDtype,
¥ @Lolshould never be used to map columns of tyB¥ TEAr TEXTand
¥please donOt believe everything you read on stackoverflow.

Finally, as an alternative, Hibernate lets you declare an attribute of tjpe.sql.Blob orjava.sql.Clob .

@Entity
class Book {

Clob text ;
Blob coverArt ;
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The advantage is that @va.sql.Clob orjava.sgl.Blob can in principle index up to®characters or bytes, much more data than you can
fit in a JavaString orbyte[] array (or in your computer).

To assign a value to these fields, weOll need to useelper. We can get one from thgession:
LobHelper helper = session. getLobHelper();

book text = helper . createClob (text );
book coverArt = helper. createBlob (image);

In principle, theBlob andClob objects provide efficient ways to read or stream LOB data from the server.
Book book = session. find (Book class, bookld);

String text = book text . getSubString (1, textLength );
InputStream bytes = book coverArt . getBinaryStream();

Of course, the behavior here depends very much on the JDBC driver, and so we really canOt promise that this is a sensible thing to do on
your database.

4.11. Mapping embeddable types to UDTs or to JSON
ThereOs a couple of alternative ways to represent an embeddable type on the database side.
Embeddables as UDTs

First, a really nice option, at least in the case of Java record types, and for databases which suggordefined typegUDTS), is to define a
UDT which represents the record type. Hibernate 6 makes this really easy. Just annotate the record type, or the attribute which holds a
reference to it, with the new@ Struct annotation:

@Embeddable

@Struct( name"PersonName)'
record NamgString firstName, String middleName String lastName {}

@Entity
class Person {

Namename
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This results in the following UDT:
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create type PersonNames (firstName varchar (255, middleNamevarchar (255, lastName varchar (255)

And thenamecolumn of theAuthor table will have the typdersonName
Embeddables to JSON

A second option thatOs available is to map the embeddable typel®Gior JISONBcolumn. Now, this isnOt something we would exactly
recommendif youOre defining a data model from scratch, but itOs at least useful for mapping pre-existing tables with JSON-typed columns.
Since embeddable types are nestable, we can map some JSON formats this way, and even query JSON properties using HQL.

| At this time, JSON arrays are not supported!

To map an attribute of embeddable type to JSON, we must annotate the attrib@&dbcTypeCode(SqlTypes.JSOQM)stead of annotating
the embeddable type. But the embeddable typéameshould still be annotated@EmbeddabiEwe want to query its attributes using HQL.

@Embeddable
record NamgString firstName, String middleName String lastName {}
@Entity

class Person {

@JdbcTypeCogeqlTypes JSON
Namename

=7 [T [T [Th [T1

We also need to add Jackson or an implementation of JSONBRfor example, YassonNto our runtime classpath. To use Jackson 2 we could
add this line to our Gradle build:

runtimeOnly 'com.fasterxml.jackson.core:jackson-databind:{jacksonVersion}'

To use Jackson 3 we could add this line to our Gradle build:

runtimeOnly 'tools.jackson.core:jackson-databind:{jackson3Version}'

Now thenamecolumn of theAuthor table will have the typésonb, and Hibernate will automatically use Jackson to serializ&lamé¢o and
from JSON format.

4.12. Summary of SQL column type mappings

So, as weOve seen, there are quite a few annotations that affect the mapping of Java types to SQL column types in DDL. Here we summariz
the ones weOve just seen in the second half of this chapter, along with some we already mentioned in earlier chapters.

Table 4.11: Annotations for mapping SQL column types

Annotation Interpretation

@Enumerate@EnumeratedValue Specify how arenuntype should be persisted

@Nationalized Use anationalized character typeNCHARVARCHARNCLOB
@Lob UseJDBC LOB APts read and write the annotated attribute
@Array Map a collection to &QLARRAMpe of the specified length
@sStruct Map anembeddable to a SQL UD®ith the given name
@TimeZoneStorage Specify how thdime zone information should be persisted
@JdbcTyper @JdbcTypeCode Use an implementation ofdbcTypeto map an arbitrary SQL type
@Collate Specify a collation for a column
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In addition, there aresome configuration propertiesvhich have alobal effect on how basic types map to SQL column types:

Table 4.12: Type mapping settings

Configuration property name Purpose

hibernate.use_nationalized_character_data Enable use ohationalized character typedy default
hibernate.type.preferred_boolean_jdbc_type Specify the default SQL column type for storindgp@olean
hibernate.type.preferred_uuid_jdbc_type Specify the default SQL column type for storingJ&J/ID
hibernate.type.preferred_duration_jdbc_type Specify the default SQL column type for storindparation
hibernate.type.preferred_instant_jdbc_type Specify the default SQL column type for storing kustant
hibernate.timezone.default_storage Specify the default strategy fostoring time zone information
hibernate.type.prefer_native_enum_types Usenamed enum typeson PostgreSQL and Oracle

Earlier, we saw how to use these settings to control the default mappingsristant andDuration .

These areglobal settings and thus quite clumsy. We recommend against messing with any of these settings unless you
have a really good reason for it.

ThereOs one more topic we would like to cover in this chapter.

4.13. Mapping to formulas

Hibernate lets us map an attribute of an entity to a SQL formula involving columns of the mapped table. Thus, the attribute is a sort of
"derived"” value.

Table 4.13: Annotations for mapping formulas

Annotation Purpose
@Formula Map an attribute to a SQL formula
@JoinFormula Map an association to a SQL formula
@DiscriminatorFormula Use a SQL formula as the discriminatorsimgle table inheritance
For example:

@Entity

class Order {

E .

E @Colunfname= "sub_total" , scale=2, precision =8)

E BigDecimal subTotal;

E @Colunfname= "tax" , scale=4, precision =4)

E BigDecimal taxRate;

E @Formul@'sub_total * (1.0 + tax)" )

E BigDecimal totalWithTax ;

E

}

The formula is evaluated every time the entity is read from the database.

4.14. Derived ldentity

An entity has alerived identityif it inherits part of its primary key from an associated "parent" entity. WeOve already met a kind of
degenerate case aderived identitywhen we talked aboubne-to-one associations with a shared primary key

But a@ManyToOassociation may also form part of a derived identity. That is to say, there could be a foreign key column or columns

59


https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/cfg/MappingSettings.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/annotations/TimeZoneStorageType.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/annotations/Formula.html

included as part of the composite primary key. ThereOs three different ways to represent this situation on the Java side of things:

¥ using @ldClasswithout @Mapsld
¥ using @IdClasswith @Maps|dor
¥ using @Embeddedwdth @Mapsld

LetOs suppose we hav@arent entity class defined as follows:

@Entity

class Parent {

E @l

E Long parentld ;

-~ m

Theparentld field holds the primary key of thParent table, which will also form part of the composite primary key of evetild
belonging to theParent.

First way

In the first, slightly simpler approach, we define @ldClassto represent the primary key athild :

class Derivedld {

E Long parent;

E String childld ;

E // constructors, equals, hashcode, etc
E

}

And aChild entity class with a@ManyToOassociation annotated@!d

@Entity

@IdClasg Derivedld . class)

class Child {

E @l

E String childld ;

E @Id@ManyToOne

E @JoinColun(mame'parentld" )
E Parent parent;

Then the primary key of th€hild table comprises the columnghildid,parentid)
Second way

This is fine, but sometimes itOs nice to have a field for each element of the primary key. We may @Maiimdnnotation we metearlier.

@Entity

@IdClasg Derivedld . class)

class Child {

E @i

E Long parentld ;

E @i

E String childld ;

E @ManyToOne

E @Maps(cChild_. PARENT )D// typesafe reference to Child.parentld
E @JoinColum(mame'parentld" )
E Parent parent;
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WeOre using the approach we gaeviouslyto refer to theparentld property ofChild in a typesafe way.
Note that we must place column mapping information on the association annotat@iapsicot on the@Idfield.

We must slightly modify ou@IdClassso that field names align:

class Derivedld {

E Long parentld ;
E String childid ;
E // constructors, equals, hashcode, etc
E
}
Third way

The third alternative is to redefine ou®@ldClassas an@EmbeddablgVe donOt actually need to change Bregivedid class, but we do need to
add the annotation.

@Embeddable
class Derivedld {

E Long parentld ;

E String childld ;

E // constructors, equals, hashcode, etc
E

}

Then we may us@Embeddedid Child :

@Entity

class Child {

E @Embeddedid

E Derivedld id;

E @ManyToOne

E @Maps(derivedld_. PARENT )D/ typesafe reference to DerivedId.parentld
E @JoinColum(mame'parentld" )

E Parent parent;

Thechoice between@IdClassand @Embeddedhbils down to taste. Thé&Embeddedis perhaps a little DRYer.

4.15. Adding constraints

Database constraints are important. Even if youOre sure that your program has n@bygs probably not the only program with access
to the database. Constraints help ensure that different programs (and human administrators) play nicely with each other.

Hibernate adds certain constraints to generated DDL automatically: primary key constraints, foreign key constraints, and some unique
constraints. But itOs common to need to:

¥add additional unique constraints,
¥add check constraints, or
¥ customize the name of a foreign key constraint.

WeOvalready seerhow to use@ForeignKeyo specify the name of a foreign key constraint.
There are two ways to add a unique constraint to a table:

¥ using @Column(unique=true)o indicate a single-column unique key, or
¥ using the@UniqueConstraintannotation to define a uniqueness constraint on a combination of columns.

@Entity
@TabléuniqueConstraints =@UniqueConstrain{ columnNameg"titte" , "year", "publisher_id" }))
class Book{ ... }

61



This annotation looks a bit ugly perhaps, but itOs actually useful even as documentation.

The @Checinnotation adds a check constraint to the table.

@Entity
@Che¢lname"ValidISBN", constraints ="length(isbn)=13" )
class Book{ ... }

The @Chec&nnotation is commonly used at the field level:

@I|d @Cheglconstraints ="length(isbn)=13" )
String isbn;

62



Chapter 5. Interacting with the database

To interact with the database, that is, to execute queries, or to insert, update, or delete data, we need an instance of one of the following
objects:

¥ a JPAEntityManager,
¥ a HibernateSession, or
¥ a HibernateStatelessSession .

TheSession interface extend€ntityManager, and so the only difference between the two interfaces is tBassion offers a few more
operations.

Actually, in Hibernate, evergntityManager is aSession, and you can narrow it like this:

Session session = entityManager . unwrag{ Session. class );

An instance oBession (or ofEntityManager) is astateful sessionlt mediates the interaction between your program and the database via
operations on goersistence context

In this chapter, weOre not going to talk much ab6titelessSession . WeQll come backtiuis very useful APihen we talk about
performance. What you need to know for now is that a stateless session doesnOt have a persistence context.

Still, we should let you know that some people prefer to IBmtelessSession everywhere. ItOs a simpler programming
model, and lets the developer interact with the database mat&ectly.

Stateful sessions certainly have their advantages, but theyOre more difficult to reason about, and when something goes
wrong, the error messages can be more difficult to understand.

5.1. Persistence contexts

A persistence context is a sort of cache; we sometimes call it the "first-level cache", to distinguish it frosetioad-level cacheFor every
entity instance read from the database within the scope of a persistence context, and for every new entity made persistent within the scope
of the persistence context, the context holds a unique mapping from the identifier of the entity instance to the instance itself.

Thus, an entity instance may be in one of three states with respect to a given persistence context:

1. transientN never persistent, and not associated with the persistence context,
2. persistentN currently associated with the persistence context, or
3. detachedN previously persistent in another session, but not currently associated itis persistence context.

m

remove()

evict()

Persistent
clear(), close()

At any given moment, an instance may be associated with at most one persistence context.

The lifetime of a persistence context usually corresponds to the lifetime of a transaction, though itOs possible to have a persistence context
that spans several database-level transactions that form a single logical unit of work.

A persistence contextNthat is, Session or EntityManagerNabsolutely positivelymust not be shared between multiple
$ threads or between concurrent transactions.

If you accidentally leak a session across threads, you will suffer.

Container-managed persistence contexts

In a container environment, the lifecycle of a persistence context scoped to the transaction will usually be managed for you.
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There are several reasons we like persistence contexts.

1. They help avoidlata aliasing if we modify an entity in one section of code, then other code executing within the same persistence
context will see our modification.

2. They enableautomatic dirty checkingafter modifying an entity, we donOt need to perform any explicit operation to ask Hibernate to
propagate that change back to the database. Instead, the change will be automatically synchronized with the database when the
session iflushed.

3. They can improve performance by avoiding a trip to the database when a given entity instance is requested repeatedly in a given unit of
work.

4. They make it possible teransparently batchtogether multiple database operations.

A persistence context also allows us to detect circularities when performing operations on graphs of entities. (Even in a stateless session,
we need some sort of temporary cache of the entity instances weOve visited while executing a query.)

On the other hand, stateful sessions come with some very important restrictions, since:

¥ persistence contexts arenOt threadsafe, and canOt be shared across threads, and

¥a persistence context canOt be reused across unrelated transactions, since that would break the isolation and atomicity of the
transactions.

Furthermore, a persistence context holds a hard references to all its entities, preventing them from being garbage collected. Thus, the
session must be discarded once a unit of work is complete.

If you donOt completely understand the previous passage, go back and re-read it until you do. A great deal of human
# suffering has resulted from users mismanaging the lifecycle of the Hiberissssion or JPAEntityManager.

WeOll conclude by noting that whether a persistence context helps or harms the performance of a given unit of work depends greatly on the
nature of the unit of work. For this reason Hibernate provides both stateful and stateless sessions.

5.2. Creating a session

Sticking with standard JPA-defined APIs, we saw how to obtaitEatityManagerFactory in Configuration using JPA XMItOs quite
unsurprising that we may use this object to create BntityManager:

EntityManager entityManager = entityManagerFactory . createEntityManager ();

When weOre finished with tEatityManager, we should explicitly clean it up:

entityManager . close ();

On the other hand, if weOre starting frorBessionFactory, as described ifProgrammatic configuration using JPA ARVe may use:

Session session = sessionFactory . openSessior);

But we still need to clean up:

session. close ();

Injecting the EntityManager

If youOre writing code for some sort of container environment, youOll probably obtafntigManager by some sort of dependency
injection. For example, in Java (or Jakarta) EE you would write:

@PersistenceContext EntityManager entityManager ;

In Quarkus, injection is handled by CDI:

@Inject EntityManager entityManager ;

Outside a container environment, weOll also have to write code to manage database transactions.
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5.3. Managing transactions

Using JPA-standard APIs, timtityTransaction interface allows us to control database transactions. The idiom we recommend is the
following:

EntityManager entityManager = entityManagerFactory . createEntityManager ();
EntityTransaction tx = entityManager. getTransaction ();

try {

E tx.begin();

E //do some work

E ..

E tx.commi();

}

catch (Exception e) {

E if (tx.isActive ()) tx.rollback ();
E throw e;

}

finally  {

E entityManager. close ();
}

But this code is extremely tedious, so thereOs a cleaner option:

entityManagerFactory . runinTransaction (entityManager -> {
E // do the work

E
D

When we need to return a value from within the anonymous function, we esBnTransaction()  instead ofruninTransaction()

Using HibernateOs native APIs we can write something very similar:

sessionFactory . inTransaction (session -> {
E //do the work

E
i
Container-managed transactions
In a container environment, the container itself is usually responsible for managing transactions. In Java EE or Quarkus, youOll
probably indicate the boundaries of the transaction using ti@Transactional annotation.
TheEntityTransaction interface provides a standard way to set the transaction timeout:

entityManager . getTransaction (). setTimeout(30); // 30 seconds

EntityTransaction also provides a way to set the transaction to rollback-only mode:

entityManager . getTransaction (). setRollbackOnly ();

A transaction in rollback-only mode will be rolled back when it completes.

Hibernate is not a software transactional memory. When a transaction rolls back, Hibernate makes no attempt to roll
back the state of objects held in memory to their state at the beginning of the transaction. After a transaction rollback,

# the persistence context must be discarded, and the state of its entities must be assumed inconsistent with the state held
by the database.

The interfaceTransaction extendsEntityTransaction with some additional operations, including the ability to register transaction
completion callbacks.
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5.4. Operations on the persistence context

Of course, the main reason we need BntityManager is to do stuff to the database. The following important operations let us interact with
the persistence context and schedule modifications to the data:

Table 5.1: Methods for modifying data and managing the persistence context

Method name and parameters Effect

persist(Object) Make a transient object persistent and schedule a S3ert statement for later execution
remove(Object) Make a persistent object transient and schedule a Sfglete statement for later execution
merge(Object) Copy the state of a given detached object to a corresponding managed persistent instance and

return the persistent object

detach(Object) Disassociate a persistent object from a session without affecting the database
clear() Empty the persistence context and detach all its entities
flush() Detect changes made to persistent objects association with the session and synchronize the

database state with the state of the session by executing $®ért , update, anddelete statements
Notice thatpersist() andremove() have no immediate effect on the database, and instead simply schedule a command for later execution.
Also notice that thereOs mipdate() operation for a stateful session. Modifications are automatically detected when the sessifsised.

On the other hand, except fayetReference() , the following operations all result in immediate access to the database:

Table 5.2: Methods for reading and locking data

Method name and parameters Effect

find(Class,Object) Obtain a persistent object given its type and its id

find(Class,Object,LockModeType) Obtain a persistent object given its type and its id, requesting the gieptimistic or pessimistic lock
mode

find(EntityGraph,Object) Obtain a persistent object given its id and &@mtityGraph specifying its type and associations which

should be eagerly fetched

getReference(Class,id) Obtain a reference to a persistent object given its type and its id, without actually loading its state
from the database

getReference(Object) Obtain a reference to a persistent object with the same identity as the given detached instance,
without actually loading its state from the database

refresh(Object) Refresh the persistent state of an object using a new S€léct to retrieve its current state from the
database
refresh(Object,LockModeType) Refresh the persistent state of an object using a new S€éct to retrieve its current state from the

database, requesting the giveaptimistic or pessimistic lock mode

lock(Object,LockModeType) Obtain anoptimistic or pessimistic lockon a persistent object

Any of these operations might throw an exception. Now, if an exception occurs while interacting with the database, thereOs no good way to
resynchronize the state of the current persistence context with the state held in database tables.

Therefore, a session is considered to be unusable after any of its methods throws an exception.

The persistence context is fragile. If you receive an exception from Hibernate, you should immediately close and discard
# the current session. Open a new session if you need to, but throw the bad one away first.

One very important kind of exception which can happen when data is shared between concurrent units of worlofgtiamistic lock failure
Optimistic locks are verified by checkingersions A version check is included in tiéhereclause of every SQipdate ordelete statement

for a versioned entity. If a version check failsNthat is, if no rows are updatedNHibernate infers that the entity was updated in some other
unit of work and throws arDptimisticLockException to indicate that the current session is working with stale data. As with other

exceptions, this loss of synchronization between the persistence context and the database means that we must discard the current session.
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Some of these operations listed above require slightly more care than others. When yodetath() , clear() , flush() ,

" orrefresh() , youOve already strayed from the narrow path. You didnOt stray farNand you probably had a good reason for
going thereNbut youOre in territory where Hibernate just has to assume you know what youOre doing. If you start to feel
that this terrain is bogging you down, consider usingtateless session

Four of these operations accepiptions, allowing influence over their behavior.

Method name and parameters Effect

find(Class,Object,FindOptionE) Obtain a persistent object given its type and its id, using the specified
options

find(EntityGraph,Object,FindOptionE) Obtain a persistent object given its id and &@mtityGraph specifying its

type and associations which should be eagerly fetched, using the
specified options

refresh(Object,LockModeType,RefreshOptionE) Refresh the persistent state of an object using a new S€éct to
retrieve its current state from the database, requesting the given
optimistic or pessimistic lock modgeusing the specified options

lock(Object,LockModeType,LockOptionE) Obtain anoptimistic or pessimistic lockon a persistent object, using
the specified options

For example, JPA provides thiémeout class which is &ndOption, aRefreshOption, and aLockOption.

var book = entityManger . find (Book class, isbn, Timeout mg100, CacheStoreModeBYPASS

Finally, the HibernateSession offers the following method, which is capable of efficiently loading multiple entity instances in parallel:

Method name and parameters Effect

findMultiple(Class, List<Object>, FindOptionE) Obtain a list of persistent objects given their type and their ids, using
the specified options

findMultiple(EntityGraph, List<Object>, FindOptionE) Obtain a list of persistent objects given their ids and BntityGraph
specifying their type and associations which should be eagerly fetched,
using the specified options

The following code results in a single S&dlect statement:

List <Book> books = session. findMultiple (Book class, booklds);

As discusseearlier, Hibernate offers the ability to map a natural id and perform load operations using that natural id. This is accomplished
using theKeyType#NATURALdOption -

var bookKey= new BookKey...);
var book = session. find (Book class, bookKey NATURAL
var books = session. findMultiple (Book class, List . of (bookKey, NATURAL

When loading by natural id, the type of value accepted depends on the type of natural id. For single-attribute natural ids, whether defined
by a basic or embedded type, the attribute type should be used. For multi-attribute natural ids, Hibernate will accept a number of forms:

¥If a@NaturalldClass is defined, an instance of the natural id class may be used.
¥ An array of the individual attribute values, ordered alphabetically by name, may be used.
¥ AMapof the individual attribute values, keyed by the attribute name, may be used.

Each of the operations weOve seen so far affects a single entity instance passed as an argument. But thereOs a way to set things up so that
operation will propagate to associated entities.

See theUser Guid€ior more details about loading by natural ids.
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5.5. Cascading persistence operations

1tOs quite often the case that the lifecycle ahild entity is completely dependent on the lifecycle of somparent. This is especially
common for many-to-one and one-to-one associations, though itOs very rare for many-to-many associations.

For example, itOs quite common to make@mier and all itsitems persistent in the same transaction, or to deleté®eject and itsFiles s
at once. This sort of relationship is sometimes calledhole/part-type relationship.

Cascadings a convenience which allows us to propagate one of the operations listedgarations on the persistence conteftom a
parent to its children. To set up cascading, we specify thscademember of one of the association mapping annotations, usually
@OneToManmy@OneToQne

@Entity
class Order {

@OneToMémappedbsitem_. ORDER
/I cascade persist(), remove(), and refresh() from Order to Item
cascade={ PERSISTREMOVEEFRE$H
/I also remove() orphaned Items
orphanRemovadtrue )
private Set<ltem> items;

=7 [T [T [T [T [T [T [Th M

Orphan removalndicates that antem should be automatically deleted if it is removed from the set of items belonging to its pa@uer.

5.6. Proxies and lazy fetching

Our data model is a set of interconnected entities, and in Java our whole dataset would be represented as an enormous interconnected
graph of objects. ItOs possible that this graph is disconnected, but more likely itOs connected, or composed of a relatively small number of
connected subgraphs.

Therefore, when we retrieve an object belonging to this graph from the database and instantiate it in memory, we simply canOt recursively
retrieve and instantiate all its associated entities. Quite aside from the waste of memory on the VM side, this process would involve a huge
number of round trips to the database server, or a massive multidimensional cartesian product of tables, or both. Instead, weOre forced to
cut the graph somewhere.

Hibernate solves this problem usingroxiesandlazy fetching A proxy is an object that masquerades as a real entity or collection, but
doesnOt actually hold any state, because that state has not yet been fetched from the database. When you call a method of the proxy,
Hibernate will detect the call and fetch the state from the database before allowing the invocation to proceed to the real entity object or
collection.

Now for the gotchas:

1. Hibernate will only do this for an entity which is currently associated with a persistence context. Once the session ends, and the
persistence context is cleaned up, the proxy is no longer fetchable, and instead its methods throw the hated
LazylnitializationException

2. For a polymorphic association, Hibernate does not know the concrete type of the referenced entity when the proxy is instantiated, and
so operations likenstanceof and typecasts do not work correctly when applied to a proxy.

3. Around trip to the database to fetch the state of a single entity instance is just aimaiteast efficientvay to access data. It almost
inevitably leads to the infamou+1 selectproblem weOll discuss later when we talk about howeptimize association fetching

The @ConcreteProxynnotation solves gotcha 2, but at the cost of performance (extra joins), and so its use is not
generally recommended, except in very special circumstances.

WeOre getting a bit ahead of ourselves here, but letOs quickly mention the general strategy we recommend to navigate
past these gotchas:

¥ All associations should be ségtch=LAZYto avoid fetching extra data when itOs not needed. As we mentieaelikr,
this setting is not the default fo@ManyToOassociations, and must be specified explicitly.

¥ But strive to avoid writing code which triggers lazy fetching. Instead, fetch all the data youOll need upfront at the
beginning of a unit of work, using one of the techniques describedgsociation fetchingusually, usingoin fetchin
HQL or arEntityGraph .

1tOs important to know that some operations which may be performed with an unfetched mtor{tequire fetching its state from the
database. First, weOre always allowed to obtain its identifier:
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var publd = entityManager . find (Book class, bookld). getPublisher (). getld (); // does not fetch publisher

Second, we may create an association to a proxy:

book setPublisher (entityManager . getReference(Publisher . class, publd)); // does not fetch publisher

Sometimes itOs useful to test whether a proxy or collection has been fetched from the database. JPA lets us do this using the
PersistenceUnitUtil

boolean authorsFetched = entityManagerFactory . getPersistenceUnitUtil (). isLoaded(book getAuthors ());

Hibernate has a slightly easier way to do it:

boolean authorsFetched = Hibernate . isinitialized  (book getAuthors ());

Similarly, PersistenceUnitUtil.load() force-fetches a proxy or collection:

Book book = session. find (Book class, bookld); // fetch just the Book, leaving authors unfetched
entityManagerFactory . getPersistenceUnitUtil (). load (book getAuthors ());

Again,Hibernate.initialize() is slightly more convenient:

Book book = session. find (Book class, bookld); // fetch just the Book, leaving authors unfetched
Hibernate . initialize  (book getAuthors());  // fetch the Authors

On the other hand, the above code is very inefficient, requiring two trips to the database to obtain data that could in principle be retrieved
with just one query.

The static methods of thélibernate class let us do a lot more, and itOs worth getting a bit familiar with them. Of particular interest are the
operations which let us work with unfetched collections without fetching their state from the database. For example, consider this code:

Book book = session. find (Book class, bookld); // fetch just the Book, leaving authors unfetched
Author authorRef = session. getReference( Author. class, authorld ); // obtain an unfetched proxy
boolean isByAuthor = Hibernate . contains (book getAuthors (), authorRef); // no fetching

This code fragment leaves both the siebok.authors and the proxyauthorRef unfetched.
1tOs clear from the discussion above that we need a way to request that an associati@yeryfetched using a databasein , thus

protecting ourselves from the infamous N+1 selects. One way to do this is by passiBgt@yGraph to find() .

5.7. Entity graphs and eager fetching

When an association is mappddtch=LAZY, it wonOt, by default, be fetched when we callfind() method. We may request that an
association be fetched eagerly (immediately) by passingtmityGraph tofind() .

var graph = entityManager . createEntityGraph (Book class);
graph. addSubgrapliBook . publisher );
Book book = entityManager . find (graph, bookld);

This code adds &ft outer join to our SQL query, fetching the associatedblisher along with theBook

We may even attach additional nodes to olntityGraph :

var graph = session. createEntityGraph (Book class);

graph. addSubgrapliBook . publisher );

graph. addPluralSubgraph(Book . authors). addSubgrapfAuthor_. person);
Book book = entityManager . find (graph, bookld);

This results in a SQL query witbur left outer join  s.
In the code examples above, The clas®&ok_andAuthor_ are generated byibernate Processqras we saw earlier.

| They let us refer to attributes of our model in a completely type-safe way. WeOll use them again, below, when we talk
about Criteria queries
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JPA specifies that any giveintityGraph may be interpreted in two different ways.

¥ Afetch graphspecifies exactly the associations that should be eagerly loaded. Any association not belonging to the entity graph is
proxied and loaded lazily only if required.

¥ Aload graphspecifies that the associations in the entity graph are to be fetched in addition to the associations mafppegt-EAGER

AnEntityGraph passed directly tdind() is always interpreted as a load graph.

YouOre right, the names make no sense. But donOt worry, if you take our advice, and map your assfatiitidA Y,
thereOs no difference between a "fetch" graph and a "load" graph, so the names donOt matter.

JPA even specifies a way to define named entity graphs using annotations. But the annotation-based API is so verbose
that itOs just not worth using.

5.8. Controlling lookup by id

As we will soon see in theext chapter, we can do almost anything vidQL, criteria, ornative SQLqueries. But when we already know the
identifier of the entity we need, a query can feel like overkill. And queries donOt make efficient usesettim level cache

We met thefind() andfindMultiple() ~methodsearlier. These are the most basic ways to perforroakup by id. But they canOt quite do
everything. Therefore, Hibernate has some APIs that streamline certain more complicated lookups:

Table 5.5: Operations for lookup by id

Method name Purpose

byld() Lets us specify association fetching via BntityGraph , as we saw; also lets us specify some
additional options, including how the lookupnteracts with the second level cachend whether the
entity should be loaded in read-only mode

byMultiplelds() Lets us load datch of ids at the same time
l Since the introduction ofFindOption in JPA 3.2pyId() is now much less useful and deprecated. Instead, fise() and
H findMultiple()  as discussearlier.

Batch loading is very useful when we need to retrieve multiple instances of the same entity class by id:

var graph = session. createEntityGraph (Book class);
graph. addSubgrapliBook . publisher );

List <Book> books =
session. byMultiplelds (Book class)
. withFetchGraph(graph) // control association fetching
. withBatchSize (20) /I specify an explicit batch size
. with (CacheMod&ET /I control interaction with the cache
. multiLoad ( booklds);

[T ™ M [T mp

The given list obooklds will be broken into batches, and each batch will be fetched from the database in a ssejget . If we donOt specify
the batch size explicitly, a batch size will be chosen automatically.

We also have some operations for working with lookupsratural id:

Method name Purpose

bySimpleNaturalld() For an entity with just one attribute is annotate@Naturalld
byNaturalld() For an entity with multiple attributes are annotate@Naturalld
byMultipleNaturalld() Lets us load datch of natural ids at the same time

Again, see thé&Jser Guiddor more details about loading by natural ids.

HereOs how we can retrieve an entity by its composite natural id:

Book book =
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session. byNaturalld (Book class)
. using (Book._. isbn, isbn)
.using (Book.. printing , printing )
.load();

T [T M [T

Notice that this code fragment is completely typesafe, again thankd${ibernate Processar

5.9. Controlling state retrieval during merge

Themerge() operation is usually used when some interaction with a user or automated system spans multiple transactions, with each
transaction having its own persistence context:

1. an entitye is retrieved in one persistence context, and then the current transaction ends, resulting in destruction of the persistence
context and in the entity becoming detached, then

2. e is modified in some way while detached, and then

3. finally, the modification is made persistent by merging the detached instance in a second transaction, with a new persistence context,
by callingsession.merge(e) .

In step 3, the original entity instance remains detached, butnerge() returns a distinct instancé representing the same row of the
database and associated with the new persistence context. Thatnisrge() trades a detached instance forgersistent instance
representing the same row.

To determine the nature of the modification held and to guarantee correct semantics with respect to optimistic locking, Hibernate first
select s the current persistent state of the entity from the database before applying the modificatiof. to

Cascade mergallows multiple modifications held in a graph of entity instances to be made persistent in one catetge(). Whenmerge()

is used with cascading!N!that is, when therge() operation is applied to a root entity with associations mapped

cascade=MERBEHibernate issues a singdelect statement to retrieve the current database state of the root entity and all its associated
entities. This behavior avoids the use of N+1 select statements for state retrieval during cascade merge but, in certain circumstances, the
query might be suboptimal. On the other hand, this query does not occur if the root entity was already loaded into the persistence context
beforemerge() is called.

Therefore, when using th&ntityManager API, we may gain control over the way state is loaded befareeaye() just by callingfind()
before callingmerge().

Book book = ... ;

var graph = entityManager . createEntityGraph (Book class );

graph. addSubgrapliBook_. chapters); // Book.chapters mapped cascade=MERGE
entityManager . find (graph, book getisbn ());  // force loading of the book
entityManager . mergé book); // merge the detached objet

TheSession interface provides a streamlined alternative:

Book book = ...

var graph = session. createEntityGraph (Book class);

graph. addSubgrapliBook . chapters);

session. mergd book graph); // equivalent to find() then merge()

When merging multiple root entitiesfjndMultiple()  may be used instead dind() .

List <Book> books = ... ;

var isbns = books stream(). majfBook:: getisbn). toList ();

var graph = session. createEntityGraph (Book class);

graph. addSubgrapfiBook . chapters); // Book.chapters mapped cascade=MERGE
session. findMultiple (graph, isbns); // force loading of the books

for (var book in books) {

E session. mergd book);

}

In some casesnerge() is much less efficient than thepsert() operation ofStatelessSession .

5.10. Flushing the session

From time to time, &lush operation is triggered, and the session synchronizes dirty state held in memoryKNthat is, modifications to the
state of entities associated with the persistence contextNwith persistent state held in the database. Of course, it does this by executing SQL
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INSER,JUPDATENIDELETBtatements.

By default, a flush is triggered:

¥when the current transaction commits, for example, whénansaction.commit() is called,
¥ before execution of a query whose result would be affected by the synchronization of dirty state held in memory, or
¥when the program directly callfiush() .

In the following code, the flush occurs when the transaction commits:

session. getTransaction (). begin();
session. persist (author);
var books =
/I new Author does not affect results of query for Books
session. createSelectionQuery ("from Book")
/I no need to flush
. getResultList ();
/ flush occurs here, just before transaction commits
session. getTransaction (). commi();

[ > T mp

But in this code, the flush occurs when the query is executed:

session. getTransaction (). begin();
session. persist (booK);
var books =
/I new Book would affect results of query for Books
session. createSelectionQuery ("from Book")

/I flush occurs here, just before query is executed
E . getResultList ();
/I changes were already flushed to database, nothing to flush
session. getTransaction (). commi();

p TP [T TP

1tOs always possible to caillsh() explicitly:

session. getTransaction (). begin();
session. persist (author);
session. flush (); // explicit flush

var books =

E session. createSelectionQuery ("from Book™)
E /I nothing to flush

E . getResultList ();

/[ nothing to flush
session. getTransaction (). commi();

Notice that SQL statements are not usually executed synchronously by methods dbéiseion interface likepersist()
andremove(). If synchronous execution of SQL is desired, SiatelessSession allows this.

This behavior can be controlled by explicitly setting the flush mode. For example, to disable flushes that occur before query execution, call:

entityManager . setFlushModd FlushModeTypeCOMM)T

Hibernate allows greater control over thitush modethan JPA:

session. setHibernateFlushMode( FlushMode MANUXL

Since flushing is a somewhat expensive operation (the session must dirty-check every entity in the persistence context), setting the flush
mode to COMMI@an occasionally be a useful optimization. But take careNin this mode, queries might return stale data:

session. getTransaction (). begin();
session. setFlushMod€ FlushModeTypeCOMM)T // disable AUTO-flush
session. persist (booK);
var books =
/I flushing on query execution disabled
session. createSelectionQuery ("from Book")
/I no flush, query returns stale results
. getResultList ();

T M T mp
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/ flush occurs here, just before transaction commits
session. getTransaction (). commi();

Table 5.7: Flush modes

Hibernate JPA Interpretation

FlushMode FlushModeType

MANUAL Never flush automatically

COMMIT COMMIT Flush before transaction commit

AUTO AUTO Flush before transaction commit, and before execution of a query whose results might be affected by

modifications held in memory

ALWAYS Flush before transaction commit, and before execution of every query

A second way to reduce the cost of flushing is to load entitieseiid-onlymode:

¥ Session.setDefaultReadOnly(true)  specifies that all entities loaded by a given session should be loaded in read-only mode by default,
¥ SelectionQuery.setReadOnly(true) specifies that every entity returned by a given query should be loaded in read-only mode, and
¥ Session.setReadOnly(Object, true)  specifies that a given entity already loaded by the session should be switched to read-only mode.

HibernateOReadOnlyModis a custonFindOption :

var book = entityManager . find (Book class, isbn, ReadOnlyMod&EAD_ONLY
1tOs not necessary to dirty-check an entity instance in read-only mode.

5.11. Lifecycle callbacks and entity listeners

The annotations@PrePersist, @ PreRemaw@ PreUpdate@ PostPersist, @PostRemov@ PostUpdateand @PostLoadllow an entity to respond
to persistence lifecycle operations and maintain its transient internal state. For example:

@Entity

class Order {

E ..

E transient double total ;

E @PostLoad

E void computeTotal() {

E total = items. stream(). mapToDoubl@ -> i.price * i.quantity ). sunf);
E 1}

If we need to interact with technical objects, we can place the lifecycle callback on a separate class, cakeditgristener The
@EntityListeners annotation specifies the listeners for a given entity class:

@Entity
@EntityListeners (OrderEvents. class)
class Order { ... }

An entity listener may inject CDI beans:

/I entity listener class

class OrderEvents {

F @Inject

Event<NewOrder newOrderEvent

> m

@PostPersist
void newOrde¢Order order) {
/I send a CDI event
newOrderEventfire (new NewOrdgrorder));

T M T M [T
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A single entity listener class may even be a generic listener that receives lifecycle callbacks for multiple different entity classes.

The venerablanterceptor interface is a more powerful alternative to entity listenefsterceptor and its friend
CustomEntityDirtinessStrategy  allow advanced users to augment the built-in handling of managed entities with custom

behavior. These interfaces are very useful if youOre building your own persistence framework with Hibernate as the
foundation.

WeOre about to see one waterceptor can be used.

5.12. Transient vs detached

Sometimes, Hibernate needs to be able to distinguish whether an entity instance is:

¥a brand-new transient object the client just instantiated usimgw or
¥ a detached object, which previously belonged to a persistence context.

This is a bit of a problem, since thereOs no good and efficient way for Hibernate to just tag an entity with a Post-it saying "IOve seen you
before".

Therefore, Hibernate uses heuristics. The two most useful heuristics are:

1. If the entity has ayenerated identifier the value of the id field is inspected: if the value currently assigned to the id field is the default
value for the type of the field, then the object is transient; otherwise, the object is detached.

2. If the entity has aversion, the value of the version field is inspected: if the value currently assigned to the version field is the default
value, or a negative number, then the object is transient; otherwise, the object is detached.

If the entity has neither a generated id, nor a version, Hibernate usually falls back to just doing something reasonable. In extreme cases a
SELECTuery will be issued to determine whether a matching row exists in the database.

These heuristics arenOt perfect. 1tOs quite easy to confuse Hibernate by assigning a value to the id field or version field,
$ making a new transient instance look like itOs detached. We therefore strongly discourage assigning values to fields
annotated @GeneratedValuer @Versionbefore passing an entity to Hibernate.

If the heuristics ever happen cause a real problem, you may implement your own Post-it taggingteieeptor.isTransient()
5.13. Interacting directly with JDBC

From time to time we run into the need to write some code that calls JDBC directly.EftieyManager now offers a convenient way to do
this:

entityManager . runWithConnection(( Connection connection) -> {

F try (var callable = connection. prepareCall ("{call myproc(?)}* )) {
callable .setLong(1, argumeny;
callable . execute();

S M T T m

To return a value, useallwithConnection() instead ofrunwithConnection() .

The HibernateSession has an older, slightly simpler API:

session. doWorkconnection -> {

E  try (var callable = connection. prepareCall ("{call myproc(?)}* )) {
callable .setLong(1, argumeny;
callable . execute();

= M T T m

If the work returns a value, usgoReturningWork() instead ofdoWork().

TheConnection passed to the work is the same connection being used by the session, and so any work performed using that connection
occurs in the same transaction context.

In a container environment where transactions and database connections are managed by the container, this might not
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be the easiest way to obtain the JDBC connection.

5.14. What to do when things go wrong

Object/relational mapping has been called the "Vietnam of computer science". The person who made this analogy is American, and so one
supposes that he meant to imply some kind of unwinnable war. This is quite ironic, since at the very moment he made this comment,
Hibernate was already on the brink of winning the war.

Today, Vietnam is a peaceful country with exploding per-capita GDP, and ORM is a solved problem. That said, Hibernate is complex, and
ORM still presents many pitfalls for the inexperienced, even occasionally for the experienced. Sometimes things go wrong.

In this section weOll quickly sketch some general strategies for avoiding "quagmires".

¥Understand SQL and the relational model. Know the capabilities of your RDBMS. Work closely with the DBA if youOre lucky enough to
have one. Hibernate is not about "transparent persistence" for Java objects. [tOs about making two excellent technologies work
smoothly together.

¥Log the SQlexecuted by Hibernate. You cannot know that your persistence logic is correct until youOve actually inspected the SQL thatO:
being executed. Even when everything seems to be "working", there might be a lutkiriyselects monster

¥ Be careful whemmodifying bidirectional associationsIn principle, you should updatboth endsof the association. But Hibernate
doesnOt strictly enforce that, since there are situations where such a rule would be too heavy-handed. Whatever the case, itOs up to you
to maintain consistency across your model.

¥ Neverleak a persistence contexacross threads or concurrent transactions. Have a strategy or framework to guarantee this never
happens.

¥When running queries that return large result sets, take care to consider the size afetbsion cacheConsider using atateless session
¥Think carefully about the semantics of theecond-level cachegand how the caching policies impact transaction isolation.

¥ Avoid fancy bells and whistles you donOt need. Hibernate is incredibly feature-rich, and thatOs a good thing, because it serves the needs
of a huge number of users, many of whom have one or two very specialized needs. But nobodi} tlasse specialized needs. In all
probability, you have none of them. Write your domain model in the simplest way thatOs reasonable, using the simplest mapping
strategies that make sense.

¥When something isnOt behaving as you expsiniplify. Isolate the problem. Find the absolute minimum test case which reproduces the
behavior,beforeasking for help online. Most of the time, the mere act of isolating the problem will suggest an obvious solution.

¥ If youOre new to Hibernate, avoid frameworks and libraries that "wrap" JPA. You need an excellent understanding of Hibernate and JPA
first, before introducing unnecessary additional moving parts. If thereOs any one criticism of Hibernate and ORM that sordetises
ring true, itOs that it takes you too far from direct control over JDBC. An additional layer just takes you even further. If you insist you
really do need this extra layer, we beg you to consitiéibernate Data Repositoriemstead of older third-party solutions.

¥ Avoid copy/pasting code from random bloggers or stackoverflow reply guys. Many of the suggestions youOll find online just arenOt the
simplest solution, and many arenOt correct for Hibernate 6 and 7. Instasakrstandwhat youOre doing; study the Javadoc of the APIs
youOre using; read the JPA specification; follow the advice we give in this document; go direct to the Hibernate team on Zulip. (Sure, we
can be a bit cantankerous at times, but va® always want you to be successful.)

¥ Always consider other options. You donOt have to use Hibernavéaything
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Chapter 6. Executing queries

Hibernate features three complementary ways to write queries:

¥the Hibernate Query Languagan extremely powerful superset of JPQL, which abstracts most of the features of modern dialects of SQL,

¥the JPAcriteria queryAPI, along with extensions, allowing almost any HQL query to be constructed programmatically via a typesafe API,
and, of course

¥for when all else failspative SQlqueries.

In addition, Hibernate 7 provides a convenient new waypmgrammatically customizea query before executing it.

6.1. HQL queries

A full discussion of the query language would require almost as much text as the rest of this Short Guide. Fortunately, HQL is already
described in exhaustive (and exhausting) detailAnGuide to Hibernate Query Languati@loesnOt make sense to repeat that information
here.

Here we want to see how to execute a query via 8ession or EntityManager API. The method we call depends on what kind of query it is:

¥ selection querieseturn a result list, but do not modify the data, but
¥mutation queriesmodify data, and return the number of modified rows.

Selection queries usually start with the keywosglect orfrom, whereas mutation queries begin with the keywondsert , update, or
delete .

Table 6.1: Executing HQL

Kind Session method EntityManager method Queryexecution method

Selection createSelectionQuery(String,Class) createQuery(String,Class) getResultList()
getSingleResult() , or
getSingleResultOrNull()

Mutation createMutationQuery(String) createQuery(String) executeUpdate()

So for theSession API we would write:

List <Book- matchingBooks =

E session. createSelectionQuery ("from Book where title like :titteSearchPattern" , Bookclass)
E . setParameter( "titteSearchPattern" , titleSearchPattern )
E . getResultList ();

Or, if weOre sticking to the JPA-standard APIs:

List <Book> matchingBooks =

E entityManager . createQuery("select b from Book b where b.title like :titteSearchPattern" , Bookclass)
E . setParameter( "titteSearchPattern" , titleSearchPattern )
E . getResultList ();

The main difference betweenreateSelectionQuery() andcreateQuery() is thatcreateSelectionQuery() throws an exception if passed a
query string that begins withinsert , delete , orupdate.

WeOve been usiggtResultList() because weOve been expecting our queries to return multiple results. If weOre expecting a query to return
a single result, we can usgetSingleResult()

Book book =

E session. createSelectionQuery ("from Book where isbn = ?1" , Book class)
E . setParameter(1, isbn)

E . getSingleResult ();

Or, if weOre expecting it to return at most one result, we cargatgingleResultOrNull()

Book bookOrNull =

E session. createSelectionQuery ("from Book where isbn =?1" |, Book class)
E . setParameter(1, isbn)

E . getSingleResultOrNull ();
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The difference, of course, is thgetSingleResult() throws an exception if thereOs no matching row in the database, whereas
getSingleResultOrNull()  just returnsnull .

To execute aMutationQuery, we useexecuteUpdate(), which returns the number of entities affected by tlesert , update, ordelete .

6.2. Query parameters

Queries are often parameterized.

¥In the query abovestitleSearchPattern  is called anamed parameter
¥ Alternatively, we may label a parameter by a number. Such a parameter is calleddinal parameter

We may easily rewrite our query to use an ordinal parameter:

List <Book> matchingBooks =

= session. createSelectionQuery ("from Book where title like ?1" , Bookclass)
. setParameter(1, titleSearchPattern )
. getResultList ();

T > M

When a query has multiple parameters, named parameters tend to be easier to read, even if slightly more verbose.

Neverconcatenate user input with HQL and pass the concatenated stringréateSelectionQuery() . This would open
up the possibility for an attacker to execute arbitrary code on your database server.

ThesetParameter() methods specify arguments to query parameters.

The two-argument forms o$etParameter() are perfect for most purposes, bwery occasionalljtOs necessary to resolve
an ambiguity in the interpretation of the argument value by explicitly specifying thipe of the argument. The best way
to identify the type is via a reference to a JPA metamotgbe There are two ways to do this:

¥ by passing theTypeas a third argument teetParameter() , or
¥ by packaging the argument and ifeypein aTypedParameterValue

For example, we may passséatic metamodelreference tosetParameter() .

session. createSelectionQuery ("from Person where address = :address" )

. setParameter("address" address, Person_. address. getType())

B
E . getResultList ();

6.3. Auto-flush

By default, Hibernate dirty checks entities in the persistence context before executing a query, in order to determine if there are changes
which have not yet been flushed to the database, but which might affect the results of the query. If there are unflushed changes, then
Hibernate goes ahead and executes an automdticsh before executing the query. That way, the query wonOt return stale results which fail

to reflect changes made to data within the current unit of work. But if there are many entities association with the persistence context, then
this can be an expensive operation.

To disable this behavior, set thguery flush modeto NO_FLUSH

Book bookOrNull =

E session. createSelectionQuery ("from Book where isbn =?1" |, Book class)
E . setParameter(1, isbn)

E . setQueryFlushModéQueryFlushModeNO_FLUSH

E . getSingleResult ();

Or, especially if youOre using JPA-standard APIsFluseModeType. COMMIT

Book bookOrNull =

E session. createSelectionQuery ("from Book where isbn = ?1" , Book class)
E . setParameter(1, isbn)

E . setFlushModg FlushModeTypeCOMM)T

E . getSingleResult ();

Setting the flush mode to&NO_FLUSEIOMMIDrMANUAnight cause the query to return stale results.
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Occasionally we need to build a query at runtime, from a set of optional conditions. For this, JPA offers an API which allows programmatic
construction of a query.

6.4. Criteria queries
Imagine weOre implementing some sort of search screen, where the user of our system is offered several different ways to constrain the

query result set. For example, we might let them search for books by title and/or the author name. Of course, we could construct a HQL
query by string concatenation, but this is a bit fragile, so itOs quite nice to have an alternative.

HQL is implemented in terms of criteria objects

Actually, since Hibernate 6, every HQL query is compiled to a criteria query before being translated to SQL. This ensures that the
semantics of HQL and criteria queries are identical.

First we need an object for building criteria queries. Using the JPA-standard APIs, this woul@ier@aBuilder , and we get it from the
EntityManagerFactory :

CriteriaBuilder  builder = entityManagerFactory . getCriteriaBuilder  ();

But if we have &essionFactory, we get something much better, libernateCriteriaBuilder

HibernateCriteriaBuilder builder = sessionFactory . getCriteriaBuilder  ();

TheHibernateCriteriaBuilder ~ extendsCriteriaBuilder — and adds many operations that JPQL doesnOt have.

If youOre usingntityManagerFactory , donOt despair, you have two perfectly good ways to obtain the
HibernateCriteriaBuilder ~ associated with that factory. Either:

HibernateCriteriaBuilder builder =
E entityManagerFactory . unwrag SessionFactory. class ). getCriteriaBuilder  ();

Or simply:

HibernateCriteriaBuilder builder =
E (HibernateCriteriaBuilder ) entityManagerFactory . getCriteriaBuilder  ();

WeOre ready to create a criteria query.

CriteriaQuery <Book> query = builder . createQuery(Book class);

Root<Book> book = query. from(Book class );

Predicate where = builder . conjunction ();

(titlePattern  !'= null ) {

where = builder . and where builder . like (book get(Book. title ), titlePattern ));

(namePattern != null ) {
Join <Book Author> author = book join (Book. author);
where = builder . and where builder .like (author.get(Author_. namg namePattern);

uery. select (booK. wherg where
. orderBy(builder . asc(book get(Book.. title )));

ma > mm =" [T ==

Here, as before, the class8®ok_andAuthor_ are generated byibernate Processar

I Notice that we didnOt bother treatirtilePattern ~ andnamePatternas parameters. ThatOs safe because, by default,
H Hibernate automatically and transparently treats strings passed to t@gteriaBuilder ~as JDBC parameters.

Execution of a criteria query works almost exactly like execution of HQL.
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Table 6.2: Executing criteria queries

Kind Session method EntityManager method Queryexecution method

Selection createSelectionQuery(CriteriaQuery) createQuery(CriteriaQuery) getResultList()
getSingleResult() , or
getSingleResultOrNull()

Mutation createMutationQuery(CriteriaUpdate)  or createQuery(CriteriaUpdate) or executeUpdate()
createMutationQuery(CriteriaDelete) createQuery(CriteriaDelete)

For example:

List <Book>- matchingBooks =
E session. createSelectionQuery (query)
E . getResultList ();

Update, insert, and delete queries work similarly:

CriteriaDelete <Book> delete = builder . createCriteriaDelete  (Book class);
Root<Book> book = delete . from(Book class );

delete . wherg builder . It (builder .year(book get(Book. publicationDate )), 2000);
session. createMutationQuery ( delete ). executeUpdate);

1tOs even possible to transform a HQL query string to a criteria query, and modify the query programmatically before
execution:

HibernateCriteriaBuilder builder = sessionFactory . getCriteriaBuilder  ();

var query = builder . createQuery("from Book where year(publicationDate) > 2000" , Book class);
var root = query. getRoot(0, Bookclass);

qguery. where builder . like (root.get(Book.title ), builder .literal ("Hibernate%")));

guery. orderBy(builder . asc(root . get(Book. title )), builder . desc(root . get(Book. . ishn)));

List <Book- matchingBooks = session. createSelectionQuery (query). getResultList ();

This is starting to get a bit messy. In Hibernate 7, we can oftenResgriction instead.

Do you find some of the code above a bit too verbose? We do.

6.5. A more comfortable way to write criteria queries

Actually, what makes the JPA criteria API less ergonomic than it should be is the need to call all operation<atdhiaBuilder as
instance methods, instead of having them agatic functions. The reason it works this way is that each JPA provider has its own
implementation of CriteriaBuilder

The helper clas€riteriaDefinition can reduce the verbosity of criteria queries by eliminating the need to explicitly qualify calls to the
methods ofCriteriaBuilder . Ourprevious examplewould look like this:

CriteriaQuery <Book> query =
new CriteriaDefinition  (entityManagerFactory , Book class) {{
select (booK);
if (titlePattern != null') {
restrict (like (book get(Book. title ), titlePattern ));

if (namePattern!= null ) {
var author = book join (Book. author);
restrict (like (author.get(Author_.namg namePattern);

}
orderBy(asc(book get(Book. title )));

[T [T M [T [T [T [T [T T T [T

i

When all else fails, and sometimes even before that, weOre left with the option of writing a query in SQL.
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6.6. Native SQL queries

HQL is a powerful language which helps reduce the verbosity of SQL, and significantly increases portability of queries between databases.
But ultimately, the true value of ORM is not in avoiding SQL, but in alleviating the pain involved in dealing with SQL result sets once we get
them back to our Java program. As we saight up front, HibernateOs generated SQL is meant to be used in conjunction with handwritten
SQL, and native SQL queries are one of the facilities we provide to make that easy.

Table 6.3: Executing SQL
Kind Session method EntityManager method Queryexecution method
Selection createNativeQuery(String,Class) createNativeQuery(String,Class) getResultList()

getSingleResult() , or
getSingleResultOrNull()

Mutation createNativeMutationQuery(String) createNativeQuery(String) executeUpdate()
Stored createStoredProcedureCall(String) createStoredProcedureQuery(String) execute()
procedure

For the most simple cases, Hibernate can infer the shape of the result set:

Book book =

E session. createNativeQuery ("select * from Books where isbn = ?1" , Bookclass)

E . setParameter(1, isbn)

E . getSingleResult ();

String title =

E session. createNativeQuery ("select title from Books where isbn = 21" , String . class)
E . setParameter(1, isbn)

E . getSingleResult ();

However, in general, there isnOt enough information in the JRB&ItSetMetaDatato infer the mapping of columns to entity objects. So
for more complicated cases, youOll need to use@®@qIResultSetMappinginnotation to define a named mapping, and pass the name to
createNativeQuery() . This gets fairly messy, so we dondt want to hurt your eyes by showing you an example of it.

By default, Hibernate doesnOt flush the session before execution of a native query. ThatOs because the session is unaware of which
modifications held in memory would affect the results of the query.

So if there are any unflushed changesRBools, this query might return stale data:

List <Book> books =
E session. createNativeQuery ("select * from Books" , Book class)
E . getResultList ();

ThereOs two ways to ensure the persistence context is flushed before this query is executed.

Either, we could simply force a flush by callifigsh() or by setting the flush mode t8LWAYS

List <Book> books =

session. createNativeQuery ("select * from Books" , Book class)
. setHibernateFlushMode( ALWAYS
. getResultList ();

T [T M

Or, alternatively, we could tell Hibernate which modified state affects the results of the query:

List <Book> books =

= session. createNativeQuery ("select * from Books" , Book class)
. addSynchronizedEntityClass (Book class )
. getResultList ();

T > M

You can call stored procedures usiegeateStoredProcedureQuery() or createStoredProcedureCall() .
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6.7. Restrictions and ordering

WeOve already seen how the JRieria Query APtan be used to construct a query completely programmatically. The Criteria API is
powerful, but for the most common scenarios itOs at least arguably overkill CFiteriaDefinition  class helps a bit, but it doesnOt
completely eliminate the verbosity of programmatic query definition.

In Hibernate 7, thereOs a new option, a very ergonomic API for programmatically adding restrictions or ordering to an existing query before
executing it. (Actually, the ordering part of this was introduced in Hibernate 6.5.) This new API:

¥isnOt part of the Criteria Query API, and so we donOt restériaQuery object to make use of it,
¥doesmake use of the JPgtatic metamodelfor type safety,

¥works with both HQL and Criteria queries, and

¥is optimized for the case of a query which returns its single root entity.

var selection =
SelectionSpecification . create (Book class,
/I an optional base query, written in HQL:
"from Book where year(publicationDate) > 2000" ),

T M

=~
=

add programmatic restrictions:

(titlePattern ~ != null )

E selection .restrict (Restriction .like (Book.title , namePattern):
f (isbns != null &&!isbns.isEmpty())

E selection .restrict (Restriction .in (Book.isbn, isbns));

—p

/[ add programmatic ordering:
if (orderByTitle ) selection . sort (Order. asc(Book. title ));
if (orderBylsbn) selection . sort (Order. asc(Book.. ishn));

/[ add programmatic association fetching:
if (fetchPublisher ) selection . fetch (Path. from(Book class). to (Book.. publisher ));

/I execute the query in the given session:
List <Book> matchingBooks = selection . createQuery(session). getResultList ();

Notice that:

¥TheRestriction interface has static methods for constructing a variety of different kinds of restriction in a completely typesafe way.
¥ Similarly, theOrder interface has a variety of static methods for constructing different kinds of sorting criteria.

We need the following methods &electionSpecification

Table 6.4: Methods for query restriction and ordering

Method name Purpose

restrict() Add aRestriction on the query results

sort() , resort() Specify how the query results should be ordered

fetch() Add a fetched associatioRath

augment() Add a custom function which directly manipulates the select query

Two of these operations are also available foMatationSpecification

Table 6.5: Methods for mutation restriction

Method name Purpose

restrict() Add aRestriction on the records to be updated

augment() Add a custom function which directly manipulates the update or delete
query

Alternatively,Restriction andOrder can be used witlyenerated query or finder methodsand even withJakarta Data repositories

The interfacePath may be used to express restrictions on fields of an embedded or associated entity class. It may even be used for
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association fetching.

List <Book> booksForPublisher =
SelectionSpecification . create (Book class)
.restrict (Path. from(Book class). to (Book. publisher ). to (Publisher_ . namg
. equalTo( publisherName)
. fetch (Path. from(Book class ). to (Book.. publisher ))
. createQuery( session)
. getResultList ();

[T T M [T M [T

Specifications arenOt for everything, however.

SelectionSpecification  (similar to its friendMutationSpecification ) may be used in cases where a query returns a
single "root" entity, possibly with some fetched associations. 1tOs not useful in cases where a query should return multiple
entities, a projection of entity fields, or an aggregation. For such cases, the full Criteria API is appropriate.

Finally, theaugment() method deserves its own subsection.

6.8. Augmentation

WhenRestriction , Path, andOrder arenOt expressive enough, we eaigmentthe query by manipulating its representation as a criteria:

var books =
SelectionSpecification . create (Book class)
.augmenf( builder , query, book ->
/I augment the query via JPA Criteria API
query. wherg builder . like (book get(Book. title ), titlePattern )))
. orderBy( builder . asc(book get(Book.. isbn)))
. createQuery( session)
. getResultList ();

[T [T M [T [ [T [T

For really advanced caseaugment() works quite nicely withCriteriaDefinition

var books =
SelectionSpecification . create (Book class)
.augmen{( builder , query, book) ->
/I eliminate explicit references to 'builder’
new CriteriaDefinition ~ <>(query) {{
wherglike (entity .get(BasicEntity_ .title ), titlePattern ),
greaterThan(book get(Book. pageg, minPage);
orderBy(asc(book get(Book. ishn)));
1
)
. createQuery(session)
. getResultList ();

[T [T [T [T [T [T [T [T T M [T

However, we emphasize that this API shines in cases where complex manipulatiomoarequired. For complicated queries involving
multiple entities, or with aggregation and projection, youOre best off heading straight tcCtiteriaBuilder

Programmatic restrictions, and especially programmatic ordering, are often used together with pagination.

6.9. Limits and pagination

If a query might return more results than we can handle at one time, we may specify:

¥ alimit on the maximum number of rows returned, and,
¥ optionally, anoffset, the first row of an ordered result set to return.

The offset is used to paginate query results.

ThereOs two ways to add a limit or offset to a HQL or native SQL query:

¥using the syntax of the query language itself, for examplfset 10 rows fetch next 20 rows only , or
¥using the methodssetFirstResult()  andsetMaxResults() of theSelectionQuery interface.

If the limit or offset is parameterized, the second option is simpler. For example, this:

82



List <Book> books =

= session. createSelectionQuery ("from Book where title like ?1 order by title" , Bookclass)
. setParameter(1, titlePattern )
. setMaxResults(MAX_RESU)LTS
. getResultList ();

T [T [T T

is simpler than:

/I a worse way to do pagination
List <Book> books =

E session. createSelectionQuery ("from Book where title like ?1 order by title fetch first 22 rows only" , Book

.class)

E . setParameter( 1, titlePattern )

E . setParameter(2, MAX_RESULTS

E . getResultList ();
HibernateOSelectionQuery has a slightly different way to paginate the query results:

List <Book> books =

E session. createSelectionQuery ("from Book where title like ?1 order by title" , Bookclass)

E . setParameter(1, titlePattern )

E . setPage( Pagefirst (MAX_RESUNTS

E . getResultList ();

ThegetResultCount() method is useful for displaying the number of pages of results:

SelectionQuery <Book> query =

E session. createSelectionQuery ("from Book where title like ?1 order by title" , Bookclass)

E . setParameter(1, titlePattern );

long results = query. getResultCount();

long pages = results / MAX_RESUL¥Sresults %MAX_RESULF¥SO0 ? 0 : 1);

List <Book> books = query. setMaxResults(MAX_RESULT&:tResultList ();

Table 6.6: Methods for query limits, pagination, and ordering
Method name Purpose JPA-standard
setMaxResults() Set a limit on the number of results returned by a query "
setFirstResult() Set an offset on the results returned by a query "
setPage() Set the limit and offset by specifyingRageobject #
getResultCount() Determine how many results the query would return in the absence of any #
limit or offset

1tOs quite common for pagination to be combined with the need to order query results by a field thatOs determined at runti@edéFhe

class we just meabove provides the ability to specify that the query results should be ordered by one or more fields of the entity type
returned by the query:

List <Book> books =
E session. createSelectionQuery ("from Book where title like 21" , Bookclass)
. setParameter(1, titlePattern )
. setOrder (List . of (Order. asc(Book_. title ), Order. asc(Book.. isbn)))
. setMaxResults(MAX_RESULTS
. getResultList ();

T > [T [T T

The approach to pagination weOve just seen is sometimes caffsdt-based paginationSince Hibernate 6.5, thereOs an alternative
approach, which offers some advantages, though itOs a little more difficult to use.

6.10. Key-based pagination

Key-based paginatiomims to reduce the likelihood of missed or duplicate results when data is modified between page requests. 1tOs most
easily illustrated with an example:
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String QUERY¥ "from Book where publicationDate > :minDate"

/I obtain the first page of results
KeyedResultList <Book> first =
F session. createSelectionQuery (QUERYBooK class)
. setParameter("minDate", minDate
. getKeyedResultList (Pagefirst (25
. keyedBY Order. asc(Book . ishn)));
List <Book> firstPage = first .getResultList ();

m M M M

(! firstPage .isLastPage()) {
/I obtain the second page of results
KeyedResultList <Book> second =
session. createSelectionQuery (QUERYBooOK class)
. setParameter("minDate", minDate)
. getKeyedResultList (firstPage . getNextPagd));
List <Book> secondPage= second getResultList ();

" Tp [T> [T> [T T [Tp [T =

The "key" in key-based pagination refers to a unique key of the result set which determines a total order on the query results. In this
example,Book.isbn is the key.

Since this code is a little bit fiddly, key-based pagination works best vgémerated query or finder methods

6.11. Representing projection lists

Aprojection listis the list of things that a query returns, that is, the list of expressions irstect clause. Since Java has no tuple types,
representing query projection lists in Java has always been a problem for JPA and Hibernate. Traditionally, weOve j@ijesgd most
of the time:

var results =
E session. createSelectionQuery ("select isbn, title from Book" , Object[]. class)
E . getResultList ();

for (var result : results ) {

var isbn = (String ) result [0];

var title = (String ) result [1];

=~ [Tp T» >

This is really a bit ugly. Javafeord types now offer an interesting alternative:

record IsbnTitle (String isbn, String title ) {}

var results =
E session. createSelectionQuery ("select isbn, title from Book" , IsbnTitle .class)
E . getResultList ();

for (var result : results ) {

var isbn = result .isbn();

var title = result .title ();

=~ [Tp [T» [T>

Notice that weOre able to declare treeord right before the line which executes the query.
This works just as well with queries written in SQL:

record BookInfo(String isbn, String title , int pages {}

List <BooklInfo> resultList =

session. createNativeQuery ("select title, isbn, pages from Book" , Bookinfo. class)
. getResultList ();

E
E
Now, this approach is onlguperficiallymore typesafe, since the query itself is not checked statically, and so we canOt say itOs objectively
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better. But perhaps you find it more aesthetically pleasing. And if weOre going to be passing query results around the system, the use of a
record type ismuchbetter.

The criteria query API offers a much more satisfying solution to the problem. Consider the following code:

var builder = sessionFactory . getCriteriaBuilder  ();

var query = builder . createTupleQuery();

var book = query. from(Book class);

var bookTitle = book get(Book. title );

var booklsbn = book get(Book.. isbn);

var bookPrice = book get(Book.. price );

query. select (builder . tuple (bookTitle , booklsbn, bookPrice));
var resultList = session. createSelectionQuery (query). getResultList ();
for (var result : resultList ) {

E  String title = result . get(bookTitle );

String isbn = result . get(booklsbn);

BigDecimal price = result . get(bookPrice);

=7 [T [T [T [T

This code is manifestly completely typesafe, and much better than we can hope to do with HQL.

6.12. Named queries

The @NamedQueamnotation lets us define a HQL query that is compiled and checked as part of the bootstrap process. This means we find
out about errors in our queries earlier, instead of waiting until the query is actually executed. We can pla@NaenedQuemnotation on
any class, even on an entity class.

@NamedQuename= "10BooksByTitle" ,
E query = "from Book where title like :titlePattern order by title fetch first 10 rows only" )
class BookQueries {}

We have to make sure that the class with t@NamedQuemgnotation will be scanned by Hibernate, either:

¥ by adding<class>org.hibernate.example.BookQueries</class> to persistence.xml , or
¥ by callingpersistenceConfiguration.managedClass(BookQueries.class)

Unfortunately, JPAG®NamedQuergnotation canOt be placed on a package descriptor. Therefore, Hibernate provides a
very similar annotation@org.hibernate.annotations.NamedQuery whichcan be specified at the package level. If we
declare a named query at the package level, we must call:

configuration .addPackagé'org.hibernate.example" )

so that Hibernate knows where to find it.

The @NamedNativeQueaynotation lets us do the same for native SQL queries. ThereOs much less advantage {@NsimgdNativeQuery
because there is very little that Hibernate can do to validate the correctness of a query written in the native SQL dialect of your database.

Table 6.7: Executing named queries

Kind Session method EntityManager method Queryexecution method
Selection createNamedSelectionQuery(String,Class) createNamedQuery(TypedQueryReference)  getResultList() ,
createNamedQuery(String,Class) getSingleResult()

getSingleResultOrNull()

Mutation createNamedMutationQuery(String) createNamedQuery(TypedQueryReference)  executeUpdate()
createNamedQuery(String)

We execute our named query like this:

List <Book> books =

= entityManager . createQuery(BookQueries . _10BooksByTitle )
. setParameter( "titlePattern" | titlePattern )
. getResultList ()

Th [T [T
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Here,BookQueries_._10BooksByTitle_is an element of the JPA static metamodel of typgoedQueryReference<Bookgenerated by
Hibernate Processor.

Note that the code which executes the named query is not aware of whether the query was written in HQL or in native SQL, making it
slightly easier to change and optimize the query later.

1tOs nice to have our queries checked at startup time. [tOs even better to have them checked at compileQimanizing persistence logjc
we mentioned that the Hibernate Processor can do that for us, with the help of@t@heckH@bhnotation, and we presented that as a
reason to use@NamedQuery

Actually, Hibernate even has a separafriery Validatorcapable of performing compile-time validation of HQL query
strings that occur as arguments tareateQuery() and friends. If we use the Query Validator, thereOs not much advantage
to the use of named queries.

WeOre going to learn more about Hibernate Processor in the next chapter.
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Chapter 7. Compile-time tooling

Thestatic metamodel generatois a standard part of JPA. WeOve actually already seen its handiwork in the code exaafitesitOs the
author of the clas8ook , which contains the static metamodel of thentity classBook

Hibernate comes with an annotation processor which does much more than just this. ItOs capable of automatically generating:

¥ JPA metamodeklasses, as weOve already seen,

¥ Jakarta Data metamodetlasses,

¥ static query methodsandfinder methods and

¥implementations ofrepository interfaces includingJakarta Data repositories

Hibernate Processor

Hibernate Processqrthe annotation processor formerly known as the Metamodel Generator, began its life as a code generator for
what JPA calls atatic metamodel That is, it produces a typed model of the persistent classes in our program, giving us a type safe
way to refer to their attributes in Java code. In particular, it lets us speeifiity graphsandcriteria queriesin a completely type-safe
way.

The history behind this thing is quite interesting. Back when JavaOs annotation processing API was brand spankin' new, the static
metamodel for JPA was proposed by Gavin King for inclusion in JPA 2.0, as a way to achieve type safety in the nascent criteria query
API. 1tOs fair to say that, back in 2010, this APl was not a runaway success. Tools did not, at the time, feature robust support for
annotation processors. And all the explicit generic types made user code quite verbose and difficult to read. (The need for an explicit
reference to eCriteriaBuilder  instance also contributed verbosity to the criteria API.) For years, Gavin counted this as one of his
more embarrassing missteps.

But time has been kind to the static metamodel. By now, all Java compilers, build tools, and IDEs have robust support for annotation
processing, and JavaOs local type inference (trekeyword) eliminates the verbose generic types. JPBferiaBuilder and

EntityGraph APlIs are still not quite perfect, but the imperfections arenOt related to static type safety or annotation processing. The
static metamodel itself is undeniably useful and elegant.

And it turns out that there was quite a lot of unlocked potential there. Since Hibernate 6.3 the Processor has started taking on a much
bigger role. Today, it even containscamplete implementation of the Jakarta Data specification

Now, you still donOt have to use the Hibernate Processor with HibernateNthe APIs we just mentioned still also accept plain
stringsNbut we find that it works well with Gradle and integrates smoothly with our IDE, and the advantage in type-safety is
compelling.

WeOve already seen how to set up the annotation processor iGthdle buildwe saw earlier. For more details on how to
integrate the Hibernate Processor, check out t¢atic Metamodel Generatosection in the User Guide.

7.1. The static metamodel

WeOve already seen several ways to use the JPA static metamodel. Metamodel references are useful for expressing, in a completely type-
safe way:

¥ Criteria queries

¥ eager fetching via aentity graph,

¥ dynamicrestriction and sorting and

¥references to namedjueriesand named entity graphs.

HereOs an example of the sort of code thatOs generated for an entity class, as mandated by the JPA specification:
Generated Code

@StaticMetamodg|Book class )
public abstract class Book_{

/‘k*

* @see org.example.Book#isbn

‘k‘k/

T T [Tp Imp

public static volatile SingularAttribute <Book String > isbn;

/**

* @see org.example.Book#text

**/

[T e [mp
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E public static volatile SingularAttribute <Book String > text ;

E [**

E * @see org.example.Book#title

E *

E public static volatile SingularAttribute <Book String > title
E [x*

E * @see org.example.Book#type

E =y

E public static volatile SingularAttribute <Book Type> type;

E [**

E * @see org.example.Book#publicationDate

E  *¥

E public static volatile SingularAttribute <Book LocalDate> publicationDate
E [**

E * @see org.example.Book#publisher

B

E public static volatile SingularAttribute <Book Publisher > publisher ;
E [x*

E * @see org.example.Book#authors

E

E public static volatile SetAttribute <Book Author> authors;

E public static final String ISBN= "isbn" ;

E public static final String TEXT= "text" ;

E public static final String TITLE = "title" ;

E public static final String TYPE= "type" ;

E public static final String PUBLICATION_DAFEpublicationDate" ;
E public static final String PUBLISHER "publisher" ;

E public static final String AUTHORS"authors" ;

}

For each attribute of the entity, th&ook_class has:

1. a String -valued constant likeTITLE, and
2. a typesafe reference likétle to a metamodel object of typattribute

Hibernate Processor allowstatically-typedaccess to elements of the JRdetamodel But theMetamodels also accessible
in a "reflective” way, via th&ntityManagerFactory .

EntityType <Book> book = entityManagerFactory . getMetamode{). entity (Book class);
SingularAttribute  <Book Long> id = book getDeclaredld (Long class)

This is very useful for writing generic code in frameworks or libraries. For example, you could use it to create your own
criteria query API.

The JPA static metamodel for an entity also contains members representing the named queries and named entity graphs declared by
@NamedQue@NamedNativeQuegnd @NamedEntityGraphnnotations of the entity class.

For example, if we had:

@CheckHQLvalidate named queries at compile time

@NamedQuemame= "findBooksByTitle" ,

E query = "from Book where title like :title order by title" )
@Entity

class Book{ ... }

Then we may execute the query as follows:

var books =

E entityManager . createNamedQueiyQueries_. _findBooksByTitle_ )
E . setParameter("title" , titlePattern )

E . setPage( page
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. getResultList ();

Notice that no typecast was required here, since the generated code embeds the return type of the query as a type argument of the JPA
TypedQueryReference

/**

E* @see #_findBooksByTitle_

=5

public static final String QUERY_FIND_BOOKS_BY_ZFITiiEiBooksByTitle" ;

/**

E* The query named {@value QUERY_FIND_BOOKS_BY_TITLE}

E* <pre>

E* from Book where title like :title order by title

E* </pre>

E*

E* @see org.example.Book

E**/

public static volatile TypedQueryReferenceBook> _findBooksByTitle_ ;

Actually, Hibernate Processor doesnOt require that such annotations be applied to the entity class itselfaieauy
saw earlier

WeOve already been using metamodel referencesBidak_.authors andBook. AUTHORSthe previous chapters. So now letOs see what else
Hibernate Processor can do for us.

7.2. Finder methods, query methods, and repositories

Automatic generation ofinder methodsandquery methodss a relatively new feature of Hibernate ProcessorNoriginally introduced as an
experimentNwhich ultimately grew into a whole new way to use Hibernate.

WeOre going to meet three different kinds of generated method:

¥anamed query methodhas its signature and implementation generated directly fron@NamedQuemgnotation,
¥aquery methodhas a signature thatOs explicitly declared, and a generated implementation which executes a HQL or SQL query specified
via a@HQhr @SQannotation, and

¥afinder methodannotated @Finchas a signature thatOs explicitly declared, and a generated implementation inferred from the
parameter list.

WeOre also going to see two ways that these methods can be called:

¥ as static methods of a generated abstract class, or
¥ asinstance methods of an interfaceith a generated implementation which may even bgected.

Back inOrganizing persistence logjave walked you through a few different ways to organize your code with the help of Hibernate

Processor. That journey terminated at the idea of a repository, but we emphasized that you arenOt required to stay all the way to the end of
the line. Repositories are a sweet spot for many users, but they might not be your sweet spot, and thatOs OK. Hibernate Processor is
perfectly happy to generatatatic implementations of@HQ®@SQland @Findmethods, eliminating the need to inject or instantiate a

repository object.

Hibernate Processor and Jakarta Data

The functionality weOre about to describe was developed before Jakarta Data took on its current shape, and directly triggered the
apocalypse which lead to the final form of the specification. Therefore, thereOs massive overlap between the functionality described
in this chapter, and the functionality available via the Jakarta Data annotations. On the other hand, Jakarta Data cae@ryihing
described below, and in particular it doesnOt yet come with built-in support for stateful persistence contexts or reactive sessions.

WeOve therefore optembt to rewrite this chapter in a Jakarta Data-centric way, and instead refer yolntmducing Hibernate Data
Repositoriesfor information about the standard Jakarta Data APIs.

As Jakarta Data matures, even more of this functionality might be made obsolete, at least in the form described here. WeOre working
hard to make that happen.

" The functionality described in the rest of this chapter depends on the use of the annotations describEdtities.
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Hibernate Processor is not currently able to generate finder methods and query methods for entities declared completely
in XML, and itOs not able to validate HQL which queries such entities. (On the other haBdRtheappingsmay be
specified in XML, since theyOre not needed by the Processor.)

To whet our appetites, letOs see how it works f@MamedQuery

7.3. Named queries and Hibernate Processor

The very simplest way to generate a query method is to p@BNamedQuemgnotation anywhere we like, with aamebeginning with the
magical charactett.

LetOs just stick it on tiEookclass:

@CheckHQLvalidate the query at compile time
@NamedQuemame= "#findByTitleAndType" ,

E query = "select book from Book book where book:title like :title and book.type = :type" )
@Entity
public class Book{ ... }

Now the Processor adds the following method declaration to the metamodel cBssk .

Generated Code
/**
E* Execute named query {@value #QUERY_FIND_BY_TITLE_AND_TYPE} defined by annotation of {@link Book}.
£y
public static List <Book> findByTitleAndType (@NonnullEntityManager entityManager, String title , Type type) {
return entityManager . createNamedQuelyQUERY_FIND_BY_TITLE_AND_TYPE
. setParameter("title" , title )

. setParameter("type" , type)
. getResultList ();

= [Tp T T >

We can easily call this method from wherever we like, as long as we have acces&itgManager:

List <Book> books =
E Book_. findByTitleAndType (entityManager, titlePattern , Type BOOK

Now, this is quite nice, but itOs a bit inflexible in various ways, and so this protsaifdhe best way to generate a query method.

7.4. Generated query methods

The principal problem with generating the query method straight from ti@NamedQuexgnotation is that it doesnOt let us explicitly specify
the return type or parameter list. In the case we just saw, Hibernate Processor does a reasonable job of inferring the query return type and
parameter types, but weOre often going to need a bit more control.

The solution is to write down the signature of the query methegplicitly, as an abstract method in Java. WeOll need a place to put this
method, and since ouBookentity isnOt an abstract class, weOll just introduce a new interface for this purpose:

interface  Queries {

E @HQ!where title like :title and type = :type" )
E List <Book> findBooksByTitleAndType(String title , String type);
}

Instead of@NamedQugewhich is a type-level annotation, we specify the HQL query using the @#¥Qannotation, which we place directly
on the query method. This results in the following generated code in Qeeries_ class:

Generated Code

@StaticMetamodg]Queries. class )
public abstract class Queries_ {

/**

* Execute the query {@value #FIND_BOOKS_BY_TITLE_AND_TYPE_String_Type}.

*

* @see org.example.Queries#findBooksByTitleAndType(String, Type)

**/

[T T [Tp e [Th
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E public static List <Books findBooksByTitleAndType(@NonnullEntityManager entityManager, String title , Type type) {
E return entityManager . createQuery( FIND_BOOKS_BY_TITLE_AND_TYPE_String_Bgplk class )

E . setParameter("title” , title )

E . setParameter("type" , type)

E . getResultList ();

E }

E static final String FIND BOOKS BY_TITLE _AND_TYPE_String=Type

E "where title like :title and type = :type" ;

}

Notice that the signature differs just slightly from the one we wrote down in teeries interface: the Processor has prepended a
parameter acceptingentityManager to the parameter list.

If we want to explicitly specify the name and type of this parameter, we may declare it explicitly:

interface  Queries {

E @HQ!where title like :title and type = :type" )
E List <Book- findBooksByTitleAndType( StatelessSession session, String title , String type):
}

Hibernate Processor defaults to usirigntityManager as the session type, but other types are allowed:

¥ Session,
¥ StatelessSession , or
¥ Mutiny.Session or Mutiny.StatelessSession from Hibernate Reactive.

The real value of all this is in the checks which can now be done at compile time. Hibernate Processor verifies that the parameters of our
abstract method declaration match the parameters of the HQL query, for example:

¥for a named parameteralice , there must be a method parameter namedice with exactly the same type, or
¥for an ordinal parameter?2, the second method parameter must have exactly the same type.

The query must also be syntactically legal and semantically well-typed, that is, the entities, attributes, and functions referenced in the
query must actually exist and have compatible types. Hibernate Processor determines this by inspecting the annotations of the entity
classes at compile time.

The @CheckH@bhnotation which instructs Hibernate to validate named queriesnist necessary for query methods
annotated @HQL

The@Hannotation has a friend name@SQuvhich lets us specify a query written in native SQL instead of in HQL. In this case thereOs a lot
less the Processor can do to check that the query is legal and well-typed.

We imagine youOre wondering whethestatic method is really the right thing to use here.

7.5. Generating query methods as instance methods

One thing not to like about what weOve just seen is that we canOt transparently replace a gesatitedunction of theQueries_ class
with an improved handwritten implementation without impacting clients. Now, if our query is only called in one place, which is quite
common, this isnOt going to be a big issue, and so weOre inclined to thistiatihe function is fine.

But if this function is called from many places, itOs probably better to promote it to an instance method of some class or interface.
Fortunately, this is straightforward.

All we need to do is add an abstract getter method for the session object toQuaries interface. (And remove the session from the method
parameter list.) We may call this method anything we like:

interface  Queries {
E EntityManager entityManager ();

@HQtwhere title like :title and type = :type" )
List <Book> findBooksByTitleAndType(String title , String type);

~ > [T»

Here weOve usémhtityManager as the session type, but other types are allowed, as we saw above.
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Now Hibernate Processor does something a bit different:
Generated Code

@StaticMetamodg]Queries. class )
public class Queries_ implements Queries {

m

private final @NonnullEntityManager entityManager ;

public Queries_( @NonnullEntityManager entityManager) {
this . entityManager = entityManager ;

T > >

}

public @NonnullEntityManager entityManager () {
return entityManager ;

T m> e

}

/**
* Execute the query {@value #FIND_BOOKS _BY_TITLE_AND_TYPE_String_Type}.

*

* @see org.example.Queries#findBooksByTitleAndType(String, Type)

**/

@Override

public List <Book- findBooksByTitleAndType(String title , Type type) {

return entityManager . createQuery( FIND_BOOKS_BY_TITLE_AND_TYPE_String_Bgpk class )

. setParameter("title" , title )
. setParameter("type" , type)
. getResultList ();

[T T [T T [T [T [T [T [T [Th [T [Th

}

static final String FIND_BOOKS_BY_TITLE_AND_TYPE_String=Type
"where title like :title and type = :type" ;

m mp

—

The generated clasQueries_ now implements theQueries interface, and the generated query method implements our abstract method
directly.

Of course, the protocol for calling the query method has to change:

Queries queries = new Queries_( entityManager);
List <Book> books = queries . findByTitleAndType (titlePattern , Type BOOK

If we ever need to swap out the generated query method with one we write by hand, without impacting clients, all we need to do is replace
the abstract method with alefault method of theQueries interface. For example:

interface  Queries {
E EntityManager entityManager ();

. getResultList ();

E // handwritten method replacing previous generated implementation

E default List <Book findBooksByTitleAndType(String title , String type) {
E entityManager ()

E . createQuery("where title like :title and type = :type" , Bookclass)
E . setParameter("title” , title )

E . setParameter("type" , type)

E . setFlushModg COMMIT

E . setMaxResults(100)

E

E

}

What if we would like to inject Queries object instead of calling its constructor directly?
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As yourecall, we donOt think these things really need to be container-managed objects. But ikgotithem to beNif
youOre allergic to calling constructors, for some reasonNthen:

¥placingjakarta.inject  on the build path will cause a@Inject annotation to be added to the constructor of
Queries_, and

¥placingjakarta.enterprise.context on the build path will cause @Dependernnotation to be added to the
Queries_ class.

Thus, the generated implementation @dueries will be a perfectly functional CDI bean with no extra work to be done.

Is theQueries interface starting to look a lot like a DAO-style repository object? Well, perhaps. You can cedaaidie to usehis facility to
create aBookRepository if thatOs what you prefer. But unlike a repository, Queries interface:

¥doesnOt attempt to hide thentityManager from its clients,

¥doesnOt implement or extend any framework-provided interface or abstract class, at least not unless you want to create such a
framework yourself, and

¥isnOt restricted to service a particular entity class.

We can have as many or as few interfaces with query methods as we like. ThereOs no one-one-correspondence between these interfaces a
entity types. This approach is so flexible that we donOt even really know what to call these "interfaces with query methods".

7.6. Generated finder methods

At this point, one usually begins to question whether itOs even necessary to write a query at all. Would it be possible to just infer the query
from the method signature?

In some simple cases itOs indeed possible, and this is the purpdselef methods A finder method is a method annotate@Find For
example:

@Find
Book getBook String isbn);

A finder method may have multiple parameters:

@Find
List <Book> getBooksByTitle (String title , Type type);

The name of the finder method is arbitrary and carries no semantics. But:

¥the return type determines the entity class to be queried, and
¥the parameters of the method must match the fields of the entity classctly, by both name and type.

Considering our first exampleBookhas a persistent fielétring isbn , so this finder method is legal. If there were no field nanigith in
Book or if it had a different type, this method declaration would be rejected with a meaningful error at compile time. Similarly, the second
example is legal, sincBookhas fieldsString titte  andType type.

You might notice that our solution to this problem is very different from the approach taken by others. In DAO-style
repository frameworks, youOre asked to encode the semantics of the finder method intoetime of the methodThis idea
came to Java from Ruby, and we think it doesnOt belong here. 1tOs completely unnatural in Java, and by almost any

# measure other tharcounting characterstOs objectively worse than just writing the query in a string literal. At least string
literals accommodate whitespace and punctuation characters. Oh and, you know, itOs pretty useful to be able to rename a

finder methodwithout changing its semantics

The code generated for this finder method depends on what kind of fields match the method parameters:

@Idfield UsesEntityManager.find()
All @Naturalld fields UsesSession.byNaturalld()
Other persistent fields, or a mix of field types Uses a criteria query

The generated code also depends on what kind of session we have, since the capabilities of stateless sessions, and of reactive sessions,
differ slightly from the capabilities of regular stateful sessions.

With EntityManager as the session type, we obtain:
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/**

E* Find {@link Book} by {@link Book#isbn isbn}.

E*

E* @see org.example.Dao#getBook(String)

E&

@Override

public Book getBook @NonnullString isbn) {

E return entityManager. find (Book class, isbn);

}

/**
E* Find {@link Book} by {@link Book#title title} and {@link Book#type type}.
E*
E* @see org.example.Dao#getBooksByTitle(String, Type)
E**/
@Override
public List <Book> getBooksByTitle (String title , Type type) {
F  var builder = entityManager . getEntityManagerFactory (). getCriteriaBuilder  ();
var query = builder . createQuery(Book class);
var entity = query. from(Book class);
query. wherg
title  ==null
? entity . get(Book. title ). isNull ()
. builder . equal(entity .get(Book. title ), title ),
type==null
? entity . get(Book. type). isNull ()
. builder . equal(entity .get(Book.type), type)
)i

return entityManager . createQuery( query). getResultList ();

=7 [T [Tp [T [T [T [T [T [T [T [Th [TH [T1

1tOs even possible to match a parameter of a finder method against a property of an associated entity or embeddable. The natural syntax
would be a parameter declaration lik&tring publisher.name , but because thatOs not legal Java, we can write &tesg publisher$name ,
taking advantage of a legal Java identifier character that nobody ever uses for anything else:

@Find
List <Book> getBooksByPublisherNamgString publisher$name);

The @Patternannotation may be applied to a parameter of tyf&tring , indicating that the argument is a wildcarded pattern which will be
compared usingike .

@Find
List <Book> getBooksByTitle (@Pattern String title , Type type);

Even better, a parameter may be of typange<T>wherePis the type of the matching field.

@Find
List <Book> getBooksByTitle (RangeString > title , Type type);

TheRangenterface has a variety aftatic methods the caller may use to construct different kinds of ranges. For exanidege.pattern()
constructs aRangerepresenting a pattern.

List <Book> books =
E / returns books with titles beginning with "hibernate"

E gueries . getBooksByTitle (Rangeprefix ("hibernate" , false ), type);

A finder method may speciffetch profiles for example:

@Fin@namedFetchProfiles=Book . FETCH_WITH_AUTHORS
Book getBookWithAuthors( String isbn);

This lets us declare which associationsdokshould be pre-fetched by annotating thBookclass.
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7.7. Paging, ordering, and restrictions

Optionally, a query methodNor a finder method which returns multiple resultsNmay have additional "magic" parameters which do not
map to query parameters:

Parameter type Purpose Example argument
Page Specifies a page of query results Page.first(20)
Order<? super E> Specifies an entity attribute to order by, Ris the entity type returned Order.asc(Book_title)

by the query

List<Order? super E> Specifies entity attributes to order by, Ris the entity type returned  List.of(Order.asc(Book_title),

(or varargs) by the query Order.asc(Book_.isbn))
Order<Object[]> Specifies a column to order by, if the query returns a projection list Order.asc(1)

List<Object[]> Specifies columns to order by, if the query returns a projection list  List.of(Order.asc(1), Order.desc(2))

(or varargs)

Restriction<? super E> Specifies a restriction used to filter query results Restriction.startsWith("Hibernate™)

Thus, if we redefine our earlier query method as follows:

interface  Queries {
@HQtfrom Book where title like :title and type = :type" )
List <Book> findBooksByTitleAndType(String title , Type type,
Page page Order<? super Books... order);

=~ [Tp T m»

Then we can call it like this:

List <Book> books =
E Queries_. findBooksByTitleAndType( entityManager, titlePattern , Type BOOK
E Page pagg RESULTS_PER_PA®&Ige, Order. asc(Book.. ishn));

m

Alternatively, we could have written this query method as a finder method:

interface  Queries {
@Find
List <Book> getBooksByTitle (String title , Type type,
Page page Order<? super Books... order);

=~ [Tp > >

Similarly, we may define a query method which accepts an arbitrBgstriction

interface  Queries {
E @Find
E List <Book findBooks (Restriction <? super Books restriction , Order<? super Books... order);

}
As wesaw earlier theRestriction interface has a variety aftatic methods for constructing restrictions.

List <Book> books =

= Il returns books with titles beginning with "hibernate", sorted by title

gueries . findBooks ( Restriction . startsWith (Book. title , "hibernate" , false ),
Order. asc(Book.. title ));

Th [T [T

This gives some dynamic control over query execution. WeObalee that itOs even possible for the caller to gain direct control over the
Queryobject.

7.8. Key-based pagination

A generated query or finder method can make usekey-based pagination
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@Quely'where publicationDate > :minDate" )

KeyedResultList <Book> booksFromDatgSession session, LocalDate minDate KeyedPageBook> page);

Note that this method:

¥ accepts aKeyedPageand
¥returns KeyedResultList .

Such a method may be used like this:

/I obtain the first page of results
KeyedResultList <Book> first =

E Queries_. booksFromDatésession, minDate

E Pagefirst (25). keyedBy Order. asc(Book.. isbn)));
List <Book> firstPage = first .getResultList ();

(! firstPage .isLastPage()) {
/I obtain the second page of results
KeyedResultList <Book> second =
Queries_. booksFromDatésession, minDate
firstPage . getNextPag«));
List <Book> secondPage= second getResultList ();

= [Tp [T [T> [T [T M =

7.9. Query and finder method return types
A query method doesnOt need to retusist . It might return a singld@ook

@HQwhere isbn =:isbn" )
Book findBookBylsbn( String isbn);

For a query with a projection lisDbject[] orList<Object[]> is permitted:

@HQ'select isbn, title from Book where isbn = :isbn" )
Object[] findBookAttributesBylsbn (String isbn);

But when thereOs just one item in thedect list, the type of that item should be used:

@HQ'select title from Book where isbn = :isbn" )
String getBookTitleBylsbn (String isbn);

@HQ'select local datetime" )
LocalDateTime getServerDateTime();

A query which returns a selection list may have a query method which repackages the result as a record, as w&savegenting

projection lists.

record IsbnTitle (String isbn, String title ) {}

@HQ!select ishn, title from Book" )
List <IsbnTitle > listisbnAndTitleForEachBook (Page page);

A query method might even returlypedQueryor SelectionQuery :

@HQtwhere title like :title" )
SelectionQuery <Book> findBooksByTitle (String title );

This is extremely useful at times, since it allows the client to further manipulate the query:

List <Book> books =
Queries_. findBooksByTitle (entityManager, titlePattern )
. setOrder (Order. asc(Book.. title ))

T mp
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E . setPage( Page pagg RESULTS_PER_PAGHFE) /I return the given page of results

E . setFlushMod€ FlushMode TypeCOMMIT /I don't flush session before query execution
E . setReadOnly( true ) /' load the entities in read-only mode

E . setCacheStoreModgCacheStoreModeBYPASS // don't cache the results

E . setCommerit'Hello world!" ) /l add a comment to the generated SQL

E . getResultList ();

Aninsert ,update, ordelete query must returnint , boolean, orvoid.

@HQtdelete from Book" )
int deleteAllBooks ();

@HQMupdate Book set discontinued = true where discontinued = false and isbn = :isbn" )
boolean discontinueBook ( String isbn);

@HQMupdate Book set discontinued = true where isbn = :isbn" )
void discontinueBook ( String isbn);

On the other hand, finder methods are currently much more limited. A finder method must return an entity typ@®bké& or a list of the
entity type, List<Book>, for example.

| As you might expect, for a reactive session, all query methods and finder methods must renirn

7.10. An alternative approach

What if you just donOt like the ideas weOve presented in this chapter, preferring to Gabtien or EntityManager directly, but you still
want compile-time validation for HQL? Or what if ydo like the ideas, but youOre working on a huge existing codebase full of code you
don®t want to change?

Well, thereOs a solution for you, too. Theery Validatoiis a separate annotation processor thatOs capable of type-checking HQL strings, not
only in annotations, but even when they occur as argumentsteateQuery() , createSelectionQuery() , orcreateMutationQuery() . [tOs
even able to check calls tsetParameter() , with some restrictions.

The Query Validator works iavac, Gradle, Maven, and the Eclipse Java Compiler.
Unlike Hibernate Processor, which is a completely bog-standard Java annotation processor based on only standard Java

APIs, the Query Validator makes use of internal compiler AP/t andecj . This means it canOt be guaranteed to work
in every Java compiler. The current release is known to work in JDK 11 and above, though JDK 15 or above is preferred.
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Chapter 8. Tuning and performance

Once you have a program up and running using Hibernate to access the database, itOs inevitable that youOll find places where performance
is disappointing or unacceptable.

Fortunately, most performance problems are relatively easy to solve with the tools that Hibernate makes available to you, as long as you
keep a couple of simple principles in mind.

First and most important: the reason youOre using Hibernate is that it makes things easier. If, for a certain problem, itOs making things
harder, stop using it. Solve this problem with a different tool instead.

# Just because youQre using Hibernate in your program doesnOt mean you have tevesgvithere

Second: there are two main potential sources of performance bottlenecks in a program that uses Hibernate:

¥too many round trips to the database, and
¥memory consumption associated with the first-level (session) cache.

So performance tuning primarily involves reducing the number of accesses to the database, and/or controlling the size of the session cache.

But before we get to those more advanced topics, we should start by tuning the connection pool.

8.1. Tuning the connection pool

The connection pool built in to Hibernate is suitable for testing, but isnOt intended for use in production. Instead, Hibernate supports several
different connection pools, including our favorite, Agroal.

Hibernate will automatically make use afgroalConnectionProvider if the moduleorg.hibernate.orm:hibernate-agroal s available at
runtime. So just add it as a runtime dependency, and youOre all set.

Well, actually, thatOs a bit fragile, since Hibernate silently falls back to using the default connection pool if Agroal happens to be missing at
runtime. Perhaps itOs better to set this configuration property:

Configuration property name Purpose

hibernate.connection.provider_class Explicitly specify aonnection pool for exampleagroal , hikaricp orc3p0.

You can sehibernate.connection.provider_class  toagroal so that Hibernate fails at startup if Agroal is missing.

To properly configure Agroal, youOll need to set some extra configuration properties, in addition to the settings we alread\Bsait in
configuration settings Properties with the prefikibernate.agroal are passed through to Agroal:

# configure Agroal connection pool
20
10

There are many to choose from, as enumeratedAxyroalSettings :

Table 8.2: Settings for configuring Agroal

Configuration property name Purpose

hibernate.agroal.maxSize The maximum number of connections present on the pool

hibernate.agroal.minSize The minimum number of connections present on the pool

hibernate.agroal.initialSize The number of connections added to the pool when it is started

hibernate.agroal.maxLifetime The maximum amount of time a connection can live, after which it is removed from the
pool

hibernate.agroal.acquisitionTimeout The maximum amount of time a thread can wait for a connection, after which an

exception is thrown instead
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Configuration property name Purpose

hibernate.agroal.reapTimeout The duration for eviction of idle connections
hibernate.agroal.leakTimeout The duration of time a connection can be held without causing a leak to be reported
hibernate.agroal.idleValidationTimeout A foreground validation is executed if a connection has been idle on the pool for longer

than this duration
hibernate.agroal.validationTimeout The interval between background validation checks

hibernate.agroal.initialSql A SQL command to be executed when a connection is created

The following settings are common to all connection pools supported by Hibernate:

Table 8.3: Common settings for connection pools

hibernate.connection.pool_size The size of the connection pool
hibernate.connection.autocommit The default autocommit mode
hibernate.connection.isolation The default transaction isolation level
A popular alternative to Agroal idikariCR Integration with HikariCP is provided by the modudeg.hibernate.orm:hibernate-hikaricp Llts

settings are enumerated bilikariCPSettings .

Container-managed datasources

In a container environment, you usually donOt need to configure a connection pool through Hibernate. Instead, youOll use a container-
managed datasource, as we sawBasic configuration settings

A related important setting is the default JDBC fetch size.

8.2. JDBC fetch size

TheJDBC fetch sizeontrols the maximum number of rows the JDBC driver fetches from the database in one round trip. In Hibernate we
usually limit query result sets usingagination, and so we almost always prefer that the JDBC driver fetch the whole query result set in one
trip. Most JDBC drivers accommodate this usage pattermioy setting a default fetch size. However, there are a couple of exceptions to this
and for the offending drivers you should probably override the default fetch size using the following configuration property.

Table 8.4: Default JDBC fetch size

hibernate.jdbc.fetch_size The default JDBC fetch size

The default fetch size can be overridden for a given query by calietgetchSize() , but this is rarely necessary.

The Oracle JDBC driver defaults to a JDBC fetch size of 10. You stisalgs sethibernate.jdbc.fetch_size  explicitly if
$ youOre using Oracle, or, even better, specify the paranustiultRowPrefetch in the JDBC connection URL.

The MySQL JDBC driver ignores the fetch size by default. The JDBC connection prgesttysorFetch=true enables the
use of server-side cursors, and with this setting the driver respects the fetch size.

8.3. Enabling statement batching

An easy way to improve performance of some transactions, with almost no work at all, is to turn on automatic DML statement batching.
Batching only helps in cases where a program executes many inserts, updates, or deletes against the same table in a single transaction.

All we need to do is set a single property:

Table 8.5: Enabling JDBC batching
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Configuration property name Purpose Alternative

hibernate.jdbc.batch_size Maximum batch size for SQL statement batching setJdbcBatchSize()

To confirm that statement batching is working, enableRACEevel logging for the categorgrg.hibernate.orm.jdbc.batch

That said, batching is rarely the most convenient or most efficient way to update or delete many rows at once.

Even better than DML statement batching is the use of Hidate or delete queries, or even native SQL that calls a
stored procedure!

8.4. Association fetching

Achieving high performance in ORM means minimizing the number of round trips to the database. This goal should be uppermost in your
mind whenever youOre writing data access code with Hibernate. The most fundamental rule of thumb in ORM is:

¥ explicitly specify all the data youOre going to need right at the start of a session/transaction, and fetch it immediately in one or two
queries,

¥and only then start navigating associations between persistent entities.

Execute queries,
Join Pe,‘tching
whole, gmph

End tronsaction,
close, session

Open session,
begin transaction

A/avigate ob:)ec‘t groph
and mool?P&/ data

Without question, the most common cause of poorly-performing data access code in Java programs is the probM#ielectsHere, a
list of N rows is retrieved from the database in an initial query, and then associated instances of a related entity are fetchedNusing
subsequent queries.

This isnOt a bug or limitation of Hibernate; this problem even affects typical handwritten JDBC code behind DAOs. Only
you, the developer, can solve this problem, because only you know ahead of time what data youOre going to need in a
given unit of work. But thatOs OK. Hibernate gives you all the tools you need.

In this section weOre going to discuss different ways to avoid such "chatty" interaction with the database.

Hibernate provides several strategies for efficiently fetching associations and avoitlingiselects:

¥ outer join fetchindiwhere an association is fetched usingeft outer join
¥batch fetchinddwhere an association is fetched using a subsequeatect with a batch of primary keys, and
¥ subselect fetchin§where an association is fetched using a subsequeatect with keys re-queried in a subselect.

Of these, you should almost always use outer join fetching. But letOs consider the alternatives first.
8.5. Batch fetching and subselect fetching

Consider the following code:

List <Book> books =
E session. createSelectionQuery ("from Book order by isbn" , Book class)

E . getResultList ();
books forEach(book -> book getAuthors (). forEach(author -> out. printin (book title  + "by " + author. namg));

100


https://docs.hibernate.org/orm/8.0/javadocs//org/hibernate/cfg/BatchSettings.html#STATEMENT_BATCH_SIZE

This code isveryinefficient, resulting, by default, in the execution bf+1select statements, whereN is the number oBools.

LetOs see how we can improve on that.
SQL for batch fetching
With batch fetching enabled, Hibernate might execute the following SQL on PostgreSQL.:

/* initial query for Books */

select bl_Qisbn, bl_Q price ,bl_Q published, bl_Q publisher_id , bl_Q title
from Book b1l 0

order by bl_Qisbn

[* first batch of associated Authors */

select al_Qbooks_isbn,al 1id,al_1 bio,al_1 name
from Book_Authoral_0

E join Author al_1on al_1id=al_Q authors_id
where al_Q books_isbn = any (?)

/* second batch of associated Authors */

select al_Qbooks_isbn,al 1id,al_1 bio,al_1 name
from Book_Authoral_0

E join Author al_1on al_1id=al_Q authors_id
where al_Q books_isbn = any (?)

The firstselect statement queries and retrieveBools. The second and third queries fetch the associatadhors in batches. The number of
batches required depends on the configurdzhtch size Here, two batches were required, so two SQL statements were executed.

l The SQL for batch fetching looks slightly different depending on the database. Here, on PostgreSQL, Hibernate passes a
H batch of primary key values as a SBRRAY

SQL for subselect fetching
On the other hand, with subselect fetching, Hibernate would execute this SQL:

[* initial query for Books */

select bl _Qisbn, bl Q price ,bl Q published, bl_Q publisher_id , bl Q title
from Book bl 0O

order by bl_Qisbn

[* fetch all associated Authors */

select al Qbooks isbn,al 1id,al 1 bio,al 1 name

from Book_Authoral_0

E join Author al 1on al 1id=al Q authors_id

where al_Q books_isbn in (select bl_Qisbn from Book bl 0

Notice that the first query is re-executed in a subselect in the second query. The execution of the subselect is likely to be relatively
inexpensive, since the data should already be cached by the database. Clever, huh?

Enabling the use of batch or subselect fetching

Both batch fetching and subselect fetching are disabled by default, but we may enable one or the other globally using properties.

Table 8.6: Configuration settings to enable batch and subselect fetching

Configuration property name Property value Alternatives
hibernate.default_batch_fetch_size A sensible batch sizelto enable batch fetching @BatchSize(), setFetchBatchSize()
hibernate.use_subselect_fetch true to enable subselect fetching @Fetch(SUBSELECT)

setSubselectFetchingEnabled()

Alternatively, we can enable one or the other in a given session:

session. setFetchBatchSize ( 5);
session. setSubselectFetchingEnabled (true );

101



We may request subselect fetching more selectively by annotating a collection or many-valued association with the
@Fetchannotation.

@ManyToMa@FetcGSUBSELECT
Set<Author> authors;

Note that @Fetch(SUBSELEQIBSs the same effect a@Fetch(SELECTéxcept after execution of a HQL or criteria query. But
after query execution@Fetch(SUBSELEGT pble to much more efficiently fetch associations.

Later, weOll see how we can @isteh profilesto do this even more selectively.

ThatOs all there is to it. Too easy, right?

Sadly, thatOs not the end of the story. While batch fetching migjtiate problems involving N+1 selects, it wonOt solve them. The truly
correct solution is to fetch associations using joins. Batch fetching (or subselect fetching) can only bdeethieolution in rare cases where
outer join fetching would result in a cartesian product and a huge result set.

But batch fetching and subselect fetching have one important characteristic in common: they can be perfotazdy This is, in principle,
pretty convenient. When we query data, and then navigate an object graph, lazy fetching saves us the effort of planning ahead. It turns out
that this is a convenience weOre going to have to surrender.

8.6. Join fetching

Outer join fetching is usually the best way to fetch associations, and itOs what we use most of the time. Unfortunately, by its very nature, join
fetching simply canOt be lazy. So to make use of join fetching, we must plan ahead. Our general advice is:

Avoid the use of lazy fetching, which is often the source of N+1 selects.

Now, weQre not saying that associations should be mapped for eager fetching by default! That would be a terrible idea, resulting in simple
session operations that fetch almost the entire database. Therefore:

Most associations should be mapped for lazy fetching by default.

It sounds as if this tip is in contradiction to the previous one, but itDs not. ItOs saying that you must explicitly specify eager fetching for
associations precisely when and where they are needed.

If we need eager join fetching in some particular transaction, we have four different ways to specify that.

Passing a JPEntityGraph WeOve already seen thisntity graphs and eager fetching
Specifying a namedetch profile WeOll discuss this approach lateNamed fetch profiles
Usingleft join fetch in HQL/JPQL SeeA Guide to Hibernate Query Langudgedetails
UsingFrom.fetch() in a criteria query Same semantics awin fetch  in HQL

Typically, a query is the most convenient option. HereOs how we can ask for join fetching in HQL:

List <Book> booksWithJoinFetchedAuthors =
E session. createSelectionQuery ("from Book join fetch authors order by isbn" )
E . getResultList ();

And this is the same query, written using the criteria API:

var builder = sessionFactory . getCriteriaBuilder  ();

var query = builder . createQuery(Book class);

var book = query. from(Book class);

book fetch (Book.. authors);

guery. select (bookK);

query. orderBy(builder . asc(book get(Book.. ishn)));

List <Book> booksWithJoinFetchedAuthors =

E session. createSelectionQuery (query). getResultList ();

Either way, a single SQielect statement is executed:
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select bl_Qisbn,al Qbooks isbn,al_1id,al_1bio,al_ 1 namebl_Q price ,bl_Q published, bl_Q publisher_id , b1_Q title
from Book b1l 0

E join (Book_Authoral 0 join Author al_1on al_1id=al_Qauthors_id)

E on bl_Qisbn=al_Q books_ishn

order by bl _Qisbn

Much better!

Join fetching, despite its non-lazy nature, is clearly more efficient than either batch or subselect fetching, and this is the source of our
recommendation to avoid the use of lazy fetching.

ThereOs one interesting case where join fetching becomes inefficient: when we fetch two many-valued assodaiations
parallel. Imagine we wanted to fetch botAuthor.books andAuthor.royaltyStatements in some unit of work. Joining
both collections in a single query would result in a cartesian product of tables, and a large SQL result set. Subselect
fetching comes to the rescue here, allowing us to fetmboks using a join, andoyaltyStatements using a single
subsequentselect .

Of course, an alternative way to avoid many round trips to the database is to cache the data we need in the Java client. If weOre expecting tc
find the associated data in a local cache, we probably donOt need join fetching at all.

But what if we canOt lwertain that all associated data will be in the cache? In that case, we might be able to reduce the
cost of cache misses by enabling batch fetching.

8.7. The second-level cache

A classic way to reduce the number of accesses to the database is to use a second-level cache, allowing data cached in memory to be
shared between sessions.

By nature, a second-level cache tends to undermine the ACID properties of transaction processing in a relational databdsaOtise a
distributed transaction with two-phase commit to ensure that changes to the cache and database happen atomically. So a second-level
cache is often by far the easiest way to improve the performance of a system, but only at the cost of making it much more difficult to reason
about concurrency. And so the cache is a potential source of bugs which are difficult to isolate and reproduce.

Therefore, by default, an entity is not eligible for storage in the second-level cache. We must explicitly mark each entity that will be stored in
the second-level cache with th@Cachannotation fromorg.hibernate.annotations

But thatOs still not enough. Hibernate does not itself contain an implementation of a second-level cache, so itOs also necessary to configure
an externalcache provider

n Caching is disabled by default. To minimize the risk of data loss, we force you to stop and think before any entity goes
into the cache.
Hibernate segments the second-level cache into nanregions one for each:

¥mapped entity hierarchy or
¥ collection role.

For example, there might be separate cache regionsAathor, Book Author.books, andBook.authors.
Each region is permitted its own policies for expiry, persistence, and replication. These policies must be configured externally to Hibernate.

The appropriate policies depend on the kind of data an entity represents. For example, a program might have different caching policies for
"reference" data, for transactional data, and for data used for analytics. Ordinarily, the implementation of those policies is the
responsibility of the underlying cache implementation.

The second-level cache is never aware of any changes to data which are made externally to Hibernate. Updates made via

direct JDBCNor by some other programNare never visible in the second-level cache. When such updates occur, we might
$ need toexplicitly invalidate cached dataAlternatively, in cases where the program is able to tolerate somewhat stale

data, an expiry policy might be an acceptable solution.

8.8. Specifying which data is cached

By default, no data is eligible for storage in the second-level cache.

An entity hierarchy or collection role may be assigned a region using@t@achannotation. If no region name is explicitly specified, the
region name is just the name of the entity class or collection role.
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@Entity
@Cacl{eissageeNONSTRICT_READ_WRéERion ="Publishers" )
class Publisher {

E

E @Cacl{sageeREAD_WR|TEegion ="PublishedBooks")
E @OneToMé&mappedBiBook . PUBLISHER

E Set<Book books

The cache defined by @Cachannotation is automatically utilized by Hibernate to:

¥retrieve an entity by id whefind() is called, or

¥to resolve an association by id.

$

subclass entity.

The @Cachannotation must be specified on theoot classof an entity inheritance hierarchy. 1tOs an error to place it on a

The @Cachannotation always specifies @acheConcurrencyStrategy a policy governing access to the second-level cache by concurrent

transactions.

Table 8.8: Cache concurrency

Concurrency policy Interpretation

¥Immutable data
¥Read-only access

READ_ONLY

NONSTRICT_READ_WRIT= ¥Concurrent updates are extremely
improbable

¥ Read/write access with no locking

READ_WRITE ¥ Concurrent updates are possible but
not common
¥ Read/write access using soft locks
TRANSACTIONAL ¥ Concurrent updates are frequent

¥ Transactional access
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Explanation

Indicates that the cached object is immutable, and is never updated. If
an entity with this cache concurrency is updated, an exception is
thrown.

This is the simplest, safest, and best-performing cache concurrency
strategy. 1tOs particularly suitable for so-called "reference" data.

Indicates that the cached object is sometimes updated, but that itOs
extremely unlikely that two transactions will attempt to update the
same item of data at the same time.

This strategy does not use locks. When an item is updated, the cache is
invalidated both before and after completion of the updating
transaction. But without locking, itOs impossible to completely rule out
the possibility of a second transaction storing or retrieving stale data in
or from the cache during the completion process of the first
transaction.

Indicates a non-vanishing likelihood that two concurrent transactions
attempt to update the same item of data simultaneously.

This strategy uses "soft" locks to prevent concurrent transactions from
retrieving or storing a stale item from or in the cache during the
transaction completion process. A soft lock is simply a marker entry
placed in the cache while the updating transaction completes.

¥ A second transaction may not read the item from the cache while
the soft lock is present, and instead simply proceeds to read the
item directly from the database, exactly as if a regular cache miss
had occurred.

¥ Similarly, the soft lock also prevents this second transaction from
storing a stale item to the cache when it returns from its round trip
to the database with something that might not quite be the latest
version.

Indicates that concurrent writes are common, and the only way to
maintain synchronization between the second-level cache and the
database is via the use of a fully transactional cache provider. In this
case, the cache and the database must cooperate via JTA or the XA
protocol, and Hibernate itself takes on little responsibility for
maintaining the integrity of the cache.
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Which policies make sense may also depend on the underlying second-level cache implementation.

JPA has a similar annotation, name@CacheableUnfortunately, itOs almost useless to us, since:

¥it provides no way to specify any information about the nature of the cached entity and how its cache should be
managed, and

¥it may not be used to annotate associations, and so we canOt even use it to mark collection roles as eligible for storage
in the second-level cache.

8.9. Caching by natural id

If our entity has anatural id, we can enable an additional cache, which holds cross-references from natural id to primary id, by annotating
the entity @NaturalldCache By default, the natural id cache is stored in a dedicated region of the second-level cache, separate from the
cached entity data.

@Entity

@CaclfeisageeREAD_WR|TEegion ="Book")
@NaturalldCachéregion ="Booklisbn")
class Book {

[ER—

E @Naturalld

E String ishn;
E @Naturalld

E int printing ;
E

}

This cache is utilized when the entity is retrieved using one of the operatior&ession which performslookup by natural id

Since the natural id cache doesnOt contain the actual state of the entity, it doesnOt make sense to annotate an entity
| @NaturalldCacheunless itOs already eligible for storage in the second-level cache, that is, unless itOs also annotated
" @Cache
1tOs worth noticing that, unlike the primary identifier of an entity, a natural id might be mutable.
We must now consider a subtlety that often arises when we have to deal with so-called "reference data", that is, data which fits easily in

memory, and doesnOt change much.

8.10. Caching and association fetching
LetOs consider again oRublisher class:

@Cacl{eissageeNONSTRICT_READ_WRéERion ="Publishers" )
@Entity
class Publisher { ... }

Data about publishers doesnOt change very often, and there arenOt so many of them. Suppose weOve set everything up so that the publish
are almostalwaysavailable in the second-level cache.

Then in this case we need to think carefully about associations of tiypblisher .

@ManyToOne
Publisher publisher ;

ThereOs no need for this association to be lazily fetched, since weOre expecting it to be available in memory, so we Vett®tIsar it
But on the other hand, if we leave it marked for eager fetching then, by default, Hibernate will often fetch it using a join. This places
completely unnecessary load on the database.

The solution is the@Fetchannotation:

@ManyToO@FetcASELEQT
Publisher publisher ;

By annotating the associatio®Fetch(SELECT\e suppress join fetching, giving Hibernate a chance to find the associBtédlisher in the
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cache.

Therefore, we arrive at this rule of thumb:

Many-to-one associations to "reference data", or to any other data that will almost always be available in the cache,
should be mappedEAGERELECT

Other associations, as Wefhjeeady made clearshould beLAZY

Once weOve marked an entity or collection as eligible for storage in the second-level cache, we still need to set up an actual cache.

8.11. Configuring the second-level cache provider

Configuring a second-level cache provider is a rather involved topic, and quite outside the scope of this document. But in case it helps, we
often test Hibernate with the following configuration, which uses EHCache as the cache implementation, as abOptiamal
dependencies

Table 8.9: EHCache configuration

Configuration property name Property value
hibernate.cache.region.factory_class jcache
hibernate.javax.cache.uri /ehcache.xml

If youOre using EHCache, youll also need to incluskeache.xml file that explicitly configures the behavior of each cache region
belonging to your entities and collections. YouOll find more information about configuring EHCeeree

We may use any other implementation of JCache, suclCaffeine JCache automatically selects whichever implementation it finds on the
classpath. If there are multiple implementations on the classpath, we must disambiguate using:

Table 8.10: Disambiguating the JCache implementation

Configuration property name Property value

hibernate.javax.cache.provider The implementation ofiavax.cache.spi.CachingProvider , for example:
org.ehcache.jsr107.EhcacheCachingProvider for EHCache
com.github.benmanes.caffeine.jcache.spi.CaffeineCachingProvider for Caffeine

Alternatively, to use Infinispan as the cache implementation, the following settings are required:

Table 8.11: Infinispan provider configuration

Configuration property name Property value

hibernate.cache.region.factory_class infinispan

hibernate.cache.infinispan.cfg Path to infinispan configuration file, for example:
org/infinispan/hibernate/cache/commons/builder/infinis for a distributed cache

pan-configs.xml

org/infinispan/hibernate/cache/commons/builder/infinis to test with local cache
pan-configs-local.xml

Infinispan is usually used when distributed caching is required. ThereOs more about using Infinispan with Hitleerate

Finally, thereOs a way to globally disable the second-level cache:

Table 8.12: Setting to disable caching
Configuration property name Property value

hibernate.cache.use_second_level_cache true to enable caching, ofalse to disable it
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Whenhibernate.cache.region.factory_class is set, this property defaults toue .

This setting lets us easily disable the second-level cache completely when troubleshooting or profiling performance.
You can find much more information about the second-level cache inlttser Guide

8.12. Caching query result sets

The caches weOve described above are only used to optimize lookups by id or by natural id. Hibernate also has a way to cache the result se
of queries, though this is only rarely an efficient thing to do.

The query cache must be enabled explicitly:
Table 8.13: Setting to enable the query cache

Configuration property name Property value

hibernate.cache.use_query_cache true to enable the query cache

To cache the results of a query, c&klectionQuery.setCacheable(true)

session. createQuery("from Product where discontinued = false" )
E .setCacheable(true)

E .getResultList ();

By default, the query result set is stored in a cache region namef@ult-query-results-region . Since different queries should have
different caching policies, it©s common to explicitly specify a region name:

session. createQuery("from Product where discontinued = false" )
E .setCacheable(true)

E .setCacheRegiofi"ProductCatalog” )

E . getResultList ();

A result set is cached together withiagical timestamp By "logical”, we mean that it doesnOt actually increase linearly with time, and in
particular itOs not the system time.

When aProduct is updated, Hibernateloes notgo through the query cache and invalidate every cached result set thatOs affected by the
change. Instead, thereOs a special region of the cache which holds a logical timestamp of the most-recent update to each table. This is calle
the update timestamps cacheand itOs kept in the regidefault-update-timestamps-region

n 1tOgour responsibilitto ensure that this cache region is configured with appropriate policies. In particular, update
timestamps should never expire or be evicted.

When a query result set is read from the cache, Hibernate compares its timestamp with the timestamp of each of the tables that affect the
results of the query, andnly returns the result set if the result set isnOt stale. If the resulisstale, Hibernate goes ahead and re-executes
the query against the database and updates the cached result set.

As is generally the case with any second-level cache, the query cache can break the ACID properties of transactions.
8.13. Second-level cache management

For the most part, the second-level cache is transparent. Program logic which interacts with the Hibernate session is unaware of the cache,
and is not impacted by changes to caching policies.

At worst, interaction with the cache may be controlled by specifying of an explieitheMode

session. setCacheModgCacheModéGNORE

Or, using JPA-standard APIs:

entityManager . setCacheRetrieveModé¢ CacheRetrieveModeBYPASS
entityManager . setCacheStoreModéCacheStoreModeBYPASS

The JPA-defined cache modes come in two flavatacheRetrieveModeind CacheStoreMode
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Table 8.14: JPA-defined cache retrieval modes

Mode Interpretation
CacheRetrieveMode.USE Read data from the cache if available
CacheRetrieveMode.BYPASS DonOt read data from the cache; go direct to the database

We might selecCacheRetrieveMode.BYPA$SveOre concerned about the possibility of reading stale data from the cache.

Table 8.15: JPA-defined cache storage modes

Mode Interpretation

CacheStoreMode.USE Write data to the cache when read from the database or when modified; do not update already-
cached items when reading

CacheStoreMode.REFRESH Write data to the cache when read from the database or when modified; always update cached items
when reading

CacheStoreMode.BYPASS Don®t write data to the cache

We should selecCacheStoreMode.BYPASSveOre querying data that doesnOt need to be cached.

1tOs a good idea to set thacheStoreModéo BYPASISt before running a query which returns a large result set full of data
that we donOt expect to need again soon. This saves work, and prevents the newly-read data from pushing out the
previously cached data.

In JPA we would use this idiom:

entityManager . setCacheStoreModeCacheStoreModeBYPASS
List <Publisher > allpubs =
E entityManager . createQuery("from Publisher" , Publisher . class)

E . getResultList ();
entityManager . setCacheStoreModeCacheStoreModeJSIE

But Hibernate has a better way:

List <Publisher > allpubs =

session. createSelectionQuery ("from Publisher" , Publisher . class)
. setCacheStoreModgCacheStoreModeBYPASS
. getResultList ();

T [T T

A HibernateCacheModpackages &acheRetrieveModavith aCacheStoreMode

Table 8.16: Hibernate cache modes and JPA equivalents

Hibernate CacheMode Equivalent JPA modes

NORMAL CacheRetrieveMode.USEacheStoreMode.USE
IGNORE CacheRetrieveMode.BYPASSacheStoreMode.BYPASS
GET CacheRetrieveMode.USEacheStoreMode.BYPASS
PUT CacheRetrieveMode.BYPASSacheStoreMode.USE
REFRESH CacheRetrieveMode.REFRESldcheStoreMode.BYPASS

ThereOs no particular reason to prefer Hiberna@gdseModever the JPA equivalents. This enumeration only exists because Hibernate had
cache modes long before they were added to JPA.
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For "reference" data, that is, for data which is expected to always be found in the second-level cache, itOs a good idea to

prime the cache at startup. ThereOs a really easy way to do this: just execute a query immediately after obtaining the
EntityManager or SessionFactory .

SessionFactory sessionFactory =

E setupHibernate ( new Configuration ())

E . buildSessionFactory ();

/I prime the second-level cache

sessionFactory . inSession (session -> {

F  session. createSelectionQuery (“from Country" ))
. setReadOnly true )
. getResultList ();

session. createSelectionQuery ("from Product where discontinued = false" )
. setReadOnly true )
. getResultList ();

S M [T [Th [Mh M M

Very occasionally, itDs necessary or advantageous to control the cache explicitly. For example, we might need to evict some data that we
know to be stale because it was updated:

¥via direct JDBC, or
¥ by some other program.

TheCacheinterface allows programmatic eviction of cached items.

sessionFactory . getCachd). evictEntityData (Book class, bookld);

Second-level cache management via ti@acheinterface is not transaction-aware. None of the operationsQzfche
respect any isolation or transactional semantics associated with the underlying caches. In particular, eviction via the
methods of this interface causes an immediate "hard" removal outside any current transaction and/or locking scheme.

Ordinarily, however, Hibernate automatically evicts or updates cached data after modifications, and, in addition, cached data which is
unused will eventually be expired according to the configured policies.

This is quite different to what happens with the first-level cache.

8.14. Session cache management

Entity instances arenOt automatically evicted from the session cache when theyOre no longer needed. Instead, they stay pinned in memory
until the session they belong to is discarded by your program. So if you query many entities from within a single persistence context, you
might experience very poor performance. In such cases, it becomes necessary to manage the session cache manually.

The methodsdetach() andclear() allow you to remove entities from the session cache, making them available for garbage collection.
Since most sessions are rather short-lived, you wonOt need these operations very often. And if you find yourself thinkiogiged them
in a certain situation, you should strongly consider an alternative solutiorstateless session

The very best way to avoid having too many entities pinned in the session cache is to not load them from the database in
the first place. Many operations can be performed more efficiently on the database server. This is especially true for bulk
operations.

To update many entities at once, use apdate statement:

session. createMutationQuery (
update Book as b
set b.totalSales =
coalesce((select sum(quantity) from Orderltem where book = b), 0)

i

[T [T [T [T [T M

). executeUpdate();

To insert many entities at once, usesert E select

session. createMutationQuery (

insert into OrderQueue (id, isbn, quantity, customerld)
select o.id, i.quantity, i.book.isbn, o.customer.id

T T T
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from Order o join o.items i
where o.status = PENDING

......

T [Tp [Ty mp

). executeUpdate);

For more complicated operations, consider using a stored procedure.

8.15. Stateless sessions

An arguably-underappreciated feature of Hibernate is tBeatelessSession interface, which provides a command-oriented, more bare-
metal approach to interacting with the database.

You may obtain a stateless session from tBessionFactory:

StatelessSession ss = getSessionFactory (). openStatelessSession();

A stateless session:

¥ doesnOt have a first-level cache (persistence context), and
¥ doesnOt implement transactional write-behind or automatic dirty checking, so all operations are executed immediately when theyOre
explicitly called.

For a stateless session, weOre always working with detached objects. Thus, the programming model is a bit different:

Table 8.17: Important methods of tBeatelessSession

Method name and parameters Effect

get(Class, Object) Obtain a detached object, given its type and its id, by executirggplact

fetch(Object) Fetch an association of a detached object

refresh(Object) Refresh the state of a detached object by executingeect

insert(Object) Immediatelyinsert the state of the given transient object into the database

update(Object) Immediatelyupdate the state of the given detached object in the database

delete(Object) Immediatelydelete the state of the given detached object from the database

upsert(Object) Immediatelyinsert orupdate the state of the given detached object using a SQérge into statement

The operations of a stateless session have no correspondiagcadeTypg, and so these operations never cascade to
associated entity instances.

| ThereOs nitush() operation, and saipdate() is always explicit.

In certain circumstances, this makes stateless sessions easier to work with and simpler to reason about, but with the caveat that a stateless
session is much more vulnerable to data aliasing effects, since itOs easy to get two non-identical Java objects which both represent the sam
row of a database table.

Consider the following fragments:

var bl = statelessSession . get(Book class, isbn);
var b2 = statelessSession . get(Book class, isbn);
assert bl ==b2, //fails

var bl = statelessSession . get(Book class, isbn);
var b2 = statelessSession . get(Book class, isbn);
statelessSession . fetch (bl publisher );
statelessSession . fetch (b2. publisher );

assert bl publisher == b2 publisher ; //fails

In a stateful session, entity instances are canonicalized by primary key, and so we donOt usually have two different objects representing a
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single row. No such canonicalization exists across invocations of a stateless session. In a stateless session, both the assertions fail.

" If we usefetch() in a stateless session, we can very easily obtain two objects representing the same database row!

But there are also some advantages to this model. In particular, the absence of a persistence context means that we can safely perform
bulk-processing tasks without allocating huge quantities of memory. Use StatelessSession alleviates the need to call:

¥clear() ordetach() to perform first-level cache management, and
¥ setCacheMode()to bypass interaction with the second-level cache.

Stateless sessions can be useful, but for bulk operations on huge datasets, Hibernate canOt possibly compete with stored
procedures!

8.16. Optimistic and pessimistic locking

Finally, an aspect of behavior under load that we didnOt mention above is row-level data contention. When many transactions try to read
and update the same data, the program might become unresponsive with lock escalation, deadlocks, and lock acquisition timeout errors.

ThereOs two basic approaches to data concurrency in Hibernate:

¥ optimistic locking using@Versioncolumns and
¥ database-level pessimistic locking using the S@tupdate syntax (or equivalent).

In the Hibernate community itGsuch more common to use optimistic locking, and Hibernate makes that incredibly easy.

Where possible, in a multiuser system, avoid holding a pessimistic lock across a user interaction. Indeed, the usual
practice is to avoid having transactions that span user interactions. For multiuser systems, optimistic locking is king.
That said, therds also a place for pessimistic locks, which can sometimes reduce the probability of transaction rollbacks.

Therefore, thefind() ,lock() , andrefresh() methods of the session accept an optioniadckModeHereOs the simplest way to execute a
select E for update  in Hibernate:

Book book = session. find (Book class, isbn, LockModePESSIMISTIC_WRJTE
We can alsspecifyaLockModdor a query.

A lock mode can be used to request a pessimistic lock, or to customize the behavior of optimistic locking:

Table 8.18: Optimistic and pessimistic lock modes

LockModéype Meaning
READ An optimistic lock obtained implicitly whenever an entity is read from the database usielgct
OPTIMISTIC An optimistic lock obtained when an entity is read from the database, and verified usisglext to check

the version when the transaction completes

OPTIMISTIC_FORCE_INCREMENT An optimistic lock obtained when an entity is read from the database, and enforced usingpdate to
increment the version when the transaction completes

WRITE A pessimistic lock obtained implicitly whenever an entity is written to the database usipdate orinsert
PESSIMISTIC_READ A pessimistidor share lock
PESSIMISTIC_WRITE A pessimistidor update lock

PESSIMISTIC_FORCE_INCREMENT A pessimistic lock enforced using an immediatpdate to increment the version
NONE No lock; assigned when an entity is read from the second-level cache
Note that anOPTIMISTIdock is always verified at the end of the transaction, even when the entity has not been modified. This is slightly

different to what most people mean when they talk about an "optimistic lock". 1tOs never necessary to requestEMISTIdock on a
modified entity, since the version number is always verified when a 8flate is executed.

JPA has its owhockModeTypavhich enumerates most of the same modes. However, JRAG&%IodeType. READa
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synonym foroOPTIMISTItN!itOs not the same as Hibernata®kMode REABimilarly,LockModeType.WRIT&a synonym for
OPTIMISTIC_FORCE_INCREAMENS not the same dsockMode.WRITE

A pessimistic lock request may be combined with an explidiheout

session. lock (book LockModePESSIMISTIC_WR|TEimeout secondq 2))

The interfaceTimeouts defines some special instances Bimeout which may be used to request usefof update nowait orfor update
skip locked on databases which support these options.

session. lock (book LockModePESSIMISTIC_WR]TEimeouts. NO_WAIT

8.17. Collecting statistics
We may ask Hibernate to collect statistics about its activity by setting this configuration property:
Configuration property name Property value

hibernate.generate_statistics true to enable collection of statistics

The statistics are exposed by tf&tatistics  object:

long failedVersionChecks =
F sessionFactory . getStatistics ()
. getOptimisticFailureCount  ();

m m

long publisherCacheMissCount =
= sessionFactory . getStatistics ()
. getEntityStatistics ~ (Publisher . class . getNamg)
. getCacheMissCourt)

T > M

HibernateOs statistics enable observability. Bicrometerand SmallRye Metricsire capable of exposing these metrics.

8.18. Using Java Flight Recorder

Hibernate JFR is a separate module which reports eventddwa Flight RecorderThis is different to reporting aggregatadetrics via a tool

like Micrometer, since JFR records information about the timing and duration of each discrete event, along with a stack trace. If anything,
the information reported by JFR is a littlmo detailed to make it really useful for performance tuningNitOs perhaps more useful for
troubleshooting

No special configuration is required to use Hibernate JFR. Just inclaidghibernate.orm:hibernate-jfr as a runtime dependency. In
particular, youdonOheed to enabléibernate.generate_statistics

8.19. Tracking down slow queries

When a poorly-performing SQL query is discovered in production, it can sometimes be hard to track down exactly where in the Java code
the query originates. Hibernate offers two configuration properties that can make it easier to identify a slow query and find its source.

Table 8.20: Settings for tracking slow queries

Configuration property name Purpose Property value

hibernate.log_slow_query Log slow queries at theNFOlevel The minimum execution time, in milliseconds,
which characterizes a "slow" query

hibernate.use_sql_comments Prepend comments to the executed SQL true orfalse

Whenhibernate.use_sqgl_comments is enabled, the text of the HQL query is prepended as a comment to the generated SQL, which usually
makes it easy to find the HQL in the Java code.
The comment text may be customized:

¥ by callingQuery.setComment(commengr Query.setHint(AvailableHints.HINT_COMMENT,commentpr
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¥via the @NamedQuegnotation.

Once youOve identified a slow query, one of the best ways to make it fastemdautaly go and talk to someone who is an

expert at making queries go fasthese people are called "database administrators”, and if youOre reading this document

you probably arenOt one. Database administrators know lots of stuff that Java developers donOt. So if youOre lucky enough
to have a DBA about, you donOt need to Dunning-Kruger your way out of a slow query.

An expertly-defined index might be all you need to fix a slow query.

8.20. Adding indexes
The @Indexannotation may be used to add an index to a table:

@Entity
@Tabléindexes=@IndegcolumnList ="title, year, publisher_id" )
class Book{ ... }

1tOs even possible to specify an ordering for an indexed column, or that the index should be case-insensitive:

@Entity
@Tabléindexes=@IndegcolumnList ="(lower(title)), year desc, publisher_id" )
class Book{ ... }

This lets us create a customized index for a particular query.

Note that SQL expressions likewer(title)  must be enclosed in parentheses in thelumnList of the index definition.

1tOs not clear that information about indexes belongs in annotations of Java code. Indexes are usually maintained and
modified by a database administrator, ideally by an expert in tuning the performance of one particular RDBMS. So it
might be better to keep the definition of indexes in a SQL DDL script that your DBA can easily read and modify.
Remember we can ask Hibernate to execute a DDL script using the propgavhx.persistence.schema-
generation.create-script-source

8.21. Dealing with denormalized data

A typical relational database table in a well-normalized schema has a relatively small number of columns, and so thereOs little to be gained
by selectively querying columns and populating only certain fields of an entity class.

But occasionally, we hear from someone asking how to map a table with a hundred columns or more! This situation can arise when:

¥ data is intentionally denormalized for performance,
¥the results of a complicated analytic query are exposed via a view, or
¥someone has done something crazy and wrong.

LetOs suppose that we@oe dealing with the last possibility. Then we would like to be able to query the monster table without returning all
of its columns. At first glance, Hibernate doesnOt offer a perfect bottled solution to this problem. This first impression is misleading. Actually,
Hibernate features more than one way to deal with this situation, and the real problem is deciding between the ways. We could:

1. map multiple entity classes to the same table or view, being careful about "overlaps" where a mutable column is mapped to more than
one of the entities,

2. useHQLor native SQLqueries returningresults into record typesnstead of retrieving entity instances, or
3. use thebytecode enhancerand @LazyGroufor attribute-level lazy fetching.

Some other ORM solutions push the third option as the recommended way to handle huge tables, but this has never been the preference of
the Hibernate team or Hibernate community. [tOs much more typesafe to use one of the first two options.

8.22. Reactive programming with Hibernate
Finally, many systems which require high scalability now make use of reactive programming and reactive striedvesnate Reactive
brings O/R mapping to the world of reactive programming. You can learn much more about Hibernate Reactive fiReidtence

Documentation

Hibernate Reactive may be used alongside vanilla Hibernate in the same program, and can reuse the same entity classes.
This means you can use the reactive programming model exactly where you need itNperhaps only in one or two places in

113


https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/annotations/LazyGroup.html
https://hibernate.org/reactive/
https://hibernate.org/reactive/documentation/3.0/reference/html_single/
https://hibernate.org/reactive/documentation/3.0/reference/html_single/

your system. You donOt need to rewrite your whole program using reactive streams.
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Chapter 9. Advanced Topics

In the last chapter of this Introduction, we turn to some topics that donOt really belong in an introduction. Here we consider some problems,
and solutions, that youOre probably not going to run into immediately if youOre new to Hibernate. But we do want you tbloubhem,
so that when the time comes, youOll know what tool to reach for.

9.1. Filters

Filtersare one of the nicest and under-usedest features of Hibernate, and weOre quite proud of them. A filter is a named, globally-defined,
parameterized restriction on the data that is visible in a given session.

Examples of well-defined filters might include:

¥ a filter that restricts the data visible to a given user according to row-level permissions,

¥ a filter which hides data which has been soft-deleted,

¥in a versioned database, a filter that displays versions which were current at a given instant in the past, or
¥ a filter that restricts to data associated with a certain geographical region.

A filter must be declared somewhere. A package descriptor is as good a place as an@féiterDef :

@FilterDef (name= "ByRegion",
E parameters = @ParamD@iame= "region" , type = String . class))
package org.hibernate.example ;

This filter has one parameter. Fancier filters might in principle have multiple parameters, though we admit this must be quite rare.

If you add annotations to a package descriptor, and youOre uSidiguration to configure Hibernate, make sure you
# call Configuration.addPackage() to let Hibernate know that the package descriptor is annotated.

Typically but not necessarily, @FilterDef specifies a default restriction:

@FilterDef (name= "ByRegion",
E parameters = @ParamD@iame= "region" , type = String . class),

E defaultCondition = "region = :region" )
package org.hibernate.example ;

Note that filter restrictions are always written in the native SQL dialect of the databaséjn HQL.
The restriction must contain a reference to the parameter of the filter, specified using the usual syntax for named parameters.

Any entity or collection which is affected by a filter must be annotat@dilter :

@Entity
@Filter (name= example.. BY_REGIDN
class User {

E @IdString username

mp

String region;

E
}

Here, as usuakxample_.BY_REGIG@Ngenerated by Hibernate Processor, and is just a constant with the valyRegion".

If the @Filter annotation does not explicitly specify a restriction, the default restriction given by @€ilterDef will be applied to the
entity. But an entity is free to override the default condition.

@Entity
@Filter (name= example.. FILTER_BY_REG]O®bndition = "name = :region" )
class Region {

E @IdString name

E
}
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Note that the restriction specified by theondition ordefaultCondition is a native SQL expression.

Table 9.1: Annotations for defining filters

Annotation Purpose
@FilterDef Defines a filter and declares its name (exactly one per filter)
@Filter Specifies how a filter applies to a given entity or collection (many per filter)

A filtercondition may not specify joins to other tables, but it may contain a subquery.

@Filter (name"notDeleted"
E condition ="(select r.deletionTimestamp from Record r where r.id = record_id) is not null" )

Only unqualified column names likeecord_id in this example are interpreted as belonging to the table of the filtered
entity.

By default, a new session comes with every filter disabled. A filter may be explicitly enabled in a given session byenabir§gilter() and
assigning arguments to the parameters of the filter using the returned instancEileér . You should do this right at thetart of the session.

sessionFactory . inTransaction (session -> {

E session. enableFilter (example. FILTER_BY_REGJON
E . setParameter("region" , "es")

E .validate ();

»;

Now, any queries executed within the session will have the filter restriction applied. Collections annot@teitter will also have their
members correctly filtered.

" On the other hand, filters are not applied t@ManyToOassociations, nor tdind() . This is completely by design and is
not in any way a bug.

More than one filter may be enabled in a given session.

Alternatively, since Hibernate 6.5, a filter may be declarecha®Enabled in every session. In this case, the argument to a filter parameter
must be obtained from &upplier .

@FilterDef (name= "ByRegion",

= autoEnabled = true ,

parameters = @ParamD@iame= "region" , type = String . class,
resolver = RegionSupplier. class),

defaultCondition = "region = :region" )

package org.hibernate.example ;

> > [T M

1tOs not necessary to catlableFilter() ~ for a filter declaredautoEnabled = true .

When we only need to filter rows by a static condition with no parameters, we donOt need a filter@8QERestriction
provides a much simpler way to do that.

WeOve mentioned that a filter can be used to implement versioning, and to préwsterical views of the data. Being such a general-
purpose construct, filters provide a lot of flexibility here. But if youOre after a more focused/opinionated solution to this problem, you

should definitely check ouEnvers
Using Envers for auditing historical data
Envers is an add-on to Hibernate ORM which keeps a historical record of each versioned entity in a sepaittable, and allows
past revisions of the data to be viewed and queried. A full introduction to Envers would require a whole chapter, so weOll just give you

a quick taste here.

First, we must mark an entity as versioned, using @&uditedannotation:
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@Audited @Entity
@Tabléname"CurrentDocument”)
@AuditTablg "DocumentRevision")

class Document{ ... }
The @AuditTableannotation is optional, and itOs better to set eitloeg.hibernate.envers.audit_table_prefix or
org.hibernate.envers.audit_table_suffix and let the audit table name be inferred.

TheAuditReader interface exposes operations for retrieving and querying historical revisions. 1tOs really easy to get hold of one of
these:

AuditReader reader = AuditReaderFactory. get(entityManager);

Envers tracks revisions of the data via a globavision numberWe may easily find the revision number which was current at a given
instant:

Numberrevision = reader. getRevisionNumberForDaté datetime );

We can use the revision number to ask for the version of our entity associated with the given revision number:

Documentdoc = reader. find (Documentclass, id, revision );

Alternatively, we can directly ask for the version which was current at a given instant:

Documentdoc = reader. find (Documentclass, id, datetime);

We can even execute queries to obtain lists of entities current at the given revision number:

List documents=

reader. createQuery()
. forEntitiesAtRevision  (Documentclass, revision )
. getResultList ();

T [T mp

For much more information, see thdser Guide

Historically, filters where often used to implement soft-delete. But, since 6.4, Hibernate now comes with soft-delete built in.

9.2. Soft-delete

Even when we donOt need complete historical versioning, we often prefer to "delete” a row by marking it as obsolete usingpd8&L
rather than by executing an actual S@kelete and removing the row from the database completely.

The @SoftDelete annotation controls how this works:

@Entity
@SoftDeletg columnName: "deleted"
E converter = TrueFalseConverter. class)

class Draft {

E
}

ThecolumnNamspecifies a column holding the deletion status, and tbenverter is responsible for converting a JaBooleanto the type of
that column. In this exampleTrueFalseConverter sets the column to the characteF' initially, and to'T' when the row is deleted. Any JPA
AttributeConverter  for the JavaBooleantype may be used here. Built-in options includ&mericBooleanConverterandYesNoConverter

Much more information about soft delete is available in thser Guide

Another feature that yowould use filters for, but now donOt need to, is multi-tenancy.
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9.3. Multi-tenancy

Amulti-tenant database is one where the data is segregateddryant. We donOt need to actually define what a "tenant" really represents
here; all we care about at this level of abstraction is that each tenant may be distinguished by a unique identifier. And that thereOs a well-
defined current tenantin each session.

We may specify the current tenant when we open a session:

var session =

E sessionFactory . withOptions ()

E . tenantldentifier  (tenantld )
E . openSessior();

Or, when using JPA-standard APIs:

var entityManager =
E entityManagerFactory . createEntityManager (Mapof (HibernateHints . HINT_TENANT, |@enantld ));

However, since we often donOt have this level of control over creation of the session, itOs more common to supply an implementation of
CurrentTenantldentifierResolver  to Hibernate.

To make use of multi-tenancy, weOll usually need to set at least one of these configuration properties:

Table 9.2: Multi-tenancy configuration

Configuration property name Purpose

hibernate.tenant_identifier_resolver Specifies theCurrentTenantldentifierResolver

hibernate.multi_tenant.schema_mapper Specifies theTenantSchemaMappéar schema-based multi-tenancy

hibernate.multi_tenant.credentials_mapper Specifies theTenantCredentialsMapper for schema-based or discriminator-based multi-
tenancy

hibernate.multi_tenant_connection_provider Specifies theMultiTenantConnectionProvider for database-based multi-tenancy

There are three common approaches to multi-tenancy:

1. each tenant has its own database,
2. each tenant has its own schema, or
3. tenants share tables in a single schema, and rows are tagged with the tenant id.

Database-based multi-tenancy

The first option is to give each tenant its own database. That is, weOll use a separate source of JDBC connections for each tenant.

The interfaceMultiTenantConnectionProvider is responsible for obtaining an appropriat@onnection for a given tenant. Typically, weOll
provide a custom implementation of this interface:

¥from time to time, Hibernate will ask for a connection, passing the id of the current tenant, and then we must create an appropriate
connection or obtain one from a pool, and return it to Hibernate, and

¥later, Hibernate will release the connection and ask us to destroy it or return it to the appropriate pool.

Check outDataSourceBasedMultiTenantConnectionProviderimpl for inspiration. If your source of JDBC connections is a
set of INDI-boundataSources, you might even be able to use this implementation directly.

Schema-based multi-tenancy

The second option is to keep all the data for different tenants in the same database, giving each tenant a different named database schema
with its own set of tables.

¥If all tenants connect to the database using the same credentials, we must suppbnantSchemaMapperhich is responsible for
mapping tenant ids to schema names.

¥If each tenant should use distinct credentials to connect to the database, and if your JBE&Sourcesupports this (not all do!) then we
can use aenantCredentialsMapper to supply the username and password of each tenant. If each database user has a different default
schema, we might not need &enantSchemaMapper
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Discriminator-based multi-tenancy

The third option is quite different. In this case we store data from all tenants in the same tables, but each table has a dedicated column
holding the tenant id mapped by each of our entities.

@Entity

class Account {

@Id String id;
@TenantldString tenantld ;

T m

The @Tenantldannotation is used to indicate an attribute of an entity which holds the tenant id. Within a given session, our data is
automatically filtered so that only rows tagged with the tenant id of the current tenant are visible in that session.

" Native SQL queries armot automatically filtered by tenant id; youQll have to do that part yourself.

9.4. Read-only replicas

A similar but distinct problem is accessing data held in a read-only replica of the main production database. One way to handle this
problem is to simply instantiate two instances &essionFactory:

¥read-only transactions use 8essionFactory configured to access the read-only replica, while
¥ other transactions use th&essionFactory configured to read from and write to the main database.

n The second-level cache doesnOt play well with replication, andSesaionFactory with access to a read-only replica
should be configured with the second-level cache disabled.

Alternatively, Hibernate 7.2 introduces experimental support for accessing replicas via a single instaisessibnFactory . ASession which
accesses a read-only replica must be created in a special read-only mode:

Session readOnlySession =

factory . withOptions ()
. readOnly(true)
. initialCacheMode (CacheModéGNORE
. openSession);

™ T M [T

There are now two possibilities.

¥ Some JDBC drivers (MySQL) are able to automatically direct read-only sessions to the read-only replica. In this case, thereOs no more

work to do, since Hibernate will automatically callonnection.setReadOnly(true) to signal to the JDBC driver that the read-only replica
may be used.

¥ Other drivers (Postgres, Oracle) donOt feature any special support for read-only replicas, and in this case we need to supply our own

custom ConnectionProvider orMultiTenantConnectionProvider and implementgetReadOnlyConnection() to return a connection to the
read-only replica.

Notice that we created the read-only session witacheMode.IGNQRdicating that access to the read-only replica shouigipass the
second-level cacheThereOs two different phenomena we need to consider here:

1. A read-only replica might contain stale data which has already been updated or deleted from the main database and invalidated in the

second-level cache. A read-only session might read this stale data and recache it, exposing the stale data to subsequent sessions. Use o
CacheMode.GH a read-only session prevents this phenomenon.

2. A session might read data which has not yet been replicated from the main database and add it to the second-level cache. If a read-only
session reads this data from the cache, it might fail to resolve references to other data which has not yet been replicated. Use of
CacheMode.PU a read-only session prevents this phenomenon.

Use ofCacheMode.IGNOREa read-only session prevents both phenomena.

The first issue is objectively more serious than the second, and the second issue can often be avoided by careful
programming by someonavho really understands what theyOre doée do not, therefore, require the use of
CacheMode.IGNQRTIt we strongly encourage the use af leastCacheMode.GH every read-only session.
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9.5. Using custom-written SQL

WeOve already discussed how to queeries written in SQLbut occasionally thatOs not enough. SometimesNbut much less often than you
might expectNwe would like to customize the SQL used by Hibernate to perform basic CRUD operations for an entity or collection.

For this we can us@SQLInserand friends:

@Entity

@SQLInseftsgl = "insert into person (name, id, valid) values (?, ?, true)" ,

E verify = Expectation . RowCountlass )

@SQLUpdgsgl = "update person set name = ? whereid =?" )

@SQLDelefsgl = "update person set valid = false where id = ?" )

@SQLSelegsqgl = "select id, name from person where id = ? and valid = true" )

public static class Person{ ... }

Table 9.3: Annotations for overriding generated SQL

Annotation Purpose
@SQLSelect Overrides a generated SQ@klect statement
@SQLInsert Overrides a generated SQhsert statement
@SQLUpdate Overrides a generated SQipdate statement
@SQDelete Overrides a generated SQlelete statement for a single row
@SQDeleteAll Overrides a generated SQlelete statement for multiple rows
@SQLRestriction Adds a restriction to generated SQL
@SQLOrder Adds an ordering to generated SQL

If the custom SQL should be executed vigallableStatement , just specifycallable=true
Any SQL statement specified by one of these annotations must have exactly the number of JIDBC parameters that Hibernate expects, that is,
one for each column mapped by the entity, in the exact order Hibernate expects. In particular, the primary key columns must come last.
However, the@Columannotation does lend some flexibility here:

¥if a column should not be written as part of the custamsert statement, and has no corresponding JDBC parameter in the custom
SQL, map i@Column(insertable=false) , or

¥if a column should not be written as part of the custoumpdate statement, and has no corresponding JDBC parameter in the custom
SQL, map it@Column(updatable=false)

Theverify member of these annotations specifies a class implementibgectation , allowing customized logic for checking the success of
an operation executed via JDBC. There are three built-in implementations:

¥ Expectation.None, which performs no checks,
¥ Expectation.RowCount which is what Hibernate usually uses when executing its own generated SQL,
¥ and Expectation.OutParameter , which is useful for checking an output parameter of a stored procedure.

You can write your own implementation @xpectation if none of these options is suitable.

If you need custom SQL, but are targeting multiple dialects of SQL, you can use the annotations defined in
DialectOverride . For example, this annotation lets us override the custamert statement just for PostgreSQL:

@DialectOverride. SQLInsert(dialect = PostgreSQLDialect. class,
E override = @SQLInseltsqgl ="insert into person (name,id) values (?,gen_random_uuid())" )

1tOs even possible to override the custom SQL for spegfisionsof a database.

Sometimes a custoninsert orupdate statement assigns a value to a mapped column which is calculated when the statement is executed
on the database. For example, the value might be obtained by calling a SQL function:
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@SQLInseftsgl = "insert into person (name, id) values (?, gen_random_uuid())" )

But the entity instance which represents the row being inserted or updated wonOt be automatically populated with that value. And so our
persistence context loses synchronization with the database. In situations like this, we may us@thenerate@nnotation to tell Hibernate
to reread the state of the entity after eadhsert orupdate.

9.6. Handling database-generated columns

Sometimes, a column value is assigned or mutated by events that happen in the database, and arenOt visible to Hibernate. For example:

¥ a table might have a column value populated by a trigger,
¥a mapped column might have a default value defined in DDL, or
¥a custom SQlnsert orupdate statement might assign a value to a mapped column, as we saw in the previous subsection.

One way to deal with this situation is to explicitly cadifresh() at appropriate moments, forcing the session to reread the state of the
entity. But this is annoying.

The @Generate@nnotation relieves us of the burden of explicitly callingfresh() . It specifies that the value of the annotated entity
attribute is generated by the database, and that the generated value should be automatically retrieved using ee®@ling clause, or
separateselect after it is generated.

A useful example is the following mapping:

@Entity

class Entity {

@Generated@!d
@ColumnDefau(t'gen_random_uuid()")
uuIDid ;

> Tp [T> [T>

The generated DDL is:

create table Entity (

E id uuid default gen_random_uuif not null ,
E primary key (uuid)

)

So here the value afl is defined by the column default clause, by calling the PostgreSQL fungém random_uuid()

When a column value is generated during updates, @6enerated(event=UPDAT&Yhen a value is generated by both inseatsd updates,
use @Generated(event={INSERT,UPDATE})

For columns which should be generated using a Sf@herated always as clause, prefer the@ GeneratedColumn
annotation, so that Hibernate automatically generates the correct DDL.

Actually, the@Generatedind @GeneratedColunannotations are defined in terms of a more generic and user-extensible framework for
handling attribute values generated in Java, or by the database. So letOs drop down a layer, and see how that works.

9.7. User-defined generators

JPA doesnOt define a standard way to extend the set of id generation strategies, but Hibernate does:

¥the Generator hierarchy of interfaces in the packageg.hibernate.generator lets you define new generators, and

¥the @IdGeneratorTypameta-annotation from the packagerg.hibernate.annotations  lets you write an annotation which associates a
Generator type with identifier attributes.

Furthermore, the@ValueGenerationTypeneta-annotation lets you write an annotation which associate§&anerator type with a non@Id
attribute.

These APIs were new in Hibernate 6, and supersede the clasitdfierGenerator  interface and@GenericGenerator
annotation from older versions of Hibernate. However, the older APIs are still available and custom
IdentifierGenerator s written for older versions of Hibernate continue to work in Hibernate 7.

Hibernate has a range of built-in generators which are defined in terms of this new framework.
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Table 9.4: Built-in generators

Annotation Implementation

@Generated GeneratedGeneration
@GeneratedColumn GeneratedAlwaysGeneration
@CurrentTimestamp CurrentTimestampGeneration
@CreationTimestamp CurrentTimestampGeneration
@UpdateTimestamp CurrentTimestampGeneration
@UuidGenerator UuidGenerator

Purpose
Generically handles database-generated values
Handles values generated usirgenerated always

Generic support for database or in-memory generation of creation or update
timestamps

A timestamp generated when an entity is first made persistent

A timestamp generated when an entity is made persistent, and regenerated
every time the entity is modified

A more flexible generator for RFC 4122 UUIDs

Furthermore, support for JPAOs standard id generation strategies is also defined in terms of this framework.

As an example, letOs look at h@WuidGeneratois defined:

@IldGeneratorTypéorg. hibernate . id . uuid. UuidGenerator. class )
@ValueGenerationTypegeneratedBy = org. hibernate . id . uuid. UuidGenerator. class )

@Retentior{ RUNTIME
@Target{ FIELD METHOD
public @interface UuidGenerator { ... }

@UuidGeneratois meta-annotated both@ldGeneratorTypeand @ValueGenerationTypbdecause it may be used to generate both ids and
values of regular attributes. Either washis Generator classdoes the hard work:
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public class UuidGenerator

public Object generate(SharedSessionContractimplementor session, Object owner Object currentValue , EventType

E /I this generator produced values before SQL is executed
E implements BeforeExecutionGenerator {

E // constructors accept an instance of the @UuidGenerator

E // annotation, allowing the generator to be "configured"

E // called to create an id generator

E public UuidGenerator(

E org. hibernate . annotations . UuidGenerator config ,
E MemberidMember

E GeneratorCreationContext creationContext ) {

E this (config , idMembey;

E }

E // called to create a generator for a regular attribute

E public UuidGenerator(

E org. hibernate . annotations . UuidGenerator config ,
E Membemember

E GeneratorCreationContext creationContext ) {

E this (config , idMembey,

E }

E

E @Override

E public EnumSetEventType> getEventTypes) {

E /I UUIDs are only assigned on insert, and never regenerated
E return INSERT_ONLY

E }

E @Override

E

eventType) {

T M [T

/[ actually generate a UUID and transform it to the required type
return valueTransformer. transform ( generator . generateUuid( session ) );
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You can find out more about custom generators from the Javadoc@dGeneratorTypeand fororg.hibernate.generator

9.8. Naming strategies

When working with a pre-existing relational schema, itOs usual to find that the column and table naming conventions used in the schema
dondt match JavaOs naming conventions.

Of course, the@ Tableand @ Columannotations let us explicitly specify a mapped table or column name. But we would prefer to avoid
scattering these annotations across our whole domain model.

Therefore, Hibernate lets us define a mapping between Java naming conventions, and the naming conventions of the relational schema.
Such a mapping is called maming strategy

First, we need to understand how Hibernate assigns and processes names.

¥ Logical namings the process of applying naming rules to determine fbgical namesof objects which were not explicitly assigned
names in the O/R mapping. That is, when thereO@fableor @ Columannotation.

¥ Physical namings the process of applying additional rules to transform a logical name into an actual "physical" name that will be used
in the database. For example, the rules might include things like using standardized abbreviations, or trimming the length of identifiers.

Thus, thereOs two flavors of naming strategy, with slightly different responsibilities. Hibernate comes with default implementations of these
interfaces:

Flavor Default implementation

AnlmplicitNamingStrategy is responsible for assigning a logical namz A default strategy which implements the rules defined by JPA
when none is specified by an annotation

APhysicalNamingStrategy is responsible for transforming a logical A trivial implementation which does no processing
name and producing the name used in the database

We happen to not much like the naming rules defined by JPA, which specify that mixed case and camel case identifiers
should be concatenated using underscores. We bet you could easily come up with a much beftieitNamingStrategy
than that! (Hint: it should always produce legit mixed case identifiers.)

The popularPhysicalNamingStrategySnakeCaselmpproduces snake case identifiers.

Custom naming strategies may be enabled using the configuration properties we already mentioned without much explanation back in
Minimizing repetitive mapping information

Table 9.6: Naming strategy configuration

Configuration property name Purpose
hibernate.implicit_naming_strategy Specifies thdmplicitNamingStrategy
hibernate.physical_naming_strategy Specifies thePhysicalNamingStrategy

9.9. Spatial datatypes

Hibernate Spatial augments thbuilt-in basic typeswith a set of Java mappings f@GCspatial types.

¥ Geolatte-geomdefines a set of Java types implementing the OGC spatial types, and codecs for translating to and from database-native
spatial datatypes.

¥ Hibernate Spatialitself supplies integration with Hibernate.
To use Hibernate Spatial, we must add it as a dependency, as describ@&giional dependencies

Then we may immediately use Geolatte-geom and JTS types in our entities. No special annotations are needed:

import org.locationtech.jts.geom.Point ;
import jakarta.persistence.*

123


https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/boot/model/naming/ImplicitNamingStrategy.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/boot/model/naming/PhysicalNamingStrategy.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/boot/model/naming/PhysicalNamingStrategySnakeCaseImpl.html
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/cfg/MappingSettings.html#IMPLICIT_NAMING_STRATEGY
https://docs.hibernate.org/orm/8.0/javadocs/org/hibernate/cfg/MappingSettings.html#PHYSICAL_NAMING_STRATEGY
https://www.ogc.org
https://github.com/GeoLatte/geolatte-geom
https://docs.hibernate.org/orm/8.0/userguide/html_single/#spatial

@Entity
class Event {
E Event) {}

E Event(String name Point location ) {
E this . name= name

E this . location = location ;

E }

E @Id @GeneratedValue

E Longid;

E String name

E  Point location ;

}

The generated DDL usg@gometry as the type of the column mapped bycation :

create table Event (
id bigint not null ,
location geometry,
namevarchar ( 255),
primary key (id)

~ [Tp [T» [T> [T

Hibernate Spatial lets us work with spatial types just as we would with any of the built-in basic attribute types.

var geometryFactory = new GeometryFactory();

Point point = geometryFactory. createPoint (new Coordinate (10, 5));
session. persist (new Event("Hibernate ORM presentation" , point));

But what makes this powerful is that we may write some very fancy queries involving functions of spatial types:

Polygon triangle =

E geometryFactory. createPolygon (

E new Coordinate[] {

E new Coordinate (9, 4),
E new Coordinate (11, 4),
E new Coordinate (11, 20),
E new Coordinate (9, 4)

E }

E );

Point event =

E session. createQuery( "select location from Event where within(location, :zone) = true" , Point. class)
E . setParameter("zone", triangle )
E . getSingleResult ();

Here,within() is one of the functions for testing spatial relations defined by the OpenGIS specification. Other such functions include
touches() , intersects() , distance() , boundary(), etc. Not every spatial relation function is supported on every database. A matrix of
support for spatial relation functions may be found in théser Guide

If you want to play with spatial functions on H2, run the following code first:

sessionFactory . inTransaction (session -> {
E session.doWorkconnection -> {

E try (var statement = connection. createStatement()) {

E statement. execute("create alias if not exists h2gis_spatial for
\"org.h2gis.functions.factory.H2GISFunctions.load\"" );

E statement. execute("call h2gis_spatial()" );

E }

E W

P
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9.10. Ordered and sorted collections and map keys

Java lists and maps donOt map very naturally to foreign key relationships between tables, and so we tend to avoid using them to represent
associations between our entity classes. But if you feel like y@ally need a collection with a fancier structure the8et, Hibernate does
have options.

For more detail about the use of these annotations, please refethie post on the Hibernate blog

The following options let us map the index ofLést or key of aMapto a column, and are used with:

¥ @ElementCollection, or
¥on the owning side of an association.

They should not be used on the unowned (thatisappedByside of an association.

Table 9.7: Annotations for mapping lists and maps

Annotation Purpose JPA-standard
@OrderColumn Specifies the column used to maintain the order of a list

@ListindexBase The column value for the first element of the list (zero by default) #
@MapKeyColumn Specifies the column used to persist the keys of a map (used when the key is of basic type) "
@MapKeyJoinColumn Specifies the column used to persist the keys of a map (used when the key is an entity) "

The name of the@OrderColumor @MapKeyColumiay be defaulted, for example:

@ManyToMany
@OrderColumfi order of list is persistent
List <Author> authors = new ArrayList <>();

But itOs usually better to specify the column name explicitly:

@ElementCollection
@OrderColunjname”tag_order" )

@ListindexBasd 1) // order column and base value
List <String > tags;

Such mappings can get pretty complicated:

@ElementCollection

@CollectionTable (name= "author_bios" , /l table name

E joinColumns = @JoinColun{mame= "book_isbn")) // column holding foreign key of owner
@Colunfname’bio" ) /I column holding map values
@MapKeyJoinColugmame“author_ssn" ) /I column holding map keys

MagAuthor, String > biographies ;

As you can imagine, we think you should use such mappings very sparingly, if at all.

For aMaprepresenting an unowne@OneToMaagsociation, the column holding the key of the map must also be mapped on the owning
side, usually by an attribute of the target entity. In this case we use a different annotation:

Table 9.8: Annotation for mapping an entity attribute to a map key

Annotation Purpose JPA-standard

@MapKey Specifies an attribute of the target entity which acts as the key of the map "

Note that@MapKeypecifies a field or property name, not a column name.

@OneToMémappedBy= Book . PUBLISHER
@MapK@ayame= Book_. TITLE // the key of the map is the title of the book
MagsString , Book> booksByTitle = new HashMap>();
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