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IBATIS, Hibernate, and JPA: Which isright for you?

Obj ect-relational mapping solutions compar ed
By K. L. Nitin, Ananya S., Mahalakshmi K., and Sn§aetha, JavaWorld.com, 07/15/08

Object-relational mapping in Java is a tricky bess and solutions like JDBC and entity beans havawitieless than overwhelming enthusiasm. But a gemeration of ORM solutions has
since emerged. These tools allow for easier progniagnand a closer adherence to the ideals of objgented programming and multi-tiered architedtdevelopment. Learn how Hibernate,
iBATIS, and the Java Persistence APl compare baséadotors such as query-language support, perfarejand portability across different relationaladigses.

In this article we introduce and compare two of st popular open source persistence framewmRS,|S andHibernate We also discuss thlava Persistence ARIPA). We introduce ear
solution and discuss its defining qualities, ad aslits individual strengths and weaknesses iadspplication scenarios. We then compare iBATI®gHiate, and JPA based on factors such
as performance, portability, complexity, and adaiity to data model changes.

If you are a beginning Java programmer new to gensce concepts, reading this article will serva pemer to the topic and to the most popular ogmrrce persistence solutions. If you are
familiar with all three solutions and simply wanstaaightforward comparison, you will find it ingtsection Comparing persistence technologies

Under standing persistence

Persistence is an attribute of data that ensures that it &lable even beyond the lifetime of an applicatiéar an object-oriented language like Java, perstg ensures that the state of an
object is accessible even after the applicationdteated it has stopped executing.

There are different ways to achieve persistence.tfidditional approach to the problem is to usedilstems that store the necessary informatioatiles. It is difficult to manage large
amounts of data in this way because the data éadpacross different files. Maintaining data caesisy is also an issue with flfile systems, because the same information mageated it
various files. Searching for data in flat filedirme-consuming, especially if those files are uteshrAlso, file systems provide limited support éoncurrent access, as they do not ensure data
integrity. For all these reasons, file systemsnateconsidered a good data-storage solution whesispence is desired.

The most common approach today is to use databi@seserve as repositories for large amounts @f. ddtere are many types of databases: relatiola$rohical, network, objeariented, an
so on. These databases, along with their databasagement systems (DBMSs), not only provide a gersis facility, but also manage the informatiort thgersisted. Relational databases
are the mostly widely used type. Data in a rel@iatatabase is modeled as a set of interrelatéestab

The advent of enterprise applications popularibeditier architecture, which aims to improve maintainability by separgtpresentation, business, and datalelsged code into different tie
(or layers) of the application. The layer that separatestigness logic and the database code ipdisistence layer, which keeps the application independent of thaedging database
technology. With this robust layer in place, theeleper no longer needs to take care of data pensis. The persistence layer encapsulates thenwalyich the data is stored and retrieved
from a relational database.

Java applications traditionally used the JDBC (Iaatbase Connectivity) API to persist data intotieteal databases. The JDBC API uses SQL statemeperfiorm create, read, update, and
delete (CRUD) operations. JDBC code is embedded inclasses -- in other words, it's tightly coupledte business logic. This code also relies heanlsQL, which is not standardized
across databases; that makes migrating from obase to another difficult.

Relational database technology emphasizes datasaradationships, whereas the object-oriented pgnadsed in Java concentrates not on the dat4, itselon the operations performed on
that data. Hence, when these two technologiesearéred to work together, there is a conflict dénests. Also, the object-oriented programming epie of inheritance, polymorphism, and
association are not addressed by relational databAsiother problem resulting from this mismatdees when user-defined data types defined in adaplication are mapped to relational
databases, as the latter do not provide the redjtyipe support.

Obj ect-relational mapping

Object-relational mapping (ORM) has emerged as a solution to what is somstiratled thebjectrelational impedance mismatd®BRM is a technique that transparently persistéicimn
objects to the tables in a relational database. @BMves like a virtual database, hiding the undeglglatabase architecture from the user. ORM praevidectionality to perform complete
CRUD operations and encourages object-oriented quer@iRM also supports metadata mapping and helfpeitransaction management of the application.

An example will help illustrate how ORM works. Coreich simplecar object that needs to be persisted in the dataliasear object in the domain model is the representatiche CAR

table in the data model. The attributes ofche object are derived from the columns of the CARdahere is a direct mapping betweendhe class and the CAR table, as illustrated in
Figure 1.

CAR Car

MOTEL model
coLoR ORM color
MANUFACTURER — ie——i o, 06 chirer
PRICE price

Figure 1. Mapping an object to a table

There are many open source ORM tools, including e, iBATIS SQL Maps, and Java Ultra-Lite Persisee Most of these tools gpersistence frameworks that provide a layer of
abstraction between the Java application and ttabdse. A persistence framework maps the objetteiapplication domain to data that needs to b&igied in a database. The mappings can
be defined using either XML files or metadata aatiots (the latter introduced to the language asgbalava 1.5). The persistence framework ainmsefrarate the databasdated code and tt
application code (that is, the business logic)iehg increasing application flexibility. A persiste framework simplifies the development procesproyiding a wrapper around the persiste
logic.

With this basic introduction to persistence outhef way, we're ready to move on to discussing titb@most popular open source persistence frameayBATIS and Hibernate. We'll also
introduce the Java Persistence API and discusstittiegths and weaknesses of all three solutionarious application scenarios.

iBATIS: Using SQL directly

Object-relational mapping (ORM) uses direct mappngenerate JDBC or SQL code under the hood. For spmieation scenarios, however, you will need ndirect control over SQL
queries. When writing an application that involeeseries of update queries, it's more effectiwert® your own SQL queries than to rely on ORM-gaied SQL. Also, ORM cannot be used
when there is a mismatch between the object madktlse data model. As we've mentioned, JDBC codeowes the common solution to such problems, buatribduced a lot of database c
within application code, making applications hartemaintain. A persistence layer is needed to giglecthe application and the database.
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The iIBATIS Data Mapper framework helps solve thesblems. iBATIS is a persistence framework that jites the benefits of SQL but avoids the compleaftyDBC. Unlike most othe
persistence frameworks, iBATIS encourages the dirsetof SQL and ensures that all the benefits df &@ not overridden by the framework itself.

Simplicity is iBATIS's greatest advantage, as ityides a simple mapping and API layer that can leel @s build data-access code. In this frameworldéita model and the object model need
not map to one another precisely. This is becaB&& IS uses alata mapper, which maps objects to stored procedures, SQErsetts, oResul t Set S via an XML descriptor, rather than a
metadata mapper, which maps objects in the domain to tables indéwabase. Thus, iIBATIS enables the data modelrsndiject model to be independent of each other.

How iBATISworks

iBATIS allows loose coupling of the database andieagion by mapping the input to and output frora tatabase to the domain objects, thus introdwumingpstraction layer. The mapping is
done using XML files that contain SQL queries. Tlbisse coupling allows the mapping to work for sys$ where the application and the database desggniamatched. It also helps in
dealing with legacy databases and with databaséshiange over time.

The iBATIS framework mainly uses the following twd/X files as descriptors:

e SQLMapConfig.xml
o SQLMap.xml

We'll look at each file in detail.
SQLMapConfig.xml

SQLMapConfig.xml is a central XML file that contaiall the configuration details, like the details fbe data sources; it also optionally includesiinfation about transaction management.
This file identifies all the SQLMap.xml files -- @fhich there may be more than one -- and loads.them

Consider arEnpl oyee class that maps to an EMPLOYEE table in the dabBhe properties of the claserp_i d, enp_fi r st nane, andenp_| ast nane -- correspond to similarly named
columns in the table. The class diagram forah@ oyee class is shown in Figure 2. (This class will beduto demonstrate the different persistence tedesithat are discussed in this article.)

Employes

enp_1d
emp_firacname
enp_lematname

Figure 2. Class diagram for the Employee class
The SQLMapConfig.xml file for thenpl oyee class can be written as shown in Listing 1.
Listing 1. SQL MapConfig.xml file for Employee

<sql MapConfi g>
<transacti onManager type="JDBC' conmi t Required="fal se">
<dat aSour ce type="EMPLOYEE" >
<property nanme="JDBC. Driver" val ue="com nysql . jdbc. Driver"/>
<property nanme="JDBC. Connecti onURL" val ue="j dbc: nysql://|ocal host:3306/i batis"/>
<property nanme="JDBC. User name" val ue="root"/>
<property nane="JDBC. Password" val ue=""/>
</ dat aSour ce>
</transacti onManager >
<l-- List the SQL Map XML files. They can be |oaded fromthe classpath, as they are here (com nydomain.data...) -->
<sql Map resour ce="conf nydomai n/ dat a/ Enpl oyee. xni "/ >
</ sql MapConfi g>

SQLMapConfig.xml uses & ansact i onManager tag to configure a data source to use with thifiquaar SQL map. It specifies the type of the dstarce, along with some details, including
information about the driver, the database URL, thedusername and password. Shemap tag specifies the location of the SQLMap.xml fiteas to load it.

SQLMap.xml

The other XML file is SQLMap.xml, which is in praoé named after the table to which it relates. €hwam be any number of such files in a single apfitin. This file is the place where
domain objects are mapped to SQL statements. Elisrigtor uses parameter maps to map the inpti tstatements and the result maps for mapping8Qll t Set s. This file also contains
the queries. Therefore, to change the queriesnged to change the XML, not your application's Jaade. The mapping is done by using the actual S@tements that will interact with the
database. Thus, using SQL provides greater flétyiltd the developer and makes iBATIS easy to unidadsto anyone with SQL programming experience.

The SQLMap.xml file that defines the SQL statemémtserform CRUD operations on the EMPLOYEE tablghiswn in Listing 2.

Listing 2. SQLMap.xml for operationson EMPLOYEE

<sql Map nanespace="Enpl oyee" >
<typeAlias alias="Enpl oyee" type="com sanpl e. Enpl oyee"/>
<resul t Map id="EnpResult" cl ass="Enpl oyee">
<result property="id" colum="enp_id"/>
<result property="firstNane" col um="enp_firstname"/>
<result property="I|astName" col um="enp_| ast nane"/>
</ resul t Map>
<l-- Select all data fromthe table using the result map for Enployee class.-->
<sel ect id="sel ect Al Enps" resul t Map="EnpResul t">
sel ect * from EMPLOYEE
</ sel ect>

<l-- Select the data fromthe table based on the id. -->
<sel ect id="sel ect EnpByl d" paraneterC ass="int" resultC ass="Enpl oyee">
<select enp_id as id,enp_firstname as firstNang, enp_|l astname as | ast Nane from EMPLOYEE where enp_i d= #i d#
</ sel ect>
<l-- insert the data into the table -->

<insert id="insertEnmp" paraneterC ass="Enpl oyee">
insert into EMPLOYEE (
enp_id,
enp_firstnane,
enp_| ast name)
val ues (
#i d#, #firstName# , #l astName# )
</insert>
<!-- update the Enployee record based on the id -->
<updat e i d="updat eEnp" paraneter Cl ass="Enpl oyee" >
updat e EMPLOYEE set
enp_firstname = #firstName#,
enp_| ast name = #l ast Nane#

wher e
enp_id = #id#
</ updat e>
<!-- delete the Enpl oyee record based on the given id -->

<del ete id="del et eEnp" paraneterCl ass="int">
del ete from EMPLOYEE where enp_id = #i d#
</ del et e>
</ sql Map>
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In Listing 2, thet ypeAl i as tag is used to represent type aliases, so yoawaid typing the full class name every time it wibatherwise appear. It contains r esul t Map tag, which describe
the mapping between the columns returned from aycared the properties of the class representetidgnpl oyee class. The esul t Map is optional and it isn't required if the columnshe
table (or aliases) match the properties of thesatasictly. This esul t Map tag is followed by a series of queries. SQLMap.ganl contain any number of queries. All the selesert, update,
and delete statements are written within theireetipe tags. Every statement is named using dhegtribute.

The output from a select query can be mapped ta@ t Map or to a result class that is a JavaBean. The aliagbe queries should match the properties ofafget result class (that is, the
JavaBean). Thear anet er 0 ass attribute is used to specify the JavaBean whoseepties are the inputs. Any parameters in the bgstbol are the properties of the JavaBean.

L oading the descriptor filesto your Java application

After you have completed the entire configuratiod anapped in both the XML files, SQLMapConfig.xmkxds to be loaded by the Java application. Thediegi is to load the SQLMap.xml
configuration file that was created earlier. Tothis, you would use theom i bat i s. cormon. resour ces. Resour ces class, which is included with the iBATIS framewoas, shown in Listing
3.

Listing 3. Loading SQL Map.xml
private static Sql MapCient sql Mapper;

try {

Reader reader = Resources. get Resour ceAsReader (" conl nydomai n/ dat a/ Sql MapConfi g. xm ");

sql Mapper = Sql Mapd i ent Bui | der. bui | dSql MapCl i ent (reader);

reader. cl ose();

catch (1 COException e) {

/1l Fail fast.

throw new RuntineException("Sonet hi ng bad happened while building the Sql Mapdient instance." + e, e);

-

Thesgl Mapd i ent class is used for working wittQLMaps. It allows you to run mapped statements likectelesert, update, and so on. Ty Mapdl i ent object is thread safe; hence, one
object is enough. This makes it a good candidabeta static member. This object is created byimgaal single SQLMapConfig.xml file. The iBATIS framevk provides the

Resour ces. get Resour ceAsReader () utility, with which you can read the SQLMapConfigbdile. Thus, by using this instance of th@Map, you can access an object from the database -- in
this case, afnpl oyee object.

To invoke the operations on the EMPLOYEE tablefedént methods are provided on 8@ Map, such asuer yFor Li st (), quer yFor Obj ect (), i nsert (), updat e(), andquer yFor Map() ,
among others. Theguer yFor Li st () method, shown in Listing 4, returns a listapl oyee objects.

Listing 4. queryForList()
sql Mapper . queryFor Li st ("sel ect Al | Enps");
Similarly, you would use theuer yFor Obj ect () method when only one row was returned as a reétitie query. Both methods take the statement nantieegparameter.

Corresponding methods are available for performmsgiit, update, and delete operations, as showistimd 5. These methods take both the statemene mtiared in the SQLMap.xml file
and theenpl oyee object as the input.

Listing 5. Insert, update, and delete operations

sql Mapper.insert("insertEnp", enp);
sql Mapper . updat e( " updat eEnp", enp);
sqgl Mapper . del et e( "del et eEnp", id);

In this way, Java objects are persisted usinggtt&8QL statements in iBATIS.

When touseiBATIS

iBATIS is best used when you need complete confrti@SQL. It is also useful when the SQL querieschto be fine-tuned. iBATIS should not be used wjmnhave full control over both
the application and the database design, becauselincases the application could be modified itctlse database, or vice versa. In such situatipms,could build a fully object-relational

application, and other ORM tools are preferableiB¥sTIS is more SQL-centric, it is generally referredasinverted -- fully ORM tools generate SQL, whereas iBATIS uS€3. directly.
iBATIS is also inappropriate for non-relational daaaes, because such databases do not supporttiamsand other key features that iBATIS uses.

Hibernate:

Hibernate is an open source, lightweight objectiehal mapping solution. The main feature of Hitage is its support for object-based modeling, Wiilbows it to provide a transparent
mechanism for persistence. It uses XML to map aliete to an application and supports fine-graigetts. The current version of Hibernate is 3.x &rsupports Java annotations and hence
satisfies the EJB specification.

Hibernate includes a very powerful query languaajked Hibernate Query Language, or HQL. HQL is very simila| Hibernatein brief
to SQL, and also defines some additional convestibl@L is completely object-oriented, enabling yoleverage
the complete strength of the object-oriented llafrinheritance, polymorphism, and associationLHQeries are
case insensitive, except for the names of the dagaes and properties being used. HQL returny gesults as
objects that can be directly accessed and mangzliat the programmer. HQL also supports many addnc
features of pagination and dynamic profiling th@.Shas never supported. HQL does not require apliaixjoins
when working with multiple tables.

Hibernate was developed by a team headed by Gamin Khe
development of Hibernate began in 2001 and the teasnater acquired |
JBoss, which now manages it. Hibernate was develmjtzlly for Java; in
2005 a .Net version named NHibernate was introduced

Why do we need Hibernate?

Entity beans, which have traditionally been usedfgect-relational mapping, are very difficultuaderstand and hard to maintain. Hibernate makjeswoielational mapping simple by
mapping the metadata in an XML file that defines tdible in the database that needs to be mapepadicular class. In other persistence framewagris need to modify the application cli
to achieve object-relational mapping; this is netessary in Hibernate.

With Hibernate, you needn't worry about databasmgbs, as manual changes in the SQL script fieaasided. If you ever need to change the datafmseapplication uses, that can be e
accommodated by altering thieal ect property in the configuration file. Hibernate géwou the complete power of SQL, something thatwear offered by earlier commercial ORM
frameworks. Hibernate also supports many databas#sding MySQL, Oracle, Sybase, Derby, and Pe@S$@L, and works well with plain old Java object @)-based models, too.

Hibernate generates JDBC code based on the undedgtafase chosen, and so saves you the troubletiofgpwdDBC code. It also supports connection poolifige APIs that are used by
Hibernate are very simple and easy to learn. D@egtowith very little knowledge of SQL can make ofélibernate, as it lessens the burden of wri§@L queries.

Hiber nate ar chitecture

Internally, Hibernate uses JDBC, which provides @iaf abstraction to the database, while it empthgslava Transaction APl (JTA) and JNDI to intégraith other applications. The
connection information that the Hibernate needsteract with the database is provided by the JDB@eotion pool, which has to be configured.

Hibernate's architecture consists mainly of twerifatces -Sessi on andTr ansact i on -- along with theQuer y interface, which is in the persistence layer efapplication. The classes that are
defined in the business layer of the applicatidarect through independent metadata with the Haterpersistence layer, which in turn talks to thebdase layer using certain JDBC APIs. In
addition, Hibernate uses other interfaces for gumfition, mainly the aptly namexdnf i gur ati on class. Hibernate also makes use of callback axtesf and some optional interfaces for
extending the mapping functionality. The overalbeéfinate architecture is illustrated in Figure
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Figure 3. Hibernate ar chitecture: The big picture
The major programming interfaces that are partibEkhate are:

e org. hi bernat e. Sessi onFact ory is basically used to obtain a session instanakcan be seen as an analogue to the connectioimgooéchanism. This is thread safe, as all the
application threads can use a sirgesi onFact ory (as long as Hibernate uses a single database)irftaiface is configured through the configurafitey which determines the
mapping file to be loaded.

e org. hi bernat e. Sessi on provides a single thread that determines the asatien between the application and the databdss.i§ analogous to a specific (single) connectibis. very
lightweight and not thread safe.

e org. hibernate. Transacti on provides a single-thread object that spans thrdliglapplication and determines an atomic unitaflkwit basically abstracts JDBC, JTA, and CORBA
transactions.

e org. hi bernate. Query is used to perform a query, either in HQL or ia 8QL dialect of the underlying databasery instance is lightweight, and it is important tdenthat it cannc
be used outside the session through which it wested.

Configuring Hibernate

You configure Hibernate through an XML file namebdrnate.cfg.xml. The configuration file aids irtasishing a connection to a particular relatiosatiabase. The configuration file should
know which mapping file it needs to refer to. Ahtime, Hibernate reads the mapping file and thess itsto build a dynamic Java class correspondirthdt table of the database. A sample
configuration file is shown in Listing 6.

Listing 6. hiber nate.cfg.xml

<hi ber nat e- confi gurati on>
<session-factory>
<!-- local connection properties -->
<property nane="hi bernate. connection.url">
jdbc: nysql://1ocal host/ hi ber nat eDenp
</ property>
<property nanme="hi bernate. connection.driver_class">
com nysql . j dbc. Driver
</ property>
<property nane="hi bernate. connection. usernane">
root
</ property>
<property nanme="hi bernate. connection. password">
i nf osys
</ property>
<!-- dialect for MySQL -->
<property nane="di al ect">
org. hi bernate. di al ect. MySQLDi al ect
</ property>
<property nane="hi bernate. show_sql ">fal se</ property>
<property nanme="hi bernate.transaction.factory_class">
org. hi bernate.transacti on. JDBCTr ansacti onFactory
</ property>
<mappi ng resour ce="Enpl oyee. hbm xni " />
</ session-factory>
</ hi ber nat e- conf i gurati on>

Working with Hibernate

When asessi onFact ory instance is created in the application, Hibermesels the configuration file and identifies thepexdive mapping file. The session object thatésted from the

Sessi onFact ory gets a particular connection to the databasetlasdession object is the persistence contexhtoinstance of a persistence class. The instartéein one of the three sta
transient, persistent, or detached. In the transient state, the object is yet todmmaiated with a table; in the persistent staeptiject is associated with the table; and in #tached state, there
is no guarantee that the object is in sync withtéiide. The Hibernate code that is used to peasistpl oyee object is shown in Listing 7.

Listing 7. Persisting an object with Hibernate

Session session = null;
Transaction tx = null;

/1 At this point the Configuration file is read
Sessi onFact ory sessionFactory = new Configuration().configure().buil dSessionFactory();

/'l A specific session object is obtained
session = sessionFactory. openSession();

/1 A new dat abase transaction is started
tx = session. beginTransaction();

/1 Enpl oyee Object is created & popul ated
Enpl oyee enp = new Enpl oyee();
enp.setld(1);

enp. set EnpFi rstnane("K L");

enp. set EnpLast name("Nitin");

/1 Using the session, enp object is persisted in the database
sessi on. save(enp);

The mapping file that the configuration file iddigs maps a particular persistent class to thebdaatable. It maps specific columns to speciéil§i, and has associations, collections, primary
key mapping, and ID key generation mechanisms.rii@yeping files are generally given names basedtathies to which they map; in the example apptioatyou'd use Employee.hbm.xml
for the file that corresponds to the EMPLOYEE tatle you can see in Listing 8, the mapping filecsfies that theEnpl oyee class has to be mapped to the EMPLOYEE tablear#tabase,
which has columns named, enp_fi r st nane, andenp_| ast nane. i d is the primary key, and should have the valts gned.

Listing 8. Employee.hbm.xml

<hi ber nat e- mappi ng package="denn" >
<cl ass nane="Enpl oyee" tabl e="enpl oyee" >
<neta attribute="sync- DAO'>f al se</ net a>
<id nane="1d" type="integer" colum="enp_id">
<generator class="assigned"/>

http://www.javaworld.com/c-bin/mailto/x_java.cgi?pagetosend=/export/home/lgpaworld/javi... 16/09/200!



http://www.javaworld.com/javaworld/j-07-2008/jw-07-orm-comparison.htn Pagina5 di 7

</id>
<property nanme="EnpFirstname" col um="enp_firstnane"
type="string" not-null="true" |ength="30" />
<property nane="EnpLastnane" col umm="enp_| ast nane" type="string" not-null="true" |ength="30" />
</ cl ass>
</ hi ber nat e- mappi ng>

When to use Hibernate
Hibernate is best used to leverage end-to-end ORimgt provides a complete ORM solution, but leayeu control over queries. Hibernate is an idehlt®n for situations where you have

complete control over both the application anddatabase design. In such cases you may modifypihieeation to suit the database, or vice versahése cases you could use Hibernate to
build a fully object-relational application. Hibexte is the best option for object-oriented programsmvho are less familiar with SQL.

The Java Persistence API

The Java Persistence API is the standard objeatioall mapping and persistence management ineeffache Hiber nate and JPA
Java EE 5 platform. As part of the EJB 3 specifiragffort, it is supported by all major Java versddthe Java — — - -
Persistence API draws on ideas from leading persistframeworks and APIs, such as Hibernate, Ofangieink, || 12ing just finished learning about how Hibernaie serve as a standal
Java Data Objects (JDO), and EJB container-managsistence. JPA provides a platform on which sigecif  |[Persistence solution, you may be surprised to dicthat it can also wor

implementations of persistence providers can be..@ae of the main features of the Java PersistéRtés that ||Vith JPA. Strictly speaking, if you're going to Usibernate by itself, you'
any persistence provider can be plugged in to it. be using theHibernate Core module, which generates SQL using HQL

without the need for handling JDBC objects; the aapion is still
Jindependent of databases. Hibernate Core can benitsedny application

JPA is a POJO-based standard persistence mod@Ribt. It is part of the EJB 3 specification and repmentity
beans. The entity beans defined as part of the EUBg&cification had failed to impress the indusya complet
persistence solution for several reasons:

server, and for any generic Java application teatla to perform object-
relational mapping. This mapping will is achievedusing native
Hibernate APIs, the Hibernate Query Language, avid ¥napping.

« Entity beans are heavyweight components and dnéytigoupled to a Java EE server. This makes tless
suitable than lightweight POJOs, which are morérdeke for their reusability.

« Entity beans are difficult to develop and deploy.

« BMP entity beans force you to use JDBC, while CMP eiitans are highly dependent on the Java EE
server for their configuration and ORM declaratidhese restrictions will affect the performancetsf t
application.

The Hibernate team was deeply involved in the dgraknt of the EJB 3
specification. After the introduction of EJB 3, arsflalone implementatio
of EJB 3 persistence was made available as paribefrhhite -- Hibernate
/Annotations and Hibernate EntityManager. Thesedveobuilt on top of

Hibernate Core. For applications developed using B 5 in which therg
is a need to use EJB 3, Hibernate EntityManagebeatonsidered as an
option for the persistence provider. Applicatioeseloped using Java EE| 5

To address these issues, the EJB 3 software exper developed JPA as part of JSR 220. JPA borrioavbest will utilize Hibernate and JPA working together.

ideas from other persistence technologies. It ésfanstandard persistence model for all Java apiplis. JPA cal
be used as the persistence solution for both JBwen8 Java EE applications.

JPA uses metadata annotations and/or XML descrijsrto configure the mapping between Java objecthe application domain and tables in the ictal database. JPA is a complete
ORM solution and supports inheritance and polymamhit also defines an SQL-like query language,LJR@va Persistence Query Language), which isrdiftefrom EJB-QL (EJB Query
Language), the language used by entity beans.

With JPA, you can plug in any persistence provitiat implements the JPA specification instead afgishatever default persistence provider comek your Java EE container. For
example, the GlassFish server uses TopLink Essentivided by Oracle, as its default persistgmoeider. But you could choose to use Hibernatdagpersistence provider instead by
including all the necessary JAR files in your apgiicn.

Working with JPA

JPA uses many interfaces and annotation typesetkfinthe avax. per si st ence package available with version 5 of Java EE. JBsentity classes that are mapped to tables ufetiadase.
These entity classes are defined using JPA anangatiisting 9 shows the entity class naraeg oyee that corresponds to the EMPLOYEE table in the darapplication's database.

Listing 9. Employee entity class

@ntity
@rabl e(name = "enpl oyee")
@\anmedQuer i es({ @NanmedQuer y(name = "Enpl oyee. fi ndByEnpl d", query = "SELECT e FROM Enpl oyee e WHERE e.enpld = :enpld"), @amedQuery(nanme = "Enpl oyee. fi ndByEnp
public class Enployee inplenents Serializable {
@d

@ol um(nane = "enp_id", nullable = fal se)
private Integer enpld;
@Col um(nanme = "enp_firstnane", nullable = fal se)
private String enpFirstnane;
@ol um(nane = "enp_l astnane", nullable = fal se)

private String enpLastnane;

public Enployee() { }
public Enpl oyee(lnteger enpld) {
this.enpld = enpld;

}
public Enpl oyee(lnteger enpld, String enpFirstnane, String enpLastname) {
this.empld = enpld;
this. enpFi rstnane = enpFirstnane;
this.enpLast name = enplLast nane;

}
public Integer getEmpld() {
return enpld;

public void setEnpld(lnteger enpld) {
this.enpld = enpld;

}
public String get EnpFirstnane() {
return enpFirstname;

public void setEnpFirstname(String enpFirstname) {
this. enpFi rstnane = enpFirstnane;

public String get EnpLastname() {
return enplLastnane;

}
public void setEnpLastnane(String enpLastnane) {
thi s. enpLast nane = enpLast nane;

JEEEE

*override equals, hashcode and toString nethods

*using @verride annotation
******/

The features of an entity class are as follows:

« The entity class is annotated using jtheax. per si st ence. Enti ty annotation @nti ty).

It must have a public or protected no-argument too®r, and may also contain other constructors.

It cannot be declared nal .

Entity classes can extend from other entities andentity classes as well; the converse is alseiples

They cannot havgubl i ¢ instance variables. The class members shouldfieser using onlyubl i ¢ getter and setter methods, following JavaBean .style

Entity classes, being POJOs, generally need ndemment any special interfaces. However, if theytaree passed as arguments over the network, llegmtust implement the
Seri al i zabl e interface.
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Thej avax. persi st ence. Tabl e annotation specifies the name of the table to wths entity instance is mapped. The class mentdzrde Java primitive types, wrappers of Javaipvies,
enumerated types, or even other embeddable cladsesnapping to each column of the table is spetifising th¢ avax. per si st ence. Col unn annotation. This mapping can be used with
persistent fields, in which case the entity usesigent fields as well, or with getter/setter neeth, in which case the entity uses persistent ptiegeHowever, the same convention must be
followed for a particular entity class. Also, fislthat are annotated using theax. per si st ence. Transi ent annotation or marked ansi ent will not be persisted into the database.

Each entity has a unique object identifier. Thinitifier is used to differentiate among differentity instances in the application domain; it cepends to a primary key that is defined in the
corresponding table. A primary key can be simpleamposite. A simple primary key is denoted ushej avax. per si st ence. | d annotation. Composite primary keys can be a single
persistent property/field or a set of such fieldsferties; they must be defined in a primary kessl Composite primary keys are denoted usingaifex. per si st ence. Enbedded! d and

j avax. persi st ence. | dd ass annotations. Any primary key class should implentk@hashcode() andequal s() methods.

The life cycle of JPA entities is managed by thétgmanager, which is an instancej @i ax. per si st ence. Ent i t yManager . Each such entity manager is associated with sigfence context.
This context can be either propagated across plicaion components or managed by the applicafibeEnt i t yManager can be created in the application usingeari t yManager Fact ory,
as shown in Listing 10.

Listing 10. Creating an EntityM anager

public class Min {
private EntityManager Factory enf;
private EntityManager em
private String PERSI STENCE_UNI T_NAME = "Enpl oyeePU';
public static void main(String[] args) {
try {
Main main = new Main();
mai n.initEntityManager();
nain.create();
System out. println("Enpl oyee successful |y added");
mai n. cl oseEntityManager () ;
}
cat ch(Exception ex) {
Systemout.println("Error in adding enpl oyee");
ex. printStackTrace();
}
}
private void initEntityManager()
enf = Persistence. createEntityManager Fact ory( PERSI STENCE_UNI T_NAME) ;
em = enf.createEntityManager();
}

private void cl oseEntityManager () {

em cl ose(); enf.close(); }
private void create() {

em get Transaction(). begin();
Enpl oyee enpl oyee=new Enpl oyee(100);
enpl oyee. set EnpFi r st nane( " bob");
enpl oyee. set EnpLast name("smith");
em per si st (enpl oyee) ;
em get Transaction().commit();

}

ThePERSI STENCE_UNI T_NAME represents the name of the persistence unitghested to create tiat i t yManager Fact ory. TheEnt i t yManager Fact ory can also be propagated across the
application components using th&vax. per si st ence. Per si st enceUni t annotation.

In thecr eat e() method in Listing 10, a new employee record ingénserted into the EMPLOYEE table. The data regméed by the entity instance is persisted intattabase once the
EntityTransaction associated withersi st () is completed. JPA also defines static and dynajuécies to retrieve the data from the databaséc $pzeries are written using the

j avax. per si st ence. NamedQuer y annotation, as shown in tiepl oyee entity class. Dynamic queries are defined directithe application using the eat eQuery() method of the

Enti t yManager.

JPA uses a combination of annotation- and XML-basediguration. The XML file used for this purpoisepersistence.xml, which is located in the appilices META- | NF directory. This file
defines all the persistence units that are usetibyapplication. Each persistence unit defineshallentity classes that are mapped to a singbdse. The persistence.xml file for the Emplc
application is shown in Listing 11.

Listing 11. persistence.xml

<persi stence>
<persi stence-unit name="Enpl oyeePU' transaction-type="RESOURCE_LOCAL"> <provi der>oracl e. topl i nk. essenti al s. Persi st enceProvi der </ provi der >
<cl ass>comtri al . Enpl oyee</ cl ass>
<properties>
<property nanme="toplink.jdbc.url" value="jdbc: nysql://|ocal host: 3306/ projects"/>
"toplink.jdbc.user" value="root"/>
toplink.jdbc.driver" value="com nysql.jdbc.Driver"/>
<property nane="toplink.jdbc. password" val ue="infosys"/>
</ properties>
</ persi stence-unit>
</ persi stence>

The persistence.xml file defines a persistencenanited=npl oyeePU. The configuration for the corresponding databssdso included in the persistence unit. An agpion can have multiple
persistence units that relate to different database

To summarize, JPA provides a standard POJO-basédl oRition for both Java SE and Java EE applicatitiruses entity classes, entity managers, arsispence units to map and persist the
domain objects and the tables in the database.

When to use JPA
JPA should be used when you need a standard Jaed-parsistence solution. JPA supports inheritandgoolymorphism, both features of object-oriemembramming. The downside of JPA
is that it requires a provider that implementJ itese vendor-specific tools also provide certairepfeatures that are not defined as part of thesffecification. One such feature is support for

caching, which is not clearly defined in JPA butvisll supported by Hibernate, one of the most papfithmeworks that implements JPA. Also, JPA isrdef to work with relational databases
only. If your persistence solution needs to beredeel to other types of data stores, like XML dasalsathen JPA is not the answer to your persisterotgem.

Comparing persistence technologies

You've now examined three different persistencelraeisms and their operations. Each of these framieaws its own pros and cons. Let's consider aéparameters that will help you
decide the best possible option among them for yeguirements.

Simplicity

In the development of many applications, time isagor constraint, especially when team members tebd trained to use a particular framework. lchsa scenario, iBATIS is the best
option. It is the simplest of the three framewotbacause it only requires knowledge of SQL.

Complete ORM solution

Traditional ORM solutions like Hibernate and JPAddde used to leverage complete ot-relational mapping. Hibernate and JPA map Javectbglirectly to database tables, whet
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iBATIS maps Java objects to the results of SQL gsetin some applications, the objects in the dommaidel are designed according to the business &glanight not completely map to t
data model. In such a scenario, iBATIS is the rigitice.

Dependence on SQL

There has always been a demarcation between tipdepgbo are well versed in Java and those whoardartable with SQL. For a proficient Java prograenwho wants to use a persistence
framework without much interaction with SQL, Hibata is the best option, as it generates effici€it §ueries at runtime. However, if you want compledntrol over database querying us
stored procedures, then iBATIS is the recommendkdisn. JPA also supports SQL through theat eNat i veQuer y() method of theént i t yManager .

Support for query languages

iBATIS strongly supports SQL, while Hibernate andJie their own query languages (HQL and JPQL aesgely), which are similar to SQL.

Performance

An application must perform well in order to suateibernate improves performance by providing eaglfacilities that help with faster retrieval cditd from the database. iBATIS uses SQL
queries that can be fine-tuned for better perforeaihe performance of JPA depends on that oféhdar implementation. The choice is particularaoheapplication.

Portability across different relational databases

Sometimes, you will need to change the relatioatdlohise that your application uses. If you userHdie as your persistence solution, then this issaasily resolved, as it uses a database
dialect property in the configuration file. Portifrgm one database to another is simply a mattehafging the dialect property to the appropriaiee. Hibernate uses this property as a guide
to generate SQL code that is specific to the gil@abase.

As previously mentioned, iBATIS requires you to wnjour own SQL code; thus, an iBATIS applicatiomstability is dependent on that SQL. If the queaes written using portable SQL,
then iBATIS is also portable across different relasil databases. On the other hand, the portabflil{PA depends on the vendor implementation thiagiisg used. JPA is portable across
different implementations, like Hibernate and Tap_Essentials. So, if no vendor-specific featuresused by the application, portability becomesvéat issue.

Community support and documentation

Hibernate is a clear winner in this aspect. Theeen@any Hibernate-focused forums where membersegtiespond to queries. iBATIS and JPA are catchinglowly in this regard.

Portability acr oss non-Java platforms

iBATIS supports .Net and Ruby on Rails. Hibernate jales a persistence solution for .Net in the fornNbfibernate. JPA, being a Java-specific API, obsipaoes not support any non-Java
platform.

This comparison is summarized in Table 1.

Table 1. Persistence solutions compared

Features | iBATIS Hibernate JPA
Simplicity Best Good Good
Complete ORM solution Average Best Best
Adaptability to data model changes Good Average Average
Complexity Best Average Average
Dependence on SQL [[Good Average Average
||Performance Best Best N/A ™
||Portabi|ity across different relational databases Average Best ||N/A *
[[Por tability to non-Java platforms Best Good |INot Supported
|[Community support and documentation |Average Good |lcood

* The features supported by JPA are dependent on the persistence provider and the end result may vary accordingly.

Conclusion

iBATIS, Hibernate, and JPA are three different med$ras for persisting data in a relational databBseh has its own advantages and limitations. iBAdd8s not provide a complete ORM
solution, and does not provide any direct mappingbgects and relational models. However, iBATIS\ides you with complete control over queries. Hila¢e provides a complete ORM
solution, but offers you no control over the queridibernate is very popular and a large and actwemunity provides support for new users. JPA pfswides a complete ORM solution, and
provides support for object-oriented programmirgfdiees like inheritance and polymorphism, but éf@mance depends on the persistence provider.

The choice of a particular persistence mechanisamigtter of weighing all of the features discussetie comparison section of this article. For tdesvelopers the decision will be made
based on whether you require complete control 8@ for your application, need to auto-generate S8pljust want an easy-to-program complete ORM gmiut
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