Java Lecture #8

Database Usage in Java: %%

Object-Relational Mapping

Saint Petersburg, 2012
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Persistence

[Mop Persistence noHMMaeTcs MeTodbl KOTOPbIE ONUCLIBAET AENCTBUS PaboThbl C
OaHHBLIMW HEKOTPOTO npoLiecca

B Java cyLecTByeT MHOro cnocoboB paboTbl C AaHHbIMMK:

JDBC
Serialization
File 10

JCA
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JPA

Java Persistence Architecture APl (JPA) ato Java cneuudmkaums ans goctyna,

COXPaHEHWS U MaHNNYNMPOBaHUSA daHHbIMK Mexay Java obbekTamu n pennaLoHHOM
6a3on OaHHbIX.

JPA 6b1no npeacTaBneHHo Kak Yactb cneuundukaumm EJB 3.0 kak 3amena EJB 2 CMP
Entity Beans. Cenvac JPA 3to npombiwwunenHbin ctaHgapT ORM (Object to Relational

Mapping )
JPA cocTouT 13 cneaytoLLnx OCHOBHbIX pa3aernos:

The Java Persistence API

The query language

The Java Persistence Criteria API
Object/relational mapping metadata
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Entities

OHTUTK 3TO NErKoBECHbIE AOMEHHbIE 00beKTbl. OBbIYHO HTUTU NPEACTABNSIOT
Tabnuuy B penuauoHHoi 6ase AaHHbIX., KaXObIA MHCTAHC SHTUTK NpeacTaBnsaeT cobow
3anuch B Tabnuue..

OHTUTW [OMKHbI YAOBNETBOPATL CreayLLMM TPeOoBaHUSAM.

OomxHbl 6bITb aHOTUPOBAHHDLI javax.persistence.Entity.

OonxeH 6bITb NY6NUYHBLIA KOHCTPYKTOP NO yMonyaHuio. Ho npu aTom knacc moxer
UMETb M ApYrMe KOHCTPYKTOPbI.

Knacc He gonxeH ObITb final, nonsa n metoab! Ana padoTbl C NEPCUCTEHTHLIMY
AaHHbIMU TOXe

Ecnu aHTUTK ByaeT McnonbL30BaThCA B PEMOYTHOM OU3HecC uHTepdence To oHa
AOMKHA peanu3oBbIiBaTh UHTepPdenc Serializable.

JHTUTU MOTYT PacCLlUUPATb KaK Apyrue 3HTUTU, TaK U 0ObIYHbIE Knacchbl.
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WHTepdpenc EntityManager

OHTUTW yNpaBnsATLCA npu noMoLm EntityManager, KoTopblii acCcoLMMpyeTbes C
NepCUCTEHT KOHTEKCTOM — Habopom managed entity.

EntityManager APl CRUD onepauuu + 3anpoce! :
- persist (INSERT)

- merge (UPDATE)

- remove (DELETE)

- find (SELECT)
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Tunbl EntityManager

CywecTtsytoT ABa Tuna EntityManager :

Container-Managed Entity Managers — koHTponupyetcs asTomatnyeckn J2EE
KoHTenHepoM. Mcnonbayet JTA anst paboTbl ¢ TpaH3aKUUAMU.

@PersistenceContext
EntityManager em;

Application-Managed Entity Managers — KOHTpONMpyeTLCA NMoMb30BaTeSIbCKUM

NPUNOXEHUEM .
/1 EntitvTransaction
\‘ Query
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Application-Managed Entity Managers

EntityManager em = ...

EntityTransaction trx = em.getTransaction();

try {

trx.beqin();
/I Operations that modify the database should come here.

trx.commit();
} finally
{
if (trx.isActive())
trx.rollback();

}
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Persistence Units

<Zxml version="1.8" encoding="UTF-8"2>

<persistence version="2.8" xmlns="http://java. sun.con/mt/ns/persistence” xmlnsixsi="http://wwm. w3, org/2061/XM5chena-

<persistence-unit name="myapp” transaction-type="RESCURCE LOCAL™>
¢l-- <persistence-unit name="myapp" transaction-type="ITA"> -->
<provider>org.hibernate.ejb.HibernatePersistence</providers
¢l-- <jta-data-source>jdhc/ default</jta-data-source> --»
<properties»
<property name="javax.persistence.jdbc.driver” value="org.apache.derby.jdbc. ClientDriver”(>
<property name="jaovax.persistence.jdbc.url” value="jdbc:derby://Locathost:1527/paexanple; create=true” />
<property name="javax.persistence.jdbc.user” value="app” />
<property name="javax.persistence.jdbc.password” value="app” />
¢property name="hibernate.diolect” value="org.hibernate. diolect . HSQLD{atect” />
<property name="hibernate.hbm2ddl.auto” value="create-drop”/>
</properties»
<fpersistence-unit>
</persistenced

EntityManagerFactory emf =
Persistence.createEntityManagerFactory("mya
pp°);

EntityManager em =
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EntityManager lifecycle

petsist :
new retrieve
Managed
i . find, query,...
- " | Database

remove ersist .
P flush / &
clear/ commnit "

dose 7 TN e
Detached Removed }*

-
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EntityManager lifecycle annatation

[ does notexist ]-‘l
POJO construction

Ohjectohj = new Object();

1. Datahase remaove
new
[ ] 2. @PostRemaove

1. EntityManager.persist{ohj)
2. @PrePersist
3. Database insert

4. @PostPersist 1. EntityManager.remove(ohj)
2. @PreRemove
serialized to 3. Pending removal in database
another tier ¥
- ]
‘ detached [ managed J l'-[ removed ]
-
EntityManager.merge{ohj) \-/
1. Update query 1. EntityManager.refreshiobj)
2. @PreUpdate 2. @PostLoad

3. Databhase update

4. @PostUpdate 1. Entity public API
2. @PreUpdate
3. Database update
4. @PostUpdate
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Entities

Persistent Fields and Properties in Entity Classes

CocTosiHe 00beKTa XpaHUTLCS B NMONSAX M CBOMCTBAX 00beKTa, KOTOPbIE MOTYT BbITb:
- Java npumeTuBbI
= java.lang.String
- Peanusyiouime serializable types, including:

- Bpanepbl npumntiBOB

- java.util.Date

- java.math.BigDecimal

= JHYMepaTopbl
- [lpyre SHTUTU UNK KONMNeKLMN U3 SHTUTEN
- Embeddable knaccebl
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Persistent Properties

CurHatypa gocTyna K nepCMCTEHTHOMY MOS0 AOMKHa BbITb CneayoLLen:
getProperty() void setProperty(Type type)

Ucnonb3oBaHue KOMMeKuun B Ka4ecTBe NePCUCTEHTHLIX MOMen.
MoryT ncnonb3oBaTbCs CreaytoLme NHTepgenchbl Konnekumm:

- java.util.Collection

- java.util.Set

- java.util.List

- java.util.Map
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Validating Persistent Fields and Properties

[ina nepcucTeHTHbIX Nonen MoXeT ncnonb3oeaTbcd Bean Validation API koTopbiu
NPEAOCTOBNAETL MEXAHW3M BEPUUKALIMN OAHHLIX SHTUTH.

@AssertFalse boolean isUnsupported; @AssertTrue boolean isActive;
@DecimalMax("30.00") BigDecimal discount; @DecimalMin("5.00") BigDecimal
discount; @Digits(integer=6, fraction=2) BigDecimal price; @Future Date eventDate;
@Max(10) int quantity; @Min(5) int quantity; @NotNull String username; @Null String
unusedString; @Past Date birthday; Pattern(regexp="\\(\d{3}\\)\\d{3}-\\d{4}") String
phoneNumber; @Size(min=2, max=240) String briefMessage;
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@Entity @Table @Column

@Entity
@Table(uniqueConstraints = @UniqueConstraint(columnNames = { "NAME", "SURNAME"
1), name = "EMPLOYEE")

public class Employee {
@Id
private long id;
@Column(name = "NAME", nullable = false, length = 20)
private String name;
@Column(name = "SURNAME", nullable = false, length = 20)
private String surname;
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Primary Keys in Entities

Kaxxpgas Entity gomkHa MMeTb YHUKabHbIA MOAEHTUMUKATOP (MEPBUYHBIN KITHOY),
Hanpumvep:
[pocToN NnepBUYHLIN KNHOY

@ld

private long id;

[lepBMYHbIN KNtOY MOXET ObITb: MPUMUTUBHBIV TUM, Bpanep NPUMUTUBHOIO TUNA,
String, Date, BigDecimal, Biginteger.

KomnanTtHbIN nepBUYHbIN Kntod (Projectld.class).

Embedded nepBuyHbIN KNt ()

normkeH nepeonpenenate hashCode() un equals(Object other), peanusoBbiBaTh
serializable.
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Entity Relationships

CyLLEeCTBYIOT cneaytoLime oTHOLWEHUS mexay aHTUTK B JPA

One-to-one: npu 3TOM Kaxabl 3K3EMMNIIAP OAHOrO Krnacca SHTUTU UMEET CCbINKY Ha
aK3eMnns MHcTaHca apyron aHTUTH. @OneToOne

One-to-many: npu 3TOM MHCTAHC OAHON SHTUTU UMEET CChINIKY Ha KOMMEKLMI0 MHCTAaHCOB
apyron aHTUTM. @OneToMany

Many-to-one: HECKObKO MHCTAHCOB OHOWM SHTUTU UMEKT CChISIKY Ha OHWUH UHCTaHC
apyron. @Many-to-one

Many-to-many: HeCKONbKO MHCTAHCOB OHOW SHTUTU UMEIT CChISTKU Ha HECKOIBbKO
MHcTaHcoB apyron. @ManyToMany

OTHOLEeHKs MOTyT BbITb OAHOHarnpaBJIEHHbIMX KU ABYHANPaBJ1IEHHbIMMU.

[eyHanpasneHHble cs3n and @OneToOne, @OneToMany, @ManyToMany 0omxHbl
ncnonb3oBatb mappedBy ans ccbinku Ha none obpatHoe none.
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One-to-many u Many-to-many:

1 WORKGROUPL | STUDENT
T, ID T} ID

@ManyToOne
private WorkGroup workGroup;

@OneToMany(mappedBy = "workGroup")
private List<Student> student;
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OTHOLLEHMNSA U KacKagHble onepalum

KackagHas onepauus onucaHue

ALL Bce kackagHble onepauuv 6yayT NpMMeEHEHbI K
3HTUTU. PaBoHocunbHo cascade={DETACH, MERGE, PERSIST,
REFRESH, REMOVE}

DETACH Ecnu poauTtenbckasa aHTUTU NepengeT B cocTosiHne detached, To
CBSI3aHHbIE C HEeW 3HTUTM TaK XXe NepenayT B 3TO COCTOsIHME.

MERGE Ecnu Hap poguTenbckon aHTUTK ByaeTt npoussedeHa onepaums merge()
— TO TO e By#eT u Ansi CBA3aHHbIX C HEN 3HTUTU

PERSIST aHanormyHo

REFRESH aHanornyHo

REMOVE aHanornyHo

[/@OneToMany(mappedBy = "workGroup")
[/@OneToMany(mappedBy = "workGroup", cascade =

CascadeType.REMOVE)

@OneToMany(mappedBy = "workGroup", fetch =
FetchType.EAGER, orphanRemoval = true)

private List<Student> student;

--:F.-Systemsn.................................

18



@OneToOne

@Entity

public class Address {
@OneToOne
@PrimaryKeyJoinColumn
private Student student;

@Entity
public class Student {
@OneToOne(mappedBy = "student”)

private Address address;
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@ManyToMany

E1 LECTION

(T ID

| SHEDULE

T STUDENT

(T ID

class Lection {
@ManyToMany(mappedBy="lections")
private List<Student> students;

class Student {

@ManyToMany(cascade = {CascadeType.ALL})

@JoinTable(name="SHEDULE", joinColumns={@JoinColumn(name="STUDENTID")},
inverseJoinColumns={@JoinColumn(name="LECTIONID")})

private List<Lection> lections;
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@ElementCollection

@Entity
public class Person {

/lcan be used to define a one-to-many relationship to an Embeddable object, or a Basic value (such
/las a collection of Strings) and can also be used in combination with a Map

@ElementCollection
@MapKeyEnumerated
private Map<PhoneType ,Phone> phones;
@Embeddable
public class Phone {
@Enumerated(EnumType.STRING)
private PhoneType type;
private String areaCode;
@Column(name ="P_NUMBER")
private String number;
public enum PhoneType { HOME, WORK, MOBILE ...
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Embeddable Classes

@Entity

public class Employee {
@Embedded
private Skill skill;

@Embeddable

public class Skill {
private String skillName;
private String skillLevel;

CREATE TABLE APP.EMPLOYEE ( ID BIGINT NOT NULL,
NAME VARCHAR(20) NOT NULL,

SKILLLEVEL VARCHAR(255),

SKILLNAME VARCHAR(255),

SURNAME VARCHAR(20) NOT NULL
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Embeddable Classes

@Entity

public class Employee {
@Embedded
private Skill skill;

@Embeddable

public class Skill {
private String skillName;
private String skillLevel;

CREATE TABLE APP.EMPLOYEE ( ID BIGINT NOT NULL,
NAME VARCHAR(20) NOT NULL,

SKILLLEVEL VARCHAR(255),

SKILLNAME VARCHAR(255),

SURNAME VARCHAR(20) NOT NULL
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Entity Inheritance: Abstract Entities

ADCTpaKTHas SHTUTWN MOXET ObITb ONpeaeneHa Npyu NOMOLLM abCTPaKTHOrO Knacca ¢
aHHoTaumen @Entity.

Ecnu abcTpakTHas aHTUTKM BLICTYNAET B KAYECTBE NapaMeTpa 3anpoca Unn cBs3aHHa
OTHOLLEHWEM C APYrov 3HTUTW — TO pe3ynbTaT ByaeT cogepxaTb BCe NOAKNACCH! AaHHON
abCTPaKTHOWN SHTUTMW.

CyLLEeCTBYIOT crieaytoLiMe cTpaTermm ManuHra 3HTUTeN Ha Tabnuubl 6asbl JaHHbIX
npu HacneaoBaHNu:

- B 0AHOM Tabnuue xpaHatees Bce noaknacce! (InheritanceType. SINGLE_TABLE)
- KaxgbIn nogknacc B ceoen Tabnuue (InheritanceType. TABLE_PER_CLASS)

- cTpaTeruns “join”, Korga Kaxabli noaknacc ManuTbCst Ha TabnuLbl(BKNOYAS
abCTpaKTHbIN), NPX 3TOM B Kaxaow Tabnuue CoaepXuTbCs NEPBUYHBIN KM 13 6a30BOro
Kracca 1 TonbKo crneleduyHble ansd gaHHoro knacca nons(InheritanceType. JOINED)
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Entity Inheritance: Abstract Entities

@Entity
@Inheritance(strategy=Inheritance Type. TABLE_PER_CLASS)
public abstract class Animal {

@Id

private String id;

private String woolColor;

@ManyToOne
private Forest forest;

@Entity
public class Bear extends Animal {
private String bearFeature;

@Entity
public class Fox extends Animal {
private String foxFeature;
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Entity Inheritance: InheritanceType. TABLE_PER_CLASS

@Entity
@Inheritance(strategy=Inheritance Type. TABLE_PER_CLASS)
public abstract class Animal {

@Id

private String id;

private String woolColor;

@ManyToOne
private Forest forest;

@Entity
public class Bear extends Animal {
private String bearFeature;

@Entity
public class Fox extends Animal {
private String foxFeature;
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Entity Inheritance: InheritanceType.SINGLE_TABLE

@Entity

@Inheritance(strategy = InheritanceType.SINGLE_TABLE)
@DiscriminatorColumn(name="PROJ_TYPE")

public abstract class ItProject {

@ld

private long id;

@Entity

@DiscriminatorValue("L")

public class LargeProject extends ItProject{
private String largeFeature;

@Entity

@DiscriminatorValue("S")

public class SmallProject extends ItProject{
private String smallFeature;
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Entity Inheritance: Inheritance Type.JOINED

@Entity
@Inheritance(strategy = InheritanceType.JOINED)
public abstract class Vehicle {

@Id

private long id;

private String common;

@Entity
public class Car extends Vehicle {
private String carFeature;

@Entity
public class Plane extends Vehicle {
private String carFeature;
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Mapped Superclasses

QHTUTK MOryT ObITb HAaCNeAOBaHHbI OT CynepKknacca KOTOPbI cam npy 3TOM He
ABMSETbCA SHTUTU, HO COAEPXUT MHAOPMALMIO O MarnMHre 1 NepcucTaHce.

@MappedSuperclass
public class Employee {

@ld

protected Integer employeeld

@Entity
public class FullTimeEmployee extends Employee {
protected Integer salary

@Entity
public class PartTimeEmployee extends Employee {
protected Float hourlyWage
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Java Persistence Query Language

Java Persistence Query Language (JPQL) — nnatopmo-He3aBucuMblil 00 LEKTHO-
OPUEHTMPOBAHHLIN A3bIK 3aMPOCOB ABNALLMACA YacTblo Java Persistence
API cneundukauum.

SELECT a FROM Author a ORDER BY a.firstName, a.lastName

SELECT DISTINCT a FROM Author a INNER JOIN a.books b WHERE b.publisher.name =
'XYZ Press'

OuHamuyeckum 3anpoc:
Query 1 TypedQuery (JPA 2.0)
public List<Author> getAuthorsByLastName(String lastName) {

String queryString = "SELECT a FROM Author a " + "WHERE :lastName IS NULL OR
LOWER(a.lastName) = :lastName";

Query query = getEntityManager().createQuery(queryString);
query.setParameter("lastName", StringUtils.lowerCase(lastName));

return query.getResultList();

}
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@NamedQuery and @NamedQueries

VIMEHOBaHHbIE 3alfpocChbl ABNATLECA CTATUHECKUMMU.

@Entity
@NamedQuery(name="Country.findAll", query="SELECT ¢ FROM Country c")

public class Country { ...}

@Entity
@NamedQueries({

@NamedQuery(name="Country.findAll", query="SELECT ¢ FROM Country c"),
@NamedQuery(name="Country.findByName", query="SELECT ¢ FROM Country ¢
WHERE c.name = :name"), })

public class Country {

TypedQuery<Country> query = em.createNamedQuery("Country.findAll", Country.class);
List<Country> results = query.getResultList();
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JPA Criteria Query

Ecnu JPQL queries onpeaensoTecs B BUAe CTpoku, aHanornyHo SQL, To JPA criteria
queries no3sonsaT hopmMmUpoBaThL 3anpoc B Buae Java knaccos

3anpoc Buaa:
SELECT ¢ FROM Country ¢

MoxHO npeacTaBuUTb:

CriteriaBuilder cb = em.getCriteriaBuilder();
CriteriaQuery<Country> g = cb.createQuery(Country.class);
Root<Country> ¢ = g.from(Country.class);

g.select(c);

BbinonHutb:
TypedQuery<Country> query = em.createQuery(q);
List<Country> results = query.getResultList();
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Entity Locking and Concurrency

optimistic locking

@Version
protected int version;

javax.persistence.OptimisticLockException
pessimistic locking
EntityManager em = ...;

Person person = ..,;
em.lock(person, LockModeType. PESSIMISTIC_WRITE);

.-EI:.-SyStemsn.-.--------------..-----------.--

33



