J ava Data Objects

(JSR- 12)

Orthogonal Persistence

Architecture

Features

Status

Julius Hrivnac

September’01

There is a life out there in the OODB world, it can do a lot of work for us and we shouldn’t ignore it..

� In the Java Note (year ago), we wrote that persistency is not resolved in Java. It is no more true. Java now offers persistency APIs superior to those of C++ (JDO, JDBS, jSQL, RootIO- Java, Objy- Java, Oracle- Java). Also Java 1.4 (Merlin) delivers significant improvement in Java IO speed.

� We are doing a lot of useless work, there are products which do it much better than we can ever do.

� This talk only touches the basic features of JDO.

Main Requirements / Features

Transparent persistence (= Transient- Peristent separation) No need for new language to describe persistency Portability (platform independence) Range of implementations (no lock in one DB vendor) Persistency for 3rd party objects Data store technology independence:

OODB RDB HDB Files

Transparent Persistence

public class Hit {
  public Hit(double x,
             double y,
             double z) {
    m_x = x;
    m_y = y;
    m_z = z;
    }
  public double x() {
    return m_x;
    }
  public double y() {
    return m_y;
    }
  public double z() {
    return m_z;
    }
  private double m_x = 0;
  private double m_y = 0;
  private double m_z = 0;
  }

                                                     public class Hit {
                                                       public Hit(double x,
                                                                  double y,
                                                                  double z) {
                                                         m_x = x;
                                                         m_y = y;
                                                         m_z = z;
                                                         }
                                                       public double x() {
                                                         return m_x;
                                                         }
                                                       public double y() {
                                                         return m_y;
                                                         }
                                                       public double z() {
                                                         return m_z;
                                                         }
                                                       private double m_x = 0;
                                                       private double m_y = 0;
                                                       private double m_z = 0;
                                                       }

Transient class

Persistent class

No additional code is required to make a class persistent..

Class Enhancer

MyClass.java

MyClass.class

MyClass.class (enhanced)

Persistence Descriptor (xml)

DB Schema O/R map compiler

O/R Mapping DB JVM enhancer

loader

Enhancer can be part of compiler or loader too.

All enhancers create compatible enhanced classes - so they can be mixed.

� This is the most easy (reference) implementation, but class can be enghanced at any stage:source postprocessing, while compiling, while loading,...

Orthogonal Persistence

PersistenceManagerFactory factory = new FactoryOfMyDB();
factory.setConnectionURL("mydb:/mydata"); // DB specific
PersistenceManager manager = factory.getPersistenceManager();
Transaction transaction = manager.currentTransaction();
transaction.begin();
Track track = new Track(blabla);
manager.makePersistent(track);
transaction.commit();
manager.close();

                  Track doesn’t know anything about persistency,

still it can become persistent..

TypeSystem

Versioning

Persistence

Any class can be made persistent this way. There are no restrictions.

� Class can be made persistent, if it is completely defined by its fields. So, for example, classes with native interface, Threads, Sockets or Files can’t be made persistent.

� Strictly speaking, JDO doesn’t

implement exact Orthogonal Persistency, but the differentces are minor and irrelevent for us.

� Orthogonal versioning implements Class evolotion (Scheme evolution), it uses similar architecture as Orthogonal persistence, but it is not much developed.

Persistence Capable

PersistenceCapable void jdoIsPersistent(); void jdoIsNew(); void jdoIsDeleted(); void jdoIsTransactional(); void jdoIsDirty(); void jdoMakeDirty(); PersistenceManager jdoGetPersistenceManager(); Object getObjectId();

Track Track

Enhancer

Track may implement
PersistentCapable interface

directly.

� Enhancer change normal class into PersistenceCapable class, but user can do it herself.

� Source (.java) doesn’t know about persistency, run- time does know it.

Helper

PersistenceCapable void jdoIsPersistent(); void jdoIsNew(); void jdoIsDeleted(); void jdoIsTransactional(); void jdoIsDirty(); void jdoMakeDirty(); PersistenceManager jdoGetPersistenceManager(); Object getObjectId();

Track Track

Enhancer

Static, works for all objects (even non PersistentCapable).

JDOHelper void jdoIsPersistent(Object o); void jdoIsNew(Object o); void jdoIsDeleted(Object o); void jdoIsTransactional(Object o); void jdoIsDirty(Object o); void jdoMakeDirty(Object o); PersistenceManager jdoGetPersistenceManager(Object o); Object getObjectId(Object o);

� Helper is the prefered way of interaction with JDO.

Callback

Track Track

PersistenceCapable void jdoIsPersistent(); void jdoIsNew(); void jdoIsDeleted(); void jdoIsTransactional(); void jdoIsDirty(); void jdoMakeDirty(); PersistenceManager jdoGetPersistenceManager(); Object getObjectId();

Enhancer

InstanceCallbacks void jdoPostLoad(); void jdoPreStore(); void jdoPreClear(); void jdoPreDelete();

Object versioning (Schema evolution) can be placed here.

� Used for extending persistency

mechanism. � Direct implementation can be usefull for example to generate common OID.

Objects

Classes can be:

Persistece- capable (enhanced, can have transient or peristent instances) Transient (can’t be persistent, system classes like Thread, classes with native components,...)

Persistence- aware (enhanced, can’t be persistent, but can access public data of persistent classes) Objects can become persistent as:

First Class object (persistent by itself, it has its OID) Second Class object (persistent due to its relationship to some First Class object, it doesn’t have its OID, like StoreGate contained object) Fields can be:

Persistent (managed by JDO) Transactional non- persistent (partly manged by JDO) Non- transactional non- persistent (managed by application)

Java Virtual Machine

Object Model

Transient objects

Persistent objects

Instantiated Persistent Objects

DB virtual objects

Mapping

Java Virtual Machine

Run- time

Application

Persistent Manager

Persistent Manager

DB

DB

Transient Instance

Transient Instance

Transient Instance

JDO Instance JDO Instance

JDO Instance

JDO Instance

Query

Query

Transaction

Transaction

� Objects can be in different databases as all Enhancers should create compatible code.

� Database can be local or distributed (via application server).

Persistence by Reachability

a:A b c b:B d

c:C b d d:D

A a = db.lookup(key);
B b = a.b();
C c = a.c();
D d = c.d();

All objects referenced by persistent objects will also become persistent.

Objects are loaded implicitely (lazily) when fields are accessed or by demand.

Modified objects are implicitely updated in the database.

Unreachable objects are removed from the database by a garbage collector.

� Common concept for Java Databases. � b should be First Class object, otherwise it can’t be shared between a and c. Otherwise, one would have two copies of b. This is similar to StoreGate problems.

   Persistent

Transient

Writable

Readable

Object Life- Cycle

persistent-clean

transientnontransactional

transient- dirty persistent- new transient- clean

transient- dirty

transient hollow

transientnew- deleted persistent-deleted

� It helps to understand and manage object’ lifecycle.

� Transitions correspond to jdo methods.

Identity

Comparing objects by:

Identity (a == b) Equality (a.equals(b)) JDO identity (a.jdoGetObjectId().equals(b.getObjectId()), defined by OID, managed by:

application (insures uniqueness between data stores) database (independent on the instance value) JDO (quarantees uniqueness in JVM, but not in the data store)

� Identity and Equality are standard Java concepts.

Transactions

Transaction boolean isActive(); void begin(); void commit(); void rollback();

TransactionFactory Transaction currentTransaction();

PersistenceManager Data Store Transactions

Optimistic Transactions - operations are performed imemdiately using local store; during flush, consistency is verified

Extent

ExtentFactory Collection getExtent(Class pc, boolean subclasses);

PersistenceManager

Extent Iterator iterator(); boolean hasSubclasses(); Class getCandidateClass();

� Allows searching using object types. � Similar concept exists in StoreGate.

Queries

QueryFactory Query newQuery();

PersistenceManager

Query query = manager.newQuery();
query.declareVariables("Event event")
query.declareParameters("double ptMax");
query.setFilter("event.pt() > ptMax");
query.compile();
Collection result = query.execute(new Double(5));

Query

Java queries are internaly translated into native DB queries (SQL for RDBS).

� Queries are expressed in Java itself (not in additional language like SQL), but they have "set" semantics.

� Native DB queries for RDBS are efficient.

� Extent is used.

EJB (Enterprise Java Beans) JDO is the main storage interface for EJB:

The importance of the EJB Architecture will insure implementation of JDO EJB Achitecture is interesting by itself:

Entity Bean == DataObject Session Bean == Algorithm Grid- like

� Worth to look at.

Status

Java Comunity Process Open Standard JSR- 12:

Approved: July’99 Public review of specification done: July’00 1.0 Proposed Final Draft (ver. 0.95) Reference Implementation: Eoy’01 Compatibility Test Suite: Eoy’01 Expert Group:

Excelon, Informix, Libelis, Oracle, Poet, Sun, Versant, Forte, IBM, Objectivity, Rational, Secant,...

ODMG standard for Java persistency. Specification Leader:

Craig Russel (ODMG Chairman)

� Already now more developed than whatever we could ever develop.

Implementations

Product (Vendor) Supported Databases Status Licence Version

Reference (JSR) Files 50%Sun(Free, Free Source) Beta 1.0 SQL (JDBC) 5% Judo (Versant) Versant 70% 0.5.0 OpenFusion (PrismTech) Oracle 80% Beta 1.0 Sybase 80% Informix 70% IBM DB2 5% MS SQL Server 5% Kodo (TechTrader) Oracle 70% Beta 2.1.2 MS SQL Server 5% InstantDB 5% PostgreSQL 5% MySQL 5% FastObjects (Poet) Poet 50% Sparrow (SourceForge) SQL 10%GPL Pre-Alpha Orient (OrientTechnologies) Orient 5% 2.0 Castor (Exolab) PostgreSQL 95%Open Source 0.9.3 MySQL 95% Interbase 5% InstantDB 5% Hypersonic SQL 5% Diamond (Gemstone) Gemstone 5% Alpha LiDO (LIBeLIS) Versant 5%Open Source 1.0.0 ... ... ... ...

asof23Aug’01

� My subjective view. � New implementations / versions are comming very quickly.

� Castor is not 100% compatible.

Summary

JDO is an OO interface between an application and a database (OO or R), it isn’t the database itself JDO uses up- to- date technology JDO satisfies requirements on Persistent- Transient separation (more cleanly than any other existing implementation) JDO is well supported JDO doesn’t suffer from C++ problems JDO scalability comes directly from the interfaced DB scalability

Conclusion

JDO is the standard technology for interfacing OODB in Java:

we should concider it when defining our Multi- Language strategy JDO uses very similar technology to Athena (Transient- Persistent Separation, StoreGate):

so our Architecture is not silly should we realy do it ourselves ?

JDO has real modern OODB architecture:

we should learn from it even when we don’t use it directly

http://access1.sun.com/jdo