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Chapter X

Writing Bean-Managed Persistent Entity Beans

In this chapter, we'll demonstrate how to program bean-managed persistent entity beans, the first of two flavors of entity beans.  When you code these types of entity beans, you must provide your own data access logic.  You are responsible for providing the implementation to map your entity bean instances to and from storage.  To do this, you'd typically use a database API such as JDBC or SQL/J.  This is in stark contrast to container-managed persistent entity beans, which have their data access handled for them by the EJB container.  This chapter will teach you the basics of bean-managed persistence and show you how to build a simple bean-managed entity bean using JDBC.

Entity bean coding basics

To write an entity bean class, you write a Java class that implements the javax.ejb.EntityBean interface.  This interface defines a number of required methods that your entity bean class must implement.  Most of these methods are management methods that are called by your EJB container.  The following code details javax.ejb.EntityBean, as well as its parent, javax.ejb.EnterpriseBean (exceptions are omitted):

public interface javax.ejb.EnterpriseBean implements java.io.Serializable {

} 

Source X.X The javax.ejb.EnterpriseBean interface.

public interface javax.ejb.EntityBean

 implements javax.ejb.EnterpriseBean {

    public void setEntityContext(javax.ejb.EntityContext);

    public void unsetEntityContext();

    public void ejbRemove();

    public void ejbActivate();

    public void ejbPassivate();

    public void ejbLoad();

    public void ejbStore();

}

Source X.X The javax.ejb.EntityBean interface

The javax.ejb.EnterpriseBean interface defines no methods (it is simply a marker interface).  The javax.ejb.EntityBean interface defines callback methods that your bean must implement.  The container will call these methods whenever it wishes.

All entity bean classes—both bean-managed persistent and container-managed persistent—must implement the javax.ejb.EntityBean interface.  This interface defines callback methods that the container invokes on your beans.  There are additional methods you also may define, such as methods to create and find your entity beans.

Table 8.1 is a summary of what you should implement in each method in your entity bean, assuming your entity bean's persistence is bean-managed.  Take a quick glance at the chart for now.  You should refer back to the chart when reading through the code in this chapter or when programming your own entity bean classes.  The order of methods listed very roughly models the flow of control of an entity bean instance's life cycle that we saw at the end of Chapter X.

Table 8.1 Descriptions and Implementation Guidelines for Bean-Managed Persistent Entities

	Method
	Explanation
	Typical implementation

	setEntityContext()
	If the container wants to increase its pool size of bean instances, it will instantiate a new entity bean instance.  Following this, the container calls the instance's setEntityContext().  This method associates a bean with context information—information about the bean's environment.  Once this method is called, the bean can access information about its environment.
	Stick the entity context somewhere, such as in a member variable.  You can then access the context later to acquire environment information, such as security information, from the container.

You should also request any resources your instance will need regardless of what data the bean represents.

The bean is now in a pool, does not have any specific database data inside of it, and is not bound to any particular EJB object.

	ejbFind<…>(<…>)

(also called finder methods)
	While your bean instance is still in the pool, the container can use your bean to service a finder method.  Finder methods locate one or more existing entity bean data instances in the underlying persistent store.  You must define at least one finder method—ejbFindByPrimaryKey(). 
	Search through a data store using a storage API such as JDBC or SQL/J.  For example, you might perform a relational query such as "SELECT id FROM accounts WHERE balance > 0."

When you've found some data, you should return the primary keys for that data back to the container by creating one or more primary key Java object instances.  The container will then create EJB objects for the client to invoke on and possibly associate some entity bean instances with those EJB objects.

Those entity bean instances are then no longer in the pool—they now have specific database data inside of them, and they are bound to particular EJB objects.

	ejbHome<...>(<...>)
	Sometimes you need methods on an entity bean that are not specific to any given data instance (or row).  For example, counting up the total number of accounts in a table. You can write home methods to perform these operations.  The home methods are special business methods because they are called from a bean in the pool, before the bean is associated with any specific data.  Clients call home methods from the home interface or local home interface.
	Perform your 'global' operations, such as counting up the rows in a database via JDBC, and return the result to the client.

	ejbCreate(<…>)

Note: You do not need to write any ejbCreate() methods if you don't want EJB clients to be able to create new database data.  Instead, you could mandate that all data is created through other means, such as via direct database inserts or through batch files.
	When a client calls create() on a home object, the container then calls ejbCreate() on a pooled bean instance.  ejbCreate() methods are responsible for creating new database data and for initializing your bean.  Each ejbCreate() method you define gives clients a different way to create your entity beans, such as methods to create a checking account and a savings account.
	Make sure the client's initialization parameters are valid.  Explicitly create the database representation of the data via a storage API such as JDBC or SQL/J, typically through a SQL INSERT.  Then return a primary key to the container, so that the container can identify which data your instance represents.

Your entity bean instance is then no longer in the pool—it now has specific database data inside of it.  The container will bind your instance to a particular EJB objects.

	ejbPostCreate(<…>)
	Your bean class must define one ejbPostCreate() for each ejbCreate().  Each pair must accept the same parameters.  The container calls ejbPostCreate() right after ejbCreate().
	The container calls ejbPostCreate() after it has associated your bean instance with an EJB object. You can now complete your initialization, by doing anything you need to that requires that EJB object, such as passing your bean's EJB object reference to other beans.

You might also use this method to reset certain transaction-related parameters—for example, you could keep a data status flag in the bean to indicate whether a field has been changed. Because the bean instance may have been used before, these fields might have dirty data.

	ejbActivate()
	When a client calls a business method on an EJB object but there is no entity bean instance bound to the EJB object, the container needs to take a bean from the pool and transition it into a ready state.  This is called activation.  Upon activation, the ejbActivate() method is called by the EJB container.

Note: ejbActivate() is never called during a transaction.
	Acquire any bean-specific resources, such as socket connections, that your bean needs to service a particular client when it's moved into the ready state.

Note that you should not read the entity bean data from the database in this method.  That is handled by a separate method, ejbLoad(), which is called right after ejbActivate().

	ejbLoad()
	The EJB container calls this to load database data into your bean instance (typically a SQL SELECT), based on the current transactional state.
	First, your bean instance must figure out what data it should load.  Call the getPrimaryKey() method on the entity context; that will tell your bean what data it should be loading. Next, read database data into your bean via a storage API such as JDBC or SQL/J.

	ejbStore()


	The EJB container calls this to update the database to the new values of your in-memory fields, thus synchronizing the database.  The current transactional state dictates when this method is called. Also, this method is called during passivation, directly before ejbPassivate().
	Explicitly update the database representation of the data via a storage API such as JDBC.  Typically, you'll write a number of your member variable's fields out to disk through a SQL UPDATE.

	ejbPassivate()
	The EJB container will call this method when it wants to return your entity bean to the pool.  This is called passivation and is the opposite of activation. On passivation, the ejbPassivate() method is called by the EJB container.

Note: ejbPassivate() is never called during a transaction.
	Release any resources, such as socket connections, that you allocated in ejbActivate() and that your Bean was holding during the ready state for a particular client. 

You should not save the entity bean data into the database in this method.  That is handled by a separate method, ejbStore(), which is called right before ejbPassivate().

	ejbRemove()
	Destroys database data.  It is not used to destroy the Java object; the object can be pooled and reused for different data.
	First, figure out what data you should be destroying via getPrimaryKey() on the EntityContext.  Then explicitly delete the database representation of the data via a storage API such as JDBC, typically through a SQL DELETE.

	unsetEntityContext()
	This method disassociates a Bean from its environment.  The container calls this right before your entity bean instance is destroyed (when it wants to reduce the pool size).
	Release any resources you allocated during setEntityContext(), and get ready to be garbage collected.


Finding Existing Entity Beans: ejbFind()
Notice from Table 8.1 that we have methods labeled ejbFind().  Finder methods are used to find an existing entity bean in storage.  Finder methods do not create any new database data—they simply load some old entity bean data.

Note

You only define ejbFind() methods when you use bean-managed persistence.  With container-managed persistence, these method implementations are generated for you.

You can have many different finder methods, which all perform different operations.  Here are some examples:

/**

 * Finds the unique bank account indexed by primary key key

 */

public AccountPK ejbFindByPrimaryKey(AccountPK key) { ... }

/**

 * Finds all the product entity beans.  Returns a Collection

 * of primary keys.

 */

public Collection ejbFindAllProducts() { ... }

/**

 * Finds all Bank Accounts that have at least a minimum balance.

 * Returns a Collection of primary keys.

 */

public Collection ejbFindBigAccounts(int minimum) { ... }

/**

 * Finds the most recently placed order

 */

public OrderPK ejbFindMostRecentOrder() { ... }

Here are some of the rules about finder methods:

All finder methods must begin with "ejbFind."  This is simply a syntactic rule.

You must have at least one finder method, called ejbFindByPrimaryKey.  This method finds one unique entity bean instance in the database based on its unique primary key. Because every entity bean has an associated primary key, it makes sense that every entity bean class supports this method.

You can have many different finder methods, with different names and different parameters to each method.  This allows you to find using different semantics, as illustrated by the examples above.

A finder method must return either the primary key for the entity bean it finds or a collection of primary keys if it finds more than one. Because you could find more than one data instance in the database, finder methods can return collections of primary keys.

As with ejbCreate(), clients do not invoke your finder methods on the bean instance itself.  A finder method is just like any other method on your entity bean class—clients never directly call any of your bean's methods.  Rather, clients invoke finder methods on home objects, implemented by the EJB container, that delegate to your bean. Therefore, for each finder method you define in your bean class, you must define a corresponding finder in the home interface.  Clients call your home object's finder methods, which delegate to your bean's finders.

For example, given the following finder method in the home interface:

public Account findBigAccounts(int minimum);

Here is the finder implementation in your bean class (notice the "ejb" prefix):

public AccountPK ejbFindBigAccounts(int minimum) { ... }

As with ejbCreate(), there are a couple of differences between the home signature and the bean class signature:

· The entity bean instance returns a primary key to the container, whereas the home object returns an EJB object to the client.

· The bean class signature is the same as the home signature, except there is an extra mandatory "ejb" prefix, and the word "Find" is capitalized.

These signature differences between the home and bean are valid because the bean does not implement the home interface.  Rather, the home object delegates to the bean, so there is no need for strict signature matching.

Another interesting aspect of finders is that they can return collections.  After all, your database search may turn up more than one result, and therefore more than one entity bean.  Here is the home interface signature:

public Collection findAllProducts();

And here is the bean implementation signature:

public Collection ejbFindAllProducts() { ... }

The finder process works as follows:

· When the client invokes the home object's finder, the home object asks a bean to find all primary keys matching the client's criteria.  The bean then returns a collection of those primary keys to the container.

· When the container receives the collection of keys from the entity bean instance, it creates a collection of EJB objects, one for each primary key, and returns those EJB objects in its own collection to the client.  The client can then invoke methods on the EJB objects—each EJB object represents its own instance of data within the entity bean's database storage.

Bean-Managed Persistence Example: A Bank Account

Our first example will be a simple bank account entity bean.  This bank account bean can be used to represent and manipulate real bank account data in an underlying relational database.

The object model for our bank account is detailed in Figure X.X.
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Figure X.X The bank account object model.

Notice that we're developing both local and remote interfaces.  When this bean is used in production, the local interfaces will be used, because this entity bean will be accessed by other beans that run in-process.  However, for testing purposes, we will connect to this bean from a standalone application, and thus need to use its remote interface.  This is a common issue with EJB programming--to test beans on an individual basis in this manner, you need to code its remote interface even though you only plant to use the local interface in production.  See Chapter X for more details on this approach.

Now let's take a look at each of the files that we must create for our entity bean component.

Account.java

Account.java is our entity bean's remote interface—what remote clients use to call our bean's methods.  It's shown in Source X.X.

package examples;

import javax.ejb.*;

import java.rmi.RemoteException;

/**

 * This is the remote interface for AccountBean.

 *

 * This interface is what clients operate on when they interact with

 * beans. The container will implement this interface; the

 * implemented object is called the EJB object, which delegates

 * invocations to the actual bean.

 */

public interface Account extends EJBObject {


/**


 * Deposits amt into account.


 */


public void deposit(double amt) throws AccountException, RemoteException;


/**


 * Withdraws amt from bank account.


 * @throw AccountException thrown in amt < available balance


 */


public void withdraw(double amt) throws AccountException, RemoteException;


// Getter/setter methods on Entity Bean fields


public double getBalance() throws RemoteException;


public String getOwnerName() throws RemoteException;


public void setOwnerName(String name) throws RemoteException;


public String getAccountID() throws RemoteException;


public void setAccountID(String id) throws RemoteException;

}

Source X.X Account.java.

Notice that the account remote interface extends javax.ejb.EJBObject, which all remote interfaces must do.  Our interface exposes a number of methods for manipulating entity beans, such as for making deposits and withdrawals.  All of our methods throw remote exceptions to facilitate system-level catastrophic failures.  Notice that in our withdrawal method, we also throw our own custom application-level exception, AccountException.  We'll define that exception bit later.

AccountLocal.java

AccountLocal.java is our entity bean's local interface—what local clients use to call our beans' methods.  It's shown in Source X.X.

package examples;

import javax.ejb.*;

/**

 * This is the local interface for AccountBean.

 *

 * This interface is what clients operate on when they interact with

 * beans. The container will implement this interface; the

 * implemented object is called the local object, which delegates

 * invocations to the actual bean.

 */

public interface AccountLocal extends EJBLocalObject {


/**


 * Deposits amt into account.


 */


public void deposit(double amt) throws AccountException;


/**


 * Withdraws amt from bank account.


 * @throw AccountException thrown in amt < available balance


 */


public void withdraw(double amt) throws AccountException;


// Getter/setter methods on Entity Bean fields


public double getBalance();


public String getOwnerName();


public void setOwnerName(String name);


public String getAccountID();


public void setAccountID(String id);

}

Source X.X AccountLocal.java.

The differences between the remote interface and local interface are:

· The local interface extends EJBLocalObject rather than EJBObject.  The EJBLocalObject interface does not extend java.rmi.Remote.  This means that the generated implementation will not be a remotable object.

· The local interface does not throw RemoteExceptions
AccountHome.java

Our home interface is specified by AccountHome.java, shown in Source X.X.

package examples;

import javax.ejb.*;

import java.util.Collection;

import java.rmi.RemoteException;

/**

 * This is the  home interface for Account.  This

 * interface is implemented by the EJB container's tools - the

 * implemented object is called the home object, which

 * is a factory for EJB objects.

 */

public interface AccountHome extends EJBHome {

   /**

    * We define a single create() method is in this home interface,

    * which corresponds to the ejbCreate() method in AccountBean.

    * This method creates the local EJB object.

    *

    * Notice that the local home interface returns a local interface,

    * whereas the bean returns a PK.

    *

    * Notice we don't throw RemoteExceptions because we are local.

    *

    * @param accountID The number of the account (unique)

    * @param ownerName The name of the person who owns the account

    * @return The newly created local object.

    */

   Account create(String accountID, String ownerName) throws CreateException, RemoteException;

   /**

    * Finds a Account by its primary Key (Account ID)

    */

   public Account findByPrimaryKey(AccountPK key) throws FinderException, RemoteException;

   /**

    * Finds a Account by its owner name (assume there is only 1)

    */

   public Collection findByOwnerName(String name) throws FinderException, RemoteException;

   /**

    * This home business method is independent of any particular

    * account.  It returns the total of all accounts in the bank.

    */

   public double getTotalBankValue() throws AccountException, RemoteException;

}

Source X.X AccountHome.java.

We provide one method to create a new account.  This will create new database data representing a bank account.  It returns an EJB object to the client so that the client can manipulate that newly created account.  Notice that we throw the application-level javax.ejb.CreateException, which all create() methods must throw.

We also have two finder methods.  findByPrimaryKey() searches the database for a bank account that already exists; it searches by the account ID, which we will define below in AccountPK.java.  We also have a custom finder method, findByOwnerName(), which searches the database for all bank accounts that have the same owner's name. Because we're using bean-managed persistence, we'll need to implement both of these finder methods in our entity bean implementation (if we were using container-managed persistence, the container would search the database for us).  As with our create method, both finders return EJB objects so that the client can manipulate the newly found bank accounts.  We throw the application-level javax.ejb.FinderException, which all finders must throw.

Finally, we have a business method, getTotalBankValue().  This business method is an operation applied to the entire table, rather than an individual row.  Thus this is a 'global' method which is independent of any particular entity bean instance.  This business method will be implemented in the bean class as an ejbHome() method, as described earlier in Table X.X.

AccountLocalHome.java

Our local home interface, the higher performing home interface used by local clients, is specified by AccountLocalHome.java, shown in Source X.X.

package examples;

import javax.ejb.*;

import java.util.Collection;

/**

 * This is the local home interface for Account.  This

 * interface is implemented by the EJB container's tools - the

 * implemented object is called the local home object, which

 * is a factory for local EJB objects.

 */

public interface AccountLocalHome extends EJBLocalHome {

   /**

    * We define a single create() method is in this home interface,

    * which corresponds to the ejbCreate() method in AccountBean.

    * This method creates the local EJB object.

    *

    * Notice that the local home interface returns a

    * local interface, whereas the bean returns a PK.

    *

    * Notice we don't throw RemoteExceptions because we are

    * local not remote.

    *

    * @param accountID The number of the account (unique)

    * @param ownerName The name of the person who owns the account

    * @return The newly created local object.

    */

   AccountLocal create(String accountID, String ownerName) throws CreateException;

   /**

    * Finds a Account by its primary Key (Account ID)

    */

   public AccountLocal findByPrimaryKey(AccountPK key) throws FinderException;

   /**

    * Finds a Account by its owner's name (assume there is only 1)

    */

   public Collection findByOwnerName(String name) throws FinderException;

   /**

    * This home business method is independent of any particular

    * account instance.  It returns the total of all the bank

    * accounts in the bank.

    */

   public double getTotalBankValue() throws AccountException;

}

Source X.X AccountLocalHome.java.

As you can see, there are trivial differences between the local home interface and the home interface.

AccountPK.java

Our entity bean's primary key class is defined by AccountPK.java, detailed in Source X.X.

package examples;

import java.io.Serializable;

/**

 * Primary Key class for Account.

 */

public class AccountPK implements java.io.Serializable {

  public String accountID;

  public AccountPK(String id) {


this.accountID = id;

  }

  public AccountPK() {

  }

  public String toString() {


return accountID;

  }

  public int hashCode() {

  
return accountID.hashCode();

  }

  public boolean equals(Object account) {

  
return ((AccountPK)account).accountID.equals(accountID);

  }  

}

Source X.X AccountPK.java.

Notice the following about Source X.X:

· Our primary key contains a simple String—the account ID string.  For example, an account ID string could be "ABC-123-0000."  This string must be unique to its bank account—we rely on the client code that constructs our account ID to make sure it's unique.  The primary key is used to identify each bank account uniquely.  More advanced entity beans that map to more than one table may have primary key classes that have several fields inside of it, each representing the primary key of a table in the database.

· There is a required toString() method.  This container will call this method to retrieve a String value of this primary key.  For simple primary keys, we just return the stored field.  For more advanced primary keys, we need to somehow combine the various fields in the primary key class to form a String.

· There is a required hashCode() method.  By supplying this method, our primary key class can be stored in a Hashtable.  The container needs this because inside of the container it may use a Hashtable or similar structure to store a list of all entity beans it has in memory, keyed on their primary keys.

· There is a required equals() method.  The container will use this to compare this primary key to others when determining internally if two entity beans are representing the same database data.

AccountBean.java

Next, we have our entity bean implementation class, AccountBean.java.  Our bean implementation code is quite lengthy, and it is divided into several sections: 

Bean-managed state fields.  These are the persistable fields of our entity bean class.  Our bean instance will load and store the database data into these fields.

Business logic methods.  These methods perform services for clients, such as withdrawing or depositing into an account.  They are exposed by the remote interface, Account.

EJB-required methods.  These are EJB-required methods that the container will call to manage our bean.  They also include our creator and finder methods defined in the home interface.

The code is presented in Source X.X through Source X.X.  We have to divide the code up into 3 parts because the code is extremely cumbersome—just for a simple bank account.  This is an unfortunate drawback of bean-managed persistence because you must provide all data access code.

package examples;

import java.sql.*;

import javax.naming.*;

import javax.ejb.*;

import java.util.*;

import java.rmi.RemoteException;

/**

 * Demonstration Bean-Managed Persistent Entity Bean.

 * This Entity Bean represents a Bank Account.

 */

public class AccountBean implements EntityBean {


protected EntityContext ctx;


//


// Bean-managed state fields


//


private String accountID;
// PK


private String ownerName;


private double balance;


public AccountBean() {



System.out.println("New Bank Account Entity Bean Java Object created by EJB Container.");


}


... methods continue ...

Source X.X AccountBean.java (Part 1 of 3).

The first part of our bean is straightforward.  We have our bean's fields (one of which is the primary key field), and a default constructor.  We keep an EntityContext around so that we can query the container from our bean as necessary (however, the EntityContext is not a persistent field).

The next part of our bean is the business logic methods, shown in Source X.X.


... continued ...


//


// Business Logic Methods


//


/**


 * Deposits amt into account.


 */


public void deposit(double amt) throws AccountException {



System.out.println("deposit(" + amt + ") called.");



balance += amt;


}


/**


 * Withdraws amt from bank account.


 * @throw AccountException thrown in amt < available balance


 */


public void withdraw(double amt) throws AccountException {



System.out.println("withdraw(" + amt + ") called.");



if (amt > balance) {




throw new AccountException("Your balance is " + balance + "!  You cannot withdraw " + amt + "!");



}



balance -= amt;


}


// Getter/setter methods on Entity Bean fields


public double getBalance() {



System.out.println("getBalance() called.");



return balance;


}


public void setOwnerName(String name) {



System.out.println("setOwnerName() called.");



ownerName = name;


}


public String getOwnerName() {



System.out.println("getOwnerName() called.");



return ownerName;


}


public String getAccountID() {



System.out.println("getAccountID() called.");



return accountID;


}


public void setAccountID(String id) {



System.out.println("setAccountID() called.");



this.accountID = id;


}


/**


 * This home business method is independent of any


 * particular account instance.  It returns the total


 * of all the bank accounts in the bank.


 */


public double ejbHomeGetTotalBankValue() throws AccountException {



PreparedStatement pstmt = null;



Connection conn = null;



try {




System.out.println("ejbHomeGetTotalBankValue()");




/*




 * Acquire DB connection




 */




conn = getConnection();




/*




 * Get the total of all accounts




 */




pstmt = conn.prepareStatement("select sum(balance) as total from accounts");




ResultSet rs = pstmt.executeQuery();




/*




 * Return the sum




 */




if (rs.next()) {





return rs.getDouble("total");




}



}



catch (Exception e) {



  e.printStackTrace();



  throw new AccountException(e);



}



finally {




/*




 * Release DB Connection for other beans




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}



throw new AccountException("Error!");


}


/**


 * Gets JDBC connection from the connection pool.


 *


 * @return The JDBC connection


 */


public Connection getConnection() throws Exception {



try {




Context ctx = new InitialContext();




javax.sql.DataSource ds = (javax.sql.DataSource) ctx.lookup("java:comp/env/jdbc/ejbPool");




return ds.getConnection();



}



catch (Exception e) {




System.err.println("Could not locate datasource!  Reason:");




e.printStackTrace();




throw e;



}


}

}

Source X.X AccountBean.java (Part 2 of 3).

Our withdraw and deposit methods simply modify the in-memory fields of the entity bean instance.  If the client tries to withdraw from a negative account, we throw our custom application-level exception, AccountException.

The ejbHome() business method implementation adds up the total of all bank account balances in the database.  It retrieves a JDBC connection via the getConnection() helper method.  In that getConnection() method we lookup the database connection via JNDI, as we described fully in Chapter X.

Notice also that we close each connection after every method call.  This allows our EJB container to pool JDBC connections.  When the connection is not in use, another bean can use our connection.  This is the standard, portable way for connection pooling.  The connection pooling is built-into the JDBC 2.0 specification, and happens automatically behind the scenes.

The final part of our bean is the various EJB callback methods, shown in Source X.X.


... continued ...


//


// EJB-required methods


//


/**


 * Called by Container.  Implementation can acquire


 * needed resources.


 */


public void ejbActivate() {



System.out.println("ejbActivate() called.");


}


/**


 * Removes entity bean data from the database.


 * Corresponds to when client calls home.remove().


 */


public void ejbRemove() {



System.out.println("ejbRemove() called.");



/*



 * Remember that an entity bean class can be used to



 * represent different data instances.  So how does



 * this method know which instance in the database



 * to delete?



 *



 * The answer is to query the container by calling



 * the entity context object.  By retrieving the



 * primary key from the entity context, we know



 * which data instance, keyed by the PK, that we



 * should delete from the DB.



 */



AccountPK pk = (AccountPK) ctx.getPrimaryKey();



String id = pk.accountID;



PreparedStatement pstmt = null;



Connection conn = null;



try {




/*




 * 1) Acquire a new JDBC Connection




 */




conn = getConnection();




/*




 * 2) Remove account from the DB




 */




pstmt = conn.prepareStatement("delete from accounts where id = ?");




pstmt.setString(1, id);




/*




 * 3) Throw a system-level exception if something




 * bad happened.




 */




if (pstmt.executeUpdate() == 0) {





throw new RemoteException("Account " + pk + " failed to be removed from the database");




}



}



catch (Exception ex) {




throw new EJBException(ex.toString());



}



finally {




/*




 * 4) Release the DB Connection




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}


}


/**


 * Called by Container.  Releases held resources for


 * passivation.


 */


public void ejbPassivate() {



System.out.println("ejbPassivate () called.");


}


/**


 * Called by the container.  Updates the in-memory entity


 * bean object to reflect the current value stored in


 * the database.


 */


public void ejbLoad() {



System.out.println("ejbLoad() called.");



/*



 * Again, query the Entity Context to get the current



 * Primary Key, so we know which instance to load.



 */



AccountPK pk = (AccountPK) ctx.getPrimaryKey();



String id = pk.accountID;



PreparedStatement pstmt = null;



Connection conn = null;



try {




/*




 * 1) Acquire a new DB Connection




 */




conn = getConnection();




/*




 * 2) Get account from the DB, querying




 *    by account ID




 */




pstmt = conn.prepareStatement("select ownerName, balance from accounts where id = ?");




pstmt.setString(1, id);




ResultSet rs = pstmt.executeQuery();




rs.next();




ownerName = rs.getString("ownerName");




balance = rs.getDouble("balance");



}



catch (Exception ex) {




throw new EJBException("Account " + pk + " failed to load from database", ex);



}



finally {




/*




 * 3) Release the DB Connection




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}


}


/**


 * Called from the Container.  Updates the database


 * to reflect the current values of this in-memory


 * entity bean instance.


 */


public void ejbStore() {



System.out.println("ejbStore() called.");



PreparedStatement pstmt = null;



Connection conn = null;



try {




/*




 * 1) Acquire a new DB Connection




 */




conn = getConnection();




/*




 * 2) Store account in DB




 */




pstmt = conn.prepareStatement("update accounts set ownerName = ?, balance = ? where id = ?");




pstmt.setString(1, ownerName);




pstmt.setDouble(2, balance);




pstmt.setString(3, accountID);




pstmt.executeUpdate();



}



catch (Exception ex) {




throw new EJBException("Account " + accountID + " failed to save to database", ex);



}



finally {




/*




 * 3) Release the DB Connection




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}


}


/**


 * Called by the container.  Associates this bean


 * instance with a particular context.  We can query


 * the bean properties which customize the bean here.


 */


public void setEntityContext(EntityContext ctx) {



System.out.println("setEntityContext called");



this.ctx = ctx;

        }


/**


 * Called by Container.  Disassociates this bean


 * instance with a particular context environment.


 */


public void unsetEntityContext() {



System.out.println("unsetEntityContext called");



this.ctx = null; 

        }


/**


 * Called after ejbCreate().  Now, the Bean can retrieve


 * its EJBObject from its context, and pass it as


 * a 'this' argument.


 */


public void ejbPostCreate(String accountID, String ownerName) {


}


/**


 * This is the initialization method that corresponds to the


 * create() method in the Home Interface.


 *


 * When the client calls the Home Object's create() method,


 * the Home Object then calls this ejbCreate() method.


 *


 * @return The primary key for this account


 */


public AccountPK ejbCreate(String accountID, String ownerName) throws CreateException {



PreparedStatement pstmt = null;



Connection conn = null;



try {




System.out.println("ejbCreate() called.");




this.accountID = accountID;




this.ownerName = ownerName;




this.balance = 0;




/*




 * Acquire DB connection




 */




conn = getConnection();




/*




 * Insert the account into the database




 */




pstmt = conn.prepareStatement("insert into accounts (id, ownerName, balance) values (?, ?, ?)");




pstmt.setString(1, accountID);




pstmt.setString(2, ownerName);




pstmt.setDouble(3, balance);




pstmt.executeUpdate();




/*




 * Generate the Primary Key and return it




 */




return new AccountPK(accountID);



}



catch (Exception e) {




throw new CreateException(e.toString());



}



finally {




/*




 * Release DB Connection for other beans




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}


}


/**


 * Finds a Account by its primary Key


 */


public AccountPK ejbFindByPrimaryKey(AccountPK key) throws FinderException {



PreparedStatement pstmt = null;



Connection conn = null;



try {




System.out.println("ejbFindByPrimaryKey(" + key + ") called");




/*




 * Acquire DB connection




 */




conn = getConnection();




/*




 * Find the Entity in the DB




 */




pstmt = conn.prepareStatement("select id from accounts where id = ?");




pstmt.setString(1, key.toString());




ResultSet rs = pstmt.executeQuery();




rs.next();




/*




 * No errors occurred, so return the Primary Key




 */




return key;



}



catch (Exception e) {




throw new FinderException(e.toString());



}



finally {




/*




 * Release DB Connection for other beans




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}


}


/**


 * Finds a Account by its Name


 */


public Collection ejbFindByOwnerName(String name) throws FinderException {



PreparedStatement pstmt = null;



Connection conn = null;



Vector v = new Vector();



try {




System.out.println("ejbFindByOwnerName(" + name + ") called");




/*




 * Acquire DB connection




 */




conn = getConnection();




/*




 * Find the primary keys in the DB




 */




pstmt = conn.prepareStatement("select id from accounts where ownerName = ?");




pstmt.setString(1, name);




ResultSet rs = pstmt.executeQuery();




/*




 * Insert every primary key found into a vector




 */




while (rs.next()) {





String id = rs.getString("id");





v.addElement(new AccountPK(id));




}




/*




 * Return the vector of primary keys




 */




return v;



}



catch (Exception e) {




throw new FinderException(e.toString());



}



finally {




/*




 * Release DB Connection for other beans




 */




try { if (pstmt != null) pstmt.close(); }




catch (Exception e) {}




try { if (conn != null) conn.close(); }




catch (Exception e) {}



}


}

}

Source X.X AccountBean.java (Part 3 of 3).

Source X.X is quite long because of the enormous amount of JDBC coding required to write even a simple bean-managed persistent entity bean.  The bulk of the code occurs in the methods that perform CRUD operations (Create, Read, Update, Delete).  These are namely ejbCreate(), ejbFind() and ejbLoad(), ejbStore(), and ejbRemove().  The code is self-documenting, and you should be able to understand it if you cross-reference Table X.X.  If you're still stuck, we will explain these methods even more later in this chapter when we discuss the lifecycle of a bean-managed persistent entity bean.

AccountException.java

Our custom exception class is AccountException.java, displayed in Source X.X.  It simply delegates to the parent java.lang.Exception class.  It's still useful to define our own custom exception class, however, so that we can distinguish between a problem with our bank account component, and a problem with another part of a deployed system.

package examples;

/**

 * Exceptions thrown by Accounts

 */

public class AccountException extends Exception {


public AccountException() {



super();


}


public AccountException(Exception e) {



super(e.toString());


}


public AccountException(String s) {



super(s);


}

}

Source X.X AccountException.java.

Client.java

Our last Java file is a simple test client to exercise our bean's methods.  It's shown in Source X.X.

package examples;

import javax.ejb.*;

import javax.naming.*;

import java.rmi.*;

import javax.rmi.*;

import java.util.*;

/**

 * Sample client code which manipulates a Bank Account Entity Bean.

 */

public class AccountClient {


public static void main(String[] args) throws Exception {



Account account = null;



try {




/*




 * Get a reference to the Account Home Object - the




 * factory for Account EJB Objects

                         */




Context ctx = new InitialContext(System.getProperties());




Object obj = ctx.lookup("AccountHome");




AccountHome home = (AccountHome) javax.rmi.PortableRemoteObject.narrow(obj, AccountHome.class);




System.err.println("Total of all accounts in bank initially = " + home.getTotalBankValue());




/*




 * Use the factory to create the Account EJB Object




 */




home.create("123-456-7890", "John Smith");




/*




 * Find an account




 */




Iterator i = home.findByOwnerName("John Smith").iterator();




if (i.hasNext()) {





account = (Account) i.next();




}




else {





throw new Exception("Could not find account");




}




/*




 * Call the balance() method, and print it




 */




System.out.println("Initial Balance = " + account.getBalance());




/*




 * Deposit $100 into the account




 */




account.deposit(100);




/*




 * Retrieve the resulting balance.




 */




System.out.println("After depositing 100, account balance = " + account.getBalance());




System.out.println("Total of all accounts in bank now = " + home.getTotalBankValue());




/*




 * Retrieve the Primary Key from the EJB Object




 */




AccountPK pk = (AccountPK) account.getPrimaryKey();




/*




 * Release our old EJB Object reference.  Now call




 * find() again, this time querying on Account ID




 * (i.e. the Primary Key).




 */




account = null;




account = home.findByPrimaryKey(pk);




/*




 * Print out current balance




 */




System.out.println("Found account with ID " + pk + ".  Balance = " + account.getBalance());




/*




 * Try to withdraw $150




 */




System.out.println("Now trying to withdraw $150, which is more than is currently available.  This should generate an exception..");




account.withdraw(150);



}



catch (Exception e) {




System.out.println("Caught exception!");




e.printStackTrace();



}



finally {




/*




 * Destroy the Entity permanently




 */




try {





System.out.println("Destroying account..");





if (account != null) {






account.remove();





}




}




catch (Exception e) {





e.printStackTrace();




}



}


}

}

Source X.X Client.java.

The client code is fairly self-explanatory.  We perform some bank account operations in the try block. We have a finally clause to make sure our bank account is properly deleted afterward, regardless of any exceptions that may have been thrown. 

The Deployment Descriptor

Now, let's take a look at our deployment descriptor.  The deployment descriptors for entity beans are slightly different from those for their sister session beans.  Our deployment descriptor is shown in Source X.X.

<?xml version="1.0"?>

<!DOCTYPE ejb-jar PUBLIC '-//Sun Microsystems, Inc.//DTD Enterprise JavaBeans 2.0//EN' 'http://java.sun.com/dtd/ejb-jar_2_0.dtd'>

<ejb-jar>

 <enterprise-beans>

  <entity>

   <ejb-name>Account</ejb-name>

   <home>examples.AccountHome</home>

   <remote>examples.Account</remote>

   <local-home>examples.AccountLocalHome</local-home>

   <local>examples.AccountLocal</local>

   <ejb-class>examples.AccountBean</ejb-class>

   <persistence-type>Bean</persistence-type>

   <prim-key-class>examples.AccountPK</prim-key-class>

   <reentrant>False</reentrant>

   <resource-ref>

    <res-ref-name>jdbc/ejbPool</res-ref-name>

    <res-type>javax.sql.DataSource</res-type>

    <res-auth>Container</res-auth>

   </resource-ref>

  </entity>

 </enterprise-beans>

 <assembly-descriptor>

  <container-transaction>

   <method>

    <ejb-name>Account</ejb-name>

    <method-intf>Local</method-intf>

    <method-name>*</method-name>

   </method>

   <method>

    <ejb-name>Account</ejb-name>

    <method-intf>Remote</method-intf>

    <method-name>*</method-name>

   </method>

   <trans-attribute>Required</trans-attribute>

  </container-transaction>

 </assembly-descriptor>

</ejb-jar>

Source X.X The Account Bean's ejb-jar.xml deployment descriptor

Notice the following features of our deployment descriptor that are different from session beans:

· The persistence-type element indicates whether we are bean-managed persistent (set it to 'Bean') or container-managed persistent (set it to 'Container').

· The prim-key-class element specifies our primary key class.

· The reentrant element dictates whether our bean can call itself through another bean.  A given bean A is reentrant if bean A calls bean B, which calls back on bean A.  This is a special case of multi-threading because it is really only one path of execution that happens to loop back on itself.  If we would like to support this reentrant behavior, we should set this setting to True so that the container will allow 2 threads to run inside of bean A at once.  Since our bean doesn't call itself through another bean, we set it to False, which is usually what you'll want to do to avoid unintended multi-threading issues.

· The res-ref element sets up our JDBC driver and makes it available at the proper JNDI location, as described in Chapter X.

· The assembly-descriptor associates transactions with our bean.  We will describe transactions fully in Chapter X.

The container-specific deployment descriptor

Finally, we have our container-specific deployment descriptor, which configures our bean in ways specific to a particular EJB server.  We will not show this file because we wish the code in this book to remain vendor-neutral.  Typically you would use this proprietary descriptor to associate the home interface, local home interface, and JDBC driver with JNDI locations.  For an example descriptor, see the book's accompanying source code.

Setting Up the Database

Lastly, you need to create the appropriate database table and columns for our bank accounts.  You can do this through your database's GUI or command-line interface.  The book's included source code comes with a preconfigured sample database that you can use right away.  If you're using a different database, you should enter the following SQL Data Definition Language (DDL) statements in your database's SQL interface:

drop table accounts;

create table accounts (id varchar(64), ownername varchar(64), balance numeric(18));

This creates an empty table of bank accounts.  The first column is the bank account id (the primary key), the second column is the bank account owner's name, and the third column is the bank account balance.

Running the Client Program

To run the client program, type a command similar to the following (depending on what your EJB container's Java Naming and Directory Interface (JNDI) connection parameters are—see your container's documentation):

java -Djava.naming.factory.initial=

         weblogic.jndi.WLInitialContextFactory

     -Djava.naming.provider.url=

         t3://localhost:7001

     examples.AccountClient

The initialization parameters are required by JNDI to find the home object, as we learned in Chapter X.

Server-Side Output

When you run the client, you should see something similar to the following on the server side.  Note that your particular output may vary, due to variances in EJB container behavior.

New Bank Account Entity Bean Java Object created by EJB Container.

setEntityContext called

ejbHomeGetTotalBankValue() called

ejbCreate() called.

ejbStore() called.

New Bank Account Entity Bean Java Object created by EJB Container.

setEntityContext called

ejbFindByOwnerName(John Smith) called

ejbLoad() called.

getBalance() called.

ejbStore() called.

ejbLoad() called.

deposit(100.0) called.

ejbStore() called.

ejbLoad() called.

getBalance() called.

ejbStore() called.

ejbHomeGetTotalBankValue() called

ejbFindByPrimaryKey(123-456-7890) called

ejbLoad() called.

getBalance() called.

ejbStore() called.

ejbLoad() called.

withdraw(150.0) called.

ejbStore() called.

ejbLoad() called.

ejbRemove() called.

Notice what's happening here:

· When our client code called create() on the home object, the container created an entity bean instance.  The container first called newInstance() and setEntityContext() to get the entity bean into the available pool of entity beans.  The container then serviced our client's home business method, and used the bean in the pool.  Then the client called create(), which caused the container to take the bean out of the pool and call the bean's ejbCreate() method, which created some new database data, and returned control back to the container.  Finally, the container associated the bean instance with a new EJB object and returned that EJB object to the client.

· To service our finder method, the container instantiated another entity bean. The container called newInstance() and then setEntityContext() to get that new bean instance into the available pool of entity beans.  It then used the bean in the pool to service our finder method.  Note that the bean instance is still in the pool and could service any number of finder methods.

· In addition to the methods that the client calls, our EJB container interleaved a few ejbStore() and ejbLoad() calls to keep the database in synch.

Client-Side Output

Running the client program yields the following client-side output:

Total of all accounts in bank initially = 1200000.0

Initial Balance = 0.0

After depositing 100, account balance = 100.0

Total of all accounts in bank now = 1200100.0

Found account with ID 123-456-7890.  Balance = 100.0

Now trying to withdraw $150, which is more than is currently available.  This should generate an exception..

Caught exception!

examples.AccountException: Your balance is 100.0!  You cannot withdraw 150.0!

Destroying account..

Our table already had $1,200,000 from previous records in the database.  We then created an entity bean, deposited into it, and tried to withdraw more than we had.  The entity bean correctly threw an application-level exception back to us indicating that our balance had insufficient funds.

Putting It All Together: Walking through a BMP Entity Bean's Life Cycle

Let's wrap up this chapter by examining the big picture and understanding exactly how a container interacts with a BMP entity bean.  The state machine diagram in Figure X.X illustrates the life cycle of a BMP entity bean.
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Figure X.X The BMP entity bean life cycle. 

Here is what's going on in this diagram:

1. The does not exist state represents entity bean instances that have not been instantiated yet.

2. To create a new instance, the container calls the newInstance() method on the entity bean class.  This calls your entity bean's default constructor, bringing a new instance into memory.  Next, the container associates your entity bean with an entity context object—this is done via a callback that you implement, called setEntityContext(EntityContext ctx). Note that this step occurs only when the container wants to increase the available pool of entity bean instances—this is not necessarily done when a client connects.

3. Next, your entity bean is in a pool of other entity beans.  At this point your entity bean does not have any entity bean database data loaded into it, and it does not hold any bean-specific resources, such as socket connections.  Your bean instance can be used in this mode to find entity data in the database, by servicing a finder method on behalf of a client.  Your bean instance can also perform operations not dependent on a particular data instance by servicing an ejbHome() method on behalf of a client.  If the container wants to reduce its pool size, it can destroy your bean.  The container signals your bean instance that it is about to be destroyed by calling the unsetEntityContext() method on your bean.  Once this is done, the container releases any references to your bean, and eventually, the Java garbage collector will clean up the memory your instance had been using.  Therefore, your unsetEntityContext() method should prepare your bean to be cleaned up, perhaps by releasing any resources your bean had claimed during setEntityContext().

4. When the client wants to create some new database data (say, a new order for goods placed over the Internet), it calls a create() method on your entity bean's home object.  The container then grabs an entity bean instance from the pool, and the instance's ejbCreate() method is called.  ejbCreate() initializes the entity bean to a specific data set.  For example, if a client calls a create() method to create a bank account, it might pass the bank account holder's name and the initial balance as parameters.  Your entity bean's ejbCreate() method would populate its member variables with these parameters.  It would also create the corresponding database representation (if you're using bean-managed persistence).  Now your bean is in the "ready" state.

5. While your bean is in the ready state, it is tied to specific data and hence a specific EJB object.  If there are other entity bean instances that are views into the same database data, the container may occasionally need to synchronize your bean instance with the underlying database, so that you will always be working with the most recent data.  The ejbLoad() and ejbStore() methods do this; the container calls them as appropriate, based on how you define your transactions (see Chapter X). 

6. There are two ways for your entity beans to be kicked back into the pool. If a client calls remove() on the home object, then the container will call your instance's ejbRemove().  The underlying database data is destroyed, and so, of course, your entity bean instance will become disassociated with the client's EJB object to which it was bound.

7. The second way your bean can return to the pool is if the EJB container decides that your client has timed out, if the container needs to use your bean to service a different client, or if the container is simply running out of resources.  At this point, your bean is passivated, and the container calls your ejbStore() method to ensure the database has the most recent version of your in-memory data.  Next, the container calls your ejbPassivate() method—allowing your bean instance to release held resources.  Your bean instance then enters the pool.

8. When the container wants to assign you to an EJB object again, your bean instance must be activated.  The container calls your bean's ejbActivate() method, allowing your bean to acquire resources.  The container then calls your instance's ejbLoad() method to load the database data into your bean.

Note that there are a few other minor steps in this process, such as transactional synchronization.  Overall, these stages are the essence of a BMP entity bean instance's life cycle.  The next step is for you to look at this diagram again and make sure you are fully confident in it.  Do you understand how a single Java object instance can be pooled and reused, going back and forth through various transitions between the pooled and ready state, perhaps representing different database data each time?  If so, congratulations.  This is a crucial step towards fully understanding EJB.

Summary

In this chapter, you've seen how to write bean-managed persistent entity beans.  Bean-managed persistent entity beans are useful if you need to control the underlying database operations yourself.  But the real advantage of EJB comes from container-managed persistent entity beans.  Container-managed persistent entity beans can be developed much more rapidly because the container handles all data access logic for you.  The next chapter covers container-managed persistence.
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