
The EJB 2.1 Component Model at a Glance

«interface»
java.rmi.Remote

+getEJBLocalHome()
+getPrimaryKey()
+isIdentical()
+remove()

«interface»
javax.ejb.EJBLocalObject

+getEJBHome()
+getHandle()
+getPrimaryKey()
+isIdentical()
+remove()

«interface»
javax.ejb.EJBObject

+remove()

«interface»
javax.ejb.EJBLocalHome

+getEJBMetaData()
+getHomeHandle()
+remove(in handle)
+remove(in key : Object)

«interface»
javax.ejb.EJBHome

«interface»
java.io.Serializable

«interface»
javax.ejb.EnterpriseBean

+onMessage()

«interface»
javax.jms.MessageListener

+ejbActivate()
+ejbLoad()
+ejbPassivate()
+ejbRemove()
+ejbStore()
+setEntityContext()
+unsetEntityContext()

«interface»
javax.ejb.EntityBean

+ejbActivate()
+ejbPassivate()
+ejbRemove()
+setSessionContext()

«interface»
javax.ejb.SessionBean

+ejbRemove()
+setMessageDrivenContext()

«interface»
javax.ejb.MessageDrivenBean

+getXXX()
+setXXX()

«interface»
myapp.SomeEntityLocal

+businessMethod()

«interface»
myapp.SomeStatelessSessionLocal

+businessMethod()

«interface»
myapp.SomeStatelessSessionRemote

+create()
+createXXX()
+findByPrimaryKey()
+findMany()
+homeBusinessMethod()

«interface»
myapp.SomeEntityLocalHome

+create()

«interface»
myapp.SomeStatelessSessionLocalHome

+create()

«interface»
myapp.SomeStatelessSessionRemoteHome

+ejbCreate()
+ejbCreateXXX()
+ejbPostCreate()
+getXXX()
+setXXX()
+ejbHomeXXX()

myapp.SomeEntityBean

+ejbCreate()
+businessMethod()

myapp.SomeStatelessSessionBean

+ejbCreate()
+ejbCreate(in anything)
+businessMethod()

myapp.SomeStatefulSessionBean

myapp.SomeMessageDrivenBean

+businessMethod()

«interface»
myapp.SomeStatefulSessionLocal+create()

+create(in anything)

«interface»
myapp.SomeStatefulSessionLocalHome

+businessMethod()

«interface»
myapp.SomeStatefulSessionRemote+create()

+create(in anything)

«interface»
myapp.SomeStatefulSessionRemoteHome

What the bean developer writes

Component
Interfaces

Home
Interfaces

Beans

Ensure that
accessors
are in sync

Ensure that home business
methods, create and ejbCreate

methods are in sync

Non-EJB

Non-EJB

+getXXX()
+setXXX()

«interface»
myapp.SomeEntityRemote+create()

+createXXX()
+findByPrimaryKey()
+findMany()
+homeBusinessMethod()

«interface»
myapp.SomeEntityRemoteHome

EJB Base Interfaces - Client Side

EJB Base Interfaces - Server Side

+getCallerPrincipal()
+getEJBHome()
+getEJBLocalHome()
+getRollbackOnly()
+getUserTransaction()
+isCallerInRole()
+setRollbackOnly()
+getTimerService()

«interface»
javax.ejb.EJBContext

+getEJBLocalObject()
+getEJBObject()
+getPrimaryKey()

«interface»
javax.ejb.EntityContext

+getEJBLocalObject()
+getEJBObject()
+getMessageContext()

«interface»
javax.ejb.SessionContext

«interface»
javax.ejb.MessageDrivenContext

Ensure that
business

methods are
in sync

+createTimer(in Date, in interval, in info)
+createTimer(in Date, in info)
+createTimer(in initial, in interval, in info)
+createTimer(in duration, in info)
+getTimers()

«interface»
javax.ejb.TimerService

+cancel()
+getHandle()
+getInfo()
+getNextTimeout()
+getTimeRemaining()

«interface»
javax.ejb.Timer

+ejbTimeout(in Timer)

«interface»
javax.ejb.TimedObject

TimedObject must not be
implemented by Stateful
Session Beans.
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«interface»
java.rmi.Remote

+getEJBLocalHome()
+getPrimaryKey()
+isIdentical()
+remove()

«interface»
javax.ejb.EJBLocalObject

+getEJBHome()
+getHandle()
+getPrimaryKey()
+isIdentical()
+remove()

«interface»
javax.ejb.EJBObject

+remove()

«interface»
javax.ejb.EJBLocalHome

+getEJBMetaData()
+getHomeHandle()
+remove(in handle)
+remove(in key : Object)

«interface»
javax.ejb.EJBHome

«interface»
java.io.Serializable

«interface»
javax.ejb.EnterpriseBean

+onMessage()

«interface»
javax.jms.MessageListener

+ejbActivate()
+ejbLoad()
+ejbPassivate()
+ejbRemove()
+ejbStore()
+setEntityContext()
+unsetEntityContext()

«interface»
javax.ejb.EntityBean

+ejbActivate()
+ejbPassivate()
+ejbRemove()
+setSessionContext()

«interface»
javax.ejb.SessionBean

+ejbRemove()
+setMessageDrivenContext()

«interface»
javax.ejb.MessageDrivenBean

+getXXX()
+setXXX()

«interface»
myapp.SomeEntityLocal

+businessMethod()

«interface»
myapp.SomeStatelessSessionLocal

+businessMethod()

«interface»
myapp.SomeStatelessSessionRemote

+create()
+createXXX()
+findByPrimaryKey()
+findMany()
+homeBusinessMethod()

«interface»
myapp.SomeEntityLocalHome

+create()

«interface»
myapp.SomeStatelessSessionLocalHome

+create()

«interface»
myapp.SomeStatelessSessionRemoteHome

+ejbCreate()
+ejbCreateXXX()
+ejbPostCreate()
+getXXX()
+setXXX()
+ejbHomeXXX()

myapp.SomeEntityBean

+ejbCreate()
+businessMethod()

myapp.SomeStatelessSessionBean

+ejbCreate()
+ejbCreate(in anything)
+businessMethod()

myapp.SomeStatefulSessionBean

myapp.SomeMessageDrivenBean

+businessMethod()

«interface»
myapp.SomeStatefulSessionLocal+create()

+create(in anything)

«interface»
myapp.SomeStatefulSessionLocalHome

+businessMethod()

«interface»
myapp.SomeStatefulSessionRemote+create()

+create(in anything)

«interface»
myapp.SomeStatefulSessionRemoteHome

What the bean developer writes

Component
Interfaces

Home
Interfaces

Beans

Ensure that
accessors
are in sync

Ensure that home business
methods, create and ejbCreate

methods are in sync

Non-EJB

Non-EJB

+getXXX()
+setXXX()

«interface»
myapp.SomeEntityRemote+create()

+createXXX()
+findByPrimaryKey()
+findMany()
+homeBusinessMethod()

«interface»
myapp.SomeEntityRemoteHome

EJB Base Interfaces - Client Side

EJB Base Interfaces - Server Side

+getCallerPrincipal()
+getEJBHome()
+getEJBLocalHome()
+getRollbackOnly()
+getUserTransaction()
+isCallerInRole()
+setRollbackOnly()
+getTimerService()

«interface»
javax.ejb.EJBContext

+getEJBLocalObject()
+getEJBObject()
+getPrimaryKey()

«interface»
javax.ejb.EntityContext

+getEJBLocalObject()
+getEJBObject()
+getMessageContext()

«interface»
javax.ejb.SessionContext

«interface»
javax.ejb.MessageDrivenContext

Ensure that
business

methods are
in sync

+createTimer(in Date, in interval, in info)
+createTimer(in Date, in info)
+createTimer(in initial, in interval, in info)
+createTimer(in duration, in info)
+getTimers()

«interface»
javax.ejb.TimerService

+cancel()
+getHandle()
+getInfo()
+getNextTimeout()
+getTimeRemaining()

«interface»
javax.ejb.Timer

+ejbTimeout(in Timer)

«interface»
javax.ejb.TimedObject

Entity, Stateless Session and Stateful Session Beans behave very differently in terms of their client-side lifecycles (e.g., create, find, remove).

Action: Split home interfaces into three, one each for Entity, Stateless Session and Stateful Session. The local-remote dichotomy should be
hidden by the framework.

The bean developer has to declare lifecycle management
interfaces afresh for every component because the base
interfaces are too generic.

Besides, lifecycle methods are standardised and bulk operations
are customised. They must not share the same interface.

Action: Now that the home interfaces are rationalised into three
types, it is easier for them to provide lifecycle management
methods for all components of their type, because these are
standard. Only customised bulk operations require component-
specific classes to be written by the bean developer.

There is a crucial difference between (i) bean
methods and (ii) bean client-side lifecycle
methods and bulk operations. The first group is
the responsibility of the bean, the latter that of a
component at a higher level than any individual
bean.

Action: Drop the implied relationship between
home interfaces and beans. A bean should not
directly respond to client-side lifecycle events
or bulk operations. These events go through the
home interface to the container, and may be
indirectly visible to the bean as server-side
lifecycle events. Beans must only respond to
server-side lifecycle events and direct method
calls.

The interface hierarchy of
component interfaces makes
them awkward to implement
directly, because of the many
irrelevant methods in them.
Hence the clumsy mechanism of
beans "shadowing" the
component interface's business
methods instead of
implementing them directly.

Action: Now that the component
interfaces have been
rationalised, make the beans
implement them. These form the
business contract between client
and bean.

Once accessed, Entity, Stateless Session and Stateful Session Beans are also used by clients in very
different ways. Using a common superclass pollutes the individual component interfaces with irrelevant
methods.

Action: Split the component interfaces into three top-level interfaces, one each for Entity, Stateless Session
and Stateful Session. The underlying stub implementations should hide the local-remote dichotomy.

A true "Message-Driven Bean" is not a first-
class EJB but a composite component made
up of an event listener and a stateless session
bean containing business logic, optionally
running within an end-to-end transaction.

Action: It may be just a syntactic change, but
the term "Message-Driven Bean" needs to be
replaced by "Event Listener". Then developers
can build "Message-Driven Beans" and "Timer-
Driven Beans" through composition, by
invoking Stateless Session Beans from
different event listener components.

"EJB" is a marketing
term, not a
superclass. The
different EJBs have
nothing in common.

Action: Drop
EnterpriseBean

Stateless Session Beans and Stateful Session Beans
have entirely different lifecycles on the server.

Action: Split SessionBean into Stateless and
Stateful.

Contexts have become overloaded with bean identity,
transaction and security information.

Transaction-related methods are not relevant to
Entity Beans.

Authentication and authorisation are orthogonal to
the EJB component model.

Action: Keep only bean identity information in
Contexts. Move transaction-related methods to
optional interfaces.

Drop security from the spec. Support the injection of
authentication and authorisation interceptors
containing more relevant domain-specific logic.

General:

Many interface names and method
names are overloaded and mean
different things in different
contexts. This needlessly adds to
the complexity of EJB technology.

Action: Rename overloaded
interface and method names to
something more evocative and
unique.

The EJB 2.1 Component Model Critiqued
1
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Verdict:

There are no fatal flaws in the EJB
component model, but its structure is
extremely convoluted and could benefit
from refactoring.

The convoluted interface structure
(especially home interfaces)
makes it hard for beans to use
inheritance and polymorphism
where appropriate.

Action: With beans delinked from
client-side lifecycle events and
bulk operations (home interfaces),
inheritance and polymorphism
become easier to support. Group
the remaining interfaces better to
make this even easier.

5

Methods that are mandatory for EJBs share
interfaces with methods that should be
optional. This forces developers to create
large numbers of empty methods just to
satisfy the interface requirements.

Action: Split interfaces into mandatory and
optional groups. This will allow simple
functionality to be modelled with simple
EJBs, and more complex functionality to be
modelled through appropriate interfaces.

7

The component that creates
the timer implicitly becomes
the timeout listener. Stateful
Session Beans cannot even
access a TimerService to set a
Timer for another component.

Action: Provide an explicit
way to pass a listener object
to a Timer. Any business logic
component (Stateful or
Stateless) should be able to
set a Timer, although only
Stateless components are
expected to be ultimately
called when the timeout
occurs.

It is meaningless for Entity Beans to implement TimedObject directly. It is even more ridiculous
for Message-Driven Beans to implement TimedObject. Are they Message-Driven or Timer-
Driven?

Action: Since business logic is ultimately triggered when a timeout occurs, encapsulate such
logic within a Stateless Session Bean and make another stateless component (an Event
Listener) implement TimedObject functionality. This component will be registered with the
Timer. When the timeout occurs, this component will extract all relevant parameters from the
Timeout Event and invoke the Stateless Session Bean. The container persists all timers so they
survive system restarts. It also pools and manages all event listener components.

13

12
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What the bean
developer writesBusiness

Interfaces
(Client-facing,

mandatory)

Bulk Operations

Beans

Identity
Interfaces
(mandatory)

Optional Container-facing Interfaces (Beans may extend convenience superclasses for many of these)

+getPrimaryKey()

«interface»
xyz.Entity

«interface»
xyz.Service

+getHandle()

«interface»
xyz.Conversation

+findXXX(in any)
+bulkUpdate(in any)
+bulkDelete(in any)
+concreteMethod(in any)

myApp.MyEntityManager

+getXXX()
+setXXX()

«interface»
myApp.MyData

+businessMethod()

«interface»
myApp.MyService

+businessMethod()

«interface»
myApp.MyConversation

-xxx

myApp.MyEntityBean

myApp.MyServiceBean

+getAttr()
+setAttr()

-sessionScopedAttr

myApp.MyConversationBean

+afterAllocate()
+beforeWithdraw()

«interface»
xyz.ResourceLifecycle

+afterInitiate()
+beforeSuspend()
+afterResume()
+beforeEnd()

«interface»
xyz.ConversationLifecycle

Transaction Interfaces

«interface»
xyz.ContainerManagedTransaction

+beforeSave()
+afterLoad()
+beforeDestroy()
+inactivityTimeoutOccurred()
+inactivityPeriodEnded()

«interface»
xyz.EntityLifecycle

+getMetaData()

«interface»
xyz.QueryableComponent

Container-
client

contract

(Implemented by
container-

generated stub
classes, and has

nothing to do
with the bean

developer)

The EJB Component Model Refactored

«interface»
xyz.EventListener

+onMessage(in Message)

«interface»
javax.jms.MessageListener

myApp.MyMessageListener

Event Listeners

«interface»
java.io.Serializable

«interface»
xyz.ContainerManagedPersistence

Persistence Interfaces

One of these two interfaces must be implemented by an Entity
Bean to avoid polluting client code with persistence logic.

«interface»
xyz.BeanManagedTransaction

One of these two marker
interfaces must be implemented
by a Service or Conversation
Bean.  The appropriate
TransactionController
implementation will be placed in
the bean's Context.

+setEntityContext()

«interface»
xyz.EntityBean

+setServiceContext()

«interface»
xyz.ServiceBean

+setConversationContext()

«interface»
xyz.ConversationBean

+getThis() : xyz.Entity
+getEntityManager() : xyz.EntityManager
+getEntityManager(in Class) : xyz.EntityManager

«interface»
xyz.EntityContext

+getManagerFactory()
+getTransactionController() : xyz.TransactionController

«interface»
xyz.ServiceContext

+getThis() : xyz.Conversation
+getHandle()
+getManagerFactory()
+getTransactionController() : xyz.TransactionController

«interface»
xyz.ConversationContext

Managed Component Interfaces (Container-facing, mandatory)

Bean Lifecycle
Interfaces

+beforeCreate()
+afterCreate()

«interface»
xyz.EntityCreationLifecycle

If all methods are implemented
separately in an XML file using
EJB-QL, this is just an interface.

If some of the methods are in Java,
this becomes an abstract class.

BMP Entity Beans must implement all Entity lifecycle methods.
CMP Entity Beans can choose to implement all, none, or just
the creation subset (e.g., to set a primary key in beforeCreate(),
or relationships in afterCreate()).

ResourceLifecycle is
implementable by Service
Beans and Event Listeners

+afterTransactionBegin()
+beforeTransactionEnd()
+afterTransactionEnd()

«interface»
xyz.ConversationTransactionLifecycle

The old
SessionSynchronization
interface, applicable only
to CMT Conversation
Beans (as before).

«interface»
xyz.BeanManagedPersistence

Marker interface
for CMP

Interface for
BMP

+onTimeout(in TimeoutEvent)

«interface»
xyz.TimeoutListener

myApp.MyTimeoutListener

+getHandle()
+setTimeout(in Date)
+setTimeout(in Date, in interval)
+setTimeout(in initial)
+setTimeout(in initial, in interval)
+setTimeoutEvent(in TimeoutEvent)
+addTimeoutListener(in Class)
+removeTimeoutListener(in Class)
+getTimeoutListeners()
+getNextTimeout()
+getTimeRemaining()
+cancel()

«interface»
xyz.Timer

Framework Services

Only visible within container

Only visible within container

+getInstance() : xyz.client.ManagerFactory
+getServiceManager() : xyz.ServiceManager
+getConversationManager() : xyz.ConversationManager

xyz.client.ManagerFactory

+getService(in Class) : xyz.Service

«interface»
xyz.ServiceManager

+initiateConversation(in Class) : xyz.Conversation
+findConversation(in Class, in Handle) : xyz.Conversation
+endConversation(in Conversation)

«interface»
xyz.ConversationManager

+createEntity(in Class) : xyz.Entity
+createEntity(in DTO) : xyz.Entity
+findEntity(in Class, in primKey) : xyz.Entity
+getDTO(in Class) : xyz.DTO
+getDTO(in Entity) : xyz.DTO
+getQueryTemplate(in Class) : xyz.QueryTemplate
+getQueryTemplate(in Entity) : xyz.QueryTemplate
+findEntities(in QueryTemplate) : java.util.Collection
+updateEntity(in key, in DTO) : xyz.Entity
+removeEntity(in Entity)
+areIdentical(in Entity, in Entity) : boolean

«interface»
xyz.EntityManager

+createTimer() : xyz.Timer
+findTimer(in Handle) : xyz.Timer
+removeTimer(in Timer)
+getTimers()

«interface»
xyz.TimerManager

(The dummy package name "xyz" is used as a placeholder. If adopted as a standard, this may be replaced by an official package such as "javax.ejb".)

+getDataSource(in name) : javax.sql.DataSource
+getResourceAdapter(in name) : java.lang.Object

«interface»
xyz.ResourceManager

+begin()
+commit()
+rollback()
+getStatus()
+setTransactionTimeout(in seconds)

«interface»
xyz.FineGrainedTransactionController

+dontCommit()
+willNotCommit() : boolean

«interface»
xyz.TransactionController

+setEventListenerContext()

«interface»
xyz.EventListenerBean

+getManagerFactory()
+getTransactionController() : xyz.TransactionController

«interface»
xyz.EventListenerContext

Event
Interfaces

Transaction Control
Available through the Bean's Context

+getTimerManager() : xyz.TimerManager
+getServiceManager() : xyz.ServiceManager
+getConversationManager() : xyz.ConversationManager
+getResourceManager() : xyz.ResourceManager
+getEntityManager() : xyz.EntityManager
+getEntityManager(in Class) : xyz.EntityManager

«interface»
xyz.ManagerFactory

This is a
concrete
class

Dependency Injection occurs
only through these interfaces

The FineGrainedTransactionController implementation
may wrap javax.transaction.UserTransaction
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«interface»
xyz.DTO

+addCondition(in expr)

«interface»
xyz.QueryTemplate

Data-related
Interfaces

«interface»
myApp.MyEntity



+setEntityContext()

«interface»
xyz.EntityBean

+getEntityContext() : xyz.EntityContext
+getThis() : xyz.Entity
+getEntityManager() : xyz.EntityManager
+getEntityManager(in Class) : xyz.EntityManager

#entityContext

xyz.SimpleEntityBean

«interface»
xyz.ContainerManagedPersistence

+getEntityContext() : xyz.EntityContext
+getThis() : xyz.DTO
+getEntityManager() : xyz.EntityManager
+getEntityManager(in Class) : xyz.EntityManager

#entityContext

xyz.CMPEntityBean

+setServiceContext()

«interface»
xyz.ServiceBean

«interface»
xyz.ContainerManagedTransaction

+getServiceContext() : xyz.ServiceContext
+getManagerFactory() : xyz.ManagerFactory
+getTransactionController() : xyz.TransactionController

#serviceContext

xyz.CMTServiceBean

«interface»
xyz.BeanManagedTransaction

+getServiceContext() : xyz.ServiceContext
+getManagerFactory()
+getTransactionController() : xyz.FineGrainedTransactionController

#serviceContext

xyz.BMTServiceBean

+getConversationContext() : xyz.ConversationContext
+getThis() : xyz.Conversation
+getHandle() : xyz.ConversationHandle
+getManagerFactory()
+getTransactionController() : xyz.TransactionController

#conversationContext

xyz.CMTConversationBean

+getConversationContext() : xyz.ConversationContext
+getThis() : xyz.Conversation
+getHandle() : xyz.ConversationHandle
+getManagerFactory()
+getTransactionController() : xyz.FineGrainedTransactionController

#conversationContext

xyz.BMTConversationBean

+setConversationContext()

«interface»
xyz.ConversationBean

Entities Processes

Convenience Classes and Usage

Implement EntityLifecycle
for BMP, in addition to
the business interface
and identity interface

Optionally implement
EntityCreationLifecycle or
EntityLifecycle, in addition
to the business interface

and identity interface

Optionally implement
ResourceLifecycle, in addition to the

business interface

Optionally implement
ConversationLifecycle, in addition to the

business interface

An annotation or
a Deployment

Descriptor entry
may be used to

set the
transaction type
for CMT beans.

Optionally implement
ConversationLifecycle and/or

ConversationTransactionLifecycle,
in addition to the business

interface

«interface»
xyz.DTO

MyApp.MyDTOImpl

+getPrimaryKey()

«interface»
xyz.Entity

«interface»
myApp.MyEntity

MyApp.MyEntityBean

+setEntityContext()

«interface»
xyz.EntityBean

«interface»
xyz.ContainerManagedPersistence

Entities and Data Transfer Objects (DTOs)

Entities implement a
number of interfaces,
including some critical
container-facing ones.

They live in the container,
and are always managed
by the container.

They are uniquely
identified by a primary
key.

Data Transfer Objects exist as
a convenient way to handle a
set of properties together,
e.g., for transmission across a
communications medium.
DTOs may be created either
explicitly or implicitly.

A DTO may be explicitly
created by an EntityManager
as a snapshot of an Entity. It
could also be implicitly
created when an Entity
reference is passed to a
remote client by a Service or
Conversation.

Regular Java classes, when
transported to remote clients, may
be replicated as client-side
objects that implement the DTO
identity interface.

In all cases, the client now has a
marker interface to test against, to
tell whether it has a reference to
the original object, or to a copy.

Optionally implement
ResourceLifecycle, in addition to

the business interface

Event Listeners

«interface»
xyz.EventListener

+setEventListenerContext()

«interface»
xyz.EventListenerBean

+getEventListenerContext() : xyz.EventListenerContext
+getManagerFactory()
+getTransactionController() : xyz.TransactionController

#eventListenerContext

xyz.SimpleEventListenerBean
Implement event

interface as
appropriate
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+getXXX()
+setXXX()

«interface»
myApp.MyData

+getXXX()
+setXXX()

«interface»
myApp.MyData


