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LIMITED LICENSE GRANTS

1. _License for Evaluation Purposes_. Sun hereby grants you a fully-paid, non-exclusive, non-transfer-
able, worldwide, limited license (without the right to sublicense), under Sun’s applicable intellectual
property rights to view, download, use and reproduce the Specification only for the purpose of internal
evaluation. This includes (i) developing applications intended to run on an implementation of the Spec-
ification, provided that such applications do not themselves implement any portion(s) of the Specifica-
tion, and (ii) discussing the Specification with any third party; and (iii) excerpting brief portions of the
Specification in oral or written communications which discuss the Specification provided that such ex-
cerpts do not in the aggregate constitute a significant portion of the Specification.

2. _License for the Distribution of Compliant Implementations_. Sun also grants you a perpetual, non-
exclusive, non-transferable, worldwide, fully paid-up, royalty free, limited license (without the right to
sublicense) under any applicable copyrights or, subject to the provisions of subsection 4 below, patent
rights it may have covering the Specification to create and/or distribute an Independent Implementation
of the Specification that: (a) fully implements the Specification including all its required interfaces and
functionality; (b) does not modify, subset, superset or otherwise extend the Licensor Name Space, or in-
clude any public or protected packages, classes, Java interfaces, fields or methods within the Licensor
Name Space other than those required/authorized by the Specification or Specifications being imple-
mented; and (c) passes the Technology Compatibility Kit (including satisfying the requirements of the
applicable TCK Users Guide) for such Specification ("Compliant Implementation™). In addition, the
foregoing license is expressly conditioned on your not acting outside its scope. No license is granted
hereunder for any other purpose (including, for example, modifying the Specification, other than to the
extent of your fair use rights, or distributing the Specification to third parties). Also, no right, title, or
interest in or to any trademarks, service marks, or trade names of Sun or Sun’s licensors is granted here-
under. Java, and Java-related logos, marks and names are trademarks or registered trademarks of Sun Mi-
crosystems, Inc. in the U.S. and other countries.

3. Pass-through Conditions_. You need not include limitations (a)-(c) from the previous paragraph or
any other particular "pass through" requirements in any license You grant concerning the use of your In-
dependent Implementation or products derived from it. However, except with respect to Independent Im-
plementations (and products derived from them) that satisfy limitations (a)-(c) from the previous
paragraph, You may neither: (a) grant or otherwise pass through to your licensees any licenses under
Sun’s applicable intellectual property rights; nor (b) authorize your licensees to make any claims con-
cerning their implementation’s compliance with the Specification in question.

4. Reciprocity Concerning Patent Licenses_.

a. With respect to any patent claims covered by the license granted under subparagraph 2 above that
would be infringed by all technically feasible implementations of the Specification, such license is con-
ditioned upon your offering on fair, reasonable and non-discriminatory terms, to any party seeking it
from You, a perpetual, non-exclusive, non-transferable, worldwide license under Your patent rights

2 5/2/06



Enterprise JavaBeans 3.0, Final Release Sun Microsystems, Inc.

which are or would be infringed by all technically feasible implementations of the Specification to de-
velop, distribute and use a Compliant Implementation.

b With respect to any patent claims owned by Sun and covered by the license granted under subparagraph
2, whether or not their infringement can be avoided in a technically feasible manner when implementing
the Specification, such license shall terminate with respect to such claims if You initiate a claim against
Sunthatit has, in the course of performing its responsibilities as the Specification Lead, induced any oth-
er entity to infringe Your patent rights.

¢ Also with respect to any patent claims owned by Sun and covered by the license granted under sub-
paragraph 2 above, where the infringement of such claims can be avoided in a technically feasible man-
ner when implementing the Specification such license, with respect to such claims, shall terminate if You
initiate a claim against Sun that its making, having made, using, offering to sell, selling or importing a
Compliant Implementation infringes Your patent rights.

5. _Definitions_. For the purposes of this Agreement: "Independent Implementation” shall mean an im-
plementation of the Specification that neither derives from any of Sun’s source code or binary code ma-
terials nor, except with an appropriate and separate license from Sun, includes any of Sun’s source code
or binary code materials; "Licensor Name Space" shall mean the public class or interface declarations
whose names begin with "java", "javax", "com.sun" or their equivalents in any subsequent naming con-
vention adopted by Sun through the Java Community Process, or any recognized successors or replace-
ments thereof, and "Technology Compatibility Kit" or "TCK" shall mean the test suite and
accompanying TCK User’s Guide provided by Sun which corresponds to the Specification and that was
available either (i) from Sun 120 days before the first release of Your Independent Implementation that
allows its use for commercial purposes, or (ii) more recently than 120 days from such release but against
which You elect to test Your implementation of the Specification.

This Agreement will terminate immediately without notice from Sun if you breach the Agreement or act
outside the scope of the licenses granted above.

DISCLAIMER OF WARRANTIES

THE SPECIFICATION IS PROVIDED "AS IS". SUN MAKES NO REPRESENTATIONS OR WAR-
RANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO, WARRAN-
TIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, NON-
INFRINGEMENT (INCLUDING AS A CONSEQUENCE OF ANY PRACTICE OR IMPLEMENTA-
TION OF THE SPECIFICATION), OR THAT THE CONTENTS OF THE SPECIFICATION ARE
SUITABLE FOR ANY PURPOSE. This document does not represent any commitment to release or im-
plement any portion of the Specification in any product. In addition, the Specification could include tech-
nical inaccuracies or typographical errors.

LIMITATION OF LIABILITY

TO THE EXTENT NOT PROHIBITED BY LAW, IN NO EVENT WILL SUN OR ITS LICENSORS
BE LIABLE FOR ANY DAMAGES, INCLUDING WITHOUT LIMITATION, LOST REVENUE,
PROFITS OR DATA, OR FOR SPECIAL, INDIRECT, CONSEQUENTIAL, INCIDENTAL OR PU-
NITIVE DAMAGES, HOWEVER CAUSED AND REGARDLESS OF THE THEORY OF LIABILI-
TY, ARISING OUT OF OR RELATED IN ANY WAY TO YOUR HAVING, IMPLEMENTING OR
OTHERWISE USING THE SPECIFICATION, EVEN IF SUN AND/OR ITS LICENSORS HAVE
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

You will indemnify, hold harmless, and defend Sun and its licensors from any claims arising or resulting
from: (i) your use of the Specification; (ii) the use or distribution of your Java application, applet and/or
implementation; and/or (iii) any claims that later versions or releases of any Specification furnished to
you are incompatible with the Specification provided to you under this license.
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RESTRICTED RIGHTS LEGEND

U.S. Government: If this Specification is being acquired by or on behalf of the U.S. Government or by a
U.S. Government prime contractor or subcontractor (at any tier), then the Government'’s rights in the
Software and accompanying documentation shall be only as set forth in this license; this is in accordance
with 48 C.F.R. 227.7201 through 227.7202-4 (for Department of Defense (DoD) acquisitions) and with
48 C.F.R. 2.101 and 12.212 (for non-DoD acquisitions).

REPORT

If you provide Sun with any comments or suggestions concerning the Specification ("Feedback"), you
hereby: (i) agree that such Feedback is provided on a non-proprietary and non-confidential basis, and (ii)
grant Sun a perpetual, non-exclusive, worldwide, fully paid-up, irrevocable license, with the right to sub-
license through multiple levels of sublicensees, to incorporate, disclose, and use without limitation the
Feedback for any purpose.

GENERAL TERMS

Any action related to this Agreement will be governed by California law and controlling U.S. federal law.
The U.N. Convention for the International Sale of Goods and the choice of law rules of any jurisdiction
will not apply.

The Specification is subject to U.S. export control laws and may be subject to export or import regula-

tions in other countries. Licensee agrees to comply strictly with all such laws and regulations and ac-
knowledges that it has the responsibility to obtain such licenses to export, re-export or import as may be
required after delivery to Licensee.

This Agreement is the parties’ entire agreement relating to its subject matter. It supersedes all prior or
contemporaneous oral or written communications, proposals, conditions, representations and warranties
and prevails over any conflicting or additional terms of any quote, order, acknowledgment, or other com-
munication between the parties relating to its subject matter during the term of this Agreement. No mod-
ification to this Agreement will be binding, unless in writing and signed by an authorized representative
of each party.

Rev. April, 2006
Sun/Final/Full
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Chapter 1

Enterprise JavaBeans 3.0, Final Release

Introduction

1.1

This is the specification of the Enterprise JavaBé&¥rarchitecture. The Enterprise JavaBeans architec-
ture is a architecture for the development and deployment of component-based business applications.
Applications written using the Enterprise JavaBeans architecture are scalable, transactional, and
multi-user secure. These applications may be written once, and then deployed on any server platform
that supports the Enterprise JavaBeans specification.

Target Audience

1.2

The target audiences for this specification are the vendors of transaction processing platforms, vendors
of enterprise application tools, vendors or object/relational mapping products, and other vendors who
want to support the Enterprise JavaBeans (EJB) technology in their products.

Many concepts described in this document are system-level issues that are transparent to the Enterprise
JavaBeans application programmer.

What is New in EJB 3.0

The Enterprise JavaBeans 3.0 architecture presented in this document extends Enterprise JavaBeans to
include the following new functionality and simplifications to the earlier EJB APIs:

» Definition of the Java language metadata annotations that can be used to annotate EJB appli-
cations. These metadata annotations are targeted at simplifying the developer’s task, at reduc-
ing the number of program classes and interfaces the developer is required to implement, and
at eliminating the need for the developer to provide an EJB deployment descriptor.

* Specification of programmatic defaults, including for metadata, to reduce the need for the
developer to specify common, expected behaviors and requirements on the EJB container. A
“configuration by exception” approach is taken whenever possible.

* Encapsulation of environmental dependencies and JNDI access through the use of annota-
tions, dependency injection mechanisms, and simple lookup mechanisms.

* Simplification of the enterprise bean types.
* Elimination of the requirement for EJB component interfaces for session beans. The required

business interface for a session bean can be a plain Java interface rather than an EJBObject,
EJBLocalObject, or java.rmi.Remote interface.
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* Elimination of the requirement for home interfaces for session beans.

* Simplification of entity persistence through the Java Persistence API.[2]. Support for
light-weight domain modeling, including inheritance and polymorphism.

* Elimination of all required interfaces for persistent entities[2].

* Specification of Java language metadata annotations and XML deployment descriptor ele-
ments for the object/relational mapping of persistent entities [2].

* A query language for Java Persistence that is an extension to EJB QL, with addition of projec-
tion, explicit inner and outer join operations, bulk update and delete, subqueries, and
group-by. Addition of a dynamic query capability and support for native SQL queries.

* An interceptor facility for session beans and message-driven beans.

* Reduction of the requirements for usage of checked exceptions.

* Elimination of the requirement for the implementation of callback interfaces.

EJB 3.0 Expert Group

1.4

The EJB 3.0 specification work is being conducted as part of JSR-220 under the Java Community Pro-
cess Program. This specification is the result of the collaborative work of the members of the EJB 3.0
Expert Group. These include the following present and former expert group members: Apache Software
Foundation: Jeremy Boynes; BEA: Seth White; Borland: Jishnu Mitra, Rafay Khawaja; E.piphany:
Karthik Kothandaraman,; Fujitsu-Siemens: Anton Vorsamer; Google: Cedric Beust; IBM: Jim Knutson,
Randy Schnier; IONA: Conrad O’Dea,; Ironflare: Hani Suleiman; JBoss: Gavin King, Bill Burke, Marc
Fleury; Macromedia: Hemant Khandelwal; Nokia: Vic Zaroukian; Novell: YongMin Chen; Oracle:
Michael Keith, Debu Panda, Olivier Caudron; Pramati: Deepak Anupalli; SAP: Steve Winkler, Umit
Yalcinalp; SAS Institute: Rob Saccoccio; SeeBeyond: Ugo Corda; SolarMetric: Patrick Linskey; Sun
Microsystems: Linda DeMichiel, Mark Reinhold; Sybase: Evan Ireland; Tibco: Shivajee Samdarshi;
Tmax Soft: Woo Jin Kim; Versant: David Tinker; Xcalia: Eric Samson, Matthew Adams; Reza Beh-
forooz; Emmanuel Bernard; Wes Biggs; David Blevins; Scott Crawford; Geoff Hendrey; Oliver lhns;
Oliver Kamps; Richard Monson-Haefel; Dirk Reinshagen; Carl Rosenberger; Suneet Shah.

Organization of the Specification Documents

This specification is organized into the following three documents:
e EJB 3.0 Simplified API
* EJB Core Contracts and Requirements

¢ Java Persistence API
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The documentEJB 3.0 Simplified APIprovides an overview of the simplified API that is introduced
by the Enterprise JavaBeans 3.0 release.

The documentJava Persistence APis the specification of the new API for the management of persis-
tence together with the full specification of the Java Persistence query language (a superset of EJB QL).
It provides the definition of the persistence API that is required to be supported under the Enterprise
JavaBeans 3.0 release as well as the definition of how the Java Persistence API is supported for use in
Java SE environments.

This document, EJB Core Contracts and Requireméntiefines the contracts and requirements for the

use and implementation of Enterprise JavaBeans. These contracts include those for the EJB 3.0 Simpli-
fied API, as well as for the EJB 2.1 API, which is also required to be supported in this release. The con-
tracts and requirements for implementations of this specification also include, by reference, those
defined in the Java Persistence APdocument [2].

Document Conventions

The regular Times font is used for information that is prescriptive by the EJB specification.

The italic Times font is used for paragraphs that contain descriptive information, such as notes describ-
ing typical use, or notes clarifying the text with prescriptive specification.

The Courier font is used for code examples.
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Chapter 2 Ove rVIeW

2.1 Overall Goals

The Enterprise JavaBeans (EJB) architecture has the following goals:

The Enterprise JavaBeans architecture will be the standard component architecture for build-
ing object-oriented business applications in the Java™ programming language.

The Enterprise JavaBeans architecture will be the standard component architecture for build-
ing distributed business applications in the Java™ programming language.

The Enterprise JavaBeans architecture will support the development, deployment, and use of
web services.

The Enterprise JavaBeans architecture will make it easy to write applications: application
developers will not have to understand low-level transaction and state management details,
multi-threading, connection pooling, or other complex low-level APIs.

Enterprise JavaBeans applications will follow the Write Once, Run Anywhere™ philosophy of
the Java programming language. An enterprise bean can be developed once, and then
deployed on multiple platforms without recompilation or source code modification.
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* The Enterprise JavaBeans architecture will address the development, deployment, and runtime
aspects of an enterprise application’s life cycle.

* The Enterprise JavaBeans architecture will define the contracts that enable tools from multiple
vendors to develop and deploy components that can interoperate at runtime.

* The Enterprise JavaBeans architecture will make it possible to build applications by combin-
ing components developed using tools from different vendors.

* The Enterprise JavaBeans architecture will provide interoperability between enterprise beans
and Java Platform, Enterprise Edition (Java EE) components as well as non-Java program-
ming language applications.

* The Enterprise JavaBeans architecture will be compatible with existing server platforms. Ven-
dors will be able to extend their existing products to support Enterprise JavaBeans.

* The Enterprise JavaBeans architecture will be compatible with other Java programming lan-
guage APIs.

* The Enterprise JavaBeans architecture will be compatible with the CORBA protocols.

The purpose of the EJB 3.0 release is both to continue to achieve these goals and to improve the EJB
architecture by reducing its complexity from the enterprise application developer’s point of view.

EJB Roles

The Enterprise JavaBeans architecture defines seven distinct roles in the application development and
deployment life cycle. Each EJB Role may be performed by a different party. The EJB architecture spec-
ifies the contracts that ensure that the product of each EJB Role is compatible with the product of the

other EJB Roles. The EJB specification focuses on those contracts that are required to support the
development and deployment of ISV-written enterprise beans.

In some scenarios, a single party may perform several EJB Roles. For example, the Container
Provider and the EJB Server Provider may be the same vendor. Or a single programmer may
perform the two EJB Roles of the Enterprise Bean Provider and the Application Assembler.

The following sections define the seven EJB Roles.
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Enterprise Bean Povider

2.2.2

The Enterprise Bean Provider (Bean Provider for short) is the producer of enterprise beans. His or her

output is an ejb-jar file that contains one or more enterprise beans. The Bean Provider is responsible for
the Java classes that implement the enterprise beans’ business methods; the definition of the beans’ cli-
ent view interfaces; and declarative specification of the beans’ metadata. The beans’ metadata may take
the form of metadata annotations applied to the bean classes and/or an external XML deployment

descriptor. The beans’ metadata—whether expressed in metadata annotations or in the deployment
descriptor—includes the structural information of the enterprise beans and declares all the enterprise

beans’ external dependencies (e.g. the names and types of resources that the enterprise beans use).

The Enterprise Bean Provider is typically an application domain expert. The Bean Provider develops
reusable enterprise beans that typically implement business tasks or business entities.

The Bean Provider is not required to be an expert at system-level programming. Therefore, the Bean
Provider usually does not program transactions, concurrency, security, distribution, or other services
into the enterprise beans. The Bean Provider relies on the EJB container for these services.

A Bean Provider of multiple enterprise beans often performs the EJB Role of the Application Assembler.

Application Assembler

2.2.3

The Application Assembler combines enterprise beans into larger deployable application units. The
input to the Application Assembler is one or more ejb-jar files produced by the Bean Provider(s). The
Application Assembler outputs one or more ejb-jar files that contain the enterprise beans along with
their application assembly instructions.

The Application Assembler can also combine enterprise beans with other types of application compo-
nents when composing an application.

The EJB specification describes the case in which the application assembly step lafoueshe
deployment of the enterprise beans. However, the EJB architecture does not preclude the case that appli-
cation assembly is performadter the deployment of all or some of the enterprise beans.

The Application Assembler is a domain expert who composes applications that use enterprise beans.
The Application Assembler works with the enterprise bean’s metadata annotations and/or deployment
descriptor and the enterprise bean'’s client-view contract. Although the Assembler must be familiar with
the functionality provided by the enterprise bean’s client-view interfaces, he or she does not need to
have any knowledge of the enterprise bean’s implementation.

Deployer

The Deployer takes one or more ejb-jar files produced by a Bean Provider or Application Assembler
and deploys the enterprise beans contained in the ejb-jar files in a specific operational environment. The
operational environment includes a specific EJB server and container.
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The Deployer must resolve all the external dependencies declared by the Bean Provider (e.g. the
Deployer must ensure that all resource manager connection factories used by the enterprise beans are
present in the operational environment, and he or she must bind them to the resource manager connec-
tion factory references declared in the metadata annotations or deployment descriptor), and must follow
the application assembly instructions defined by the Application Assembler. To perform his or her role,
the Deployer uses tools provided by the EJB Container Provider.

The Deployer’s output is a set of enterprise beans (or an assembled application that includes enterprise
beans) that have been customized for the target operational environment, and that are deployed in a spe-
cific EJB container.

The Deployer is an expert at a specific operational environment and is responsible for the deployment of
enterprise beans. For example, the Deployer is responsible for mapping the security roles defined by the
Bean Provider or Application Assembler to the user groups and accounts that exist in the operational
environment in which the enterprise beans are deployed.

The Deployer uses tools supplied by the EJB Container Provider to perform the deployment tasks. The
deployment process is typically two-stage:

* The Deployer first generates the additional classes and interfaces that enable the container to
manage the enterprise beans at runtime. These classes are container-specific.

* The Deployer performs the actual installation of the enterprise beans and the additional
classes and interfaces into the EJB container.

In some cases, a qualified Deployer may customize the business logic of the enterprise beans at their

deployment. Such a Deployer would typically use the Container Provider’s tools to write relatively sim-
ple application code that wraps the enterprise bean’s business methods.

EJB Sewer Provider

2.2.5

The EJB Server Provider is a specialist in the area of distributed transaction management, distributed
objects, and other lower-level system-level services. A typical EJB Server Provider is an OS vendor,
middleware vendor, or database vendor.

The current EJB architecture assumes that the EJB Server Provider and the EJB Container Provider

roles are the same vendor. Therefore, it does not define any interface requirements for the EJB Server
Provider.

EJB Container Provider

The EJB Container Provider (Container Provider for short) provides:
* The deployment tools necessary for the deployment of enterprise beans.

* The runtime support for the deployed enterprise bean instances.
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From the perspective of the enterprise beans, the container is a part of the target operational environ-
ment. The container runtime provides the deployed enterprise beans with transaction and security man-
agement, network distribution of remote clients, scalable management of resources, and other services
that are generally required as part of a manageable server platform.

The “EJB Container Provider's responsibilities” defined by the EJB architecture are meant to be
requirements for the implementation of the EJB container and server. Since the EJB specification does
not architect the interface between the EJB container and server, it is left up to the vendor how to split
the implementation of the required functionality between the EJB container and server.

The expertise of the Container Provider is system-level programming, possibly combined with some
application-domain expertise. The focus of a Container Provider is on the development of a scalable,
secure, transaction-enabled container that is integrated with an EJB server. The Container Provider
insulates the enterprise bean from the specifics of an underlying EJB server by providing a simple, stan-
dard API between the enterprise bean and the container. This API is the Enterprise JavaBeans compo-
nent contract.

The Container Provider typically provides support for versioning the installed enterprise bean compo-
nents. For example, the Container Provider may allow enterprise bean classes to be upgraded without
invalidating existing clients or losing existing enterprise bean objects.

The Container Provider typically provides tools that allow the System Administrator to monitor and
manage the container and the beans running in the container at runtime.

Persistence Povider

2.2.7

The expertise of the Persistence Provider is in object/relational mapping, query processing, and caching.
The focus of the Persistence Provider is on the development of a scalable, transaction-enabled runtime
environment for the management of persistence.

The Persistence Provider provides the tools necessary for the object/relational mapping of persistent
entities to a relational database, and the runtime support for the management of persistent entities and
their mapping to the database.

The Persistence Provider insulates the persistent entities from the specifics of the underlying persistence
substrate, providing a standard APl between the persistent entities and the object/relational runtime.

The Persistence Provider may be the same vendor as the EJB Container vendor or the Persistence Pro-
vider may be a third-party vendor that provides a pluggable persistence environment as described in [2].

System Administrator

The System Administrator is responsible for the configuration and administration of the enterprise’s
computing and networking infrastructure that includes the EJB server and container. The System
Administrator is also responsible for overseeing the well-being of the deployed enterprise beans appli-
cations at runtime.
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2.3 Enterprise Beans

Enterprise JavaBeans is an architecture for component-based transaction-oriented enterprise applica-
tions.

2.3.1 Characteristics of Entemprise Beans

The essential characteristics of an enterprise bean are:
* An enterprise bean typically contains business logic that operates on the enterprise’s data.
* An enterprise bean’s instances are managed at runtime by a container.
* An enterprise bean can be customized at deployment time by editing its environment entries.

e \Various service information, such as transaction and security attributes, may be specified
together with the business logic of the enterprise bean class in the form of metadata annota-
tions, or separately, in an XML deployment descriptor. This service information may be
extracted and managed by tools during application assembly and deployment.

* Client access is mediated by the container in which the enterprise bean is deployed.

* If an enterprise bean uses only the services defined by the EJB specification, the enterprise
bean can be deployed in any compliant EJB container. Specialized containers can provide addi-
tional services beyond those defined by the EJB specification. An enterprise bean that depends
on such a service can be deployed only in a container that supports that service.

* An enterprise bean can be included in an assembled application without requiring source code
changes or recompilation of the enterprise bean.

* The Bean Provider defines a client view of an enterprise bean. The Bean Provider can manu-
ally define the client view or it can be generated automatically by application development
tools. The client view is unaffected by the container and server in which the bean is deployed.
This ensures that both the beans and their clients can be deployed in multiple execution envi-
ronments without changes or recompilation.

2.3.2 Flexible Model

The enterprise bean architecture is flexible enough to implement the following:
* An object that represents a stateless service.
* An object that represents a stateless service and that implements a web service endpoint.

* An object that represents a stateless service and whose invocation is asynchronous, driven by
the arrival of messages.
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* An object that represents a conversational session with a particular client. Such session objects
automatically maintain their conversational state across multiple client-invoked methods.

* An entity object that represents a fine-grained persistent object.
Enterprise beans that are remotely accessible components are intended to be relatively coarse-grained
business objects (e.g. shopping cart, stock quote service). Fine-grained objects (e.g. employee record,
line items on a purchase order) should be modeled as light weight persistent entities, as described in [2],
not as remotely accessible components.

Although the state management protocol defined by the Enterprise JavaBeans architecture is simple, it
provides an enterprise bean developer great flexibility in managing a bean'’s state.

Session, Entity, and Message-Driven Objects

24.1

The Enterprise JavaBeans architecture defines the following types of enterprise bean objects:
* A session object.
* A message-driven object.

* An entity object.

Session Objects

A typical session object has the following characteristics:
* Executes on behalf of a single client.
* Can be transaction-aware.
* Updates shared data in an underlying database.

* Does not represent directly shared data in the database, although it may access and update
such data.

* Is relatively short-lived.

* Isremoved when the EJB container crashes. The client has to re-establish a new session object
to continue computation.

A typical EJB container provides a scalable runtime environment to execute a large number of session
objects concurrently.

The EJB specification defines batlatefulandstateless session bear&here are differences in the API
between stateful session beans and stateless session beans.
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2.4.2 Message-Drven Objects

2.4.3

A typical message-driven object has the following characteristics:

Executes upon receipt of a single client message.
Is asynchronously invoked.

Can be transaction-aware.

May update shared data in an underlying database.

Does not represent directly shared data in the database, although it may access and update
such data.

Is relatively short-lived.
Is stateless.

Is removed when the EJB container crashes. The container has to re-establish a new mes-
sage-driven object to continue computation.

A typical EJB container provides a scalable runtime environment to execute a large number of mes-
sage-driven objects concurrently.

Entity Objects

2.5

A typical entity object has the following characteristics:

Is part of a domain model, providing an object view of data in the database.
Can be long-lived (lives as long as the data in the database).
The entity and its primary key survive the crash of the EJB container. If the state of an entity

was being updated by a transaction at the time the container crashed, the entity’s state is
restored to the state of the last committed transaction when the entity is next retrieved.

A typical EJB container and server provide a scalable runtime environment for a large number of con-
currently active entity objects.

Standard Mapping to CORBA Protocols

To help interoperability for EJB environments that include systems from multiple vendors, the EJB
specification requires compliant implementations to support the interoperability protocol based on
CORBA/IIOP for remote invocations from Java EE clients. Implementations may support other remote
invocation protocols in addition to [IOP.
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2.6

Chapter 15 summarizes the requirements for support for distribution and interoperability.

Mapping to Web Service Protocols

To support web service interoperability, the EJB specification requires compliant implementations to
support XML-based web service invocations using WSDL and SOAP or plain XML over HTTP in con-
formance with the requirements of the JAX-WS [32], JAX-RPC [25], Web Services for Java EE [31],
and Web Services Metadata for the Java Platform [30] specifications.
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Client View of a Session Bean

This chapter describes the client view of a session bean. The session bean itself implements the business
logic. The bean’s container provides functionality for remote access, security, concurrency, transactions,
and so forth.

While classes implemented by the container provide the client view of the session bean, the container
itself is transparent to the client.

Overview

For a client, a session object is a hon-persistent object that implements some business logic running on
the server. One way to think of a session object is as a logical extension of the client program that runs
on the server. A session object is not shared among multiple clients.

A client never directly accesses instances of the session bean’s class. A client accesses a session object
through the session bean’s client view interface(s).

The client of a session bean may be a local client, a remote client, or a web service client, depending on
the interface provided by the bean and used by the client.
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A remote client of an session bean can be another enterprise bean deployed in the same or different con-
tainer; or it can be an arbitrary Java program, such as an application, applet, or servlet. The client view
of a session bean can also be mapped to non-Java client environments, such as CORBA clients that are
not written in the Java programming language.

The interface used by a remote client of a session bean is implemented by the container as a remote
business interface (or a remote EJBObject interface), and the remote client view of a session bean is
location-independent. A client running in the same JVM as the session object uses the same API as a
client running in a different JVM on the same or different machine.

Terminology note This specification uses the temamote business interfact refer to the business
interface of an EJB 3.0 session bean that supports remote access. Theneote interfaces used to

refer to the remote component interface of the EJB 2.1 client view. Thelteahbusiness interface

refers to the local business interface of an EJB 3.0 session bean that supports local access. The term
local interfaceis used to refer to the local component interface of the EJB 2.1 client view.

Use of a session bean’s local business interface(s) or local interface entails the collocation of the local
client and the session. The local client of an enterprise bean must be collocated in the same container as
the bean. The local client view is not location-independent.

The client of a stateless session bean may be a web service client. Gtaltekessession bean may
provide a web service client view. A web service client makes use of the enterprise bean’s web service
client view, as described by a WSDL document. The bean’s client view web service endpoint is in terms
of a JAX-WS endpoint [32] or JAX-RPC endpoint interface [25]. Web service clients are discussed in
Sections 3.2.4 and 3.5.

While it is possible to provide more than one client view for a session bean, typically only one will be
provided.

The considerations that should be taken into account in determining the client view to be used for a ses-
sion bean are further described in Section 3.2, “Local, Remote, and Web Service Client Views".

From its creation until destruction, a session object lives in a container. The container provides security,
concurrency, transactions, swapping to secondary storage, and other services for the session object
transparently to the client.

Each session object has an identity which, in genel@ds notsurvive a crash and restart of the con-
tainer, although a high-end container implementation can mask container and server crashes to a remote
or web service client.

Multiple enterprise beans can be installed in a container. The container allows the clients of session
beans that provide local or remote client views to obtain the business interfaces and/or home interfaces
of the installed enterprise beans through dependency injection or to look them up via JNDI.

The client view of a session object is independent of the implementation of the session bean and the
container.

5/2/06

40



Sun Microsystems, Inc.

Local, Remote, and Web Service Client Views Enterprise JavaBeans 3.0, Final Release Client View of a Session Bean

3.2

Local, Remote, and Web Service Client Views

3.2.1

This section describes some of the considerations the Bean Provider should take into account in deter-
mining the client view to provide for an enterprise bean.

Remote Clients

3.2.2

In EJB 3.0, a remote client accesses a session bean through the bean’s remote business interface. For a
session bean client and component written to the EJB 2.1 and earlier APIs, the remote client accesses
the session bean through the session bean’s remote home and remote component interfaces.

Compatibility Note: The EJB 2.1 and earlier API required that a remote client access the session bean
by means of the session bean’s remote home and remote component interfaces. These interfaces remain
available for use with EJB 3.0, and are described in Section 3.6.

The remote client view of an enterprise bean is location independent. A client running in the same JVM

as a bean instance uses the same API to access the bean as a client running in a different JVM on the
same or different machine.

The arguments and results of the methods of the remote business interface are passed by value.

Local Clients

Session beans may have local clients. A local client is a client that is collocated in the same JVM with
the session bean that provides the local client view and which may be tightly coupled to the bean. A
local client of a session bean may be another enterprise bean or a web component.

Access to an enterprise bean through the local client view requires the collocation in the same JVM of
both the local client and the enterprise bean that provides the local client view. The local client view
therefore does not provide the location transparency provided by the remote client view.

In EJB 3.0, a local client accesses a session bean through the bean’s local business interface. For a ses-
sion bean or entity bean client and component written to the EJB 2.1 and earlier APIs, the local client
accesses the enterprise bean through the bean’s local home and local component interfaces. The con-
tainer object that implements a local business interface is a local Java object.

Compatibility Note: The EJB 2.1 and earlier API required that a local client access the session bean by
means of the session bean’s local home and local component interfaces. These interfaces remain avail-
able for use with EJB 3.0, and are described in Section 3.6.

The arguments and results of the methods of the local business interface are passed “by rBference”
Enterprise beans that provide a local client view should therefore be coded to assume that the state of
any Java object that is passed as an argument or result is potentially shared by caller and callee.

(1]

More literally, references are passed by value in the JVM: an argument variable of primitive type holds a value oftivet prim
type; an argument variable of a reference type hold a reference to the object. See [28].
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The Bean Provider must be aware of the potential sharing of objects passed through local
interfaces. In particular, the Bean Provider must be careful that the state of one enterprise
bean is not assigned as the state of another. In general, the references that are passed across
local interfaces cannot be used outside of the immediate call chain and must never be stored as
part of the state of another enterprise bean. The Bean Provider must also exercise caution in
determining which objects to pass across local interfaces. This caution applies particularly in
the case where there is a change in transaction or security context.

3.2.3 Choosing Between a Local or Remote Clientigw

The following considerations should be taken into account in determining whether a local or remote
access should be used for an enterprise bean.

The remote programming model provides location independence and flexibility with regard to
the distribution of components in the deployment environment. It provides a loose coupling
between the client and the bean.

Remote calls involve pass-by-value. This copy semantics provides a layer of isolation between
caller and callee, and protects against the inadvertant modification of data. The client and the
bean may be programmed to assume this parameter copying.

Remote calls are potentially expensive. They involve network latency, overhead of the client
and server software stacks, argument copying, etc. Remote calls are typically programmed in a
coarse-grained manner with few interactions between the client and bean.

The objects that are passed as parameters on remote calls must be serializable.

When the EJB 2.1 and earlier remote home and remote component interfaces are used, the nar-
rowing of remote types requires the use @@vax.rmi.PortableRemoteOb-
ject.narrow rather than Java language casts.

Remote calls may involve error cases due to communication, resource usage on other servers,
etc., which are not expected in local calls. When the EJB 2.1 and earlier remote home and
remote component interfaces are used, the client has to explicitly program handlers for han-
dling thejava.rmi.RemoteException

Because of the overhead of the remote programming model, it is typically used for relatively
coarse-grained component access.

Local calls involve pass-by-reference. The client and the bean may be programmed to rely on
pass-by-reference semantics. For example, a client may have a large document which it wants
to pass on to the bean to modify, and the bean further passes on. In the local programming
model the sharing of state is possible. On the other hand, when the bean wants to return a data
structure to the client but the bean does not want the client to modify it, the bean explicitly cop-
ies the data structure before returning it, while in the remote programming model the bean does
not copy the data structure because it assumes that the system will do the copy.

Because local calls involve pass-by-reference, the local client and the enterprise bean provid-
ing the local client view are collocated.
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3.2.4

* The collocation entailed by the local programming model means that the enterprise bean can-
not be deployed on a node different from that of its client—thus restricting the distribution of
components.

* Because the local programming model provides more lightweight access to a component, it
better supports more fine-grained component access.

Note that although collocation of the remote client and the enterprise bean may allow the con-
tainer to reduce the overhead of calls through a remote business interface or remote compo-
nent interface, such calls are still likely to be less efficient than calls made using a local
interface because any optimizations based on collocation must be done transparently.

The choice between the local and the remote programming model is a design decision that the Bean
Provider makes when developing the enterprise bean.

While it is possible to provide both a remote client view and a local client view for an enterprise bean,
more typically only one or the other will be provided.

Web Sewice Clients

Stateless session beans may have web service clients.

A web service client accesses a stateless session bean through the web service client view. The web ser-
vice client view is described by the WSDL document for the web service that the bean implements.
WSDL is an XML format for describing a web service as a set of endpoints operating on messages. The
abstract description of the service is bound to an XML based protocol (SOAP [27]) and underlying
transport (HTTP or HTTPS) by means of which the messages are conveyed between client and server.
(See references [25], [26], [30], [31], [32]).

The web service methods of a stateless session bean provide the basis of the web service client view of
the bean that is exported through WSDL. See references [30] and [25] for a description of how Java lan-
guage metadata annotations may be used to specify a stateless session bean’s web services client view.

Compatibility Note: EJB 2.1 required the Bean Provider to define a web service endpoint interface for a
stateless session bean when he or she wished to expose the functionality of the bean as a web service
endpoint through WSDL. This requirement to define the web service endpoint interface is removed in
EJB 3.0. See [30].

A bean’s web service client view may be initially defined by a WSDL document and then mapped to a
web service endpoint that conforms to this, or an existing bean may be adapted to provide a web service
client view. Reference [31] describes various design-time scenarios that may be used for EJB web ser-
vice endpoints.

The web service client view of an enterprise bean is location independent and remotable.

Web service clients may be Java clients and/or clients not written in the Java programming language. A
web service client that is a Java client accesses the web service by means of the JAX-WS or JAX-RPC
client APIs. Access through web service clients occurs through SOAP 1.1, SOAP 1.2 or plain XML
over HTTP(S).
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3.3

EJB Container

3.4

An EJB container (container for short) is a system that functions as the “container” for enterprise beans.
Multiple enterprise beans can be deployed in the same container. The container is responsible for mak-
ing the business interfaces and/or home interfaces of its deployed enterprise beans available to the client
through dependency injection and/or through lookup in the JNDI namespace.

Client View of Session Beans Written to the EJB 3.0
Simplified API

3.4.1

The EJB 3.0 local or remote client of a session bean written to the EJB 3.0 APl accesses a session bean
through its business interface. The business interface of an EJB 3.0 session bean is an ordinary Java
interface, regardless of whether local or remote access is provided for the bean. In particular, the EJB
3.0 session bean business interface is not one of the interface types required by earlier versions of the
EJB specification (i.e., EJBObject or EJBLocalObject interface).

Obtaining a Session Beas Business Interface

3.4.2

A client can obtain a session bean’s business interface through dependency injection or lookup in the
JNDI namespace.

For example, the business interfaCart for the CartBean session bean may be obtained using
dependency injection as follows:

@EJB Cart cart;

The Cart business interface could also be looked up using JNDI as shown in the following code seg-
ment using thdookup method provided by the EJBContext interface. In this example, a reference to
the client bean’s SessionContext object is obtained through dependency injection:

@Resource SessionContext ctx;

Cart cart = (Cart)ctx.lookup(“cart”);

In both cases, the syntax used in obtaining the reference @alte business interface is independent

of whether the business interface is local or remote. In the case of remote access, the actual location of a
referenced enterprise bean and EJB container are, in general, transparent to the client using the remote
business interface of the bean.

Session Bears Business Interface

The session bean'’s interface is an ordinary Java interface. It contains the business methods of the ses-
sion bean.
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3.4.3

A reference to a session bean’s business interface may be passed as a parameter or return value of a
business interface method. If the reference is to a session bean'’s local business interface, the reference
may only be passed as a parameter or return value of a local business interface method.

The business interface of a stateful session bean typically contains a method to initialize the state of the
session object and a method to indicate that the client has finished using the session object and that it
can be removed. See Chapter 4, “Session Bean Component Contract”.

It is invalid to reference a session object that does not exist. If a stateful session bean has been removed,
attempted invocations on the stateful session bean business interface result in the
javax.ejb.NoSuchEJBException

The container provides an implementation of a session bean’s business interface such that when the cli-
ent invokes a method on the instance of the business interface, the business method on the session bean
instance and any interceptor methods are invoked as needed.

The container makes the session bean’s business interface available to the EJB 3.0 client through depen-

dency injection and through lookup in the JNDI namespace. Section 16.5 describes in further detail how
clients can obtain references to EJB business interfaces.

Client View of Session Objecsg Life Cycle

3.4.4

From the point of view of the client, a session object exists once the client has obtained a reference to its
business interface—whether through dependency injection or from lookup of the business interface in
JNDI.

A client that has a reference to a session object’s business interface can then invoke business methods on
the interface and/or pass the reference as a parameter or return value of a business interfade method.

A client may remove a stateful session bean by invoking a method of its business interface designated as
aRemove method.

The lifecycle of a stateless session bean does not require that it be removed by the client. Removal of a
stateless session bean instance is performed by the container, transparently to the client.

The contracts for session bean lifecycle are described in Chapter 4, “Session Bean Component Con-
tract”.

Example of Obtaining and Using a Session Object

An example of the session bean runtime objects is illustrated by the following diagram:

[2]
(3]

This may not apply to stateless session beans; see Section 4.5.

Note that the EJB 3.0 session bean business interface is not an EJBODbject. It is not valid to pass a reference to the remote business
interface through a bean’s remote component interface.
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Figure 1

Session Bean Example Objects
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A client obtains a reference to@art session object, which provides a shopping service, by means of
dependency injection or using JNDI lookup. The client then uses this session object to fill the cart with
items and to purchase its contef@art is a stateful session.

In this example, the client obtains a reference to the Cart’s business interface through dependency injec-
tion. The client then uses the business interface to initialize the session object and add a few items to it.
ThestartShopping method is a business method that is provided for the initialization of the session
object.

@EJB Cart cart;
Eért.startShopping();

cart.addItem(66);
cart.addltem(22);

Finally the client purchases the contents of the shopping cart, and finishes the shoppiné‘”activity.

cart.purchase();
cart.finishShopping();

4

Itis part of the logic of an application designed using stateful session beans to designate a method that causes the removal of the
stateful session (and thus allows for the reclamation of resources used by the session bean). This example assumes that the fin-
ishShopping method is such a Remove method. See Section 4.4 for further discussion
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3.4.5

Session Object ldentity

3.45.1

3.45.2

A client can test two session bean business interface references for identity by means of the
Object.equals andObject.hashCode  methods.

Stateful Session Beans

A stateful session object has a unique identity that is assigned by the container at the time the object is
created. A client of the stateful session bean business interface can determine if two business interface
references refer to the same session object by use edtia¢és method.

For example,

@EJB Cart cartl;
@EJB Cart cart2;

if (cartl.equals(cartl)) {// this test must return true

|

if (cartl.equals(cart2)) {// this test must return false

}

All stateful session bean references to the same business interface for the same stateful session bean

instance will be equal. Stateful session bean references to different interface types or to different ses-
sion bean instances will not have the same identity.

Stateless Session Beans

All business object references of the same interface type for the same stateless session bean have the
same object identity, which is assigned by the container.

For example,

@EJB Cart cartl;
@EJB Cart cart2;

if (cartl.equals(cartl)) {// this test must return true

}

if (cartl.equals(cart2)) {// this test must also return true

}

Theequals method always returns true when used to compare references to the same business inter-
face type of the same session bean. Session bean references to either different business interface types
or different session beans will not be equal.
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3.5 The Web Service Client View of a Stateless Session Bean

From the perspective of the client, the existence of the stateless session bean is completely hidden
behind the web service endpoint that the bean implements.

The web service client's access to the web service functionality provided by a stateless session bean
occurs through a web service endpoint. In the case of Java clients, this endpoint is accessed as a
JAX-WS or JAX-RPC service endpoint using the JAX-WS or JAX-RPC client view APls, as described

in [32] and [25].

The following diagram illustrates the view that is provided to Java EE web service clients of a stateless
session bean through the JAX-WS client view APIs.
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Figure 2 Web Service Client View of Stateless Session Beans Deployed in a Container
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3.5.1 JAX-WS Web Sewice Clients

The Java EE web service client obtains a reference to the service instance of the

javax.xml.ws.Service class through dependency injection or using JNDI. The service class can
be a genericjavax.xml.ws.Service class or a generated service class which extends the
javax.xml.ws.Service class. The service instance is then used to obtain a port object for the web

service endpoint. The mechanisms and APIs for client web service access are described in the JAX-WS
specification [32] and in the Web Services for Java EE specification [31].
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The following example illustrates how a JAX-WS client obtains a reference to a web service endpoint,
obtains a port object for the web service endpoint, and invokes a method on that endpoint.

@WebServiceRef
public StockQuoteService stockQuoteService;

é'tockQuoteProvider sqp =
stockQuoteService.getStockQuoteProviderPort();
float quotePrice = sqp.getLastTradePrice("ACME");

The use of service references and WWebServiceRef annotation are described in further detail in
[32].

3.5.2 JAX-RPC Web Sevwice Clients
The JAX-RPC web service client obtains a reference to the service object that implements the
javax.xml.rpc.Service interface through dependency injection or using JNDI. The service
interface can be a generjavax.xml.rpc.Service interface or a generated service interface
which extends th@avax.xml.rpc.Service interface. The service interface is then used to obtain
a stub or proxy that implements the stateless session bean’s web service endpoint interface. The mecha-
nisms and APIs for client web service access are described in the JAX-RPC specification [25] and in the
Web Services for Java EE specification [31].
The following example illustrates how a Java EE client looks up a web service in JNDI using a logical
name called a service reference (specified usingéneice-ref element), obtains a stub instance
for a web service endpoint, and invokes a method on that endpoint.
Context ctx = new InitialContext();
com.example.StockQuoteService sgs = (com.example.StockQuoteService)
ctx.lookup(*java:comp/env/service/StockQuoteService”);
com.example.StockQuoteProvider sgp =
sgs.getStockQuoteProviderPort();
float quotePrice = sqp.getLastTradePrice(“ACME");
The use of service references and seevice-ref deployment descriptor element are described in
further detail in [31].
3.6 Remote and Local Client View of Session Beans Written to

the EJB 2.1 Client View API

The remainder of this chapter describes the Session Bean client view defined by the EJB 2.1 and earlier
specifications. Support for the definition and use of these earlier client interfaces is required to be pro-
vided by implementations of the EJB 3.0 specification.
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3.6.1

Locating a Session Beas’Home Interface

3.6.2

The EJB 2.1 and earlier specifications require that the client first obtain a reference to a session bean'’s
home interface, and then use the home interface to obtain a reference to the bean’s component interface.
This earlier programming model continues to be supported in the EJB 3.0. Both dependency injection
and use of the EJBConteltokup method may be used as an alternative to the JNDI APIs to obtain a
reference to the home interface.

For example, an EJB 3.0 cliepm.acme.example.MySessionBean , might obtain a reference
to a bean’s home interface as follows:

@EJB CartHome cartHome;

This home interface could be looked up in INDI using the EJBCofdekup method as shown in the
following code segment:

@Resource SessionContext ctx;

CartHome cartHome =
(CartHome)ctx.lookup(“com.acme.example.MySessionBean/cartHome”);

When the EJBContextookup method is used to look up a home interface, the use of
javax.rmi.PortableRemoteObject.narrow is not required.

The following code segments illustrate how the home interface is obtained when the JNDI APIs are
used directly, as was required in the EJB 2.1 programming model. For example, the remote home inter-
face for theCart session bean can be located using the following code segment:

Context initialContext = new InitialContext();

CartHome cartHome = (CartHome)javax.rmi.PortableRemoteObject.narrow(
initialContext.lookup(“java:comp/env/ejb/cart”),
CartHome.class);

If the Cart session bean provides a local client view instead of a remote client vie@anidome is
a local home interface, this lookup might be as follows:

Context initialContext = new InitialContext();
CartHome cartHome = (CartHome)
initialContext.lookup(“java:comp/env/ejb/cart”);

Session Bears Remote Home Interface

This section is specific to session beans that provide a remote client view using the remote and remote
home interfaces.

This was the only way of providing a remote client view in EJB 2.1 and earlier releases. The
remote client view provided by the business interface in EJB 3.0 as described in Section 3.4 is
now to be preferred.
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The container provides the implementation of the remote home interface for each session bean that
defines a remote home interface that is deployed in the container. The object that implements a session
bean’s remote home interface is called a session EJBHome object. The container makes the session
bean’s remote home interface available to the client through dependency injection or through lookup in
the JNDI namespace.

The remote home interface allows a client to do the following:
* Create a new session object.
* Remove a session object.

* Get the javax.ejb.EJBMetaData interface for the session bean. The
javax.ejb.EJBMetaData interface is intended to allow application assembly tools to
discover information about the session bean, and to allow loose client/server binding and cli-
ent-side scripting.

* Obtain a handle for the remote home interface. The home handle can be serialized and written
to stable storage. Later, possibly in a different JVM, the handle can be deserialized from stable
storage and used to obtain back a reference of the remote home interface.

The life cycle of the distributed object implementing the remote home interface (the EJBHome object)
or the local Java object implementing the local home interface (the EJBLocalHome object) is con-
tainer-specific. A client application should be able to obtain a home interface, and then use it multiple
times, during the client application’s lifetime.

A client can pass a remote home object reference to another application. The receiving application can
use the home interface in the same way that it would use a remote home object reference obtained via
JNDI.

3.6.2.1 Creating a Session Object

A home interface defines one or maneate<METHOD> methods, one for each way to create a ses-
sion object. The arguments of theeate methods are typically used to initialize the state of the cre-
ated session object.

The return type of &reate<METHOD> method on the remote home interface is the session bean’s
remote interface.

The following example illustrates a remote home interface that definesreate<METHOD> meth-
ods:

public interface CartHome extends javax.ejb.EJBHome {
Cart create(String customerName, String account)
throws RemoteException, BadAccountException,
CreateException;
Cart createLargeCart(String customerName, String account)
throws RemoteException, BadAccountException,
CreateException;
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3.6.2.2

3.6.3

The following example illustrates how a client creates a new session object usieate<METHOD>
method of theCartHome interface:

cartHome.create(“John”, “7506");

Removing a Session Object

A remote client may remove a session object using tmmove() method of the
javax.ejb.EJBObject interface, or the emove(Handle handle) method of the
javax.ejb.EJBHome interface.

Because session objects do not have primary keys that are accessible to clients, invoking the

javax.ejb.EJBHome.remove(Object primaryKey) method on a session results in a
javax.ejb.RemoveException

Session Bears Local Home Interface

3.6.3.1

This section is specific to session beans that provide a local client view using the local and local home
interfaces.

This was the only way of providing a local client view in EJB 2.1 and earlier releases. The
local client view provided by the business interface in EJB 3.0 as described in Section 3.4 is
now to be preferred.

The container provides the implementation of the local home interface for each session bean that defines
a local home interface that is deployed in the container. The object that implements a session bean’s
local home interface is called a session EJBLocalHome object. The container makes the session bean’s
local home interface available to the client through JNDI.
The local home interface allows a local client to do the following:

* Create a new session object.

* Remove a session object.
A client can pass a local home object reference to another application through its local interface. A local

home object reference cannot be passed as an argument or result of a method on an enterprise bean’s
remote home or remote interface.

Creating a Session Object

A local home interface defines one or mareate<METHOD> methods, one for each way to create a
session object. The arguments of tireate  methods are typically used to initialize the state of the
created session object.

The return type of @reate<METHOD> method on the local home interface is the session bean’s local
interface.
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The following example illustrates a local home interface that definesteate<METHOD> methods:

public interface CartHome extends javax.ejb.EJBLocalHome {
Cart create(String customerName, String account)
throws BadAccountException, CreateException;
Cart createLargeCart(String customerName, String account)
throws BadAccountException, CreateException;

The following example illustrates how a client creates a new session object usiegta<METHOD>
method of theCartHome interface:

cartHome.create(“John”, “7506");
3.6.3.2 Removing a Session Object

A local client may remove a session object usingréraove() method of thgavax.ejb.EJBLo-
calObject interface.

Because session objects do not have primary keys that are accessible to clients, invoking the

javax.ejb.EJBLocalHome.remove(Object primaryKey) method on a session results in
ajavax.ejb.RemoveException

3.6.4 EJBObject and EJBLocalObject

A remote or local client that uses the EJB 2.1 client view APIs uses the session bean’s component inter-
face to access a session bean instance. The class that implements the session bean’s component interface
is provided by the container. Instances of a session bean’s remote interface are calledEsHSion

jects. Instances of a session bean’s local interface are called sEd&ibocalObjects.

A session EJBObject supports:

* The business logic methods of the object. The session EJBObject delegates invocation of a
business method to the session bean instance.

* The methods of th@vax.ejb.EJBObject interface. These methods allow the client to:
* Get the session object’'s remote home interface.
* Get the session object’s handle.
* Test if the session object is identical with another session object.
* Remove the session object.

A session EJBLocalObject supports:

* The business logic methods of the object. The session EJBLocalObject delegates invocation of
a business method to the session bean instance.

* The methods of th¢avax.ejb.EJBLocalObject interface. These methods allow the
client to:
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3.6.5

* Get the session object’s local home interface.
* Test if the session object is identical with another session object.
* Remove the session object.

The implementation of the methods defined in thavax.ejb.EJBObject and

javax.ejb.EJBLocalObject interfaces is provided by the container. They are not delegated to
the instances of the session bean class.

Object Identity

3.6.6

Session objects are intended to be private resources used only by the client that created them. For this
reason, session objects, from the client's perspective, appear anonymous. In contrast to entity objects,
which expose their identity as a primary key, session objects hide their identity. As a resEiRO®-
ject.getPrimaryKey() method results in @va.rmi.RemoteException and theEJBLo-
calObject.getPrimaryKey() method results in gavax.ejb.EJBException , and the
EJBHome.remove(Object primaryKey) and theEJBLocalHome.remove(Object pri-

maryKey) methods result in @avax.ejb.RemoveException if called on a session bean. If the
EJBMetaData.getPrimaryKeyClass() method is invoked on &JBMetaData object for a

session bean, the method throwsjtha.lang.RuntimeException

Since all session objects hide their identity, there is no need to provide a finder for them. The home
interface of a session bean must not define any finder methods.

A session object handle can be held beyond the life of a client process by serializing the handle to per-
sistent storage. When the handle is later deserialized, the session object it returns will work as long as
the session object still exists on the server. (An earlier timeout or server crash may have destroyed the
session object.)

A handle is not a capability, in the security sense, that would automatically grant its holder the right to
invoke methods on the object. When a reference to a session object is obtained from a handle, and then
a method on the session object is invoked, the container performs the usual access checks based on the
caller’s principal.

Client view of Session Objecs Life Cycle

From the point of view of a local or remote client using the EJB 2.1 and earlier client view API, the life
cycle of a session object is illustrated below.
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Figure 3 Life Cycle of a Session Object.
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A session object does not exist until it is created. When a client creates a session object, the client has a
reference to the newly created session object’'s component interface.

3.6.6.1 References to Session Object Remote Interfaces
A client that has a reference to a session object’s remote interface can then do any of the following:
* Invoke business methods defined in the session object’'s remote interface.
* Get a reference to the session object’s remote home interface.
* Get a handle for the session object.
* Pass the reference as a parameter or return value within the scope of the client.

* Remove the session object. A container may also remove the session object automatically
when the session object’s lifetime expires.

It is invalid to reference a session object that does not exist. Attempted remote invocations on a stateful
session object that does not exist resultjava.rmi.NoSuchObjectException
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3.6.6.2 References to Session Object Local Interfaces
A client that has a reference to a session object’s local interface can then do any of the following:
* Invoke business methods defined in the session object’s local interface.
* Get a reference to the session object’s local home interface.
* Pass the reference as a parameter or return value of a local interface method.

* Remove the session object. A container may also remove the session object automatically
when the session object’s lifetime expires.

It is invalid to reference a session object that does not exist. Attempted invocations on a stateful session
object that does not exist resulfj@avax.ejb.NoSuchObjectLocalException 6

A client can pass a local object reference or local home object reference to another application through

its local interface. A local object reference or local home object reference cannot be passed as an argu-
ment or result of a method on an enterprise bean’s remote home or remote interface.

3.6.7 Creating and Using a Session Object

An example of the session bean runtime objects is illustrated by the following diagram:

[5] This may not apply to stateless session beans; see Section 4.5.
[6] This may not apply to stateless session beans; see Section 4.5.
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Figure 4

Session Bean Example Objects
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A client creates a remot€art session object, which provides a shopping service, usicgea
ate<METHOD>method of theCart 's remote home interface. The client then uses this session object
to fill the cart with items and to purchase its contents.

Suppose that the end-user wishes to start the shopping session, suspend the shopping session tempo-
rarily for a day or two, and later complete the session. The client might implement this feature by get-
ting the session object’s handle, saving the serialized handle in persistent storage, and using it later to
reestablish access to the origiQalrt .

For the following example, we start by looking up tBart 's remote home interface in JINDI. We then
use the remote home interface to credad session object and add a few items to it:

CartHome cartHome = (CartHome)javax.rmi.PortableRemoteObject.narrow(
initialContext.lookup(...), CartHome.class);

Cart cart = cartHome.createLargeCart(...);

cart.addItem(66);

cart.addItem(22);

Next we decide to complete this shopping session at a later time so we serialize a handle to this cart ses-
sion object and store it in a file:

Handle cartHandle = cart.getHandle();
// serialize cartHandle, store in a file...
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3.6.8

Finally we deserialize the handle at a later time, re-create the reference to the cart session object, and
purchase the contents of the shopping cart:

Handle cartHandle = ...; // deserialize from a file...

Cart cart = (Cart)javax.rmi.PortableRemoteObject.narrow(
cartHandle.getEJBObiject(), Cart.class);

cart.purchase();

cart.remove();

Obiject Identity

3.6.8.1

3.6.8.2

Stateful Session Beans
A stateful session object has a unique identity that is assigned by the container at create time.

A remote client can determine if two remote object references refer to the same session object by invok-
ing theisldentical(EJBObject otherEJBObject) method on one of the references. A local
client can determine if two local object references refer to the same session object by invoking the
isldentical(EJBLocalObject otherEJBLocalObject) method.

The following example illustrates the use of isldentical method for a stateful session object.

FooHome fooHome = ...; // obtain home of a stateful session bean
Foo fool = fooHome.create(...);
Foo foo2 = fooHome.create(...);

if (fool.isldentical(fool)) {// this test must return true

}

if (fool.isldentical(foo2)) {// this test must return false

}

Stateless Session Beans

All session objects of the same stateless session bean within the same home have the same object iden-
tity, which is assigned by the container. If a stateless session bean is deployed multiple times (each
deployment results in the creation of a distinct home), session objects from different homes will have a
different identity.

The isldentical(EJBObject otherEJBObject) and isldentical(EJBLocalOb-
ject otherEJBLocalObject) methods always returns true when used to compare object refer-
ences of two session objects of the same stateless session bean.
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The following example illustrates the use of isldentical method for a stateless session object.
FooHome fooHome = ...; // obtain home of a stateless session bean

Foo fool = fooHome.create();
Foo foo2 = fooHome.create();

if (fool.isldentical(fool)) {// this test returns true

}

if (fool.isldentical(foo2)) {// this test returns true

}

3.6.8.3 getPrimaryKey()

3.6.9

The object identifier of a session object is, in general, opaque to the client. The regetPofma-
ryKey() on a session EJBObject reference resulfgua.rmi.RemoteException . The result
of getPrimaryKey() on a session EJBLocalObject reference resuljavax.ejb.EJBExcep-

tion

Type Narrowing

A client program that is intended to be interoperable with all compliant EJB container implementations
must use thgavax.rmi.PortableRemoteObject.narrow method to perform type-narrow-
ing of the client-side representations of the remote home and remote intEifaces.

Note: Programs using the cast operator for narrowing the remote and remote home interfaces are likely
to fail if the container implementation uses RMI-IIOP as the underlying communication transport.

(7]

Use of javax.rmi.PortableRemoteObject.narrow is not needed when the EJBContext lookup method is used to look up the remote
home interface.
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e OE€SSION Bean Component Contract

This chapter specifies the contract between a session bean and its container. It defines the life cycle of
the session bean instances.

This chapter defines the developer's view of session bean state management and the container’s respon-
sibilities for managing session bean state.

4.1 Overview

A session bean instance is an instance of the session bean class. It holds the session object’s state.
A session bean instance is an extension of the client that creates it:
* Inthe case of a stateful session bean, its fields conteoneersational stateon behalf of the
session object’s client. This state describes the conversation represented by a specific cli-
ent/session object pair.

* It typically reads and updates data in a database on behalf of the client.

* Inthe case of a stateful session bean, its lifetime is controlled by the client.
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A container may also terminate a session bean instance’s life after a deployer-specified time-
out or as a result of the failure of the server on which the bean instance is running. For this
reason, a client should be prepared to recreate a new session object if it loses the one it is
using.

Typically, a session object’s conversational state is not written to the database. A session bean developer
simply stores it in the session bean instance’s fields and assumes its value is retained for the lifetime of
the instance. A developer may use an extended persistence context to store a stateful session bean’s per-
sistent conversational state. See the docundangPersistence APISf this specification [2].

A session bean that does not make use of the Java Persistence API must explicitly manage cached data-
base data. A session bean instance must write any cached database updates prior to a transaction com-
pletion, and it must refresh its copy of any potentially stale database data at the beginning of the next
transaction. A session bean must also refreshjargisql  Statement objects before they are used in

a new transaction context. Use of the Java Persistence API provides a session bean with automatic man-
agement of database data, including the automatic flushing of cached database updates upon transaction
commit. See [2].

The container manages the life cycle of the session bean instances. It notifies the instances when bean
action may be necessary, and it provides a full range of services to ensure that the session bean imple-
mentation is scalable and can support a large number of clients.

A session bean may be either:

* stateless-the session bean instances contain no conversational state between methods; any
instance can be used for any client.

¢ stateful—the session bean instances contain conversational state which must be retained across
methods and transactions.

4.2 Conversational State of a Stateful Session Bean

The conversational state oktatefulsession object is defined as the session bean instance’s field values,
its associated interceptors and their instance field values, plus the transitive closure of the objects from
these instances’ fields reached by following Java object references.

To efficiently manage the size of its working set, a session bean container may need to temporarily
transfer the state of an iditatefulsession bean instance to some form of secondary storage. The trans-
fer from the working set to secondary storage is called instpassivation The transfer back is called
activation

In advanced cases, a session object’s conversational state may contain open resources, such as open
sockets and open database cursors. A container cannot retain such open resources when a session bean
instance is passivated. A developer of a stateful session bean must close and open the resources in the
PrePassivate andPostActivate lifecycle callback interceptor metholds.

[8] Note that this requirement does not apply to the EntityManager and EntityManagerFactory objects.
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A container may only passivate a stateful session bean instance when the instemagagransaction.

A container must not passivate a stateful session bean with an extended persistence context unless the
following conditions are mé®!

* All the entities in the persistence context are serializable.
* The EntityManager is serializable.

A stateless session bean is never passivated.

4.2.1 Instance Rassiation and Corversational State

The Bean Provider is required to ensure thatRhePassivate  method leaves the instance fields and
the fields of its associated interceptors ready to be serialized by the container. The objects that are
assigned to the instance’s ntlansient  fields and the notransient  fields of its interceptors
after thePrePassivate = method completes must be one of the following.
* A serializable obje&t?],
e Anull
* Areference to an enterprise bean’s business interface.

* Areference to an enterprise bean’s remote interface, even if the stub class is not serializable.

* Areference to an enterprise bean’s remote home interface, even if the stub class is not serializ-
able.

* Areference to an entity bean’s local interface, even if it is not serializable.
* Areference to an entity bean’s local home interface, even if it is not serializable.
* Areference to th&essionContext  object, even if it is not serializable.

* A reference to the environment naming context (that isjakia:comp/env  JNDI context)
or any of its subcontexts.

* A reference to th&JserTransaction interface.
* Areference to a resource manager connection factory.

* A reference to a container-manadadtityManager  object, even if it is not serializable.

[9] The container is not permitted to destroy a stateful session bean instance because it does not meet these requirements.

[10] Note that the Java Serialization protocol dynamically determines whether or not an object is serializable. This means that it is pos-
sible to serialize an object of a serializable subclass of a non-serializable declared field type.
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* A reference to afEntityManagerFactory object obtained via injection or JNDI lookup,
even if it is not serializable.

* Areference to gavax.ejb.Timer object.

* An object that is not directly serializable, but becomes serializable by replacing the references
to an enterprise bean'’s business interface, an enterprise bean’s home and component interfaces,
the references to th8essionContext  object, the references to thava:comp/env
JNDI context and its subcontexts, the references tduberTransaction interface, and
the references to thEntityManager  and/orEntityManagerFactory by serializable
objects during the object’s serialization.

This means, for example, that the Bean Provider must close all JIDBC™ connectiondPrefes-
sivate method and assign the instance’s fields storing the connectionl ta

The last bulleted item covers cases such as storing Collections of component interfaces in the conversa-
tional state.

The Bean Provider must assume that the content of transient fields may be lost betwemPde

sivate and PostActivate notifications. Therefore, the Bean Provider should not store in a
transient field a reference to any of the following objecBessionContext  object; environ-

ment JNDI naming context and any its subcontexts; business interfaces; home and component inter-
faces; EntityManager interface; EntityManagerFactory interface; UserTransaction

interface.

The restrictions on the use of transient fields ensure that containers can use Java Serialization during
passivation and activation.

The following are the requirements for the container.

The container performs the Java programming language Serialization (or its equivalent) of the
instance’s state (and its interceptors’ state) after it invokePtbPassivate = method on the instance
and its interceptors.

The container must be able to properly save and restore the reference to the business interfaces and
home and component interfaces of the enterprise beans stored in the instance’s state even if the classes
that implement the object references are not serializable.

The container must be able to properly save and restore references to timers stored in the instance’s state
even if the classes that implement the timers are not serializable.

The container may use, for example, the object replacement technique that is part of the
java.io.ObjectOutputStream andjava.io.ObjectlinputStream protocol to external-
ize the home and component references.

If the session bean instance stores in its conversational state an object reference to the
javax.ejb.SessionContext interface, the container must be able to save and restore the refer-
ence across the instance’s passivation. The container can replace the diggsanContext

object with a different and functionally equival@gssionContext  object during activation.
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If the session bean instance stores in its conversational state an object reference to the
java:comp/env JNDI context or its subcontext, the container must be able to save and restore the
object reference across the instance’s passivation. The container can replace the original object with a
different and functionally equivalent object during activation.

If the session bean instance stores in its conversational state an object referentésertmansac-

tion interface, the container must be able to save and restore the object reference across the instance’s
passivation. The container can replace the original object with a different and functionally equivalent
object during activation.

If the session bean instance stores in its conversational state an object reference to a container-managed
EntityManager  or to anEntityManagerFactory obtained via injection or JNDI lookup, the
container must be able to save and restore the object reference across the instance’s passivation.

The container may destroy a session bean instance if the instance does not meet the requirements for
serialization aftePrePassivate

While the container is not required to use the Serialization protocol for the Java programming language
to store the state of a passivated session instance, it must achieve the equivalent result. The one excep-
tion is that containers are not required to reset the valugaosient  fields during activatiotll.

Declaring the session bean’s fieldgrassient is, in general, discouraged.

4.2.2 The Effect of Transaction Rollback on Cowversational State

A session object’s conversational state is not transactional. It is not automatically rolled back to its ini-
tial state if the transaction in which the object has participated rolls back.

If a rollback could result in an inconsistency between a session object's conversational state and the
state of the underlying database, the bean developer (or the application development tools used by the
developer) must use tladterCompletion notification to manually reset its state.

4.3 Protocol Between a Session Bean Instance and its
Container

Containers themselves make no actual service demands on the session bean instances. The container
makes calls on a bean instance to provide it with access to container services and to deliver notifications
issued by the container.

[11] This is to allow the container to swap out an instance’s state through techniques other than the Java Serializatidfoprotoco
example, the container’s Java Virtual Machine implementation may use a block of memory to keep the instance’s variables, and
the container swaps the whole memory block to the disk instead of performing Java Serialization on the instance.
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4.3.1

Required Session Bean Metadata

4.3.2

A session bean must be annotated or denoted in the deployment descriptor as a stateless or stateful ses-
sion bean. A stateless session bean must be annotated wittatiedess ~ annotation or denoted in

the deployment descriptor as a stateless session bean. A stateful session bean must be annotated with the
Stateful  annotation or denoted in the deployment descriptor as a stateful session beStat€he

ful andStateless  annotations are component-defining annotations and are applied to the bean
class.

Dependency Injection

4.3.3

A session bean may use dependency injection mechanisms to acquire references to resources or other
objects in its environment (see Chapter 16, “Enterprise Bean Environment”). If a session bean makes
use of dependency injection, the container injects these references after the bean instance is created, and
before any business methods are invoked on the bean instance. If a dependencgessitieCon-

text is declared, or if the bean class implements the opti@ealsionBean interface (see Section

4.3.5), theSessionContext is also injected at this time. If dependency injection fails, the bean
instance is discarded.

Under the EJB 3.0 API, the bean class may acquire3bssionContext  interface through
dependency injection without having to implement3$lessionBean interface. In this case,
the Resource annotation (orresource-env-ref deployment descriptor element) is
used to denote the bean’s dependency orStssionContext . See Chapter 16, “Enter-
prise Bean Environment”.

The SessionContext Interface

If the bean specifies a dependency on 8essionContext  interface (or if the bean class imple-
ments theSessionBean interface), the container must provide the session bean instance S&th a
sionContext . This gives the session bean instance access to the instance’s context maintained by the
container. Th&essionContext  interface has the following methods:

* The getCallerPrincipal method returns thgava.security.Principal that
identifies the invoker.

* The isCallerinRole method tests if the session bean instance’s caller has a particular
role.

* The setRollbackOnly method allows the instance to mark the current transaction such
that the only outcome of the transaction is a rollback. Only instances of a session bean with
container-managed transaction demarcation can use this method.

* The getRollbackOnly method allows the instance to test if the current transaction has
been marked for rollback. Only instances of a session bean with container-managed transaction
demarcation can use this method.

* The getUserTransaction method returns th@vax.transaction.UserTrans-
action interface. The instance can use this interface to demarcate transactions and to obtain
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transaction status. Only instances of a session bean with bean-managed transaction demarca-
tion can use this method.

* The getTimerService method returns thgavax.ejb.TimerService interface.
Only stateless session beans can use this method. Stateful session beans cannot be timed
objects.

* The getMessageContext method returns thgavax.xml.rpc.handler.Mes-
sageContext interface of a stateless session bean that implements a JAX-RPC web service
endpoint. Only stateless session beans with web service endpoint interfaces can use this
method.

* ThegetBusinessObject(Class businessinterface) method returns the session
bean’s business interface. Only session beans with an EJB 3.0 business interface can call this
method.

* The getinvokedBusinessinterface method returns the session bean business inter-
face through which the bean was invoked.

* ThegetEJBObject method returns the session bean’s remote interface. Only session beans
with a remote EJBObiject interface can call this method.

* The getEJBHome method returns the session bean’s remote home interface. Only session
beans with a remote home interface can call this method.

* ThegetEJBLocalObject method returns the session bean'’s local interface. Only session
beans with a local EJBLocalObject interface can call this method.

* ThegetEJBLocalHome method returns the session bean’s local home interface. Only ses-
sion beans with a local home interface can call this method.

* Thelookup method enables the session bean to look up its environment entries in the JNDI
naming context.

4.3.4 Session Bean Lifecycle Callback Intexeptor Methods

The following lifecycle event callbacks are supported for session beans. Lifecycle callback interceptor
methods may be defined directly on the bean class or on a separate interceptor class. See Section 4.6.3
and Chapter 12.
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4.3.5

e PostConstruct
* PreDestroy
e PostActivate

* PrePassivate

The PostConstruct callback invocations occur before the first business method invocation on the
bean. This is at a point after which any dependency injection has been performed by the container.

The PostConstruct lifecycle callback interceptor methods execute in an unspecified transaction
and security context.

ThePreDestroy callback notification signals that the instance is in the process of being removed by
the container. In theé’reDestroy lifecycle callback interceptor methods, the instance typically
releases the resources that it has been holding.

The PreDestroy lifecycle callback interceptor methods execute in an unspecified transaction and
security context.

The PrePassivate  andPostActivate lifecycle callback interceptor methods are only called on
stateful session bean instances.

ThePrePassivate  callback notification signals the intent of the container to passivate the instance.
The PostActivate notification signals the instance it has just been reactivated. Because containers
automatically maintain the conversational state of a stateful session bean instance when it is passivated,
these notifications are not needed for most session beans. Their purpose is to allow stateful session
beans to maintain those open resources that need to be closed prior to an instance’s passivation and then
reopened during an instance’s activation.

The PrePassivate  and PostActivate lifecycle callback interceptor methods execute in an
unspecified transaction and security context.

The Optional SessionBean Interface

The session bean class is not required to implemenséssionBean interface or theSerializ-
able interface. Interceptor classes for the bean are likewise not required to implem&wrtak
izable interface.

Compatibility Note: The SessionBean interface was required to be implemented by the session bean
class in earlier versions of the Enterprise JavaBeans specification. In EJB 3.0, the functionality previ-
ously provided by the SessionBean interface is available to the bean class through selective use of
dependency injection (of the SessionContext) and optional lifecycle callback interceptor methods.

The SessionBean interface defines four methodsetSessionContext , ejpRemove , ejb-
Passivate , andejbActivate
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The setSessionContext method is called by the bean’s container to associate a session bean
instance with its context maintained by the container. Typically a session bean instance retains its ses-
sion context as part of its state.

The ejpRemove notification signals that the instance is in the process of being removed by the con-
tainer. In theejpRemove method, the instance typically releases the same resources that it releases in
theejbPassivate method.

Under the EJB 3.0 API, the bean class may optionally defiReedestroy lifecycle call-
back interceptor method for notification of the container’'s removal of the bean instance.

The ejbPassivate notification signals the intent of the container to passivate the instance. The
ejbActivate notification signals the instance it has just been reactivated. Their purpose is to allow
stateful session beans to maintain those open resources that need to be closed prior to an instance’s pas-
sivation and then reopened during an instance’s activationejiiRRassivate andejbActivate

methods are only called on stateful session bean instances.

Under the EJB 3.0 API, the bean class may optionally défimedassivate  and/orPost-
Activate  lifecycle callback interceptor methods for notification of the passivation/activa-
tion of the bean instance.

This specification requires that tiefoRemove , ejbActivate  , andejbPassivate methods of

the SessionBean interface, and thejbCreate  method of a stateless session bean be treated as
PreDestroy , PostActivate , PrePassivate  andPostConstruct  life cycle callback inter-
ceptor methods, respectively.

If the session bean implements tBessionBean interface, thd’reDestroy  annotation can only be
applied to theejpRemove method; thePostActivate annotation can only be applied to the
ejbActivate method; théPrePassivate  annotation can only be applied to tepPassivate

method. Similar requirements apply to use of deployment descriptor metadata as an alternative to the
use of annotations.

4.3.6 Use of the MessageContext Interface by Stateless Session Beans

A stateless session bean that implements a web service endpoint using the JAX-RPC contracts accesses
the JAX-RPCMessageContext interface by means of th8essionContext.getMessage-

Context method. TheMessageContext interface allows the stateless session bean instance to see

the SOAP message for the web service endpoint, as well as the properties set by the JAX-RPC SOAP
message handlers, if any. The stateless session bean may ldessegeContext interface to set
properties for the JAX-RPC message response handlers, if any.

A stateless session bean that implements a web service endpoint using the JAX-WS contracts should
use the JAX-WSNebServiceContext , which can be injected by use of tReesource annotation.
TheWebServiceContext  interface allows the stateless session bean instance to see the SOAP mes-
sage for the web service endpoint, as well as the properties set by the JAX-WS message handlers, if any.
The stateless session bean may useWilebServiceContext  interface to set properties for the
JAX-WS message handlers, if any. See [32]. The JAX-WS MessageContext is also accessible to inter-
ceptors for stateless session bean web service endpoints. See Section 12.5.

69 May 2, 2006 2:35 pm



Sun Microsystems, Inc.

Session Bean Component Contract Enterprise JavaBeans 3.0, Final Release Protocol Between a Session Bean Instance and

4.3.7

The Optional SessionSynchwnization Interface for Stateful Session Beans

4.3.8

A stateful session bean class can optionally implemenjatbax.ejb.SessionSynchroniza-

tion interface. This interface provides the session bean instances with transaction synchronization
notifications. The instances can use these notifications, for example, to manage database data they may
cache within transactions—e.g., if the Java Persistence API is not used.

The afterBegin notification signals a session bean instance that a new transaction has begun. The
container invokes this method before the first business method within a transaction (which is not neces-
sarily at the beginning of the transaction). TdfeerBegin  natification is invoked with the transac-

tion context. The instance may do any database work it requires within the scope of the transaction.

The beforeCompletion notification is issued when a session bean instance’s client has completed
work on its current transaction but prior to committing the resource managers used by the instance. At
this time, the instance should write out any database updates it has cached. The instance can cause the
transaction to roll back by invoking tilsetRollbackOnly method on its session context.

TheafterCompletion notification signals that the current transaction has completed. A completion
status ofrue indicates that the transaction has committed. A statdiasleé indicates that a rollback

has occurred. Since a session bean instance’s conversational state is not transactional, it may need to
manually reset its state if a rollback occurred.

All container providers must suppdBessionSynchronization . It is optional only for the bean
implementor. If a bean class implemer@sssionSynchronization , the container must invoke
theafterBegin , beforeCompletion , andafterCompletion notifications as required by the

specification.

Only a stateful session bean with container-managed transaction demarcation may impleiest the
sionSynchronization interface. A stateless session bean must not implemenséission-
Synchronization interface.

There is no need for a session bean with bean-managed transaction demarcation to rely on the synchro-

nization call backs because the bean is in control of the commit—the bean knows when the transaction
is about to be committed and it knows the outcome of the transaction commit.

Timeout Callbacks br Stateless Session Beans

4.3.9

A stateless session bean can be registered with the EJB Timer Service for time-based event notifications
if it provides a timeout callback method. The container invokes the bean instance’s timeout callback
method when a timer for the bean has expired. See Chapter 18, “Timer Service”. Stateful session beans
cannot be registered with the EJB Timer Service, and therefore should not implement timeout callback
methods.

Business Method Delegation

The session bean’s business interface, component interface, or web service endpoint defines the busi-
ness methods callable by a client.
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The container classes that implement these are generated by the container tools. The class that
implements the session bean’s business interface and the class that implements a session
bean’s component interface delegate an invocation of a business method to the matching busi-
ness method that is implemented in the session bean class. The class that handles requests to
the web service endpoint invokes the stateless session bean method that matches the web ser-
vice method corresponding to the SOAP request.

4.3.10 Session Bean Gration

The container creates an instance of a session bean as follows. First, the container calls the bean class’s
newlnstance method to create a new session bean instance. Second, the container injects the bean’s
SessionContext , if applicable, and performs any other dependency injection as specified by meta-
data annotations on the bean class or by the deployment descriptor. Third, the container Palit-the
Construct lifecycle callback interceptor methods for the bean, if any. The additional steps described
below apply if the session bean is invoked through the EJB 2.1 client view APIs.

4.3.10.1 Stateful Session Beans

If the bean is a stateful session bean and the client has used onearé#dte<METHOD> methods

defined in the session bean’s home or local home interface to create the bean, the container then calls the
instance’s initialization method whose signature matches the signature eféhte<METHOD>

invoked by the client, passing to the method the input parameters sent from the client. If the bean class-
was written to the EJB 3.0 API, and has been adapted for use with an earlier client view, this initializa-
tion method is a matchingnit  method, as designated by use of thet annotation, or
init-method deployment descriptor elemélf. If the bean class was written to the EJB 2.1 or ear-

lier API, this initialization method is a matchirgjpCreate<METHOD> method, as described in Sec-

tion 4.6.4.

Each stateful session bean class that has a home interface must have at least one such initialization
method. The number and signatures of a session bean’s initialization methods are specific to each ses-
sion bean class. Since a stateful session bean represents a specific, private conversation between the
bean and its client, its initialization parameters typically contain the information the client uses to cus-
tomize the bean instance for its use.

4.3.10.2 Stateless Session Beans

A stateless session bean that has an EJB 2.1 local or remote client view has arsiatgle method on

its home interface. In this case, EJB 2.1 required the stateless session bean class to havejb-single
Create method have no arguments. Under EJB 3.0, it is not required that a stateless session bean have
anejbCreate  method, even when it has a home interface. An EJB 3.0 stateless session bean class
may have @ostConstruct  method, as described in Section 4.3.4.

If the stateless session bean instance hagla@reate  method, the container treats thipCreate
method as the instance®ostConstruct  method, and, in this case, tR®stConstruct  annota-
tion (or deployment descriptor metadata) can only be applied to the bgaBreate  method.

[12] Any initialization methods defined for the bean by means ofrtiemethod deployment descriptor element apply in addition
to those defined by means of annotations.
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Since stateless session bean instances are typically pooled, the time of the client’s invocation of
thecreate method need not have any direct relationship to the container’s invocation of the
PostConstruct  /ejbCreate  method on the stateless session bean instance.

A stateless session bean that provides only a web service client view laeate method. If the
ejbCreate  method required by EJB 2.1 is present, it is likewise treated by the container as the
instance’sPostConstruct  method, and is invoked when the container needs to create a new session
bean instance in order to service a client request.

4.3.11 Stateful Session Bean Renval

A stateful session bean written to the EJB 3.0 API typically has one or more remove methods desig-
nated by means of thRemove annotation oremove-method deployment descriptor elemeh!
Invocation of the remove method causes the removal of the stateful session bean after the remove
method successfully completes. If tRemove annotation specifies the value i@tainlfExcep-

tion astrue , and theRemove method throws an application exception, the instance is not removed.
Theretain-if-exception subelement of theemove-method deployment descriptor element

may be explicitly specified to override thetainlfException value specified or defaulted by the
Remove annotation.

4.3.12 Business Method Inteceptor Methods br Session Beans

The Aroundinvoke interceptor methods are supported for session beans. These interceptor methods
may be defined on the bean class and/or on interceptor classes, and apply to the handling of the invoca-
tion of the business methods of the bean’s business interface, component interface, and/or web service
endpoint.

For stateful session beans that implement $liessionSynchronization interface,afterBe-
gin occurs before anyroundinvoke  method invocation, antbeforeCompletion after all
Aroundinvoke invocations are finished.

Interceptors are described in Chapter 12, “Interceptors”.

4.3.13 Serializing Session Bean Methods

The container serializes calls to each session bean instance. Most containers will support many
instances of a session bean executing concurrently; however, each instance sees only a serialized
sequence of method calls. Therefore, a session bean does not have to be coded as reentrant.

The container must serialize all the container-invoked callbacks (that is, the business method interceptor
methods, lifecycle callback interceptor methods, timeout callback methefsieCompletion
and so on), and it must serialize these callbacks with the client-invoked business method calls.

[13] Any remove methods defined for the bean by means afthmve-method deployment descriptor element apply in addition to
those defined by means of annotations.
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Clients are not allowed to make concurrent calls to a stateful session object. If a client-invoked business
method is in progress on an instance when another client-invoked call, from the same or different client,
arrives at the same instance of a stateful session bean class, if the second client is a client of the bean’s
business interface, the concurrent invocation may result in the second client receiving the
javax.ejb.ConcurrentAccessException (141 |f the EJB 2.1 client view is used, the con-

tainer may throw thgava.rmi.RemoteException if the second client is a remote client, or the
javax.ejb.EJBException if the second client is a local client. This restriction does not apply to a
stateless session bean because the container routes each request to a different instance of the session
bean class.

In certain special circumstances (e.g., to handle clustered web container architectures), the

container may instead queue or serialize such concurrent requests. Clients, however, cannot
rely on this behavior.

4.3.14 Transaction Context of Session Bean Methods

The implementation of a method defined in a session bean’s business interface or component interface,
a web service method, or a timeout callback method is invoked in the scope of a transaction determined
by the transaction attribute specified in the bean’s metadata annotations or deployment descriptor.

A session bean’afterBegin  andbeforeCompletion methods are always called with the same
transaction context as the business methods executed betwegftettiiegin ~ and beforeCom-
pletion  methods.

A session bean’sewlinstance , setSessionContext , other dependency injection methods, life
cycle callback interceptor methods, aaftierCompletion methods are called with an unspecified
transaction context. Refer to section 13.6.5 for how the container executes methods with an unspecified
transaction context.

For example, it would be wrong to perform database operations within a session b&astSon-

struct  or PreDestroy lifecycle callback interceptor methods and to assume that the operations
are part of the client’s transaction. THeostConstruct  and PreDestroy = methods are not con-
trolled by a transaction attribute because handling rollbacks in these methods would greatly complicate
the session instance’s state diagram.

4.4 Stateful Session Bean State Diagram

The following figure illustrates the life cycle of a stateful session bean instance.

[14] Thejavax.ejb.ConcurrentAccessException is a subclass of thjavax.ejb.EJBException . If the business
interface is a remote business interface that exferndsmi.Remote | the client will receive thgva.rmi.RemoteEx-
ception instead.
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Figure 5 Life Cycle of a Stateful Session Bean Instance
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The following steps describe the life cycle of a stateful session bean instance:

A session bean instance’s life starts when a client obtains a reference to a stateful session bean
instance through dependency injection or JNDI lookup, or when the client invokes-a
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ate<METHOD>method on the session bean’'s home interface. This causes the container to
invoke newlnstance on the session bean class to create a new session bean instance. Next,
the container injects the bearessionContext , if applicable, and performs any other
dependency injection as specified by metadata annotations on the bean class or by the deploy-
ment descriptor. The container then calls BestConstruct  lifecycle callback interceptor
method(s) for the bean, if any. Finally, if the session bean was written to the EJB 2.1 client
view, the container invokes the matchieihCreate<METHOD> or Init method on the
instance. The container then returns the session object reference to the client. The instance is
now in the method ready state.

NOTE: When a stateful session bean is looked up or otherwise obtained through the explicit
JNDI lookup mechanisms, the container must provide a new stateful session bean instance, as
required by the Java EE specification (Section “Java Naming and Directory Interface (JNDI)
Naming Context” [12]).

* The session bean instance is now ready for client’s business methods. Based on the transaction
attributes in the session bean’s metadata annotations and/or deployment descriptor and the
transaction context associated with the client’s invocation, a business method is executed either
in a transaction context or with an unspecified transaction context (shown as “tx method” and
“non-tx method” in the diagram). See Chapter 13 for how the container deals with transactions.

* A non-transactional method is executed while the instance is in the method ready state.

* An invocation of a transactional method causes the instance to be included in a transaction.
When the session bean instance is included in a transaction, the container isaaferthe
Begin method on it. ThafterBegin  method is invoked on the instance before any busi-
ness method or business method interceptor method is executed as part of the transaction. The
instance becomes associated with the transaction and will remain associated with the transac-
tion until the transaction completes.

e Session bean methods invoked by the client in this transaction can now be delegated to the
bean instance. An error occurs if a client attempts to invoke a method on the session object and
the bean’s metadata annotations and/or deployment descriptor for the method requires that the
container invoke the method in a different transaction context than the one with which the
instance is currently associated or in an unspecified transaction context.

* If atransaction commit has been requested, the transaction service notifies the container of the
commit request before actually committing the transaction, and the container idsefes-a
eCompletion on the instance. WhebeforeCompletion is invoked, the instance
should write any cached updates to the datdbsdf a transaction rollback had been
requested instead, the rollback status is reached without the container isbeiftgesCom-
pletion . The container may not call tHeeforeCompletion method if the transaction
has been marked for rollback (nor does the instance write any cached updates to the database).

* The transaction service then attempts to commit the transaction, resulting in either a commit or
rollback.

[15] Note that if the Java Persistence APl is used, the persistence provider will use the beforeCompletion notification to automatically
flush any updates to the container-managed persistence context to the database. See [2].
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*  When the transaction completes, the container isaftesCompletion on the instance,
specifying the status of the completion (either commit or rollback). If a rollback occurred, the
bean instance may need to reset its conversational state back to the value it had at the beginning
of the transaction.

* The container’s caching algorithm may decide that the bean instance should be evicted from
memory. (This could be done at the end of each method, or by using an LRU policy). The con-
tainer invokes thePrePassivate lifecycle callback interceptor method(s) for the bean
instance, if any. After this completes, the container saves the instance’s state to secondary stor-
age. A session bean can be passivated only between transactions, and not within a transaction.

* While the instance is in the passivated state, the container may remove the session object after
the expiration of a timeout specified by the Deployer. All object references and handles for the
session object become invalid. If a client attempts to invoke a method on the bean’s business
interface, the container will throw thavax.ejb.NoSuchEJBException (18] |f the EJB
2.1 client view is used, the container will throw tfeva.rmi.NoSuchObjectExcep-
tion if the client is a remote client, or thavax.ejb.NoSuchObjectLocalExcep-
tion if the clientis a local client.

* If a client invokes a session object whose session bean instance has been passivated, the con-
tainer will activate the instance. To activate the session bean instance, the container restores the
instance’s state from secondary storage and invokesPtstActivate method for the
instance, if any.

* The session bean instance is again ready for client methods.

* When the client calls a business method of the bean that has been designatedrasva
method, or aaemove method on the home or component interface, the container invokes
PreDestroy lifecycle callback interceptor method(s) (if any) for the bean instance after the
Remove method complete@.ﬂ This ends the life of the session bean instance and the associ-
ated session object. If a client subsequently attempts to invoke a method on the bean’s business
interface, the container will throw thavax.ejb.NoSuchEJBException (18] |f the EJB
2.1 client view is used, any subsequent attempt causgavhgmi.NoSuchObjectEx-
ception to be thrown if the client is a remote client, or tfgvax.ejb.NoSuchOb-
jectLocalException if the client is a local client. (The
java.rmi.NoSuchObjectException is a subclass of th@ava.rmi.RemoteEx-
ception ; the javax.ejb.NoSuchObjectLocalException is a subclass of the
javax.ejb.EJBEXxception ). Note that a container can also invoke tReDestroy
method on the instance without a client call to remove the session object after the lifetime of
the EJB object has expired. If thRemove method completes successfully or if tRemove
methods throws an application exception for whietainlfException is not true or if a
system exception is throwrgessionSynchronization methods are not called on the
bean instance. If an application exception is thrown for whéthinlfException is true,

[16] If the business interface is a remote business interface that ejteadsii.Remote  , thejava.rmi.NoSuchObject-
Exception is thrown to the client instead.

[17] If the Remove annotation specifies the valuerefainlfException astrue , and theRemove method throws an applica-
tion exception, the instance is not removed (andPte®estroy lifecycle callback interceptor methods are not invoked).

[18] If the business interface is a remote business interface that ejteadsii.Remote  , thejava.rmi.NoSuchObject-
Exception is thrown to the client instead.
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the bean is neither destroyed nor discarded, S@sksionSynchronization methods, if
any, are called on the instance at the end of transaction.

The container must call thafterBegin , beforeCompletion , and afterComple-

tion methods if the session bean class implements, directly or indirectigabgionSyn-
chronization interface. The container does not call these methods if the session bean
class does not implement tBessionSynchronization interface.

4.4.1 Operations Allowed in the Methods of a Stateful Session Bean Class

Table 1 defines the methods of a stateful session bean class from which the session bean instances can
access the methods of thevax.ejb.SessionContext interface, thgava:comp/env  envi-

ronment naming context, resource managénsier methods, thé&ntityManager — and Entity-
ManagerFactory  methods, and other enterprise beans.

If a session bean instance attempts to invoke a method dd¢ssionContext interface, and that
access is not allowed in Table 1, the container must throyatrelang.lllegalStateExcep-
tion.

If a session bean instance attempts to access a resource manager, an enterprise bean, an entity manager
or entity manager factory, and that access is not allowed in Table 1, the behavior is undefined by the EJB
architecture.

If a session bean instance attempts to invoke a method ofither interface and the access is not
allowed in Table 1, the container must throw jtha.lang.lllegalStateException
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Table 1

Operations Allowed in the Methods of a Stateful Session Bean

Bean method

Bean method can perform the following operations

Container-managed transaction
demarcation

Bean-managed transaction
demarcation

constructor

dependency injection
methods (e.g., setSes
sionContext)

SessionContext methodgetEJBHome,
getEJBLocalHome, lookup

JNDI access to java:comp/env

SessionContext methodgetEJBHome,
getEJBLocalHome, lookup

JNDI access to java:comp/env

PostConstruct, Pre-
Destroy, PrePassivate
PostActivate lifecycle
callback interceptor
methods

SessionContext methodgetBusinessOb
ject, getEIJBHomegetEJBLocal-
Home getCallerPrincipal
isCallerinRole getEJBObject, getE-
JBLocalObject, lookup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

SessionContext methodgetBusinessOb
ject, getEIJBHomegetEJBLocal-
Home getCallerPrincipal
isCallerinRole getEJBObject, getE-
JBLocalObject, getUserTransaction
lookup

UserTransaction methods
JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

business method
from business inter-
face or from compo-
nent interface;

ceptor method

business method intert

SessionContext methodgetBusinessOb
ject, getEIJBHomegetEJBLocal-
Home getCallerPrincipal
getRollbackOnlyisCallerinRole set-
RollbackOnlygetEJBObject, getE-
JBLocalObject,
getinvokedBusinessinterface, looku

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

Timer methods

SessionContext methodgetBusinessOb
ject, getEIJBHomegetEJBLocal-
Home getCallerPrincipal
isCallerinRole getEJBObject, getE-
JBLocalObject, getinvokedBusiness
Interface, getUserTransaction,
lookup

UserTransaction methods
JNDI access to java:comp/env

Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

Timer methods
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Table 1 Operations Allowed in the Methods of a Stateful Session Bean

Bean method can perform the following operations

Bean method
Container-managed transaction Bean-managed transaction
demarcation demarcation

SessionContext methodgetBusinessOb
ject, getEJBHomegetEJBLocal-
Home, getCallerPrincipal
getRollbackOnlyisCallerinRole set-
RollbackOnlygetEJBObject, getE-
JBLocalObject, lookup

afterBegin JNDI access to java:comp/env N/A
beforeCompletion Resource manager access (a bean with bean-managed transaction
) demarcation cannot implement the Ses-
Enterprise bean access sionSynchronization interface)

EntityManagerFactory access
EntityManager access
Timer methods

SessionContext methodsetBusinessOb
ject, getEIJBHomegetEJBLocal-

. Home, getCallerPrincipal

afterCompletion isCallerinRole getEJBObject, getE-

JBLocalObject, lookup

JNDI access to java:comp/env

Notes:

* ThePostConstruct , PreDestroy , PrePassivate , PostActivate , Init , and/or
ejbCreate<METHOD> , ejpbRemove , ejpPassivate , andejbActivate methods of
a session bean with container-managed transaction demarcation execute with an unspecified
transaction context. Refer to Subsection 13.6.5 for how the container executes methods with an
unspecified transaction context.

Additional restrictions:
* The getRollbackOnly and setRollbackOnly methods of theSessionContext
interface should be used only in the session bean methods that execute in the context of a trans-
action. The container must throw thava.lang.lllegalStateException if the
methods are invoked while the instance is not associated with a transaction.

The reasons for disallowing the operations in Table 1 follow:

* Invoking the getBusinessObject method is disallowed if the session bean does not
define an EJB 3.0 business interface.

* Invoking thegetinvokedBusinessinterface method is disallowed if the session bean
does not define an EJB 3.0 business interface or was not invoked through a business interface.
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* Invoking thegetEJBObject andgetEJBHome methods is disallowed if the session bean
does not define a remote client view.

* Invoking thegetEJBLocalObject andgetEJBLocalHome methods is disallowed if the
session bean does not define a local client view.

* Invoking thegetRollbackOnly and setRollbackOnly methods is disallowed in the
session bean methods for which the container does not have a meaningful transaction context,
and to all session beans with bean-managed transaction demarcation.

* Accessing resource managers and enterprise beans is disallowed in the session bean methods
for which the container does not have a meaningful transaction context and/or client security
context.

* TheUserTransaction interface is unavailable to enterprise beans with container-managed
transaction demarcation.

* TheTimerService interface is unavailable to stateful session beans.
* Invoking thegetMessageContext  method is disallowed for stateful session beans.

* Invoking thegetEJBObject andgetEJBLocalObject methods is disallowed in the ses-
sion bean methods in which there is no session object identity established for the instance.

4.4.2 Dealing with Exceptions

A RuntimeException  that is not an application exception thrown from any method of the session
bean class (including the business methods and the lifecycle callback interceptor methods invoked by
the container) results in the transition to the “does not exist” state. Exception handling is described in
detail in Chapter 14. See section 12.4.2 for the rules pertaining to lifecycle callback interceptor methods
when more than one such method applies to the bean class.

From the client perspective, the corresponding session object does not exist any more. If a client subse-
guently attempts to invoke a method on the bean’s business interface, the container will throw the

javax.ejb.NoSuchEJBException (191 |f the EJB 2.1 client view is used, the container will
throw the java.rmi.NoSuchObjectException if the client is a remote client, or the
javax.ejb.NoSuchObjectLocalException if the client is a local client.

4.4.3 MissedPreDestroy Calls

The Bean Provider cannot assume that the container will always invokerdigestroy lifecycle
callback interceptor method(s) (ejpRemove method) for a session bean instance. The following
scenarios result in thereDestroy  lifecycle callback interceptor method(s) not being called for an
instance:

[19] If the business interface is a remote business interface that ejteadsii.Remote  , thejava.rmi.NoSuchObject-
Exception is thrown to the client instead.
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4.4.4

* A crash of the EJB container.
* A system exception thrown from the instance’s method to the container.

* Atimeout of client inactivity while the instance is in tppassive state. The timeout is speci-
fied by the Deployer in an EJB container implementation-specific way.

If resources are allocated inRostConstruct lifecycle callback interceptor method (ejbCre-
ate<METHOD>method) and/or in the business methods, and normally release®ialzestroy

lifecycle callback interceptor method, these resources will not be automatically released in the above
scenarios. The application using the session bean should provide some clean up mechanism to periodi-
cally clean up the unreleased resources.

For example, if a shopping cart component is implemented as a session bean, and the session bean

stores the shopping cart content in a database, the application should provide a program that runs peri-
odically and removes “abandoned” shopping carts from the database.

Restrictions for Transactions

The state diagram implies the following restrictions on transaction scoping of the client invoked busi-
ness methods. The restrictions are enforced by the container and must be observed by the client pro-
grammer.

* A session bean instance can participate in at most a single transaction at a time.

* If a session bean instance is participating in a transaction, it is an error for a client to invoke a
method on the session object such that the transaction attribute specified in the bean’s metadata
annotations and/or the deployment descriptor would cause the container to execute the method
in a different transaction context or in an unspecified transaction context. In such a case, the
javax.ejb.EJBException will be thrown to a client of the bean’s business interfale
If the EJB 2.1 client view is used, the container throwsjéva.rmi.RemoteException
to the client if the client is a remote client, or tfavax.ejb.EJBEXxception if the client
is a local client.

* If asession bean instance is participating in a transaction, it is an error for a client to invoke the
remove method on the session object's home or component interface object. The container
must detect such an attempt and throw jéneax.ejb.RemoveException to the client.

The container should not mark the client’s transaction for rollback, thus allowing the client to
recover.

[20] If the business interface is a remote business interface that ejteadsii.Remote  , thejava.rmi.RemoteExcep-

tion is thrown to the client instead.
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4.5 Stateless Session Beans

Stateless session beans are session beans whose instances have no conversational state. This means tha
all bean instances are equivalent when they are not involved in servicing a client-invoked method.

The term “stateless” signifies that an instance has no state for a specific client. However, the instance
variables of the instance can contain the state across client-invoked method calls. Examples of such
state include an open database connection and an object reference to an enterprise bean object.

The Bean Provider must exercise caution if retaining any application state across method
calls. In particular, references to common bean state should not be returned through multiple
local interface method calls.

Because all instances of a stateless session bean are equivalent, the container can choose to delegate a
client-invoked method to any available instance. This means, for example, that the container may dele-
gate the requests from the same client within the same transaction to different instances, and that the
container may interleave requests from multiple transactions to the same instance.

A container only needs to retain the number of instances required to service the current client load. Due

to client “think time,” this number is typically much smaller than the number of active clients. Passiva-

tion is not needed or used for stateless sessions. The container creates another stateless session bean
instance if one is needed to handle an increase in client work load. If a stateless session bean is not
needed to handle the current client work load, the container can destroy it.

Because stateless session beans minimize the resources needed to support a large population of clients,
depending on the implementation of the container, applications that use stateless session beans may
scale somewhat better than those using stateful session beans. However, this benefit may be offset by the
increased complexity of the client application that uses the stateless beans.

Compatibility Note: Local and remote clients using the EJB 2.1 client view interfaces usectite
andremove methods on the home interface of a stateless session bean in the same way as on a stateful
session bean. To the EJB 2.1 client, it appears as if the client controls the life cycle of the session object.
However, the container handles tlaeeate and remove calls without necessarily creating and
removing an EJB instance. The home interface of a stateless session bean must haxeatme

method that takes no arguments. Theate method of the remote home interface must return the ses-
sion bean’s remote interface. Theeate method of the local home interface must return the session
bean’s local interface. There can be no otbeyate methods in the home interface.

There is no fixed mapping between clients and stateless instances. The container simply delegates a cli-
ent’'s work to any available instance that is method-ready.

A stateless session bean must not implemenjahax.ejb.SessionSynchronization inter-
face.
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4.5.1 Stateless Session Bean State Diagram

When a client calls a method on a stateless session object or invokes a method on a stateless session
bean through its web service client view, the container selects one of its method-ready instances and
delegates the method invocation to it.

The following figure illustrates the life cycle obtatelessession bean instance.

Figure 6 Life Cycle of a Stateless Session Bean

does not
exist

A

1. newlnstance() ;
2. dependency injection, f%’ﬁyDeStroy callbacks, if any

3. PostConstruct callbacks,
if any

) timeout callback method

method() action initiated by client
newlnstance() action initiated by container

The following steps describe the life cycle of a session bean instance:

* A stateless session bean instance’s life starts when the container invokeswtimstance
method on the session bean class to create a new session bean instance. Next, the container
injections the bean’SessionContext , if applicable, and performs any other dependency
injection as specified by metadata annotations on the bean class or by the deployment descrip-
tor. The container then calls thRostConstruct  lifecycle callback interceptor methods for
the bean, if any. The container can perform the instance creation at any time—there is no direct
relationship to a client’s invocation of a business method ardste  method.

* The session bean instance is now ready to be delegated a business method call from any client
or a call from the container to the timeout callback method.
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When the container no longer needs the instance (usually when the container wants to reduce
the number of instances in the method-ready pool), the container invok&sdbestroy

lifecycle callback interceptor methods for it, if any. This ends the life of the stateless session
bean instance.
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4.5.2 Operations Allowed in the Methods of a Stateless Session Bean Class

Table 2 defines the methods of a stateless session bean class in which the session bean instances can

access the methods of thaevax.ejb.SessionContext interface, thgava:comp/env  envi-
ronment naming context, resource managé&€mierService  and Timer methods, theEntity-
Manager andEntityManagerFactory methods, and other enterprise beans.

If a session bean instance attempts to invoke a method dbélssionContext  interface, and the
access is not allowed in Table 2, the container must throyatreelang.lllegalStateExcep-
tion.

If a session bean instance attempts to invoke a method dfitherService  or Timer interface and
the access is not allowed in Table 2, the container must throyattaelang.lllegalStateEx-
ception

If a session bean instance attempts to access a resource manager, an enterprise bean, an entity manager
or entity manager factory, and the access is not allowed in Table 2, the behavior is undefined by the EJB
architecture.
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Table 2 Operations Allowed in the Methods of a Stateless Session Bean
Bean method can perform the following operations
Bean method
Container-managed transaction Bean-managed transaction
demarcation demarcation
constructor - -
dependency injection-| SessionContext methodgetEJBHome, | SessionContext methodgetEJBHome,
methods (€.g., setSes} 9etEJBLocalHome, lookup getEJBLocalHome, lookup
sionContext) JNDI access to java:comp/env JNDI access to java:comp/env
SessionContext methodgetBusinessObt SessionContext methodgetBusinessOb
ject, getEJBHomegetEJBLocal- ject, getEJBHomegetEJBLocal-
PostConstruct, Pre- Home, getEJBObject, Home, getEJBObject,
Destroy lifecycle call- getEJBLocalObject, getTimerService,  getEJBLocalObject, getUserTransa|
back interceptor lookup tion, getTimerService, lookup
methods JNDI access to java:comp/env JNDI access to java:comp/env
EntityManagerFactory access EntityManagerFactory access
SessionContext methodgetBusinessObt SessionContext methodgetBusinessOb
ject, getEJBHomegetEJBLocal- ject, getEJBHomegetEJBLocal-
Home, getCallerPrincipal Home, getCallerPrincipal
isCallerinRole, getRollbackOnlget- isCallerinRole getEJBObject, getE-
RollbackOnlygetEJBObject, getE- JBLocalObject, getUserTransaction
) JBLocalObject, getTimerService, getTimerService, getinvokedBusi-
business method getinvokedBusinessinterface, lookup  nessinterface, lookup
from business inter- L .
face or component JNDI access to java:comp/env UserTransaction methods
interface; business Resource manager access JNDI access to java:comp/env
method interceptor .
method Enterprise bean access Resource manager access
EntityManagerFactory access Enterprise bean access
EntityManager access EntityManagerFactory access
TimerService and Timer methods EntityManager access
TimerService and Timer methods
SessionContext methodgetBusinessObt SessionContext methodgetBusinessOb
ject, getEJBHomegetEJBLocal- ject, getEJBHomegetEJBLocal-
Home, getCallerPrincipal Home, getCallerPrincipal
isCallerinRole, getRollbackOnly, set-  isCallerInRole, getEJBObject, getE
RollbackOnlygetEJBObject, getE- JBLocalObject, getUserTransaction
JBLocalObject, getTimerService, getTimerService, getMessageCon-
getMessageContext, lookup text, lookup
. Message context methods UserTransaction methods
business method )
from web service end{ JNDI access to java:comp/env Message context methods
point Resource manager access JNDI access to java:comp/env
Enterprise bean access Resource manager access
EntityManagerFactory access Enterprise bean access
EntityManager access EntityManagerFactory access
TimerService and Timer methods EntityManager access
TimerService and Timer methods
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Table 2

Operations Allowed in the Methods of a Stateless Session Bean

Bean method

Bean method can perform the following operations

Container-managed transaction
demarcation

Bean-managed transaction
demarcation

timeout callback
method

SessionContext methodsetBusinessOb
ject, getEJBHomegetEJBLocal-
Home, getCallerPrincipal
isCallerInRole, getRollbackOnly, se
RollbackOnlygetEJBObject, getE-
JBLocalObject, getTimerService,
lookup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access
TimerService and Timer methods

SessionContext methodsetBusinessOb
ject, getEJBHomegetEJBLocal-
Home, getCallerPrincipal
isCallerinRole, getEJBObject, getE
JBLocalObject, getUserTransaction
getTimerService, lookup

UserTransaction methods

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access
TimerService and Timer methods
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Additional restrictions:

The getRollbackOnly and setRollbackOnly methods of theSessionContext

interface should be used only in the session bean methods that execute in the context of a trans-
action. The container must throw thava.lang.lllegalStateException if the
methods are invoked while the instance is not associated with a transaction.

The reasons for disallowing operations in Table 2:

Invoking the getBusinessObject method is disallowed if the session bean does not
define an EJB 3.0 business interface.

Invoking thegetinvokedBusinessinterface method is disallowed if the session bean
does not define an EJB 3.0 business interface or was not invoked through a business interface.

Invoking thegetEJBObject andgetEJBHome methods is disallowed if the session bean
does not define a remote client view.

Invoking thegetEJBLocalObject andgetEJBLocalHome methods is disallowed if the
session bean does not define a local client view.

Invoking thegetRollbackOnly and setRollbackOnly methods is disallowed in the
session bean methods for which the container does not have a meaningful transaction context,
and for all session beans with bean-managed transaction demarcation.

Invoking the getMessageContext  method is disallowed in session bean methods that
were not invoked by the container through the session bean’s web service endpoipt-The
MessageContext method returns thgavax.xml.rpc.handler.MessageCon-

text interface of a stateless session bean that implements a JAX-RPC web service endpoint.

Accessing resource managers, enterprise beans, and the EntityManager is disallowed in the
session bean methods for which the container does not have a meaningful transaction context
and/or client security context.

The UserTransaction interface is unavailable to session beans with container-managed
transaction demarcation.

4.5.3 Dealing with Exceptions

A RuntimeException  thatis not an application exception thrown from any method of the enterprise
bean class (including the business methods and the lifecycle callback interceptor methods invoked by
the container) results in the transition to the “does not exist” state. Exception handling is described in
detail in Chapter 14. See section 12.4.2 for the rules pertaining to lifecycle callback interceptor methods
when more than one such method applies to the bean class.

From the client perspective, the session object continues to exist. The client can continue accessing the
session object because the container can delegate the client’s requests to another instance.
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4.6 The Responsibilities of the Bean Provider

This section describes the responsibilities of the session Bean Provider to ensure that a session bean can
be deployed in any EJB container.

4.6.1 Classes and Interfaces

The session Bean Provider is responsible for providing the following classHiles
* Session bean class.

* Session bean’s business interface(s), if the session bean provides an EJB 3.0 local or remote
client view.

* Session bean’s remote interface and remote home interface, if the session bean provides an
EJB 2.1 remote client view.

* Session bean’s local interface and local home interface, if the session bean provides an EJB 2.1
local client view.

e Session bean’s web service endpoint interface, if any.
* Interceptor classes, if any.
The Bean Provider for a stateless session bean that provides a web service client view may also define

JAX-WS or JAX-RPC message handlers for the bean. The requirements for such message handlers are
defined in [31] and [32].

4.6.2 Session Bean Class

The following are the requirements for the session bean class:

* The class must be defined jagblic , must not bdinal , and must not babstract . The
class must be a top level class.

* The class must havepublic constructor that takes no parameters. The container uses this
constructor to create instances of the session bean class.

* The class must not define thiealize() method.

* The class must implement the bean’s business interface(s) or the methods of the bean’s busi-
ness interface(s), if any.

[21] Note that the interfaces provided by the Bean Provider may have been generated by tools.
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* The class must implement the business methods of the bean’s EJB 2.1 client view interfaces, if
any.

Optionally:
* The class may implement, directly or indirectly, jireax.ejb.SessionBean interface.

* |If the class is a stateful session bean, it may implemenjahax.ejb.SessionSyn-
chronization interface.

* The class may implement the session bean’s web service endpoint or component interface.

* |If the class is a stateless session bean, it may implemenatae.ejb. TimedObject
interface. See Chapter 18, “Timer Service”.

* The class may implement tegpCreate ~ method(s).

* The session bean class may have superclasses and/or superinterfaces. If the session bean has
superclasses, the business methods, lifecycle callback interceptor methods, the timeout call-
back method, the methods of the optior&tssionSynchronization interface, the
Init or ejpCreate<METHOD> methods, theRemove methods, and the methods of the
SessionBean interface, may be defined in the session bean class, or in any of its super-
classes. A session bean class must not have a superclass that is itself a session bean class.

* The session bean class is allowed to implement other methods (for example helper methods
invoked internally by the business methods) in addition to the methods required by the EJB
specification.

4.6.3 Lifecycle Callback Interceptor Methods

PostConstruct , PreDestroy , PrePassivate , andPostActivate lifecycle callback inter-
ceptor methods may be defined for session bearfarelPassivate  or PostActivate lifecycle
callbacks are defined for stateless session beans, they are i@ﬁ]ored.

Compatibility Note: If thePostConstruct  lifecycle callback interceptor method is tegpCreate

method, if thePreDestroy lifecycle callback interceptor method is tegpRemove method, if the
PostActivate lifecycle callback interceptor method is tegActivate method, or if thePre-

Passivate lifecycle callback interceptor method is tlegbPassivate method, these callback
methods must be implemented on the bean class itself (or on its superclasses). Except for these cases,
the method names can be arbitrary, but must not start with “ejb” to avoid conflicts with the callback
methods defined by the javax.ejb.EnterpriseBean interfaces.

Lifecycle callback interceptor methods may be defined on the bean class and/or on an interceptor class
of the bean. Rules applying to the definition of lifecycle callback interceptor methods are defined in
Section 12.4, “Interceptors for LifeCycle Event Callbacks” .

[22] Note that this might result from the use of default interceptors, for example.
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4.6.4

ejbCreate<METHOD> Methods

4.6.5

The session bean class of a session bean that has a home interface may define onejGrere
ate<METHOD>methods. ThesejbCreate = methods are intended for use only with the EJB 2.1
components. The signatures of #jpCreate  methods must follow these rules:

* The method name must haeCreate as its prefix.

* The method must be declaredpamblic

* The method must not be declaredinal  or static

* The return type must bmid .

* The method arguments must be legal types for RMI/IIOP if thereereate<METHOD> cor-
responding to thejbCreate<METHOD> method on the session bean’s remote home inter-
face.

* A stateless session bean may define only a sajiglereate  method, with no arguments.

* The throws clause may define arbitrary application exceptions, possibly including the
javax.ejb.CreateException

Compatibility Note: EJB 1.0 allowed thegbCreate  method to throw th¢ava.rmi.RemoteEx-

ception to indicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB
1.1 or EJB 2.0 or later compliant enterprise bean should throwjéhex.ejb. EJBException or
another RuntimeException  to indicate non-application exceptions to the container (see Section
14.2.2). An EJB 2.0 and later compliant enterprise bean should not throyattaermi.Remote-

Exception  from thegjbCreate method .

Business Methods

The session bean class may define zero or more business methods whose signatures must follow these

rules:

* The method names can be arbitrary, but they must not start with “ejb” to avoid conflicts with
the callback methods used by the EJB architecture.

* The business method must be declarepldic
¢ The method must not be declarediaal or static

* The argument and return value types for a method must be legal types for RMI/IIOP if the

method corresponds to a business method on the session bean’s remote business interface or

remote interface.
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4.6.6

* The argument and return value types for a method must be legal types for JAX-WS / JAX-RPC
if the method is a web service method or corresponds to a method on the session bean’s web
service endpoint.

* Thethrows clause may define arbitrary application exceptions.

Compatibility Note: EJB 1.0 allowed the business methods to throyattzermi.RemoteExcep-

tion to indicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB 1.1 or
EJB 2.0 or later compliant enterprise bean should throw jaeax.ejb.EJBException or
another RuntimeException  to indicate non-application exceptions to the container (see Section
14.2.2). An EJB 2.0 or later compliant enterprise bean should not throviatreermi.RemoteEx-

ception  from a business method.

Session Bears Business Interface

The following are the requirements for the session bean’s business interface:

* The interface must not extend thavax.ejb.EJBObject or javax.ejb.EJBLo-
calObject interface.

* If the business interface is a remote business interface, the argument and return values must be
of valid types for RMI/IIOP. The remote business interface is not required or expected to be a

java.rmi.Remote interface. The throws clause should not include the
java.rmi.RemoteException . The methods of the business interface may only throw the
java.rmi.RemoteException if the interface extendava.rmi.Remote

* The interface is allowed to have superinterfaces.

* If the interface is a remote business interface, its methods must not expose local interface
types, timers or timer handles, or the managed collection classes that are used for EJB 2.1
entity beans with container-managed persistence as arguments or results.

* The bean class must implement the interface or the interface must be designated as a local or
remote business interface of the bean by means dfdlbal or Remote annotation or in the
deployment descriptor. The following rules apply:

* If bean class implements a single interface, that interface is assumed to be the busi-
ness interface of the bean. This business interface will be a local interface unless the
interface is designated as a remote business interface by useRéthete annota-
tion on the bean class or interface or by means of the deployment descriptor.

* A bean class is permitted to have more than one interface. If a bean class has more
than one interface—excluding the interfaces listed below—any business interface of
the bean class must be explicitly designated as a business interface of the bean by
means of thd.ocal or Remote annotation on the bean class or interface or in the
deployment descriptor.

* The following interfaces are excluded when determining whether the bean class has

more than one interfacg¢ava.io.Serializable ; java.io.Externaliz-
able ; any of the interfaces defined by fagax.ejb  package.
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e The same business interface cannot be both a local and a remote business interface of
the beart?3]

* While it is expected that the bean class will typically implement its business inter-
face(s), if the bean class uses annotations or the deployment descriptor to designate its
business interface(s), it is not required that the bean class also be specified as imple-
menting the interface(s).

4.6.7 Session Bears Remote Interface

The following are the requirements for the session bean’s remote interface:
* The interface must extend tfavax.ejb.EJBObject interface.

* The methods defined in this interface must follow the rules for RMI/IIOP. This means that their
argument and return values must be of valid types for RMI/IIOP, and theavs clauses
must include thgava.rmi.RemoteException

* The remote interface is allowed to have superinterfaces. Use of interface inheritance is subject
to the RMI/IIOP rules for the definition of remote interfaces.

* For each method defined in the remote interface, there must be a matching method in the ses-
sion bean’s class. The matching method must have:

* The same name.
* The same number and types of arguments, and the same return type.

* All the exceptions defined in thtarows clause of the matching method of the ses-
sion bean class must be defined in theows clause of the method of the remote
interface.

* The remote interface methods must not expose local interface types, local home interface

types, timers or timer handles, or the managed collection classes that are used for entity beans
with container-managed persistence as arguments or results.

4.6.8 Session Bears Remote Home Interface

The following are the requirements for the session bean’s remote home interface:
* The interface must extend tjavax.ejb.EJBHome interface.
* The methods defined in this interface must follow the rules for RMI/IIOP. This means that their

argument and return values must be of valid types for RMI/IIOP, and that tieiws
clauses must include theva.rmi.RemoteException

[23] Itis also an error if theocal and/orRemote annotations are specified both on the bean class and on the referenced interface
and the values differ.

95 May 2, 2006 2:35 pm



Sun Microsystems, Inc.

Session Bean Component Contract Enterprise JavaBeans 3.0, Final Release The Responsibilities of the Bean Provider

The remote home interface is allowed to have superinterfaces. Use of interface inheritance is
subject to the RMI/IIOP rules for the definition of remote interfaces.

A session bean’s remote home interface must define one or cnese<METHOD> meth-
ods. A stateless session bean must define exactigrea= method with no arguments.

Eachcreate method of a stateful session bean must be nacnegte<METHOD>, and it
must match one of thmit methods oejbCreate<METHOD> methods defined in the ses-
sion bean class. The matchihgit method orejbCreate<METHOD> method must have
the same number and types of arguments. (Note that the return type is differenteatbe
method for a stateless session bean must be naoredté " but need not have a matching
“ejbCreate " method.

The return type for areate<METHOD> method must be the session bean’s remote interface
type.

All the exceptions defined in tharows clause of arejbCreate<METHOD> method of the
session bean class must be defined irthihews clause of the matchingreate<METHOD>
method of the remote home interface.

Thethrows clause must includavax.ejb.CreateException

4.6.9 Session Bears Local Interface

The following are the requirements for the session bean’s local interface:

The interface must extend tfavax.ejb.EJBLocalObject interface.

The throws clause of a method defined in the local interface must not include the
java.rmi.RemoteException

The local interface is allowed to have superinterfaces.

For each method defined in the local interface, there must be a matching method in the session
bean’s class. The matching method must have:

* The same name.
* The same number and types of arguments, and the same return type.

* All the exceptions defined in thiarows clause of the matching method of the ses-
sion bean class must be defined in theows clause of the method of the local
interface.

4.6.10 Session Bears Local Home Interface

The following are the requirements for the session bean’s local home interface:

The interface must extend tjaax.ejb.EJBLocalHome interface.
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e The throws clause of a method in the local home interface must not include the
java.rmi.RemoteException

* The local home interface is allowed to have superinterfaces.

* A session bean’s local home interface must define one or oreege<METHOD> methods.
A stateless session bean must define exactlgmate method with no arguments.

* Eachcreate method of a stateful session bean must be nacneate<METHOD>, and it
must match one of thmit methods oejbCreate<METHOD> methods defined in the ses-
sion bean class. The matchihgit method orejbCreate<METHOD> method must have
the same number and types of arguments. (Note that the return type is differenteatbe
method for a stateless session bean must be naoredté " but need not have a matching
“ejbCreate " method.

* The return type for @reate<METHOD> method must be the session bean’s local interface
type.

* All the exceptions defined in throws clause of arejpbCreate<METHOD> method of the
session bean class must be defined irthihews clause of the matchingreate<METHOD>
method of the local home interface.

* Thethrows clause must includavax.ejb.CreateException

4.6.11 Session Bears Web Sewice Endpoint Interface

EJB 3.0 does not require the definition of a web service endpoint interface for session beans that imple-
ment a web service endpoint.

The following are requirements for session beans with JAX-RPC web service endpoint interfaces. The
JAX-WS and Web Services for Java EE specifications do not require that a separate interface be defined
for a web service endpoint. The requirements for web service endpoints under JAX-WS and Web Ser-
vices for Java EE are given in [32] and [31].

The following are the requirements for a stateless session bean’s web service endpoint interface. The
web service endpoint interface must follow the rules for JAX-RPC service endpoint interfaces [25].

* The web service endpoint interface must extendgetvee rmi.Remote interface.

* The methods defined in the interface must follow the rules for JAX-RPC service endpoint
interfaces. This means that their argument and return values must be of valid types for
JAX-RPC, and theithrows clauses must include thava.rmi.RemoteException
Thethrows clause may additionally include application exceptions.

Note that JAX-RPC Holder classes may be used as method parameters. The JAX-RPC specifi-
cation requires support for Holder classes as part of the standard Java mapping of WSDL
operations in order to handle out and inout parameters. Holder classes implement the
Javax.xml.rpc.holders.Holder interface. See the JAX-RPC specification [25] for
further details.
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* For each method defined in the web service endpoint interface, there must be a matching
method in the session bean’s class. The matching method must have:

* The same name.
* The same number and types of arguments, and the same return type.

* All the exceptions defined in thiarows clause of the matching method of the ses-
sion bean class must be defined in theows clause of the method of the web ser-
vice endpoint interface.

* The web service endpoint interface must not include an EJBObject or EJBLocalObject as
either a parameter or return type. An array or JAX-RPC value type must not include an
EJBObject or EJBLocalObject as a contained element. The web service endpoint interface
methods must not expose business interface types, local or remote interface types, local or
remote home interface types, timers or timer handles, or the managed collection classes that
are used for entity beans with container-managed persistence as arguments or results or as
fields of value types.

* JAX-RPC serialization rules apply for any value types that are used by the web service end-
point interface. If it is important that Java serialization semantics apply, the Bean Provider
should use the restricted set of JAX-RPC value types for which the semantics of Java serializa-
tion apply under JAX-RPC serialization. See the JAX-RPC specification [25] for details.

* The web service endpoint interface must not include constapigalss final static )
declarations.

* The Bean Provider must designate the web service endpoint interface in the deployment
descriptor by means of theervice-endpoint element. The service endpoint itself is only
exposed within a web service if it is referenced by a web service deployment descriptor as
defined by [31].

4.7 The Responsibilities of the Container Provider

This section describes the responsibilities of the Container Provider to support a session bean. The Con-
tainer Provider is responsible for providing the deployment tools and for managing the session bean
instances at runtime.

Because the EJB specification does not define the API between deployment tools and the container, we

assume that the deployment tools are provided by the Container Provider. Alternatively, the deployment
tools may be provided by a different vendor who uses the container vendor’s specific API.

4.7.1 Generation of Implementation Classes

The deployment tools provided by the container are responsible for the generation of additional classes
when the session bean is deployed. The tools obtain the information that they need for generation of the
additional classes by introspecting the classes and interfaces provided by the Bean Provider and by
examining the session bean’s deployment descriptor.
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4.7.2

The deployment tools must generate the following classes:
* A class that implements the session bean’s business interface.
* A class that implements the session bean’s remote home interface (session EJBHome class).
* A class that implements the session bean’s remote interface (session EJBODbject class).

* A class that implements the session bean’s local home interface (session EJBLocalHome
class).

* A class that implements the session bean’s local interface (session EJBLocalObject class).

* A class that implements the session bean’s web service endpoint.
The deployment tools may also generate a class that mixes some container-specific code with the ses-
sion bean class. This code may, for example, help the container to manage the bean instances at runtime.
The tools can use subclassing, delegation, and code generation.
The deployment tools may also allow the generation of additional code that wraps the business methods
and is used to customize the business logic to an existing operational environment. For example, a wrap-

per for adebit function on theAccountManager bean may check that the debited amount does not
exceed a certain limit.

Generation of WSDL

4.7.3

Reference [31] describes the generation of a WSDL document for a web service endpoint. The Java to
WSDL mapping must adhere to the requirements of JAX-RPC or JAX-WS [32].

Session Business Interface Implementation Class

4.7.4

The container’s implementation of the session business interface, which is generated by the deployment
tools, implements the business methods specific to the session bean.

The implementation of each business method must activate the instance (if the instance is in the passive
state), invoke any business method interceptor methods, and invoke the matching business method on
the instance.

The container provider is responsible for providing the implementation afdhals andhashCode
methods for the business interface, in conformance with the requirements of section 3.6.5.

Session EJBHome Class

The session EJBHome class, which is generated by the deployment tools, implements the session bean’s
remote home interface. This class implements the methods gava&.ejb.EJBHome interface
and thecreate<METHOD> methods specific to the session bean.
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4.7.5

The implementation of eadreate<METHOD> method invokes a matchirgjpCreate<METHOD>
method.

Session EJBObject Class

4.7.6

The session EJBObject class, which is generated by the deployment tools, implements the session
bean’s remote interface. It implements the methods ofatax.ejb.EJBObject interface and the
business methods specific to the session bean.

The implementation of each business method must activate the instance (if the instance is in the passive

state), invoke any business method interceptor methods, and invoke the matching business method on
the instance.

Session EJBLocalHome Class

4.7.7

The session EJBLocalHome class, which is generated by the deployment tools, implements the session
bean’s local home interface. This class implements the methods aividve ejb.EJBLocalHome
interface and thereate<METHOD> methods specific to the session bean.

The implementation of eaatreate<METHOD> method invokes a matchirgjpCreate<METHOD>
method.

Session EJBLocalObject Class

4.7.8

The session EJBLocalObject class, which is generated by the deployment tools, implements the session
bean’s local interface. It implements the methods ofjdwax.ejb.EJBLocalObject interface
and the business methods specific to the session bean.

The implementation of each business method must activate the instance (if the instance is in the passive

state), invoke any business method interceptor methods, and invoke the matching business method on
the instance.

Web Sewice Endpoint Implementation Class

4.7.9

The implementation class for a stateless session bean’s web service endpoint is generated by the con-
tainer's deployment tools. This class must handle requests to the web service endpoint, unmarshall the
SOAP request, invoke any business method interceptor methods, and invoke the stateless session bean
method that matches the web service endpoint method that corresponds to the request.

Handle Classes

The deployment tools are responsible for implementing the handle classes for the session bean’s remote
home and remote interfaces.

5/2/06

100



Sun Microsystems, Inc.

The Responsibilities of the Container Provider Enterprise JavaBeans 3.0, Final Release Session Bean Component Contract

4.7.10

EJBMetaData Class

4.7.11

The deployment tools are responsible for implementing the class that provides metadata to the remote
client view contract. The class must be a valid RMI Value class and must implement the
javax.ejb.EJBMetaData interface.

Non-reentrant Instances

4.7.12

The container must ensure that only one thread can be executing an instance at any time. If a client
request arrives for an instance while the instance is executing another request, the container may throw
the javax.ejb.ConcurrentAccessException to the second clief?. If the EJB 2.1 client

view is used, the container may throw tlaga.rmi.RemoteException to the second request if

the client is a remote client, or tfavax.ejb.EJBEXxception if the client is a local clierfg®!

Note that a session object is intended to support only a single client. Therefore, it would be an
application error if two clients attempted to invoke the same session object.

One implication of this rule is that an application cannot make loopback calls to a session bean instance.

Transaction Scoping, SecurityExceptions

4.7.13

The container must follow the rules with respect to transaction scoping, security checking, and excep-
tion handling, as described in Chapters 13, 17, and 14, respectively.

JAX-WS and JAX-RPC Message Handlersdr Web Sewice Endpoints

4.7.14

The container must support the use of JAX-WS and JAX-RPC message handlers for web service end-
points. Container requirements for support of message handlers are specified in [32] and [31].

If message handlers are present, they must be invoked before any business method interceptor methods.

SessionContext

The container must implement ti8essionContext.getEJBObject method such that the bean
instance can use the Java language cast to convert the returned value to the session bean’s remote inter-
face type. Specifically, the bean instance does not have to ugottebleRemoteObject.nar-

row method for the type conversion.

[24] If the business interface is a remote business interface that ejeadsi.Remote  , thejava.rmi.RemoteExcep-

tion is thrown to the client instead.

[25] In certain special circumstances (e.g., to handle clustered web container architectures), the container may insteseriglleue o

ize such concurrent requests. Clients, however, cannot rely on this behavior.
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The container must implement tHeJBContext.lookup method such that when theokup
method is used to look up a bean’s remote home interface, a bean instance can use the Java language
cast to convert the returned value to a session bean’s remote home interface type. Specifically, the bean

instance does not have to use thartableRemoteObject.narrow method for the type conver-
sion.
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-aers  MESSAge-Driven Bean Component
Contract

This chapter specifies the contract between a message-driven bean and its container. It defines the life
cycle of the message-driven bean instances.

This chapter defines the developer’s view of message-driven bean state management and the container’s
responsibility for managing message-driven bean state.

5.1 Overview

A message-driven bean is an asynchronous message consumer. A message-driven bean is invoked by
the container as a result of the arrival of a message at the destination or endpoint that is serviced by the
message-driven bean. A message-driven bean instance is an instance of a message-driven bean class. A
message-driven bean is defined for a single messaging type, in accordance with the message listener
interface it employs.

To a client, a message-driven bean is a message consumer that implements some business logic running
on the server. A client accesses a message-driven bean by sending messages to the destination or end-
point for which the message-driven bean class is the message listener.
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Message-driven beans are anonymous. They have no client-visible identity.

Message-driven bean instances have no conversational state. This means that all bean instances are
equivalent when they are not involved in servicing a client message.

A message-driven bean instance is created by the container to handle the processing of the messages for
which the message-driven bean is the consumer. Its lifetime is controlled by the container.

A message-driven bean instance has no state for a specific client. However, the instance variables of the
message-driven bean instance can contain state across the handling of client messages. Examples of
such state include an open database connection and a reference to an enterprise bean.

5.2 Goals
The goal of the message-driven bean model is to make developing an enterprise bean that is asynchro-
nously invoked to handle the processing of incoming messages as simple as developing the same func-
tionality in any other message listener.
A further goal of the message-driven bean model is to allow for the concurrent processing of a stream of
messages by means of container-provided pooling of message-driven bean instances.

5.3 Client View of a Message-Driven Bean

To a client, a message-driven bean is simply a message consumer. The client sends messages to the des-
tination or endpoint for which the message-driven bean is the message listener just as it would to any
other destination or endpoint. The message-driven bean, as a message consumer, handles the processing
of the messages.

From the perspective of the client, the existence of a message-driven bean is completely hidden behind
the destination or endpoint for which the message-driven bean is the message listener. The following
diagram illustrates the view that is provided to a message-driven bean’s clients.
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Figure 7 Client view of Message-Driven Beans Deployed in a Container
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A client's JNDI name space may be configured to include the destinations or endpoints of mes-
sage-driven beans installed in multiple EJB containers located on multiple machines on a network. The
actual locations of an enterprise bean and EJB container are, in general, transparent to the client using
the enterprise bean.

References to message destinations can be injected, or they can be looked up in the client's JNDI
namespace.

For example, the reference to the queue for a IMS message-driven bean might be injected as follows.

@Resource Queue stockinfoQueue;
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5.4

Alternatively, the queue for thStockinfo ~ JMS message-driven bean might be located using the fol-
lowing code segment:

Context initialContext = new InitialContext();
Queue stockinfoQueue = (javax.jms.Queue)initialContext.lookup
(“java:comp/env/jms/stockinfoQueue”);

The remainder of this section describes the message-driven bean life cycle in detail and the protocol
between the message-driven bean and its container.

Protocol Between a Message-Driven Bean Instance and its
Container

5.4.1

From its creation until destruction, a message-driven bean instance lives in a container. The container
provides security, concurrency, transactions, and other services for the message-driven bean. The con-
tainer manages the life cycle of the message-driven bean instances, notifying the instances when bean
action may be necessary, and providing a full range of services to ensure that the message-driven bean
implementation is scalable and can support the concurrent processing of a large number of messages.

From the Bean Provider’s point of view, a message-driven bean exists as long as its container does. It is
the container’s responsibility to ensure that the message-driven bean comes into existence when the
container is started up and that instances of the bean are ready to receive an asynchronous message
delivery before the delivery of messages is started.

Containers themselves make no actual service demands on the message-driven bean instances. The calls
a container makes on a bean instance provide it with access to container services and deliver notifica-
tions issued by the container.

Since all instances of a message-driven bean are equivalent, a client message can be delivered to any
available instance.

Required MessageDrnenBean Metadata

5.4.2

A message-driven bean must be annotated withMiessageDriven annotation or denoted in the
deployment descriptor as a message-driven bean.

The Required Message Listener Interface

The message-driven bean class must implement the appropriate message listener interface for the mes-
saging type that the message-driven bean supports or specify the message listener interface using the
MessageDriven metadata annotation or theessaging-type  deployment descriptor element.

The specific message listener interface that is implemented by a message-driven bean class distin-
guishes the messaging type that the message-driven bean supports.
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The message-driven bean class’s implementation ofathex.jms.MessageListener
interface distinguishes the message-driven bean as a JMS message-driven bean.

The bean’s message listener method (egMessage in the case ofavax.jms.MessageLis-
tener ) is called by the container when a message has arrived for the bean to service. The message lis-
tener method contains the business logic that handles the processing of the message.

A bean’s message listener interface may define more than one message listener method. If the
message listener interface contains more than one method, it is the resource adapter that
determines which method is invoked. See [15].

If the message-driven bean class implements more than one interface othiawvthanSerial-

izable , java.io.Externalizable , or any of the interfaces defined by tfawax.ejb  pack-
age, the message listener interface must be specified loyebeageListenerinterface element
of the MessageDriven annotation or thenessaging-type  element of thamessage-driven
deployment descriptor element.

5.4.3 Dependency Injection

A message-driven bean may use dependency injection mechanisms to acquire references to resources or
other objects in its environment (see Chapter 16, “Enterprise Bean Environment”). If a message-driven
bean makes use of dependency injection, the container injects these references after the bean instance is
created, and before any message-listener methods are invoked on the bean instance. If a dependency on
the MessageDrivenContext is declared, or if the bean class implements the optidvias-
sageDrivenBean interface (see Section 5.4.6), tMessageDrivenContext is also injected at

this time. If dependency injection fails, the bean instance is discarded.

Under the EJB 3.0 API, the bean class may acquireNfessageDrivenContext inter-
face through dependency injection without having to implementfesageDrivenBean
interface. In this case, thResource annotation (orresource-env-ref deployment
descriptor element) is used to denote the bean’s dependency desageDrivenCon-
text . See Chapter 16, “Enterprise Bean Environment”.

5.4.4 The MessageDwenContext Interface

If the bean specifies a dependency on MessageDrivenContext interface (or if the bean class
implements theMessageDrivenBean interface), the container must provide the message-driven
bean instance with KlessageDrivenContext . This gives the message-driven bean instance access
to the instance’s context maintained by the container. MeasageDrivenContext interface has

the following methods:

* The setRollbackOnly method allows the instance to mark the current transaction such
that the only outcome of the transaction is a rollback. Only instances of a message-driven bean
with container-managed transaction demarcation can use this method.

* The getRollbackOnly method allows the instance to test if the current transaction has
been marked for rollback. Only instances of a message-driven bean with container-managed
transaction demarcation can use this method.
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5.4.5

* The getUserTransaction method returns th@vax.transaction.UserTrans-
action interface that the instance can use to demarcate transactions, and to obtain transaction
status. Only instances of a message-driven bean with bean-managed transaction demarcation
can use this method.

* ThegetTimerService method returns thiavax.ejb.TimerService interface.

* The getCallerPrincipal method returns th@va.security.Principal that is
associated with the invocation.

* The isCallerInRole method is inherited from theeJBContext interface. Mes-
sage-driven bean instances must not call this method.

* ThegetEJBHome andgetEJBLocalHome methods are inherited from tii&IBContext
interface. Message-driven bean instances must not call these methods.

* Thelookup method enables the message-driven bean to look up its environment entries in
the JNDI naming context.

Message-Drven Bean Lifecycle Callback Inteceptor Methods

5.4.6

The following lifecycle event callbacks are supported for message-driven beans. Callback methods may
be defined directly on the bean class or on a separate intercep Fliase Section 5.6.4.

e PostConstruct

* PreDestroy

The PostConstruct callback occurs before the first message listener method invocation on the
bean. This is at a point after which any dependency injection has been performed by the container.

The PostConstruct lifecycle callback interceptor method executes in an unspecified transaction
and security context.

ThePreDestroy callback occurs at the time the bean is removed from the pool or destroyed.

The PreDestroy lifecycle callback interceptor method executes in an unspecified transaction and
security context.

The Optional MessageDwenBean Interface

The message-driven bean class is not required to implemernavh®.ejb.MessageDriven-
Bean interface.

[26] If PrePassivate  or PostActivate lifecycle callbacks are defined for message-driven beans, they are ignored
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Compatibility Note: The MessageDrivenBean interface was required by earlier versions of the Enter-
prise JavaBeans specification. In EJB 3.0, the functionality previously provided by the MessageDriven-
Bean interface is available to the bean class through selective use of dependency injection (of the
MessageDrivenContext) and optional lifecycle callback methods.

The MessageDrivenBean interface defines two methodsetMessageDrivenContext and
ejbRemove .
The setMessageDrivenContext method is called by the bean’s container to associate a mes-

sage-driven bean instance with its context maintained by the container. Typically a message-driven bean
instance retains its message-driven context as part of its state.

The ejpRemove notification signals that the instance is in the process of being removed by the con-
tainer. In theejpRemove method, the instance releases the resources that it is holding.

Under the EJB 3.0 API, the bean class may optionally defifee®estroy callback method
for notification of the container’'s removal of the bean instance.

This specification requires that tlegoRemove and theejbCreate  methods of a message-driven
bean be treated as tiRreDestroy andPostConstruct  lifecycle callback methods, respectively.
If the message-driven bean implements tlessageDrivenBean interface, thePreDestroy
annotation can only be applied to tegpRemove method. Similar requirements apply to use of
deployment descriptor metadata as an alternative to the use of annotations.

5.4.7 Timeout Callbacks

A message driven bean can be registered with the EJB timer service for time-based event notifications if
it provides a timeout callback method. The container invokes the bean instance’s timeout callback
method when a timer for the bean has expired. See Chapter 18, “Timer Service”.

5.4.8 Message-Drven Bean Ceation

The container creates an instance of a message-driven bean in three steps. First, the container calls the
bean classhewlnstance method to create a new message-driven bean instance. Second, the con-
tainer injects the bean®essageDrivenContext , if applicable, and performs any other depen-
dency injection as specified by metadata annotations on the bean class or by the deployment descriptor.
Third, the container calls the instanc®sstConstruct  lifecycle callback methods, if any. See Sec-

tion 5.6.4.
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54.9

Compatibility Note: EJB 2.1 required the message-driven bean class to implemegjb@reate

method. This requirement has been removed in EJB 3.0. If the message-driven bean class implements
theejbCreate method, thejbCreate method is treated as the beafsstConstruct  method,

and thePostConstruct ~ annotation can only be applied to #jbCreate method.

Message Listener Inteceptor Methods br Message-Drven Beans

5.4.10

The Aroundinvoke  business method interceptor methods are supported for message-driven beans.
These interceptor methods may be defined on the bean class or on a interceptor class and apply to the
handling of the invocation of the bean’s message listener method(s).

Interceptors are described in Chapter 12, “Interceptors”.

Serializing Message-Diwven Bean Methods

5.4.11

The container serializes calls to each message-driven bean instance. Most containers will support many
instances of a message-driven bean executing concurrently; however, each instance sees only a serial-
ized sequence of method calls. Therefore, a message-driven bean does not have to be coded as reentrant.

The container must serialize all the container-invoked callbacks (e.g., lifecycle callback interceptor

methods and timeout callback methods), and it must serialize these callbacks with the message listener
method calls.

Concurrency of Message Ricessing

5.4.12

A container allows many instances of a message-driven bean class to be executing concurrently, thus
allowing for the concurrent processing of a stream of messages. No guarantees are made as to the exact
order in which messages are delivered to the instances of the message-driven bean class, although the
container should attempt to deliver messages in order when it does not impair the concurrency of mes-
sage processing. Message-driven beans should therefore be prepared to handle messages that are out of
sequence: for example, the message to cancel a reservation may be delivered before the message to
make the reservation.

Transaction Context of Message-Dxien Bean Methods

A bean’s message listener and timeout callback methods are invoked in the scope of a transaction deter-
mined by the transaction attribute specified in the bean’s metadata annotations or deployment descrip-
tor. If the bean is specified as using container-managed transaction demarcation, eiREEQHERED

or the NOT_SUPPORTEMDansaction attribute must be used for the message listener methods, and
either theREQUIRED REQUIRES NEWr the NOT_SUPPORTEMansaction attribute for timeout
callback methods. See Chapter 13, “Support for Transactions”
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When a message-driven bean using bean-managed transaction demarcation jases.thens-
action.UserTransaction interface to demarcate transactions, the message receipt that causes
the bean to be invoked is not part of the transaction. If the message receipt is to be part of the transac-
tion, container-managed transaction demarcation withRE€QUIREDtransaction attribute must be

used.

The newlnstance  method, setMessageDrivenContext , the message-driven bean’s depen-
dency injection methods, and lifecycle callback methods are called with an unspecified transaction con-
text. Refer to Subsection 13.6.5 for how the container executes methods with an unspecified transaction
context.

5.4.13 Activation Configuration Properties

The Bean Provider may provide information to the Deployer about the configuration of the mes-
sage-driven bean in its operational environment. This may include information about message acknowl-
edgement modes, message selectors, expected destination or endpoint types, etc.

Activation configuration properties are specified by means ofattiezationConfig element of
theMessageDriven annotation oactivation-config deployment descriptor element. Activa-

tion configuration properties specified in the deployment descriptor are added to those specified by
means of theMlessageDriven annotation. If a property of the same name is specified in both, the
deployment descriptor value overrides the value specified in the annotation.

Activation configuration properties for JIMS message-driven beans are described in Sections 5.4.14
through 5.4.16.

5.4.14 Message Acknavledgment or IMS Message-Drven Beans

JMS message-driven beans should not attempt to use the JMS API for message acknowledgment. Mes-
sage acknowledgment is automatically handled by the container. If the message-driven bean uses con-
tainer-managed transaction demarcation, message acknowledgment is handled automatically as a part of
the transaction commit. If bean-managed transaction demarcation is used, the message receipt cannot be
part of the bean-managed transaction, and, in this case, the receipt is acknowledged by the container. If
bean-managed transaction demarcation is used, the Bean Provider can indicate whether JMS
AUTO_ACKNOWLED&Emantics obUPS_OK_ACKNOWLED$&antics should apply by using the
activationConfig element of theMessageDriven annotation or by using thactiva-
tion-config-property deployment descriptor element. The property name used to specify the
acknowledgment mode a&cknowledgeMode . If the acknowledgeMode property is not specified,
JMSAUTO_ACKNOWLEDG&#mMantics are assumed. The value ofabknowledgeMode property

must be eitheAuto-acknowledge  or Dups-ok-acknowledge  for a JMS message-driven bean.
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5.4.15 Message Selectorof JMS Message-Drven Beans

5.4.16

The Bean Provider may declare the JMS message selector to be used in determining which messages a
JMS message-driven bean is to receive. If the Bean Provider wishes to restrict the messages that a IMS
message-driven bean receives, the Bean Provider can specify the value of the message selector by using
the activationConfig element of theMessageDriven annotation or by using thactiva-
tion-config-property deployment descriptor element. The property name used to specify the
message selectornsessageSelector

For example:

@MessageDriven(activationConfig={
@ActivationConfigProperty(
propertyName="messageSelector”,
propertyValue="JMSType = ‘car’ AND color = ‘blue’ and weight
> 2500")})

<activation-config>

<activation-config-property>
<activation-config-property-name>messageSelector</activation-con-
fig-property-name>

<activation-config-property-value>JMSType = ‘car’ AND color = ‘blue’
AND weight &gt; 2500</activation-config-property-value>
</activation-config-property>

</activation-config>

The Application Assembler may further restrict, but not replace, the value ofdssageSelector
property of a JMS message-driven bean.

Association of a Message-Dven Bean with a Destination or Endpoint

A message-driven bean is associated with a destination or endpoint when the bean is deployed in the
container. It is the responsibility of the Deployer to associate the message-driven bean with a destination
or endpoint.

5.4.16.1 JMS Message-Driven Beans

A JMS message-driven bean is associated with a JMS Destination (Queue or Topic) when the bean is
deployed in the container. It is the responsibility of the Deployer to associate the message-driven bean
with a Queue or Topic.

The Bean Provider may provide advice to the Deployer as to whether a message-driven bean is intended
to be associated with a queue or a topic by usingatvationConfig element of theMes-
sageDriven annotation or by using thactivation-config-property deployment descrip-

tor element. The property name used to specify the destination type associated with the bean is
destinationType . The value for this property must be eithgavax.jms.Queue or
javax.jms.Topic for a JMS message-driven bean.

5/2/06

112



Sun Microsystems, Inc.

Protocol Between a Message-Driven Bean Instance and its ContainerEnterprise JavaBeans 3.0, Final Release = Message-DrivenBean

5.4.17

If the message-driven bean is intended to be used with a topic, the Bean Provider may further indicate
whether a durable or non-durable subscription should be used by usaugiviagionConfig ele-

ment of theMessageDriven annotation or by using thactivation-config-property

deployment descriptor element. The property hame used to specify whether a durable or non-durable
subscription should be used ssibscriptionDurability . The value for this property must be
eitherDurable or NonDurable for a JMS message-driven bean. If a topic subscription is specified
andsubscriptionDurability is not specified, a non-durable subscription is assumed.

* Durable topic subscriptions, as well as queues, ensure that messages are not missed even if the
EJB server is not running. Reliable applications will typically make use of queues or durable
topic subscriptions rather than non-durable topic subscriptions.

* If a non-durable topic subscription is used, it is the container’s responsibility to make sure that
the message driven bean subscription is active (i.e., that there is a message driven bean avail-
able to service the message) in order to ensure that messages are not missed as long as the EJB
server is running. Messages may be missed, however, when a bean is not available to service
them. This will occur, for example, if the EJB server goes down for any period of time.

The Deployer should avoid associating more than one message-driven bean with the same JMS Queue.

If there are multiple JIMS consumers for a queue, JMS does not define how messages are distribued
between the queue receivers.

Dealing with Exceptions

A message-driven bean’s message listener method must not thrgavthemi.RemoteExcep-
tion

Message-driven beans should not, in general, titoatimeExceptions

A RuntimeException that is not an application exception thrown from any method of the mes-
sage-driven bean class (including a message listener method and the callbacks invoked by the container)
results in the transition to the “does not exist” state. If a message-driven bean uses bean-managed trans-
action demarcation and throwsRuntimeException , the container should not acknowledge the
message. Exception handling is described in detail in Chapter 14. See Section 12.4.2 for the rules per-
taining to lifecycle callback interceptor methods when more than one such method applies to the bean
class.

From the client perspective, the message consumer continues to exist. If the client continues sending
messages to the destination or endpoint associated with the bean, the container can delegate the client’s
messages to another instance.

The message listener methods of some messaging types may throw application exceptions. An applica-
tion exception is propagated by the container to the resource adapter.
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5.4.18

Missed PreDestioy Callbacks

5.4.19

The Bean Provider cannot assume that the container will always invokeréigestroy callback
method (orejpRemove method) for a message-driven bean instance. The following scenarios result in
thePreDestroy callback method not being called on an instance:

* Acrash of the EJB container.

* A system exception thrown from the instance’s method to the container.
If the message-driven bean instance allocates resources Rost€onstruct lifecycle callback
method and/or in the message listener method, and releases normally the resourcéxr@bése
troy method, these resources will not be automatically released in the above scenarios. The applica-

tion using the message-driven bean should provide some clean up mechanism to periodically clean up
the unreleased resources.

Replying to a JIMS Message

5.5

In standard JMS usage scenarios, the messaging mode of a mesHd§&ReplyTo destination

(Queue or Topic) is the same as the mode of the destination to which the message has been sent.
Although a message-driven bean is not directly dependent on the mode of the JMS destination from
which it is consuming messages, it may contain code that depends on the mode of its message’s
JMSReplyTo destination. In particular, if a message-driven bean replies to a message, the mode of the
reply’s message producer and the mode ofiSReplyTo destination must be the same. In order to
implement a message-driven bean that is independedtM@ReplyTo mode, the Bean Provider
should usénstanceOf to test whether aMSReplyTo destination is a Queue or Topic, and then use

a matching message producer for the reply.

Message-Driven Bean State Diagram

When a client sends a message to a Destination for which a message-driven bean is the consumer, the
container selects one of its method-ready instances and invokes the instance’s message listener method.

The following figure illustrates the life cycle of a message-driven bean instance.
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Figure 8 Life Cycle of a Message-Driven Bean.
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The following steps describe the life cycle of a message-driven bean instance:

* A message-driven bean instance’s life starts when the container inmekdastance on
the message-driven bean class to create a new instance. Next, the container injects the bean’s
MessageDrivenContext, if applicable, and performs any other dependency injection as speci-
fied by metadata annotations on the bean class or by the deployment descriptor. The container
then calls the beanRostConstruct  lifecycle callback methods, if any.

* The message-driven bean instance is now ready to be delivered a message sent to its associated
destination or endpoint by any client or a call from the container to the timeout callback
method.

* When the container no longer needs the instance (which usually happens when the container
wants to reduce the number of instances in the method-ready pool), the container invokes the
PreDestroy lifecycle callback methods for it, if any. This ends the life of the mes-
sage-driven bean instance.
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5.5.1 Operations Allowed in the Methods of a Message-Dren Bean Class

Table 3 defines the methods of a message-driven bean class in which the message-driven bean instances

can access the methods of thgvax.ejb.MessageDrivenContext interface, the
java:comp/env  environment naming context, resource managémserService  and Timer
methods, theEntityManager and EntityManagerFactory methods, and other enterprise
beans.

If a message-driven bean instance attempts to invoke a method tdebsageDrivenContext
interface, and the access is not allowed in Table 3, the container must throw and log the
java.lang.lllegalStateException.

If a message-driven bean instance attempts to invoke a method diirtte¥Service  or Timer
interface, and the access is not allowed in Table 3, the container must thrgavéhiang.llle-
galStateException
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If a bean instance attempts to access a resource manager, an enterprise bean, or an entity manager or
entity manager factory, and the access is not allowed in Table 3, the behavior is undefined by the EJB

architecture.

Table 3

Operations Allowed in the Methods of a Message-Driven Bean

Bean method can perform the following operations

Bean method

Container-managed transaction
demarcation

Bean-managed transaction
demarcation

constructor

dependency injection
methods (e.g., setMeg
sageDrivenContext)

MessageDrivenContext methodizsokup
" JNDI access to java:comp/env

MessageDrivenContext methodizsokup
JNDI access to java:comp/env

PostConstruct, Pre-
Destroy lifecycle call-
back methods

MessageDrivenContext methodgtTim-
erService, lookup

JNDI access to java:comp/env
EntityManagerFactory access

MessageDrivenContext methods:
getUserTransaction, getTimerSer-
vice, lookup

JNDI access to java:comp/env
EntityManagerFactory access

message listener
method, business
method interceptor
method

MessageDrivenContext methods:
getRollbackOnlysetRollbackOnly,
getCallerPrincipal, getTimerService
lookup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

Timer service or Timer methods

MessageDrivenContext methods:
getUserTransaction, getCallerPrinci
pal, getTimerService, lookup

UserTransaction methods

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

Timer service or Timer methods

timeout callback
method

MessageDrivenContext methods:
getRollbackOnlysetRollbackOnly,
getCallerPrincipal, getTimerService
lookup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

Timer service or Timer methods

MessageDrivenContext methods:
getUserTransaction, getCallerPrinci
pal, getTimerService, lookup

UserTransaction methods

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

Timer service or Timer methods

Additional restrictions:

* The getRollbackOnly

Context

and setRollbackOnly

methods of theMessageDriven-

interface should be used only in the message-driven bean methods that execute in
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the context of a transaction. The container must throwjdkia.lang.lllegalState-
Exception if the methods are invoked while the instance is not associated with a transaction.

The reasons for disallowing operations in Table 3:

* Invoking thegetRollbackOnly and setRollbackOnly methods is disallowed in the
message-driven bean methods for which the container does not have a meaningful transaction
context, and for all message-driven beans with bean-managed transaction demarcation.

* The UserTransaction interface is unavailable to message-driven beans with con-
tainer-managed transaction demarcation.

* InvokinggetEJBHome or getEJBLocalHome is disallowed in message-driven bean meth-
ods because there are no EJBHome or EJBLocalHome objects for message-driven beans. The
container must throw and log thi@va.lang.lllegalStateException if these meth-
ods are invoked.

5.6 The Responsibilities of the Bean Provider

This section describes the responsibilities of the message-driven Bean Provider to ensure that a mes-
sage-driven bean can be deployed in any EJB container.

5.6.1 Classes and Interfaces

The message-driven Bean Provider is responsible for providing the following class files:
* Message-driven bean class.

* Interceptor classes, if any.

5.6.2 Message-Drven Bean Class

The following are the requirements for the message-driven bean class:
* The class must implement, directly or indirectly, the message listener interface required by the
messaging type that it supports or the methods of the message listener interface. In the case of
JMS, this is thgavax.jms.MessageListener interface.

* The class must be defined jaisblic , must not bdinal , and must not babstract . The
class must be a top level class.

* The class must havepublic constructor that takes no arguments. The container uses this
constructor to create instances of the message-driven bean class.

¢ The class must not define thealize method.
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5.6.3

Optionally:

* The class may implement, directly or indirectly, tlawax.ejb.MessageDrivenBean
interface.

* The class may implement, directly or indirectly, fineax.ejb.TimedObject interface.
* The class may implement tegpCreate  method.

The message-driven bean class may have superclasses and/or superinterfaces. If the message-driven
bean has superclasses, the methods of the message listener interface, lifecycle callback interceptor
methods, the timeout method, teghCreate  method, and the methods of tiMessageDriven-

Bean interface may be defined in the message-driven bean class or in any of its superclasses. A mes-
sage-driven bean class must not have a superclass that is itself a message-driven bean class

The message-driven bean class is allowed to implement other methods (for example, helper methods

invoked internally by the message listener method) in addition to the methods required by the EJB spec-
ification.

Message Listener Method

5.6.4

The message-driven bean class must define the message listener methods. The signature of a message
listener method must follow these rules:

The method must be declaredpablic

The method must not be declaredinal  or static

Lifecycle Callback Interceptor Methods

PostConstruct  andPreDestroy lifecycle callback interceptor methods may be defined for mes-
sage-driven beans. BPrePassivate  or PostActivate lifecycle callbacks are defined, they are
ignored[.27]

Compatibility Note: If thePostConstruct  lifecycle callback interceptor method is tefpCreate

method, or if thd’reDestroy lifecycle callback interceptor method is tappRemove method, these
callback methods must be implemented on the bean class itself (or on its superclasses). Except for these
cases, the method names can be arbitrary, but must not start with “ejb” to avoid conflicts with the call-
back methods defined by the javax.ejb.EnterpriseBean interfaces.

Lifecycle callback interceptor methods may be defined on the bean class and/or on an interceptor class
of the bean. Rules applying to the definition of lifecycle callback interceptor methods are defined in
Section 12.4, “Interceptors for LifeCycle Event Callbacks” .

[27] This might result from the use of default interceptor classes, for example.
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5.7

The Responsibilities of the Container Provider

5.7.1

This section describes the responsibilities of the Container Provider to support a message-driven bean.
The Container Provider is responsible for providing the deployment tools, and for managing the mes-
sage-driven bean instances at runtime.

Because the EJB specification does not define the API between deployment tools and the container, we

assume that the deployment tools are provided by the Container Provider. Alternatively, the deployment
tools may be provided by a different vendor who uses the container vendor’s specific API.

Generation of Implementation Classes

5.7.2

The deployment tools provided by the container are responsible for the generation of additional classes
when the message-driven bean is deployed. The tools obtain the information that they need for genera-
tion of the additional classes by introspecting the classes and interfaces provided by the enterprise Bean
Provider and by examining the message-driven bean’s deployment descriptor.

The deployment tools may generate a class that mixes some container-specific code with the mes-

sage-driven bean class. This code may, for example, help the container to manage the bean instances at
runtime. Subclassing, delegation, and code generation can be used by the tools.

Deployment of JMS Message-Dxien Beans

5.7.3

The Container Provider must support the deployment of a JMS message-driven bean as the consumer of
a JMS queue or a durable subscription.

Request/Response Messaginypes

5.7.4

If the message listener supports a request/response messaging type, it is the container’s responsibility to
deliver the message response.

Non-reentrant Instances

9.7.5

The container must ensure that only one thread can be executing an instance at any time.

Transaction Scoping, SecurityExceptions

The container must follow the rules with respect to transaction scoping, security checking, and excep-
tion handling, as described in Chapters 13, 17, and 14.
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Chapter 6

Persistence

The model for persistence and object/relational mapping has been considerably revised and enhanced in
the Enterprise JavaBeans 3.0 release.

The contracts and requirements for entities defined by Enterprise JavaBeans 3.0 are specified in the doc-
ument ‘Java Persistence AP[2], which also contains the full specification of the Java Persistence
guery language and the metadata for object/relational mapping.

A compliant implementation of this specification is required to implement the contracts for persistence,
query language, and object/relational mapping specified in the docudagatPersistence APJ2].

Chapters 7, 8, and 10 of this specification document discuss the client view of entity beans under the
earlier EJB 2.1 programming model, the contracts for EJB 2.1 Entity Beans with Container-Managed
Persistence, and the contracts for EJB 2.1 Entity Beans with Bean-Managed Persistence respectively.
Use of these earlier APIs is required to be supported by EJB 3.0 implementations.
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Client View of an EJB 2.1 Entity Bean

This chapter describes the client view of an EJB 2.1 entity bean. It is actually a contract fulfilled by the
container in which the entity bean is deployed. Only the business methods are supplied by the enterprise
bean itself.

Although the client view of the deployed entity beans is provided by classes implemented by the con-
tainer, the container itself is transparent to the client.

The contents of this chapter apply only to entities as defined in the Enterprise JavaBeans 2.1 specifica-

tion[3]. The client view of a persistent entity as defined by Enterprise JavaBeans 3.0 is described in the
document Java Persistence APbf this specification [2].

Overview

For a client, an entity bean is a component that represents an object-oriented view of some entities
stored in a persistent storage, such as a database, or entities that are implemented by an existing enter-
prise application.

The client of an entity bean may be a local client or the client may be a remote client.
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7.2

This section provides an overview of the entity bean client view that is independent of whether the client
is a remote client or a local client. The differences between remote clients and local clients are discussed
in the following sections.

From its creation until its destruction, an entity object lives in a container. Transparently to the client,
the container provides security, concurrency, transactions, persistence, and other services for the entity
objects that live in the container. The container is transparent to the client—there is no API that a client
can use to manipulate the container.

Multiple clients can access an entity object concurrently. The container in which the entity bean is
deployed properly synchronizes access to the entity object’s state using transactions.

Each entity object has an identity which, in general, survives a crash and restart of the container in
which the entity object has been created. The object identity is implemented by the container with the
cooperation of the enterprise bean class.

Multiple enterprise beans can be deployed in a container. For each entity bean deployed in a container,
the container provides a class that implements a home interface for the entity bean. This interface allows
the client to create, find, and remove entity objects within the enterprise bean’s home as well as to exe-
cute home business methods, which are not specific to a particular entity bean object. A client can
obtain the entity bean’s home interface through dependency injection, or the client can look up the
entity bean’s home interface through JNDI. It is the responsibility of the container to make the entity
bean’s home interface available in the JNDI nhame space.

A client view of an entity bean is independent of the implementation of the entity bean and its container.

This ensures that a client application is portable across all container implementations in which the entity
bean might be deployed.

Remote Clients

A remote client accesses an entity bean through the entity bean’s remote and remote home interfaces.
The remote and remote home interfaces of the entity bean provide the remote client view.

The remote client view of an entity bean is location independent. A client running in the same JVM as
an entity bean instance uses the same API to access the entity bean as a client running in a different
JVM on the same or different machine.

The container provides classes that implement the entity bean’s remote and remote home interfaces. The
objects that implement the remote home and remote objects are remote Java objects, and are accessible
from a client through the standard Java™ APIs for remote object invocation [6].

A remote client of an entity object can be another enterprise bean deployed in the same or different con-
tainer or can be an arbitrary Java program, such as an application, applet, or servlet. The remote client
view of an entity bean can also be mapped to non-Java client environments, such as CORBA clients not
written in the Java programming language.
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Local Clients

7.4

Entity beans may also have local clients. A local client is a client that is collocated with the entity bean
and which may be tightly coupled to the bean.

Unlike the remote client view, the local client view of an entity bean is not location independent. The
local client view requires the collocation in the same JVM of both the local client and the entity bean
that provides the local client view. The local client view therefore does not provide the location trans-
parency provided by the remote client view.

A local client accesses an entity bean through the entity bean’s local home and local component inter-

faces. The container provides classes that implement the entity bean’s local home and local component
interfaces. The objects that implement the local home and local component interfaces are local Java
objects.

The arguments of the methods of the local component interface and local home interface are passed by
referencB8l. Such entity beans and their clients must be coded to assume that the state of any Java
object that is passed as an argument or result is potentially shared by caller and callee.

A local client of an entity bean may be a session bean, a message-driven bean, another entity bean, or a
web-tier component.

The choice between the use of a local or remote programming model is a design decision that the Bean
Provider makes when developing the entity bean application. In general, however, entity beans are
intended to be used with local clients. While it is possible to provide both a client view and a local client
view for an entity bean with container-managed persistence, it is more likely that the entity bean will be
designed with the local view in mind.

Entity beans that have container-managed relationships with other entity beans, as described in Chapter
8, “EJB 2.1 Entity Bean Component Contract for Container-Managed Persistence”, must be accessed in

the same local scope as those related beans, and therefore typically provide a local client view. In order

to be the target of a container-managed relationship, an entity bean with container-managed persistence
must provide a local component interface.

EJB Container

An EJB container (container for short) is a system that functions as a runtime container for enterprise
beans.

(28]

More literally, references are passed by value in the JVM: an argument variable of primitive type holds a valueroftivet pri
type; an argument variable of a reference type hold a reference to the object. See [28].
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74.1

Multiple enterprise beans can be deployed in a single container. For each entity bean deployed in a con-
tainer, the container provides a home interface that allows the client to create, find, and remove entity

objects that belong to the entity bean. The home interface may also provide home business methods,
which are not specific to a particular entity bean object. The container makes the entity bean’s home

interface (defined by the Bean Provider and implemented by the Container Provider) available in the

JNDI name space for clients.

An EJB server may host one or multiple EJB containers. The containers are transparent to the client:
there is no client-level API to manipulate the container.

Locating an Entity Bean’s Home Interface

7.4.2

A client obtains an entity bean’s home interface through dependency injection, or the client locates an
entity bean’s home interface using JNDI. A client’s JNDI name space may be configured to include the

home interfaces of enterprise beans deployed in multiple EJB containers located on multiple machines
on a network. The actual location of an EJB container is, in general, transparent to the client.

For example, the local home interface for thecount entity bean can be located using the following
code segment:

Context initialContext = new InitialContext();
AccountHome accountHome = (AccountHome)
initialContext.lookup(“java:comp/env/ejb/accounts”);

If dependency injection were used, the home interface could be obtained as follows:

@EJB AccountHome accountHome;

What a Container Provides

The following diagram illustrates the view that a container provides to the client of the entity beans
deployed in the container. Note that a client may be a local client of some entity beans and a remote cli-
ent of others.
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Figure 9 Client View of Entity Beans Deployed in a Container
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7.5 Entity Bean’s Remote Home Interface

This section is specific to entity beans that provide a remote client view. Local home interfaces are
described in Section 7.6.

The container provides the implementation of the remote home interface for each entity bean deployed
in the container that defines a remote home interface. An object that implements an entity bean’s remote
home interface is called &JBHome object.

The entity bean’s remote home interface allows a client to do the following:
* Create new entity objects within the home.

* Find existing entity objects within the home.
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7.5.1

* Remove an entity object from the home.
* Execute a home business method.

* Getthejavax.ejb.EJBMetaData interface for the entity bean. Thavax.ejb.EJB-
MetaData interface is intended to allow application assembly tools to discover the metadata
information about the entity bean. The metadata information allows loose client/server binding
and scripting.

¢ Obtain a handle for the home interface. The home handle can be serialized and written to stable
storage. Later, possibly in a different JVM, the handle can be deserialized from stable storage
and used to obtain a reference to the home interface.

An entity bean’s remote home interface must extenddkiex.ejb.EJBHome interface and follow
the standard rules for Java programming language remote interfaces.

Create Methods

An entity bean’s remote home interface can define zero or mr@@e<METHOD> methods, one for
each way to create an entity object. The arguments ofrib@te methods are typically used to initial-
ize the state of the created entity object. The name of each create method starts with themefix “
ate ”.

The return type of areate<METHOD> method on the remote home interface is the entity bean’s
remote interface.

Thethrows clause of evergreate<METHOD> method on the remote home interface includes the
java.rmi.RemoteException and thejavax.ejb.CreateException . It may include addi-
tional application-level exceptions.

The following home interface illustrates three possiipgate methods:

public interface AccountHome extends javax.ejb.EJBHome {
public Account create(String firstName, String lastName,
double initialBalance)
throws RemoteException, CreateException;
public Account create(String accountNumber,
double initialBalance)
throws RemoteException, CreateException,
LowlnitialBalanceException;
public Account createLargeAccount(String firsthame,
String lastname, double initialBalance)
throws RemoteException, CreateException;
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7.5.2

The following example illustrates how a client creates a new entity object:

AccountHome accountHome = ...;
Account account = accountHome.create(*John”, “Smith”, 500.00);

Finder Methods

An entity bean’s remote home interface defines one or more finder m&flpdse for each way to find

an entity object or collection of entity objects within the home. The name of each finder method starts
with the prefix find ”, such asfindLargeAccounts . The arguments of a finder method are used

by the entity bean implementation to locate the requested entity objects. The return type of a finder
method on the remote home interface must be the entity bean’s remote interface, or a type representing
a collection of objects that implement the entity bean’s remote interface (see Subsections 8.5.7 and
10.1.9).

The throws clause of every finder method on the remote home interface includes the
java.rmi.RemoteException and thgavax.ejb.FinderException exceptions.

The remote home interface includes tfirdByPrimaryKey(primaryKey) method, which
allows a client to locate an entity object using a primary key. The name of the method is éilvdays
ByPrimaryKey ; it has a single argument that is the same type as the entity bean’s primary key type,
and its return type is the entity bean’'s remote interface. There is a urigdByPrima-
ryKey(primaryKey) method for an entity bean on its remote home interface; this method must not
be overloaded. The implementation of tfiadByPrimaryKey(primaryKey) method must
ensure that the entity object exists.

The following example shows tli@dByPrimaryKey method:

public interface AccountHome extends javax.ejb.EJBHome {

pﬁblic Account findByPrimaryKey(String AccountNumber)
throws RemoteException, FinderException;

}

The following example illustrates how a client usesfit@ByPrimaryKey method:

AccountHome = ...;
Account account = accountHome.findByPrimaryKey(“100-3450-3333");

[29] ThefindByPrimaryKey  method is mandatory for the remote home interface of all entity beans.
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7.5.3

Remove Methods

7.5.4

Thejavax.ejp.EJBHome interface defines several methods that allow the client to remove an entity
object.

public interface EJBHome extends Remote {
void remove(Handle handle) throws RemoteException,
RemoveException;
void remove(Obiject primaryKey) throws RemoteException,
RemoveException;

}

After an entity object has been removed, subsequent attempts to access the entity object by a remote cli-
ent result in thgava.rmi.NoSuchObjectException

Home Methods

An entity bean’s remote home interface may define one or more home methods. Home methods are
methods that the Bean Provider supplies for business logic that is not specific to an entity bean instance.

Home methods on the remote home interface can have arbitrary method names, but they must not start
with “create ", “find ", or “remove ". The arguments of a home method are used by the entity bean
implementation in computations that do not depend on a specific entity bean instance. The method argu-
ments and return value types of a home method on the remote home interface must be legal types for
RMI-IIOP.

The throws clause of every home method on the remote home interface includes the
java.rmi.RemoteException . It may also include additional application-level exceptions.

The following example shows two home methods:

public interface EmployeeHome extends javax.ejb.EJBHome {

/I this method returns a living index depending on

I the state and the base salary of an employee:

I/ the method is not specific to an instance

public float livingindex(String state, float Salary)
throws RemoteException;

/I this method adds a bonus to all of the employees
// based on a company profit-sharing index
public void addBonus(float company_share_index)
throws RemoteException, SharelndexOutOfRangeException;
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7.6

Entity Bean’s Local Home Interface

7.6.1

The container provides the implementation of the local home interface for each entity bean deployed in
the container that defines a local home interface. An object that implements an entity bean’s local home
interface is called aBJBLocalHome object.
The entity bean’s local home interface allows a local client to do the following:

* Create new entity objects within the home.

* Find existing entity objects within the home.

* Remove an entity object from the home.

¢ Execute a home business method.

An entity bean’s local home interface must extenddtiax.ejb.EJBLocalHome interface.

Create Methods

An entity bean’s local home interface can define zero or ncoeate<METHOD> methods, one for
each way to create an entity object. The arguments ofrib@te methods are typically used to initial-
ize the state of the created entity object. The name of each create method starts with themefix
ate ”.

The return type of @reate<METHOD> method on the local home interface is the entity bean’s local
interface.

The throws clause of everycreate<METHOD> method on the local home interface includes the
javax.ejb.CreateException . It may include additional application-level exceptions. It must
not include thgava.rmi.RemoteException

The following local home interface illustrates three posgildate methods:

public interface AccountHome extends javax.ejb.EJBLocalHome {
public Account create(String firstName, String lastName,
double initialBalance)
throws CreateException;
public Account create(String accountNumber,
double initialBalance)
throws CreateException, LowInitialBalanceException;
public Account createLargeAccount(String firsthame,
String lastname, double initialBalance)
throws CreateException;
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7.6.2

The following example illustrates how a client creates a new entity object:

AccountHome accountHome = ...;
Account account = accountHome.create(*John”, “Smith”, 500.00);

Finder Methods

7.6.3

An entity bean’s local home interface defines one or more finder méfhdme for each way to find

an entity object or collection of entity objects within the home. The name of each finder method starts
with the prefix ‘find ", such asfindLargeAccounts . The arguments of a finder method are used

by the entity bean implementation to locate the requested entity objects. The return type of a finder
method on the local home interface must be the entity bean’s local interface, or a type representing a
collection of objects that implement the entity bean’s local interface (see Subsections 8.5.7 and 10.1.9).

The throws clause of every finder method on the local home interface includes the
javax.ejb.FinderException . Thethrows clause must not include thjava.rmi.Remo-
teException.

The local home interface includes tfisdByPrimaryKey(primaryKey) method, which allows

a client to locate an entity object using a primary key. The name of the method is dinadgPri-

maryKey ; it has a single argument that is the same type as the entity bean’s primary key type, and its
return type is the entity bean’s local interface. There is a unfimaByPrimaryKey(prima-

ryKey) method for an entity bean on its local home interface; this method must not be overloaded.
The implementation of thindByPrimaryKey method must ensure that the entity object exists.

The following example shows tli@dByPrimaryKey method:

public interface AccountHome extends javax.ejb.EJBLocalHome {

pﬁblic Account findByPrimaryKey(String AccountNumber)
throws FinderException;

}

The following example illustrates how a client usesfim@ByPrimaryKey method:

AccountHome = ...;
Account account = accountHome.findByPrimaryKey(“100-3450-3333");

Remove Methods

The javax.ejb.EJBLocalHome interface defines theemove method to allow the client to
remove an entity object.

public interface EJBLocalHome {
void remove(Object primaryKey) throws RemoveException,
EJBException;

[30] ThefindByPrimaryKey  method is mandatory for the local home interface of all Entity Beans.
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After an entity object has been removed, subsequent attempts to access the local entity object by the
local client result in thgavax.ejb.NoSuchObjectLocalException

7.6.4 Home Methods

An entity bean'’s local home interface may define one or more home methods. Home methods are meth-
ods that the Bean Provider supplies for business logic that is not specific to an entity bean instance.

Home methods can have arbitrary method names, but they must not startreithe' ”, “find ", or
“remove ". The arguments of a home method are used by the entity bean implementation in computa-
tions that do not depend on a specific entity bean instance.

The throws clause of a home method on the local home interface may include additional applica-
tion-level exceptions. It must not include faga.rmi.RemoteException.

The following example shows two home methods:

public interface EmployeeHome extends javax.ejb.EJBLocalHome {

/I this method returns a living index depending on
/ the state and the base salary of an employee:
/l the method is not specific to an instance

public float livinglndex(String state, float Salary);

/I this method adds a bonus to all of the employees

// based on a company profit sharing index

public void addBonus(float company_share_index)
throws SharelndexOutOfRangeException;

7.7 Entity Object’s Life Cycle

This section describes the life cycle of an entity object from the perspective of a client.

The following diagram illustrates a client’s point of view of an entity object life cycle. (The term “refer-
enced” in the diagram means that the client program has a reference to the entity object’s remote or
local interface.)
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Figure 10 Client View of Entity Object Life Cycle
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An entity object does not exist until it is created. Until it is created, it has no identity. After it is created,

it has identity. A client creates an entity object using the entity bean’s home interface, whose class is
implemented by the container. When a client creates an entity object, the client obtains a reference to
the newly created entity object.

In an environment with legacy data, entity objects may “exist” before the container and entity bean are
deployed. In addition, an entity object may be “created” in the environment via a mechanism other than
by invoking acreate<METHOD> method of the home interface (e.g. by inserting a database record),
but still may be accessible via the finder methods. Also, an entity object may be deleted directly using
other means than themove operation (e.g. by deletion of a database record). The “direct insert” and
“direct delete” transitions in the diagram represent such direct database manipulation.
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7.7.1

All entity objects are considered persistent objects. The lifetime of an entity object is not limited by the
lifetime of the Java Virtual Machine process in which the entity bean instance executes. While a crash of
the Java Virtual Machine may result in a rollback of current transactions, it does not destroy previously
created entity objects nor invalidate the references to the home and component interfaces held by cli-
ents.

Multiple clients can access the same entity object concurrently. Transactions are used to isolate the cli-
ents’ work from each other.

References to Entity Object Remote Interfaces

7.7.2

A client can get a reference to an existing entity object’s remote interface in any of the following ways:
* Receive the reference as a parameter in a method call (input parameter or result).
* Find the entity object using a finder method defined in the entity bean’s remote home interface.
* Obtain the reference from the entity object’s handle. (See Section 7.11).
A client that has a reference to an entity object’'s remote interface can do any of the following:
* Invoke business methods on the entity object through the remote interface.
* Obtain a reference to the enterprise bean’s remote home interface.
* Pass the reference as a parameter or return value of a method call.
* Obtain the entity object’s primary key.
* Obtain the entity object’s handle.
* Remove the entity object.

All references to an entity object that does not exist are invalid. All attempted invocations on an entity
object that does not exist result injama.rmi.NoSuchObjectException being thrown.

References to Entity Object Local Interfaces

A local client can get a reference to an existing entity object’s local interface in any of the following
ways:

* Receive the reference as a result of a method call.
* Find the entity object using a finder method defined in the entity bean’s local home interface.
A local client that has a reference to an entity object’s local interface can do any of the following:

* Invoke business methods on the entity object through the local interface.
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7.8

* Obtain a reference to the enterprise bean’s local home interface.

* Pass the reference as a parameter or return value of a local method call.

* Obtain the entity object’s primary key.

* Remove the entity object.
All local references to an entity object that does not exist are invalid. All attempted invocations on an
entity object that does not exist result ijaaax.ejb.NoSuchObjectLocalException being

thrown.

A local interface type must not be passed as an argument or result of a remote interface method.

Primary Key and Object Identity

Every entity object has a unigue identity within its home. If two entity objects have the same home and
the same primary key, they are considered identical.

The Enterprise JavaBeans architecture allows a primary key class to be any class that is a legal Value
Type in RMI-IIOP, subject to the restrictions defined in Subsections 8.6.13 and 10.2.12. The primary
key class may be specific to an entity bean class (i.e., each entity bean class may define a different class
for its primary key, but it is possible that multiple entity beans use the same primary key class).

A client that holds a reference to an entity object's component interface can determine the entity
object’s identity within its home by invoking tigetPrimaryKey  method on the reference.

The object identity associated with a reference does not change over the lifetime of the reference. (That
is, getPrimaryKey  always returns the same value when called on the same entity object reference).
If an entity object has both a remote home interface and a local home interface, the result of invoking
thegetPrimaryKey  method on a reference to the entity object’s remote interface and on a reference
to the entity object’s local interface is the same.

A client can test whether two entity object references refer to the same entity object by usilg the
dentical method. Alternatively, if a client obtains two entity object references from the same home,
it can determine if they refer to the same entity by comparing their primary keys usireytizds
method.
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The following code illustrates using th&dentical method to test if two object references refer to
the same entity object:

Account accl =...;
Account acc2 = ...;

if (accl.isldentical(acc?)) {

/l accl and acc2 are the same entity object
}else {

/l acc2 and acc? are different entity objects

A client that knows the primary key of an entity object can obtain a reference to the entity object by
invoking thefindByPrimaryKey(key) method on the entity bean’s home interface.

Note that the Enterprise JavaBeans architecture does not specify “object equality” (i.e. useof the
operator) for entity object references. The result of comparing two object references using the Java pro-
gramming languageObject.equals(Object obj) method is unspecified. Performing the
Object.hashCode() method on two object references that represent the entity object is not guaran-
teed to yield the same result. Therefore, a client should always usddbeatical method to deter-

mine if two entity object references refer to the same entity object.

Note that the use datldentical for the comparison of object references applies to the
implementation of the methods of jaea.util.Collection API as well.

Entity Bean’s Remote Interface

A client can access an entity object through the entity bean’s remote interface. An entity bean’s remote
interface must extend thavax.ejb.EJBObject interface. A remote interface defines the business
methods that are callable by remote clients.

The following example illustrates the definition of an entity bean’s remote interface:

public interface Account extends javax.ejb.EJBObject {
void debit(double amount)
throws java.rmi.RemoteException,
InsufficientBalanceException;
void credit(double amount)
throws java.rmi.RemoteException;
double getBalance()
throws java.rmi.RemoteException;

}

The javax.ejb.EJBObject interface defines the methods that allow the client to perform the fol-
lowing operations on an entity object’s reference:

* Obtain the remote home interface for the entity object.

* Remove the entity object.
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* Obtain the entity object’s handle.
* Obtain the entity object’s primary key.

The container provides the implementation of the methods defined jathg.ejb.EJBObject
interface. Only the business methods are delegated to the instances of the enterprise bean class.

Note that the entity object does not expose the methods ofatfex.ejb.EnterpriseBean

interface to the client. These methods are not intended for the client—they are used by the container to
manage the enterprise bean instances.

Entity Bean’s Local Interface

A local client can access an entity object through the entity bean’s local interface. An entity bean’s local
interface must extend thiavax.ejb.EJBLocalObject interface. A local interface defines the
business methods that are callable by local clients.

The following example illustrates the definition of an entity bean’s local interface:

public interface Account extends javax.ejb.EJBLocalObject {
void debit(double amount)
throws InsufficientBalanceException;
void credit(double amount);
double getBalance();

}

Note that the methods of the entity bean’s local interface must not throjawaemi.RemoteEx-
ception

Thejavax.ejb.EJBLocalObject interface defines the methods that allow the local client to per-
form the following operations on an entity object’s local reference:

* Obtain the local home interface for the entity object.
* Remove the entity object.
* Obtain the entity object’s primary key.
The container provides the implementation of the methods defined ifjatlze.ejb.EJBLoO-
calObject interface. Only the business methods are delegated to the instances of the enterprise bean
class.
Note that the entity object does not expose the methods ofatrex.ejb.EntityBean or the

optionaljavax.ejb.TimedObject interface to the local client. These methods are not intended for
the local client—they are used by the container to manage the enterprise bean instances.
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7.11 Entity Bean’s Handle

An entity object’s handle is an object that identifies the entity object on a network. A client that has a
reference to an entity object’'s remote interface can obtain the entity object’s handle by invoking the
getHandle method on the remote interface. TipetHandle method is only available on the remote
interface.

Since a handle class exterjdga.io.Serializable , a client may serialize the handle. The client
may use the serialized handle later, possibly in a different process or even system, to re-obtain a refer-
ence to the entity object identified by the handle.

The client code must use tlhevax.rmi.PortableRemoteObject.narrow method to convert
the result of thegetEJBObject method invoked on a handle to the entity bean’s remote interface
type.

The lifetime and scope of a handle is specific to the handle implementation. At the minimum, a program
running in one JVM must be able to obtain and serialize the handle, and another program running in a
different JVM must be able to deserialize it and re-create an object reference. An entity handle is typi-
cally implemented to be usable over a long period of time—it must be usable at least across a server
restart.

Containers that store long-lived entities will typically provide handle implementations that allow clients

to store a handle for a long time (possibly many years). Such a handle will be usable even if parts of the
technology used by the container (e.g. ORB, DBMS, server) have been upgraded or replaced while the
client has stored the handle. Support for this “quality of service” is not required by the EJB specifica-
tion.

An EJB container is not required to accept a handle that was generated by another vendor's EJB con-
tainer.

The use of a handle is illustrated by the following example:

/I A client obtains a handle of an account entity object and
/I stores the handle in stable storage.

1

ObjectOutputStream stream = ...;

Account account = ...;

Handle handle = account.getHandle();
stream.writeObject(handle);

/I A client can read the handle from stable storage, and use the

/I handle to resurrect an object reference to the

/[ account entity object.

1l

ObjectinputStream stream = ...;

Handle handle = (Handle) stream.readObject(handle);

Account account = (Account)javax.rmi.PortableRemoteObject.narrow(
handle.getEJBODbject(), Account.class);

account.debit(100.00);
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7.12

A handle is not a capability, in the security sense, that would automatically grant its holder the right to
invoke methods on the object. When a reference to an object is obtained from a handle, and then a
method on the object is invoked, the container performs the usual access checks based on the caller’s
principal.

Entity Home Handles

7.13

The EJB specification allows a client to obtain a handle for the remote home interface. The client can
use the home handle to store a reference to an entity bean’s remote home interface in stable storage, and
re-create the reference later. This handle functionality may be useful to a client that needs to use the
remote home interface in the future, but does not know the JNDI name of the remote home interface.

A handle to a remote home interface must implemenjatrex.ejb.HomeHandle interface.

The client code must use tl@vax.rmi.PortableRemoteObject.narrow method to convert
the result of thgetEJBHome method invoked on a handle to the home interface type.

The lifetime and scope of a handle is specific to the handle implementation. At a minimum, a program
running in one JVM must be able to serialize the handle, and another program running in a different
JVM must be able to deserialize it and re-create an object reference. An entity handle is typically imple-
mented to be usable over a long period of time—it must be usable at least across a server restart.

Type Narrowing of Object References

A client program that is intended to be interoperable with all compliant EJB container implementations
must use thgavax.rmi.PortableRemoteObject.narrow method to perform type-narrow-
ing of the client-side representations of the remote home and remote interfaces.

Note: Programs that use the cast operator to narrow the remote and remote home interfaces are likely
to fail if the container implementation uses RMI-IIOP as the underlying communication transport.

5/2/06

140



Sun Microsystems, Inc.

Type Narrowing of Object References Enterprise JavaBeans 3.0, Final Release EJB 2.1 Entity Bean Component Contract for

Chapter 8

EJB 2.1 Entity Bean Component Contract
for Container-Managed Persistence

The EJB 2.1 entity bean component contract for container-managed persistence is the contract between
an entity bean and its container. It defines the life cycle of the entity bean instances, the model for
method delegation of the business methods invoked by the client, and the model for the management of
the entity bean’s persistent state and relationships. The main goal of this contract is to ensure that an
entity bean component using container-managed persistence is portable across all compliant EJB con-
tainers.

This chapter defines the Enterprise Bean Provider’s view of this contract and responsibilities of the Con-
tainer Provider for managing the life cycle of the enterprise bean instances and their persistent state and
relationships.

The contents of this chapter apply only to entity bean components with container-managed persistence
as defined in the Enterprise JavaBeans 2.1 specification [3]. The contracts for persistent entities, as
defined by Enterprise JavaBeans 3.0, are described in the docuraeatPersistence APbf this spec-

ification [2].

Note that use of dependency injection, interceptors, and Java language metadata annotations is not sup-
ported for EJB 2.1 entity beans.
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8.1 Overview

8.2

In accordance with the architecture for container-managed persistence, the Bean Provider develops a set
of entity beans for an application, and determines the relationships among them. The Bean Provider
designs an abstract persistence schema for each entity bean, which defines its container-managed fields
and relationships, and determines the methods for accessing them. The entity bean instance accesses its
container-managed fields and relationships at runtime by means of the methods defined for its abstract
persistence schema.

The abstract persistence schema is specified in the deployment descriptor that is produced by the Bean
Provider. The Deployer, using the Container Provider’s tools, determines how the persistent fields and
relationships defined by the abstract persistence schema are mapped to a database or other persistent
store, and generates the necessary additional classes and interfaces that enable the container to manage
the persistent fields and relationships of the entity bean instances at runtime.

This chapter describes the component contract for an EJB 2.1 entity bean with container-managed per-
sistence, and how data independence is maintained between the entity bean instance and its representa-
tion in the persistent store. It describes this contract from the viewpoints of both the Bean Provider and
the container.

Container-Managed Entity Persistence and Data
Independence

The EJB component model provides a separation between the client view of a bean (as presented by its
home and component interfaces) and the entity bean class (which provides the implementation of the
client view). The EJB architecture for container-managed persistence adds to this a separation between
the entity bean class (as defined by the Bean Provider) and its persistent representation. The con-
tainer-managed persistence architecture thus provides not only a layer of data independence between
the client view of a bean as amtity objectand the Bean Provider’s internal view of the bean in terms of

the entity bean instance, but also between the entity bean instance and its persistent representation. This
allows an entity bean to be evolved independently from its clients, without requiring the redefinition or
recompilation of those clients, and it allows an entity bean to be redeployed across different containers
and different persistent data stores, without requiring the redefinition or recompilation of the entity bean
class.

In container-managed persistence, unlike in bean-managed persistence, the Bean Provider does not
write database access calls in the methods of the entity bean class. Instead, persistence is handled by the
container at runtime. The entity Bean Provider must specify in the deployment descriptor those persis-
tent fields and relationships for which the container must handle data access. The Bean Provider codes
all persistent data access by using the accessor methods that are defined for the abstract persistence
schema. The implementation of the persistent fields and relationships, as well as all data access, is
deferred to the container.
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It is the responsibility of the Deployer to map the abstract persistence schema of a set of interrelated
entity bean classes into the physical schema used by the underlying data store (e.g., into a relational
schema) by using the Container Provider’s tools. The Deployer uses the deployment descriptor as input
to the Container Provider’s tools to perform this mapping. The Container Provider’s tools are also used
to generate the concrete implementation of the entity bean classes, including the code that delegates
calls to the accessor methods of the entity bean class to the runtime persistent data access layer of the
container.

The EJB deployment descriptor for EJB 2.1 entity beans desddigésal relationships among entity
beans. It does not provide a mechanism for specifying how the abstract persistence schema of an entity
bean or of a set of interrelated entity beans is to be mapped to an underlying database. This is the
responsibility of the Deployer, who, using the Container Provider's tools, uses the logical relationships
that are specified in the deployment descriptor to map to the physical relationships that are specific to
the underlying resource. It is the responsibility of the container to manage the mapping between the log-
ical and physical relationships at runtime and to manage the referential integrity of the relationships.

The advantage of using container-managed persistence is that the entity bean can be logically indepen-
dent of the data source in which the entity is stored. The Container Provider’s tools can, for example,
generate classes that use JDBC or SQLJ to access the entity state in a relational database; classes that
implement access to a non-relational data source, such as an IMS database; or classes that implement
function calls to existing enterprise applications. These tools are typically specific to each data source.
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Figure 11

View of Underlying Data Sources Accessed Through Entity Bean
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8.3 The Entity Bean Provider’'s View of Container-Managed

An entity bean implements an object view of a business entity or set of business entities stored in an
underlying database or implemented by an existing enterprise application (for example, by a mainframe

program or by an ERP

application).

An entity bean with container-managed persistence typically consists of its entity bean class; a compo-

nent interface which defines its client view business methods; a home interface which defines the create,
remove, home, and finder methods of its client view; and its abstract persistence schema as specified in
the deployment descriptor.

A client of an entity bean can control the life cycle of a bean by using the bean’s home interface and can
manipulate the bean as a business entity by using the methods defined by its component interface. The
home and component interfaces of a bean define its client view.
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An entity bean with container-managed persistence typically has container-managed relationships with
other container-managed persistence entity beans, as defined nejetienships element of the
deployment descriptor. The architecture for container-managed persistence thus allows the Bean Pro-
vider to implement complex applications by defining a complex abstract persistence schema encom-
passing multiple entity bean classes related by means of container-managed relationships.

An entity bean accesses related entity beans by means of the accessor methods for its container-man-
aged relationship fields, which are specified by ¢her-field elements of its abstract persistence
schema defined in the deployment descriptor. Entity bean relationships are defined in terms of the local
interfaces of the related beans, and the view an entity bean presents to its related beans is defined by its
local home and local interfaces. Thus, an entity bean can be the target of a relationship from another
entity bean only if it has a local interface.

The Bean Provider programming an application that uses container-managed persistence typically
avoids calls to the methods of the remote home and remote interfaces in favor of invoking related beans
by means of the methods of their local interfaces. Unlike remote method calls, such internal method
invocations are made using call-by-reference and commonly do not involve the checking of method per-
missions.

The Enterprise JavaBeans architecture for container-managed persistence provides great flexibility to
the Bean Provider in designing an application.

For example, a group of related entity bean®&rder , Lineltem , and Customer —might

all be defined as having only local interfaces, with a remotable session bean containing the
business logic that drives their invocation. The individual entity beans form a coordinated
whole that provides an interrelated set of services that are exposed by their several home and
component interfaces. The services provided by the local network of entity beans is exposed to
the remote client view through the home and remote interfaces of the session bean, which offers
a coarser grained remote service.

Alternatively, a single entity bean might represent an independent, remotable business object
that forms a unit of distribution that is designed to be referenced remotely by multiple enter-
prise beans and/or other remote clients. Such a remotable entity bean might make use of other
entity beans within its local scope to further model its complex internal state. For example, an
Order entity bean might make use ofLéneltem entity bean internally, not exposing it to
remote clients. In this case, ti@rder entity bean might define both a remote and a local com-
ponent interface, where the local interface is presented only to the related entity beans, such as
Lineltem , and the remote interface is presented to session beans and/or web-tier clients.

8.3.1 The Entity Bean Provider’s Programming Contract

The Bean Provider must observe the following programming contract when defining an entity bean
class that uses container-managed persistence:

* The Bean Provider must define the entity bean class as an abstract class. The container pro-
vides the implementation class that is used at runtime.

* The container-managed persistent fields and container-managed relationship fieldetinest
defined in the entity bean class. From the perspective of the Bean Provider, the container-man-
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aged persistent fields and container-managed relationship fields are virtual fields only, and are
accessed through get and set accessor methods. The implementation of the container-managed
persistent fields and container-managed relationship fields is supplied by the container.

The container-managed persistent fields and container-managed relationship fields must be
specified in the deployment descriptor using ttrap-field  and cmr-field elements
respectively. The names of these fields must be valid Java identifiers and must begin with a
lowercase letter, as determinedjaya.lang.Character.isLowerCase

The Bean Provider must define the accessor methods for the container-managed persistent
fields and container-managed relationship fields as get and set methods, using the JavaBeans
conventions. The implementation of the accessor methods is supplied by the container.

The accessor methods must be public, must be abstract, and must bear the name of the con-
tainer-managed persistent fiel&n{p-field ) or container-managed relationship field
(cmr-field ) thatis specified in the deployment descriptor, and in which the first letter of the
name of the cmp-field or cmr-field has been uppercased and prefixgdtlydr “set "

The accessor methods for a container-managed relationship field must be defined in terms of
the local interface of the related entity bean, as described in Section 8.3.2.

The accessor methods for container-managed relationship fields for one-to-many or
many-to-many relationships must utilize one of the following Collection interfaces:
java.util.Collection or java.util.Set . The Collection interfaces used in rela-
tionships are specified in the deployment descriptor. The implementation of the collection
classes used for the container-managed relationship fields is supplied by the container.

An entity bean local interface type (or a collection of such) can be the type of a cmr-field. An
entity bean local interface type (or a collection of such) cannot be the type of a cmp-field.

The accessor methods for the container-managed relationship fields must not be exposed in the
remote interface of an entity bean.

The local interface types of the entity bean and of related entity beans must not be exposed
through the remote interface of the entity bean.

The collection classes that are used for container-managed relationships must not be exposed
through the remote interface of the entity bean.

Once the primary key for an entity bean has been set, the Bean Provider must not attempt to
change it by use of set accessor methods on the primary key cmp-fields. The Bean Provider
should therefore not expose the set accessor methods for the primary key cmp-fields in the
component interface of the entity bean.

The Bean Provider must ensure that the Java types assigned to the cmp-fields are restricted to
the following: Java primitive types and Java serializable types.
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8.3.2

The Entity Bean Provider’s View of Persistent Relationships

8.3.3

An entity bean may have relationships with other entity beans with container-managed persistence.
Relationships may be one-to-one, one-to-many, or many-to-many relationships.

Container-managed relationships can exist only among entity beans within the same local relationship
scope, as defined by thmelationships element in the deployment descriptor. Container-managed
relationships are defined in terms of the local interfaces of the related beans.

Relationships may be either bidirectional or unidirectional. If a relationship is bidirectional, it can be
navigated in both directions, whereas a unidirectional relationship can be navigated in one direction
only.

A unidirectional relationship is implemented with a cmr-field on the entity bean instance from which
navigation can take place, and no related cmr-field on the entity bean instance that is the target of the
relationship. Unidirectional relationships are typically used when the Bean Provider wishes to restrict
the visibility of a relationship.

An entity bean that does not have a local interface can have only unidirectional relationships from itself
to other entity beans. The lack of a local interface prevents other entity beans from having a relationship
to it.

The bean developer navigates or manipulates relationships by using the get and set accessor methods for
the container-managed relationship fields anddha.util.Collection API for collection-val-
ued container-managed relationship fields.

The Bean Provider must consider the type and cardinality of relationships when the entity bean classes
are programmed. The get method for a cmr-field must return either the local interface of the entity bean
or a collection (eitherjava.util.Collection or java.util.Set ) of the same. The set
method for the relationship must take as an argument the entity bean'’s local interface or a collection of
the same.

Dependent \alue Classes

A dependent value class is a concrete class that is the value of a cmp-field. A dependent value class may
be a class that the Bean Provider wishes to use internally within an entity bean with container-managed
persistence, and/or it may be a class that the Bean Provider chooses to expose through the remote (or
local) interface of the entity bean.

A dependent value class can be the value of a cmp-field; it cannot be the value of a cmr-field.
The get accessor method for a cmp-field that corresponds to a dependent value class oetpyias a
the dependent value class instance. The assignment of a dependent value class value to a cmp-field

using the set accessor method causes the value to be copied to the target cmp-field.

A dependent value class must be serializable. The internal structure of a dependent value class is not
described in the EJB deployment descriptor.
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8.3.4 Remove Protocols

The Bean Provider can specify the removal of an entity object in two ways:
* By the use of @move method on the entity bean’s component interface or home interface.

* By the use of @ascade-delete specification in the deployment descriptor.

8.3.4.1 Remove Methods

When theremove method is invoked on an entity object, the container must invoke the entity Bean
Provider'sejpRemove method as described in Section 8.5.3. After the Bean ProvidfRemove

method returns (and prior to returning to the client), the container must remove the entity object from all
relationships in which it participates, and then remove its persistent represe??tﬂtion.

* Once an entity has been removed from a relationship, the accessor methods for any relation-
ships to the entity will reflect this removal. An accessor method for a one-to-one or
many-to-one relationship to the entity will return null; and an accessor method for a
many-to-many relationship to the entity will return a collection from which the entity object
has been removed.

* The container must detect any subsequent attempt to invoke an accessor method on the
removed entity object and throw tlgva.rmi.NoSuchObjectException if the client
is a remote client or thmvax.ejb.NoSuchObjectLocalException if the client is a
local client. The container must detect an attempt to assign a removed entity object as the value
of a cmr-field of another object (whether as an argument to a set accessor method or as an argu-
ment to a method of thejava.util.Collection APl) and throw the
java.lang.lllegalArgumentException

After removing the entity object from all relationships and removing its persistent representation, the
container must then cascade the removal to all entity beans with which the entity had been previously in
container-managed relationships for which¢hecade-delete option was specified.

More than one relationship may be affected by the removal of an entity object, as in the following exam-
ple. Once the shipping address object used byahder bean has been removed, the billing address
accessor method will also return null.

public void changeAddress()
Address a = createAddress();
setShippingAddress(a);
setBillingAddress(a);
//both relationships now reference the same entity object
getShippingAddress().remove();
if (getBillingAddress() == null) // it must be

else ...
/I this is impossible....

[31] At this point it must appear to the application that the entity has been removed from the persistent store. If threecopl@ise
an optimistic caching strategy and defers the removal of the entity from the database (e.g., to the end of transaction), this must be
invisible to the application.
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8.3.4.2

8.3.5

Theremove method, alone, causes only the entity on which it is invoked to be removed. It does not
cause the deletion to be cascaded to other entity objects. In order for the deletion of one entity object to
be automatically cascaded to another,checade-delete mechanism should be used.

Cascade-delete

The cascade-delete deployment descriptor element is used within a particular relationship to
specify that the lifetime of one or more entity objects is dependent upon the lifetime of another entity
object.

The cascade-delete deployment descriptor element is contained within djie-relation-

ship-role element. Thecascade-delete element can only be specified for ajb-rela-
tionship-role element contained in anejb-relation element if the other
ejb-relationship-role element in the samejb-relation element specifies enulti-

plicity of One. The cascade-delete option cannot be specified for a many-to-many relation-
ship. The deletion of one entity object can only be cascaded to cause the deletion of other entity objects
if the first entity object is in a one-to-one or one-to-many relationship with those other entity objects.

If an entity is deleted, and theascade-delete deployment descriptor element is specified for a
related entity bean, then the removal is cascaded to cause the removal of the related entity object or
objects. As with theremove operation, the removal triggered by tlsascade-delete option

causes the container to invoke tepRemove method on the entity bean instance that is to be
removed before the persistent representation of that entity object is removed. Once an entity has been
removed from a relationship because of a cascaded delete, the accessor methods for any relationships to
the entity will reflect this removal. An accessor method for a one-to-one or many-to-one relationship to
the entity will return null; and an accessor method for a many-to-many relationship to the entity will
return a collection from which the entity object has been removed. After removing the entity object
from all relationships and removing its persistent representation, the container must then cascade the
removal to all entity beans with which the entity had been previously been in container-managed rela-
tionships for which theascade-delete option was specified.

The use otascade-delete causes only the entity object or objects in the relationship for which it

is specified to be deleted. It does not cause the deletion to be further cascaded to other entity objects,
unless they are participants in relationship roles for wicaécade-delete has also been specified.

Identity of Entity Objects

From the viewpoint of the Bean Provider, entity objects have a runtime object identity that is maintained
by the container.

The container maintains the persistent identity of an entity object on the basis of its primary key.

The primary key of an entity bean may or may not be visible as one or more cmp-fields of the instance,
depending on the way in which it is specified. The Bean Provider specifies the primary key as described
in Section 8.8. Once it has been set, the Bean Provider must not attempt to change the value of a primary
key field by means of a set method on its cmp-fields.
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8.3.6

When a new instance of an entity bean whose primary key fields are visible in the entity bean class is
created, the Bean Provider must use ¢jlecCreate<METHOD> method to set all the primary key

fields of the entity bean instance before the instance can participate in a relationship, e.g. be used in a set
accessor method for a cmr-field. The Bean Provider must not reset a primary key value by means of a
set method on any of its cmp-fields after it has been set irjih€reate<METHOD> method. If the

Bean Provider attempts to reset a primary key value, the container must throw the
java.lang.lllegalStateException

Note that the container's implementation of the referential integrity semantics for con-
tainer-managed relationships must not cause the value of the primary key to change.

The Bean Provider should not use untrimmed or blank-padded string-valued primary key
fields. Use of untrimmed primary key fields may cause comparison operations based on pri-
mary keys to fail, and may result in non-portable behavior. If untrimmed strings are used in

primary key fields or other cmp-fields, the container or database system may trim them.

Semantics of Assignmentdr Relationships

The assignment operations for container-managed relationships have a special semantics that is deter-
mined by the referential integrity semantics for the relationship multiplicity.

In the case of a one-to-one relationship, when the Bean Provider uses a set accessor method to assign an
object from a cmr-field in one instance to a cmr-field of s#ane relationship typé.e., as defined by

the ejb-relation andejb-relationship-role deployment descriptor elements) in another
instance, the object is effectiveiovedand the value of the source cmr-field is set to null in the same
transaction context. If the argument to the set accessor method is not of the same type as the cmr-field,
the container must throw tl@va.lang.lllegalArgumentException

In the case of a one-to-many or many-to-many relationship, eithejatteeutil. Collection
API or a set accessor method may be used to manipulate the contents of a collection-valued cmr-field.
These two approaches are discussed below.

8.3.6.1 Use of the java.util.Collection API to Update Relationships

The methods of thgava.util.Collection API for the container-managed collections used for
collection-valued cmr-fields have the usual semantics, with the following exceptioadthandadd-

All methods applied to container-managed collections in one-to-many relationships have a special
semantics that is determined by the referential integrity of one-to-many relationships.

* If the argument to thadd method is already an element of a collection-valued relationship
field of thesame relationship typas the target collection (as defined by #jle-relation
andejb-relationship-role deployment descriptor elements), it is removed from this
first relationship and added, in the same transaction context, to the target relationship (i.e., it is
effectively moved from one collection of the relationship type to the other). For example, if
there is a one-to-many relationship between field offices and sales representatives, adding a
sales representative to a new field office will have the effect of removing him or her from his or
her current field office. If the argument to tadd method is not an element of a collection-val-
ued relationship of theame relationship typet is simply added to the target collection and
not removed from its current collection, if any.
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* TheaddAll method, when applied to a target collection in a one-to-many relationship, has
similar semantics, applied to the members of its collection argument individually.

Note that in the case of many-to-many relationships, adding an element or elements to the con-
tents of a collection-valued cmr-field has no effect on the source collection, if any. For example,
if there is a many-to-many relationship between customers and sales representatives, a cus-
tomer can be added to the set of customers handled by a particular sales representative with-
out affecting the set of customers handled by any other sales representative.

When thejava.util.Collection API is used to manipulate the contents of container-managed
relationship fields, the argument to any Collection method defined with a single Object parameter must
be of the element type of the collection defined for the target cmr-field. The argument for any collec-
tion-valued parameter must begava.util.Collection (or java.util.Set ), all of whose
elements are of the element type of the collection defined for the target cmr-field. If an argument is not
of the correct type for the relationship, the container must throwata.lang.lllegalArgu-

mentException

The Bean Provider should exercise caution when using an Iterator over a collection in a container-man-
aged relationship. In particular, the Bean Provider should not modify the container-managed collection
while the iteration is in progress in any way that causes elements to be added or removed, other than by

thejava.util.lterator.remove() method. If elements are added or removed from the under-
lying container-managed collection used by an iterator other than byatreeutil.ltera-
tor.remove() method, the container should throw the
java.lang.lllegalStateException on the next operation on the iterator.

The following example illustrates how operations on container-managed relationships that affect the
contents of a collection-valued cmr-field viewed through an iterator can be avoided. Because there is a
one-to-many relationship between field offices and sales representatives, adding a sales representative to
a new field office causes the sales representative to be removed from the current field office.

Collection nySalesreps = nyOffice.getSalesreps();
Collection sfSalesreps = sfOffice.getSalesreps();

Iterator i = nySalesreps.iterator();
Salesrep salesrep;

/I a wrong way to transfer the salesrep
while (i.hasNext()) {
salesrep = (Salesrep)i.next();
sfSalesreps.add(salesrep); // removes salesrep from nyOffice

}

/I this is a correct and safe way to transfer the salesrep
while (i.hasNext()) {

salesrep = (Salesrep)i.next();

i.remove();

sfSalesreps.add(salesrep);
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8.3.6.2 Use of Set Accessor Methods to Update Relationships

The semantics of a set accessor method, when applied to a collection-valued cmr-field, is also deter-
mined by the referential integrity semantics associated with the multiplicity of the relationship. The
identity of the collection object referenced by a cmr-field does not change when a set accessor method is
executed.

In the case of a one-to-many relationship, if a collection of entity objects is assigned from a cmr-field of

in one instance to a cmr-field of the same relationship type in another instance, the objects in the collec-
tion are effectively moved. The contents of the collection of the target instance are replaced with the
contents of the collection of the source instance, buidhatity of the collection object containing the
instances in the relationship does not change. The source cmr-field references the same collection object
as before (i.e., the identity of the collection object is preserved), but the collection is empty.

The Bean Provider can thus use the set method to move objects between the collections referenced by
cmr-fields of the same relationship type in different instances. The set accessor method, when applied to
a cmr-field in a one-to-many relationship thus has the semantics gavheutil. Collection

methodsclear , followed by addAll , applied to the target collection; aradear , applied to the

source collection. It is the responsibility of the container to transfer the contents of the collection
instances in the same transaction context.

Note that if the collection that is passed to the cmr setter method is an unmanaged collection
(i.e., not itself the value of a collection-valued cmr-field), the same requirements apply in the
case that the collection contains entity objects that already participate in a one-to-many rela-

tionship of the same relationship type as the target cmr-field.

In the following example, the telephone numbers associated with the billing addres©adem bean
instance are transferred to the shipping address. Billing address and shipping address are different
instances of the same local interface typddress . Address is related toTelephoneNumber ina
one-to-many relationship. The example illustrates how a Bean Provider uses the set method to move a
set of instances.

public void changeTelephoneNumber() {
Address a = getShippingAddress();
Address b = getBillingAddress();
Collection ¢ = b.getTelephoneNumbers();
a.setTelephoneNumbers(b.getTelephoneNumbers());
if (c.isEmpty()) { // must be true...

}

In the case of a many-to-many relationship, if the value of a cmr-field is assigned to a cmr-field of the
same relationship type in another instance, the objects in the collection of the first instance are assigned
as the contents of the cmr-field of the second instance. The identities of the collection objects referenced
by the cmr-fields do not change. The contents of the collections are shared, but not the collections them-
selves. The set accessor method, when applied to a cmr-field in a many-to-many relationship thus has
the semantics of thgava.util.Collection methodsclear , followed byaddAll , applied to

the target collection.
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8.3.7

For example, if there is a many-to-many relationship between customers and sales representatives,

assigning the set of customers of one sales representative to the another sales representative will result
in both sales representatives handling the same customers. If the second sales representative originally
handled a different group of customers, those customers will no longer be handled by that sales repre-

sentative.

public void shareCustomers(SalesRep rep) {
setCustomers(rep.getCustomers());
Il the customers are shared among the sales reps

}

The following section, 8.3.7, “Assignment Rules for Relationships”, defines the semantics of assign-
ment for relationships in further detail.

Assignment Rules ér Relationships

This section defines the semantics of assignment and collection manipulation in one-to-one,
one-to-many, and many-to-many container-managed relationships.

The figures make use of two entity beans, with local interface types A and B. Instances with local inter-
face typeA are typically designated & ,...an; instances with local interface tyjieare typically des-
ignated a®1,...bm InterfaceA exposes accessor methapsB andsetB for navigable relationships

with B: getB returns an instance & or a collection of instances &, depending on the multiplicity of

the relationship. SimilarlyB exposes accessor methagstA andsetA for navigable relationships

with A.

All changes in each subsection are assumed to be applied to the figure labeled “Before change” at the
beginning of the subsection (i.e., changes are not cumulative). The results of changes are designated
graphically as well as in conditional expressions expressed in thé'Jasagramming language.
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8.3.7.1 One-to-one Bidirectional Relationships

A and B are in a one-to-one bidirectional relationship:

0.1 0.1

Before change:

=
g

Before change:

B bl = al.getB();
B b2 = a2.getB();

Change:

al.setB(a2.getB());

Expected result:
(b2.isldentical(al.getB())) &&
(a2.getB() == null) &&

(bl.getA() == null) &&
(al.isldentical(b2.getA()))

After change:
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8.3.7.2 One-to-one Unidirectional Relationships

A and B are in a one-to-one unidirectional relationship:

0.1 0.1

Before change:

Before change:

B bl = al.getB();
B b2 = a2.getB();

Change:

al.setB(a2.getB());

Expected result:

(b2.isldentical(al.getB())) && (a2.getB() == null)

After change:
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8.3.7.3 One-to-many Bidirectional Relationships

A and B are in a one-to-many bidirectional relationship:

0.1 0.*

»
o

Before change:

Before change:

Collection bl = al.getB();
Collection b2 = a2.getB();
B b11, b12, ..., bln; // members of bl
B b21, b22, ..., b2m; // members of b2

Change:

al.setB(a2.getB());
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Expected result:

(a2.getB().iIsEmpty()) &&
(b2.isEmpty()) &&

(b1 == al.getB()) &&

(b2 == a2.getB()) &&
(al.getB().contains(b21)) &&
(al.getB().contains(b22)) && ... &&
(al.getB().contains(b2m)) &&
(b11.getA() == null) &&

(b12.getA() == null) && ... &&
(b1ln.getA() == null) &&
(al.isldentical(b21.getA())) &&
(al.isldentical(h22.getA())) && ...&&
(al.isldentical(b2m.getA()))

After change:

Change:

b2m.setA(bln.getA();
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Expected result:

(bl.contains(b11)) &&
(b1.contains(b12)) && ... &&
(b1.contains(bln)) &&
(b1.contains(b2m)) &&
(b2.contains(b21)) &&
(b2.contains(b22)) && ... &&
(b2.contains(b2m_1)) &&
(al.isldentical(b11.getA())) &&
(al.isldentical(b12.getA()) && ... &&
(al.isldentical(bln.getA()) &&
(a2.isldentical(b21.getA())) &&
(a2.isldentical(h22.getA()) && ... &&
(a2.isldentical(b2m_1.getA())) &&
(al.isldentical(b2m.getA()))

After change:

Change:

al.getB().add(b2m);
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Expected result:

(bl.contains(b11)) &&
(b1.contains(b12)) && ... &&
(b1.contains(bln)) &&
(b1.contains(b2m)) &&
(b2.contains(b21)) &&
(b2.contains(b22)) && ... &&
(b2.contains(b2m_1)) &&
(al.isldentical(b11.getA())) &&
(al.isldentical(b12.getA()) && ... &&
(al.isldentical(bln.getA()) &&
(a2.isldentical(b21.getA())) &&
(a2.isldentical(h22.getA()) && ... &&
(a2.isldentical(b2m_1.getA())) &&
(al.isldentical(b2m.getA()))

After change:

Change:

al.getB().remove(bln);

Expected result:

(b1ln.getA() == null) &&

(b1 == al.getB()) &&
(b1.contains(b1l)) &&
(bl.contains(b12)) && ... &&
(b1.contains(bln_1)) &&
I(bl.contains(b1n))
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After change:

8.3.7.4 One-to-many Unidirectional Relationships

A and B are in a one-to-many unidirectional relationship:

*|
A 0.1 0..= B

Before change:

al
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Before change:

Collection bl = al.getB();
Collection b2 = a2.getB();
B bl1, b12, ..., bln; // members of bl
B b21, b22, ..., b2m; // members of b2

Change:

al.setB(a2.getB());

Expected result:

(a2.getB().isEmpty()) &&
(b2.isEmpty()) &&

(b1 == al.getB()) &&

(b2 == a2.getB()) &&
(al.getB().contains(b21)) &&
(al.getB().contains(b22)) && ... &&
(al.getB().contains(b2m))

After change:

Change:
al.getB().add(b2m);
Expected result:

(b1 == al.getB()) &&
(b1.contains(b2m))
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After change:

Change:

al.getB().remove(bln);

Expected result:

(al.getB().contains(b11)) &&
(al.getB().contains(b12)) && ... &&
(al.getB().contains(bln_1)) &&
I(al.getB().contains(b1n)) &&

After change:
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8.3.7.5 Many-to-one Unidirectional Relationships

A and B are in a many-to-one unidirectional relationship:

0.1 0.*

Before change:

Before change:

B bl1, b12, ..., bln;

B b21, b22, ..., b2m;

/I the following is true

/I (al.isldentical(b11l.getA())) && ... && (al.isldentical(bln.getA()
)) &&

/I (a2.isldentical(b21.getA())) && ... && (a2.isldentical(b2m.getA()

)
Change:

bij.setA(b2k.getA());
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Expected result:

(al.isldentical(b11.getA()) &&
(al.isldentical(b12.getA())) &&

(a2.isldentical(b1j.getA()) &&
(al.isldentical(b1n.getA())) &&
(a2.isldentical(b21.getA())) &&
(a2.isldentical(b22.getA())) &&
(a2.isldentical(b2k.getA())) &&

(a2.isldentical(b2m.getA()))

After change:
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8.3.7.6 Many-to-many Bidirectional Relationships

A and B are in a many-to-many bidirectional relationship:

0.* 0.*

Before change:
O S-C)
-
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Before change the following holds:

(al.getB().contains(bl)) &&
(al.getB().contains(b2)) &&
(a2.getB().contains(bl)) &&
(a2.getB().contains(b2)) &&
(a2.getB().contains(b3)) &&
(a3.getB().contains(b2)) &&
(a3.getB().contains(b3)) &&
(a3.getB().contains(b4)) &&
(ad.getB().contains(b3)) &&
(a4.getB().contains(b4)) &&
(ad.getB().contains(b5)) &&
(ab.getB().contains(b4)) &&
(ab.getB().contains(b5)) &&
(b1.getA().contains(al)) &&
(b1.getA().contains(a2)) &&
(b2.getA().contains(al)) &&
(b2.getA().contains(a?)) &&
(b2.getA().contains(al3)) &&
(b3.getA().contains(a?)) &&
(b3.getA().contains(a3)) &&
(b3.getA().contains(a4)) &&
(b4.getA().contains(a3)) &&
(b4.getA().contains(a4)) &&
(b4.getA().contains(ab)) &&
(b5.getA().contains(ad)) &&
(b5.getA().contains(ab)) &&

Change:

al.setB(a3.getB());

Expected result:

(al.getB().contains(b2)) &&
(al.getB().contains(b3)) &&
(al.getB().contains(b4)) &&
(a3.getB().contains(b2)) &&
(a3.getB().contains(b3)) &&
(a3.getB().contains(b4)) &&
(b1.getA().contains(a2)) &&
(b2.getA().contains(al)) &&
(b2.getA().contains(a2)) &&
(b2.getA().contains(a3)) &&
(b3.getA().contains(al)) &&
(b3.getA().contains(a2)) &&
(b3.getA().contains(a3)) &&
(b3.getA().contains(a4)) &&
(b4.getA().contains(al)) &&
(b4.getA().contains(a3)) &&
(b4.getA().contains(a4)) &&
(b4.getA().contains(ab))
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After change:

Change:

al.getB().add(b3);

Expected result:

(al.getB().contains(bl)) &&
(al.getB().contains(b2)) &&
(al.getB().contains(b3)) &&
(b3.getA().contains(al)) &&
(b3.getA().contains(a?)) &&
(b3.getA().contains(a3)) &&
(b3.getA().contains(ad)) &&
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After change:

Change:
a2.getB().remove(b2);
Expected result:

(a2.getB().contains(bl)) &&
(a2.getB().contains(b3)) &&
(b2.getA().contains(al)) &&
(b2.getA().contains(a3))

After change:
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8.3.7.7 Many-to-many Unidirectional Relationships

A and B are in a many-to-many unidirectional relationship:

0.* 0.*

Before change:

Before change the following holds:

(al.getB().contains(bl)) &&
(al.getB().contains(b2)) &&
(a2.getB().contains(bl)) &&
(a2.getB().contains(b2)) &&
(a2.getB().contains(b3)) &&
(a3.getB().contains(b2)) &&
(a3.getB().contains(b3)) &&
(a3.getB().contains(b4)) &&
(a4d.getB().contains(b3)) &&
(ad.getB().contains(b4)) &&
(a4.getB().contains(b5)) &&
(a5.getB().contains(b4)) &&
(ab.getB().contains(b5)) &&

Change:

al.setB(a3.getB());
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Expected Result:

(al.getB().contains(b2)) &&
(al.getB().contains(b3)) &&
(al.getB().contains(b4)) &&
(a3.getB().contains(b2)) &&
(a3.getB().contains(b3)) &&
(a3.getB().contains(b4)) &&

After change:

Change:

al.getB().add(b3);

Expected result:

(al.getB().contains(bl)) &&
(al.getB().contains(b2)) &&
(al.getB().contains(b3))
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After change:

Change:
a2.getB().remove(b2);
Expected result:

(a2.getB().contains(bl)) &&
(a2.getB().contains(b3))

After change:
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8.3.8 Collections Managed by the Container

The collections that are used in the representation of one-to-many and many-to-many container-man-
aged relationships are implemented and managed by the container. The following semantics apply to
these collections:

* Itis the responsibility of the container to preserve the runtime identity of the collection objects
used in container-managed relationships.

* There is no constructor available to the Bean Provider for the container-managed collections.

* If there are no related values for a given container-managed relationship, the get accessor
method for that cmr-field returns an empty collection (anchabt ).

* It is the responsibility of the container to raise flawa.lang.lllegalArgumentEx-
ception if the Bean Provider attempts to assigall as the value of a collection-valued
cmr-field by means of the set accessor method.

* |t is the responsibility of the container to ensure that whenjdka.util. Collection
APl is used to manipulate the contents of container-managed relationship fields, the argument
to any Collection method defined with a single Object parameter must be of the element type
of the collection defined for the target cmr-field. The argument for any collection-valued
parameter must bejava.util.Collection (or java.util.Set ), all of whose ele-
ments are of the element type of the collection defined for the target cmr-field. If an argument
is not of the correct type for the relationship, the container must throw the
java.lang.lllegalArgumentException

* |tis the responsibility of the container to throw tfawva.lang.lllegalStateExcep-
tion if an attempt is made to modify a container-managed collection corresponding to a mul-
tivalued cmr-field using thgava.util.Collection API outside of the transaction
context in which the collection object was initially materialized.

* Itis the responsibility of the container to throw tfava.lang.lllegalStateExcep-
tion if an attempt is made to usejava.util.lterator for a container-managed col-
lection in a transaction context other than that in which the iterator was obtained.

8.3.9 Non-persistent State

The Bean Provider may use instance variables in the entity bean instance to maintain non-persistent
state, e.g. a JMS connection.

The Bean Provider can use instance variables to store values that depend on the persistent state of the
entity bean instance, although this use is not encouraged. The Bean Provider shouldejisiede

method to resynchronize the values of any instance variables that depend on the entity bean’s persistent

state. In general, any non-persistent state that depends on the persistent state of an entity bean should be
recomputed during thejbLoad method.
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The Bean Provider should exercise care in passing the contents of instance variables as the arguments or
results of method invocations when local interfaces are used. In general, the Bean Provider should avoid
passing state that is maintained in instance variables as the argument or result of a local method invoca-
tion.

8.3.10 The Relationship Between the Intemal View and the Client Mew

In designing the entity bean, the Bean Provider should keep in mind the following:

* The classes that are exposed by the remote interface are decoupled from the persistence layer.
Instances of these classes are passed to and from the client by value.

* The classes that are exposed by the local interface of the bean may be tightly coupled to the
bean’s internal state. Instances of these classes are passed to and from the client by reference
and may therefore be modified by the client. The Bean Provider should exercise care in deter-
mining what is exposed through the local interface of the bean.

8.3.10.1 Restrictions on Remote Interfaces

The following restrictions apply to the remote interface of an entity bean with container-managed per-
sistence.

* The Bean Provider must not expose the get and set methods for container-managed relation-
ship fields or the persiste@ollection classes that are used in container-managed relation-
ships through the remote interface of the bean.

* The Bean Provider must not expose local interface types or local home interface types through
the remote interface or remote home interface of the bean.

* The Bean Provider must not expose the container-managed collection classes that are used for
relationships through the remote interface of the bean.

* The Bean Provider must not expose timers or timer handles through the remote interface of the
bean.

Dependent value classes can be exposed in the remote interface or remote home interface and can be
included in the client ejb-jar file.

The Bean Provider is free to expose get and set methods that correspond to cmp-fields of the entity bean
through the bean’s remote interface.

8.3.11 Mapping Data to a Rersistent Stoe

This specification does not prescribe how the abstract persistence schema of an entity bean should be
mapped to a relational (or other) schema of a persistent store, or define how such a mapping is
described.
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8.3.12 Example
Figure 12 illustrates a®@rder entity bean with relationships to line items and customers, which are
other entity beans within the same local scdpmduct is indirectly related tdOrder by means of
the relationship betweehineltem andProduct . Sample code for th®rderBean class follows
the figure.

Figure 12 Relationship Example
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OrderBean

getOrderStatus
setOrderStatus
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setLineltems
getCreditApproved
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package com.acme.order;

/I This example shows the implementation of OrderBean, the

/I entity bean class for the OrderEJB entity bean. OrderEJB has
/I container-managed relationships with the entity beans

/I CustomerEJB and LineltemEJB.

/I This example illustrates the use of local interfaces.

import java.util.Collection;

import java.util.Vector;

import java.util.Date;

import javax.naming.*;

public abstract class OrderBean implements javax.ejb.EntityBean {
private javax.ejb.EntityContext context;
/I define status codes for processing
static final int BACKORDER = 1;
static final int SHIPPED = 2;
static final int UNSHIPPED = 3;
/I get and set methods for the cmp fields

public abstract int getOrderStatus();
public abstract void setOrderStatus(int orderStatus);

public abstract boolean getCreditApproved();
public abstract void setCreditApproved(boolean creditapproved);

public abstract Date getOrderDate();
public abstract void setOrderDate(Date orderDate);

/I get and set methods for the relationship fields

public abstract Collection getLineltems();
public abstract void setLineltems(Collection lineitems);

public abstract Customer getCustomer();
public abstract void setCustomer(Customer customer);

[/l business methods.

// addLineltem:

/I This method is used to add a line item.

/I It creates the lineitem object and adds it to the
I persistent managed relationship.

public void addLineltem(Product product,
int quantity,
Address address)
throws InsufficientinfoException

I/l create a new line item
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if (validAddress(address)) {
/l Address is a legacy class. It is a dependent value
// class that is available both in the client and in
Il the entity bean, and is serializable.
/l We will use the address as the value of a cmp field
/I of lineltem.

try {
Context ic = new InitialContext();

LineltemLocalHome litemLocalHome =
(LineltemLocalHome)ic.lookup("LineltemEJB");
Lineltem litem = litemLocalHome.create();

litem.setProduct(product);
litem.setQuantity(quantity);
litem.setTax(calculateTax(product.getPrice(),

quantity,

address));
litem.setStatus(UNSHIPPED);
/I set the address for the line item to be shipped
litem.setAddress(address);
/I The lineltem entity bean uses a dependent value
/I class to represent the dates for the order status.
/I This class holds shipment date, expected shipment
/I date, credit approval date, and inventory
/I dates which are internal to the order fullfillment

/I process. Not all this information will be available

/I to the client.

Dates dates = new Dates();
litem.setDates(dates);
getLineltems().add(litem);
} catch (Exception someexception) {}
}else {
throw new InsufficientinfoException();
}
}

/I getOrderLineltems:
/I This method makes a view of the lineitems that are in this
/I order available in the client. It makes only the relevant
// information visible to the client and hides the internal
/I details of the representation of the lineitem
public Collection getOrderLineltems() {
Vector clientlineitems = new Vector();
Collection lineitems = getLineltems();
java.util.lterator iterator = lineitems.iterator();
Il ClientLineltem is a value class that is used in
/I the client view.
/I The entity bean provider abstracts from the persistent
Il representation of the line item to construct the client
Il view.
ClientLineltem clitem;
while (iterator.hasNext()) {
Lineltem litem = (Lineltem)iterator.next();
clitem = new ClientLineltem();
I/l only the name of the product is available in the
/I client view
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clitem.setProductName(litem.getProduct().getName());

clitem.setQuantity(litem.getQuantity());

/I the client view gets a specific descriptive message

/I depending on the line item status.

clitem.setCurrentStatus(

statusCodeToString(litem.getStatus()));

/[ address is not copied to the client view.

Il as this class includes other information with

Il respect to the order handing that should not be

/I available to the client. Only the relevant info

/I is copied.

int lineitemStatus = litem.getStatus();

if ( lineitemStatus == BACKORDER) {
clitem.setShipDate(
litem.getDates().getExpectedShipDate());

} else if (lineitemStatus == SHIPPED) {
clitem.setShipDate(
litem.getDates().getShippedDate());

/ladd the new line item
clientlineitems.add(clitem);

/I return the value objects to the client
return clientlineitems;

/I other methods internal to the entity bean class

/I other javax.ejb.EntityBean methods

}

8.3.13 The Bean Povider’s View of the Deployment Descriptor

The persistent fields (cmp-fields) and relationships (cmr-fields) of an entity bean must be declared in the
deployment descriptor.

The deployment descriptor provides the following information about the abstract persistence schemas
of entity beans and their container-managed relationships:

* Anejb-name element for each entity bean. Th@p-name must be a valid Java identifier
and must be unique within tlegb-name elements of the ejb-jar file.

* An abstract-schema-name element for each entity bean. The
abstract-schema-name must be a valid Java identifier and must be unique within the
abstract-schema-name elements of the ejb-jar file. Thabstract-schema-name
element is used in the specification of EJB QL queries.

* A set of ejb-relation elements, each of which contains a pairejb-relation-
ship-role elements to describe the two roles in the reIatiorEﬂip.

177 May 2, 2006 2:35 pm



Sun Microsystems, Inc.

EJB 2.1 Entity Bean Component Contract for Container-Managed PersistenceEnterprise JavaBeans 3.0, Final Release The Entity Bean

* Eachejb-relationship-role element describes a relationship role: its name, its multi-
plicity within a relation, and its navigability. It specifies the name of ¢ha-field that is
used from the perspective of the relationship participant. dine-field-type element
must be specified if the type of the cmr-field jsva.util.Collection or
java.util.Set . Each relationship role refers to an entity bean by means ejtaname
element contained in threlationship-role-source element

[32] The relation names and the relationship role names are not used in the code provided by the Bean Provider.
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The following example shows a deployment descriptor segment that defines the abstract persistence
schema for a set of related entity beans. The deployment descriptor elements for container-managed
persistence and relationships are described further in Chapter 19.

<ejb-jar>

<enterprise-beans>
</enterprise-beans>
<relationships>

<l--

ONE-TO-MANY: Order Lineltem
-->

<ejb-relation>
<ejb-relation-name>QOrder-Lineltem</ejb-relation-name>
<ejb-relationship-role>
<ejb-relationship-role-name>
order-has-lineitems
</ejb-relationship-role-name>
<multiplicity>One</multiplicity>
<relationship-role-source>
<ejb-name>0OrderEJB</ejb-name>
</relationship-role-source>
<cmr-field>
<cmr-field-name>lineltems</cmr-field-name>
<cmr-field-type>java.util.Collection
</cmr-field-type>
</cmr-field>
</ejb-relationship-role>

<ejb-relationship-role>
<ejb-relationship-role-name>lineitem-belongsto-order
</ejb-relationship-role-name>
<multiplicity>Many</multiplicity>
<cascade-delete/>
<relationship-role-source>
<ejb-name>LineltemEJB</ejb-name>
</relationship-role-source>
<cmr-field>
<cmr-field-name>order</cmr-field-name>
</cmr-field>
</ejb-relationship-role>
</ejb-relation>

<I--
ONE-TO-MANY unidirectional relationship:

Product is not aware of its relationship with Lineltem
-->

<ejb-relation>
<ejb-relation-name>Product-Lineltem</ejb-relation-name>

<ejb-relationship-role>
<ejb-relationship-role-name>
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product-has-lineitems
</ejb-relationship-role-name>
<multiplicity>One</multiplicity>
<relationship-role-source>
<ejb-name>ProductEJB</ejb-name>

</relationship-role-source>

<!-- since Product does not know about Lineltem

there is no cmr field in Product for accessing
Lineitem
>
</ejb-relationship-role>

<ejb-relationship-role>
<ejb-relationship-role-name>
lineitem-for-product
</ejb-relationship-role-name>
<multiplicity>Many</multiplicity>
<relationship-role-source>
<ejb-name>LineltemEJB</ejb-name>
</relationship-role-source>
<cmr-field>
<cmr-field-name>product</cmr-field-name>
</cmr-field>
</ejb-relationship-role>

</ejb-relation>

<l--

ONE-TO-MANY: Order Customer:
-->

<ejb-relation>
<ejb-relation-name>Order-Customer</ejb-relation-name>

<ejb-relationship-role>
<ejb-relationship-role-name>
customer-has-orders
</ejb-relationship-role-name>
<multiplicity>One</multiplicity>
<relationship-role-source>
<ejb-name>CustomerEJB</ejb-name>
</relationship-role-source>
<cmr-field>
<cmr-field-name>orders</cmr-field-name>
<cmr-field-type>java.util.Collection
</cmr-field-type>
</cmr-field>
</ejb-relationship-role>

<ejb-relationship-role>
<ejb-relationship-role-name>
order-belongsto-customer
</ejb-relationship-role-name>
<multiplicity>Many</multiplicity>
<relationship-role-source>

<ejb-name>0OrdereEJB</ejb-name>

</relationship-role-source>
<cmr-field>
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8.4

<cmr-field-name>customer</cmr-field-name>
_ </cmr-field>
</ejb-relationship-role>

</ejb-relation>

</relationships>

</ejb-jar>

The Entity Bean Component Contract

8.4.1

This section specifies the container-managed persistence contract between an entity bean and its con-
tainer.

Runtime Execution Model of Entity Beans

This subsection describes the runtime model and the classes used in the description of the contract
between an entity bean and its container. Figure 13 shows an overview of the runtime model. The client
of an entity bean may be a local client or it may be a remote client.
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Figure 13 Overview of the Entity Bean Runtime Execution Model
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An enterprise bean is an object whose class is provided by the Bean Provider. The class of an entity
bean with container-managed persistence is abstract. The concrete bean class is generated by the Con-
tainer Provider’s tools at deployment time. The container is also responsible for providing the imple-
mentation of the java.util.Collection classes that are used in maintaining the
container-managed relationships of the entity bean.
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8.4.2

An entity EJBObject or EJBLocalObject is an object whose class was generated at deployment time

by the Container Provider’s tools. A client never references an entity bean instance directly—a client
always references an entity EJBObject or EJBLocalObject whose class is generated by the Container
Provider’s tools. The entity EJBObject class implements an entity bean’s remote interface. The entity
EJBLocalObject class implements an entity bean’s local interface. A related entity bean never refer-
ences another entity bean instance directly—a related entity bean, like any other local client of an entity
bean, always references an entity EJBLocalObject whose class is generated by the Container Provider's
tools.

An entity EJBHome or EJBLocalHome object provides life cycle operations (create, find, remove) for

its entity objects as well as home business methods, which are business methods that are not specific to
an entity bean instance. The class for the entity EJBHome or EJBLocalHome object is generated by the
Container Provider’s tools at deployment time. The entity EJBHome or EJBLocalHome object imple-
ments the entity bean’s remote or local home interface that was defined by the Bean Provider.

Container Responsibilities

8.4.2.1

8.4.2.2

The following are the container responsibilities for the management of persistent state.

Container-Managed Fields

An entity bean with container-managed persistence relies on the container to perform persistent data
access on behalf of the entity bean instances. The container transfers data between an entity bean
instance and the underlying resource manager. The container also implements the creation, removal,
and lookup of the entity object in the underlying database.

The container transfers data between the entity bean and the underlying data source as a result of the
execution of the entity bean’s methods. Because of the requirement that all data access occur through
the accessor methods, the container can implement both eager and lazy loading and storing schemes.

The container is responsible for implementing the entity bean class by providing the implementation of
the get and set accessor methods for its abstract persistence schema. The container is allowed to use
Java serialization to store the container-managed persistent fields (cmp-fields).

The container must also manage the mapping between primary keys and EJBLocalObjects or EJBOb-
jects. If both a remote and a local interface are specified for the entity bean, the container must manage
the mapping between EJBObjects and EJBLocalObjects.

Because the container is free to optimize the delivery of persistent data to the bean instance

(for example, by the use of lazy loading strategies), the contents of the entity bean instance and
the contents of container-managed collections may not be fully materialized.

Container-Managed Relationships
The container maintains the relationships among entity beans.
* It is the responsibility of the container to maintain the referential integrity of the con-

tainer-managed relationships, as described in Section 8.3.6, in accordance with the semantics
of the relationship type as specified in the deployment descriptor. For example, if an entity
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bean is added to a collection corresponding to the container-managed relationship field of
another entity bean, the container-managed relationship field of the first entity bean must also
be updated by the container in the same transaction context.

It is the responsibility of the container to throw tfava.lang.lllegalArgumentEx-

ception when the argument to a set method in a relationship is an instance of the wrong rela-
tionship type or a collection containing instances of the wrong type, or when an argument to a
method of thgava.util.Collection API used to manipulate a collection-valued con-
tainer-managed relationship field is an instance of the wrong type or a collection that contains
instances of the wrong type (see Section 8.3.6).

It is the responsibility of the container to throw tfava.lang.lllegalStateExcep-

tion when a method of thgava.util.Collection API is used to access a collec-
tion-valued cmr-field within a transaction context other than the transaction context in which
the cmr-field was initially materialized. For example, if the container-managed collection is
returned as the result of a local interface method with transaction attitedgeiresNew |,

and the client attempts to access the collection, the container must throlWetied-
StateException

It is the responsibility of the container to throw tfaa.lang.lllegalStateExcep-

tion when gjava.util.lterator is used to access a collection-valued cmr-field within

a transaction context other than the transaction context in which the iterator was initially
obtained.

8.5 Instance Life Cycle Contract Between the Bean and the
Container

This section describes the part of the component contract between the entity bean and the container that
relates to the management of the entity bean instance’s life cycle.
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8.5.1 Instance Life Cycle

Figure 14 Life Cycle of an Entity Bean Instance.
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business meth ejbSelect<METHOD>(args)

ejbTimeout(arg)

An entity bean instance is in one of the following three states:
* It does not exist.

* Pooled state. An instance in the pooled state is not associated with any particular entity object
identity.

* Ready state. An instance in the ready state is assigned an entity object identity.
The following steps describe the life cycle of an entity bean instance:
* An entity bean instance’s life starts when the container creates the instancenasihg

stance . The container then invokes tisetEntityContext method to pass the instance
a reference to th&ntityContext interface. TheEntityContext interface allows the
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instance to invoke services provided by the container and to obtain the information about the
caller of a client-invoked method.

The instance enters the pool of available instances. Each entity bean has its own pool. While
the instance is in the available pool, the instance is not associated with any particular entity
object identity. All instances in the pool are considered equivalent, and therefore any instance
can be assigned by the container to any entity object identity at the transition to the ready state.
While the instance is in the pooled state, the container may use the instance to execute any of
the entity bean’s finder methods (showregilsFind<METHOD> in the diagram) or any of the

entity bean’s home methods (shoefpHome<METHOD>in the diagram). The instance does

not move to the ready state during the execution of a finder or a home methogjb8a-
lect<METHOD> method may be called by an entity bean’s home method while the instance is
in the pooled state.

An instance transitions from the pooled state to the ready state when the container selects that
instance to service a client call to an entity object oefoTimeout method. There are two
possible transitions from the pooled to the ready state: througkjtitereate<METHOD>

and ejbPostCreate<METHOD> methods, or through thejbActivate method. The
container invokes thejbCreate<METHOD> and ejbPostCreate<METHOD> methods

when the instance is assigned to an entity object during entity object creation (i.e., when the
client invokes a create method on the entity bean’s home object). The container invokes the
ejbActivate method on an instance when an instance needs to be activated to service an
invocation on an existing entity object—this occurs because there is no suitable instance in the
ready state to service the client’s call or ¢ff€Timeout method.

When an entity bean instance is in the ready state, the instance is associated with a specific
entity object identity. While the instance is in the ready state, the container can synchronize the
state of the instance with the state of the entity in the underlying data source whenever it deter-
mines the need to, in the process invoking ¢jieLoad andejbStore  methods zero or

more times. A business method can be invoked on the instance zero or more timeg-The
Timeout method can be invoked on the instance zero or more times. Invocationsgjbthe

Load andejbStore methods can be arbitrarily mixed with invocations of business methods
andejbTimeout method invocations. AejbSelect<METHOD> method can be called by

a business method (ejbLoad orejbStore method orejbTimeout method ) while the
instance is in the ready state.

The container can choose to passivate an entity bean instance within a transaction. To passivate
an instance, the container first invokes #jigStore  method to allow the instance to prepare

itself for the synchronization of the database state with the instance’s state, and then the con-
tainer invokes thejbPassivate  method to return the instance to the pooled state.

Eventually, the container will transition the instance to the pooled state. There are three possi-
ble transitions from the ready to the pooled state: throughejb®assivate method,
through theejpRemove method, and because of a transaction rollbackefpCreate
ejbPostCreate , or ejpRemove (not shown in Figure 14). The container invokes the
ejbPassivate method when the container wants to disassociate the instance from the
entity object identity without removing the entity object. The container invokegjthiee-

move method when the container is removing the entity object (i.e., when the client invoked
theremove method on the entity object's component interface oreanove method on the

entity bean’s home interface). éjbCreate , ejbPostCreate , or ejpRemove is called
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and the transaction rolls back, the container will transition the bean instance to the pooled
state.

* When the instance is put back into the pool, it is no longer associated with an entity object
identity. The container can assign the instance to any entity object within the same entity bean
home.

* The container can remove an instance in the pool by callinguttsetEntityContext
method on the instance.

Notes:

1. The EntityContext interface passed by the container to the instance isétiEntity-
Context method is an interface, not a class that contains static information. For example, the
result of theEntityContext.getPrimaryKey method might be different each time an
instance moves from the pooled state to the ready state, and the resultgeft@adler-
Principal andisCallerinRole methods may be different in each business method.

2. A RuntimeException  thrown from any method of an entity bean class (including the busi-
ness methods and the callbacks invoked by the container) results in the transition to the “does
not exist” state. The container must not invoke any method on the instance Ritetiane-

Exception has been caught. From the caller’'s perspective, the corresponding entity object
continues to exist. The client can continue accessing the entity object through its component
interface because the container can use a different entity bean instance to delegate the client's
requests. Exception handling is described further in Chapter 14.

3. The container is not required to maintain a pool of instances in the pooled state. The pooling

approach is an example of a possible implementation, but it is not the required implementation.
Whether the container uses a pool or not has no bearing on the entity bean coding style.

8.5.2 Bean Povider’'s Entity Bean Instances View

The following describes the entity bean instance’s view of the contract as seen by the Bean Provider:

The entity Bean Provider is responsible for implementing the following methods in the abstract entity
bean class:

* A public constructor that takes no arguments.

* public void setEntityContext(EntityContext ic) ;

A container uses this method to pass a reference tdtiigyContext interface to the
entity bean instance. If the entity bean instance needs to udentitgContext interface
during its lifetime, it must remember tEmtityContext interface in an instance variable.

This method executes with an unspecified transaction context (Refer to Subsection 13.6.5 for
how the container executes methods with an unspecified transaction context). An identity of an
entity object is not available during this method. The entity bean must not attempt to access its
persistent state and relationships using the accessor methods during this method.
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The instance can take advantage of #aEntityContext() method to allocate any
resources that are to be held by the instance for its lifetime. Such resources cannot be specific
to an entity object identity because the instance might be reused during its lifetime to serve
multiple entity object identities.

* public void unsetEntityContext();
A container invokes this method before terminating the life of the instance.

This method executes with an unspecified transaction context. An identity of an entity object is
not available during this method. The entity bean must not attempt to access its persistent state
and relationships using the accessor methods during this method.

The instance can take advantage of tmesetEntityContext method to free any
resources that are held by the instance. (These resources typically had been allocated by the
setEntityContext method.)

* public PrimaryKeyClass ejbCreate<METHOD>(...) ;

There are zef3®! or moreejbCreate<METHOD> methods, whose signatures match the sig-
natures of thereate<METHOD> methods of the entity bean’s home interface. The con-
tainer invokes arejbCreate<METHOD> method on an entity bean instance when a client
invokes a matchingreate<METHOD> method on the entity bean’s home interface.

The entity Bean Provider’s responsibility is to initialize the instance in éfigCre-
ate<METHOD>methods from the input arguments, using the get and set accessor methods,
such that when thejbCreate<METHOD> method returns, the persistent representation of
the instance can be created. The entity Bean Provider is guaranteed that the values that will be
initially returned by the instance’s get methods for container-managed fields will be the Java
language defaults (e.g. O for integewull for pointers), except for collection-valued
cmr-fields, which will have the empty collection (or set) as their value. The entity Bean Pro-
vider must not attempt to modify the values of cmr-fields in ggpCreate<METHOD>

method. This should be done in #jePostCreate<METHOD> method instead.

The entity object created by tlgbCreate<METHOD> method must have a unique primary
key. This means that the primary key must be different from the primary keys of all the existing
entity objects within the same home. However, it is legal to reuse the primary key of a previ-
ously removed entity object. The implementation of the Bean ProvidefxCre-
ate<METHOD>methods should be coded to return a Kall.

An ejbCreate<METHOD> method executes in the transaction context determined by the
transaction attribute of the matchiegeate<METHOD> method. The database insert opera-
tions are performed by the container within the same transaction context after the Bean Pro-
vider's ejpCreate<METHOD> method completes.

* public void ejbPostCreate<METHOD>(...);

For each ejbCreate<METHOD> method, there is a matchingejbPostCre-
ate<METHOD>method that has the same input parameters but whose return typilis
The container invokes the matchirgpoPostCreate<METHOD> method on an instance

[33] An entity bean has ngjbCreate <METHOD=andejbPostCreate  <METHODmethods if it does not define any create meth-
ods in its home interface. Such an entity bean does not allow its clients to create new EJB objects. The entity bean restricts the cli-
ents to accessing entities that were created through direct database inserts.

[34] The above requirement is to allow the creation of an entity bean with bean-managed persistence by subclassing an entity bea
with container-managed persistence.
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after it invokes theejbCreate<METHOD> method with the same arguments. The instance
can discover the primary key by calliggtPrimaryKey  on its entity context object.

The entity object identity is available during tegpPostCreate<METHOD> method. The
instance may, for example, obtain the component interface of the associated entity object and
pass it to another enterprise bean as a method argument.

The entity Bean Provider may use tegpPostCreate<METHOD> to set the values of
cmr-fields to complete the initialization of the entity bean instance.

An ejbPostCreate<METHOD> method executes in the same transaction context as the pre-
viousejbCreate<METHOD> method.

* public void ejbActivate();

The container invokes this method on the instance when the container picks the instance from
the pool and assigns it to a specific entity object identity. &fsf\ctivate method gives

the entity bean instance the chance to acquire additional resources that it needs while it is in the
ready state.

This method executes with an unspecified transaction context. The entity bean must not
attempt to access its persistent state or relationships using the accessor methods during this
method.

The instance can obtain the identity of the entity object viage#rimaryKey , getE-
JBLocalObject , orgetEJBObject  method on the entity context. The instance can rely
on the fact that the primary key and entity object identity will remain associated with the
instance until the completion efbPassivate  orejbRemove .

* public void ejbPassivate() ;
The container invokes this method on an instance when the container decides to disassociate
the instance from an entity object identity, and to put the instance back into the pool of avail-
able instances. ThejbPassivate method gives the instance the chance to release any
resources that should not be held while the instance is in the pool. (These resources typically
had been allocated during tepActivate method.)

This method executes with an unspecified transaction context. The entity bean must not
attempt to access its persistent state or relationships using the accessor methods during this
method.

The instance can still obtain the identity of the entity object via ge¢PrimaryKey
getEJBLocalObject  , orgetEJBObject method of théentityContext interface.

* public void ejbRemove() ;

The container invokes thgjbRemove method on an entity bean instance in response to a cli-
ent-invokedremove operation on the entity bean’s home or component interface or as the
result of a cascade-delete operation. The instance is in the ready statejwRemove is
invoked and it will be entered into the pool when the method completes.

The entity Bean Provider can use #jeRemove method to implement any actions that must
be done before the entity object’s persistent representation is removed.

The container synchronizes the instance’s state before it invokesjiRemove method.
This means that the state of the instance at the beginning djbfRemove method is the
same as it would be at the beginning of a business method.

This method and the database delete operation(s) execute in the transaction context determined
by the transaction attribute of themove method that triggered thejpRemove method.
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The instance can still obtain the identity of the entity object via ge¢PrimaryKey
getEJBLocalObject  , orgetEJBObject method of théentityContext interface.

After the entity Bean ProvidersjpRemove returns, and in the same transaction context, the
container removes the entity bean from all relationships in which it participates before remov-
ing the entity object’s persistent representation.

Since the instance will be entered into the pool, the state of the instance at the end of this
method must be equivalent to the state of a passivated instance. This means that the instance
must release any resource that it would normally release @jltRassivate method.

¢ public void ejbLoad() ;

When the container needs to synchronize the state of an enterprise bean instance with the
entity object’s persistent state, the container callgjthicoad method.

The entity Bean Provider can assume that the instance’s persistent state has been loaded just
before theejpLoad method is invoked. It is the responsibility of the Bean Provider to use the
ejbLoad method to recompute or initialize the values of any instance variables that depend
on the entity bean’s persistent state. In general, any transient state that depends on the persis-
tent state of an entity bean should be recalculated usingjith@ad method. The entity bean

can use thesjpLoad method, for instance, to perform some computation on the values
returned by the accessor methods (for example, uncompressing text fields).

This method executes in the transaction context determined by the transaction attribute of the
business method @jbTimeout method that triggered tlegbLoad method.

* public void ejbStore();

When the container needs to synchronize the state of the entity object’s persistent state with the
state of the enterprise bean instance, the container first callgjliBéore  method on the
instance.

The entity Bean Provider should use #jbStore  method to update the instance using the
accessor methods before its persistent state is synchronized. For exampmgStoze
method may perform compression of text before the text is stored in the database.

The Bean Provider can assume that afterinStore  method returns, the persistent state of
the instance is synchronized.

This method executes in the same transaction context as the preybuiosd or ejbCre-
ate method invoked on the instance. All business methods orjb&meout method
invoked between the previoegbLoad or ejpCreate<METHOD> method and thigjb-
Store method are also invoked in the same transaction context.

* public <primary key type or collectiongjbFind<METHOD>(...) ;
The Bean Provider of an entity bean with container-managed persistence does not write the
finder €jbFind<METHOD> ) methods.

The finder methods are generated at the entity bean deployment time using the Container Pro-
vider's tools. The syntax for the Bean Provider’s specification of finder methods is described in
the documentJava Persistence APbf this specification [2].

* public <type>ejpHome<METHOD>(...) ;

The container invokes this method on the instance when the container selects the instance to
execute a matching client-invokedMETHOD>home method. The instance is in the pooled
state (i.e., it is not assigned to any particular entity object identity) when the container selects
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the instance to execute thppHome<METHOD>method on it, and it is returned to the pooled
state when the execution of tappHome<METHOD>method completes.

TheejbHome<METHOD>method executes in the transaction context determined by the trans-
action attribute of the matchird ETHOD*ome method, as described in Section 13.6.2.

The entity Bean Provider provides the implementation ofdftiome<METHOD>method.

The entity bean must not attempt to access its persistent state or relationships using the acces-
sor methods during this method because a home method is not specific to a particular bean
instance.

* public abstract <type>ejbSelect<METHOD>(...) ;

The Bean Provider may provide zero or more select methods. A select method is a query
method that is not directly exposed to the client in the home or component interface. The Bean
Provider typically calls a select method within a business method.

The Bean Provider defines the select methodbsisact methods.

The select methods are generated at the entity bean deployment time using the Container Pro-
vider’s tools.

The syntax for the specification of select methods is described in the docudasat Persis-
tence API of this specification [2].

The ejbSelect<METHOD> method executes in the transaction context determined by the
transaction attribute of the invoking business method.

* public void ejbTimeout(...);

The container invokes thejbTimeout  method on an instance when a timer for the instance
has expired. TheejbTimeout method notifies the instance of the time-based event and
allows the instance to execute the business logic to handle it.

The ejbTimeout method executes in the transaction context determined by its transaction
attribute.

8.5.3 Container’s View

This subsection describes the container’s view of the state management contract. The container must
call the following methods:

* public void setEntityContext(ec) ;

The container invokes this method to pass a reference t&nltieyContext interface to
the entity bean instance. The container must invoke this method after it creates the instance,
and before it puts the instance into the pool of available instances.

The container invokes this method with an unspecified transaction context. At this point, the
EntityContext is not associated with any entity object identity.

* public void unsetEntityContext() ;

The container invokes this method when the container wants to reduce the number of instances
in the pool. After this method completes, the container must not reuse this instance.

The container invokes this method with an unspecified transaction context.
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public  PrimaryKeyClass ejbCreate<METHOD>(...) ;
public void ejbPostCreate<METHOD>(...) ;

The container invokes these two methods during the creation of an entity object as a result of a
client invoking acreate<METHOD> method on the entity bean’s home interface.

The container invokes thejbCreate<METHOD> method whose signature matches the
create<METHOD> method invoked by the client.

Prior to invoking theejbCreate<METHOD> method provided by the Bean Provider, the
container must ensure that the values that will be initially returned by the instance’s get meth-
ods for container-managed fields will be the Java language defaults (e.g. O for inidger,

for pointers), except for collection-valued cmr-fields, which must have the empty collection (or
set) as their value.

The container is responsible for calling thipCreate<METHOD> method, for obtaining the
primary key fields of the newly created entity object persistent representation, and for creating
an entity EJBObject reference and/or EJBLocalObject reference for the newly created entity
object. The container must establish the primary key before it invokegjtiostCre-
ate<METHOD>method.

The entity object created by tlgbCreate<METHOD> method must have a unique primary

key. This means that the primary key must be different from the primary keys of all the existing
entity objects within the same home. However, it is legal to reuse the primary key of a previ-
ously removed entity object. The container may, but is not required to, throvuipé-
cateKeyException on the Bean Provider’s attempt to create an entity object with a
duplicate primary ke®!.

The container may create the representation of the entity in the database immediately, or it can
defer it to a later time (for example to the time after the matchajpgPostCre-
ate<METHOD>has been called, or to the end of the transaction), depending on the caching
strategy that it uses.

The container then invokes the matchiafpPostCreate<METHOD> method with the
same arguments on the instance to allow the instance to fully initialize itself. The instance can
discover the primary key by calling tlgetPrimaryKey  method on its entity context object.

Finally, the container returns the entity object’s remote interface (i.e., a reference to the entity
EJBObject) to the client if the client is a remote client or the entity object’s local interface (i.e.,
a reference to the entity EJBLocalObject) if the client is a local client.

The container must invoke thgjbCreate<METHOD> and epPostCreate<METHOD>

methods and create the representation of the persistent instance in the database in the transac-
tion context determined by the transaction attribute of the matchiegte<METHOD>

method, as described in subsection 13.6.2.

public void ejbActivate() ;

The container invokes this method on an entity bean instance at activation time (i.e., when the
instance is taken from the pool and assigned to an entity object identity). The container must
ensure that the primary key of the associated entity object is available to the instance if the
instance invokes thegetPrimaryKey , getEJBLocalObject , or getEJBObject

method on it€ntityContext interface.

The container invokes this method with an unspecified transaction context.

[35] Containers using optimistic caching strategies, for example, may rollback the transaction at a later point.
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Note that instance is not yet ready for the delivery of a business method. The container must
still invoke theejpLoad method prior to a business method.

* public void ejbPassivate() ;

The container invokes this method on an entity bean instance at passivation time (i.e., when the
instance is being disassociated from an entity object identity and moved into the pool). The
container must ensure that the identity of the associated entity object is still available to the
instance if the instance invokes thetPrimaryKey , getEJBLocalObject , orgetEJ-

BObject method on its entity context.

The container invokes this method with an unspecified transaction context.

Note that if the instance state has been updated by a transaction, the container must first invoke
theejbStore  method on the instance before it invok@sPassivate  on it.

* public void ejpbRemove();

The container invokes thejpRemove method in response to a client-invokesinove oper-

ation on the entity bean’s home or component interface or as the result of a cascade-delete
operation. The instance is in the ready state whgrRemove is invoked and it will be
entered into the pool when the method completes.

The container synchronizes the instance’s state before it invokesjiRemove method.

This means that the persistent state of the instance at the beginning ejbfRemove

method is the same as it would be at the beginning of a business method (i.e., if the instance is
not already synchronized from the state in the database, the container mustejblobad

before it invoke®jbRemove ).

The container must ensure that the identity of the associated entity object is still available to
the instance in thejpRemove method (i.e., the instance can invoke tietPrimaryKey
getEJBLocalObject , or getEJBObject method on itsEntityContext in the
ejbRemove method).

After the entity Bean ProvidersjpbRemove method returns, and in the same transaction con-
text, the container removes the entity bean instance from all relationships in which it partici-
pates and then removes the entity object’s persistent representation.

The container may delete the representation of the entity in the database immediately, or it can
defer it to a later time (for example to the end of the transaction), depending on the caching
strategy that it uses.

The container must ensure that thpRemove method and database delete operations are
performed in the transaction context determined by the transaction attribute of the invoked
remove method, as described in subsection 13.6.2.

* public void ejbLoad() ;

When the container needs to synchronize the state of an enterprise bean instance with the
entity object’s state in the database, the container callgjtileoad method. Depending on

its caching strategy, the container may first read the entity object’s state from the database,
before invoking theejpLoad method, or it may use a lazy loading strategy in making this
state visible to the instance.

The exact times that the container involegsLoad depend on the configuration of the com-
ponent and the container, and are not defined by the EJB architecture. Typically, the container
will call ejbLoad before the first business method within a transaction or before invoking the
ejbTimeout method on an instance.
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The container must invoke this method in the transaction context determined by the transaction
attribute of the business method ejbTimeout method that triggered thejbLoad
method.

public void ejbStore() ;

When the container needs to synchronize the state of the entity object in the database with the
state of the enterprise bean instance, the container callgji&tore  method on the
instance. This synchronization always happens at the end of a transaction, unless the bean is
specified as read-only (see section 8.5.4). However, the container may also invoke this method
when it passivates the instance in the middle of a transaction, or when it needs to transfer the
most recent state of the entity object to another instance for the same entity object in the same
transaction.

The container must invoke this method in the same transaction context as the pgglious
Load, ejbCreate<METHOD> , orejbTimeout method invoked on the instance. All busi-
ness methods or thejbTimeout method invoked between the previoggplLoad  or
ejbCreate <METHOD> method and thigjbStore = method are also invoked in the same
transaction context.

After the ejbStore  method returns, the container may store the persistent state of the
instance to the database, depending on its caching strategy. If the container uses a lazy storing
caching strategy, it is the container’s responsibility to write the representation of the persistent
object to the database in the same transaction context as thaeffStege = method.

public <primary key type or collectionejpFind<METHOD>(...) ;
The implementation of thejbFind<METHOD> method is supplied by the container.

The container invokes thgbFind<METHOD> method on an instance when a client invokes

a matchingind<METHOD> method on the entity bean’s home interface. The container must
pick an instance that is in the pooled state (i.e., the instance is not associated with any entity
object identity) for the execution of thegbFind<METHOD> method. If there is no instance

in the pooled state, the container creates one and calletimtityContext method on

the instance before dispatching the finder method.

The container must invoke thgbFind<METHOD> method in the transaction context deter-
mined by the transaction attribute of the matchfingl method, as described in subsection
13.6.2.

The container is responsible for ensuring that updates to the states of all entity beans in the
same transaction context as tbfpFind<METHOD> method and whose abstract schema
types are accessed in the method’'s EJB QL query are visible in the results of the
ejbFind<METHOD> method. Before invoking thejbFind<METHOD> method, the con-
tainer must first synchronize the state of those entity bean instances by invokiegthe

Store method on them. This requirement does not apply taejb&indByPrimaryKey

method. The results of thgbFindByPrimaryKey method, however, must reflect the enti-

ties that have been created or removed within the same transaction context.

After the ejbFind<METHOD> method completes, the instance remains in the pooled state.
The container may, but is not required to, immediately activate the objects that were located by
the finder using the transition through #jbActivate method.

If the ejpFind<METHOD> method is declared to return a single primary key, the container
creates an entity EJBObject (EJBLocalObject) reference for the primary key and returns it to
the client (local client). If theejbFind<METHOD> method is declared to return a collection
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of primary keys, the container creates a collection of entity EJBObject (EJBLocalObject) ref-
erences for the primary keys returned from #jleFind<METHOD> method, and returns the
collection to the client (local client).

The implementations of the finder methods are generated at the entity bean deployment time
using the Container Provider’s tools.

* public <type>ejbSelect<METHOD>(...) ;

A select method is a query method that is not directly exposed to the client in the home or com-
ponent interface. The Bean Provider typically calls a select method within a business method
or home method.

A select method executes in the transaction context determined by the transaction attribute of
the invoking business method.

The container is responsible for ensuring that all updates to the states of all entity beans in the
same transaction context as #jbSelect<METHOD> method and whose abstract schema
types are accessed in the EJB QL query fordjiSelect<METHOD> method are visible in

the results of theejpSelect<METHOD> method by invoking theejpbStore  method on

those entity bean instances.

The implementations of the select methods are generated at the entity bean deployment time
using the Container Provider’s tools.

* public <type>ejpbHome<METHOD>(...) ;

The container invokes thgjbHome<METHOD>method on an instance when a client invokes

a matchingcMETHOD#0me method on the entity bean’s home interface. The container must
pick an instance that is in the pooled state (i.e., the instance is not associated with any entity
object identity) for the execution of thejpHome<METHOD>method. If there is no instance

in the pooled state, the container creates one and calketimtityContext method on

the instance before dispatching the home method.

After theejpHome<METHOD>method completes, the instance remains in the pooled state.

The container must invoke ttgbHome<METHOD>method in the transaction context deter-
mined by the transaction attribute of the matchiddETHOD*:ome method, as described in
subsection 13.6.2.

* public void ejbTimeout(...);

The container invokes thgbTimeout  method on the instance when a timer with which the
entity has been registered expires. If there is no suitable instance in the ready state, the con-
tainer must activate an instance, invoking #jeActivate method and transitioning it to

the ready state.

The container invokes thegbTimeout  method in the context of a transaction determined by
its transaction attribute.

8.5.4 Read-only Entity Beans

Compliant implementations of this specification may optionally support read-only entity beans. A
read-only entity bean is an entity bean whose instances are not intended to be updated and/or created by
the application. Read-only beans are best suited for situations where the underlying data never changes
or changes infrequently.
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8.5.5

Containers that support read-only beans do not calefb8tore  method on them. ThejbLoad
method should typically be called by the container when the state of the bean instance is initially loaded
from the database, or at designated refresh intAGAls.

If a read-only bean is used, the state of such a bean should not be updated by the application, and the
behavior is unspecified if this occu?él

Read-only beans are designated by vendor-specific means that are outside the scope of this specifica-
tion, and their use is therefore not portable.

The EntityContext Interface

A container provides the entity bean instances wittEatityContext , which gives the entity bean
instance access to the instance’s context maintained by the contain&nfity€ontext interface
has the following methods:

* ThegetEJBObject method returns the entity bean’s remote interface.

* ThegetEJBHome method returns the entity bean’s remote home interface.

* ThegetEJBLocalObject method returns the entity bean’s local interface.

* ThegetEJBLocalHome method returns the entity bean’s local home interface.

* The getCallerPrincipal method returns thgava.security.Principal that
identifies the invoker.

* TheisCallerInRole method tests if the entity bean instance’s caller has a particular role.

* The setRollbackOnly method allows the instance to mark the current transaction such
that the only outcome of the transaction is a rollback.

* The getRollbackOnly method allows the instance to test if the current transaction has
been marked for rollback.

* ThegetPrimaryKey  method returns the entity bean’s primary key.
* ThegetTimerService method returns thiavax.ejb.TimerService interface.

* ThegetUserTransaction method returns th@vax.transaction.UserTrans-
action interface. Entity bean instances must not call this method.

[36] The ability to refresh the state of a read-only bean and the intervals at which such refresh occurs are vendor-specific.

[37] For example, an implementation might choose to ignore such updates or to disallow them.
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* Thelookup method enables the entity bean to look up its environment entries in the JNDI
naming context.

8.5.6 Operations Allowed in the Methods of the Entity Bean Class

Table 4 defines the methods of an entity bean class in which the enterprise bean instances can access the

methods of thgavax.ejb.EntityContext interface, thgava:comp/env  environment nam-
ing context, resource managef8merService  and Timer methods, theEntityManager  and
EntityManagerFactory methods, and other enterprise beans.

If an entity bean instance attempts to invoke a method ofghtityContext interface, and the

access is not allowed in Table 4, the container must throyatrelang.lllegalStateExcep-
tion.

If a entity bean instance attempts to invoke a method offineerService  or Timer interface and
the access is not allowed in Table 4, the container must throyatlaelang.lllegalStateEx-
ception.

If an entity bean instance attempts to access a resource manager, an enterprise bean, an entity manager
or entity manager factory, and the access is not allowed in Table 4, the behavior is undefined by the EJB
architecture.

Table 4

Operations Allowed in the Methods of an Entity Bean

Bean method Bean method can perform the following operations

constructor -

EntityContext methods: getEJBHome getEJBLocalHome lookup

setEntityContext
unsetEntityContext JNDI access to java:comp/env

EntityContext methods: getEJBHome getEJBLocalHome
getCallerPrincipal getRollbackOnlyisCallerinRole, setRollbackOnly,
getTimerServicelookup

JNDI access to java:comp/env

Resource manager access

Enterprise bean access

EntityManagerFactory access

ejbCreate EntityManager access

EntityContext methods: getEJBHome getEJBLocalHome
getCallerPrincipal getRollbackOnlyisCallerinRole setRollbackOnly
getEJBObject, getEJBLocalObject, getPrimaryKey, getTimerServicekup
JNDI access to java:comp/env

Resource manager access

Enterprise bean access

Timer service or Timer methods

EntityManagerFactory access

ejbPostCreate EntityManager access
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Table 4

Operations Allowed in the Methods of an Entity Bean

Bean method

Bean method can perform the following operations

ejbRemove

EntityContext methods: getEJBHome getEJBLocalHome
getCallerPrincipal getRollbackOnlyisCallerinRole, setRollbackOnly
getEJBODbject, getEJBLocalObjepgetPrimaryKey, getTimerServicokup
JNDI access to java:comp/env

Resource manager access

Enterprise bean access

Timer service or Timer methods

EntityManagerFactory access

EntityManager access

ejbHome

EntityContext methods: getEJBHome getEJBLocalHome
getCallerPrincipal getRollbackOnlyisCallerinRole, setRollbackOnly,
getTimerServicelookup

JNDI access to java:comp/env

Resource manager access

Enterprise bean access

EntityManagerFactory access

EntityManager access

ejbActivate
ejbPassivate

EntityContext methods: getEJBHome getEJBLocalHome getEJBODbject
getEJBLocalObjectgetPrimaryKey, getTimerServictookup
JNDI access to java:comp/env

ejbLoad
ejbStore

EntityContext methods: getEJBHome getEJBLocalHome
getCallerPrincipal getRollbackOnlyisCallerinRole, setRollbackOnly
getEJBODbject, getEJBLocalObjepgetPrimaryKey, getTimerServicokup
JNDI access to java:comp/env

Resource manager access

Enterprise bean access

Timer service or Timer methods

EntityManagerFactory access

EntityManager access

business method
from component
interface

EntityContext methods: getEJBHome getEJBLocalHome
getCallerPrincipal getRollbackOnlyisCallerinRole, setRollbackOnly
getEJBObjectgetEJBLocalObjectgetPrimaryKey, getTimerServiciokup
JNDI access to java:comp/env

Resource manager access

Enterprise bean access

Timer service or Timer methods

EntityManagerFactory access

EntityManager access

ejbTimeout

EntityContext methods: getEJBHome getEJBLocalHome
getRollbackOnlysetRollbackOnlygetCallerPrincipal isCallerinRole,
getEJBObjectgetEJBLocalObjectgetPrimaryKey, getTimerServiciokup
JNDI access to java:comp/env

Resource manager access

Enterprise bean access

Timer service or Timer methods

EntityManagerFactory access

EntityManager access
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Additional restrictions:

* The getRollbackOnly and setRollbackOnly methods of theEntityContext
interface should be used only in the enterprise bean methods that execute in the context of a
transaction. The container must throw jaea.lang.lllegalStateException if the
methods are invoked while the instance is not associated with a transaction.

Reasons for disallowing operations:

* Invoking thegetEJBObject , getEJBLocalObject , andgetPrimaryKey  methods is
disallowed in the entity bean methods in which there is no entity object identity associated with
the instance.

* Invoking thegetEJBObject andgetEJBHome methods is disallowed if the entity bean
does not define a remote client view.

* Invoking thegetEJBLocalObject andgetEJBLocalHome methods is disallowed if the
entity bean does not define a local client view.

* Invoking thegetRollbackOnly and setRollbackOnly methods is disallowed in the
entity bean methods for which the container does not have a meaningful transaction context.

* Accessing resource managers and enterprise beans, including accessing the persistent state of
an entity bean instance, is disallowed in the entity bean methods for which the container does
not have a meaningful transaction context or client security context.

8.5.7 Finder Methods

An entity bean’s home interface defines one or nforder method&8!, one for each way to find an
entity object or collection of entity objects within the home. The name of each finder method starts with
the prefix ‘find 7, such adindLargeAccounts . The arguments of a finder method are used in the
implementation of the query for the finder method to locate the requested entity objects.

Every finder method excefindByPrimaryKey(key) must be associated withcuery element

in the deployment descriptor. The entity Bean Provider declaratively specifies the EJB QL finder query
and associates it with the finder method in the deployment descriptor. A finder method is normally char-
acterized by an EJB QL query string specified inguery element. EJB QL is described in Chapter 9.

A compliant implementation of this specification is required to support EJB QL as defined in Chapter 9
for use with finder methods.

In the case that both the remote home interface and local home interface define a finder method with the
same name and argument types, the EJB QL query string specified Quehe element defines the
semantics of both methods.

[38] ThefindByPrimaryKey = method is mandatory for all entity beans.
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8.5.7.1 Single-Object Finder Methods

8.5.7.2

Some finder methods (suchfasdByPrimaryKey ) are designed to return at most one entity object.
For single-object finders, the result type ofiad<METHOD>method defined in the entity bean’s
remote home interface is the entity bean's remote interface, and the result type of the
find<METHOD>method defined in the entity bean’s local home interface is the entity bean’s local
interface.

The following code illustrates the definition of a single-object finder defined on the remote home inter-
face.

/I Entity’s home interface
public interface AccountHome extends javax.ejb.EJBHome {

Account findByPrimaryKey(AccountPrimaryKey primkey)
throws FinderException, RemoteException;

Note that a finder method defined on the local home interface must not thrérethete Ex-
ception

In general, when defining a single-object finder method other finaiByPrimaryKey , the entity

Bean Provider should be sure that the finder method will always return only a single entity object. This
may occur, for example, if the EJB QL query string that is used to specify the finder query includes an
equality test on the entity bean’s primary key fields. If the entity Bean Provider uses an unknown pri-
mary key class (see Section 8.8.3), the Bean Provider will typically define the finder method as a
multi-object finder.

Note that a single-object finder method may return a null value. If the result set of the query consists of
a single null value, the container must return the null value as the result of the method. If the result set of
a query for a single-object finder method contains more than one value (whether non-null, null, or a
combination), the container must throw thimderException from the finder method. If the result

set of the query contains no values, the container must thra@bjleetNotFoundException

Multi-Object Finder Methods

Some finder methods are designed to return multiple entity objects. For multi-object finders defined on
the entity bean’s local home interface, the result type offithee<METHOD>method is a collection of
objects implementing the entity bean’s local interface. For multi-object finders defined on the entity
bean’s remote home interface, the result type offime<METHOD>method is a collection of objects
implementing the entity bean’s remote interface.

The Bean Provider uses the Java™4va.util.Collection interface to define a collection type
for the result type of a finder method for an entity bean with container-managed persistence.

The collection of values returned by the container may contain duplicates if DISTINCT is not specified
in the SELECT clause of the query for the finder method.
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The collection of values returned by the container may contain null values if the finder method returns
the values of a cmr-field and null values are not eliminated by the query.

A portable client program must use tRertableRemoteObject.narrow method to convert the
objects contained in the collections returned by a finder method on the entity bean’s remote home inter-
face to the entity bean’s remote interface type.

The following is an example of a multi-object finder method defined on the remote home interface:

/I Entity’s home interface
public interface AccountHome extends javax.ejb.EJBHome {

jéiva.util.CoIIection findLargeAccounts(double limit)
throws FinderException, RemoteException;

Note that if this finder method were defined on the local home interface, it would not throw the
RemoteException

8.5.8 Select Methods

Select methods are query methods for use by the Bean Provider within an entity bean instance. Unlike
finder methods, select methods are not specified in the entity bean’s home interface. A select method is
an abstract method defined by the Bean Provider on an entity bean class. A select method must not be
exposed in the home or component interface of an entity bean.

The semantics of a select method, like those of a finder method, are defined by an EJB QL query string.
A select method is similar to a finder method, but unlike a finder method, but it can return values that
correspond to any cmp- or cmr-field type.

Every select method must be associated witfuery element in the deployment descriptor. The entity
Bean Provider declaratively specifies the EJB QL query and associates it with the select method in the
deployment descriptor. A select method is normally characterized by an EJB QL query string specified
in thequery element. EJB QL is described in Chapter 9. A compliant implementation of this specifica-
tion is required to support EJB QL as defined in Chapter 9 for use with select methods.

Typically anejbSelect<METHOD> method that returns entity objects returns these as EJBLocalOb-
jects. If theejbSelect<METHOD> method returns an EJBObject or collection of EJBObjects, the
Bean Provider must specify the value of tlesult-type-mapping element in thejuery deploy-
ment descriptor element for the select methoRemote.

An ejbSelect<METHOD> is not based on the identity of the entity bean instance on which it is
invoked. However, the Bean Provider can use the primary key of an entity bean as an argument to an
ejbSelect<METHOD> to define a query that is logically scoped to a particular entity bean instance.

The following table illustrates the semantics of finder and select methods.
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Table 5 Comparison of Finder and Select Methods

Finder methods Select methods

method find<METHOD> ejbSelect<METHOD>

visibility exposed to client internal to entity bean class

instance arbitrary bean instance in pooled state instance: current instance (could be bean

instance in pooled state or ready state)

return value EJBObjects or EJBLocalObjects of the samp EJBODbjects, EJBLocalObjects, or cmp-field

type as the entity bean types

8.5.8.1

8.5.8.2

Single-Object Select Methods

Some select methods are designed to return at most one value. In general, when defining a single-object
select method, the entity Bean Provider must be sure that the select method will always return only a
single object or value. If the query specified by the select method returns multiple values of the desig-
nated type, the container must throw EiederException

Note that a single-object select method may return a null value. If the result set of the query consists of
a single null value, the container must return the null value as the result of the method. If the result set of
a query for a single-object select method contains more than one value (whether non-null, null, or a
combination), the container must throw thimderException from the select method. If the result

set of the query contains no values, the contain must thro@tjeetNotFoundException

The Bean Provider will typically define a select method as a multi-object select method.

Multi-Object Select Methods

Some select methods are designed to return multiple values. For these multi-object select methods, the
result type of thejbSelect<METHOD> method is a collection of objects.

The Bean Provider uses the Java™aga.util.Collection interface orjava.util.Set

interface to define a collection type for the result type of a select method. The type of the elements of the
collection is determined by the type of the SELECT clause of the corresponding EJB QL query. If the
Bean Provider uses thava.util.Collection interface, the collection of values returned by the
container may contain duplicates if DISTINCT is not specified in the SELECT clause of the query. If a
query for a select method whose result typgaiga.util.Set does not specify DISTINCT in its
SELECT clause, the container must interpret the query as if SELECT DISTINCT had been specified.

The collection of values returned by the container may contain null values if the select method returns
the values of a cmr-field or cmp-field and null values are not eliminated by the query.
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8.5.9

The following is an example of a multi-object select method definition i@tHerBean class:

/I OrderBean implementation class
public abstract class OrderBean implements javax.ejb.EntityBean{

public abstract java.util.Collection
ejbSelectAllOrderedProducts(Customer customer)
throws FinderException;
/I internal finder method to find all products ordered

Timer Notifications

8.5.10

An entity bean can be registered with the EJB timer service for time-based event notifications if it
implements thgavax.ejb.TimedObject interface. The container invokes the bean instance’s
ejbTimeout method when a timer for the bean has expired. See Chapter 18, “Timer Service”.

Standard Application Exceptions br Entities

The EJB specification defines the following standard application exceptions:
* javax.ejb.CreateException
* javax.ejb.DuplicateKeyException
* javax.ejb.FinderException
e javax.ejb.ObjectNotFoundException
* javax.ejb.RemoveException

This section describes the use of these exceptions by entity beans with container-managed persistence.

8.5.10.1 CreateException

From the client’'s perspective, @reateException (or a subclass o€reateException ) indi-

cates that an application level error occurred duringreate<METHOD> operation. If a client
receives this exception, the client does not know, in general, whether the entity object was created but
not fully initialized, or not created at all. Also, the client does not know whether or not the transaction
has been marked for rollback. (However, the client may determine the transaction status using the
UserTransaction interface or theetRollbackOnly method of th&eJBContext interface.)

Both the container and the Bean Provider may throwGheateException (or subclass o€Cre-
ateException ) from the create<METHOD>, ejbCreate<METHOD> and ejbPostCre-
ate<METHOD> methods to indicate an application-level error from the create or initialization
operation. Optionally, the container or Bean Provider may mark the transaction for rollback before
throwing this exception.

203 May 2, 2006 2:35 pm



Sun Microsystems, Inc.

EJB 2.1 Entity Bean Component Contract for Container-Managed PersistenceEnterprise JavaBeans 3.0, Final Release  InstanceLife

The container or Bean Provider is encouraged to mark the transaction for rollback only if data integrity
would be lost if the transaction were committed by the client. Typically, wi@mateException  is
thrown, it leaves the database in a consistent state, allowing the client to recover. For example, the
ejbCreate<METHOD> method may throw th€reateException  to indicate that the some of the
arguments to thereate<METHOD> method are invalid.

The container treats tl&reateException as any other application exception. See Section 14.3.

8.5.10.2 DuplicateKeyException

The DuplicateKeyException is a subclass o€reateException . It may be thrown by the
container to indicate to the client or local client that the entity object cannot be created because an entity
object with the same key already exists. The unique key causing the violation may be the primary key,
or another key defined in the underlying database.

Normally, the container should not mark the transaction for rollback before throwing the exception.

When the client or local client receivesRuplicateKeyException , the client knows that the
entity was not created, and that the transaction has not typically been marked for rollback.

8.5.10.3 FinderException

From the client’'s perspective, EinderException (or a subclass oFinderException ) indi-
cates that an application level error occurred duringfitd operation. Typically, the transaction has
not been marked for rollback because offhrelerException

The container throws thieinderException (or subclass oFinderException ) from the imple-
mentation of a finder or select method to indicate an application-level error in the finder or select
method. The container should not, typically, mark the transaction for rollback before throwing the
FinderException

The container treats tle@nderException as any other application exception. See Section 14.3.

8.5.10.4 ObjectNotFoundException

The ObjectNotFoundException is a subclass dfinderException . The container throws the
ObjectNotFoundException from the implementation of a finder or select method to indicate that
the requested object does not exist.

Only single-object finder or select methods (see Subsections 8.5.7 and 8.5.8) should throw this excep-
tion. Multi-object finder or select methods must not throw this exception. Multi-object finder or select
methods should return an empty collection as an indication that no matching objects were found.
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8.5.10.5 RemoveException

From the client’'s perspective, RemoveException (or a subclass oRemoveException ) indi-

cates that an application level error occurred duringraove operation. If a client receives this excep-

tion, the client does not know, in general, whether the entity object was removed or not. The client also
does not know if the transaction has been marked for rollback. (However, the client may determine the
transaction status using thiserTransaction interface.)

The container or Bean Provider throws tRemoveException (or subclass oRemoveExcep-

tion ) from a remove method to indicate an application-level error from the entity object removal oper-
ation. Optionally, the container or Bean Provider may mark the transaction for rollback before throwing
this exception.

The container or Bean Provider is encouraged to mark the transaction for rollback only if data integrity
would be lost if the transaction were committed by the client. Typically, whgraoveException s
thrown, it leaves the database in a consistent state, allowing the client to recover.

The container treats tiRemoveException as any other application exception. See Section 14.3.

8.5.11 Commit Options

The Entity Bean protocol is designed to give the container the flexibility to select the disposition of the
instance state at transaction commit time. This flexibility allows the container to optimally manage the
association of an entity object identity with the enterprise bean instances.

The container can select from the following commit-time options:

* Option A: The container caches a “ready” instance between transactions. The container knows
that the bean instance has exclusive access to the state of the object in the persistent storage.
Therefore, the container does not have to synchronize the instance’s state from the persistent
storage at the beginning of the next transaction or have to verify that the instance’s state is in
sync with the persistent storage at the beginning of the next transaction.

* Option B: The container caches a “ready” instance between transactions. In contrast to Option
A, in this option the instance may not have exclusive access to the state of the object in the per-
sistent storage. Therefore, the container must synchronize the instance’s state from the persis-
tent storage at the beginning of the next transaction if the instance’s state in the persistent
storage has changed. Containers using optimistic concurrency control strategies may instead
choose to rollback the transaction if this invariant has not been met: The container must ensure
that in order for a transaction to be successfully committed, the transaction must only operate
on instance data that is in sync with the persistent storage at the beginning of the transaction.

e Option C: The container does not cache a “ready” instance between transactions. The con-
tainer returns the instance to the pool of available instances after a transaction has completed.

Variants of these strategies that capture the same semantics from the Bean Provider’s viewpoint may be
employed, e.g., to optimize data access.
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The following illustrative lazy loading strategies are consistent with the intent of these requirements:

* If ejpLoad is called at the beginning of the transaction without the instance’s persistent state
having been loaded from the persistent storage, the persistent state must be faulted in when
ejbLoad causes the bean’s getter accessor methods to be invokedelbttead method is
empty, data may be faulted in as needed in the course of executing the businesss methods of the
bean.

* If the instance’s persistent state is cached between transaajbhead need not be called
and persistent data need not be faulted in from the persistent storage (unless it has not previ-
ously been accessed). In this case, becajlsieoad has been previously called when the
instance was entered into the ready state for the first time, and because the bean instance’s state
is consistent with its persistent state, there is no need teefidlbad unless the instance’s
state in the persistent storage has changed. In this case, the container must ensure that in order
for the transaction to be successfully committed, the instance’s persistent state was in sync
with the persistent storage at the beginning of the transaction.

The following table provides a summary of the commit-time options.

Table 6 Summary of Commit-Time Options

Write instance state
to database

Instance stays
ready

Instance state
remains valid

Option A Yes Yes Yes
Option B Yes Yes No
Option C Yes No No

Note that the container synchronizes the instance’s state with the persistent storage at transaction com-
mit for all three options.

The selection of the commit option is transparent to the entity bean implementation—the entity bean
will work correctly regardless of the commit-time option chosen by the container. The Bean Provider
writes the entity bean in the same way.

Note: The Bean Provider relies on tlegpLoad method to be invoked in order to resynchro-

nize the bean'’s transient state with its persistent state. It is the responsibility of the container to
call the ejpLoad method at the beginning of a new transaction if the bean instance’s persis-
tent data has Changéﬁf?]

[39] lItis consistent with this specification to provide options for this refresh to be deferred or avoided in the casenbyf beatt
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8.5.12 Concurrent Access fom Multiple Transactions

When writing the entity bean business methods, the Bean Provider does not have to worry about concur-
rent access from multiple transactions. The Bean Provider may assume that the container will ensure
appropriate synchronization for entity objects that are accessed concurrently from multiple transactions.

The container typically uses one of the following implementation strategies to achieve proper synchro-
nization. (These strategies are illustrative, not prescriptive.)

* The container activates multiple instances of the entity bean, one for each transaction in which
the entity object is being accessed. The transaction synchronization is performed by the under-
lying database during the accessor method calls performed by the business methajtls, the
Timeout method, and by theejbLoad , ejbCreate<METHOD> , ejbStore , and
ejpbRemove methods. The commit-time options B and C in Subsection 8.5.11 apply to this
type of container.

Figure 15 Multiple Clients Can Access the Same Entity Object Using Multiple Instances

Container

4 N

enterprise bean instances

Account 100
inTX 1

Account 100

Client 1 {1
e d
Entity object
Account 100 \

With this strategy, the type of lock acquired bpLoad or get accessor method (if a lazy loading
cache management strategy is used) leads to a trade-@fiblbad or the accessor method acquires

an exclusive lock on the instance's state in the database, the throughput of read-only transactions could
be impacted. IejbLoad or the accessor method acquires a shared lock and the instance is updated,
then eithergjbStore  or a set accessor method will need to promote the lock to an exclusive lock
(which may cause a deadlock if it happens concurrently under multiple transactions), or, if the container
uses an optimistic cache concurrency control strategy, the container will need to validate the state of the
cache against the database at transaction commit (which may result in a rollback of the transaction).

Account 100
inTX 2

- /

It is expected that containers will provide deployment-time configuration options that will allow control
to be exercised over the logical transaction isolation levels that their caching strategies provide.
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* The container acquires exclusive access to the entity object’s state in the database. The con-
tainer activates a single instance and serializes the access from multiple transactions to this
instance. The commit-time option A in Subsection 8.5.11 applies to this type of container.

Figure 16 Multiple Clients Can Access the Same Entity Object Using Single Instance
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8.5.13 Non-reentrant and Re-entrant Instances

An entity Bean Provider can specify that an entity bean is non-reentrant. If an instance of a non-reen-

trant entity bean executes a client request in a given transaction context, and another request with the
same transaction context arrives for the same entity object, the container will throw an exception to the

second request. This rule allows the Bean Provider to program the entity bean as single-threaded,
non-reentrant code.

The functionality of entity beans with container-managed persistence may require loopbacks in the
same transaction context. An example of a loopback is when the client calls entity object A, A calls
entity object B, and B calls back A in the same transaction context. The entity bean’s method invoked
by the loopback shares the current execution context (which includes the transaction and security con-
texts) with the Bean’s method invoked by the client.

If the entity bean is specified as non-reentrant in the deployment descriptor, the container must reject an
attempt to re-enter the instance via the entity bean’s component interface while the instance is executing
a business method. (This can happen, for example, if the instance has invoked another enterprise bean,
and the other enterprise bean tries to make a loopback call.) If the attempt is made to reenter the instance

through the remote interface, the container must throwjatia.rmi.RemoteException to the
caller. If the attempt is made to reenter the instance through the local interface, the container must throw
the javax.ejb.EJBException to the caller. The container must allow the call if the Bean'’s

deployment descriptor specifies that the entity bean is re-entrant.
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Re-entrant entity beans must be programmed and used with caution. First, the Bean Provider must code
the entity bean with the anticipation of a loopback call. Second, since the container cannot, in general,
tell a loopback from a concurrent call from a different client, the client programmer must be careful to
avoid code that could lead to a concurrent call in the same transaction context.

Concurrent calls in the same transaction context targeted at the same entity object are illegal and may
lead to unpredictable results. Since the container cannot, in general, distinguish between an illegal con-
current call and a legal loopback, application programmers are encouraged to avoid using loopbacks.
Entity beans that do not need callbacks should be marked as non-reentrant in the deployment descriptor,
allowing the container to detect and prevent illegal concurrent calls from clients.

8.6 Responsibilities of the Enterprise Bean Provider

This section describes the responsibilities of an entity Bean Provider to ensure that an entity bean with
container-managed persistence can be deployed in any EJB container.

8.6.1 Classes and Interfaces

The entity Bean Provider is responsible for providing the following class files:
* Entity bean class and any dependent classes
* Primary key class

* Entity bean’s remote interface and entity bean’s remote home interface, if the entity bean pro-
vides a remote client view

* Entity bean’s local interface and local home interface, if the entity bean provides a local client
view

The Bean Provider must provide a remote interface and a remote home interface or a local interface and

a local home interface for the bean. The Bean Provider may provide a remote interface, remote home
interface, local interface, and local home interface for the bean. Other combinations are not allowed.

8.6.2 Enterprise Bean Class

The following are the requirements for an entity bean class:

The class must implement, directly or indirectly, jineax.ejb.EntityBean interface.

The class may implement, directly or indirectly, jineax.ejb. TimedObject interface.

The class must be definedmsblic and must babstract . The class must be a top level class.

The class must define a public constructor that takes no arguments.
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8.6.3

The class must not define tfiealize() method.

The class may, but is not required to, implement the entity bean’s component inf&¥fdtene class
implements the entity bean’s component interface, the class must provide no-op implementations of the
methods defined by that interface. The container will never invoke these methods on the bean instances
at runtime.

The entity bean class must implement the business methods, amjbtbeate<METHOD> and
ejbPostCreate<METHOD> methods as described later in this section.

The entity bean class must implement #jeHome<METHOD>methods that correspond to the home
business methods specified in the bean’s home interface. These methods are executed on an instance in
the pooled state; hence they must not access state that is particular to a specific bean instance (e.g., the
accessor methods for the bean’s abstract persistence schema must not be used by these methods).

The entity bean class must implement the get and set accessor methods of the bean’s abstract persis-
tence schema abstract methods.

The entity bean class may have superclasses and/or superinterfaces. If the entity bean has superclasses,
the business methods, tegpCreate<METHOD> andejbPostCreate<METHOD> methods, and

the methods of th&ntityBean interface and/or th&@imedObject interface may be implemented

in the enterprise bean class or in any of its superclasses.

The entity bean class is allowed to implement other methods (for example helper methods invoked
internally by the business methods) in addition to the methods required by the EJB specification.

The entity bean class does not implement the finder methods. The implementations of the finder meth-
ods are provided by the container.

The entity bean class must implement ajpSelect<METHOD> methods as abstract methods.

Dependent \alue Classes

8.6.4

The following are the requirements for a dependent value class:
The class must be defined@gblic  and must not babstract

The class must be serializable.

ejbCreate<METHOD> Methods

The entity bean class must implement #jeCreate<METHOD> methods that correspond to the
create<METHOD> methods specified in the entity bean’s home interface or local home interface.

[40]

If the entity bean class does implement the component interface, care must be taken to avoid phissingsod method argu-
ment or result. This potential error can be avoided by choosing not to implement the component interface in the entitg.bean cla
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The entity bean class may define zero or mefieCreate<METHOD> methods whose signatures
must follow these rules:

The method name must hasgpCreate  as its prefix.

The method must be declaredpablic

The method must not be declaredinal  or static

The return type must be the entity bean’s primary key type.

If the ejbCreate<METHOD> method corresponds to @eate<METHOD> on the entity bean’s
remote home interface, the method arguments and return value types must be legal types for RMI-IIOP.

The throws clause must define thavax.ejb.CreateException . Thethrows clause may
define arbitrary application specific exceptions.

Compatibility Note: EJB 1.0 allowed thgjbCreate  method to throw thgava.rmi.RemoteEx-

ception to indicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB
1.1 or EJB 2.0 or later compliant enterprise bean should throwjéhex.ejb. EJBException or
anotherjava.lang.RuntimeException to indicate non-application exceptions to the container
(see Section 14.2.2). TlegbCreate method of an entity bean with cmp-version 2.x must not throw
the java.rmi.RemoteException

8.6.5 ejbPostCreate<METHOD> Methods

For eachejbCreate<METHOD> method, the entity bean class must define a matchjbhBost-
Create<METHOD> method, using the following rules:

The method name must haggPostCreate  as its prefix.
The method must be declaredpablic

The method must not be declaredinal  or static

The return type must beid .

The method arguments must be the same as the arguments of the majoldneate<METHOD>
method.

The throws clause may define arbitrary application specific exceptions, including the
javax.ejb.CreateException

Compatibility Note: EJB 1.0 allowed thgjbPostCreate  method to throw thgava.rmi.Remo-
teException  to indicate a non-application exception. This practice was deprecated in EJB 1.1—an
EJB 1.1 or EJB 2.0 or later compliant enterprise bean should throwjalrax.ejb. EJBExcep-

tion or anotherjava.lang.RuntimeException to indicate non-application exceptions to the
container (see Section 14.2.2). Te@PostCreate  method of an entity bean with cmp-version 2.x
must not throw thgava.rmi.RemoteException
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8.6.6 ejpHome<METHOD> Methods

The entity bean class may define zero or more home methods whose signatures must follow the follow-
ing rules:

An ejbHome<METHOD>method must exist for every hom@METHOD:ethod on the entity bean’s
remote home or local home interface. The method name mustdjlaMeme as its prefix followed by
the name of theMETHODmethod in which the first character has been uppercased.

The method must be declaredpamblic

The method must not be declaredsttic

If the ejpHome<METHOD>method corresponds to a hom®ETHOD>n the entity bean’s remote
home interface, the method argument and return value types must be legal types for RMI-IIOP.

Thethrows clause may define arbitrary application specific exceptionstfiteevs clause must not
throw thejava.rmi.RemoteException

8.6.7 ejbSelect<METHOD> Methods

The entity bean class may define one or more select methods whose signatures must follow the follow-
ing rules:

The method name must hagSelect  as its prefix
The method must be declaredpasblic
The method must be declaredadistract

The throws clause must define thavax.ejb.FinderException . Thethrows clause may
define arbitrary application specific exceptions.

8.6.8 Business Methods

The entity bean class may define zero or more business methods whose signatures must follow these
rules:

The method names can be arbitrary, but they must not start @jith’‘to avoid conflicts with the call-
back methods used by the EJB architecture.

The business method must be declareplsdic
The method must not be declaredinal  or static

If the business method corresponds to a method of the entity bean’s remote interface, the method argu-
ment and return value types must be legal types for RMI-IIOP.
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8.6.9

Thethrows clause may define arbitrary application specific exceptions.

Compatibility Note: EJB 1.0 allowed the business methods to throyatlaermi.RemoteExcep-

tion to indicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB 1.1 or
EJB 2.0 or later compliant enterprise bean should throw jaeax.ejb.EJBException or
anotherjava.lang.RuntimeException to indicate non-application exceptions to the container

(see Section 14.2.2).The business methods of an entity bean with cmp-version 2.x must not throw the
Java.rmi.RemoteException.

Entity Bean’s Remote Interface

8.6.10

The following are the requirements for the entity bean’s remote interface:

The interface must extend tjavax.ejb.EJBObject interface.

The methods defined in the remote interface must follow the rules for RMI-IIOP. This means that their
argument and return value types must be valid types for RMI-IIOP, and tfiveiws clauses must

include thgava.rmi.RemoteException

The remote interface is allowed to have superinterfaces. Use of interface inheritance is subject to the
RMI-1IOP rules for the definition of remote interfaces.

For each method defined in the remote interface, there must be a matching method in the entity bean’s
class. The matching method must have:

* The same name.
* The same number and types of its arguments, and the same return type.

* All the exceptions defined in thihrows clause of the matching method of the enterprise
Bean class must be defined in theows clause of the method of the remote interface.

The remote interface methods must not expose local interface types, local home interface types, timer

handles, or the managed collection classes that are used for entity beans with container-managed persis-
tence as arguments or results.

Entity Bean’s Remote Home Interface

The following are the requirements for the entity bean’s home interface:

The interface must extend tjavax.ejb.EJBHome interface.

The methods defined in this interface must follow the rules for RMI-IIOP. This means that their argu-
ment and return types must be of valid types for RMI-IIOP, and tieows clauses must include the

java.rmi.RemoteException

The remote home interface is allowed to have superinterfaces. Use of interface inheritance is subject to
the RMI-IIOP rules for the definition of remote interfaces.
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8.6.11

Each method defined in the remote home interface must be one of the following:
* A create method.
* A finder method.
* A home method.

Eachcreate method must be namedreate<METHOD>", e.g. createLargeAccounts . Each
create method name must match one ofdjiCreate<METHOD> methods defined in the enterprise
bean class. The matchimgCreate<METHOD> method must have the same number and types of its
arguments. (Note that the return type is different.)

The return type for areate<METHOD> method must be the entity bean’s remote interface type.

All the exceptions defined in tharows clause of the matchingjbCreate<METHOD> andejb-
PostCreate<METHOD> methods of the enterprise bean class must be included thitbvs clause
of the matchingreate method of the home interface (i.e., the set of exceptions defined forehe
ate method must be a superset of the union of exceptions defined fejiiieecate<METHOD> and
ejbPostCreate<METHOD> methods).

Thethrows clause of acreate<METHOD> method must include thgvax.ejb.CreateEx-
ception

Eachfinder method must be nametifd<METHOD>" (e.g.findLargeAccounts ).

The return type for ind<METHOD> method must be the entity bean’s remote interface type (for a
single-object finder), or a collection thereof (for a multi-object finder).

The remote home interface must always includefith@ByPrimaryKey method, which is always a
single-object finder. The method must declare the primary key class as the method argument.

Thethrows clause of dinder method must include thavax.ejb.FinderException

Home methods can have arbitrary names, but they must not start widate ”, “find ", or

“remove ". Their argument and return types must be of valid types for RMI-IIOP, and thesws

clauses must include thava.rmi.RemoteException . The matchingejpHome method speci-

fied in the entity bean class must have the same number and types of arguments and must return the
same type as the home method as specified in the remote home interface of the bean.

The remote home interface methods must not expose local interface types, local home interface types,

timers or timer handles, or the managed collection classes that are used for entity beans with con-
tainer-managed persistence as arguments or results.

Entity Bean’s Local Interface

The following are the requirements for the entity bean’s local interface:

The interface must extend tfavax.ejb.EJBLocalObject interface.
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For each method defined in the local interface, there must be a matching method in the entity bean’s
class. The matching method must have:

* The same name.
* The same number and types of its arguments, and the same return type.

* All the exceptions defined in thihrows clause of the matching method of the enterprise
Bean class must be defined in theows clause of the method of the local interface.

8.6.12 Entity Bean’s Local Home Interface

The following are the requirements for the entity bean’s local home interface:
The interface must extend tjavax.ejb.EJBLocalHome interface.
Each method defined in the home interface must be one of the following:

* A create method.

* A finder method.

* A home method.
Eachcreate method must be namedreate<METHOD>", e.g. createLargeAccounts . Each
create method name must match one ofdjixCreate<METHOD> methods defined in the enterprise
bean class. The matchimgCreate<METHOD> method must have the same number and types of its

arguments. (Note that the return type is different.)

The return type for areate<METHOD> method on the local home interface must be the entity bean’s
local interface type.

All the exceptions defined in tharows clause of the matchingjbCreate<METHOD> andejb-
PostCreate<METHOD> methods of the enterprise bean class must be included thitbvs clause

of the matchingcreate  method of the local home interface (i.e., the set of exceptions defined for the
create method must be a superset of the union of exceptions defined fejiiieecate<METHOD>
andejbPostCreate<METHOD> methods).

Thethrows clause of acreate<METHOD> method must include thvax.ejb.CreateEx-
ception

Eachfinder method must be nametifd<METHOD>" (e.g.findLargeAccounts ).

The return type for ind<METHOD> method defined on the local home interface must be the entity
bean’s local interface type (for a single-object finder), or a collection thereof (for a multi-object finder).

The local home interface must always include fimelByPrimaryKey method, which is always a
single-object finder. The method must declare the primary key class as the method argument.
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8.6.13

Thethrows clause of dinder method must include thavax.ejb.FinderException

Home methods can have arbitrary names, but they must not start widate ”, “find ", or

“remove ”. The matchingejpHome method specified in the entity bean class must have the same
number and types of arguments and must return the same type as the home method as specified in the
home interface of the bean. Thiows clause of a home method defined on the local home interface
must not include thgva.rmi.RemoteException

Entity Bean’s Primary Key Class

8.6.14

The Bean Provider must specify a primary key class in the deployment descriptor.
The primary key type must be a legal Value Type in RMI-IIOP.

The class must provide suitable implementation of theshCode() and equals(Object
other) methods to simplify the management of the primary keys by the container.

Entity Bean’s Deployment Descriptor

8.7

The Bean Provider must specify the relationships in which the entity beans participateréiathe
tionships  element.

The Bean Provider must provide unique names to designate entity beans as follows, and as described in
Section 8.3.13.

* The Bean Provider must specify unique names for entity beans which are defined in the ejb-jar
file by using theejb-name element.

* The Bean Provider must specify a unique abstract schema name for an entity bean using the
abstract-schema-name deployment descriptor element.

The Bean Provider must define a query for each finder or select method dxupyPrima-
ryKey(key) . Typically this will be provided as the content of thfp-ql  element contained in the
qguery element for the entity bean. The syntax of EJB QL is defined in Chapter 9.

Since EJB QL query strings are embedded in the deployment descriptor, which is an XML document, it

may be necessary to encode the following characters in the query sttings™

The Responsibilities of the Container Provider

This section describes the responsibilities of the Container Provider to support entity beans. The Con-
tainer Provider is responsible for providing the deployment tools, and for managing the entity beans at
runtime, including their persistent state and relationships.
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8.7.1

Because the EJB specification does not define the API between deployment tools and the container, we
assume that the deployment tools described in this section are provided by the Container Provider.
Alternatively, the deployment tools may be provided by a different vendor who uses the container ven-
dor’s specific API.

Generation of Implementation Classes

8.7.2

The deployment tools provided by the Container Provider are responsible for the generation of addi-
tional classes when the entity bean is deployed. The tools obtain the information that they need for gen-
eration of the additional classes by introspecting the classes and interfaces provided by the Bean
Provider and by examining the entity bean’s deployment descriptor.

The deployment tools must generate the following classes:

* A class that implements the entity bean’'s remote home interface (i.e., the entity EJBHome
class).

* A class that implements the entity bean’s remote interface (i.e., the entity EJBObject class).

* Aclass that implements the entity bean’s local home interface (i.e., the entity EJBLocalHome
class).

* A class that implements the entity bean’s local interface (i.e., the EJBLocalObject class).

* A class that implements the entity bean class (i.e., a concrete class corresponding to the
abstract entity bean class that was provided by the Bean Provider).

The deployment tools may also generate a class that mixes some container-specific code with the entity
bean class. The code may, for example, help the container to manage the entity bean instances at runt-
ime. Tools can use subclassing, delegation, and code generation.

The deployment tools may also allow generation of additional code that wraps the business methods and
that is used to customize the business logic for an existing operational environment. For example, a
wrapper for adebit function on theAccount bean may check that the debited amount does not
exceed a certain limit, or perform security checking that is specific to the operational environment.

Enterprise Bean Class

The following are the requirements for a concrete entity bean class:

The class must extend the abstract entity bean class provided by the Bean Provider.
The class must be defined@gblic  and must not babstract

The class must define a public constructor that takes no arguments.

The class must implement the get and set accessor methods of the bean’s abstract persistence schema.

217 May 2, 2006 2:35 pm



Sun Microsystems, Inc.

EJB 2.1 Entity Bean Component Contract for Container-Managed PersistenceEnterprise JavaBeans 3.0, Final ReleaseThe Responsibil-

The class must not define tfiealize method.
The entity bean class must implementefig=ind<METHOD> methods.
The entity bean class must implementéfigSelect<METHOD> methods.

The entity bean class is allowed to implement other methods in addition to the methods required by the
EJB specification.

8.7.3 ejbFind<METHOD> Methods

For eachfind<METHOD> method in the remote home interface or local home interface of the entity
bean, there must be a correspondijlsFind<METHOD> method with the same argument types in the
concrete entity bean class.

The method name must hasgpFind  as its prefix
The method must be declaredpablic

If the ejpFind<METHOD> method corresponds tofaad<METHOD> on the entity bean’s remote
home interface, the method argument and return value types must be legal types for RMI-1IOP.

The return type of aejbFind<METHOD> method must be the entity bean’s primary key type, or a
collection of primary keys.

The throws clause must define thavax.ejb.FinderException . Thethrows clause may
define arbitrary application specific exceptions.

Every finder method excepjbFindByPrimaryKey(key) is specified in thejuery deployment
descriptor element for the entity. The container must use the EJB QL query string that is the content of
theejb-gql  element or the descriptive query specification contained inléseription element as

the definition of the query of the correspondajigFind<METHOD> method.

8.7.4 ejbSelect<METHOD> Methods

For eactejbSelect<METHOD> method in the abstract entity bean class, there must be a method with
the same argument and result types in the concrete entity bean class.

Every select method is specified inqaery deployment descriptor element for the entity. The con-
tainer must use the EJB QL query string that is the content oéjive]l  element or the descriptive
guery specification that is contained in #hescription element as the definition of the query of the
correspondingjbSelect<METHOD> method.

The container must use the contents of guery element, the corresponding EJB QL string and the
type of the values selected as specified by the SELECT clause to determine the type of the values
returned by a select method.
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8.7.5

The container must ensure that there are no duplicates returned by a select method if the return type is
java.util.Set.

Entity EJBHome Class

8.7.6

The entity EJBHome class, which is generated by deployment tools, implements the entity bean’s
remote home interface. This class implements the methods ¢gavha&.ejb.EJBHome interface,
and the type-specificreate andfinder methods specific to the entity bean.

The implementation of eaatreate<METHOD> method invokes a matchirgjpCreate<METHOD>
method, followed by the matchingjbPostCreate<METHOD> method, passing there-
ate<METHOD>parameters to these matching methods.

The implementation of theemove methods defined in thmvax.ejb.EJBHome interface must
activate an instance (if an instance is not already in the ready state) and invelleReenove method
on the instance.

The implementation of eacind<METHOD> method invokes a matchingjbFind<METHOD>
method. The implementation of tHimd<METHOD> method must create an entity object reference
for the primary key returned from tregbFind<METHOD> and return the entity object reference to the
client. If theejbFind<METHOD> method returns a collection of primary keys, the implementation of
the find<METHOD> method must create a collection of entity object references for the primary keys
and return the collection to the client.

The implementation of eachkMETHOD>home method invokes a matchirggfpHome<METHOD>
method (in which the first character GfMETHOD>is uppercased in the name of thegb-
Home<METHODmethod), passing the parameters of #tMETHOD>method to the matchingjb-
Home<METHOD®ethod.

Entity EJBObject Class

8.7.7

The entity EJBObject class, which is generated by deployment tools, implements the entity bean’s
remote interface. It implements the methods of jhaeax.ejb.EJBObject interface and the
remote business methods specific to the entity bean.

The implementation of theemove method (defined in thgavax.ejb.EJBObject interface)
must activate an instance (if an instance is not already in the ready state) and inveigRémove
method on the instance.

The implementation of each remote business method must activate an instance (if an instance is not
already in the ready state) and invoke the matching business method on the instance.

Entity EJBLocalHome Class

The entity EJBLocalHome class, which is generated by deployment tools, implements the entity bean’s
local home interface. This class implements the methods gatlax.ejb.EJBLocalHome inter-
face, and the type-specificeate andfinder methods specific to the entity bean.
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The implementation of eadreate<METHOD> method invokes a matchirgjpCreate<METHOD>
method, followed by the matchingjbPostCreate<METHOD> method, passing there-
ate<METHOD>parameters to these matching methods.

The implementation of theemove method defined in th@avax.ejb.EJBLocalHome interface
must activate an instance (if an instance is not already in the ready state) and inveigRémove
method on the instance.

The implementation of eacind<METHOD> method invokes a matchingjbFind<METHOD>
method. The implementation of tHlnd<METHOD> method must create a local entity object refer-
ence for the primary key returned from tepFind<METHOD> and return the local entity object ref-
erence to the local client. If thgjbFind<METHOD> method returns a collection of primary keys, the
implementation of thdind<METHOD> method must create a collection of local entity object refer-
ences for the primary keys and return the collection to the local client.

The implementation of eachkMETHOD>home method invokes a matchirggfpHome<METHOD>
method (in which the first character GfMETHOD>is uppercased in the name of thegb-
Home<METHODmethod), passing the parameters of tMETHOD>method to the matchingjb-
Home<METHODmethod.

8.7.8 Entity EJBLocalObject Class

The entity EJBLocalObject class, which is generated by deployment tools, implements the entity bean’s
local interface. It implements the methods of theax.ejb.EJBLocalObject interface and the
local business methods specific to the entity bean.

The implementation of theemove method (defined in thvax.ejb.EJBLocalObject inter-
face) must activate an instance (if an instance is not already in the ready state) and inwjkh&éie
move method on the instance.

The implementation of each local business method must activate an instance (if an instance is not
already in the ready state) and invoke the matching business method on the instance.

8.7.9 Handle Class

The deployment tools are responsible for implementing the handle class for the entity bean. The handle
class must be serializable by the Java Serialization protocol.

As the handle class is not entity bean specific, the container may, but is not required to, use a single class
for all deployed entity beans.

8.7.10 Home Handle Class

The deployment tools responsible for implementing the home handle class for the entity bean. The han-
dle class must be serializable by the Java Serialization protocol.
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Because the home handle class is not entity bean specific, the container may, but is not required to, use a
single class for the home handles of all deployed entity beans.

8.7.11 Metadata Class
The deployment tools are responsible for implementing the class that provides metadata information to
the remote client view contract. The class must be a valid RMI-IIOP Value Type, and must implement
thejavax.ejb.EJBMetaData interface.
Because the metadata class is not entity bean specific, the container may, but is not required to, use a
single class for all deployed enterprise beans.

8.7.12 Instance’s Re-entrance
The container runtime must enforce the rules defined in Section 8.5.13.

8.7.13 Transaction Scoping, SecurityExceptions
The container runtime must follow the rules on transaction scoping, security checking, and exception
handling described in Chapters 13, 17, and 14.

8.7.14 Implementation of Object References
The container should implement the distribution protocol between the remote client and the container
such that the object references of the remote home and remote interfaces used by entity bean clients are
usable for a long period of time. Ideally, a remote client should be able to use an object reference across
a server crash and restart. An object reference should become invalid only when the entity object has
been removed, or after a reconfiguration of the server environment (for example, when the entity bean is
moved to a different EJB server or container).
The motivation for this is to simplify the programming model for the entity bean client. While the client
code needs to have a recovery handler for the system exceptions thrown from the individual method
invocations on the remote home and remote interface, the client should not be forced to re-obtain the
object references.

8.7.15 EntityContext
The container must implement tigntityContext.getEJBObject method such that the bean

instance can use the Java language cast to convert the returned value to the entity bean’s remote inter-
face type. Specifically, the bean instance does not have to uottebleRemoteObject.nar-
row method for the type conversion.
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8.8

Primary Keys

8.8.1

The container must be able to manipulate the primary key type of an entity bean. Therefore, the primary
key type for an entity bean with container-managed persistence must follow the rules in this subsection,
in addition to those specified in Subsection 8.6.13.

There are two ways to specify a primary key class for an entity bean with container-managed persis-
tence:

* Primary key that maps to a single field in the entity bean class.
* Primary key that maps to multiple fields in the entity bean class.
The second method is necessary for implementing compound keys, and the first method is convenient for

single-field keys. Without the first method, simple types such as String would have to be wrapped in a
user-defined class.

Primary K ey That Maps to a Single Field in the Entity Bean Class

8.8.2

The Bean Provider uses timgimkey-field element of the deployment descriptor to specify the
container-managed field of the entity bean class that contains the primary key. The field’s type must be
the primary key type.

Primary K ey That Maps to Multiple Fields in the Entity Bean Class

8.8.3

The primary key class must pablic , and must havepublic  constructor with no parameters.
All fields in the primary key class must be declared as public.
The names of the fields in the primary key class must be a subset of the names of the container-managed

fields. (This allows the container to extract the primary key fields from an instance’s container-managed
fields, and vice versa.)

Special Case: Unknan Primary K ey Class

In special situations, the entity Bean Provider may choose not to specify the primary key class or the
primary key fields for an entity bean with container-managed persistence. This case usually happens
when the entity bean does not have a natural primary key, and/or the Bean Provider wants to allow the
Deployer using the Container Provider’s tools to select the primary key fields at deployment time. The
entity bean’s primary key type will usually be derived from the primary key type used by the underlying
database system that stores the entity objects. The primary key used by the database system may not be
known to the Bean Provider.

In this special case, the type of the argument offith@ByPrimaryKey method must be declared as
java.lang.Object . The Bean Provider must specify the primary key class in the deployment
descriptor as of the typgava.lang.Object
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When defining the primary key for the enterprise bean, the Deployer using the Container Provider's
tools will typically add additional container-managed fields to the concrete subclass of the entity bean
class (this typically happens for entity beans that do not have a natural primary key, and the primary
keys are system-generated by the underlying database system that stores the entity objects). In this case,
the container must generate the primary key value when the entity bean instance is created (and before
ejbPostCreate  is invoked on the instance.)

The primary key class is specified at deployment time in the situations when the Bean Provider develops
an entity bean that is intended to be used with multiple back-ends that provide persistence, and when
these multiple back-ends require different primary key structures.

Use of entity beans with a deferred primary key type specification limits the client application program-
ming model, because the clients written prior to deployment of the entity bean may not use, in general,
the methods that rely on the knowledge of the primary key type.

The implementation of the enterprise bean class methods must be done carefully. For example, the meth-
ods should not depend on the type of the object returned EotityContext.getPrimaryKey ,
because the return type is determined by the Deployer after the EJB class has been written.
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e EJB QLI EJB 2.1 Query Language for
Container-Managed Persistence Query
Methods

The Enterprise JavaBeans query language, EJB QL, is used to define queries for entity beans with con-
tainer-managed persistence. EJB QL enables the Bean Provider to specify the semantics of query meth-
ods in a portable way.

This chapter provides the complete definition of EJB QL that is required to be supported for

use with EJB 2.1 entity beans with container managed persistence. Implementations of this
specification are permitted, but not required, to provide the extensions to EJB QL defined by
the Java Persistence query language [2] for use with finder and select methods. Applications
that make use of such extensions in finder and select methods will not be portable.
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9.1 Overview

EJB QL is a query specification language for the finder and select methods of entity beans with con-
tainer-managed persistence. EJB QL can be compiled to a target language, such as SQL, of a database
or other persistent store. This allows the execution of queries to be shifted to the native language facili-
ties provided by the persistent store, instead of requiring queries to be executed on the runtime represen-
tation of the entity beans’ state. As a result, query methods can be optimizable as well as portable.

The Enterprise JavaBeans query language uses the abstract persistence schemas of entity beans, includ-
ing their relationships, for its data model. It defines operators and expressions based on this data model.

The Bean Provider uses EJB QL to write queries based on the abstract persistence schemas and the rela-
tionships defined in the deployment descriptor. EJB QL depends on navigation and selection based on
the cmp-fields and cmr-fields of the related entity beans. The Bean Provider can navigate from an entity
bean to other entity beans by using the names of cmr-fields in EJB QL queries.

EJB QL allows the Bean Provider to use the abstract schema types of entity beans in a query if the
abstract persistence schemas of the beans are defined in the same deployment descriptor as the query.

It is possible to parse and validate EJB QL queries before entity beans are deployed because EJB QL is
based on the abstract schema types of entity beans.

EJB QL queries can be used in two different ways:

e as queries for selecting entity objects through finder methods defined in the home interface.
Finder methods allow the results of an EJB QL query to be used by the clients of the entity
bean.

* as queries for selecting entity objects or other values derived from an entity bean’s abstract
schema type through select methods defined on the entity bean class. Select methods allow the
Bean Provider to use EJB QL to find objects or values related to the state of an entity bean
without directly exposing the results to the client.

9.2 EJB QL Definition

EJB QL uses a SQL-like syntax to select objects or values based on the abstract schema types and rela-
tionships of entity beans. The path expressions of EJB QL allow the Bean Provider to navigate over
relationships defined by the cmr-fields of the abstract schema types of entity beans.

This chapter provides the full definition of the language.
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An EJB QL query is a string which consists of the following clauses:
* a SELECT clause, which determines the type of the objects or values to be selected.

* a FROM clause, which provides declarations that designate the domain to which the expres-
sions specified in the SELECT clause and WHERE clause of the query apply.

* an optional WHERE clause, which may be used to restrict the results that are returned by the
query.

* an optional ORDER BY clause, which may be used to order the results that are returned by the
query.

In BNF syntax, an EJB QL query is defined as:
EJB QL :: = select _clause from_clause [where clause] [orderby clause]

An EJB QL query must always have a SELECT and a FROM clause. The square brackets [] indicate
that the WHERE and ORDER BY clauses are optional.

An EJB QL query may have parameters that correspond to the parameters of the finder or select method
for which it is defined.

An EJB QL query is statically defined in thjp-ql  deployment descriptor element.

Abstract Schema Ypes and Query Domains

EJB QL is a typed language whose design is based on the type model of EJB 2.0 container-managed
persistence. Every expression in EJB QL has a type. The type of the expression is derived from the
structure of the expression; the abstract schema types of the identification variable declarations; the
types to which the cmp-fields and cmr-fields evaluate; and the types of literals. The allowable types in
EJB QL are the abstract schema types of entity beans and cmp-fields.

The abstract schema type of an entity bean is derived from its entity bean class and the information pro-
vided in the deployment descriptor. There is a one-to-one mapping between entity bean abstract schema
types and entity bean homes. Abstract schema names, as specifiedabgttiaet-schema-name

elements in the deployment descriptor, are used to denote entity bean abstract schema types in EJB QL.

Informally, the abstract schema type of an entity bean can be characterized as follows:

* For every get accessor method of the entity bean class that correspondsrip-éield  ele-
ment in the deployment descriptor, there is a field (“cmp-field”) whose abstract schema type
corresponds to the result type of the accessor method.

* For every get accessor method of the entity bean that correspondstw-éeld  elementin
the deployment descriptor, there is a field (“cmr-field”) whose type is the abstract schema type
of the entity bean denoted by thegb-name element contained in the corresponding
ejb-relationship-role element (or, if the role has a multiplicity &any, a collection
of such).
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Abstract schema types are specific to the EJB QL data model. The container is not required to imple-
ment or otherwise materialize an abstract schema type.

The domain of an EJB QL query consists of the abstract schema types of all entity beans with con-
tainer-managed persistence that are defined in the same deployment descriptor.

The Bean Provider creates an ejb-jar file which contains a deployment descriptor describing
several entity beans and their relationships. EJB QL assumes that a single deployment descrip-
tor in an ejb-jar file constitutes a nhondecomposable unit for the container responsible for
implementing the abstract persistence schemas of the entity beans and the relationships
defined in the deployment descriptor and the ejb-jar file. Queries can be written by utilizing
navigation over the cmr-fields of related beans supplied in the same ejb-jar by the Bean Pro-
vider because they are implemented and managed by the same container.

The domain of a query may be restricted by tiavigability of the relationships of the entity bean on

which it is based. The cmr-fields of an entity bean’s abstract schema type determine navigability. Using
the cmr-fields and their values, a query can select related entity beans and use their abstract schema
types in the query.

9.2.2 Query Methods

EJB QL is used for two types of query methods:

* Finder methods—Finder methods are defined in the home interface(s) of an entity bean and
return entity objects or local entity objects. A finder method that is defined on the remote home
interface must return either an EJBObject or a collection of EJBObjects; a finder method that is
defined on the local home interface must return either an EJBLocalObject or a collection of
EJBLocalObjects. The result type of a finder method defined on the remote home interface of
an entity bean is the entity bean’s remote interface (or a collection of objects implementing the
entity bean’s remote interface). The result type of a finder method defined on the local home
interface of an entity bean is the entity bean’s local interface (or a collection of objects imple-
menting the entity bean’s local interface).

* Select methods—Select methods are a special type of query method not directly exposed
through the client view. The Bean Provider typically uses select methods to select the persis-
tent state of an entity object or to select entities that are related to the entity bean for which the
query is defined. The result type of a select method can be an EJBLocalObject (or a collection
of EJBLocalObjects), an EJBObject (or a collection of EJBObjects), a cmp-field value (or a
collection of such), or the result of an aggregate function.

9.2.3 Naming

Entity beans are designated in EJB QL query strings by their abstract schema names. The Bean Provider
assigns unique abstract schema names to entity beans as part of the development process so that they
can be used within queries. These unique names are scoped within the deployment descriptor file.
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9.2.4 Examples

The following convention refers to the names used for entity beans in subsequent examples: An entity
bean as a whole is designatedsayame>EJB, and its entity bean class and abstract schema type are
designated byname>, following the convention used to name the local interface of an entity bean.

The first example assumes that the Bean Provider provides several entity OedesJB , Pro-
ductEJB , LineltemEJB , ShippingAddresseJB , andBillingAddressEJB . The abstract
schema types for these entity beans @rder , Product , Lineltem , ShippingAddress , and
BillingAddress respectively. These beans are logically in the same ejb-jar file, as shown in
Figure 17. Only two of the entity bean®yrderEJB andProductEJB, have remote interfaces and
remote home interfaces.

Figure 17

Several Entity Beans with Abstract Persistence Schemas Defined in the Same Ejb-jar File.

1

Shipping Billing
Address Address

The entity beanShippingAddress  andBillingAddress each have one-to-many relationships
with Order . There is also a one-to-many relationship betw@eder andLineitem . The entity
beanLineltem s related td’roduct in a many-to-one relationship.

EJB QL allows the Bean Provider to specify finder queries@oderEJB by navigating over the
cmr-fields and cmp-fields defined rder andLineltem . A finder method query to find all orders
with pending line items might be written as follows:

SELECT DISTINCT OBJECT(0)
FROM Order AS o, IN(o.lineltems) AS |
WHERE l.shipped = FALSE

This query navigates over the cmr-fidideltems  of the abstract schema tyg@rder to find line
items, and uses the cmp-fieddipped of Lineltem to select those orders that have at least one line
item that has not yet shipped. (Note that this query does not select orders that have no line items.)

Although predefined reserved identifiers, such as DISTINCT, OBJECT, FROM, AS, IN, WHERE, and
FALSE appear in upper case in this example, predefined reserved identifiers are case insensitive.
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9.25

The SELECT clause of this example designates the return type of this query to be Gfrtigre. If this

query is defined for a finder method on the entity bean’s remote home interface, the finder method will
return objects of the entity bean’s remote interface type corresponding to the abstract schema type
instances selected by the query. If this same query is defined for a finder method on the entity bean’s
local home interface, the finder method will return objects of the entity bean’s local interface type corre-
sponding to these same abstract schema type instances. Finder methods must always return EJBObjects
or EJBLocalObjects of the bean type for which the query method is defined.

Because the same deployment descriptor defines the abstract persistence schemas of the related entity
beans, the Bean Provider can also specify a quer@fderEJB that utilizes the abstract schema type

of ProductEJB , and hence the cmp-fields and cmr-fields of both the abstract schemaQygbers

and Product . For example, if the abstract schema typeoduct has a cmp-field named
product_type , a finder query folOrderEJB can be specified using this cmp-field. Such a finder
query might be: “Find all orders for products with product tygféice supplies An EJB QL query

string for this might be as follows.

SELECT DISTINCT OBJECT(0)
FROM Order o, IN(o.lineltems) |
WHERE l.product.product_type = ‘office_supplies’

Becaus@rder is related tdProduct by means of the relationships betwe@rder andLineltem

and betweelineltem andProduct , navigation using the cmr-fieldmeltems  andproduct

is needed to express the query. This query is specified by usingbtteact-schema-name for
OrderEJB , namelyOrder , which designates the abstract schema type over which the query ranges.
The basis for the navigation is provided by the cmr-fididsltems  andproduct of the abstract
schema type®rder andLineltem respectively.

The FROM Clause and Naigational Declarations

The FROM clause of an EJB QL query defines the domain of the query by declaring identification vari-
ables. The domain of the query may be constrained by path expressions.

Identification variables designate instances of a particular entity bean abstract schema type. The FROM
clause can contain multiple identification variable declarations separated by a gomma (

from_clause ::= FROM identification_variable declaration
[, identification_variable declaration]*
identification_variable _declaration ::= collection_member_declaration |
range_variable declaration
collection_member_declaration ::= IN (collection_valued_path_expression) [AS] identifier
range_variable _declaration :: abstract schema_name [AS] identifier

The following subsections discuss the constructs used in the FROM clause.
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Identifiers

An identifier is a character sequence of unlimited length. The character sequence must begin with a Java
identifier start character, and all other characters must be Java identifier part characters. An identifier
start character is any character for which the metlibdiracter.isJavaldentifierStart

returns true. This includes the underscorg ¢haracter and the dollar sigf)(character. An identifier

part character is any character for which the meti@thracter.isJavaldentifierPart

returns true. The question mafX Character is reserved for use by EJB QL.

The following are the reserved identifiers in EJB GBELECTFROM WHERE DISTINCT OBJECT,
NULL, TRUE FALSE NOT, AND, OR BETWEENLIKE, IN, AS UNKNOWN*!, EMPTY, MEMBER,
OF, IS, AVG, MAX, MIN, SUM, COUNT, ORDER, BY, ASC, DESC,.MOD

Reserved identifiers are case insensitive. Reserved identifiers must not be used as identification vari-
ables.

It is recommended that the Bean Provider not use other SQL reserved words as identification

variables in EJB QL queries because they may be used as EJB QL reserved identifiers in future
versions of the EJB specification.

Identification Variables

An identification variable is a valid identifier declared in the FROM clause of an EJB QL query. An
identification variable may be declared using the special operators IN and, optionally, AS.

All identification variables must be declared in the FROM clause. ldentification variables cannot be
declared in other clauses.

An identification variable must not be a reserved identifier or have the same name as any of the follow-
ing:

e abstract-schema-name
o ejb-nam&?
Identification variables are case insensitive.

An identification variable evaluates to a value of the type of the expression used in declaring the vari-
able. For example, consider the previous finder quer@fderEJB :

SELECT DISTINCT OBJECT(0)
FROM Order o, IN(0.lineltems) |
WHERE l.product.product_type = ‘office_supplies’

[41] Not currently used in EJB QL; reserved for future use.
[42] Use of ejb-names in EJB QL is reserved for future use.
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9.2.53

In the FROM clause declaratioN(o.lineltems) | , the identification variable evaluates to any
Lineltem value directly reachable frondrder . The cmr-fieldlineltems is a collection of
instances of the abstract schema tijpeeltem  and the identification variable refers to an element
of this collection. The type df is the abstract schema typeLafeltem

An identification variable ranges over the abstract schema type of an entity bean. An identification vari-
able designates an instance of an entity bean abstract schema type or an element of a collection of entity
bean abstract schema types instances. Identification variables are existentially quantified in an EJB QL

query.

An identification variable always designates a reference to a single value. It is declared in one of two
ways; as a range variable or as a collection member identification variable:

* Arange variable is declared using the abstract schema name of an entity bean.

* A collection member identification variable is declared using a collection-valued path expres-
sion.

The identification variable declarations are evaluated from left to right in the FROM clause. A collection
member identification variable declaration can use the result of a preceding identification variable dec-
laration of the query string.

Range Variable Declarations

The EJB QL syntax for declaring an identification variable as a range variable is similar to that of SQL;
optionally, it uses the AS keyword.

range_variable_declaration ::= abstract_schema_name [AS] identifier

Objects or values that are related to an entity bean are typically obtained by navigation using path
expressions. However, navigation does not reach all objects. Range variable declarations allow the Bean
Provider to designate a “root” for objects which may not be reachable by navigation.

If the Bean Provider wants to select values by comparing more than one instance of an entity bean
abstract schema type, more than one identification variable ranging over the abstract schema type is
needed in the FROM clause.

The following finder method query returns orders whose quantity is greater than the order quantity for
John Smith. This example illustrates the use of two different identification variables in the FROM
clause, both of the abstract schema t@yder . The SELECT clause of this query determines that it is
the orders with quantities larger than John Smith’s that are returned.

SELECT DISTINCT OBJECT(01)

FROM Order o1, Order 02

WHERE ol.quantity > 02.quantity AND
o02.customer.lasthname = ‘Smith’ AND
o2.customer.firstname= ‘John’
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9.255

9.25.6

An identification variable declared byaollection_member_declaration ranges over values of a col-

lection obtained by navigation using a path expression. Such a path expression represents a navigation
involving the cmr-fields of an entity bean abstract schema type. Because a path expression can be based
on another path expression, the navigation can use the cmr-fields of related entity beans. Path expres-
sions are discussed in Section 9.2.5.6.

An identification variable of a collection member declaration is declared using a special operator, the
reserved identifier IN. The argument to the IN operator is a collection-valued path expression. The path
expression evaluates to a collection type specified as a result of navigation to a collection-valued
cmr-field of an entity bean abstract schema type.

The syntax for declaring a collection member identification variable is as follows:
collection_member_declaration ::= IN (collection_valued path_expression) [AS] identifier

For example, the FROM clause for a query defineddoderEJB might contain the following collec-
tion member declaration:

IN(o.lineltems) |

In this examplelineltems is the name of a cmr-field whose value is a collection of instances of the
abstract schema typggneltem of theLineltemEJB entity bean. The identification variabledes-
ignates a member of this collectionsimgleLineltem abstract schema type instance. In this example,
o is an identification variable of the abstract schema Gunoler .

Example

The following FROM clause contains two identification variable declaration clauses. The identification
variable declared in the first clause is used in the second clause. The clauses declare the waganblles

| respectively. The range variable declaratiomler AS o designates the identification varialdes

a range variable whose type is the abstract schema @pker . The identification variablé has the
abstract schema typéneltem . Because the clauses are evaluated from left to right, the identification
variablel can utilize the results of the navigationan

FROM Order AS o, IN(o.lineltems) |
Path Expressions

An identification variable followed by the navigation operatoy énd a cmp-field or cmr-field is a path
expression. The type of the path expression is the type computed as the result of navigation; that is, the
type of the cmp-field or cmr-field to which the expression navigates.

Depending on navigability, a path expression that leads to a cmr-field may be further composed. Path
expressions can be composed from other path expressions if the original path expression evaluates to a
single-valued type (not a collection) corresponding to a cmr-field. A path expression that ends in a
cmp-field is terminal and cannot be further composed.
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Path expression navigability is composed using “inner join” semantics. That is, if the value of a non-ter-
minal cmr-field in the path expression is null, the path is considered to have no value, and does not par-
ticipate in the determination of the result.

The syntax for single-valued path expressions and collection valued path expressions is as follows:

cmp_path_expression ::=

{identification variable | single_valued cmr_path_expression}.cmp_field
single_valued _cmr_path_expression ::=

identification_variable.[single valued cmr_field .]*single _valued cmr_field
single_valued_path _expression ::=

cmp_path_expression | single_valued _cmr_path_expression
collection_valued _path_expression ::=

identification_variable.[single_valued_cmr_field.J*collection_valued _cmr_field

A single_valued_cmr_field is designated by the name of a cmr-field in a one-to-one or many-to-one rela-
tionship. The type of &ingle_valued _cmr_path_expression is the abstract schema type of the related
entity bean.

A collection_valued _cmr_field is designated by the name of a cmr-field in a one-to-many or a
many-to-many relationship. The type ofcallection_valued_cmr_field is a collection of values of the
abstract schema type of the related entity bean.

Navigation to a related entity bean results in a value of the related entity bean’s abstract schema type.

The evaluation of a path expression terminating in a cmp-field results in the abstract schema type corre-
sponding to the Java type designated by the cmp-field.

It is syntactically illegal to compose a path expression from a path expression that evaluates to a collec-
tion. For example, ifo designate©rder , the path expressioo.lineltems.product is illegal

since navigation ttineltems  results in a collection. This case should produce an error when the EJB
QL query string is verified. To handle such a navigation, an identification variable must be declared in
the FROM clause to range over the elements oflitheltems  collection. Another path expression

must be used to navigate over each such element in the WHERE clause of the query, as in the following:

SELECT OBJECT(0)
FROM Order AS o, IN(o.lineltems) |
WHERE l.product.name = ‘widget’

9.2.6 WHERE Clause and Conditional Expressions

The WHERE clause of a query consists of a conditional expression used to select objects or values that
satisfy the expression. The WHERE clause thus restricts the result of a query.

A WHERE clause is defined as follows:

where_clause ::= WHERE conditional _expression
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The following sections describe the language constructs that can be used in a conditional expression of
the WHERE clause.

Literals
A string literal is enclosed in single quotes—for example: ‘literal’. A string literal that includes a single
guote is represented by two single quotes—for example: ‘literal’s’. EJB QL string literals, like Java
String  literals, use unicode character encoding.
An exact numeric literal is a numeric value without a decimal point, such as 57, -957, +62. Exact
numeric literals support numbers in the range of Jawg . Exact numeric literals use the Java integer
literal syntax.
An approximate numeric literal is a numeric value in scientific notation, such as 7E3, -57.9E2, or a
numeric value with a decimal, such as 7., -95.7, +6.2. Approximate numeric literals support numbers in
the range of Javdouble . Approximate literals use the Java floating point literal syntax.

The Bean Provider may utilize appropriate suffixes to indicate the specific type of the literal in accor-
dance with the Java Language Specification.

The boolean literals alERUEandFALSE

Although predefined reserved literals appear in upper case, they are case insensitive.

Identification Variables

All identification variables used in the WHERE clause of an EJB QL query must be declared in the
FROM clause, as described in Section 9.2.5.2.

Identification variables are existentially quantified in the WHERE clause. This means that an identifica-

tion variable represents a member of a collection or an instance of an entity bean’s abstract schema type.
An identification variable never designates a collection in its entirety.

Path Expressions

It is illegal to use acollection_valued_path_expression within a WHERE clause as part of a conditional
expression except in ampty_collection_comparison_expression Or collection_member_expression.
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9.2.6.4 Input Parameters
The following rules apply to input parameters. Input parameters can only be used in the WHERE clause
of a query.

* Input parameters are designated by the question nfgrkrefix followed by an integer. For
example?1.

* Input parameters are numbered starting from 1.

* The number of distinct input parameters in an EJB QL query must not exceed the number of
input parameters for the finder or select method. It is not required that the EJB QL query use all
of the input parameters for the finder or select method.

* An input parameter evaluates to the abstract schema type of the corresponding parameter
defined in the signature of the finder or select method with which the query is associated. It is
the responsibility of the container to map the input parameter to the appropriate abstract
schema type value.

Note that if an input parameter value is null, comparison operations or arithmetic operations
involving the input parameter will return an unknown value. See Section 9.2.10.

9.2.6.5 Conditional Expression Composition

Conditional expressions are composed of other conditional expressions, comparison operations, logical
operations, path expressions that evaluate to boolean values, and boolean literals.

Arithmetic expressions can be used in comparison expressions. Arithmetic expressions are composed of
other arithmetic expressions, arithmetic operations, path expressions that evaluate to numeric values,
and numeric literals.

Arithmetic operations use numeric promotion.
Standard bracketing for ordering expression evaluation is supported.
Conditional expressions are defined as follows:

conditional _expression ::= conditional _term | conditional _expression OR conditional term
conditional _term ::= conditional factor | conditional _term AND conditional_factor
conditional_factor ::= [ NOT ] conditional _primary
conditional _primary ::= simple_cond_expression [ (conditional_expression)
simple_cond_expression ::= comparison_expression | between_expression [ like_expression |
in_expression | null_comparison_expression [
empty _collection _comparison_expression |
collection_member_expression

9.2.6.6 Operators and Operator Precedence

The operators are listed below in order of decreasing precedence.
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* Navigation operator. ()

* Arithmetic operators:
+, - unary
*, [ multiplication and division
+, - addition and subtraction

e Comparison operators=; >, >=, <, <=, <> (not equal)
* Logical operatorsNOTAND OR

The following sections describe other operators used in specific expressions.

Between Expressions

The syntax for the use of the comparison operator [NOT] BETWEEN in an conditional expression is as
follows:

arithmetic_expression [NOT] BETWEEN arithmetic-expression AND arithmetic-expression
The BETWEEN expression

X BETWEEN y AND z

is semantically equivalent to:

y<=xXxANDx <=z

The rules for unknown and NULL values in comparison operations apply. See Section 9.2.10.
Examples are:

p.age BETWEEN 15 and 19 is equivalent tgp.age >= 15 AND p.age <= 19

p.age NOT BETWEEN 15 and 19 is equivalent tg.age < 15 OR p.age > 19

In Expressions

The syntax for the use of the comparison operator [NOT] IN in a conditional expression is as follows:
cmp_path_expression [NOT] IN ( {literal | input_parameter} [, {literal [ input_parameter}]* )

The cmp_path_expression must have a string or numeric value. The literal and/or input_parameter val-
ues must bdike the same abstract schema type of the cmp_path_expression in type. (See Section

9.2.11).

Examples are:
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o.country IN (UK’, 'US’, 'France’) is true forUKand false folPeru , and is equivalent
to the expressiofo.country = 'UK’) OR (o.country = 'US’) OR (o.country =’

France’)

o.country NOT IN (UK’, 'US’, 'France’) is false forUKand true forPeru , and is

equivalent to the expressioNOT ((o.country = 'UK’) OR (o.country = 'US’) OR
(o.country = 'France’))

There must be at least one element in the comma separated list that defines the set of valud for the
expression.

If the value of acmp_path_expressionin an IN or NOT IN expression islULL or unknown, the value of
the expression is unknown.

9.2.6.9 Like Expressions

The syntax for the use of the comparison operator [NOT] LIKE in a conditional expression is as fol-
lows:

cmp_path_expression [NOT] LIKE pattern_value [ESCAPE escape_character]
The cmp_path_expression must have a string value. Thattern_value is a string literal or a string-val-
ued input parameter in which an underscoregtands for any single character, a percéfitgharacter
stands for any sequence of characters (including the empty sequence), and all other characters stand for
themselves. The optionascape character is a single-character string literal or a character-valued
input parameter (i.echar or Character ) and is used to escape the special meaning of the under-
score and percent character$Mern_value.[43]
Examples are:

e address.phone LIKE ‘12%3S true for ‘123’ ‘12993’ and false for ‘1234’

* asentence.word LIKE ‘|_sés true for ‘lose’ and false for ‘loose’

e aword.underscored LIKE \ %' ESCAPE i§ true for ‘_foo’ and false for ‘bar’

address.phone NOT LIKE ‘12%[® false for ‘123’ and ‘12993’ and true for ‘1234’

If the value of thecmp_path_expression or pattern_valuds NULL or unknown, the value of the LIKE
expression is unknown. If thescape_character is specified and iSIULL, the value of the LIKE expres-
sion is unknown.

9.2.6.10 Null Comparison Expressions

The syntax for the use of the comparison operator IS NULL in a conditional expression is as follows:

[43] Refer to [24] for a more precise characterization of these rules.
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{single_valued _path expression [ input_parameter }1S [NOT]NULL

A null comparison expression tests whether or not the single-valued path expression or input parameter
is aNULL value.

9.2.6.11 Empty Collection Comparison Expressions

The syntax for the wuse of the comparison operator IS EMPTY in an
empty_collection_comparison_expression is as follows:

collection_valued_path_expression IS [NOT] EMPTY

This expression tests whether or not the collection designated by the collection-valued path expression
is empty (i.e, has no elements).

Note that a collection-valued path expression can only be used in the WHERE clause in an
empty collection comparison expression or in a collection member expression.

The collection designated by the collection-valued path expression used in an empty collection compar-
ison expression must not be used in the FROM clause for the declaration of an identification variable.
An identification variable declared as a member of a collection implicitly designates the existence of a
non-empty relationship; testing whether the same collection is empty is contradictory. Therefore, the
following query is invalid.

SELECT OBJECT(0)
FROM Order o, IN(o.lineltems) |
WHERE o.lineltems IS EMPTY

If the value of the collection-valued path expression in an empty collection comparison expression is
unknown, the value of the empty comparison expression is unknown.

9.2.6.12 Collection Member Expressions

The syntax for the wuse of the comparison operator MEMBER UHE in  an
collection_member_expression is as follows:

{single_valued _cmr_path_expression [ identification_variable [ input_parameter }
[NOT] MEMBER [OF] collection_valued_path_expression

This expression tests whether the designated value is a member of the collection specified by the collec-
tion-valued path expression.

Note that a collection-valued path expression can only be used in the WHERE clause in an
empty collection comparison expression or in a collection member expression.

[44] The use of the reserved word OF is optional in this expression.
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If the collection valued path expression designates an empty collection, the value of the MEMBER OF
expression is FALSE and the value of the NOT MEMBER OF expression is TRUE. Otherwise, if the
value of the collection-valued path expression or single-valued cmr path expression in the collection
member expression is unknown, the value of the collection member expression is unknown.

9.2.6.13 Functional Expressions

EJB QL includes the following built-in functiof®], which may be used in the WHERE clause of a
query.

String Functions:

* CONCAT(String, String) returns &tring
* SUBSTRING(String, start, length) returns &tring
* LOCATE(String, String [, start]) (48] returns anint

e LENGTH(String) returns arnt

Note thatstart andlength are integer values. The first position in a string is designatet lag
these functions.

Arithmetic Functions:

* ABS(number) returns a numberir{t , float , or double ) of the same type as the argu-
ment to the function

* SQRT(double) returns aouble
e MOD(int, int) returns arint

Numeric arguments to these functions may correspond to the numeric Java object types as well as the
primitive numeric types.

If the value of any argument to a functional expression is null or unknown, the value of the functional
expression is unknown.

[45] These functions are a subset of the functions defined for JDBC 2.0 and later drivers, as described in Appendix C &tthe JDbc
specification [29].

[46] Containers and databases may not support the use of the optional, third argument of the LOCATE function. Portable applications
should therefore avoid use of this argument.
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SELECT Clause

9.27.1

The SELECT clause denotes the query result. The SELECT clause contains either a single range vari-
able that ranges over an entity bean abstract schema type, a single-valued path expression, or an aggre-
gate select expression. In the case of a finder method, the SELECT clause is restricted to contain either
a single range variable or a single-valued path expression that evaluates to the abstract schema type of
the entity bean for which the finder method is defined.

The SELECT clause has the following syntax:
select _clause ::= SELECT [DISTINCT] {select_expression | OBJECT (identification_variable)}

select_expression ::= single_valued path _expression | aggregate_select_expression
aggregate_select_expression ::=

{AVG [ MAX [MIN [ SUM [ COUNT} ([DISTINCT] cmp_path_expression) |

COUNT (/DISTINCT] identification_variable | single _valued cmr_path expression)

All standalone identification variables in the SELECT clause must be qualified by the OBJECT opera-
tor. The SELECT clause must not use the OBJECT operator to qualify path expressions.

Note that the SELECT clause must be specified to return a single-valued expression. The query below is
therefore not valid:

SELECT o.lineltems FROM Order AS o

The DISTINCT keyword is used to specify that duplicate values must be eliminated from the query
result. If DISTINCT is not specified, duplicate values are not eliminated unless the query is specified for
a method whose result type jiva.util.Set. If a query is specified for a method whose result
type isjava.util.Set , but does not specify DISTINCT, the container must interpret the query as if
SELECT DISTINCT had been specified. In general, however, the Bean Provider should specify the
DISTINCT keyword when writing queries for methods that refava.util. Set

The SELECT clause determines the type of the values returned by a query. For example, the following
guery returns a collection of products:

SELECT l.product FROM Order AS o, IN(o.lineltems) |

It is the responsibility of the container to map the abstract schema types returned by the query to the
Java types that are returned by the finder or select method with which the query is associated and to
materialize those return types, as described in Section 9.2.9.

Null Values in the Query Result

If the result of an EJB QL query corresponds to a cmr-field or cmp-field whose value is null, the con-
tainer must include that null value in the result that is returned by the finder or select method. The Bean
Provider can use the IS NOT NULL construct to eliminate such null values from the result set of the

query.
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9.2.7.2

9.2.7.3

If the finder or select method is a single-object finder or select method, and the result set of the query
consists of a single null value, the container must return the null value as the result of the method. If the
result set of a query for a single-object finder or select method contains more than one value (whether
non-null, null, or a combination), the container must throw the FinderException.

Note, however, that cmp-field types defined in terms of Java numeric primitive types cannot produce
NULL values in the query result. An EJB QL query that returns such a cmp-field type as a result type
must not return a null value. (If the Bean Provider wishes to allow null values for cmp-fields, he or she
should specify those cmp-fields to have the equivalent Java object types instead of primitive types, e.g.,
Integer rather thannt .)

Aggregate Functions in the SELECT Clause
The result of an EJB QL query may be the result of an aggregate function applied to a path expression.

The following aggregate functions can be used in the SELECT clause of an EJB QL query: AVG,
COUNT, MAX, MIN, SUM.

For all aggregate functions except COUNT, the path expression that is the argument to the aggregate
function must terminate in a cmp-field. The path expression argument to COUNT may terminate in
either a cmp-field or a cmr-field, or the argument to COUNT may be an identification variable.

Arguments to the functions SUM and AVG must be numeric. Arguments to the functions MAX and

MIN must correspond to orderable cmp-field types (i.e., numeric types, string types, character types, or
date types).

The argument to an aggregate function may be preceded by the keyword DISTINCT to specify that
duplicate values are to be eliminated before the aggregate function is éﬂﬂ)lied.

Null values are eliminated before the aggregate function is applied, regardless of whether the keyword
DISTINCT is specified.

Examples
The following example returns all line items related to some order:

SELECT OBJECT(l)
FROM Order o, IN(o.lineltems) |

The following query returns all line items regardless of whether a line item is related to any order or
product:

SELECT OBJECT())
FROM Lineltems AS |

[47]

It is legal to specify DISTINCT with MAX or MIN, but it does not affect the result.
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The following query returns the average order quantity:

SELECT AVG(o.quantity)
FROM Order o

The following query returns the total cost of the items that John Smith has ordered.

SELECT SUM(l.price)
FROM Order o, IN(o.lineltems) |
WHERE o.customer.lastname = ‘Smith’ AND o.customer.firstname = ‘John’

The following query returns the number of items in John Smith’s entire order.

SELECT COUNT(l)
FROM Order o, IN(o.lineltems) |
WHERE o.customer.lastname = ‘Smith’ AND o.customer.firstname = ‘John’

The following query returns the total number of orders.

SELECT COUNT(0)
FROM Order o

The following query counts the number of items in John Smith’s order for which prices have been spec-
ified.

SELECT COUNT(l.price)
FROM Order o, IN(o.lineltems) |
WHERE o.customer.lastname = ‘Smith’ AND o.customer.firstname = ‘John’

Note that this is equivalent to:

SELECT COUNT(l)

FROM Order o, IN(o.lineltems) |

WHERE o.customer.lastname = ‘Smith’ AND o.customer.firstname = ‘John’
AND l.price IS NOT NULL

ORDER BY Clause

The ORDER BY clause allows the objects or values that are returned by the query to be ordered.
The syntax of the ORDER BY clause is

orderby clause ::= ORDER BY orderby _item [, orderby_item]*
orderby _item ::= cmp_path_expression [ASC | DESC]

When the ORDER BY clause is used in an EJB QL query, the SELECT clause of the query must be one
of the following:

1. an identification variable x, denoted as OBJECT(x)

2. asingle_valued_cmr_path_expression
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9.2.9

3. acmp_path_expression

In the first two cases, eaadbrderby item must be an orderable cmp-field of the entity bean abstract
schema type value returned by the SELECT clause. In the third casegthey_item must evaluate to
the same cmp-field of the same entity bean abstract schema type aspheath expression in the
SELECT clause.

For example, the first two queries below are legal, but the third and fourth are not.

SELECT OBJECT(0)

FROM Customer c, IN(c.orders) o
WHERE c.address.state = ‘CA’
ORDER BY o.quantity, o.totalcost

SELECT o.quantity

FROM Customer c, IN(c.orders) o
WHERE c.address.state = ‘CA’
ORDER BY o.quantity

SELECT l.product.product_name

FROM Order o, IN(o.lineltems) |

WHERE o.customer.lastname = ‘Smith’ AND o.customer.firstname = ‘John’
ORDER BY l.product.price

SELECT l.product.product_name

FROM Order o, IN(o.lineltems) |

WHERE o.customer.lastname = ‘Smith’ AND o.customer.firstname = ‘John’
ORDER BY o.quantity

If more than oneorderby item is specified, the left-to-right sequence of thelerby item elements
determines the precedence, whereby the leftorastby item has highest precedence.

The keyword ASC specifies that ascending ordering be used; the keyword DESC specifies that descend-
ing ordering be used. Ascending ordering is the default.

SQL rules for the ordering of null values apply: that is, all null values must appear before all non-null
values in the ordering or all null values must appear after all non-null values in the ordering, but it is not
specified which.

It is the container’s responsibility to ensure that the ordering of the query result is preserved in the result
of the finder or select method if the ORDER BY clause is used.

Return Value Types

The value of a query result, specified by the SELECT clause, is an entity bean abstract schema type, a
cmp-field type, or the result of an aggregate function. The finder or select method with which the query
is associated in the deployment descriptor determines how this result is mapped to the Java type that is
visible as the result of the query method.

How the result type of a query is mapped depends on whether the query is defined for a finder method
on the remote home interface, for a finder method on the local home interface, or for a select method.
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The result type of a query for a finder method must be the entity bean abstract schema type that
corresponds to the entity bean type of the entity bean on whose home interface the finder
method is defined. If the query is used for a finder method defined on the remote home inter-
face of the bean, the result of the finder method is the entity bean’s remote interface (or a col-
lection of objects implementing the entity bean’s remote interface). If the finder method is
defined on the local home interface, the result is the entity bean’s local interface (or a collec-
tion of objects implementing the entity bean’s local interface).

If the result type of a query for a select method is an entity bean abstract schema type, the
return values for the query method are instances of the entity bean’s local interface or instances
of the entity bean's remote interface, depending on whether the value of the
result-type-mapping deployment descriptor element contained in guery element

for the select method isocal or Remote. The default value foresult-type-mapping

isLocal .

If the result type of a query used for a select method is an abstract schema type corresponding
to a cmp-field type (excluding queries whose SELECT clause uses one of the aggregate func-
tions AVG, COUNT, MAX, MIN, SUM), the result type of the select method is as follows:

* If the Java type of the cmp-field is an object type and the select method is a sin-
gle-object select method, the result of the select method is an instance of that object
type. If the select method is a multi-object select method, the result is a collection of
instances of that type.

* If the Java type of the cmp-field is a primitive Java type (e.g., int), and the select
method is a single-object select method, the result of the select method is that primi-
tive type.

* If the Java type of the cmp-field is a primitive Java type (e.g., int), and the select
method is a multi-object select method, the result of the select method is a collection
of values of the corresponding wrappered type (e.g., Integer).

If the select method query is an aggregate query, the select method must be a single-object
select method.

* The result type of the select method must be a primitive type, a wrappered type, or an
object type that is compatible with the standard JDBC conversion mappings for the
type of the cmp-field [29].

* If the aggregate query uses the SUM, AVG, MAX, or MIN operator, and the result
type of the select method is an object type and there are no values to which the aggre-
gate function can be applied, the select method returns null.

* If the aggregate query uses the SUM, AVG, MAX, or MIN operator, and the result
type of the select method is a primitive type and there are no values to which the
aggregate function can be applied, the container must thro@lectNotFoun-
dException

* If the aggregate query uses the COUNT operator, the result of the select method
should be an exact numeric type. If there are no values to which the COUNT method
can be applied, the result of the select method is 0.

The result of a finder or select method may contain a null value if a cmp-field or cmr-field in the query
result is null.
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9.2.10 Null Values

When the target of a reference does not exist in the persistent store, its value is regattid. 28QL
92 NULL semantics [ 24 ] defines the evaluation of conditional expressions confdldirgvalues.

The following is a brief description of these semantics:
e Comparison or arithmetic operations with a NULL value always yield an unknown value.
* Two NULL values are not considered to be equal, the comparison yields an unknown value.
e Comparison or arithmetic operations with an unknown value always yield an unknown value.

* The IS NULL and IS NOT NULL operators convert MULL cmp-field or single-valued
cmr-field value into the respective TRUE or FALSE value.

* Boolean operators use three valued logic, defined by Table 7, Table 8, and Table 9.

Table 7 Definition of the AND Operator
AND [T |F |U
T T |F U
F |F |F
U U |F 0]
Table 8 Definition of the OR Operator
OR T |F U
T T |T |T
T |F U
U T (U (U
Table 9 Definition of the NOT Operator
NOT
T F
T
U U
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Note: EJB QL defines the empty string, ', as a string with 0 length, which is not equal to a NULL value.
However, NULL values and empty strings may not always be distinguished when queries are mapped to
some persistent stores. The Bean Provider should therefore not rely on the semantics of EJB QL com-

EJB QL only permits the values tike types to be compared. A typelike another type if they corre-

spond to the same Java language type, or if one is a primitive Java language type and the other is the
wrappered Java class type equivalent (éng., andinteger are like types in this sense). There is one
exception to this rule: it is valid to compare numeric values for which the rules of numeric promotion
apply. Conditional expressions attempting to compare non-like type values are disallowed except for

Note that EJB QL permits the arithmetic operators and comparison operators to be applied to
cmp-fields and input parameters of the wrappered Java class equivalents to the primitive

Two entity objects of the same abstract schema type are equal if and only if they have the same primary

Date and time values should use the standard ldenga millisecond value. The standard way to pro-

Although SQL requires support for fixed decimal comparison in arithmetic expressions, EJB QL does
not. For this reason EJB QL restricts exact numeric literals to those without a decimal point (and numer-
ics with a decimal point as an alternate representation for approximate numeric values).

Support for the BigDecimal and Biglnteger types is optional for containers in EJB 2.1. Applications that

The data model for container-managed persistence does not currently support inheritance. Therefore,
entity objects of different types cannot be compared. EJB QL queries that contain such comparisons are

Examples

parisons involving the empty string and NULL value.

9.2.11 Equality and Comparison Semantics
this numeric case.

numeric Java types.

key value.

9.2.12 Restrictions
duce millisecond values is to us&a.util.Calendar
depend on such types in EJB QL queries may not be portable.
Boolean comparison is restricted toand<>.
EJB QL does not support the use of comments.
invalid.

9.3 Examples

The following examples illustrate the syntax and semantics of EJB QL. These examples are based on
the example presented in Section 9.2.4.
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9.3.1 Simple Queries

Find all orders:

SELECT OBJECT(0)
FROM Order o

Find all orders that need to be shipped to California:

SELECT OBJECT(0)

FROM Order o

WHERE o.shipping_address.state = ‘CA’
Find all states for which there are orders:

SELECT DISTINCT o.shipping_address.state
FROM Order o

9.3.2 Queries with Relationships

Find all orders that have line items:

SELECT DISTINCT OBJECT(0)
FROM Order o, IN(0.lineltems) |

Note that the result of this query does not include orders with no associated line items. This query can
also be written as:

SELECT OBJECT(0)
FROM Order o
WHERE o.lineltems IS NOT EMPTY

Find all orders that have no line items:

SELECT OBJECT(0)
FROM Order o
WHERE o.lineltems IS EMPTY

Find all pending orders:

SELECT DISTINCT OBJECT(0)
FROM Order o, IN(o.lineltems) |
WHERE l.shipped = FALSE
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Find all orders in which the shipping address differs from the billing address. This example assumes
that the Bean Provider uses two distinct entity beans to designate shipping and billing addresses, as in
Figure 17.

SELECT OBJECT(0)

FROM Order o

WHERE

NOT (o.shipping_address.state = 0.billing_address.state AND
0.shipping_address.city = o.billing_address.city AND
o.shipping_address.street = 0.billing_address.street)

If the Bean Provider uses a single entity bean in two different relationships for both the shipping address
and the billing address, the above expression can be simplified based on the equality rules defined in
Section 9.2.11. The query can then be written as:

SELECT OBJECT(0)
FROM Order o
WHERE o.shipping_address <> o.billing_address

The query checks whether the same entity bean abstract schema type instance (identified by its primary
key) is related to an order through two distinct relationships.

Find all orders for a book titled ‘Applying Enterprise JavaBeans: Component-Based Development for
the J2EE Platform’:

SELECT DISTINCT OBJECT(0)

FROM Order o, IN(o.lineltems) |

WHERE l.product.type = ‘book’ AND
I.product.name = ‘Applying Enterprise JavaBeans:
Component-Based Development for the J2EE Platform’

Queries Using Input Rarameters

9.34

The following query finds the orders for a product whose name is designated by an input parameter:

SELECT DISTINCT OBJECT(0)
FROM Order o, IN(o.lineltems) |
WHERE l.product.name = ?1

For this query, the input parameter must be of the type of the cmp-field name, i.e., a string.

Queries Pr Select Methods

The following select queries illustrate the selection of values other than entity beans.
The following EJB QL query selects the names of all products that have been ordered.

SELECT DISTINCT l.product.name
FROM Order o, IN(o.lineltems) |
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The following query finds the names of all products in the order specified by a particular order number.
The order number is specified by a parameter that corresponds to the primary key of Order. Note that
because this query does not specify DISTINCT in its SELECT clause, if it is specified for a query
method whose return type java.util.Collection , the collection that is returned may contain
duplicates. In this example, such duplicates correspond to products that have been ordered multiple
times in the given order.

SELECT l.product.name
FROM Order o, IN(0.lineltems) |
WHERE o.ordernumber = ?1

It is the responsibility of the container to interpret the query such that no duplicates are produced if the
result type of the query methodjava.util.Set

Consider the following query for a select method:

SELECT o.shipping_address.city
FROM Order o

This query returns the names of all the cities of the shipping addresses of all orders. The result type of

the select method, which is eith@va.util.Collection or java.util.Set , determines
whether the query may return duplicate city names.

9.3.5 EJB QL and SQL

EJB QL, like SQL, treats the FROM clause as a cartesian product. The FROM clause is similar to that of
SQL in that the declared identification variables affect the results of the query even if they are not used
in the WHERE clause. The Bean Provider should use caution in defining identification variables

because the domain of the query can depend on whether there are any values of the declared type.

For example, the FROM clause below defines a query over all orders that have line items and existing
products. If there are no Product instances in the persistent store, the domain of the query is empty and
no order is selected.

SELECT OBJECT(0)
FROM Order AS o, IN(o.lineltems) |, Product p

The container can represent the abstract schemas of a set of entity beans in an application using a rela-
tional database. There are multiple ways to define a mapping to a set of tables in a relational database.
Although this area is beyond the scope of this specification, a sample mapping and translation of EJB
QL to SQL is described to clarify the semantics of EJB QL.

A mapping strategy from a set of entity beans to a relational database might be to map each entity bean
to a separate table. One-to-many relationships may be represented by foreign keys in the related table
from the many side and many-to-many relationships may be represented by using an auxiliary table that
contains the primary keys of the related objects.
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Because the FROM clause represents a cartesian product, the SQL result may contain duplicates. If the
query is for a method whose return typgasa.util.Set , the container would therefore typically

utilize a SELECT DISTINCT clause in translating the query to SQL. The query method result may con-
tain duplicates if the return type of the query methoghis.util.Collection and DISTINCT is

not specified in the SELECT clause of the EJB QL query.

The following translation example illustrates the mapping of entity beans to relational database tables.
The entity bean OrderEJB is represented by the table ORDER and the entity bean LineltemEJB is repre-
sented by the table LINEITEM. The column OKEY represents the primary key for OrderEJB entity
bean, FKEY represents the foreign key column of LINEITEM that holds the values of the ORDER pri-
mary keys. FKEY is defined in the LINEITEM table to model the one-to-many relationship.

Using this mapping, the following EJB QL finder query

SELECT OBJECT(0)
FROM Order o, IN(0.lineltems) |
WHERE l.quantity > 5

might be represented in SQL as

SELECT DISTINCT 0.OKEY
FROM ORDERBEAN o, LINEITEM |
WHERE 0.OKEY = I.LFKEY AND [.QUANTITY >5

EJB QL BNF

EJB QL BNF notation summary:
e {...}grouping
e [...]optional constructs
* boldface keywords
The following is the complete BNF notation for EJB QL.

EJB QL ::= select _clause from_clause [where _clause] [orderby clause]
from_clause ::= FROM identification variable declaration
[, identification _variable declaration]*
identification_variable _declaration ::= collection_member_declaration |
range_variable _declaration

collection_member_declaration ::= IN (collection_valued path_expression) [AS] identifier
range_variable _declaration :.= abstract schema_name [AS] identifier
cmp_path_expression ::=

{identification _variable | single_valued _cmr_path_expression}.cmp_field
single_valued _cmr_path_expression ::=

identification_variable.[single_valued cmr_field.]* single_valued cmr_field
single_valued_path_expression ::=
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cmp_path_expression | single_valued _cmr_path_expression
collection_valued_path_expression ::=
identification_variable.[single_valued_cmr_field.J*collection_valued _cmr_field
select clause ::= SELECT [DISTINCT] {select_expression | OBIECT(identification variable)}
select_expression ::= single_valued path _expression | aggregate_select _expression
aggregate_select_expression ::=
{AVG [ MAX [MIN [ SUM [ COUNT} ([DISTINCT] cmp_path_expression) |
COUNT (/DISTINCT] identification_variable | single valued cmr_path expression)
where_clause ::= WHERE conditional _expression
conditional _expression :.= conditional _term | conditional _expression OR conditional _term
conditional _term ::= conditional factor | conditional _term AND conditional_factor
conditional_factor ::= [ NOT ] conditional_primary
conditional _primary ::= simple_cond_expression [ (conditional_expression)
simple_cond_expression ::= comparison_expression | between_expression [ like_expression |
in_expression | null_comparison_expression [
empty_collection _comparison_expression |
collection_member_expression
between_expression ;=
arithmetic_expression [NOT] BETWEEN
arithmetic_expression AND arithmetic_expression
in_expression ::=
cmp_path_expression [NOT] IN
({literal [ input_parameter} [, { literal [ input_parameter} J*)
like_expression ::=
cmp_path_expression [NOT] LIKE pattern_value [ESCAPE escape_character]
null_comparison_expression ::=
{single_valued_path _expression [ input_parameter} 1S [NOT] NULL
empty_collection_comparison_expression ::=
collection_valued _path_expression IS [NOT] EMPTY
collection_member_expression ::=
{single_valued _cmr_path_expression [ identification_variable [ input_parameter}
[NOT] MEMBER [OF] collection_valued _path _expression
comparison_expression ;=
string_value comparison_operator string_expression |
boolean value { =|<>} boolean_expression} |
datetime_value comparison_operator datetime_expression |
entity_bean value { = | <> } entity_bean_expression |
arithmetic_value comparison_operator arithmetic_expression
arithmetic_value ::= cmp_path_expression [ functions_returning_numerics
comparison_operator ::=
=[>[>=]<[<=]<>
arithmetic_expression ::= arithmetic_term | arithmetic_expression { + | - } arithmetic_term
arithmetic_term :.= arithmetic _factor [ arithmetic_term {* || } arithmetic _factor
arithmetic_factor ::= [{ + [ - }] arithmetic_primary
arithmetic_primary ::= cmp_path_expression [ literal | (arithmetic_expression) |
input_parameter [ functions_returning_numerics
string_value ::= cmp_path_expression [ functions_returning_strings
string_expression ::= string_primary [ input_parameter
string_primary ::= cmp_path_expression [ literal | (string_expression) |
functions_returning_strings
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datetime_value ::= cmp_path_expression
datetime_expression ::= datetime_value [ input_parameter
boolean_value ::= cmp_path_expression
boolean_expression ::= cmp_path_expression [ literal | input_parameter
entity_bean_value ::= single_valued_cmr_path_expression [ identification_variable
entity_bean_expression ;.= entity_bean value [ input_parameter
functions_returning_strings ::= CONCAT(string_expression, string_expression) |
SUBSTRING(String_expression, arithmetic_expression, arithmetic_expression)
functions_returning_numerics::=
LENGTH(string_expression) |
LOCATE(Sstring_expression, string_expression|, arithmetic_expression)) |
ABS(arithmetic_expression) |
SQRT(arithmetic_expression) |
MOD(arithmetic_expression, arithmetic_expression)
orderby clause ::= ORDER BY orderby item [, orderby _item]*
orderby item ::= cmp_path_expression [ ASC [ DESC ]
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EJB 2.1 Entity Bean Component Contract
for Bean-Managed Persistence

The entity bean component contract for bean-managed persistence is the contract between an entity
bean and its container. It defines the life cycle of the entity bean instances and the model for method del-
egation of the client-invoked business methods. The main goal of this contract is to ensure that a compo-
nent using bean-managed persistence is portable across all compliant EJB containers.

This chapter defines the Enterprise Bean Provider’s view of this contract and the Container Provider’s
responsibility for managing the life cycle of the enterprise bean instances. It also describes the Bean
Provider’s responsibilities when persistence is provided by the Bean Provider.

The contents of this chapter apply only to bean-managed persistence entities as defined in the Enterprise
JavaBeans 2.1 specification [3]. The contracts for persistent entities, as defined by Enterprise JavaBeans
3.0, are described in the documeddva Persistence APof this specification [2].

Note that use of dependency injection, interceptors, and Java language metadata annotations is not sup-
ported for EJB 2.1 entity beans.
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10.1 Overview of Bean-Managed Entity Persistence

An entity bean implements an object view of an entity stored in an underlying database, or an entity
implemented by an existing enterprise application (for example, by a mainframe program or by an ERP
application). The data access protocol for transferring the state of the entity between the entity bean
instances and the underlying database is referred to as object persistence.

The entity bean component protocol for bean-managed persistence allows the entity Bean Provider to
implement the entity bean’s persistence directly in the entity bean class or in one or more helper classes
provided with the entity bean class. This chapter describes the contracts for bean-managed persistence.

Figure 18

Client View of Underlying Data Sources Accessed Through Entity Bean

(a) Entity bean is an object view of a record in the database

/ container \

Account
entity bea

- /

Account 100

(b) Entity bean is an object view of an existing application

/ container \

Account
entity bea

- /

Account 100

existing
application

10.1.1 Entity Bean Provider’s View of Persistence

Using bean-managed persistence, the entity Bean Provider writes database access calls (e.g. using
JDBC™ or SQLJ) directly in the entity bean component. The data access calls are performed in the
ejbCreate<METHOD> , ejpRemove , ejpFind<METHOD> , ejbLoad , andejbStore = methods,

and/or in the business methods.
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10.1.2

The data access calls can be coded directly into the entity bean class, or they can be encapsulated in a
data access component that is part of the entity bean. Directly coding data access calls in the entity bean
class may make it more difficult to adapt the entity bean to work with a database that has a different
schema, or with a different type of database.

We expect that most enterprise beans with bean-managed persistence will be created by application
development tools which will encapsulate data access in components. These data access components
will probably not be the same for all tools. Further, if the data access calls are encapsulated in data
access components, the data access components may require deployment interfaces to allow adapting
data access to different schemas or even to a different database type. This EJB specification does not
define the architecture for data access objects, strategies for tailoring and deploying data access com-
ponents or ensuring portability of these components for bean-managed persistence.

Runtime Execution Model

This section describes the runtime model and the classes used in the description of the contract between
an entity bean with bean-managed persistence and its container.
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Figure 19

Overview of the Entity Bean Runtime Execution Model

container

EJB Home

instances

EJB Objects

N

client

enterprise bea)’

enterprise bean 1/
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EJB Local Objects

enterprise bea}’

I .
k\\ | enterprise bean 2 /
|

Overview of

Classes are generated by Classes are provided by

Container Provider tools' Bean Provider

An enterprise bean instance is an object whose class is provided by the Bean Provider.

An entity EJBObject or EJBLocalObject is an object whose class is generated at deployment time by

the Container Provider’s tools. The entity EJBObject class implements the entity bean’s remote inter-
face. The entity EJBLocalObject class implements the entity bean’s local interface. A client never refer-
ences an entity bean instance directly—a client always references an entity EJBObject or entity

EJBLocalObject whose class is generated by the Container Provider’s tools.

An entity EJBHome or EJBLocalHome object provides the life cycle operations (create, remove, find)

for its entity objects as well as home business methods, which are not specific to an entity bean instance.
The class for the entity EJBHome or EJBLocalHome object is generated by the Container Provider’'s
tools at deployment time. The entity EJBHome or EJBLocalHome object implements the entity bean’s

home interface that was defined by the Bean Provider.

5/2/06

258



Sun Microsystems, Inc.

Overview of Bean-Managed Entity Persistence Enterprise JavaBeans 3.0, Final Release EJB 2.1 Entity Bean Component Contract for

10.1.3 Instance Life Cycle

Figure 20 Life Cycle of an Entity Bean Instance.

instance throws
does not system exception
exist from any method

| 1. unsetEntityContext()

1. newlnstance()
2. setEntityContext(ec)

ejbFind<METHOD>(...)

ejbRemove()

ejpbHome<METHOD>(...)

ejbCreate<METHOD>(args)
ejbPostCreate<METHOD>(args))

ejbLoad() ejbStore()

ejbTimeout(arg) business method

An entity bean instance is in one of the following three states:
* It does not exist.

* Pooled state. An instance in the pooled state is not associated with any particular entity object
identity.

* Ready state. An instance in the ready state is assigned an entity object identity.
The following steps describe the life cycle of an entity bean instance:
* An entity bean instance’s life starts when the container creates the instancenasihg

stance . The container then invokes tisetEntityContext method to pass the instance
a reference to th&ntityContext interface. TheEntityContext interface allows the
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instance to invoke services provided by the container and to obtain the information about the
caller of a client-invoked method.

The instance enters the pool of available instances. Each entity bean has its own pool. While
the instance is in the available pool, the instance is not associated with any particular entity
object identity. All instances in the pool are considered equivalent, and therefore any instance
can be assigned by the container to any entity object identity at the transition to the ready state.
While the instance is in the pooled state, the container may use the instance to execute any of
the entity bean’s finder methods (shownesFind<METHOD> in the diagram) or home
methods (shown asjbHome<METHOD?=in the diagram). The instance does not move to the
ready state during the execution of a finder or a home method.

An instance transitions from the pooled state to the ready state when the container selects that
instance to service a client call to an entity object oefoTimeout method. There are two
possible transitions from the pooled to the ready state: througkjtitereate<METHOD>

and ejbPostCreate<METHOD> methods, or through thejbActivate method. The
container invokes thejbCreate<METHOD> andejbPostCreate<METHOD> methods

when the instance is assigned to an entity object during entity object creation (i.e., when the
client invokes areate<METHOD> method on the entity bean’s home object). The container
invokes theejbActivate method on an instance when an instance needs to be activated to
service an invocation on an existing entity object—this occurs because there is no suitable
instance in the ready state to service the client’s call @jtiiémeout method.

When an entity bean instance is in the ready state, the instance is associated with a specific
entity object identity. While the instance is in the ready state, the container can invoke the
ejbLoad andejbStore methods zero or more times. A business method can be invoked on
the instance zero or more times. TepTimeout method can be invoked on the instance
zero or more times. Invocations of tegpLoad andejbStore  methods can be arbitrarily
mixed with invocations of business methods or ¢fieTimeout  method. The purpose of the
ejbLoad andejbStore methods is to synchronize the state of the instance with the state of
the entity in the underlying data source—the container can invoke these methods whenever it
determines a need to synchronize the instance’s state.

The container can choose to passivate an entity bean instance within a transaction. To passivate
an instance, the container first invokes #jbStore  method to allow the instance to syn-
chronize the database state with the instance’s state, and then the container inveiles the
Passivate method to return the instance to the pooled state.

Eventually, the container will transition the instance to the pooled state. There are three possi-
ble transitions from the ready to the pooled state: throughejb®assivate method,
through theejpbRemove method, and because of a transaction rollbackefpCreate
ejbPostCreate , or ejpRemove (not shown in Figure 20). The container invokes the
ejbPassivate method when the container wants to disassociate the instance from the
entity object identity without removing the entity object. The container invokegjthiee-

move method when the container is removing the entity object (i.e., when the client invoked
theremove method on the entity object’s component interface, cgraove method on the
entity bean’s home interface). éibCreate , ejbPostCreate , or ejpRemove is called

and the transaction rolls back, the container will transition the bean instance to the pooled
state.
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* When the instance is put back into the pool, it is no longer associated with an entity object
identity. The container can assign the instance to any entity object within the same entity bean
home.

* Aninstance in the pool can be removed by calling tinsetEntityContext method on
the instance.

Notes:

1. The EntityContext interface passed by the container to the instance isetiEntity-
Context method is an interface, not a class that contains static information. For example, the
result of theEntityContext.getPrimaryKey method might be different each time an
instance moves from the pooled state to the ready state, and the resultgeft@adler-
Principal andisCallerinRole methods may be different in each business method.

2. A RuntimeException thrown from any method of the entity bean class (including the
business methods and the callbacks invoked by the container) results in the transition to the
“does not exist” state. The container must not invoke any method on the instance after a
RuntimeException  has been caught. From the client perspective, the corresponding entity
object continues to exist. The client can continue accessing the entity object through its com-
ponent interface because the container can use a different entity bean instance to delegate the
client’'s requests. Exception handling is described further in Chapter 14.

3. The container is not required to maintain a pool of instances in the pooled state. The pooling

approach is an example of a possible implementation, but it is not the required implementation.
Whether the container uses a pool or not has no bearing on the entity bean coding style.

10.1.4 The Entity Bean Component Contract

This section specifies the contract between an entity bean with bean-managed persistence and its con-
tainer.

10.1.4.1 Entity Bean Instance’s View
The following describes the entity bean instance’s view of the contract:
The Bean Provider is responsible for implementing the following methods in the entity bean class:

* A public constructor that takes no arguments. The container uses this constructor to create
instances of the entity bean class.

* public void setEntityContext(EntityContext ic) ;

A container uses this method to pass a reference tdtiidyContext interface to the
entity bean instance. If the entity bean instance needs to udentitgContext interface
during its lifetime, it must remember tBmtityContext interface in an instance variable.

This method executes with an unspecified transaction context (Refer to Subsection 13.6.5 for
how the container executes methods with an unspecified transaction context). An identity of an
entity object is not available during this method.
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The instance can take advantage of #etEntityContext method to allocate any
resources that are to be held by the instance for its lifetime. Such resources cannot be specific
to an entity object identity because the instance might be reused during its lifetime to serve
multiple entity object identities.

* public void unsetEntityContext();
A container invokes this method before terminating the life of the instance.

This method executes with an unspecified transaction context. An identity of an entity object is
not available during this method.

The instance can take advantage of tmesetEntityContext method to free any
resources that are held by the instance. (These resources typically had been allocated by the
setEntityContext method.)

* public PrimaryKeyClass ejbCreate<METHOD>(...) ;

There are zef3®! or moreejbCreate<METHOD> methods, whose signatures match the sig-
natures of thereate<METHOD> methods of the entity bean home interface. The container
invokes arejbCreate<METHOD> method on an entity bean instance when a client invokes
a matchingcreate<METHOD> method to create an entity object.

The implementation of thejbCreate<METHOD> method typically validates the client-sup-

plied arguments, and inserts a record representing the entity object into the database. The
method also initializes the instance’s variables. HjigCreate<METHOD> method must

return the primary key for the created entity object.

An ejbCreate<METHOD> method executes in the transaction context determined by the
transaction attribute of the matchiegeate<METHOD> method, as described in subsection
13.6.2.

* public void ejbPostCreate<METHOD>(...);

For each ejbCreate<METHOD> method, there is a matchingejbPostCre-
ate<METHOD>method that has the same input parameters but whose return vaioid is

The container invokes the matchimjpPostCreate<METHOD> method on an instance

after it invokes theejpCreate<METHOD> method with the same arguments. The entity
object identity is available during thejbPostCreate<METHOD> method. The instance

may, for example, obtain the component interface of the associated entity object and pass it to
another enterprise bean as a method argument.

An ejbPostCreate<METHOD> method executes in the same transaction context as the pre-
viousejbCreate<METHOD> method.

* public void ejbActivate();

The container invokes this method on the instance when the container picks the instance from
the pool and assigns it to a specific entity object identity. &f\ctivate method gives

the entity bean instance the chance to acquire additional resources that it needs while it is in the
ready state.

[48] An entity Bean has nejbCreate<METHOD> andejbPostCreate<METHOD> methods if it does not define any create
methods in its home interface. Such an entity bean does not allow the clients to create new entity objects. The entity bean restricts
the clients to accessing entities that were created through direct database inserts.
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This method executes with an unspecified transaction context. The instance can obtain the
identity of the entity object via thgetPrimaryKey , getEJBLocalObject , or getEJ-

BObject method on the entity context. The instance can rely on the fact that the primary key
and entity object identity will remain associated with the instance until the completion of
ejbPassivate orejbRemove .

Note that the instance should not use ¢fi@Activate method to read the state of the entity
from the database; the instance should load its state onlyéjblhead method.

* public void ejbPassivate() ;
The container invokes this method on an instance when the container decides to disassociate
the instance from an entity object identity, and to put the instance back into the pool of avail-
able instances. ThejbPassivate method gives the instance the chance to release any
resources that should not be held while the instance is in the pool. (These resources typically
had been allocated during tefpActivate method.)

This method executes with an unspecified transaction context. The instance can still obtain the
identity of the entity object via thgetPrimaryKey , getEJBLocalObject , or getEJ-
BObject method of thé&entityContext interface.

Note that an instance should not use ¢ffe@Passivate method to write its state to the data-
base; an instance should store its state only iejiftore  method.

* public void ejpRemove() ;

The container invokes this method on an instance as a result of a client’s involéngoae
method. The instance is in the ready state whjgiRemove is invoked and it will be entered
into the pool when the method completes.

This method executes in the transaction context determined by the transaction attribute of the
remove method that triggered thejpRemove method. The instance can still obtain the
identity of the entity object via thgetPrimaryKey , getEJBLocalObject , orgetEJ-

BObject method of théEntityContext interface.

The container synchronizes the instance’s state before it invokesjiiRemove method.
This means that the state of the instance variables at the beginningejbBemove method
is the same as it would be at the beginning of a business method.

An entity bean instance should use this method to remove the entity object’s representation
from the database.

Since the instance will be entered into the pool, the state of the instance at the end of this
method must be equivalent to the state of a passivated instance. This means that the instance
must release any resource that it would normally release @jlitRassivate method.

e public void ejbLoad() ;

The container invokes this method on an instance in the ready state to inform the instance that
it should synchronize the entity state cached in its instance variables from the entity state in the
database. The instance should be prepared for the container to invoke this method at any time
that the instance is in the ready state.

If the instance is caching the entity state (or parts of the entity state), the instance should not
use the previously cached state in the subsequent business method. The instance may take
advantage of thejpLoad method, for example, to refresh the cached state by reading it from

the database.
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This method executes in the transaction context determined by the transaction attribute of the
business method @jbTimeout method that triggered tlegbLoad method.

public void ejbStore();

The container invokes this method on an instance to inform the instance that the instance
should synchronize the entity state in the database with the entity state cached in its instance
variables. The instance should be prepared for the container to invoke this method at any time
that the instance is in the ready state.

An instance should write any updates cached in the instance variables to the database in the
ejbStore  method.

This method executes in the same transaction context as the preybuosd or ejbCre-
ate<METHOD>method invoked on the instance. All business methods oejthiEmeout
method invoked between the previajbLoad or ejbCreate<METHOD> method and this
ejbStore  method are also invoked in the same transaction context.

public <primary key type or collectionejpFind<METHOD>(...) ;

The container invokes this method on the instance when the container selects the instance to
execute a matching client-invokdsthd<METHOD> method. The instance is in the pooled
state (i.e., it is not assigned to any particular entity object identity) when the container selects
the instance to execute tbpFind<METHOD> method on it, and it is returned to the pooled
state when the execution of tapFind<METHOD> method completes.

TheejbFind<METHOD> method executes in the transaction context determined by the trans-
action attribute of the matchirioppd method, as described in subsection 13.6.2.

The implementation of aejbFind<METHOD> method typically uses the method’s argu-
ments to locate the requested entity object or a collection of entity objects in the database. The
method must return a primary key or a collection of primary keys to the container (see Subsec-
tion 10.1.9).

public  <type>ejbHome<METHOD>(...) ;

The container invokes this method on any instance when the container selects the instance to
execute a matching client-invokeetMETHOD>home method. The instance is in the pooled
state (i.e., it is not assigned to any particular entity object identity) when the container selects
the instance to execute tappHome<METHOD>method on it, and it is returned to the pooled
state when the execution of tapgpHome<METHOD>method completes.

TheejbHome<METHOD>method executes in the transaction context determined by the trans-
action attribute of the matchirg ETHOD}ome method, as described in subsection 13.6.2.

public void ejbTimeout(...);

The container invokes thgbTimeout  method on an instance when a timer for the instance
has expired. TheejpTimeout method notifies the instance of the time-based event and
allows the instance to execute the business logic to handle it.

TheejbTimeout method executes in the transaction context determined by its transaction
attribute.
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10.1.4.2 Container’s View

This subsection describes the container’s view of the state management contract. The container must
call the following methods:

* public void setEntityContext(ec) ;

The container invokes this method to pass a reference t&nltieyContext interface to
the entity bean instance. The container must invoke this method after it creates the instance,
and before it puts the instance into the pool of available instances.

The container invokes this method with an unspecified transaction context. At this point, the
EntityContext is not associated with any entity object identity.

* public void unsetEntityContext() ;

The container invokes this method when the container wants to reduce the number of instances
in the pool. After this method completes, the container must not reuse this instance.

The container invokes this method with an unspecified transaction context.

* public PrimaryKeyClass ejbCreate<METHOD>(...) ;
public void ejbPostCreate<METHOD>(...) ;

The container invokes these two methods during the creation of an entity object as a result of a
client invoking acreate<METHOD> method on the entity bean’s home interface.

The container first invokes thegbCreate<METHOD> method whose signature matches the
create<METHOD> method invoked by the client. ThejbCreate<METHOD> method
returns a primary key for the created entity object. The container creates an entity EJBObject
reference and/or EJBLocalObject reference for the primary key. The container then invokes a
matchingejbPostCreate<METHOD> method to allow the instance to fully initialize itself.
Finally, the container returns the entity object’s remote interface (i.e., a reference to the entity
EJBObject) to the client if the client is a remote client, or the entity object’s local interface
(i.e., a reference to the entity EJBLocalObject) to the client if the client is a local client.

The container must invoke thgbCreate<METHOD> andejbPostCreate<METHOD>
methods in the transaction context determined by the transaction attribute of the matching
create<METHOD> method, as described in subsection 13.6.2.

* public void ejbActivate() ;

The container invokes this method on an entity bean instance at activation time (i.e., when the
instance is taken from the pool and assigned to an entity object identity). The container must
ensure that the primary key of the associated entity object is available to the instance if the
instance invokes thagetPrimaryKey , getEJBLocalObject , or getEJBObject

method on it€ntityContext interface.

The container invokes this method with an unspecified transaction context.

Note that instance is not yet ready for the delivery of a business method. The container must
still invoke theejbLoad method prior to a business methodejioTimeout  method invo-
cation.

* public void ejbPassivate() ;

The container invokes this method on an entity bean instance at passivation time (i.e., when the
instance is being disassociated from an entity object identity and moved into the pool). The
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container must ensure that the identity of the associated entity object is still available to the
instance if the instance invokes thetPrimaryKey , getEJBLocalObject , orgetEJ-
BObject method on its entity context.

The container invokes this method with an unspecified transaction context.

Note that if the instance state has been updated by a transaction, the container must first invoke
theejbStore  method on the instance before it invok@sPassivate  onit.

public void ejpRemove();

The container invokes this method before it ends the life of an entity object as a result of a cli-
ent invoking aemove operation.

The container invokes this method in the transaction context determined by the transaction
attribute of the invokedemove method. The container must ensure that the identity of the
associated entity object is still available to the instance inefb®emove method (i.e., the
instance can invoke thgetPrimaryKey , getEJBLocalObject , or getEJBObject

method on it€ntityContext in theejpRemove method).

The container must ensure that the instance’s state is synchronized from the state in the data-
base before invoking thebRemove method (i.e., if the instance is not already synchronized
from the state in the database, the container must ingfikeoad before it invokesjbRe-

move).

public void ejbLoad() ;

The container must invoke this method on the instance whenever it becomes necessary for the
instance to synchronize its instance state from its state in the database. The exact times that the
container invokegjbLoad depend on the configuration of the component and the container,
and are not defined by the EJB architecture. Typically, the container wikgdlbad before

the first business method within a transaction or before invokingjtiEmeout  method to

ensure that the instance can refresh its cached state of the entity object from the database. After
the firstejpLoad within a transaction, the container is not required to recognize that the state

of the entity object in the database has been changed by another transaction, and it is not
required to notify the instance of this change via andajitroad call.

The container must invoke this method in the transaction context determined by the transaction
attribute of the business method ejbTimeout method that triggered thejbLoad
method.

public void ejbStore() ;

The container must invoke this method on the instance whenever it becomes necessary for the
instance to synchronize its state in the database with the state of the instance’s fields. This syn-
chronization always happens at the end of a transaction, unless the bean is specified as
read-only (see section 10.1.5). However, the container may also invoke this method when it
passivates the instance in the middle of a transaction, or when it needs to transfer the most
recent state of the entity object to another instance for the same entity object in the same trans-
action (see Subsection 13.7).

The container must invoke this method in the same transaction context as the previously
invokedejbLoad , ejbCreate<METHOD> , orejbTimeout method.

public <primary key type or collectionejpFind<METHOD>(...) ;
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The container invokes thgjbFind<METHOD> method on an instance when a client invokes

a matchingind<METHOD> method on the entity bean’s home interface. The container must
pick an instance that is in the pooled state (i.e., the instance is not associated with any entity
object identity) for the execution of tregbFind<METHOD> method. If there is no instance

in the pooled state, the container creates one and calketimtityContext method on

the instance before dispatching the finder method.

Before invoking theejpFind<METHOD> method, the container must first synchronize the
state of any non-read-only entity bean instances that are participating in the same transaction
context as is used to execute #jbFind<METHOD> by invoking theejbStore  method on

those entity bean instanc&¥)

After the ejbFind<METHOD> method completes, the instance remains in the pooled state.
The container may, but is not required to, immediately activate the objects that were located by
the finder using the transition through #jbActivate method.

The container must invoke tregbFind<METHOD> method in the transaction context deter-
mined by the transaction attribute of the matchfingl method, as described in subsection
13.6.2.

If the ejbFind<METHOD> method is declared to return a single primary key, the container
creates an entity EJBObject reference for the primary key and returns it to the client if the cli-
ent is a remote client. If the client is a local client, the container creates and returns an entity
EJBLocalObject reference for the primary key. If tiegoFind<METHOD> method is
declared to return a collection of primary keys, the container creates a collection of entity
EJBObject or EJBLocalObject references for the primary keys returned from
ejbFind<METHOD>, and returns the collection to the client. (See Subsection 10.1.9 for
information on collections.)

* public <type>ejpHome<METHOD>(...) ;

The container invokes thgjbHome<METHOD>method on an instance when a client invokes

a matchinpcMETHOD*ome method on the entity bean’s home interface. The container must
pick an instance that is in the pooled state (i.e., the instance is not associated with any entity
object identity) for the execution of trjbHome<METHOD>method. If there is no instance

in the pooled state, the container creates one and calletimtityContext method on

the instance before dispatching the home method.

After theejpHome<METHOD>method completes, the instance remains in the pooled state.

The container must invoke trgbHome<METHOD>method in the transaction context deter-
mined by the transaction attribute of the matchiddETHOD*ome method, as described in
subsection 13.6.2.

* public void ejbTimeout(...);
The container invokes thgjbTimeout  method on the instance when a timer with which the
entity has been registered expires. If there is no suitable instance in the ready state, the con-
tainer must activate an instance, invoking t#jeActivate method and transitioning it to
the ready state.

The container invokes thgbTimeout  method in the context of a transaction determined by
its transaction attribute.

[49] The EJB specification does not require the distributed flushing of state. The container in wajblrthd<METHOD>
method executes is not required to propagate the flush to a different container.
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10.1.5

Read-only Entity Beans

10.1.6

Compliant implementations of this specification may optionally support read-only entity beans. A
read-only entity bean is an entity bean whose instances are not intended to be updated and/or created by
the application. Read-only beans are best suited for situations where the underlying data never changes
or changes infrequently.

Containers that support read-only beans do not calefb8tore  method on them. ThejbLoad
method should typically be called by the container when the state of the bean instance is initially loaded
from the database, or at designated refresh intrfAls.

If a read-only bean is used, the state of such a bean should not be updated by the application, and the
behavior is unspecified if this occtrd!

Read-only beans are designated by vendor-specific means that are outside the scope of this specifica-
tion, and their use is therefore not portable.

The EntityContext Interface

A container provides the entity bean instances wittEatityContext , which gives the entity bean
instance access to the instance’s context maintained by the contain&nfity€ontext interface
has the following methods:

* ThegetEJBObject method returns the entity bean’s remote interface.

* ThegetEJBHome method returns the entity bean’s remote home interface.

* ThegetEJBLocalObject method returns the entity bean’s local interface.

* ThegetEJBLocalHome method returns the entity bean’s local home interface.

* The getCallerPrincipal method returns thgava.security.Principal that
identifies the invoker.

* TheisCallerInRole method tests if the entity bean instance’s caller has a particular role.

* The setRollbackOnly method allows the instance to mark the current transaction such
that the only outcome of the transaction is a rollback.

* The getRollbackOnly method allows the instance to test if the current transaction has
been marked for rollback.

* ThegetPrimaryKey  method returns the entity bean’s primary key.

* ThegetTimerService method returns thiavax.ejb.TimerService interface.

[50] The ability to refresh the state of a read-only bean and the intervals at which such refresh occurs are vendor-specific.]
[51] For example, an implementation might choose to ignore such updates or to disallow them.
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* The getUserTransaction method returns th@vax.transaction.UserTrans-
action interface. Entity bean instances must not call this method.

* Thelookup method enables the entity bean to look up its environment entries in the JNDI
naming context.

10.1.7 Operations Allowed in the Methods of the Entity Bean Class

Table 10 defines the methods of an entity bean class in which the enterprise bean instances can access
the methods of thgavax.ejb.EntityContext interface, thgava:comp/env  environment

naming context, resource managérsnerService  andTimer methods, th&ntityManager-

Factory andEntityManager  methods, and other enterprise beans.

If an entity bean instance attempts to invoke a method ofghtityContext interface, and the
access is not allowed in Table 10, the container must throwatveelang.lllegalStateEx-
ception.

If an entity bean instance attempts to invoke a method oftheerService  or Timer interface and
the access is not allowed in Table 10, the container must throjatiaelang.lllegalState-
Exception.

If an entity bean instance attempts to access a resource manager, an enterprise bean, or an entity man-
ager or entity manager factory, and the access is not allowed in Table 10, the behavior is undefined by
the EJB architecture.

Table 10

Operations Allowed in the Methods of an Entity Bean

Bean method Bean method can perform the following operations
constructor -

setEntityContext EntityContext methodgetEJBHome, getEJBLocalHoneokup
unsetEntityContext JNDI access to java:comp/env

EntityContext methodgetEJBHomegetEJBLocalHome, getCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnly, getTimerServjce
lookup

JNDI access to java:comp/env
ejbCreate Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access
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Table 10

Operations Allowed in the Methods of an Entity Bean

Bean method

Bean method can perform the following operations

ejbPostCreate

EntityContext methodggetEJBHomegetEJBLocalHome, getCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnlygetEJBObjectgetE-
JBLocalObject, getPrimaryKey, getTimerSeryioekup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access

Timer service or Timer methods
EntityManagerFactory access
EntityManager access

ejbRemove

EntityContext methodgetEJBHomegetEJBLocalHome, getCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnlygetEJBObjectgetE-
JBLocalObject, getPrimaryKey, getTimerSeryicekup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access

Timer service or Timer methods
EntityManagerFactory access
EntityManager access

ejbFind

EntityContext methodgetEJBHomegetEJBLocalHome, getCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnlylookup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

ejbHome

EntityContext methodggetEJBHomegetEJBLocalHome, getCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnly, getTimerService
lookup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access
EntityManagerFactory access
EntityManager access

ejbActivate
ejbPassivate

EntityContext methodgietEJBHomggetEJBLocalHome, getEJBObject
getEJBLocalObject, getPrimaryKey, getTimerSendoekup

JNDI access to java:comp/env
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Table 10 Operations Allowed in the Methods of an Entity Bean

Bean method Bean method can perform the following operations

EntityContext methodgjetEJBHomegetEJBLocalHomegetCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnlygetEJBObjectgetE-
JBLocalObject, getPrimaryKey, getTimerSeryioekup

JNDI access to java:comp/env
ejbLoad Resource manager access
ejbStore Enterprise bean access

Timer service or Timer methods
EntityManagerFactory access

EntityManager access

EntityContext methodgetEJBHomegetEJBLocalHome, getCallerPrincipal
getRollbackOnlyisCallerinRole setRollbackOnlygetEJBObjectgetE-
JBLocalObject, getPrimaryKey, getTimerSeryicekup

JNDI access to java:comp/env

business method Resource manager access

from component inter- _
face Enterprise bean access

Timer service or Timer methods
EntityManagerFactory access
EntityManager access

EntityContext methodgetEJBHomegetEJBLocalHome, getCallerPrincipal
isCallerinRole getRollbackOnlysetRollbackOnlygetEJBObjectgetE-
JBLocalObject, getPrimaryKey, getTimerSeryiocekup

JNDI access to java:comp/env
Resource manager access
Enterprise bean access

Timer service or Timer methods

ejbTimeout

EntityManagerFactory access
EntityManager access

Additional restrictions:

* The getRollbackOnly and setRollbackOnly methods of theEntityContext
interface should be used only in the enterprise bean methods that execute in the context of a
transaction. The container must throw jaea.lang.lllegalStateException if the
methods are invoked while the instance is not associated with a transaction.

Reasons for disallowing operations:
* Invoking thegetEJBObject , getEJBLocalObject , andgetPrimaryKey methods is

disallowed in the entity bean methods in which there is no entity object identity associated with
the instance.
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* Invoking thegetEJBObject andgetEJBHome methods is disallowed if the entity bean
does not define a remote client view.

* Invoking thegetEJBLocalObject andgetEJBLocalHome methods is disallowed if the
entity bean does not define a local client view.

* Invoking thegetRollbackOnly and setRollbackOnly methods is disallowed in the
entity bean methods for which the container does not have a meaningful transaction context.
These are the methods that have NMa&Supported , Never, or Supports transaction
attribute.

* Accessing resource managers and enterprise beans is disallowed in the entity bean methods for
which the container does not have a meaningful transaction context or client security context.

10.1.8 Caching of Entity State and the ejbLoad and ejbStog Methods

An instance of an entity bean with bean-managed persistence can cache the entity object’s state between
business method invocations. An instance may choose to cache the entire entity object’s state, part of
the state, or no state at all.

The container-invokedjbLoad andejbStore methods assist the instance with the management of
the cached entity object’s state. The instance should handigjlihead andejbStore methods as
follows:

* When the container invokes tlegbStore  method on the instance, the instance should push
all cached updates of the entity object’s state to the underlying database. The container invokes
the ejpStore  method at the end of a transactiRf, and may also invoke it at other times
when the instance is in the ready state. (For example the container may ejx3tere
when passivating an instance in the middle of a transaction, or when transferring the instance’s
state to another instance to support distributed transactions in a multi-process server.)

*  When the container invokes tlggbLoad method on the instance, the instance should dis-
card any cached entity object’s state. The instance may, but is not required to, refresh the
cached state by reloading it from the underlying database.

The following examples, which are illustrative but not prescriptive, show how an instance may cache the
entity object’s state:

* An instance loads the entire entity object’s state indfie.oad method and caches it until
the container invokes trgbStore  method. The business methods read and write the cached
entity state. ThejpStore  method writes the updated parts of the entity object’s state to the
database.

* An instance loads the most frequently used part of the entity object’s state @jbhead
method and caches it until the container invokesdjixStore  method. Additional parts of

[52] This call may be omitted if the bean has been specified as read-only.
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the entity object’s state are loaded as needed by the business methodpStbee method
writes the updated parts of the entity object’s state to the database.

* Aninstance does not cache any entity object’s state between business methods. The business
methods access and modify the entity object’s state directly in the databasejbLad
andejbStore  methods have an empty implementation.

We expect that most entity developers will not manually code the cache management and data access
calls in the entity bean class. We expect that they will rely on application development tools to provide
various data access components that encapsulate data access and provide state caching.

10.1.8.1 ejbLoad and ejbStore with the NotSupported Transaction Attribute

The use of theejpLoad andejbStore  methods for caching an entity object’s state in the instance
works well only if the container can use transaction boundaries to drivejbth®ad andejbStore

methods. When th&lotSupported (53] transaction attribute is assigned to a component interface
method, the corresponding enterprise bean class method executes with an unspecified transaction con-
text (See Subsection 13.6.5). This means that the container does not have any well-defined transaction
boundaries to drive thejbLoad andejbStore  methods on the instance.

Therefore, theejpLoad andejbStore  methods are “unreliable” for the instances that the container
uses to dispatch the methods with an unspecified transaction context. The following are the only guaran-
tees that the container provides for the instances that execute the methods with an unspecified transac-
tion context:

* The container invokes at least oafpLoad betweenejbActivate and the first business
method in the instance.

* The container invokes at least oeghStore  between the last business method on the
instance and thejbPassivate methodP?l.

Because the entity object’s state accessed betweesgilthead andejbStore  method pair is not
protected by a transaction boundary for the methods that execute with an unspecified transaction con-
text, the Bean Provider should not attempt to usedjsboad andejbStore  methods to control
caching of the entity object’s state in the instance. Typically, the implementation eflihead and
ejbStore  methods should be a no-op (i.e., an empty method), and each business method should
access the entity object’s state directly in the database.

[53] This applies also to tHeever andSupports attribute.
[54] This ejbStore call may be omitted if the bean has been specified as read-only.
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10.1.9 Finder Method Return Type

10.1.9.1 Single-Object Finder

Some finder methods (such efpFindByPrimaryKey ) are designed to return at most one entity
object. For single-object finders, the result type dfirel<METHOD>method defined in the entity
bean’s remote home interface is the entity bean’s remote interface, and the result type of the
find<METHOD>method defined in the entity bean’s local home interface is the entity bean’s local
interface. The result type of the correspondejgFind<METHOD> method defined in the entity’s
implementation class is the entity bean’s primary key type.

The following code illustrates the definition of a single-object finder on the remote home interface.

/I Entity’s home interface
public AccountHome extends javax.ejb.EJBHome {

Account findByPrimaryKey(AccountPrimaryKey primkey)
throws FinderException, RemoteException;

Note that a finder method defined on the local home interface, however, must not throw the
RemoteException

/I Entity’s implementation class
public AccountBean implements javax.ejb.EntityBean {

b.ijblic AccountPrimaryKey ejbFindByPrimaryKey/(
AccountPrimaryKey primkey)
throws FinderException

}
10.1.9.2 Multi-Object Finders

Some finder methods are designed to return multiple entity objects. For multi-object finders defined in
the entity bean’s remote home interface, the result type ofitidlekMETHOD>method is a collection

of objects implementing the entity bean’s remote interface. For multi-object finders defined in the entity
bean’s local home interface, the result type is a collection of objects implementing the entity bean’s
local interface. In either case, the result type of the corresporgjbigind<METHOD> implementa-

tion method defined in the entity bean’s implementation class is a collection of objects of the entity
bean’s primary key type.

The Bean Provider can choose two types to define a collection type for a finder:
e the Java™ Z2ava.util.Collection interface

e the JDK™ 1.Jjava.util. Enumeration interface
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A Bean Provider targeting containers and clients based on Java 2 should jeeathél.Col-
lection interface for the finder's result type.

A Bean Provider who wants to ensure that the entity bean is compatible with containers and clients
based on JDK 1.1 must use jhea.util. Enumeration interface for the finder’s result typel.

The Bean Provider must ensure that the objects in jhea.util.Enumeration or
java.util.Collection returned from theejbFind<METHOD> method are instances of the
entity bean’s primary key class.

A client program must use theortableRemoteObject.narrow method to convert the objects
contained in the collections returned by a finder method on the entity bean’s remote home interface to
the entity bean’s remote interface type.

The following is an example of a multi-object finder method definition that is compatible with contain-
ers and clients based on Java 2:

/I Entity’s remote home interface

public AccountHome extends javax.ejb.EJBHome {

jéiva.util.CoIIection findLargeAccounts(double limit)
throws FinderException, RemoteException;

}

/I Entity’s implementation class
public AccountBean implements javax.ejb.EntityBean {

5ﬁblic java.util.Collection ejbFindLargeAccounts(
double limit) throws FinderException
{

}

[55] The finder will be also compatible with Java 2-based containers and clients.
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The following is an example of a multi-object finder method definition compatible with containers and

clients that are based on both JDK 1.1 and Java 2:

/I Entity’s remote home interface
public AccountHome extends javax.ejb.EJBHome {

jéva.util.Enumeration findLargeAccounts(double limit)
throws FinderException, RemoteException;

}

/I Entity’s implementation class
public AccountBean implements javax.ejb.EntityBean {

5ﬁblic java.util. Enumeration ejbFindLargeAccounts(
double limit) throws FinderException
{

}

10.1.10 Timer Notifications

An entity bean can be registered with the EJB Timer Service for time-based event notifications if it
implements thgavax.ejb.TimedObject interface. The container invokes the bean instance’s
ejbTimeout method when a timer for the bean has expired. See Chapter 18, “Timer Service”.

10.1.11 Standard Application Exceptions br Entities

The EJB specification defines the following standard application exceptions:
* javax.ejb.CreateException
* javax.ejb.DuplicateKeyException
* javax.ejb.FinderException
* javax.ejb.ObjectNotFoundException

* javax.ejb.RemoveException

10.1.11.1 CreateException

From the client's perspective, @reateException (or a subclass o€reateException

cates that an application level error occurred during dreate<METHOD> operation. If a client
receives this exception, the client does not know, in general, whether the entity object was created but
not fully initialized, or not created at all. Also, the client does not know whether or not the transaction
has been marked for rollback. (However, the client may determine the transaction status using the

UserTransaction interface or thesetRollbackOnly method of the&eJBContext interface.)
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The Bean Provider throws tHereateException (or subclass ofcreateException ) from the
ejbCreate<METHOD> andejbPostCreate<METHOD> methods to indicate an application-level
error from the create or initialization operation. Optionally, the Bean Provider may mark the transaction
for rollback before throwing this exception.

The Bean Provider is encouraged to mark the transaction for rollback only if data integrity would be
lost if the transaction were committed by the client. Typically, whé&reateException is thrown,

it leaves the database in a consistent state, allowing the client to recover. For examitliecate

may throw the CreateException to indicate that the some of the arguments to tre-
ate<METHOD>method are invalid.

The container treats tli&reateException as any other application exception. See Section 14.3.

10.1.11.2 DuplicateKeyException

The DuplicateKeyException is a subclass o€reateException . It is thrown by theejb-
Create<METHOD> method to indicate to the client that the entity object cannot be created because an
entity object with the same key already exists. The unique key causing the violation may be the primary
key, or another key defined in the underlying database.

Normally, the Bean Provider should not mark the transaction for rollback before throwing the excep-
tion.

When the client receives tHauplicateKeyException , the client knows that the entity was not
created, and that the client’s transaction has not typically been marked for rollback.

10.1.11.3 FinderException

From the client’'s perspective, EinderException (or a subclass oFinderException ) indi-
cates that an application level error occurred duringfitid  operation. Typically, the client’s transac-
tion has not been marked for rollback because ofFithd@erException

The Bean Provider throws tHeinderException (or subclass ofinderException ) from the
ejbFind<METHOD> method to indicate an application-level error in the finder method. The Bean Pro-
vider should not, typically, mark the transaction for rollback before throwindrthderException

The container treats tle@nderException as any other application exception. See Section 14.3.

10.1.11.4 ObjectNotFoundException

The ObjectNotFoundException is a subclass ofinderException . It is thrown by the
ejbFind<METHOD> method to indicate that the requested entity object does not exist.

Only single-object finders (see Subsection 10.1.9) should throw this exception. Multi-object finders
must not throw this exception. Multi-object finders should return an empty collection as an indication
that no matching objects were found.
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10.1.11.5 RemoveException

From the client’'s perspective, RemoveException (or a subclass oRemoveException ) indi-

cates that an application level error occurred duringraove operation. If a client receives this excep-

tion, the client does not know, in general, whether the entity object was removed or not. The client also
does not know if the transaction has been marked for rollback. (However, the client may determine the
transaction status using thkiserTransaction interface.)

The Bean Provider throws tHeemoveException (or subclass oRemoveException ) from the
ejpbRemove method to indicate an application-level error from the entity object removal operation.
Optionally, the Bean Provider may mark the transaction for rollback before throwing this exception.

The Bean Provider is encouraged to mark the transaction for rollback only if data integrity would be
lost if the transaction were committed by the client. Typically, whé&eamoveException is thrown,
it leaves the database in a consistent state, allowing the client to recover.

The container treats tiRemoveException as any other application exception. See Section 14.3.

10.1.12 Commit Options

The Entity Bean protocol is designed to give the container the flexibility to select the disposition of the

instance state at transaction commit time. This flexibility allows the container to optimally manage the
caching of entity object’s state and the association of an entity object identity with the enterprise bean
instances.

The container can select from the following commit-time options:

e Option A: The container caches a “ready” instance between transactions. The container
ensures that the instance has exclusive access to the state of the object in the persistent storage.
Therefore, the container does not have to synchronize the instance’s state from the persistent
storage at the beginning of the next transaction.

* Option B: The container caches a “ready” instance between transactions. In contrast to Option
A, in this option the container does not ensure that the instance has exclusive access to the state
of the object in the persistent storage. Therefore, the container must synchronize the instance’s
state from the persistent storage at the beginning of the next transaction.

e Option C: The container does not cache a “ready” instance between transactions. The con-
tainer returns the instance to the pool of available instances after a transaction has completed.

The following table provides a summary of the commit-time options.

Table 11 Summary of Commit-Time Options
Write instance state | Instance stays Instance state
to database ready remains valid
Option A Yes Yes Yes
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Table 11 Summary of Commit-Time Options
Write instance state | Instance stays Instance state
to database ready remains valid
Option B Yes Yes No
Option C Yes No No

Note that the container synchronizes the instance’s state with the persistent storage at transaction com-
mit for all three options.

The selection of the commit option is transparent to the entity bean implementation—the entity bean

will work correctly regardless of the commit-time option chosen by the container. The Bean Provider
writes the entity bean in the same way.

10.1.13 Concurrent Access fom Multiple Transactions

When writing the entity bean business methods, the Bean Provider does not have to worry about concur-
rent access from multiple transactions. The Bean Provider may assume that the container will ensure
appropriate synchronization for entity objects that are accessed concurrently from multiple transactions.

The container typically uses one of the following implementation strategies to achieve proper synchro-
nization. (These strategies are illustrative, not prescriptive.)

* The container activates multiple instances of the entity bean, one for each transaction in which
the entity object is being accessed. The transaction synchronization is performed automatically
by the underlying database during the database access calls performed by the business methods
and theejbTimeout method; and by thejbLoad , ejbCreate<METHOD> , ejbStore ,
andejpRemove methods. The database system provides all the necessary transaction syn-
chronization; the container does not have to perform any synchronization logic.
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Figure 21 Multiple Clients Can Access the Same Entity Object Using Multiple Instances
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With this strategy, the type of lock acquiredd&fpLoad leads to a trade-off. IgjbLoad acquires an
exclusive lock on the instance's state in the database, then throughput of read-only transactions could
be impacted. ligjbLoad acquires a shared lock and the instance is updated, #ybStore  will

need to promote the lock to an exclusive lock. This may cause a deadlock if it happens concurrently
under multiple transactions.

Account 100
inTX 2

/

The container acquires exclusive access to the entity object’s state in the database. The con-
tainer activates a single instance and serializes the access from multiple transactions to this
instance. The commit-time option A applies to this type of container.
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Figure 22 Multiple Clients Can Access the Same Entity Object Using Single Instance
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10.1.14 Non-reentrant and Re-entrant Instances

An entity Bean Provider can specify that an entity bean is non-reentrant. If an instance of a non-reen-

trant entity bean executes a client request in a given transaction context, and another request with the
same transaction context arrives for the same entity object, the container will throw an exception to the

second request. This rule allows the Bean Provider to program the entity bean as single-threaded,
non-reentrant code.

The functionality of some entity beans may require loopbacks in the same transaction context. An
example of a loopback is when the client calls entity object A, A calls entity object B, and B calls back
A in the same transaction context. The entity bean’s method invoked by the loopback shares the current
execution context (which includes the transaction and security contexts) with the bean’s method invoked
by the client.

If the entity bean is specified as non-reentrant in the deployment descriptor, the container must reject an
attempt to re-enter the instance via the entity bean’s component interface while the instance is executing
a business method. (This can happen, for example, if the instance has invoked another enterprise bean,
and the other enterprise bean tries to make a loopback call.) If the attempt is made to reenter the instance

through the remote interface, the container must throwjatia.rmi.RemoteException to the
caller. If the attempt is made to reenter the instance through the local interface, the container must throw
the javax.ejb.EJBException to the caller. The container must allow the call if the bean’s

deployment descriptor specifies that the entity bean is re-entrant.

Re-entrant entity beans must be programmed and used with caution. First, the Bean Provider must code
the entity bean with the anticipation of a loopback call. Second, since the container cannot, in general,
tell a loopback from a concurrent call from a different client, the client programmer must be careful to
avoid code that could lead to a concurrent call in the same transaction context.
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Concurrent calls in the same transaction context targeted at the same entity object are illegal and may
lead to unpredictable results. Since the container cannot, in general, distinguish between an illegal con-
current call and a legal loopback, application programmers are encouraged to avoid using loopbacks.
Entity beans that do not need callbacks should be marked as non-reentrant in the deployment descriptor,
allowing the container to detect and prevent illegal concurrent calls from clients.

Responsibilities of the Enterprise Bean Provider

10.2.1

This section describes the responsibilities of a bean-managed persistence entity Bean Provider to ensure
that the entity bean can be deployed in any EJB container.

Classes and Interfaces

10.2.2

The Bean Provider is responsible for providing the following class files:
* Entity bean class and any dependent classes
* Primary key class

* Entity bean’s remote interface and remote home interface, if the entity bean provides a remote
client view

* Entity bean’s local interface and local home interface, if the entity bean provides a local client
view

The Bean Provider must provide a remote interface and a remote home interface or a local interface an

local home interface for the bean. The Bean Provider may provide a remote interface, remote home
interface, local interface, and local home interface for the bean. Other combinations are not allowed.

Enterprise Bean Class

The following are the requirements for an entity bean class:

The class must implement, directly or indirectly, jineax.ejb.EntityBean interface.

The class may implement, directly or indirectly, jineax.ejb. TimedObject interface.

The class must be definedmgblic and must not babstract . The class must be a top level class.
The class must not be definediasl

The class must define a public constructor that takes no arguments.

The class must not define thealize method.
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10.2.3

The class may, but is not required to, implement the entity bean’s component iff&Hfdtene class
implements the entity bean’s component interface, the class must provide no-op implementations of the
methods defined in thgvax.ejb.EJBObject or javax.ejb.EJBLocalObject interface.

The container will never invoke these methods on the bean instances at runtime.

A no-op implementation of these methods is required to avoid defining the entity bean class as abstract.

The entity bean class must implement the business methods, apib@reate<METHOD> , ejb-
PostCreate<METHOD> , ejbFind<METHOD>, and ejobHome<METHOD>methods as described
later in this section.

The entity bean class may have superclasses and/or superinterfaces. If the entity bean has superclasses,
the business methods, thpCreate and ejbPostCreate methods, the finder methods, and the
methods of theEntityBean  interface or theTimedObject interface may be implemented in the
enterprise bean class or in any of its superclasses.

The entity bean class is allowed to implement other methods (for example helper methods invoked
internally by the business methods) in addition to the methods required by the EJB specification.

ejbCreate<METHOD> Methods

The entity bean class must implement #jeCreate<METHOD> methods that correspond to the
create<METHOD> methods specified in the entity bean’s home interface.

The entity bean class may define zero or mefieCreate<METHOD> methods whose signatures
must follow these rules:

The method name must haeg@Create  as its prefix.

The method must be declaredpablic

The method must not be declaredinal  or static

The return type must be the entity bean’s primary key type.

The method argument and return value types must be legal types for RMI-IIOP ifjlieee
ate<METHOD>corresponds to ereate<METHOD> on the entity bean’s remote home interface.

The throws clause may define arbitrary application specific exceptions, including the
javax.ejb.CreateException

[56]

If the entity bean class does implement the component interface, care must be taken to avoid phissingsof method argu-
ment or result. This potential error can be avoided by choosing not to implement the component interface in the entitg.bean cla

283 May 2, 2006 2:35 pm



Sun Microsystems, Inc.

EJB 2.1 Entity Bean Component Contract for Bean-Managed PersistenceEnterprise JavaBeans 3.0, Final Release  Responsibilities of

10.2.4

Compatibility Note: EJB 1.0 allowed thgjbCreate  method to throw thgava.rmi.RemoteEx-

ception to indicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB
1.1 or EJB 2.0 or later compliant enterprise bean should throwjéhex.ejb. EJBException or
anotherjava.lang.RuntimeException to indicate non-application exceptions to the container
(see Section 14.2.2). An EJB 2.0 or later enterprise bean should not thrgavhemi. Remote-

Exception . from thegjbCreate  method.

The entity object created by tlegbCreate<METHOD> method must have a unique primary key. This
means that the primary key must be different from the primary keys of all the existing entity objects
within the same home. ThegibCreate<METHOD> method should throw thBuplicateKeyEx-

ception on an attempt to create an entity object with a duplicate primary key. However, it is legal to
reuse the primary key of a previously removed entity object.

ejbPostCreate<METHOD> Methods

10.2.5

For eachejbCreate<METHOD> method, the entity bean class must define a matchjbhBost-
Create<METHOD> method, using the following rules:

The method name must haggPostCreate  as its prefix.
The method must be declaredpablic

The method must not be declaredinal  or static

The return type must beid .

The method arguments must be the same as the arguments of the majoldneate<METHOD>
method.

The throws clause may define arbitrary application specific exceptions, including the
javax.ejb.CreateException

Compatibility Note: EJB 1.0 allowed thgjbPostCreate  method to throw thgava.rmi.Remo-
teException  to indicate a non-application exception. This practice was deprecated in EJB 1.1—an
EJB 1.1 or EJB 2.0 or later compliant enterprise bean should throwjdlrex.ejb. EJBExcep-

tion or anotherjava.lang. RuntimeException to indicate non-application exceptions to the
container (see Section 14.2.2). An EJB 2.0 or later enterprise bean should not throw the
Java.rmi.RemoteException . from theejbPostCreate  method.

ejbFind Methods

The entity bean class may also define additiejfind<METHOD> finder methods.
The signatures of the finder methods must follow the following rules:

A finder method name must start with the prefigjFind ” (e.g. ejbFindByPrimaryKey
ejbFindLargeAccounts , ejpbFindLateShipments )-
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A finder method must be declaredpasblic
The method must not be declaredinal  or static

The method argument types must be legal types for RMI-IIOP igfbBind<METHOD> method cor-
responds to ind<METHOD> method on the entity bean’s remote home interface.

The return type of a finder method must be the entity bean’s primary key type, or a collection of primary
keys (see Subsection 10.1.9).

The throws clause may define arbitrary application specific exceptions, including the
javax.ejb.FinderException

Compatibility Note: EJB 1.0 allowed the finder methods to throwj#ha.rmi.RemoteExcep-

tion toindicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB 1.1 or
EJB 2.0 or later compliant enterprise bean should throw jaeax.ejb.EJBException or
anotherjava.lang.RuntimeException to indicate non-application exceptions to the container
(see Section 14.2.2). An EJB 2.0 or later enterprise bean should not thrgawaemi. Remote-

Exception . from thegjbFind method.

Every entity bean must define tieghFindByPrimaryKey method. The result type for this method
must be the primary key type (i.e., tlgbFindByPrimaryKey method must be a single-object
finder).

10.2.6 ejpHome<METHOD> Methods

The entity bean class may define zero or more home methods whose signatures must follow the follow-
ing rules:

An ejbHome<METHOD>method must exist for every hom@METHOD>ethod on the entity bean’s
remote home or local home interface. The method name mustdjlaMeme as its prefix followed by
the name of theMETHODmethod in which the first character has been uppercased.

The method must be declaredpablic

The method must not be declaredstsic

The method argument and return value types must be legal types for RMI-IIORejltHeme method
corresponds to a method on the entity bean’s remote home interface.

Thethrows clause may define arbitrary application specific exceptionstfitoevs clause must not
throw thejava.rmi.RemoteException

10.2.7 Business Methods

The entity bean class may define zero or more business methods whose signatures must follow these
rules:
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The method names can be arbitrary, but they must not start @jith’‘to avoid conflicts with the call-
back methods used by the EJB architecture.

The business method must be declarepldic
The method must not be declaredinal  or static

The method argument and return value types must be legal types for RMI-IIOP if the method corre-
sponds to a business method on the entity bean’s remote interface.

Thethrows clause may define arbitrary application specific exceptions.

Compatibility Note: EJB 1.0 allowed the business methods to throyattzermi.RemoteExcep-

tion to indicate a non-application exception. This practice was deprecated in EJB 1.1—an EJB 1.1 or
EJB 2.0 or later compliant enterprise bean should throw jaeax.ejb.EJBException or
anotherjava.lang.RuntimeException to indicate non-application exceptions to the container
(see Section 14.2.2). An EJB 2.0 or later enterprise bean should not thrgawaemi. Remote-

Exception . from a business method.

Entity Bean’s Remote Interface

The following are the requirements for the entity bean’s remote interface:

The interface must extend tjavax.ejb.EJBObject interface.

The methods defined in the remote interface must follow the rules for RMI-IIOP. This means that their
argument and return value types must be valid types for RMI-IIOP, and tiveiws clauses must

include thgava.rmi.RemoteException

The remote interface is allowed to have superinterfaces. Use of interface inheritance is subject to the
RMI-1IOP rules for the definition of remote interfaces.

For each method defined in the remote interface, there must be a matching method in the entity bean’s
class. The matching method must have:

* The same name.
* The same number and types of its arguments, and the same return type.

* All the exceptions defined in thihrows clause of the matching method of the enterprise
bean class must be defined in theows clause of the method of the remote interface.

The remote interface methods must not expose local interface types, local home interface types, timers
or timer handles, or the managed collection classes that are used for entity beans with container-man-
aged persistence as arguments or results.
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10.2.9 Entity Bean’s Remote Home Interface

The following are the requirements for the entity bean’s remote home interface:
The interface must extend tfavax.ejb.EJBHome interface.

The methods defined in this interface must follow the rules for RMI-IIOP. This means that their argu-
ment and return types must be of valid types for RMI-IIOP, and that theswvs clauses must include
thejava.rmi.RemoteException

The remote home interface is allowed to have superinterfaces. Use of interface inheritance is subject to
the RMI-IIOP rules for the definition of remote interfaces.

Each method defined in the remote home interface must be one of the following:
* A create method.
* A finder method.
* A home method.

Eachcreate method must be the namedréate<METHOD>", and it must match one of thejb-
Create<METHOD> methods defined in the enterprise bean class. The matchjnGre-
ate<METHOD>method must have the same number and types of its arguments. (Note that the return
type is different.)

The return type for areate<METHOD> method must be the entity bean’s remote interface type.

All the exceptions defined in tharows clause of the matchingjbCreate<METHOD> andejb-
PostCreate<METHOD> methods of the enterprise bean class must be included thitbvs clause

of the matchingcreate<METHOD> method of the remote home interface (i.e., the set of exceptions
defined for thecreate<METHOD> method must be a superset of the union of exceptions defined for
theejbCreate<METHOD> andejbPostCreate<METHOD> methods).

The throws clause of acreate<METHOD> method must include thgvax.ejb.CreateEx-
ception

Eachfinder method must be name@ifid<METHOD>" (e.g. findLargeAccounts ), and it must
match one of theejbFind<METHOD> methods defined in the entity bean class (ejgFind-
LargeAccounts ). The matchingejpFind<METHOD> method must have the same number and
types of arguments. (Note that the return type may be different.)

The return type for dind<METHOD> method must be the entity bean’s remote interface type (for a
single-object finder), or a collection thereof (for a multi-object finder).

The remote home interface must always includefit@ByPrimaryKey method, which is always a
single-object finder. The method must declare the primary key class as the method argument.
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10.2.10

All the exceptions defined in ththrows clause of arejbFind method of the entity bean class must
be included in théhrows clause of the matchifind method of the remote home interface.

Thethrows clause of dinder method must include thavax.ejb.FinderException

Home methods can have arbitrary names, provided that they do not clasbreatie , find , and

remove method names. The matchiefpHome method specified in the entity bean class must have

the same number and types of arguments and must return the same type as the home method as specified
in the remote home interface of the bean.

The remote home interface methods must not expose local interface types, local home interface types,

timer handles, or the managed collection classes that are used for entity beans with container-managed
persistence as arguments or results.

Entity Bean’s Local Interface

10.2.11

The following are the requirements for the entity bean’s local interface:
The interface must extend tfavax.ejb.EJBLocalObject interface.

The throws clause of a method defined on the local interface must not include the
java.rmi.RemoteException

The local interface is allowed to have superinterfaces.

For each method defined in the local interface, there must be a matching method in the entity bean’s
class. The matching method must have:

* The same name.
* The same number and types of its arguments, and the same return type.

* All the exceptions defined in thihrows clause of the matching method of the enterprise
Bean class must be defined in theows clause of the method of the local interface.

Entity Bean’s Local Home Interface

The following are the requirements for the entity bean’s local home interface:
The interface must extend tjavax.ejb.EJBLocalHome interface.

Thethrows clause of a method on the local home interface must not includevaami.Remo-
teException

The local home interface is allowed to have superinterfaces.

Each method defined in the local home interface must be one of the following:
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10.2.12

e A create method.
¢ A finder method.
¢ A home method.

Eachcreate method must be the namedréate<METHOD>", and it must match one of thejb-
Create<METHOD> methods defined in the enterprise bean class. The matchjnGre-
ate<METHOD>method must have the same number and types of its arguments. (Note that the return
type is different.)

The return type for areate<METHOD> method must be the entity bean’s local interface type.

All the exceptions defined in tharows clause of the matchingjbCreate<METHOD> andejb-
PostCreate<METHOD> methods of the enterprise bean class must be included thitbvs clause

of the matchingcreate<METHOD> method of the local home interface (i.e., the set of exceptions
defined for thecreate<METHOD> method must be a superset of the union of exceptions defined for
theejbCreate<METHOD> andejbPostCreate<METHOD> methods).

Thethrows clause of acreate<METHOD> method must include thgvax.ejb.CreateEx-
ception

Eachfinder method must be namedifd<METHOD>" (e.g. findLargeAccounts ), and it
must match one of thelbFind<METHOD> methods defined in the entity bean class (ejigFind-
LargeAccounts ). The matchingejbFind<METHOD> method must have the same number and
types of arguments. (Note that the return type may be different.)

The return type for ind<METHOD> method must be the entity bean’s local interface type (for a sin-
gle-object finder), or a collection thereof (for a multi-object finder).

The local home interface must always include fimelByPrimaryKey method, which is always a
single-object finder. The method must declare the primary key class as the method argument.

All the exceptions defined in ththrows clause of arejbFind method of the entity bean class must
be included in théhrows clause of the matchifind method of the local home interface.

Thethrows clause of dinder method must include thavax.ejb.FinderException

Home methods can have arbitrary names, provided that they do not clasbreatie , find , and

remove method names. The matchiegpHome method specified in the entity bean class must have

the same number and types of arguments and must return the same type as the home method as specified
in the local home interface of the bean.

The throws clause of any method on the entity bean’s local home interface must not include the
java.rmi.RemoteException

Entity Bean’s Primary Key Class

The Bean Provider must specify a primary key class in the deployment descriptor.
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The primary key type must be a legal Value Type in RMI-IIOP.

The class must provide suitable implementation of theshCode() and equals(Object
other) methods to simplify the management of the primary keys by client code.

10.3 The Responsibilities of the Container Provider

This section describes the responsibilities of the Container Provider to support bean-managed persis-
tence entity beans. The Container Provider is responsible for providing the deployment tools, and for
managing entity bean instances at runtime.

Because the EJB specification does not define the API between deployment tools and the container, we

assume that the deployment tools are provided by the Container Provider. Alternatively, the deployment
tools may be provided by a different vendor who uses the container vendor’s specific API.

10.3.1 Generation of Implementation Classes

The deployment tools provided by the Container Provider are responsible for the generation of addi-

tional classes when the entity bean is deployed. The tools obtain the information that they need for gen-
eration of the additional classes by introspecting the classes and interfaces provided by the entity Bean
Provider and by examining the entity bean’s deployment descriptor.

The deployment tools must generate the following classes:

* A class that implements the entity bean’'s remote home interface (i.e., the entity EJBHome
class).

* A class that implements the entity bean’s remote interface (i.e., the entity EJBObject class).

* Aclass that implements the entity bean’s local home interface (i.e., the entity EJBLocalHome
class).

* Aclass that implements the entity bean’s local interface (i.e., the entity EJBLocalObject class).

The deployment tools may also generate a class that mixes some container-specific code with the entity
bean class. The code may, for example, help the container to manage the entity bean instances at runt-
ime. Tools can use subclassing, delegation, and code generation.

The deployment tools may also allow generation of additional code that wraps the business methods and
that is used to customize the business logic for an existing operational environment. For example, a
wrapper for adebit function on theAccount bean may check that the debited amount does not
exceed a certain limit, or perform security checking that is specific to the operational environment.

5/2/06 290



Sun Microsystems, Inc.

The Responsibilities of the Container Provider Enterprise JavaBeans 3.0, Final Release EJB 2.1 Entity Bean Component Contract for

10.3.2 Entity EJBHome Class

The entity EJBHome class, which is generated by deployment tools, implements the entity bean’s
remote home interface. This class implements the methods ¢avas.ejb.EJBHome interface,
and the type-specific create, finder, and home methods specific to the entity bean.

The implementation of eadreate<METHOD> method invokes a matchirgjpCreate<METHOD>
method, followed by the matchingjbPostCreate<METHOD> method, passing there-
ate<METHOD>parameters to these matching methods.

The implementation of theemove methods defined in thgmvax.ejb.EJBHome interface must
activate an instance (if an instance is not already in the ready state) and invelieReenove method
on the instance.

The implementation of eacind<METHOD> method invokes a matchingjbFind<METHOD>
method. The implementation of tied<METHOD> method must create an entity object reference for
the primary key returned from thejbFind<METHOD> and return the entity object reference (i.e.,
EJBObject) to the client. If thejpFind<METHOD> method returns a collection of primary keys, the
implementation of thénd<METHOD> method must create a collection of entity object references for
the primary keys and return the collection to the client.

The implementation of eachkMETHOD>home method invokes a matchirgbHome<METHOD>

method (in which the first character fMETHOD>is uppercased in the name of thegb-
Home<METHODmethod), passing theMETHODparameters to the matching method.

10.3.3 Entity EJBObject Class

The entity EJBObject class, which is generated by deployment tools, implements the entity bean’s
remote interface. It implements the methods ofjthex.ejb.EJBObject interface and the busi-
ness methods specific to the entity bean.

The implementation of theemove method (defined in thgavax.ejb.EJBObject interface)
must activate an instance (if an instance is not already in the ready state) and inveigRémove
method on the instance.

The implementation of each business method must activate an instance (if an instance is not already in
the ready state) and invoke the matching business method on the instance.

10.3.4 Entity EJBLocalHome Class

The entity EJBLocalHome class, which is generated by deployment tools, implements the entity bean’s
local home interface. This class implements the methods gatlex.ejb.EJBLocalHome inter-
face, and the type-specific create, finder, and home methods specific to the entity bean.

The implementation of eaadreate<METHOD> method invokes a matchirgjpCreate<METHOD>
method, followed by the matchingjbPostCreate<METHOD> method, passing there-
ate<METHOD>parameters to these matching methods.
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10.35

The implementation of theemove method defined in th@avax.ejb.EJBLocalHome interface
must activate an instance (if an instance is not already in the ready state) and inveigRémove
method on the instance.

The implementation of eacind<METHOD> method invokes a matchingjbFind<METHOD>
method. The implementation of tHimd<METHOD> method must create an entity object reference
for the primary key returned from thegbFind<METHOD> and return the entity object reference (i.e.,
EJBLocalObject) to the client. If thejbFind<METHOD> method returns a collection of primary
keys, the implementation of tfsmd<METHOD> method must create a collection of entity object ref-
erences for the primary keys and return the collection to the client.

The implementation of eachkMETHOD>home method invokes a matchirggpHome<METHOD>

method (in which the first character GfMETHOD>is uppercased in the name of thegb-
Home<METHODmethod), passing theMETHODparameters to the matching method.

Entity EJBLocalObject Class

10.3.6

The entity EJBLocalObject class, which is generated by deployment tools, implements the entity bean’s
local interface. It implements the methods of theax.ejb.EJBLocalObject interface and the
business methods specific to the entity bean.

The implementation of theemove method (defined in thvax.ejb.EJBLocalObject inter-
face) must activate an instance (if an instance is not already in the ready state) and inwjk&ée
move method on the instance.

The implementation of each business method must activate an instance (if an instance is not already in
the ready state) and invoke the matching business method on the instance.

Handle Class

10.3.7

The deployment tools are responsible for implementing the handle class for the entity bean. The handle
class must be serializable by the Java Serialization protocol.

As the handle class is not entity-bean specific, the container may, but is not required to, use a single
class for all deployed entity beans.

Home Handle Class

The deployment tools responsible for implementing the home handle class for the entity bean. The han-
dle class must be serializable by the Java Serialization protocol.

Because the home handle class is not entity-bean specific, the container may, but is not required to, use
a single class for the home handles of all deployed entity beans.
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10.3.8 Metadata Class
The deployment tools are responsible for implementing the class that provides metadata information to
the remote client view contract. The class must be a valid RMI-IIOP Value Type, and must implement
thejavax.ejh.EJBMetaData interface.
Because the metadata class is not entity-bean specific, the container may, but is not required to, use a
single class for all deployed enterprise beans.
10.3.9 Instance’s Re-entrance

The container runtime must enforce the rules defined in Section 10.1.14.

10.3.10 Transaction Scoping, SecurityExceptions
The container runtime must follow the rules on transaction scoping, security checking, and exception
handling described in Chapters 13, 17, and 14.

10.3.11 Implementation of Object References
The container should implement the distribution protocol between the client and the container such that
the object references of the remote home and remote interfaces used by entity bean clients are usable for
a long period of time. Ideally, a client should be able to use an object reference across a server crash and
restart. An object reference should become invalid only when the entity object has been removed, or
after a reconfiguration of the server environment (for example, when the entity bean is moved to a dif-
ferent EJB server or container).
The motivation for this is to simplify the programming model for the entity bean client. While the client
code needs to have a recovery handler for the system exceptions thrown from the individual method
invocations on the home and remote interface, the client should not be forced to re-obtain the object ref-
erences.

10.3.12 EntityContext
The container must implement tigntityContext.getEJBObject method such that the bean

instance can use the Java language cast to convert the returned value to the entity bean’s remote inter-
face type. Specifically, the bean instance does not have to usttebleRemoteObject.nar-
row method for the type conversion.
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«aen  EJB 1.1 Entity Bean Component Contract
for Container-Managed Persistence

This chapter specifies the EJB 1.1 entity bean component contract for container-managed persistence.

EJB 1.1 entity beans are deprecated with this version of the Enterprise JavaBeans specification.

11.1 EJB 1.1 Entity Beans with Container-Managed Persistence

Chapter 10, “EJB 2.1 Entity Bean Component Contract for Bean-Managed Persistence” describes the

component contract for entity beans with bean-managed persistence. The contract for an EJB 1.1 entity

bean with container-managed persistence is the same as the contract for an entity bean with bean-man-
aged persistence as described in Chapter 10, except for the differences described in this chapter.

An EJB 1.1 entity bean with container-managed persistence cannot have a local interface or local home
interface. Use of the local interfaces of other enterprise beans is not supported for an EJB 1.1 entity
bean with container-managed persistence.
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Use of the EJB Timer Service is not supported for an EJB 1.1 entity bean with container-managed per-
sistence. An EJB 1.1 entity bean with container-managed persistence should not implement the
Javax.ejb. TimedObject interface. Use of dependency injection, interceptors, and any Java lan-
guage metadata annotations is not supported for EJB 1.1 entity beans.

Container-Managed Fields

An EJB 1.1 entity bean with container-managed persistence relies on the Container Provider’s tools to
generate methods that perform data access on behalf of the entity bean instances. The generated meth-
ods transfer data between the entity bean instance’s variables and the underlying resource manager at
the times defined by the EJB specification. The generated methods also implement the creation,
removal, and lookup of the entity object in the underlying database.

An entity bean with container-manager persistence must not code explicit data access—all data access
must be deferred to the container.

The EJB 1.1 entity Bean Provider is responsible for usingthp-field  elements of the deployment
descriptor to declare the instance’s fields that the container must load and store at the defined times. The
fields must be defined in the entity bean clagauatic , and must not be defined taansient

The container is responsible for transferring data between the entity bean’s instance variables and the
underlying data source before or after the execution oéth€reate , ejpRemove , ejbLoad , and
ejbStore  methods, as described in the following subsections. The container is also responsible for
the implementation of the finder methods.

The EJB 2.0 or later deployment descriptor for an EJB 1.1 entity bean with container-managed persis-
tence indicates that the entity bean uses container-managed persistence and that the value of its
cmp-version  elementisl.x .

The EJB 1.1 component contract does not architect support for relationships for entity beans with con-
tainer-managed persistence. The EJB 2.0 and later specifications do not support the use of the
cmr-field , ejb-relation , or query deployment descriptor elements or their subelements for
EJB 1.1 entity beans.

The following requirements ensure that an EJB 1.1 entity bean with container-managed persistence can
be deployed in any compliant container.

* The Bean Provider must ensure that the Java types assigned to the container-managed fields are
restricted to the following: Java primitive types, Java serializable types, and references of
enterprise beans’ remote or remote home interfaces.

* The Container Provider may, but is not required to, use Java Serialization to store the con-
tainer-managed fields in the database. If the container chooses a different approach, the effect
should be equivalent to that of Java Serialization. The container must also be capable of per-
sisting references to enterprise beans’ remote and remote home interfaces (for example, by
storing their handle or primary key).
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Although the above requirements allow the Bean Provider to specify almost any arbitrary type for the
container-managed fields, we expect that in practice the Bean Provider of EJB 1.1 entity beans with
container-managed persistence will use relatively simple Java types, and that most containers will be
able to map these simple Java types to columns in a database schema to externalize the entity state in
the database, rather than use Java serialization.

If the Bean Provider expects that the container-managed fields will be mapped to database fields, he or
she should provide mapping instructions to the Deployer. The mapping between the instance’s con-
tainer-managed fields and the schema of the underlying database manager will be then realized by the
data access classes generated by the Container Provider’s tools. Because entity beans are typically
coarse-grained objects, the content of the container-managed fields may be stored in multiple rows, pos-
sibly spread across multiple database tables. These mapping techniques are beyond the scope of the
EJB specification, and do not have to be supported by an EJB compliant container. (The container may
simply use the Java serialization protocol in all cases).

11.1.2 ejbCreate, ejbP®stCreate

With bean-managed persistence, the entity Bean Provider is responsible for writing the code that inserts
a record into the database in thipCreate  methods. However, with container-managed persistence,
the container performs the database insert aftegjtiereate method completes.

The container must ensure that the values of the container-managed fields are set to the Java language
defaults (e.g. O for integenull ~ for pointers) prior to invoking aejbCreate  method on an instance.

The EJB 1.1 entity Bean Provider’s responsibility is to initialize the container-managed fields in the
ejbCreate  methods from the input arguments such that wheejareate = method returns, the
container can extract the container-managed fields from the instance and insert them into the database.

TheejbCreate  methods must be defined to return the primary key class type. The implementation of
theejbCreate  methods should be coded to returnwdl . The returned value is ignored by the con-
tainer.

Note: The above requirement is to allow the creation of an entity bean with bean-managed persistence
by subclassing an EJB 1.1 entity bean with container-managed persistence. The Java language rules for
overriding methods in subclasses requires the signatures ogjtitereate  methods in the subclass

and the superclass be the same.

The container is responsible for creating the entity object’s representation in the underlying database,
extracting the primary key fields of the newly created entity object representation in the database, and
for creating an entity EJBODbject reference for the newly created entity object. The container must estab-
lish the primary key before it invokes tlsgbPostCreate = method. The container may create the rep-
resentation of the entity in the database immediately &ftaCreate returns, or it can defer it to a

later time (for example to the time after the match@jgPostCreate  has been called, or to the end

of the transaction).

The container then invokes the matchijgPostCreate  method on the instance. The instance can
discover the primary key by calling thetPrimaryKey  method on its entity context object.
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The container must invokeibCreate , perform the database insert operation, and in@kPost-
Create in the transaction context determined by the transaction attribute of the matieiaig
method, as described in subsection 13.6.2.

The container throws thBuplicateKeyException if the newly created entity object would have
the same primary key as one of the existing entity objects within the same home.

11.1.3 ejbRemove

The container invokes tle§bRemove method on an entity bean instance with container-managed per-
sistence in response to a client-invokedhove operation on the entity bean’s remote home or remote
interface.

The entity Bean Provider can use #eRemove method to implement any actions that must be done
before the entity object’s representation is removed from the database.

The container synchronizes the instance’s state before it invokegtRemove method. This means

that the state of the instance variables at the beginning o¢jtiitemove method is the same as it
would be at the beginning of a business method.

After ejpRemove returns, the container removes the entity object’s representation from the database.
The container must perforgibRemove and the database delete operation in the transaction context

determined by the transaction attribute of the invokethove method, as described in subsection
13.6.2.

11.1.4 ejbLoad

When the container needs to synchronize the state of an enterprise bean instance with the entity object’s
state in the database, the container reads the entity object’s state from the database into the con-
tainer-managed fields and then it invokesdjit oad method on the instance.

The entity Bean Provider can rely on the container’s having loaded the container-managed fields from
the database just before the container invokeejbeoad method. The entity bean can use #jb-

Load method, for instance, to perform some computation on the values of the fields that were read by
the container (for example, uncompressing text fields).

11.1.5 ejbStore

When the container needs to synchronize the state of the entity object in the database with the state of
the enterprise bean instance, the container first callsjiftore  method on the instance, and then it
extracts the container-managed fields and writes them to the database.

The entity Bean Provider should use #jbStore  method to set up the values of the container-man-
aged fields just before the container writes them to the database. For exampiStoee  method
may perform compression of text before the text is stored in the database.
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11.1.6

Finder Hethods

11.1.7

The entity Bean Provider does not write the finéggsKind<METHOD> ) methods.

The finder methods are generated at the entity bean deployment time using the Container Provider’s
tools. The tools can, for example, create a subclass of the entity bean class that implements the
ejbFind<METHOD> methods, or the tools can generate the implementation of the finder methods
directly in the class that implements the entity bean’s remote home interface.

Note that theejbFind<METHOD> names and parameter signatures of EJB 1.1 entity beans do not pro-
vide the container tools with sufficient information for automatically generating the implementation of
the finder methods for methods other tlbFindByPrimaryKey . Therefore, the Bean Provider is
responsible for providing a description of each finder method. The entity bean Deployer uses container
tools to generate the implementation of the finder methods based in the description supplied by the Bean
Provider. The EJB1.1 component contract for container-managed persistence does not specify the for-
mat of the finder method description.

Home Methods

11.1.8

The EJB1.1 entity bean contract does not supjbHome methods.

Create Methods

11.1.9

The EJB1.1 entity bean contract does not suppeete<METHOD> methods.

Primary K ey Type

The container must be able to manipulate the primary key type. Therefore, the primary key type for an
entity bean with container-managed persistence must follow the rules in this subsection, in addition to
those specified in Subsection 10.2.12.

There are two ways to specify a primary key class for an entity bean with container-managed persis-
tence:

* Primary key that maps to a single field in the entity bean class.
* Primary key that maps to multiple fields in the entity bean class.
The second method is necessary for implementing compound keys, and the first method is convenient for

single-field keys. Without the first method, simple types su@#ramy would have to be wrapped in a
user-defined class.

11.1.9.1 Primary Key that Maps to a Single Field in the Entity Bean Class

The Bean Provider uses thmgimkey-field element of the deployment descriptor to specify the
container-managed field of the entity bean class that contains the primary key. The field’s type must be
the primary key type.

299 May 2, 2006 2:35 pm

EJB 1.1 Entity Bean Component



Sun Microsystems, Inc.

EJB 1.1 Entity Bean Component Contract for Container-Managed PersistenceEnterprise JavaBeans 3.0, Final Release EJB 1.1 Entity

11.1.9.2 Primary Key that Maps to Multiple Fields in the Entity Bean Class
The primary key class must pablic , and must havepublic  constructor with no parameters.
All fields in the primary key class must be declared as public.

The names of the fields in the primary key class must be a subset of the names of the container-managed
fields. (This allows the container to extract the primary key fields from an instance’s container-managed
fields, and vice versa.)

11.1.9.3 Special Case: Unknown Primary Key Class

In special situations, the entity Bean Provider may choose not to specify the primary key class for an
entity bean with container-managed persistence. This case usually happens when the entity bean does
not have a natural primary key, and the Bean Provider wants to allow the Deployer to select the primary
key fields at deployment time. The entity bean’s primary key type will usually be derived from the pri-
mary key type used by the underlying database system that stores the entity objects. The primary key
used by the database system may not be known to the Bean Provider.

When defining the primary key for the enterprise bean, the Deployer may sometimes need to subclass
the entity bean class to add additional container-managed fields (this typically happens for entity beans
that do not have a natural primary key, and the primary keys are system-generated by the underlying
database system that stores the entity objects).

In this special case, the type of the argument offith@ByPrimaryKey method must be declared as
java.lang.Object , and the return value ofejbCreate must be declared as
java.lang.Object. The Bean Provider must specify the primary key class in the deployment
descriptor as of the tygava.lang.Object.

The primary key class is specified at deployment time in the situations when the Bean Provider develops
an entity bean that is intended to be used with multiple back-ends that provide persistence, and when
these multiple back-ends require different primary key structures.

Use of entity beans with a deferred primary key type specification limits the client application program-
ming model, because the clients written prior to deployment of the entity bean may not use, in general,
the methods that rely on the knowledge of the primary key type.

The implementation of the enterprise bean class methods must be done carefully. For example, the meth-
ods should not depend on the type of the object returned EotityContext.getPrimaryKey ,
because the return type is determined by the Deployer after the EJB class has been written.
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Interceptors

Interceptors are used to interpose on business method invocations and lifecycle events that occur on an
enterprise bean instance.

Overview

An interceptor method may be defined on an enterprise bean class or on an interceptor class associated
with the bean. An interceptor class is a class—distinct from the bean class itself—whose methods are
invoked in response to business method invocations and/or lifecycle events on the bean.

Any number of interceptor classes may be defined for a bean class.

It is possible to carry state across multiple interceptor method invocations for a single business method
invocation or lifecycle callback event for a bean in the context data ofrthecationContext

object.

An interceptor class must have a public no-arg constructor.

The programming restrictions that apply to enterprise bean components apply to interceptors as well.
See Section 21.1.2.
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Interceptor methods and interceptor classes are defined for a bean by means of metadata annotations or
the deployment descriptor. When annotations are used, one or more interceptor classes are denoted
using thelnterceptors annotation on the bean class itself and/or on business methods of the bean.

If multiple interceptors are defined, the order in which they are invoked is determined by the order in
which they are specified in tHaterceptors annotation, as described in sections 12.3.1 and 12.4.1.

The deployment descriptor may be used as an alternative to specify the invocation order of interceptors
or to override the order specified in metadata annotations.

Default interceptors may be defined at the level of the ejb-jar file, to apply to all components defined
within the ejb-jar. See Section 12.6.

Interceptor Life Cycle

The lifecycle of an interceptor instance is the same as that of the bean instance with which it is associ-
ated. When the bean instance is created, interceptor instances are created for each interceptor class
defined for the bean. These interceptor instances are destroyed when the bean instance is removed. In
the case of interceptors associated with stateful session beans, the interceptor instances are passivated
upon bean instance passivation, and activated when the bean instance is activated. See sections 4.4,
4.5.1, and 5.5.

Both the interceptor instance and the bean instance are created or activated before any of the respective
PostConstruct  or PostActivate callbacks are invoked. AnpreDestroy andPrePassi-

vate callbacks are invoked before the respective destruction or passivation of either the bean instance
or interceptor instance.

An interceptor instance may hold state. An interceptor instance may be the target of dependency injec-
tion. Dependency injection is performed when the interceptor instance is created, using the naming con-
text of the associated enterprise bean. PlostConstruct interceptor callback method is invoked

after this dependency injection has taken place on both the interceptor instances and the bean instance.

Interceptors can invoke JNDI, JDBC, JMS, other enterprise beans, and the EntityManager. See Tables 1,
2,3.

The interceptors for a bean share the enterprise naming context of the bean for whose methods and life-
cycle events they are invoked. Annotations and/or XML deployment descriptor elements for depen-
dency injection or for direct JNDI lookup refer to this shared naming context.

The EJBContext object may be injected into an interceptor class. The interceptor may losétipe
method of the EJBContext interface to access the bean’s JNDI naming context.

The use of an extended persistence context is only supported for interceptors that are associated with
stateful session beans.
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12.3 Business Method Interceptors

Interceptor methods may be defined for business methods of sessions beans and for the message listener
methods of message-driven beans. Business method interceptor methods are denotéddunthe
Invoke annotation oaround-invoke  deployment descriptor element.

Aroundinvoke  methods may be defined on superclasses of the bean class or interceptor classes.
However, only onéAroundinvoke  method may be present on a given class.Axoundinvoke
method cannot be a business method of the bean.

Aroundinvoke  methods can have public, private, protected, or package level accegsoind-
Invoke method must not be declaredfimal  or static

Aroundinvoke methods have the following signature:
Object <METHOD>(InvocationContext) throws Exception
An Aroundinvoke  method can invoke any component or resource that a business method can.

Business method interceptor method invocations occur within the same transaction and security context
as the business method for which they are invoked.

Business method interceptor methods may be defined to apply to business methods individually, rather
than to all the business methods of the bean class. See Section 12.7, “Method-level Interceptors”.

12.3.1 Multiple Business Method Interceptor Methods

If multiple interceptor methods are defined for a bean, the following rules governing their invocation
order apply. The deployment descriptor may be used to override the interceptor invocation order speci-
fied in annotations, as described in section 12.8.

* Default interceptors, if any, are invoked first. Default interceptors can only be specified in the
deployment descriptor. Default interceptors are invoked in the order of their specification in the
deployment descriptor.

* |If there are any interceptor classes defined on the bean class, the interceptor methods defined
by those interceptor classes are invoked before any interceptor methods defined on the bean
class itself.

* The Aroundinvoke methods defined on those interceptor classes are invoked in the same
order as the specification of the interceptor classes imtieeptors annotation.

* Ifaninterceptor class itself has superclasses, the interceptor methods defined by the interceptor
class’s superclasses are invoked before the interceptor method defined by the interceptor class,
most general superclass first.

* After the interceptor methods defined on interceptor classes have been invoked, then, in order:
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* If any method-level interceptors are defined for the business method that is to be
invoked, theAroundinvoke methods defined on those interceptor classes are
invoked in the same order as the specification of those interceptor classes in the
Interceptors annotation applied to that business method. (See Section 12.7 for
the description of method-level interceptors).

* If a bean class has superclasses, anyundinvoke methods defined on those
superclasses are invoked, most general superclass first.

* TheAroundinvoke method, if any, on the bean class itself is invoked.

* If an Aroundinvoke method is overridden by another method (regardless of whether that
method is itself arroundinvoke  method), it will not be invoked.

The deployment descriptor may be used to override the interceptor invocation order specified in annota-
tions. See Section 12.8.2.

The InvocationContext object provides metadata that enables interceptor methods to control the
behavior of the invocation chain, including whether the next method in the chain is invoked and the val-
ues of its parameters and result. The use ofitlvecationContext interface is described in Sec-

tion 12.5.

Exceptions

12.4

Business method interceptor methods may throw runtime exceptions or application exceptions that are
allowed in thehrows clause of the business method.

Aroundinvoke methods are allowed to catch and suppress exceptions and recover by madling
ceed() . Aroundinvoke methods are allowed to throw runtime exceptions or any checked excep-
tions that the business method allows within its throws clause.

Aroundinvoke  methods run in the same Java call stack as the bean business méthoda-
tionContext.proceed() will throw the same exception as any thrown by the business method
unless an interceptor further down the Java call stack has caught it and thrown a different exception.
Exceptions and initialization and/or cleanup operations should typically be handled in try/catch/finally
blocks around thproceed() method.

Aroundinvoke methods can mark the transaction for rollback by throwing a runtime exception or by
calling the EJBContexsetRollbackOnly() method.Aroundinvoke  methods may cause this
rollback before or afteinvocationContext.proceed() is called.

If a system exception escapes the interceptor chain the bean instance and any associated interceptor

instances are discarded. TReeDestroy callbacks are not invoked in this case: the interceptor meth-
ods in the chain should perform any necessary clean-up operations as the interceptor chain unwinds.

Interceptors for LifeCycle Event Callbacks

Lifecycle callback interceptor methods may be defined for session beans and message driven beans.
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Interceptor methods for lifecycle event callbacks can be defined on an interceptor class and/or directly
on the bean class. THeostConstruct , PreDestroy , PostActivate , andPrePassivate
annotations are used to define an interceptor method for a lifecycle callback event. If the deployment
descriptor is used to define interceptors, ffwst-construct , pre-destroy , post-acti-

vate , andpre-passivate elements are used.

Lifecycle callback interceptor methods and business method interceptor methods may be defined on the
same interceptor class.

Lifecycle callback interceptor methods are invoked in an unspecified transaction and security context.
Lifecycle callback interceptor methods may be defined on superclasses of the bean class or interceptor
classes. However, a given class may not have more than one lifecycle callback interceptor method for

the same lifecycle event. Any subset or combination of lifecycle callback annotations may be specified
on a given class.

A single lifecycle callback interceptor method may be used to interpose on multiple callback events
(e.g.,PostConstruct  andPostActivate ).

Lifecycle callback interceptor methods defined on an interceptor class have the following signature:
void <METHOD> (InvocationContext)
Lifecycle callback interceptor methods defined on a bean class have the following signature:

void <METHOD>()

Lifecycle callback interceptor methods can have public, private, protected, or package level access. A
lifecycle callback interceptor method must not be declardidias or static
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Examples:

@ Stateful public class ShoppingCartBean implements ShoppingCart {
private float total,
private Vector productCodes;
public int someShoppingMethod(){...};

@PreDestroy void endShoppingCart() {...};

public class Mylnterceptor {

@PostConstruct
public void any-method-name (InvocationContext ctx) {

Efx.proceed();
}

@PreDestroy
public void any-other-method-name (InvocationContext ctx) {

Efx.proceed();

12.4.1 Multiple Callback Inter ceptor Methods br a Life Cycle Callback Event

If multiple callback interceptor methods are defined for a lifecycle event for a bean, the following rules
governing their invocation order apply. The deployment descriptor may be used to override the intercep-
tor invocation order specified in annotations, as described in section 12.8.

Default interceptors, if any, are invoked first. Default interceptors can only be specified in the
deployment descriptor. Default interceptors are invoked in the order of their specification in the
deployment descriptor.

If there are any interceptor classes defined on the bean class, the lifecycle callback interceptor
methods defined by those interceptor classes are invoked before any lifecycle callback inter-
ceptor methods defined on the bean class itself.

The lifecycle callback interceptor methods defined on those interceptor classes are invoked in
the same order as the specification of the interceptor classes linténeeptors annota-
tion.

If an interceptor class itself has superclasses, the lifecycle callback interceptor methods defined
by the interceptor class’s superclasses are invoked before the lifecycle callback interceptor
method defined by the interceptor class, most general superclass first.

After the lifecycle callback interceptor methods defined on interceptor classes have been
invoked, then:
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12.4.2

* Ifa bean class has superclasses, any lifecycle callback interceptor methods defined on
those superclasses are invoked, most general superclass first.

* The lifecycle callback interceptor method, if any, on the bean class itself is invoked.

* If a lifecycle callback interceptor method is overridden by another method (regardless of
whether that method is itself a lifecycle callback interceptor method (of the same or different
type)), it will not be invoked.

The deployment descriptor may be used to override the interceptor invocation order specified in annota-
tions, as described in section 12.8.2.

All lifecycle callback interceptor methods for a given lifecycle event run in the same Java call stack. If
there is no corresponding callback method on the bean class (or any of its superclasses)ctre
tionContext.proceed invocation on the last interceptor method defined on an interceptor class in
the chain will be a no-op.

The InvocationContext object provides metadata that enables interceptor methods to control the
invocation of further methods in the chain. See Section 12.5.

Exceptions

Lifecycle callback interceptor methods may throw system runtime exceptions, but not application
exceptions.

A runtime exception thrown by any lifecycle interceptor callback method causes the bean instance and
its interceptors to be discarded after the interceptor chain unwinds.

The lifecycle callback interceptor methods for a lifecycle event run in the same Java call stack as the
lifecycle callback method on the bean clabsiocationContext.proceed() will throw the

same exception as any thrown by another lifecycle callback interceptor method or lifecycle callback
method on the bean class unless an interceptor further down the Java call stack has caught it and thrown
a different exception. A lifecycle callback interceptor method (other than a method on the bean call or
its superclasses) may catch an exception thrown by another lifecycle callback interceptor method in the
invocation chain, and clean up before returning. Exceptions and initialization and/or cleanup operations
should typically be handled in try/catch/finally blocks aroundotioeeed() method.

The PreDestroy callbacks are not invoked when the bean and the interceptors are discarded as a
result of such exceptions: the lifecycle callback interceptor methods in the chain should perform any
necessary clean-up operations as the interceptor chain unwinds.
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InvocationContext

The InvocationContext object provides metadata that enables interceptor methods to control the
behavior of the invocation chain.

public interface InvocationContext {
public Object getTarget();
public Method getMethod();
public Object[] getParameters();
public void setParameters(Object[] params);
public java.util. Map<String, Object> getContextData();
public Object proceed() throws Exception;

}

The samdnvocationContext instance will be passed to each interceptor method for a given busi-

ness method or lifecycle event interception. This allows an interceptor to save information in the context
data property of thénvocationContext that can be subsequently retrieved in other interceptors as

a means to pass contextual data between interceptors. The contextual data is not sharable across sepa-
rate business method invocations or lifecycle callback events. If interceptors are invoked as a result of
the invocation on a web service endpoint, the map returnedydiContextData will be the

JAX-WS MessageContext [32]. The lifecycle of thevocationContext instance is otherwise
unspecified.

ThegetTarget method returns the bean instance. TaMethod method returns the method of
the bean class for which the interceptor was invoked.Aoundinvoke  methods, this is the busi-
ness method on the bean class; for lifecycle callback interceptor mejbtidsthod returns null.

ThegetParameters  method returns the parameters of the business method invocatisetPH-

rameters has been calledjetParameters  returns the values to which the parameters have been

set. ThesetParameters  method modifies the parameters used for the business method invocation.
Modifying the parameter values does not affect the determination of the business method that is invoked
on the bean class. The parameter types must match the types for the business method, and the number of
parameters supplied must equal the number of parameters the business method, or the lllegalArgument-
Exception is thrown.

The proceed method causes the invocation of the next interceptor method in the chain, or, when
called from the lasfAroundinvoke interceptor method, the business method. Interceptor methods
must always callnvocationContext.proceed() or no subsequent interceptor methods or bean
business method or lifecycle callback methods will be invoked.pfbeeed method returns the result

of the next method invoked. If a method retusrgd , proceed returnsnull . For lifecycle callback
interceptor methods, if there is no callback method defined on the bean class, the invocation of
ceed in the last interceptor method in the chain is a no-op, faultl is returned. If there is more than
one such interceptor method, the invocatiopafceed causes the container to execute those methods
in order.
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12.6

Default Interceptors

12.7

Default interceptors may be defined to apply to all the components within the ejb-jar. The deployment
descriptor is used to define default interceptors and their relative ordering. See Section 12.8.2.

Default interceptors are automatically applied to all components defined in the ejb-jd&xTlele-
Defaultinterceptors annotation or exclude-default-interceptors deployment
descriptor element is used to exclude the invocation of default interceptors for a bean.

The default interceptors are invoked before any other interceptors for a beannt&heep-

tor-order deployment descriptor element may be used to specify alternative orderings. See Section
12.8.2.

Method-level Interceptors

A business method interceptor method may be defined to apply to a specific business method invoca-
tion, rather than to all of the business methods of the beafPBlass

Method-specific business method interceptors can be defined by applyimgetieeptors annota-

tion to the method for which the interceptors are to be invoked, or by means ahtdreep-

tor-binding deployment descriptor element. If more than one method-level interceptor is defined

for a business method, the interceptors are invoked in the order specified. Method-level business method
interceptors are invoked in addition to any default interceptors and interceptors defined for the bean
class (and its superclasses), as described in Section 12.3.1. The deployment descriptor may be used to
override this ordering.

The same interceptor may be applied to more than one method of the bean class:

@Stateless
public class MyBean ... {

public void notintercepted() {}

@Interceptors(org.acme.Mylnterceptor.class)
public void someMethod() {
}

@Interceptors(org.acme.Mylnterceptor.class)
public void anotherMethod() {

}
}

The applicability of a method-level interceptor to more than one business method of a bean does not
affect the relationship between the interceptor instance and the bean class—only a single instance of the
interceptor class is created per bean instance.

[57]

Method-level interceptor are used to specify business method interceptor methods. If an interceptor class that is used as a
method-level interceptor defines lifecycle callback interceptor methods, those lifecycle callback interceptor methods are not
invoked. See section 12.4.1.
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The ExcludeDefaultinterceptors annotation orexclude-default-interceptors

deployment descriptor element, when applied to a business method, is used to exclude the invocation of
default interceptors for that method. ThE&xcludeClassinterceptors annotation or
exclude-class-interceptors deployment descriptor element is used similarly to exclude the
invocation of the class-level intercept[é?é

In the following example, if there are no default interceptors, only the intercéygtmterceptor
will be invoked whersomeMethod is called.

@Stateless
@Interceptors(org.acme.Anotherinterceptor.class)
public class MyBean ... {

@ Interceptors(org.acme.Mylnterceptor.class)
@ExcludeClassinterceptors
public void someMethod() {

}

If default interceptors have also been defined for the bean class, they can be excluded for the specific
method by applying thExcludeDefaultinterceptors annotation on the method.

@Stateless
@Interceptors(org.acme.Anotherinterceptor.class)
public class MyBean ... {

@ExcludeDefaultinterceptors
@ExcludeClasslinterceptors
@Interceptors(org.acme.MylInterceptor.class)
public void someMethod() {

}

Specification of Interceptors in the Deployment Descriptor

128.1

The deployment descriptor can be used as an alternative to metadata annotations to specify interceptors
and their binding to enterprise beans or to override the invocation order of interceptors as specified in
annotations.

Specification of Interceptors

The interceptor deployment descriptor element is used to specify the interceptor methods of an
interceptor class. The interceptor methods are specified by usireydbed-invoke , pre-con-
struct , post-destroy |, pre-passivate , andpost-activate elements.

(58]

Class level interceptors are those interceptors defined biytéreptors annotation applied to the bean class (or its deploy-
ment descriptor equivalents).
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12.8.2

At most one method of a given interceptor class can be designated as an around-invoke method, a
pre-construct method, a post-destroy method, a pre-passivate method, or a post-activate method, regard-
less of whether the deployment descriptor is used to define interceptors or whether some combination of
annotations and deployment descriptor elements is used.

Specification of the Binding of Intecceptors to Beans

The interceptor-binding element is used to specify the binding of interceptor classes to enter-
prise beans and their business methods. The subelements infatezptor-binding element
are as follows:

* Theejb-name element must be the name of one of the enterprise beans contained in the
ejb-jar or the wildcard value*" (which is used to define interceptors that are bound to all
beans in the ejb-jar).

* The interceptor-class element specifies the interceptor class. Thercep-
tor-order element is used as an optional alternative to specify a total ordering over the
interceptors defined for the given level and above.

* Theexclude-default-interceptors andexclude-class-interceptors ele-
ments specify that default interceptors and class interceptors, respectively, are not to be applied
to a bean class and/or business method.

* The method-name element specifies the method name for a method-level interceptor; and
the optionalmethod-params elements identify a single method among multiple methods
with an overloaded method name.

Interceptors bound to all classes using the wildcard syrtéxate default interceptors for the compo-
nents in the ejb-jar. In addition, interceptors may be bound at the level of the bean class (class-level
interceptors) or business methods of the class (method-level interceptors).

The binding of interceptors to classes is additive. If interceptors are bound at the class-level and/or
default-level as well as at the method-level, both class-level and/or default-level as well as method-level
interceptors will apply. The deployment descriptor may be used to augment the interceptors and inter-
ceptor methods defined by means of annotations. When the deployment descriptor is used to augment
the interceptors specified in annotations, the interceptor methods specified in the deployment descriptor
will be invoked after those specified in annotations, according to the ordering specified in sections
12.3.1 and 12.4.1. Thiaterceptor-order deployment descriptor element may be used to over-

ride this ordering.

The exclude-default-interceptors element disables default interceptors for the level at
which it is specified and lower. That isxclude-default-interceptors when applied at the
class-level disables the application of default-interceptors for all methods of the class. The
exclude-class-interceptors element applied to a method, disables the application of
class-level interceptors for the given method. Explicitly listing an excluded higher-level interceptor at a
lower level causes it to be applied at that level and below.
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It is possible to override this ordering for interceptors specified in sections 12.3.1 and 12.4.1 by using
the interceptor-order element to specify a total ordering of interceptors at class-level and/or
method-level. If thenterceptor-order element is used, the ordering specified at the given level
must be a total order over all interceptor classes that have been defined at that level and above (unless
they have been explicitly excluded by means of one oéxokide- elements described aboVedl
There are four possible styles of the interceptor element syntax:

Style L
<interceptor-binding>
<ejb-name>*</ejb-name>
<interceptor-class>INTERCEPTOR</interceptor-class>
</interceptor-binding>
Specifying the ejb-name element as the wildcard vatuedesignates default interceptors (interceptors
that apply to all enterprise beans contained in the ejb-jar).
Style 2
<interceptor-binding>
<ejb-name>EJBNAME</ejb-name>
<interceptor-class>INTERCEPTORK</interceptor-class>
</interceptor-binding>
This style is used to refer to interceptors associated with the specified enterprise bean class (class-level
interceptors).
Style 3
<interceptor-binding>
<ejb-name>EJBNAME</ejb-name>
<interceptor-class>INTERCEPTOR</interceptor-class>
<method-name>METHOD</method-name>
</interceptor-binding>
This style is used to associate a method-level interceptor with the specified method of the specified
enterprise bean. If there are multiple methods with the same overloaded name, the element of this style
refers to all the methods with the overloaded name. Method-level interceptors can only be associated
with business methods of the bean class. Note that the wildcard valuzsahnot be used to specify
method-level interceptors.
[59] The Deployer must insure that this condition is met if the interceptor-order is incomplete.
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Style 4

<interceptor-binding>
<ejb-name>EJBNAME</ejb-name>
<interceptor-class>INTERCEPTOR</interceptor-class>
<method-name>METHOD</method-name>
<method-params>
<method-param>PARAM-1</method-param>
<method-param>PARAM-2</method-param>

2method—param>PARAM-n</method-param>
</method-params>
<interceptor-binding>

This style is used to associated a method-level interceptor with the specified method of the specified
enterprise bean. This style is used to refer to a single method within a set of methods with an overloaded
name. The valueBARAM-1throughPARAM-nare the fully-qualified Java types of the method’s input
parameters (if the method has no input arguments, the method-params element contains no
method-param elements). Arrays are specified by the array element’s type, followed by one or more pair
of square brackets (eiot[][] ).

If both styles 3 and 4 are used to define method-level interceptors for the same bean, the relative order-
ing of those method-level interceptors is undefined.

12.8.2.1 Examples
Examples of the usage of theerceptor-binding syntax are given below.

Style 1: The following interceptors apply to all components in the ejb-jar as default interceptors. They
will be invoked in the order specified.

<interceptor-binding>
<ejb-name>*</ejb-name>
<interceptor-class>org.acme.MyDefaultIC</interceptor-class>
<interceptor-class>org.acme.MyDefaultlC2</interceptor-class>
</interceptor-binding>

Style 2: The following interceptors are the class-level interceptors oEfmployeeService  bean.
They will be invoked in the order specified after any default interceptors.

<interceptor-binding>
<ejb-name>EmployeeService</ejb-name>
<interceptor-class>org.acme.MylC</interceptor-class>
<interceptor-class>org.acme.MylC2</interceptor-class>
</interceptor-binding>
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Style 3 The following interceptors apply to all thmyMethod methods of th&amployeeService
bean. They will be invoked in the order specified after any default interceptors and class-level intercep-
tors.

<interceptor-binding>
<ejb-name>EmployeeService</ejb-name>
<interceptor-class>org.acme.MylC</interceptor-class>
<interceptor-class>org.acme.MylC2</interceptor-class>
<method-name>myMethod</method-name>
</interceptor-binding>

Style 4 The following interceptor element refers to tmeyMethod(String firstName,
String LastName) method of the&EmployeeService  bean.

<interceptor-binding>
<ejb-name>EmployeeService</ejb-name>
<interceptor-class>org.acme.MylC</interceptor-class>
<method-name>myMethod</method-name>
<method-params>
<method-param>java.lang.String</method-param>
<method-param>java.lang.String</method-param>
</method-params>
</interceptor-binding>

The following example illustrates a Style 3 element with more complex parameter types. The method
myMethod(char s, int i, int[] iar, mypackage.MyClass mycl, mypack-
age.MyClass[][] myclaar) would be specified as:

<interceptor-binding>
<ejb-name>EmployeeService</ejb-name>
<interceptor-class>org.acme.MylC</interceptor-class>
<method-name>myMethod</method-name>
<method-params>
<method-param>char</method-param>
<method-param>int</method-param>
<method-param>int[]</method-param>
<method-param>mypackage.MyClass</method-param>
<method-param>mypackage.MyClass[][]</method-param>
</method-params>
</interceptor-binding>

The following example illustrates the total ordering of interceptors usingntieeceptor-order
element:

<interceptor-binding>
<ejb-name>EmployeeService</ejb-name>
<interceptor-order>
<interceptor-class>org.acme.MyIC</interceptor-class>
<interceptor-class>org.acme.MyDefaultiC</intercep-
tor-class>
<interceptor-class>org.acme.MyDefaultIC2</intercep-
tor-class>
<interceptor-class>org.acme.MylC2</interceptor-class>
</interceptor-order>
</interceptor-binding>
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camers SUPPOI for Transactions
One of the key features of the Enterprise JavaBeans™ architecture is support for distributed transac-
tions. The Enterprise JavaBeans architecture allows an application developer to write an application that
atomically updates data in multiple databases which may be distributed across multiple sites. The sites
may use EJB servers from different vendors.

13.1 Overview
This section provides a brief overview of transactions and illustrates a number of transaction scenarios
in EJB.
13.1.1 Transactions

Transactions are a proven technique for simplifying application programming. Transactions free the
application programmer from dealing with the complex issues of failure recovery and multi-user pro-
gramming. If the application programmer uses transactions, the programmer divides the application’s
work into units called transactions. The transactional system ensures that a unit of work either fully
completes, or the work is fully rolled back. Furthermore, transactions make it possible for the program-
mer to design the application as if it ran in an environment that executes units of work serially.
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13.1.2

Support for transactions is an essential element of the Enterprise JavaBeans architecture. The Enterprise
Bean Provider and the client application programmer are not exposed to the complexity of distributed
transactions. The Bean Provider can choose between using programmatic transaction demarcation in the
enterprise bean code (this style is caltehn-managed transaction demarcadion declarative transac-

tion demarcation performed automatically by the EJB container (this style is callediner-managed
transaction demarcatign

With bean-managed transaction demarcation, the enterprise bean code demarcates transactions using
thejavax.transaction.UserTransaction interface. All resource manager accesses between
theUserTransaction.begin andUserTransaction.commit calls are part of a transaction.

The terms resource and resource manager used in this chapter refer to the resources declared
using the Resource annotation in the enterprise bean class or using the resource-ref element in
the enterprise bean’s deployment descriptor. This includes not only database resources, but
also other resources, such as JMS Connections. These resources are considered to be “man-
aged” by the containdf?

With container-managed transaction demarcation, the container demarcates transactions per instructions
provided by the developer in metadata annotations or in the deployment descriptor. These instructions,
called transaction attributestell the container whether it should include the work performed by an
enterprise bean method in a client’s transaction, run the enterprise bean method in a new transaction
started by the container, or run the method with “no transaction” (Refer to Subsection 13.6.5 for the
description of the “no transaction” case).

Regardless of whether an enterprise bean uses bean-managed or container-managed transaction demar-
cation, the burden of implementing transaction management is on the EJB container and server pro-
vider. The EJB container and server implement the necessary low-level transaction protocols, such as
the two-phase commit protocol between a transaction manager and a database system or messaging pro-
vider, transaction context propagation, and distributed two-phase commit.

Many applications will consist of one or several enterprise beans that all use a single resource manager
(typically a relational database management system). The EJB container can make use of resource
manager local transactions as an optimization technique for enterprise beans for which distributed
transactions are not needed. A resource manager local transaction does not involve control or coordi-
nation by an external transaction manager. The container’s use of local transactions as an optimization
technique for enterprise beans with either container-managed transaction demarcation or bean-man-
aged transaction demarcation is not visible to the enterprise beans. For a discussion of the use of
resource manager local transactions as a container optimization strategy, referto [ 12]and [ 15].

Transaction Model

The Enterprise JavaBeans architecture supports flat transactions. A flat transaction cannot have any
child (nested) transactions.

[60]

Note that environment entries other than resources are specified wiResioeirce annotation and/aresource-ref deploy-
ment descriptor element as well.
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Note: The decision not to support nested transactions allows vendors of existing transaction
processing and database management systems to incorporate support for Enterprise Java-
Beans. If these vendors provide support for nested transactions in the future, Enterprise Java-
Beans may be enhanced to take advantage of nested transactions.

13.1.3 Relationship to JTA and JTS

13.2

The Java™ Transaction API (JTA) [8] is a specification of the interfaces between a transaction manager
and the other parties involved in a distributed transaction processing system: the application programs,
the resource managers, and the application server.

The Java Transaction Service (JTS) [9] APl is a Java binding of the CORBA Object Transaction Service
(OTS) 1.1 specification. JTS provides transaction interoperability using the standard IIOP protocol for
transaction propagation between servers. The JTS API is intended for vendors who implement transac-
tion processing infrastructure for enterprise middleware. For example, an EJB server vendor may use a
JTS implementation as the underlying transaction managetr.

The EJB architecture does not require the EJB container to support the JTS interfaces. The EJB archi-

tecture requires that the EJB container support the JTA API defined in [8] and the Connector APIs
defined in [15].

Sample Scenarios

13.2.1

This section describes several scenarios that illustrate the distributed transaction capabilities of the
Enterprise JavaBeans architecture.

Update of Multiple Databases

The Enterprise JavaBeans architecture makes it possible for an application program to update data in
multiple databases in a single transaction.

In the following figure, a client invokes the enterprise bean X. Bean X updates data using two database
connections that the Deployer configured to connect with two different databases, A and B. Then X calls
another enterprise bean, Y. Bean Y updates data in database C. The EJB server ensures that the updates
to databases A, B, and C are either all committed or all rolled back.
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Figure 23

13.2.2

Updates to Simultaneous Databases

EJB Server

=lsl=

database A database Bdatabase C

client

The application programmer does not have to do anything to ensure transactional semantics. Behind
the scenes, the EJB server enlists the database connections as part of the transaction. When the transac-
tion commits, the EJB server and the database systems perform a two-phase commit protocol to ensure
atomic updates across all three databases.

Messagessentor Receved Over JMS Sessionsind Update of Multiple Databases

The Enterprise JavaBeans architecture makes it possible for an application program to send messages to
or receive messages from one or more JMS Destinations and/or to update data in one or more databases
in a single transaction.

In the following figure, a client invokes the enterprise bean X. Bean X sends a message to a JMS queue
A and updates data in a database B using connections that the Deployer configured to connect with a
JMS provider and a database. Then X calls another enterprise bean, Y. Bean Y updates data in database
C. The EJB server ensures that the operations on A, B, and C are either all committed, or all rolled
back.
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Figure 24 Message Sent to JIMS Queue and Updates to Multiple Databases
client EJB Server

queue A  database B database C

The application programmer does not have to do anything to ensure transactional semantics. The enter-
prise beans X and Y perform the message send and database updates using the standard JMS and
JDBC™ APIs. Behind the scenes, the EJB server enlists the session on the connection to the JMS pro-
vider and the database connections as part of the transaction. When the transaction commits, the EJB
server and the messaging and database systems perform a two-phase commit protocol to ensure atomic
updates across all the three resources.

In the following figure, a client sends a message to the JMS queue A serviced by the message-driven
bean X. Bean X updates data using two database connections that the deployer configured to connect
with two different databases, B and C. The EJB server ensures that the dequeuing of the JMS message,
its receipt by bean X, and the updates to databases B and C are either all committed or all rolled back.
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Figure 25 Message Sent to JIMS Queue Serviced by Message-Driven Bean and Updates to Multiple Databases
client EJB Server
queue A

B

database B database C

13.2.3 Update of Databases via Multiple EJB Sefers

The Enterprise JavaBeans architecture allows updates of data at multiple sites to be performed in a sin-
gle transaction.

In the following figure, a client invokes the enterprise bean X. Bean X updates data in database A, and
then calls another enterprise bean Y that is installed in a remote EJB server. Bean Y updates data in
database B. The Enterprise JavaBeans architecture makes it possible to perform the updates to data-
bases A and B in a single transaction.

Figure 26 Updates to Multiple Databases in Same Transaction

EJB Server EJB Server

x -

client

database A database B
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When X invokes Y, the two EJB servers cooperate to propagate the transaction context from X to Y. This
transaction context propagation is transparent to the application-level code.

At transaction commit time, the two EJB servers use a distributed two-phase commit protocol (if the
capability exists) to ensure the atomicity of the database updates.

13.2.4 Client-Managed Demarcation

A Java client can use th@vax.transaction.UserTransaction interface to explicitly
demarcate transaction boundaries. The client program obtaingavhg.transaction.User-
Transaction interface through dependency injection or lookup in the bean’s EJBContext or in the
JNDI name space.
A client program using explicit transaction demarcation may perform, via enterprise beans, atomic
updates across multiple databases residing at multiple EJB servers, as illustrated in the following figure.

Figure 27 Updates on Multiple Databases on Multiple Servers

EJB Server

client
bedin /
g '

comn}t\ database A
EJB Server

GO

\

database B

The application programmer demarcates the transaction wégin and commit calls. If the enter-

prise beans X and Y are configured to use a client transaction (i.e., their methods have transaction
attributes that either require or support an existing transaction context), the EJB server ensures that the
updates to databases A and B are made as part of the client’s transaction.
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13.2.5 Container-Managed Demacation

Whenever a client invokes a method on an enterprise bean'’s business interface (or on the home or com-
ponent interface of an enterprise bean), the container interposes on the method invocation. The interpo-
sition allows the container to control transaction demarcation declaratively through the transaction
attribute set by the developer. (See Section 13.3.7 for a description of transaction attributes.)

For example, if an enterprise bean method is configured witiREB@UIREDiransaction attribute, the
container behaves as follows: If the client request is not associated with a transaction context, the con-
tainer automatically initiates a transaction whenever a client invokes an enterprise bean method that
requires a transaction context. If the client request contains a transaction context, the container includes
the enterprise bean method in the client transaction.

The following figure illustrates such a scenario. A non-transactional client invokes the enterprise bean
X, and the invoked method has tREQUIREE’l] transaction attribute. Because the message from the
client does not include a transaction context, the container starts a new transaction before dispatching
the method on X. Bean X's work is performed in the context of the transaction. When X calls other
enterprise beans (Y in our example), the work performed by the other enterprise beans is also automat-
ically included in the transaction (subject to the transaction attribute of the other enterprise bean).

Figure 28

Update of Multiple Databases from Non-Transactional Client

client EJB Server

database A database B

The container automatically commits the transaction at the time X returns a reply to the client.

If a message-driven bean’s message listener method is configured wiREQ&IREDtransaction
attribute, the container automatically starts a new transaction before the delivery of the message and,
hence, before the invocation of the metH5d.

[61] In this chapter we use tAgansactionAttribute annotation values to refer to transaction attributes. The deployment

descriptor may be used as an overriding mechanism or an alternative to the use of annotations, and must be used for EJB 2.1 and
1.1 entity beans, for which the use of annotations is not supported.
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13.3

JMS requires that the transaction be started before the dequeuing of the message. See [13].

The container automatically enlists the resource manager associated with the arriving message and all
the resource managers accessed by the message listener method with the transaction.

Bean Provider’'s Responsibilities

13.3.1

This section describes the Bean Provider’s view of transactions and defines the Bean Provider’s respon-
sibilities.

Bean-Managed \érsus ContainerkManaged Transaction Demaication

When designing an enterprise bean, the developer must decide whether the enterprise bean will demar-
cate transactions programmatically in the business methods (bean-managed transaction demarcation),
or whether the transaction demarcation is to be performed by the container based on the transaction

attributes specified in metadata annotations or in the deployment descriptor (container-managed trans-
action demarcation). Typically enterprise beans will be specified to have container-managed transaction

demarcation. This is the default if no transaction management type is specified.

A session bean or a message-driven bean can be designed with bean-managed transaction demarcation
or with container-managed transaction demarcation. (But it cannot be both at the same time.)

An EJB 2.1 or EJB 1.1 entity bean must always use container-managed transaction demarcation. An
EJB 2.1 or EJB 1.1 entity bean must not be designated with bean-managed transaction demarcation.

A transaction management type cannot be specified for EJB 3.0 entities. EJB 3.0 entities execute within
the transactional context of the caller. See the docufidant Persistence API2] of this specification
for a discussion of transactions involving EJB 3.0 entities.

An enterprise bean instance can access resource managers in a transaction only in the enterprise bean’s
methods in which there is a transaction context available.

13.3.1.1 Non-Transactional Execution

Some enterprise beans may need to access resource managers that do not support an external transaction
coordinator. The container cannot manage the transactions for such enterprise beans in the same way
that it can for the enterprise beans that access resource managers that support an external transaction
coordinator.

If an enterprise bean needs to access a resource manager that does not support an external transaction
coordinator, the Bean Provider should design the enterprise bean with container-managed transaction
demarcation and assign theOT_SUPPORTHEIansaction attribute to the bean class or to all the bean’s
methods. The EJB architecture does not specify the transactional semantics of the enterprise bean meth-
ods. See Subsection 13.6.5 for how the container implements this case.

[62] We use the term “container” here to encompass both the container and the messaging provider. When the contracts outlined in

[15] are used, it may be the messaging provider that starts the transaction.
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13.3.2 Isolation Levels

Transactions not only make completion of a unit of work atomic, but they also isolate the units of work
from each other, provided that the system allows concurrent execution of multiple units of work.

The isolation leveldescribes the degree to which the access to a resource manager by a transaction is
isolated from the access to the resource manager by other concurrently executing transactions.

The following are guidelines for managing isolation levels in enterprise beans.

* The API for managing an isolation level is resource-manager-specific. (Therefore, the EJB
architecture does not define an API for managing isolation levels.)

* Ifan enterprise bean uses multiple resource managers, the Bean Provider may specify the same
or different isolation level for each resource manager. This means, for example, that if an enter-
prise bean accesses multiple resource managers in a transaction, access to each resource man-
ager may be associated with a different isolation level.

* The Bean Provider must take care when setting an isolation level. Most resource managers
require that all accesses to the resource manager within a transaction are done with the same
isolation level. An attempt to change the isolation level in the middle of a transaction may
cause undesirable behavior, such as an implicit sync point (a commit of the changes done so
far).

* For session beans and message-driven beans with bean-managed transaction demarcation, the
Bean Provider can specify the desirable isolation level programmatically in the enterprise
bean’s methods, using the resource-manager specific APIl. For example, the Bean Provider can
use thejava.sql.Connection.setTransactionlsolation method to set the
appropriate isolation level for database access.

* The container provider should insure that suitable isolation levels are provided to guarantee
data consistency for EJB 2.1 and 2.0 entity beans. Typically this means that an equivalent of a
repeatable read or serializable isolation level should be available for applications that require a
high degree of isolation.

* For entity beans with EJB 2.1 container-managed persistence and earlier, transaction isolation
is managed by the data access classes that are generated by the container provider’s tools. The
tools must ensure that the management of the isolation levels performed by the data access
classes will not result in conflicting isolation level requests for a resource manager within a
transaction.

* Additional care must be taken if multiple enterprise beans access the same resource manager in
the same transaction. Conflicts in the requested isolation levels must be avoided.

13.3.3 Enterprise Beans Using Bean-Managedr@nsaction Demaication

This subsection describes the requirements for the Bean Provider of an enterprise bean with bean-man-
aged transaction demarcation.

5/2/06 324



Sun Microsystems, Inc.

Bean Provider's Responsibilities Enterprise JavaBeans 3.0, Final Release Support for Transactions

The enterprise bean with bean-managed transaction demarcation must be a session bean or a mes-
sage-driven bean.

An instance that starts a transaction must complete the transaction before it starts a new transaction.

The Bean Provider uses théserTransaction interface to demarcate transactions. All updates to

the resource managers between therTransaction.begin and UserTransaction.com-

mit methods are performed in a transaction. While an instance is in a transaction, the instance must not
attempt to use the resource-manager specific transaction demarcation API (e.g. it must not invoke the
commit or rollback method on the java.sql.Connection interface or on the
javax.jms.Session interface)[%3]

A stateful session bean instance may, but is not required to, commit a started transaction before a busi-
ness method returns. If a transaction has not been completed by the end of a business method, the con-
tainer retains the association between the transaction and the instance across multiple client calls until
the instance eventually completes the transaction.

A stateless session bean instance must commit a transaction before a business method or timeout call-
back method returns.

A message-driven bean instance must commit a transaction before a message listener method or timeout
callback method returns.

[63] However, use of the Java Persistence API EntityTransaction interface is supported. See [2] for a description of thadactity T
tion interface and its use.
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The following example illustrates a business method that performs a transaction involving two database
connections.

@Stateless

@TransactionManagement(BEAN)
public class MySessionBean implements MySession {

@Resource javax.transaction.UserTransaction ut;
@Resource javax.sgl.DataSource databasel;
@Resource javax.sgl.DataSource database?;

public void someMethod(...) {

java.sqgl.Connection conl;
java.sql.Connection con2;
java.sql.Statement stmt1;
Java.sql.Statement stmt2;

/I obtain conl object and set it up for transactions
conl = databasel.getConnection();

stmtl = conl.createStatement();

/I obtain con2 object and set it up for transactions
con2 = database?2.getConnection();

stmt2 = con2.createStatement();

Il

/I Now do a transaction that involves conl and con2.
1

/I start the transaction

ut.begin();

/I Do some updates to both conl and con2. The container

/[ automatically enlists conl and con2 with the transaction.

stmtl.executeQuery(...);
stmtl.executeUpdate(...);
stmt2.executeQuery(...);
stmt2.executeUpdate(...);
stmtl.executeUpdate(...);
stmt2.executeUpdate(...);

/I commit the transaction
ut.commit();

/ release connections
stmtl.close();
stmt2.close();
conl.close();
con2.close();
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The following example illustrates a business method that performs a transaction involving both a data-
base connection and a JMS connection.

@Stateless

@TransactionManagement(BEAN)

public class MySessionBean implements MySession {
@Resource javax.Transaction.UserTransaction ut;
@Resource javax.sgl.DataSource databasel;
@Resource javax.jms.QueueConnectionFactory qcfl;
@Resource javax.jms.Queue queuel;

public void someMethod(...) {
java.sql.Connection dcon;
java.sgl.Statement stmt;
Javax.jms.QueueConnection gcon;
javax.jms.QueueSession gsession;
javax.jms.QueueSender gsender;
Javax.Jms.Message message;

/I obtain db conn object and set it up for transactions
dcon = databasel.getConnection();
stmt = dcon.createStatement();

/I obtain jms conn object and set up session for transactions
gcon = qcfl.createQueueConnection();

gsession = gcon.createQueueSession(true,0);

gsender = gsession.createSender(queuel);

message = gsession.createTextMessage();
message.setText(“some message”);

1

/I Now do a transaction that involves the two connections.
1

/I start the transaction

ut.begin();

/I Do database updates and send message. The container
/I automatically enlists dcon and gsession with the

/I transaction.

stmt.executeQuery(...);

stmt.executeUpdate(...);

stmt.executeUpdate(...);

gsender.send(message);

/I commit the transaction
ut.commit();

/ release connections
stmt.close();
gsender.close();
gsession.close();
dcon.close();
gcon.close();
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The following example illustrates a stateful session bean that retains a transaction across three client
calls, invoked in the following ordemethodl , method2 , andmethod3 [64]

@Stateful

@TransactionManagement(BEAN)

public class MySessionBean implements MySession {
@Resource javax.Transaction.UserTransaction ut;
@Resource javax.sgl.DataSource databasel;
@Resource javax.sgl.DataSource database2;
java.sql.Connection conl;
java.sgl.Connection con2;

public void method1(...) {
java.sgl.Statement stmt;

/Il start a transaction
ut.begin();

/l make some updates on conl
conl = databasel.getConnection();
stmt = conl.createStatement();
stmt.executeUpdate(...);
stmt.executeUpdate(...);

1
/I The container retains the transaction associated with the
/l instance to the next client call (which is method?2(...)).

}

public void method2(...) {
java.sgl.Statement stmt;

con2 = database2.getConnection();
stmt = con2.createStatement();
stmt.executeUpdate(...);
stmt.executeUpdate(...);

/I The container retains the transaction associated with the
/I instance to the next client call (which is method3(...)).

}

public void method3(...) {
java.sgl.Statement stmt;

/I make some more updates on conl and con2
stmt = conl.createStatement();
stmt.executeUpdate(...);

stmt = con2.createStatement();
stmt.executeUpdate(...);

/I commit the transaction
ut.commit();

/I release connections
stmt.close();

[64] Note that the Bean Provider must use the pre-passivation callback method here to close the connections and setwhe-instance
ables for the connection to null.
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conl.close();
con2.close();

}

It is possible for an enterprise bean to open and close a database connection in each business method
(rather than hold the connection open until the end of transaction). In the following example, if the cli-
ent executes the sequence of methadsthodl , method2 , method2 , method2 , andmethod3 ),

all the database updates done by the multiple invocationmsetiiod2 are performed in the scope of the

same transaction, which is the transaction startetethodl and committed imethod3 .

@ Stateful

@TransactionManagement(BEAN)

public class MySessionBean implements MySession {
@Resource javax.Transaction.UserTransaction ut;
@Resource javax.sqgl.DataSource databasel;

public void method1(...) {
/Il start a transaction
ut.begin();

public void method2(...) {
java.sgl.Connection con;
java.sgl.Statement stmt;

/I open connection
con = databasel.getConnection();

/I make some updates on con
stmt = con.createStatement();
stmt.executeUpdate(...);
stmt.executeUpdate(...);

/I close the connection

stmt.close();
con.close();

}
public void method3(...) {

/I commit the transaction
ut.commit();

}
13.3.3.1 getRollbackOnly and setRollbackOnly Methods

An enterprise bean with bean-managed transaction demarcation must not getRibiébackOnly
andsetRollbackOnly methods of th&JBContext interface.

An enterprise bean with bean-managed transaction demarcation has no need to use these methods,
because of the following reasons:
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* An enterprise bean with bean-managed transaction demarcation can obtain the status of a
transaction by using th@etStatus  method of thejavax.transaction.User-
Transaction interface.

* An enterprise bean with bean-managed transaction demarcation can rollback a transaction
using therollback  method of thgavax.transaction.UserTransaction inter-
face.

13.3.4 Enterprise Beans Using ContainetManaged Transaction Demaication

This subsection describes the requirements for the Bean Provider of an enterprise bean using con-
tainer-managed transaction demarcation.

The enterprise bean’s business methods, message listener methods, business method interceptor meth-
ods, lifecycle callback interceptor methods, or timeout callback method must not use any resource-man-
ager specific transaction management methods that would interfere with the container’'s demarcation of
transaction boundaries. For example, the enterprise bean methods must not use the following methods
of thejava.sql.Connection interface:commit , setAutoCommit , androllback ; or the fol-

lowing methods of th@avax.jms.Session interface:commit androllback

The enterprise bean’s business methods, message listener methods, business method interceptor meth-
ods, lifecycle callback interceptor methods, or timeout callback method must not attempt to obtain or
use thgavax.transaction.UserTransaction interface.
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The following is an example of a business method in an enterprise bean with container-managed trans-
action demarcation. The business method updates two databases using JDBC™ connections. The con-
tainer provides transaction demarcation as specified by the transaction dfflbute.

@ Stateless public class MySessionBean implements MySession {

@TransactionAttribute(REQUIRED)

public void someMethod(...) {
java.sql.Connection conl;
java.sql.Connection con2;
java.sql.Statement stmt1;
Java.sql.Statement stmt2;

// obtain con1 and con2 connection objects
conl=..
con2 =...;

stmtl = conl.createStatement();
stmt2 = con2.createStatement();

)

/I Perform some updates on conl and con2. The container

/I automatically enlists conl and con2 with the container-
/I managed transaction.
1

stmtl.executeQuery(...);
stmtl.executeUpdate(...);

stmt2.executeQuery(...);
stmt2.executeUpdate(...);

stmtl.executeUpdate(...);
stmt2.executeUpdate(...);

/I release connections
conl.close();
con2.close();

}

13.3.4.1 javax.ejb.SessionSynchronization Interface

A stateful session bean with container-managed transaction demarcation can optionally implement the
javax.ejb.SessionSynchronization interface. The use of th8essionSynchroniza-

tion interface is described in Subsection 4.3.7.

[65] REQUIRED is the default transaction attribute value for container managed transaction demarcation. The explicit specification of

the transaction attribute is therefore not required in this example.
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13.3.4.2 javax.ejb.EJBContext.setRollbackOnly Method

An enterprise bean with container-managed transaction demarcation can sstRibbackOnly

method of itsEJBContext object to mark the transaction such that the transaction can never commit.
Typically, an enterprise bean marks a transaction for rollback to protect data integrity before throwing
an application exception, if the application exception class has not been specified to automatically cause
the container to rollback the transaction.

For example, anAccountTransfer bean which debits one account and credits another account
could mark a transaction for rollback if it successfully performs the debit operation, but encounters a
failure during the credit operation.

13.3.4.3 javax.ejb.EJBContext.getRollbackOnly method
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An enterprise bean with container-managed transaction demarcation can gstéRblbackOnly

method of itsEJBContext object to test if the current transaction has been marked for rollback. The
transaction might have been marked for rollback by the enterprise bean itself, by other enterprise beans,
or by other components (outside of the EJB specification scope) of the transaction processing infrastruc-
ture.

Use of JMS APIs in Tansactions

13.3.6

The Bean Provider should not make use of the JMS request/reply paradigm (sending of a JMS message,
followed by the synchronous receipt of a reply to that message) within a single transaction. Because a
JMS message is typically not delivered to its final destination until the transaction commits, the receipt
of the reply within the same transaction will not take place.

Because the container manages the transactional enlistment of JMS sessions on behalf of a bean, the
parameters of thereateSession(boolean transacted, int acknowledgeMode) , cre-
ateQueueSession(boolean transacted, int acknowledgeMode) and createTop-
icSession(boolean transacted, int acknowledgeMode) methods are ignored. It is
recommended that the Bean Provider specify that a session is transacted, but @rovitlee value of

the acknowledgment mode.

The Bean Provider should not use the Ji&nowledge method either within a transaction or

within an unspecified transaction context. Message acknowledgment in an unspecified transaction con-
text is handled by the container. Section 13.6.5 describes some of the techniques that the container can
use for the implementation of a method invocation with an unspecified transaction context.

Specification of a Bears Transaction Management Ype

By default, a session bean or message-driven bean has container managed transaction demarcation if the
transaction management type is not specified. The Bean Provider of a session bean or a message-driven
bean can use thHEransactionManagement  annotation to declare whether the session bean or mes-
sage-driven bean uses bean-managed or container-managed transaction demarcation. The value of the
TransactionManagement  annotation is eitheEONTAINERor BEAN The TransactionMan-

agement annotation is applied to the enterprise bean class.
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13.3.7

Alternatively, the Bean Provider can use th@nsaction-type deployment descriptor element to
specify the bean’s transaction management type. If the deployment descriptor is used, it is only neces-
sary to explicitly specify the bean’s transaction management type if bean-managed transaction is used.

The transaction management type of a bean is determined by the Bean Provider. The application assem-
bler is not permitted to use the deployment descriptor to override a bean’s transaction management type
regardless of whether it has been explicitly specified or defaulted by the Bean Provider. (See Chapter 19

for information about the deployment descriptor.)

Specification of the Tansaction Attrib utes for a Bean's Methods

The Bean Provider of an enterprise bean with container-managed transaction demarcation may specify
the transaction attributes for the enterprise bean’s methods. By default, the value of the transaction
attribute for a method of a bean with container-managed transaction demarcatiorREGH/RED
transaction attribute, and the transaction attribute does not need to be explicitly specified in this case.

A transaction attribute is a value associated with each of the following methods
* amethod of a bean’s business interface
* a message listener method of a message-driven bean
* atimeout callback method
* a stateless session bean’s web service endpoint method

» for beans written to the EJB 2.1 and earlier client view, a method of a session or entity bean’s
home or component interface

The transaction attribute specifies how the container must manage transactions for a method when a cli-
ent invokes the method.

Transaction attributes are specified for the following methods:

* For a session bean written to the EJB 3.0 client view API, the transaction attributes are speci-
fied for those methods of the session bean class that correspond to the bean’s business inter-
face, the direct and indirect superinterfaces of the business interface, and for the timeout
callback method, if any.

* For a stateless session bean that provides a web service client view, the transaction attributes
are specified for the bean's web service endpoint methods, and for the timeout callback
method, if any.

* For a message-driven bean, the transaction attributes are specified for those methods on the
message-driven bean class that correspond to the bean’s message listener interface and for the
timeout callback method, if any.

* For a session bean written to the EJB 2.1 and earlier client view, the transaction attributes are
specified for the methods of the component interface and all the direct and indirect superinter-
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faces of the component interface, excluding the methods gatta.ejb.EJBODbject or
javax.ejb.EJBLocalObject interface; and for the timeout callback method, if any.
Transaction attributes must not be specified for the methods of a session bean’s home interface.

* Fora EJB 2.1 (and earlier) entity bean, the transaction attributes are specified for the methods
defined in the bean’s component interface and all the direct and indirect superinterfaces of the
component interface, excluding thgetEJBHome, getEJBLocalHome , getHandle |,
getPrimaryKey , andisldentical methods; for the methods defined in the bean’s home
interface and all the direct and indirect superinterfaces of the home interface, excluding the
getEJBMetaData andgetHomeHandle methods specific to the remote home interface;
and for the timeout callback method, if 7).

By default, if aTransactionAttribute annotation is not specified for a method of an enterprise
bean with container-managed transaction demarcation, the value of the transaction attribute for the
method is defined to LREQUIRED The rules for the specification of transaction attributes are defined

in Section 13.3.7.1.

The Bean Provider may use the deployment descriptor as an alternative to metadata annotations to spec-
ify the transaction attributes (or as a means to supplement or override metadata annotations for transac-
tion attributes). Transaction attributes specified in the deployment descriptor are assumed to override or
supplement transaction attributes specified in annotations. If a transaction attribute value is not specified

in the deployment descriptor, it is assumed that the transaction attribute specified in annotations applies,
or—in the case that no annotation has been specified—that the Vakeised

The application assembler is permitted to override the transaction attribute values using the bean’s
deployment descriptor. The deployer is also permitted to override the transaction attribute values at
deployment time. Caution should be exercised when overriding the transaction attributes of an applica-
tion, as the transactional structure of an application is typically intrinsic to the semantics of the applica-

tion.

Enterprise JavaBeans defines the following values fortaaesactionAttribute metadata anno-
tation:

* MANDATORY

* REQUIRED

* REQUIRES_NEW

* SUPPORTS

* NOT_SUPPORTED
* NEVER

The deployment descriptor values that correspond to these annotation values are the following:

[66] Note that the deployment descriptor must be used to specify transaction attributes for EJB 2.1 and earlier entityobeah meth
the transaction attribute is neequired (the default value).
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* Mandatory

* Required

* RequiresNew
e Supports

* NotSupported
* Never

In this chapter, we use th&ransactionAttribute annotation values to refer to transaction
attributes. As noted, however, the deployment descriptor may be used.

Refer to Subsection 13.6.2 for the specification of how the value of the transaction attribute affects the
transaction management performed by the container.

For a message-driven bean’s message listener methods (or interface), orRE@IIREDand
NOT_SUPPORTED TransactionAttribute values may be used.

For an enterprise bean’s timeout callback method only REQUIRES REQUIRES NEWAnd
NOT_SUPPORTEfansaction attributes may be used.

If an enterprise bean implements fagax.ejb.SessionSynchronization interface, only the
following values may be used for the transaction attributes of the bean’'s metR&I3UIRED
REQUIRES_NEWIANDATORY

The above restriction is necessary to ensure that the enterprise bean is invoked only in a transaction. If
the bean were invoked without a transaction, the container would not be able to send the transaction
synchronization calls.

For entity beans that use EJB 2.1 container-managed persistence, onhRdfeired ,
RequiresNew , or Mandatory deployment descriptor transaction attribute values should be used for
the methods defined in the bean’s component interface and all the direct and indirect superinterfaces of
the component interface, excluding thgetEJBHome, getEJBLocalHome , getHandle |,
getPrimaryKey , andisldentical methods; and for the methods defined in the bean’s home
interface and all the direct and indirect superinterfaces of the home interface, excludgesEi8-

MetaData andgetHomeHandle methods specific to the remote home interface.

The Bean Provider and Application Assembler must exercise caution when using the
RequiresNew transaction attributes with the navigation of container-managed relation-
ships. If higher levels of isolation are used, navigating a container-managed relationship in a
new transaction context may result in deadlock.

Containers mayptionally support the use of thlotSupported , Supports , andNever transac-

tion attributes for the m