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Abstract. Whenever object-oriented applications that use the Enterprise
JavaBeans (EJB) environment have to store data in a database, there is a need to
combine EJBs with access to persistent data. The current use of entity beans for
persistent data storage has a number of weaknesses. Component level
inheritance and dynamic querying are not supported appropriately, and the
whole approach seems to be overwgight. In order to overcome these
weaknesses, we implemented a JCA%compliant resource adapter, which
enables the use of Java Data Objects (JDO) instead of Entity Beans and allows
the introduction of a lightweight, easy to use and powerful transparent
persistence layer for the Java 2 Enterprise Environment (J2EE).

1. Introduction

1.1. Problem Origin and Motivation

There is a growing interest in using Enterprise JavaBeans (EJB) for distributed,
object-oriented applications (e.g. [28]). An EJB-based application server provides
important features like scalability, security, connection and transaction management,
reuse of application components and transparent persistence via container managed
persistence entity beans. While these features are needed in our E-business
application, there are additional key requirements, namely to provide a natural
integration of object-oriented data storage and dynamic queries. The aim of our
contribution is to enhance EJB by both a natural support of object-oriented domain
modeling and efficient dynamic querying possibilities.

This work has been carried out at Poet Software GmbH, where the principal purpose
was to combine the features of the EJB component model with the advantages of an
OODBMS in order to develop a way to enable flexible query facilities in hierarchical
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and object-oriented data structures, such as hierarchically organized product catalogs.
We demonstrate this by means of a subsequent example in Section 2.1.

1.2. Relation to other Work and our Focus

As mentioned, Enterprise JavaBeans are becoming more and more popular as a
middleware platform. According to [5,15], common middleware services like EJB
must be able to guarantee quality of service-functionality within the context of
dynamically changing environments and requirements. Another contribution [5] also
combines elements of component middleware and model-integrated computing
however, it approach combines the OMG’s model driven architecture [13] with
CORBA instead of with EJB.

We follow the argumentation of [28], that fine-grained entity bean (EB) design leads
to higher communication efforts, while a coarse-grained design usually ends up with
the need for a self-controlled dependent object structure. Several contributions
[1,6,10,11,15] offer various design patterns to overcome this weakness. We adopt the
ideas of [1,6,11] to use the so called Session Facade Pattern, but our approach uses
Java data objects (JDOs) instead of EBs.

Another contribution [6] proposes a solution different from EBs and introduces a
persistence layer implementation which is extended in [9]. Furthermore, [9] draws up
a list of requirements for an ideal persistence layer and concludes that JDO meets
nearly all of them. Different from these contributions, our approaches supports
dynamic querying, inheritance, and a natural integration into J2EE, just to name a
few.

The work of [29] discusses the integration of EJB with, among other things, Java
Blend [22] and JDBC [24]. However, our approach integrates EJB with JDO, that can
be regarded as the successor of Java Blend. Our approach is further supported by a
comparison of JDO and JDBC in an unmanaged environment [26], that states that
JDO allows for a reduction in the lines of code and for easier development and testing
cycles. These results are transferable to the modeling of bean managed persistence
entity beans in a managed environment, however in our contribution, we suggest to
replace the entity beans with JDOs.

Finally, a contribution [17] suggests the integration of JDO into the J2EE
environment, but does not substitute EBs with JDOs. In contrast, we follow [11] to
use JDOs instead of EBs. In addition, we present an implementation architecture for
the integration of EJB with JDO, using an OODBMS. This approach efficiently
supports dynamic queries and inheritance that respects the capability of continuous
object-oriented modeling.



2. Problem Description

2.1. Application Requirements

Our example application operates in a large, hierarchically organized product catalog.
As such, it must be expected to satisfy the following requirements:

e The type of underlying storage system might change in the future or
could even be a combination of different storage types (for example,
XML data, OODBMS or ERP/legacy systems). Thus there should be a
backend-independent data interface that offers transparent access to
each possible data store. Ideally, there should be no impedance
mismatch between the object-oriented domain model of the application
and the data storage.

e  The number of client requests and the computational effort of business
methods typically increase over time. Hence, the application must be

highly scalable.

e [t should be possible to include third party components and to reuse

given functionality in different contexts or interrelations.

e The application requires that data store systems support transactions.

Application servers along with container managed persistence solve some of these
requirements, such as scalability and service abstraction, but not all of them. For
instance, they cannot provide a flexible mechanism for retrieving data (queries) that
can be modified according to differentially compounding attributes and relationships
for each request (as discussed in Section 3.3.3.). A simple example of such a scenario

might look like this:
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Fig. 1. Simplified example of a hierarchically build-up object model

This example contains a simple n:m relationship and some instances of single

inheritance. A potential query on this structure could possibly be:



“Which PremiumVendors can provide candle-shaped light bulbs priced
under 50 cents?”’

The requirement is to answer dynamic queries similar to this one efficiently in a Java
2 Enterprise Edition Version 1.3 compliant application server.

2.2. Restrictions of the Current EJB Concept

Let us take a closer look at the EJB 2.0 [20] component model to get a grasp of its
possibilities and restrictions with respect to the above-stated requirements.

2.2.1 The EJB Component Model

The following figure shows the principal constituents of an entity bean (EB) in its
interaction with a client.
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Fig. 2 Exemplification of the EJB 2.0 component model

An Enterprise JavaBean is a deployable component controlled by an application
server’s container. An EB is a persistent, distributed object and consists among other
things of a Home Object, an EJB Object, and an entity bean instance. As an entity
bean is also a component, the client will never call any of its methods directly, only
indirectly through the EJB object, which itself manages the service interactions and
delegates the call to the associated entity bean instance.

There are two possible ways to persist an EB: either using container managed
persistence (CMP) or bean managed persistence (BMP). Using CMP, the persistent



object description is declared in the bean’s deployment descriptor. The container then
generates the backend-specific code at deployment time. Using BMP, persistence
management code (for example, using JDBC) has to be written in the bean manually.

2.2.2 Runtime Queries

In order to find an existing EB in storage, a client has to use the predefined finder-
methods of the bean’s Home Object, which delegates the client’s request to the
query’s implementation in the entity bean instance. According to the EJB-QL query
language (which was newly introduced in [20]), a query might be parameterized, but
the query itself remains static, because the bean instance is generated at deployment
time, not at application execution time (runtime). Using BMP, it is possible either to
parse the finder method’s parameter or to pass a JDBC query string that can be
executed inside the data store, though both approaches have restrictions (as discussed
in Section 3.3.3.).

2.2.3 Inheritance

After the successful execution of a finder method, the client holds references to one or
more EJB Object instances of the entity bean it was looking for. Suppose the result is
a collection of Vendor instances from the example above and the client wants to
compare them with instances of the Vendor’s subclass PremiumVendor. The object-
oriented way of programming would be to use the equals() function of the class. (The
equals() method would internally cast the Vendor instance to a PremiumVendor. The
following code shows this explicitly for clarity.)

Boolean result = premiumVendor.equals ( (PremiumVendor)vendor)

However, this will not work for enterprise beans, because the client is not holding a
true reference to a distributed object but to a distributed object handle, that is, to the
EJB Object. We must distinguish two cases. In the first case, the client resides outside
the application server, thus accessing the EJB object via its remote interface. In this
scenario, the client handle is a stub. In the second case, the client is accessing the EJB
object from inside of the application server. But even when using local interfaces
(which are newly introduced in [20]), the client handle is a true EJB Object reference,
not an enterprise bean instance reference. Although it is possible to simulate
inheritance by delegation, true component level inheritance is not addressed by the
EJB specification [7,20,25]. A more common solution of the second case is described
in Section 3.

2.3. The Aim of our Contribution

We integrate EJB naturally with a data storage access technique that supports each of
the following:

e dynamic queries



e transparent persistence [16]
e  continuous object-oriented modelling (including inheritance).

3. Our Contribution to Solve the Problem

3.1. The Application Programmer’s View: Substitute Entity Beans with Java
Data Objects

Our approach to the problem is to replace the entity bean with a persistence capable,
plain Java object complying to the Java data objects (JDO) specification [23]. That is,
to exchange the EJB persistence mechanism with the one provided by Java data
objects, as described in the following subsections. In order to access these objects
remotely, the widely accepted Session Fagade Pattern [1,6,11] can be applied.

3.1.1 JDO: A Short Introduction

The Java data objects specification is an industry standard for object persistence
[16,23]. It provides a unified, simple and transparent persistence interface between
Java application objects and transactional data stores, that makes it a valuable
persistence layer for transactional middleware environments. The JDO specification
consists of a lightweight API framework allowing developers to easily persist
complex object domain models without the need to care about specific mappings for
data storage.

3.1.2 The Example in JDO

Since Java data objects (JDOs) are just plain Java objects, inheritance is naturally
supported. With the JDO-QL query language, dynamic querying is also possible.
Using the example from Section 2.1, the query filter is

premiumVendor.products.contains (product)
&& product.price < 50
&& ((bulb)product) .shape.startsWith(“candle”)

In conclusion, the integration of JDO into EJB supports each of our stated
requirements: dynamic queries, transparent persistence and continuous object-
oriented modeling (including for instance inheritance).

3.2. The System’s View: Embedding JDO in the J2EE Architecture

In addition to other areas of application, JDO is appropriate as a persistence layer for
transactional middleware environments like the Java 2 enterprise architecture. Though
it is possible to use the JDO API in an enterprise bean in the same way one would in a
stand-alone application in an unmanaged environment, there would be no benefit



from the managed environment contracts (described in detail in the J2EE connector
architecture (JCA) specification [21].)

3.2.1 The J2EE Connector Architecture

The J2EE connector architecture [21] provides a standard architecture for connecting
the J2EE platform to heterogeneous enterprise information systems (EIS). It is
composed of a framework of several client- and server-side interfaces and defines a
standard set of system-level contracts [19,21] between an application server and an
EIS. A so-called resource adapter implements the EIS-side of these contracts.

3.2.2 The JCA Management Contracts

The following figure provides an insight into our implementation of a JDO native
resource adapter with local transaction management. The main system-level contract
interactions are outlined by the relations between the different interfaces.
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Fig. 3 Application scenario outlining the JCA management contracts



The most important aspects of the integration are the transaction, security and
connection management contracts. They enable an enterprise bean to benefit from the
application server’s system services using the usual JDO client interfaces such as the
PersistenceManager [23] and its factory. For example, the transaction management
contract enables the application server to take over transaction control from the JDO
implementation, while the resource adapter provides the necessary synchronization
with the JDO implementation’s data store. Furthermore, user-coded, bean-managed,
container-synchronized transaction demarcation is possible.

3.3. Alternative Implementations for Transparent Persistence in EJBs

With a JDO application server integration based on the J2EE connector architecture,
there are different use case scenarios for applying JDO to enterprise beans. These are
discussed in the following subsections, where our contribution is compared to existing
solutions for transparent persistence.

3.3.1 Our Favorite Approach: Using Facade Pattern with JDO

We propose to model the domain object model with JDOs and make them accessible
by remote clients by encapsulating them with stateless session beans. This approach is
well known under the term Session Facade Pattern [1,6,11] and is actually used to
encapsulate entity beans in a similar way. The pattern is demonstrated using the
following subscription (see the figure below). A circle in the Session Bean Facgade
box represents a session bean, a circle in the JDO Domain Model box represents a
Java Data Object, and an arrow represents a potential method call.
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Fig. 4 Architecture of the Session Facade Pattern in combination with JDO

Using this design pattern, we rely on a widely accepted and mature development
model, which leaves us with two alternatives: either to model the business logic of our
application in the session bean layer or within the Java data objects. Using the first
alternative, we could benefit from the advanced pooling and caching mechanisms
which application servers offer to session beans. Stateful session beans could also be



used alongside coupled client-server interaction. For example, a bean could hold the
object ID of a JDO which represents a client’s user data object, for instance a
shopping cart. Using the second alternative, JDO provides even further advantages,
such as the easier development cycle or the opportunity to use the object model also
in an unmanaged environment (which will be described in detail in Section 3.4.)

For the realization of an asynchronous and more reliable interaction between client
and application server, the client can operate on the newly introduced Message Driven
Beans (MDBs) [15,20] instead of session beans to access the domain object model.
This pattern is called Message Facade Pattern [11], and describes the encapsulation of
the domain model with MDBs. Similarly to the Session Fagade approach, we propose
to use Java data objects instead of entity beans to build up the domain model.

3.3.2 Other Approaches Using JDO

As proposed in [17], the JDO API could also be used for entity beans with bean
managed persistence (BMP). This would provide a standard data store-independent
way to implement the EB’s persistence mechanism and would avoid the restrictions
entailed with BMP EBs (concerning data store-independent dynamic queries.)
However, inheritance in EBs still remains unsupported using this method.

JDO could alternatively be used in container managed persistence (CMP) for
implementing container-generated persistence functionality. Thus, it is possible to
hide a complex fine-grained domain object model behind a coarse-grained entity bean
facade, and to plug in different JDO implementations for CMP in the application
server. However, this approach is neither capable of handling inheritance directly nor
of overcoming the restriction of dynamic querying CMP EBs. Furthermore, its
implementation remains application server specific.

3.3.3 Non-JDO Approaches

As stated in 2.2.1, dynamic querying remains possible using bean managed
persistence entity beans, but in contrast to our proposal this has the following
disadvantages. On the one hand, query expressions, for instance encoded in JDBC,
are not data store-independent. On the other hand, queries that compute a join on
dynamically given attributes between two or more data sets are in principle possible,
because the BMP code, CMP code or even the client could locally compute the join
from these data sets. However, this would ignore the query optimization already
implemented in the data store and result in large amounts of data traffic and
consequently inferior performance compared to efficient query processing operations
inside of the data store. In addition, neither of the specified scenarios supports
inheritance.

Some proprietary solutions like WebGain’s TopLink [27] or Castor JDO [4] provide
similar persistence layer functionality to JDO, for example, dynamic querying and
inheritance. However, these approaches are unlikely to become an agreed industry
standard, thus locking the user into non-portable, one-vendor solutions. Furthermore,



most non-JDO approaches focus on relational data stores accessed via JDBC, or rely
on a proprietary data storage providing even less data store independency. In almost
every case, the application server integration is proprietary as well, while a JCA-
compliant JDO resource adapter is executable in every J2EE 1.3-compliant
application server. Therefore, our beans and JDOs remain portable in every J2EE-
compliant environment.

3.4. Integrating Existing J2EE-Applications with JDO

As Java data objects are just plain Java objects and can be accessed via a standardized
Java API, all parts of application code of a local J2EE application — including all
kinds of beans and even servlets or JSP code — can benefit from the use of them.
Using the two Fagade Pattern presented in Section 3.3.1., even non-local application
parts may access them. Likewise, a Java data object is free to interact with any kind of
Java objects inside the scope of the application server — or even beyond it, as it may
use any kinds of enterprise beans, too. Thus it appears that the proposed integration
of Java data objects is fully interoperable with the Java 2 enterprise environment.

3.5. Further Advantages of our Contribution

In addition to the previously mentioned abilities of our approach, there are further
advantages worth considering. By using JDO, we enable continuous object-oriented
modelling from the application to the data store without impedance mismatch,
because the application uses JDOs that can be directly mapped to an OODBMS (in
our implementation to Poet’s OODBMS “FastObjects” [14]). Note that this not only
avoids the impedance mismatch for the application programmer, but also for the data
mapping from the JDOs to the data store. The more an object domain model relies on
inheritance and inter-object linking, the more important are the advantages of an
OODBMS [2,12]. Beyond the hierarchically build-up product catalog example above,
these advantages apply, in particular, to CAD/CAM, medical technology and
geospatial applications.

Another advantage of JDOs over entity beans concerns the complexity of the
development cycle. With JDO, we basically start with a Java object model which is
testable without using any persistence functionality at all. The business logic is then
tested using the JDO API functionality. Finally, the session facade is introduced and
the JDOs are deployed along with the session beans in the container. In contrast, an
EB can only be tested inside its operational environment, namely the application
server’s container. This alone increases the amount of work in deployment and in
more complicated debugging processes, besides the overhead needed for coding a
component compared to coding a Java data object (which is a plain Java class).

Further, a JDO domain model (as composed just of plain Java objects) is not restricted
to an application server’s realm, but can also be executed and persisted in any
unmanaged environment supported by JDO implementations, even down to handheld



devices. Therefore, by using this approach and with respect to the Java virtual
machine, the JDO object model can be shared between completely different target
platforms.

Finally, according to [16], our approach will have additional benefits in adaptability
and maintainability that may improve the development time (and therefore cost) of
enterprise applications by 20%, with some analysts suggesting that the actual savings
may be much higher.

4. Summary and Conclusions

Our implementation integrates the following advantages into a single approach:
transparent object persistence, portability of application code, vendor- and backend-
independence, dynamic query capability, and object-oriented design capabilities for
both business objects and the object domain model down to the data store level
without impedance mismatch or restricted inheritance support. It also includes all
known advantages of the J2EE middleware architecture like scalability, transaction
and security services, and the component model approach, just to name a few and is
furthermore fully interoperable with all parts the architecture.

Today, even architectural IDEs that support the model driven architecture [5,13], e.g.
Interactive Objects’ ArcStyler [8], cannot solve the intrinsic weakness of the EJB
architecture concerning dynamic queries. Although they are capable of automatically
generating finder methods for an EB’s primary key attributes corresponding to
predefined CMP relationships, it is not appropriate to generate finder methods for
every single bean attribute or even for each possible combination of bean attributes
occurring in dynamic queries. However, with our approach, these tools can generate
code that offers transparent object persistence via Java data objects instead of entity
beans, yielding all the advantages mentioned.

In a more sophisticated application environment, an application server might have to
deal with distributed transactions across multiple application servers and
heterogeneous data storages. The J2EE Connector Architecture addresses this
scenario, enabling resource adapters to take part in distributed transactions [19,21].
Therefore, our method of using JDO makes an application totally unaware of even a
composed underlying data storage.

Finally, we are not restricted to use Java data objects merely in combination with
enterprise beans. It seems promising that the integration of JDO with Java Servlets
and Java Server Pages may open a wide range of new application areas that is,
whenever the need for lightweight application servers (like Apache) in addition with
object persistence arises, the use of Java data objects will be appropriate [16,17].
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