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Abstract

The implementation of a design pattern can be
viewed as a process of selecting classes to play the roles
needed by the pattern. To ensure that a class can play
a role, each role has a set of responsibilities associated
with it. When all responsibilities are satisfied, the pat-
tern implementation is complete. Normally a program-
mer must write code for the responsibilities. However,
the implementation of responsibilities can often be de-
rived from information in the application or from user
input, and then automatically generated. This paper de-
scribes a new approach that uses roles and responsibili-
ties to generate code for an almost-complete application
architecture in a pattern-based framework, leaving only
application-specific code for the developer. We demon-
strate this approach using RMA, an Eclipse plugin for
writing Java 2 Enterprise Edition (J2EE) applications
based on an existing J2EE framework.
Keywords:Design patterns, Eclipse, Java 2 Enterprise
Edition, Frameworks, Code generation

1 Introduction

The implementation of a design pattern can be
viewed as one of assigning classes to the different roles
that are needed. These roles correspond to the partici-
pant classes that are part of a design pattern description
[9]. The assigned classes may already exist or may be
created for the role. Each role also has a set of respon-
sibilities that must be fulfilled by the assigned class. In
the most general sense, a responsibility is a property that
the class must exhibit to play a given role. A responsi-
bility can be as simple as having to extend a particular
superclass, or as complex as implementing a method in
a particular manner.

Since design patterns are design constructs, it nor-
mally falls to the programmer to implement the respon-
sibilities in the classes that make up the application.

However, most design pattern implementations are a
combination of application-specific code and infrastruc-
tural code, where the latter includes class and object in-
teractions that support the intent of the pattern. In many
cases, this infrastructural code can be automatically gen-
erated based on information gathered from our knowl-
edge of the pattern and its intent, from existing applica-
tion code, and from simple user input.

This paper explores the use of roles and responsibil-
ities in a design-pattern-based programming tool. We
show that it is possible to generate responsibility code
using application and user information. Further, we
show that it is possible to exploit existing frameworks
or pattern languages to create an application architecture
from a set of patterns. This capability is especially valu-
able when the architecture involves a complex structure
in a specialized programming domain, like distributed
computing, where the developer may lack experience.
Instead, the developer can quickly build the architecture
from the patterns and then focus on the application code
that lies in their area of expertise.

The concepts in the paper are demonstrated using
RMA [6, 7], an Eclipse plugin [15] for creating Java 2
Enterprise Edition (J2EE) version 2.1 applications using
a framework composed of a set of design patterns [2].
RMA provides an incremental development model that
exploits framework, pattern, and application informa-
tion to derive the implementation of most of the respon-
sibilities in the architecture for a J2EE program. Users
can focus on their application code rather than the com-
plexities of the J2EE environment.

The research contributions of this paper are:

• showing how to exploit roles and responsibilities to
generate the implementation of a design pattern,

• leveraging an existing framework to not only gen-
erate design pattern implementations but also con-
struct a complete architecture, and

• demonstrating these ideas using RMA, an Eclipse
plugin for building J2EE applications.



2 Roles and Responsibilities

At its simplest, arole is a participant in a relationship
between entities. Each role has a set ofresponsibilities
that an implementation must implement to successfully
play the role. Only when all of the responsibilities are
properly implemented is the relationship complete.

As an example of roles and responsibilities, consider
two machines transferring a file using FTP. There are
two roles in this relationship: a server (that holds the file)
and a client (that wants the file). To instantiate this rela-
tionship, we must assign computers to each role. When
selecting computers for roles, we must ensure that they
implement their responsibilities. The server needs an In-
ternet connection and an FTP server. The client needs an
Internet connection and an FTP client. Only then is the
FTP client and server relationship established.

Pattern relationships can be built in an analogous
manner. A role is played by a class and a responsibil-
ity is a property of that class that must be true. These
properties can range from the class type (concrete or ab-
stract class, or the set of superclasses it inherits from) to
the signatures and implementation of the methods.

Given the general nature of responsibilities, it is use-
ful to categorize them. This leads to three forms of re-
sponsibility:static responsibility, derivable responsibil-
ity, andnon-derivable responsibility. A static respon-
sibility is implemented consistently across all applica-
tions. For example, a class for an EJB bean (which is
the basic remote object abstraction in a J2EE applica-
tion) must implement theSessionBean interface.

Derivable responsibilities are the most common. The
implementation of these responsibilities can be derived
from application context. Sometimes this context may
not have a unique way to implement the responsibility.
When there are multiple possibilities, the user can be
called on to select the desired option. If this selection
process does not involve coding (i.e., the choices can be
selected from a simple GUI dialog), we still consider
the responsibility to be derivable. A simple example of
a derivable responsibility is the class naming convention
used by J2EE for different parts of a bean class. A bean
class must end withBean (i.e., XYZBean) and must
implement two interfaces (namedXYZandXYZHome).
The contents of these interfaces are also derivable re-
sponsibilities [6, 7]. Thus, from a bean class name, we
can generate these two interfaces.

Non-derivable responsibilities are application-spec-
ific code that cannot be generated automatically. The
implementation is left to the developer. For example,
J2EE programs normally have a database component.
Queries to the database are necessarily specific to the
application, and thus must be supplied by the user.

3 Use of Roles and Responsibilities in a
Programming System

Given a set of pattern relationships expressed as roles
and responsibilities, we can now consider how to use
them in a design-pattern-based programming system.
Before we do, we should examine the characteristics of
design patterns our system should preserve.

3.1 Key Design Pattern Characteristics

A brief, commonly-used definition of a design pattern
is a solution to a recurring design problem in a particu-
lar context [9]. This definition suffices for most needs.
When considering tool support, we need to be more thor-
ough. A crucial point missing from the simple definition
is that a pattern is not a single solution, but rather is an
outline of a solution that can be applied in a given con-
text. This outline must be adapted for the application in
which it is applied. The context of a pattern is too broad
to be captured by a single solution. For example, the
“Implementation” section in the patterns in [9] describes
common pattern variations. It is better better to think a
pattern as a family of design solutions, where the design
pattern describes the basic structure of the solution and
explains how to create other members of the family.

Unfortunately, this crucial point is sometimes missed
in other design-pattern-based tools [14, 3], which only
support a single pattern variation. This limits the useful-
ness of the tool since the single pattern form will not be
useful in all cases. Variations of the pattern can be pre-
sented as separate patterns, but the resulting explosion
in design pattern space is difficult to manage. Adding
to the problem is that many of these tools hide the im-
plementation of the pattern, so the single pattern form
cannot be changed to create a variant. Instead, users are
left to implement most or all of the pattern.

The idea of a pattern as a solution family is important
because it impacts the needed roles and responsibilities.
Different family members may add or remove roles in a
pattern structure, which also changes the responsibilities
and their implementation. The Adapter pattern [9], with
its object-based and class-based versions, is an example
where the roles differ. More commonly, a pattern vari-
ation redistributes responsibilities across the roles. The
location of the child management methods in the Com-
posite pattern [9] provides an example of such changes.

It is also important that the user be able to use mean-
ingful class and method names in their code. Most
classes and method in a pattern are application-specific,
where the pattern dictates their interactions.



3.2 Support for Roles and Responsibilities

Before we examine support for roles and responsi-
bilities, it is useful to distinguish between a design pat-
tern and the intermediate pattern form that will be used
in a programming system [13]. There are two key dif-
ferences between the pattern and its intermediate form.
First, the intermediate form is more concrete than the
underlying pattern. Second, the intermediate form may
only provide a subset of the complete family represented
by the pattern. We call the intermediate form agenera-
tive design pattern, using the terminology from [13].

Given the characteristics of design patterns that we
want to preserve in our tools, the process of instantiat-
ing a pattern consists of three steps: 1) Select the genera-
tive pattern corresponding to the desired design pattern,
and the specific variant that is most applicable for the
application. 2) Based on the pattern variant, select ex-
isting classes or create new classes to play the necessary
roles. 3) Implement the responsibilities in the classes
that make up the pattern implementation.

These steps are detailed in the following sections.

Selecting Design Pattern Variants The first step is
to select the generative pattern for the desired design
pattern. This is a design decision. As we are focused
on development, we assume this choice has been made.
In some application domains, frameworks that describe
the outline of a complete application may exist. These
frameworks can be used during the design phase and
may also assist in the implementation of the application.

Once the pattern is selected, the specific variant of
the solution family is selected. This can be done by hav-
ing the generative pattern export a set of options that can
be used to construct these variants [13]. Without some
means of specializing the pattern at this stage of devel-
opment, we limit the benefits of design patterns in the
programming tool. More importantly, it has been argued
that a single framework cannot encompass all variations
of design patterns [13]. Thus, some specialization must
be done before code is generated.

Assigning Classes to Roles Once the pattern variant is
selected, there are a set of roles that must be assigned to
classes. This assignment can be done in two ways. First,
a new class can be created for the role, which is the sim-
pler approach. The application logic can be inserted into
these classes. The user may have existing code with this
logic, in which case the new class can delegate its meth-
ods. The main drawback to this approach is the large
number of classes that can result. Second, an existing
class may be assigned to the role, allowing the user to
integrate code into a program in a pattern-based tool.

The programming system may provide a method of
assigning classes to roles, and can help by pruning the

set of potential classes that are presented for a role. This
pruning may be based on knowledge from a framework
or pattern language. By presenting only relevant classes,
the tool can prevent user error and can ensure that the
resulting software architecture is constructed correctly.

Implementing Responsibilities At this point in the
process of implementing a pattern, the desired design
pattern variant has been selected and classes have been
assigned to the various roles. Now, the user must com-
plete the process by implementing the responsibilities
for each role. This section focuses on supporting this
task through automatic code generation.

When considering automatic code generation, our
categories of static, derivable, and non-derivable respon-
sibilities become useful. Generating code for static re-
sponsibilities is straightforward since a single imple-
mentation suffices for all uses. The necessary code can
be inserted into the class playing the role.

However, most code for a design pattern is not static,
or a single framework would suffice [13]. The main rea-
son is that design pattern implementations take on ap-
plication characteristics, like class names and interfaces.
These characteristics affect not only the class definition
but also the pattern code, as the method interactions be-
tween classes must use them. For example, the interface
to the composite class in the Composite pattern is dic-
tated by the application. Further, the implementation of
its methods is to iterate over its children calling the same
application-specific method. These interactions cannot
be efficiently implemented with static code, but rather
must be generated based on the interface. Or rather, the
implementation can be derived from information from
the application and from knowledge of the pattern.

Information for derivable responsibilities can also
come from the user. This input can be used to resolve
ambiguities in the information derived from the applica-
tion code or to map responsibilities to existing methods.
As an example of user input, consider an Adapter gen-
erative pattern. The interface to the adapter class may
be taken from an existing superclass, and so an outline
of the adapter can be quickly created. The mapping be-
tween adapter and adaptee methods can be arbitrary, and
so requires user input. For simple cases, it can enough
for the user to supply the name of the adaptee method
that should be called in each adapter method.

A programming system may also exploit framework
or pattern language information to assist the implemen-
tation of derivable responsibilities by reducing the set
of options for user input. For example, when selecting
a method to satisfy a responsibility, we can narrow the
list of possibilities if we know that the required method
must return a reference to a particular object of a specific
type. We will see more concrete examples of this later.
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Figure 1. Simplified J2EE Framework [2].

While the static and derivable responsibilities can be
automatically generated, non-derivable constraints can-
not. However, this code is likely inside the area of exper-
tise of the developer. Also, the non-derivable constraints
represent the problem of interest, where the pattern im-
plementation code is necessary infrastructure. Reducing
the time to create this infrastructure allows the user to
concentrate on their application.

4 J2EE Basics

4.1 J2EE Framework

Frameworks are partial implementations of the struc-
ture of a specific application. J2EE has a framework
defined by Sun Microsystems [2], shown in Figure 1.
It is split across three tiers to separate different parts of
the overall application. The presentation tier provides a
web-based user interface and displays the results of calls
to business logic, and is implemented using servlets and
JSPs. The business tier, the focus of this paper, pro-
vides business logic that processes client requests, and
is usually built using EJBs. The integration or data tier
provides database access. Note that the subcomponents
of each tier are patterns. For space, the patterns are not
described; see [2] for details.

4.2 Important J2EE Characteristics

J2EE has some important characteristics that must be
considered in a pattern-based programming tool.

First, few J2EE patterns have significant structural
variations. This is a function of the patterns; patterns in
other areas have a richer set of alternate structures that a
system should support [13]. Instead, it is the composi-

tion of patterns in the framework that makes these pat-
terns useful. Tool support must consider composition.

Second, we have the J2EE framework to guide the
implementation. This is useful because most of the pat-
terns are composed with other patterns. Where collab-
orators are not patterns, they are J2EE entity beans that
are easy to identify. For a generative design pattern, we
can determine which classes can play its roles.

Third, relationships between the J2EE design pat-
terns in the J2EE framework cannot be maintained by a
pure top-down or a pure bottom-up approach. A pattern
may not only use other patterns to play some of the roles
it needs but it may also play a role in other patterns that
already exist. An example will be given in Section 5.
Tool support must address these kinds of relationships.

Fourth, although the goal of J2EE is to make web-
based distributed applications appear like normal Java
code, artifacts of the distributed environment still per-
meate the code. These artifacts communicate applica-
tion structure and other information to the J2EE runtime
environment. Some of these artifacts include interfaces
needed to access methods in EJBs, a name space to lo-
cate EJBs, explicit creation of proxies for EJBs, and de-
ployment descriptors that describe the application to the
J2EE runtime. As well, the names of the classes, in-
terfaces, and even some methods must obey the J2EE
conventions. A good J2EE development environment
should remove these artifacts, allowing the developer to
concentrate on solving their problem rather than on the
distributed J2EE runtime that will execute it.

5 Roles and Responsibilities in J2EE

We will show roles and responsibilities in J2EE de-
sign patterns using thetransfer value assemblerpattern.
This pattern presents a logical data model to business tier
components by aggregrating data from multiple sources
in the data tier. Thetransfer value assemblercontains
severaltransfer value objects, where eachtransfer value
objectcontains a row of the database from a data source
that makes up the logical data model. This saves clients
from making several remote database requests and pro-
vides a single, consistent data model to the application.

Thetransfer object assemblerpattern has three roles:
an assembler role, an aggregator role, and a data source
role. We elaborate on each role and its constraints.

The assembler role obtainstransfer value objects
from the data sources that comprise the physical data
model. It then constructs an object for the aggregator
role, giving it thetransfer value objects, and returns that
object to the client. The assembler must be played by an
EJB since it must be accessible to remote clients. This
description leads to the responsibilities for the assem-



bler. It must implement the responsibilities needed to be
an EJB (Section 4.2). It must access data sources to get
database records from the physical data model, and cre-
ate the aggregator that provides the logical data model.

The aggregator role holdstransfer value objectsfrom
a set of data sources and uses them to provide a logi-
cal data model. It acts much like a Facade pattern [9],
providing methods to access the fields in thetransfer
value objectsto hide the physical layout of the database.
This role is usually played by a normal Java object at
the client, not an EJB. One responsibility of this role is
that it must have an instance variable for eachtransfer
value object. Another responsibility is that the aggre-
gator must provide accessor methods that are delegated
to accessors on the correcttransfer value object. The
interface to the aggregator is typically the union of the
transfer value objectinterfaces.

The data source role provides access to persistent ap-
plication data. The class playing this role must pro-
vide methods to access and update the database using
application-specific queries. All query methods have a
search criteria, encapsulated as atransfer value object
that is a parameter to the method. The methods return
one or more database rows, where each is encapsulated
in a transfer value object. In the simplest case, the data
source has only onetransfer value objectassociated with
it, that hold all fields in the database table. However, it
can be useful to define severaltransfer value objects,
with a different subset of the fields, to reduce communi-
cation costs. Regardless, atransfer value objectis asso-
ciated with one data source, called itsowner.

In the J2EE framework, the data source role is always
played by thedata access object(DAO) pattern [2]. The
data source can range from a simple file to a commercial
DBMS. The DAO provides a simple, consistent interface
that hides the details of the persistent data store.

In addition to the above roles, thetransfer object as-
semblerplays a role in theservice locatorpattern [2].
The assembler role is played by an EJB, which must be
assigned a name and registered in the Java Naming and
Directory Interface service (JNDI) so other EJBs can ob-
tain a reference to it. The responsibilities for this role
are implemented by theservice locator, but it requires
that the locator be updated with information about the
assembler when atransfer object assembleris created.
This process is described in [6].

6 RMA

RMA is an Eclipse plugin that supports the J2EE pat-
terns and framework [6, 7]. It provides wizards for the
generative J2EE patterns it supports, which gather user
input for derivable responsibilities. The generated code

is inserted into new or existing classes in an Eclipse
project, and is accessible by the developer. Developers
can also leverage features from other Eclipse plugins,
including refactoring and code completion. Once the
application is complete, RMA packages the application
and the generated deployment descriptors into a J2EE
Application Archive that can be run on a J2EE server.

6.1 J2EE Patterns and Framework in RMA

RMA supports pattern-based J2EE programming by
exploiting structural information in the J2EE framework
to help assign roles to the patterns that make up the ar-
chitecture of an application, generating code for static
and derivable responsibilities, and providing an Eclipse
task list for non-derivable responsibilities.

RMA promotes an incremental development model
to help compose the patterns in the J2EE framework.
Applications are generally developed starting from the
integration tier to the presentation tier in Figure 1. This
allows RMA to gather information about the existing
components when requesting user input for a generative
pattern, and use that information to generate code for
derivable responsibilities. Because RMA uses informa-
tion from the complete application, it has a large set of
derivable responsibilities and can generate a substantial
amount of code for an application [6]. However, RMA
does not enforce this development strategy. The devel-
oper can either implement responsibilities manually or
run the RMA wizards several times to generate it.

In addition, RMA provides additional abstractions to
simplify J2EE application development, outlined in Sec-
tion 4.2. These abstractions are described in [6, 7].

6.2 Constructing aTransfer Value Assembler

In this section, we will build thetransfer value as-
semblerdescribed in Section 5 using RMA.

To begin the process, the user selects thetransfer
value assemblergenerative pattern in the Eclipse inter-
face. RMA then presents a wizard to gather information
about the three roles (assembler, aggregator, and data
source) for the pattern. First, RMA requires the user to
specify thetransfer value objectsthat will make up the
logical data model. The wizard is shown in Figure 2. In
the example application, information about users is held
in two tables, Client and Address, holding client pass-
word and profile information. The logical model should
be the union of these two tables. In Figure 2, thetransfer
value objectsfor these two tables have been selected.

From the selectedtransfer value objects, we can iden-
tify the data sources that hold the records to be ag-
gregated using the ownership relation (from Section 5).
This relation is given in the left-most column in Figure 2.



Figure 2. Building the logical data model.

Figure 3. Selecting database methods.

For eachtransfer value objectselected in the first part
of the wizard, we need to issue database queries that re-
turn the desired record from the associated data source.
In addition, thetransfer value assemblersupported by
RMA allows the data source to be updated, so an up-
date method can also be chosen. This is the second part
of the wizard, shown in Figure 3. Thetransfer value
objectsselected in the first part of the wizard are listed
at the top, and the developer can select query methods
from the owner data source for each.

This wizard shows how RMA uses application infor-
mation. The getter method must be a method in the
owner data source that returns an instance of thetrans-
fer value objectclass selected at the top of the wizard.
The setter must have a parameter of this type. This in-
formation can be used to filter out the list of candidate
methods that are available for selection. This filtering is
not foolproof but suffices for many applications.

From the wizard, RMA generates an almost-
complete implementation of thetransfer value assem-
bler. The wizard gathers information to generate the
derivable responsibilities. The non-derivable responsi-
bility is initializing the database query criteria, which is
application-specific. The pattern implementation totals
118 lines of code, of which the user writes 7.

An important consideration is that thetransfer value
assembleris played by an EJB bean. This requires

the class have extra responsibilities, such as extra inter-
faces (which include remote exceptions and are not im-
plemented by the application classes, which is counter-
intuitive) and registration with a name server (which re-
quires the construction of a name space). Further, in-
stantiating an EJB bean takes several steps. These re-
quirements are complicated by J2EE naming conven-
tions, which include renaming certain methods in the
interfaces while maintaining the rest of the signature.
RMA automatically handles these extra complications
in the generated code, as detailed in [6, 7].

6.3 Initial Evaluation of RMA

To more fully evaluate RMA, we implemented a sam-
ple application based on an astronomy club. The ap-
plication required user creation and management (login,
user profile) before displaying the contents of a simple
database. The application required four database tables,
two for user management and two for application data.
The application database presented the data on a page-
by-page basis as it was too large for a single page.

The complete application required 2039 lines of
code, of which RMA generated 1507 (74%). Of the 532
lines of user code, 438 (82%) was needed for database
queries, which is necessarily application-specific. The
remaining 94 lines of code mainly consisted of method
co-ordination code that could not be automatically gen-
erated. Overall, it took less than 10 minutes to assemble
the patterns using RMA wizards, and less than 2 hours
to complete the non-derivable responsibilities. It must
be noted that these numbers are a function of the appli-
cation, but they do suggest reduced development effort.

A more detailed description of the application and
analysis of the code can be found in [6, 7]. A more thor-
ough evaluation of the benefits of RMA, using a larger
application, is future work. We believe the benefits of
will scale to larger applications [6].

7 Related Work

The relationships between patterns, pattern lan-
guages, and frameworks/middleware has been explored
[4, 16]. Frameworks and middleware often use pattern-
based components, and a pattern language may guide the
process of assembling them into an application. RMA
provides tool support for the assembly process.

A number of other tools that generate pattern imple-
mentation code exist. One of the first was the work of
Budinskyet. al. [5] for generating code for the patterns
in [9]. This tool accounts for the structural alternatives
in the patterns. However, it generates generic code as
it does not consider application-specific interfaces in the



created code. Further, it generates all classes for individ-
ual patterns; it does not allow existing classes to be as-
signed to pattern classes and does not have a framework
for describing a complete application architecture. The
CO2P3S system for parallel design patterns also gener-
ates individual patterns, though the generated code also
incorporates some application-specific interface infor-
mation. RMA uses the J2EE framework and application
interfaces when generating code, expanding the set of
derivable constraints compared to the above systems.

Fred (later renamed JavaFrame) [10] and MADE [11]
both use roles and constraints (almost identical to our
responsibilities) to guide developers through the frame-
work construction process. Both tools use this informa-
tion primarily to produce a task list that the developer
follows to complete the application. While both tools
have some code generation capabilities, they only gen-
erate code for static constraints and for a small subset of
derivable constraints. The scope of derivable informa-
tion appears to be limited to that from the current class
and the J2EE runtime library. RMA uses the task list to
highlight non-derivable constraints in its generated code.
Compared to Fred and MADE, RMA has a larger set of
derivable responsibilities for generating code. Informa-
tion is derived from the all classes in the program and
from user input, and is used to generate compositional
code and method-level interactions.

Work is underway on version 3.0 of the J2EE specifi-
cation, which removes some of the limitations in version
2.1 [8]. Version 3.0 uses the new Java metadata anno-
tation facilities [12] to remove many of the distributed
artifacts in J2EE programs.

8 Conclusions and Future Work

This paper showed that the implementation of a de-
sign pattern can be viewed as the process of assigning
roles to classes and implementing the responsibilities of
the role. A role is a participant in a relationship, a class
in our case. A responsibility is a property the class must
exhibit to play the role. Responsibilities can be catego-
rized as static, derivable, and non-derivable.

From this viewpoint, we argued that tool support for
pattern-based programming involves three steps: select-
ing a pattern variant, assigning roles to classes, and im-
plementing responsibilities. We use information from
the application code and user input to generate code for
static and derivable responsibilities. These ideas were
demonstrated using RMA, an Eclipse plugin that sup-
ports pattern-based J2EE programming. RMA exploits
J2EE patterns and the J2EE framework, which shows
how to construct a complete application architecture.

RMA currently supports patterns from the business

and integration tiers. Future work could include sup-
port for the presentation tier to complete the develop-
ment process. In addition, these ideas should be appli-
cable to other application domains, patterns, and frame-
works. We could consider building similar plugins for
frameworks like ACE [16]. With an extensible version
of RMA (like MetaCO2P3S for creating generative pat-
terns in CO2P3S [13]), it might be possible for frame-
work developers to create their own plugins.
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