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Abs t r ac t
As self-employed workers, realtors must continually find ways to manage their

own business, stay on top of changing market conditions and set themselves apart from
their competitors by offering up to date information and services to their clients. While
there are several manual ways to manage property-related information crucial to their
business, the technically savvy realtor currently has very few ways to automate the
processes of managing, manipulating and analyzing this data.   

The processes to manage specific lists of properties which may be of interest to
their clients are manual.  Agents use the common Multi-Listing Services (MLS)
application to perform searches based on client needs; however, the results of these
searches must then be printed as there is no easy way to save the results electronically
for later use.  Additionally, the queries must be re-run every day to get the latest data
and the results must be compared to previous searches manually to find the differences.
The first purpose of this application is to automate the property list management
processes and provide a way for the agent to perform client-specific searches and store
the resulting list and automatically update the list with new properties which are added
to the database.

In addition, the particular agent who is the intended user of this application
would like to analyze the existing real estate data more thoroughly and with different
algorithms than what is currently provided.  He has developed his own data points and
statistical analysis algorithms and would like to use those to produce reports for
analyzing trends and pinpointing an optimal selling price for a home.

While this Capstone reviews the design of both purposes, only the first has been
implemented.

The Java 2 Enterprise Edition (J2EE) framework was selected as the language of
implementation.  The availability and breadth of Open Source support tools for
developing J2EE applications made it a very easy choice.  In addition to presenting an
overview of the design and development of the RedAnt system, I have also included a
minor survey of these tools and their benefits to the application development process.
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By undertaking a Capstone aimed at designing and implementing an application,

I wanted to engineer a software application using the design and development principles
and best practices learned in the MSSE program.  As well, I wanted to utilize the wealth
of open source software which supported these principles and see whether they could
help me, a novice J2EE developer, build a reasonably accurate product for a real user
with a real need in an expedient manner, given the limited time frame of the Capstone
schedule.

I chose to implement this application in the J2EE framework for several reasons.
First and foremost, I have had a desire to learn the Java programming language and use
it in a situation outside the classroom.   Throughout my two years in MSSE program, I
have aimed most of my research projects on the open source community.   I have found
a number of open source projects targeted toward enabling Java developers to
incorporate software engineering practices like automated testing and continuous
integration.   I have been fascinated by the mechanics of the way the open source
community works together to produce tools and applications which target all areas of
software application use.  From tools to build better software to games for pure
entertainment, open source software is a fascinating world of “art for arts sake’
development.   With the RedAnt application development project, I hoped to be able to
delve more deeply into the open source community, first as a consumer of the projects
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and hopefully in the near future, to become a contributor to these or other worthwhile
open source projects.
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In t r o d uc t ion

RedAn t  – Real  Estat e  Dat a  ANalys is  Tool  app l icat i on
The intended use of the application is a productivity enhancement tool for real

estate agents.  There is one specific user currently driving the development requirements
of the RedAnt application.  He has a highly technical background and while much of his
business management processes are still manual, he has developed some scripts and
database stored procedures to assist in automating some of the most manual processes.
Some of the stored procedures for inserting and updating the database with new
property information from the main MLS database will be incorporated into this
application.

The intended user also has developed some statistical measurements which he
has found to be accurate in predicting selling price and area market trends.  This
functionality will be incorporated into the RedAnt application in a later iteration outside
the scope of this Capstone.  

This report provides an overview of the design and development of the RedAnt
system including an architecture discussion, UML diagrams, UI prototypes and a
discussion of the design experience using Open Source tools.

J2EE and  Open  Source  Sof t w ar e

One of my goals in undertaking this project was to take advantage of the
abundance of J2EE open source development tools available.  Open Source Software
(OSS) is a broad term used to describe software that is developed and released for public
use under some type of open source license of which there are several different flavors.
The software is available for use at no cost and is open to public inspection of the source
code.   It is important to understand the licensing especially if the OSS code is enhanced
or changed in any way; however, for the purposes of the RedAnt project, no OSS code
was actually imbedded in the application.  OSS code has only been used within the
development environment.

There are thousands of OSS projects which span a wide range of applications.
The Linux operating system and Apache Web Server OSS projects are probably the
most well-known, but there are hundreds of other successful OSS products enjoying
widespread use.   Programming languages such as PhP and Perl, database products such
as MySQL and PostgreSQL, Internet infrastructure applications such as sendmail and
bind, and software development tools such as Eclipse, JUnit and Ant have large user
bases and are gaining more converts daily.   

The OSS community has created, and in most cases uses a set of OSS CASE
tools to develop OSS software.   The benefits of using OSS software development tools
are many.   The price is certainly right and the tools are typically of high quality.  Often,
these tools have become standard in their respective fields.  OSS CASE tools such as
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Eclipse, Ant, JUnit, JPerf and HttpUnit, among others, are being used for development
of both proprietary and OSS products.   These tools look to support the basic software
engineering practices such as continuous integration, code reuse with development
frameworks, design pattern utilization, comprehensive testing, object oriented design,
high cohesion and low coupling.    

One cannot discuss Java and OSS without mentioning the practices of eXtreme
Programming (XP).  Defined by Kent Beck, the XP methodology seeks to provide a
deliberate and disciplined approach to software development.  Many OSS tools have
been either directly developed for, or heavily influenced by, the practices of XP
programming.  Two of the core practices of XP are test-driven development and
continuous integration.  One of the most widely used OSS development tools, JUnit, a
Java unit testing framework, was developed by Kent Beck in partnership with Erich
Gamma to support the practice of test driven development and has now become the
standard for Java unit testing.  Additionally, Apache Ant, a project build tool, allows for
automation of the build process and directly supports the practice of XP of continuous
integration.  

There is another category of OSS tools targeted toward the easing development
of complex J2EE.  These tools provide code generation from the Java beans to HTTP
code based either on top-down design with UML diagrams or bottom up design with the
SQL tables.  The business logic must be added by the developer but the code generated
by these tools provides a project framework which adheres to the specifications outlined
in J2EE.

This report also provides a survey of J2EE targeted development tools I
encountered during the process and a snapshot of the current state of tool development.

Th e RedAn t  Pro j ec t  

Projec t  Overv i ew

The Real Estate Data Analysis and Trending Tool has main two purposes:

1. Provide services for the clients who are buyers by: 
a. Managing client information and property interests
b. Managing sets of properties for each client, providing the ability to

categorize, annotate and track properties of interest.
2. Provide services for the clients who are sellers by:

a. Offering the ability to do data analysis by capturing, analyzing and
reporting on real estate activity and trends on a per area basis.

Intended Users
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The intended users are real estate agents.  Specifically, the application is targeted
toward real estate agents who have a desire to gain a better understanding of what is
happening in the market in a particular area, to stay on top of market trends and to
access this type of information quickly. These agents also need a way to track what
properties they have shown to customers, what is happening with these properties, and
be able to add new properties to a search without reviewing the properties already seen. 

Currently these users are able to search for properties based on a client’s profile.
All records of client properties visited and notes on what clients think about each
property are kept in paper in files which is difficult to maintain and organize.  Since all
of these paper records are spread out in different client files, it is difficult to cross-
reference properties from different clients.  The intended users also find it desirable to
keep track of all properties that have been visited and notes about each in an electronic,
easily accessible fashion.  

Another important activity for these users is to track specific properties or
market areas.  It is very helpful for agents to know the history of properties.   For
example, how long has a property been on the market, what price changes and status
changes has it undergone, when did it leave the market and why.   If the property sold,
what was the selling price and did the seller make any contributions to the buyer?    This
seller contribution data, though available on individual properties, is not typically used
in calculating average selling price in a given area.  The users believe this and other
types of data should be included to give a truer representation of what is really
happening in the market.  Currently, the only way to monitor these types of changes is
by manual searches in the database which can be time consuming and error prone.  The
users have expressed the desire to be able to do these types of searches more easily and
even to be able to automatically update their information.

All of the data is available today; however, the tools to access this data to
accomplish these tasks do not exist.

Current Tool Inadequacies
Currently, the real estate database (Multi List Service or MLS) is managed by a

third party company and typically, each real estate agency replicates the data and has its
own front end application with search and other capabilities.  The agency of the
intended user for the RedAnt application has a front end application which also provides
the ability to search the database; however, there is a limited ability to save the searches
and no ability to store individual property lists for later use. 

The RedAnt users want to track the history log of WHAT is being SEARCHED,
the RESULTS, and for WHOM. They would also like to be able to cross reference
between the WHAT and the WHOM lists.

The current system can: 

· Return a list of properties based on the search criteria entered by the realtor. 
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· Allow realtors to show those properties in print or online to clients, so the clients
can make decisions on which properties to view. 

The current system cannot: 

· Know which client(s) the result properties are for. 

· Store a list of search results and tie to clients who want to look at them. 

· Keep track current status (How many times shown, any Offer(s), Sold, Pending,
Off the Market, and Re-Listed, etc.) of properties of interest and/or their price
changes.

· Maintain a history of client requirements that are changed over time.  (This
would help realtors to narrow down the most desirable requirements based on
the changes).

· Maintain a history of properties shown to clients that can be attached with
comments from both realtors and clients. For instance, client A loves house #1,
but the price is $10,000 out of range. Or, house #2 does not have a fence but that
is a must for client B.

· Automatically tell the realtors about changes to a property that make it satisfy
previously unmet conditions.  

By resolving the inadequacies of the current system, the RedAnt system would
enable the realtor to be more productive and be able to do his/her job more efficiently
and effectively.

RedAn t  Arch i t ec t u r e  Repres en t at i o n

RedAnt Architectural Goals and Constraints

Based upon several discussions with the user, we came up with the following list of
important architectural goals and constraints for the RedAnt application:

Goals:

· Web based – access anywhere
· Modifiability
· Modularity – reusability
· Easy to document additions and processes
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· Easy to inventory system abilities 
· Configurable
· Robust – recover from constraints on other systems on which it depends
· Need reliable backup and restore methodology
· Persistent data must always be consistent

Constraints:

· Open Source development platform including JBOSS, PostgreSQL.
· Open Source development environment including Eclipse, CVS, JUnit
· Must be tested to run on both Solaris and Windows 

The RedAnt application fits perfectly into the multi-tier application scenario
based on the architectural goals and constraints listed above.  A variety of software
services are required for building a multi-tier web-based application such as this
including generating client HTML pages and persisting business domain data objects.  I
could have developed these services from the ground up but there is simply no reason to
given the availability of several development frameworks which provide these services
readily packaged.  As stated earlier, I chose to use Sun Microsystems’s J2EE framework
which provides a specification and a common set of interfaces for these services in the
Java programming language.  From this framework, I am using a combination of
Stateless Session EJBs, Container Managed Persistence EJBs and additional Java classes
to implement the RedAnt application. 

J2EE as the chosen framework

J2EE provides a multi-tier enterprise computing environment in a web
environment.   It provides a way to bring in different elements into an enterprise
application, for example, web interface design and transactional processing as well as a
way to meet other non-functional system requirements such as availability, reliability,
performance, scalability, reusability and interoperability.

The vision of J2EE was to be an open standard for enterprise applications, an
umbrella for anything Java-related.   It allows for designing, developing, assembling,
and deploying component-based enterprise applications and provides the ability to
separate the business logic from the presentation logic.  The J2EE specification is
intended to simplify the complexity of building n-tier applications by basing them on
standardized, modular components, providing a complete set of services to those
components and handling many details of application behavior automatically, without
complex programming.

J2EE is made up of the following components, services and supporting technologies:
· Components

o Java Servlets
o JavaServer Pages (JSP)
o Enterprise JavaBeans (EJB)
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· Standard services &  suppor ting technologies
o HTTP / HTTPS 
o RMI – IIOP  
o Java IDL 
o Java database connectivity(JDBC) data access API
o Java Messaging Service (JMS)
o Java Naming and Directory Interface (JNDI)
o JavaMail
o JavaBeans Activation Framework
o Java API for XML Parsing (JAXP)
o J2EE Connector Architecture 
o Security Services
o Web Services
o Management via Java Management Extensions (JMX)

[SUN, 9-11]

A J2EE application is made up of application clients, Java Servlet and JSP web
components, the business EJB components, and the application server.  The application
server is a container made up of a web container such as Tomcat to manage the web
components and an application container such as JBOSS whose responsibility is to
manage the lifecycle of the components and provide runtime support of these
components.  

Here is a generic view of the J2EE framework:

Figure 1 - J2EE Architecture [Koehnemann]

As with any design, there are many things which must be considered when
developing a J2EE application.  At a high level, one must consider how the application
will be deployed, where each of the layers will reside and how the layers will talk to
each other.  One must also consider how the application must be designed to ensure low
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coupling between the layers so that layers can be replaced without affecting each of the
other layers.    In addition, J2EE based applications require the use of an application
server to provide an implementation of the required services and interfaces.  There are
several implementations of J2EE application servers, both commercial and OSS.  For
the RedAnt application, I chose the following implementation:

Figure 2 - RedAnt J2EE Architecture Diagram

The deployment platform consists of the following components: 
1. JBoss 3.2.3 Application server implementing the EJB 2.0 specification and

including EJB Container and embedded Tomcat Server 
2. PostgreSQL. DBMS version 7.4.2

The PostgreSQL database currently resides on a Sun Blade 100 server where it will
stay for both development and deployment purposes.  Development on the application
itself is done on a Windows machine but will it will also reside on the Sun Server when
complete and deployed with the JBOSS server.

The reasons for choosing the PostgreSQL database and JBOSS server application
software are discussed later in the report.  

RedAnt Architectural Representation
The architecture of the RedAnt application was created following the

recommendations of the Rational Unified Process (RUP).  The RUP process proposes
five main views of the system in order to describe a particular software architecture:
• The logical view, which is the object model of the design (when an object-oriented
design method is used),
•The process view, which captures the concurrency and synchronization aspects of the
design,
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• The deployment view, which describes the mapping(s) of the software onto the
hardware and reflects its distributed aspects
• The implementation view, which describes the static organization of the software in its
deployment environment.

According to RUP, the description of an application architecture and the
decisions made can be organized around these four views, and then illustrated by a few
selected use cases which become the +1 or fifth view.

At this point in the RedAnt application design, I have not yet explicitly
addressed the issues of scalability, or security.  They will be addressed in a later
iteration.

Use Case View
This is the “+1” addition to the RUP recommended architecture views.  In

working with the user, we discovered eight primary use cases shown in the below
diagram.   The use case descriptions are contained in Appendix A.  These uses cases will
be implemented in increments as discussed further in the report.

Figure 3 - Use Case View

Tillery Capstone Report Page 14 of 68 10/25/2004



Logical View

According to the RUP, the logical view provides a basis for understanding the
structure and organization of the design of the system.  It is intended to illustrate the key
use case realizations, packages and subsystems which encompass the architecturally
significant behavior.  The logical view is refined during each iteration of the design.  

To illustrate the RedAnt system, we begin with the package diagrams.  I’ve
chosen to represent the system as a modification of the five tier model from the book
Core J2EE Patterns.  I found this representation to be the clearest way to show how the
application components are actually divided.   The diagram below shows the layers and
their contents.  The modification I’ve added is to extract the Data Layer from the Data
Services Layer.  This modification provides a clearer representation of the separation of
the data from the services needed to manage it.
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Figure 4 - Tiered Application Model

The tiered application model divides the separation of
concerns as shown in the model on the right.  This
representation, adapted and modified from the Core J2EE
Patterns book, defines the tiers as follows: [Alur et al, 121]
· Client Services – This tier represents all device or system clients

accessing the system or the application. A client can be a Web browser, a
Java or other application, a Java applet, a WAP phone, or some device
introduced in the future.  For the RedAnt system, the client services will be
implemented with a Browser application.

· Presentation Services - This tier encapsulates all presentation logic
required to service the clients that access the system and is intended to
intercept the client requests, provide single sign-on, conduct session
management, control access to business services, construct the responses,
and deliver the responses to the client.  The RedAnt system will implement
this tier in J2EE using Struts, Java Server Faces or the like.

· Business Services - This tier provides the business services required by the
application clients and contains the business data and business logic.
Typically, most business processing for the application is centralized into
this tier. Enterprise bean components are the usual and preferred solution
for implementing the business objects in the business tier and the RedAnt
system uses this methodology. 

· Integration Services - This tier is responsible for communicating with
external resources and systems such as data stores and legacy applications.
The business tier is coupled with the integration tier whenever the business
objects require data or services that reside in the resource tier. The
components in this tier can use JDBC, J2EE connector technology, or
some proprietary middleware to work with the resource tier.  Within the
RedAnt system, these services will be provided by the application
container, JBOSS. 

· Data Services - This is the tier that contains business data and external
resources such as Mainframes, legacy systems, business-to-business (B2B)
integration systems, and services. The RedAnt system uses an Open
Source database, PostgreSQL, to provide this layer.

· Data: This tier represents the actual data itself.  Again, the RedAnt system
uses an Open Source database, PostgreSQL, to hold and represent the data.

  

The Client Services layer will contain the Web browser application.  The
Integration Services will be provided by JBOSS, the application server; and the Data
Services will be provided by PostgreSQL, the database server.  No further descriptions
of these layers will be contained in this section.

Presentation Services Layer

Within the Presentation Services layer, there is logic to handle client requests
and forward them to the appropriate business layer component.  This architectural
blueprint was developed based on the Pearl Circle Online Auction J2EE reference
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implementation by Rational Developer Network.  The mechanism for handling these
requests is called Presentation Request Processing and is derived from combining the
implementation strategies of three Sun J2EE patterns - Front Controller, Service to
Worker and Business Delegate with simple security services.  Classes in blue are
placeholders for the RedAnt specific components; the classes in light yellow are
concrete.

Figure 5 - Presentation Request Processing [Kozaczynski]

Within the web container, all access to a URL must be done via the
RequestDispatcher.  The RequestDispatcher is request-dependent (i.e. there is one
RequestDispatcher for every HttpRequest).  The RequestDispatcher gathers state
information on the communication chain for a specific request; it tracks the chaining of
forward and includes messages resulting from a single request.  

With this mechanism, all requests from the PresentationRequestController to the
<PresentationRequestDispatcher> and from the < PresentationRequestDispatcher> to
the <View>(s) are done via the RequestDispatcher.

The following key architecture decisions have been captured by the Presentation
Request Processing mechanisms:

· All user requests are handled by a single PresentationRequestController (the
front controller of the application)

· The front controller inspects each request for consistency and verifies if the user
needs to be authenticated and authorized (the ResourceMapDelegate is the front
controller’s intelligent proxy to the security services).
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· If the user is authenticated and authorized, the PresentationRequestController
forwards the request to an appropriate dispatcher

· A dispatcher handles user interactions for a specific use case (there is one
dispatcher for each use case realization). Dispatchers “understand”  the use case
flow and coordinate use case-related interactions with the user. 

· The dispatchers do not produce any user output. Instead, they call views (see
<View> parameter in the mechanism) to create HTML or XML or other typed
of a stream that is returned to the user’s device. 

· The dispatchers also don’t do “business logic” . Instead, they use business
delegates (see <Business Delegate> parameter in the mechanism) as smart
proxies to the application server services

· The front controller and the dispatchers are implemented as Servlets that
forward URL requests to each other. Hence, they can be placed in a different
process and/or on different machines, which can be desirable for security
reasons. 

· Views are implemented as JSPs for ease of development.
· Business delegates are implemented as Java Beans that run in the thread of the

calling delegates.
The resource access table used by the authorization component and the front controller
to map requests to dispatchers is stored in an XML file and internalized on system
startup (see <Resource Map> parameter in the mechanism).  [Kozaczynski]

This mechanism is the intended implementation mechanism for the RedAnt
system and will be revisited in a later iteration.  The implementation methodology will
be an OSS tool such as Apache Struts, Sun’s JavaServerFaces or another alternative
which implements these patterns.

Business Services Layer
The business logic will be accessed from the presentation layer using the Session

EJB Access Mechanism.  This mechanism is a “blueprint”  for the organization of access
to the application server components. The architecture does not allow any presentation
layer components to communicate directly with entity EJBs and therefore, the only
beans accessible are session EJBs as stated in the Session Façade pattern.  The diagram
below outlines how the request moves from the Presentation Services layer to the
Business Services Layer.
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Figure 6 - Request flow between Presentation and Business Services Layers

While there are several approaches to deciding how business functionality is
allocated to the session beans, the RedAnt application utilizes the “One use case per
session bean” approach as defined in the book “Developing Applications with Java and
UML” .  I found this tactic met the “Low coupling/High cohesion”  design goals as
identified in the MSSE program.  Additional session beans will be added as needed for
functionality not identified in the use cases.  These will also follow the design goals by
grouping like functionality together as much as possible. 

The architectural mechanism in this layer also comes from the Pearl Circle
Online Auction reference implementation from Rational with some modifications.  This
mechanism, Session EJB Access, combines the implementation strategies from two Sun
J2EE patterns – Business Delegate and Service Locator.  Below is the class diagram
showing how the session beans are found by the client and created.  Classes in blue are
placeholders for the RedAnt session beans, the classes in light yellow are concrete.
Note the RedAnt system makes use of the EJB Util class function which further
abstracts operations of finding and creating the session bean into one class.  The code
for the Util class, among others, is generated automatically with the addition of an
XDoclet code tag in the EJB class itself. 
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Figure 7 - Session EJB Access [Kozaczynski]

The component diagram below represents another high level view of the
implementation strategy of the Session Façade pattern used in the RedAnt application.
The EJB session beans will be the only access into the business services layer for client
requests.

Figure 8 - Component Strategy for  Use Case controllers [Reed 209]

Tillery Capstone Report Page 20 of 68 10/25/2004



The Controller’s only mission is to implement the pathways of the use cases.  I
have chosen to the approach recommended in the book “Developing Applications with
Java and UML” to have one session bean represent one use case.  This approach, while
not the only way to implement session beans, provides good traceability as well as low
coupling and high cohesion within the classes. [Reed 210]

For EJB Entity Beans, I have utilized Container Managed Persistence (CMP)
features of the Application Server, JBOSS.  JBOSS knows how the persistence and
relationship fields of a bean instance map to the database and the container
automatically takes care of inserting, updating and deleting the data associated with the
entities in the database as well as all the transaction processing.   I chose to use CMP
EJBs for a number of reasons; chief among them was the fact that it is a quick way to
implement the needed functionality.  CMP EJBs alleviate the need to write SQL and
instead transfers all responsibility of persisting the JavaBeans to the application server
container.   While there are several opinions about the usefulness of CMP; but I found it
to be easy to understand and so far, it has worked adequately for the RedAnt application
with one exception.    For the LiveMLS data which represents the real property listings,
the queries I need to perform on this table may be highly complex depending on the
client’s needs.  Since EJB-QL query language is quite limited in its syntax, I had to go
back to using straight JDBC and a Data Access Object to access data in this table.  

The last diagram in this section is a high-level view of the important classes in
the RedAnt application and how they relate to each other.   More detailed diagrams
follow in the next section.

Figure 9 - RedAnt Class Diagram
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Data Layer
Below is the current representation of the data model of the RedAnt application.

This model will be enhanced with each iteration and the number of tables is expected to
grow.  

Figure 10 - RedAnt Data Model
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Deployment View

Initially, the RedAnt application will be used by one agent only.  The application will
reside on a Sun server behind a firewall and a dynamic DNS service such as dyndns.org
will be used to enable the agent to utilize the application over the internet.  The
application will be designed to enable it to change deployment architectures easily
should the need arise.

Figure 11 - Deployment View

The Client Services tier will use a lightweight client technology consisting of a
Web-based front end using simple HTML and JavaScript.  This lightweight client
methodology will allow the user to meet his requirement of accessing this system from
wherever an internet connection exists.  

The Client Services tier will communicate to the web-based back-end
Presentation Services tier residing on a Sun Blade as shown above.  While this layer is
not actually implemented in the first iteration, it is an important part of the design
process and must be considered with all design decisions.  It will be implemented with
some type of framework such as Java Server Faces or Struts and will be deployed on a
combination of Apache Web Server and Tomcat.

The Business and Integration Services tiers reside on a Sun Blade Server.  These
tiers are implemented with a combination of Session beans, Container Managed
Persistence EJBs and POJOs (Plain Old Java Objects) and rely heavily on the JBOSS
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application server for all of the services needed by the Integration Services tier.  Both of
these tiers are deployed using JBOSS, also residing on the Sun Blade server.

Lastly, the Data Services layer will also reside on the Sun Server and is
implemented with the PostgreSQL open source database.   

Process View

Figure 12 - Process View

The above diagram displays the processes of the RedAnt system and a sampling of the
active components which reside on each. The JBOSS and Tomcat containers are placed
in the operating system processes or Java Virtual Machine(s) (JVM) and the containers
in turn will manage the thread-pools, and assign threads to active objects.
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Implementation View

Figure 13 - Implementation View

According to the RUP process, the implementation view is generally concerned with
team and project organization and is used to model the physical elements of the system.
The above figure represents the current state of the RedAnt application’s
implementation and shows the structure of the software components.   The
implementation will be expanded as additional development is completed in both the
business services and presentation services layers.   
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Det ai l ed  Design  

Incorporating the ideas of iterative and incremental development and design from the
Rational Unified Process, I have broken down the use case implementation into the
following iterations.  This Capstone project encompasses the implementation of
increment one.

Figure 14 - I terations

Design  Pat t er ns  
There are several well-recognized design patterns for use with the J2EE framework
which have been written about extensively by Sun and other industry luminaries such as
Grady Booch and Martin Fowler.  In this first iteration of the RedAnt application, I
chose to incorporate a number of these patterns.  For the most part, these J2EE
applicable patterns are divided by into categories by the application layers or tiers – i.e.
presentation, business and data.  
In their book, Core J2EE Patterns, and recapped on their website
www.corej2eepatterns.com, Alur, Crupi and Malks have categorized the patterns as
follows [Alur et al.]: 

Presentation Tier  Business Tier Integration Tier  

Intercepting Filter Business Delegate Data Access Object
Context Object Service Locator Service Activator
Front Controller Session Facade Domain Store
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Application Controller Application Service Web Service Broker
View Helper Business Object
Composite View Composite Entity
Dispatcher View Transfer Object
Service To Worker T O Assembler

Value List Handler
Table 1 - Core J2EE Patterns [Alur  et. al, 122-124]

Within the RedAnt application, I am using five of recommended patterns and
have plans to incorporate at least one more.  As previously noted, the Business Delegate,
Service Locator and Session Façade patterns are used to expose all of the services of
RedAnt to clients yet hide the actual business objects from direct access by the clients.
The Session Façade pattern encapsulates business-tier components and exposes a
coarse-grained service to remote clients. Clients access a Session Façade instead of
accessing business components directly [Alur et al, 123].  I’ve implemented the pattern
using stateless session beans, one for each use case and related functionality.  The
Transfer Object and TO Assembler patterns are used to aggregate information from one
or more EJBs and data access objects for transmission between tiers.  

Following the Transfer Object pattern, each CMP EJB has an associated Value
Object which is an instantiation of the bean’s current values.  This Value Object is
actually the old name for a Transfer Object.  I have retained the older name due to the
naming conventions of the XDoclet tag used to create the EJB’s Value Object class.  In
fact, for the purposes of the RedAnt application, a Value Object is used to represent a
single EJB and a Data Transfer Object represents a combination of EJBs. 

The TO Assembler (Transaction Object) is used by the RedAnt session beans to
compile the transfer object from the beans and database tables then this transfer object is
sent to the client in response to a service request.  Each time a session bean accesses an
EJB, it will convert it to a Value Object or Data Transfer Object before passing it back
to the client.  

For future iterations, the Value List Handler pattern will be used to handle any
potentially large result sets which may occur from property searches.  This pattern
provides an efficient search and iterate mechanism as well as offloading the potential
overhead of EJB Finder methods.  

Within the integration tier of the RedAnt application, I have used the Data
Access Object for one database table representation since using a CMP bean did not
allow run-time customized searches.  The Data Access Object pattern allows abstraction
and encapsulation of the persistent store as well as managing the connections with the
database to access and store the data [Alur et al, 123].
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Selec ted  Class,  Componen t  and  Sequence  Diag r am s  

Data Access Implementation
As previously noted, the RedAnt application relies heavily on CMP EJBs for

managing the object persistence and transactions.   Each EJB within the RedAnt
application incorporates one of the two design methodologies shown below.  The
difference between the two methodologies is due to the addition of a compound primary
key.  For example, the ClientBean has a single field primary key which is the clientId
and the ListingBean has a compound primary key made up of multiple fields – the
mlsNum and the listingSetId.

Per the EJB specifications, designing an EJB requires a number of files.  First,
there is the Bean class itself where the life-cycle methods and bean parameters, getter
and setter methods are defined.   Next, there are four interface classes required.  The
Remote Home interface provides the ability to create, remove and find the bean by
applications outside the EJB Container whereas the Local Home interface provides the
equivalent functionality from within the same EJB Container as the bean resides.  The
Local Home interface should be used if possible as it improves performance by allowing
beans to interact without the overhead of a distributed object protocol. [Monson-Haefel,
25-26]  The session beans within the RedAnt application use the local interfaces of the
CMP EJBs since they both reside in the same container though both the remote and
local interfaces are compiled into the deployment file.  In addition, there are two
interfaces created which provide access to the bean’s business methods and attributes.
One interface is used for remote access and one is used for local access where the caller
and the bean reside in the same container which is the case in the RedAnt application.   

In addition to these interfaces for the bean, I have used two other classes which
enable more flexibility in the design, the Value Object and the Util classes.  As stated
previously, the Value Object allows transferring of the bean’s data between layers
without actually transferring the bean itself.  The Util class is a utility class which
provides for convenient remote home and local interface lookups when accessing a bean
whether CMP or session.  The Util class further abstracts the work required to find and
instantiate a bean.   

Below are the class diagrams for the Client CMP EJB and the Listing CMP EJB
showing the design methodologies with and without a compound primary key.  Most of
the other CMP EJBs follow the design of the Client CMP as I tried to avoid compound
primary keys whenever possible.
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Figure 15 - Client CMP EJB Class Diagram

Figure 16 - L isting CMP EJB Class Diagram
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The good news about having to have all of these different classes simply to use
one bean is that all but the bean class can be generated automatically using a
combination of the OSS tools Apache Ant and XDoclet.   A discussion of these tools
occurs further down in the document.

In addition to the CMP EJB for data access, I have one table for which I needed
to use the Data Access Object pattern (DAO).  Due to the complex queries which need
to be run against the MultiListing Service (MLS) table, I found I could not use container
managed persistence since I would be limited to using the EJB-QL query language.
This language simply does not provide enough constructs to do the queries I needed.
Therefore, for this table and object only, I have utilized the DAO pattern as follows:

Figure 17 - L ive MLS DAO Pattern Class Diagram

Transactions are actually managed through the use of a helper class,
TransactionContext.  It is utilized by the Property Search session bean to manage the
transactions for accessing the LiveMLS table via the LiveMLSDAO object as shown in
the next diagram:
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Figure 18 - Transaction Management Class Diagram
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Use Case Implementations

The RedAnt application relies on the Session Façade pattern using stateless session
beans to provide client access to the business logic.  Below is the class diagram for the
Client Management Use Case.  

Figure 19 – UCClientManagement Use Case Class Diagram

This is a typical use of the Session Façade pattern implementation in the RedAnt
system.  Clients are expected to utilize the remote interface of the session beans to
access and execute their methods.  
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The UCPropertySearch Use Case differs from this in that it must use a
combination of the CMP EJBs and the DAO implementation of the LiveMLS for
performing the property searches.  Here is the class diagram showing this
representation.

Figure 20 - UCProper tySearch Class Diagram
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Sequence Diagrams
The next set of diagrams are sequence diagrams, one per use case implemented

in iteration one, showing the “happy”  path through each use case.
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Use Case:  Manage Client Information:

Figure 21 - Manage Client Information Sequence Diagram

Use Case: Manage Client Profile
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Figure 22 - UCManageClientProfile Use Case Sequence Diagram
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Use Case:  Property Search

Figure 23 - UCProper tySearch Use Case Sequence Diagram
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Use Case:  Annotate Proper ty

Figure 24 - UCAnnotateProper ty Use Case Sequence Diagram.
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RedAn t  UI  Pro to t y p e
Most of the User Interface prototypes included in this report come from the class project
for SEng 5115 - User Interface Design and Evaluation.  There are currently four primary
screens representing the use cases of the first iteration of RedAnt.  There are also several
supporting screens which have not been included in this report.   The primary screens
are shown below along with an explanation of how they work.

Clien t  In fo r m at i on  Screen

Figure 25 - Client Information Screen

The client information screen is the first screen the user sees upon logging into
the system. This screen provides the user with the ability to create a new client, to delete
and update an existing client. The client list, located on the left hand side, lists all the
clients the user has previously added. By default, the client list is sorted by last name.
The user has the ability to sort the client list either by last name or first name.

When the user logs into the system, the Client Information screen will be in
“add” mode per se, ready for the user to add a new client.  The ‘Create New Client’ and
‘Delete Client’ buttons will be disabled until either new client has been added or an
existing client has been selected.
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If there are no clients yet, then the screen will also be in the “add” mode and the
‘Create New Client’ and ‘Delete Client’ buttons will be disabled until a new client has
been added.

If a client exists in the client list and been selected, but no changes have yet been
made to it, the ‘Create New Client’ and ‘Delete Client’ buttons will be enabled. Should
the user change any of the information on the selected client by entering additional
notes, modifying the client’s personal information, etc., the ‘Create New Client’ and
‘Delete Client’ buttons will again be disabled to prevent the user from losing any of the
changes made until either a Save or Reset button has been pressed.

The use case supported in this screen is Managing Client Information.

Clien t  Prof i le  Screen

Figure 26 - Client Profile Screen

The Client Profile screen acts similarly to the Client Information screen.  On the left
hand side under the client list, is the profile list.  All of the profiles pertaining to the
active client selected in the Client List will be displayed here.  If there are no profiles
yet, then the screen will be in an “add mode” per se and the ‘Create New Profile’, ‘Save
Profile As’ and ‘Delete Profile’ buttons will be disabled until a client profile has been
added.  

If a profile exists and is active but no changes have yet been made to it, the three
aforementioned buttons will be enabled to provide the stated functionality – i.e. create a
new profile, save the active profile under a new name or delete the active profile.
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Should the user change any of the information on the active profile by entering
additional notes, change the profile name or adding additional search criteria, the ‘Create
New Profile’ and ‘Delete Profile’ buttons will again be disabled to prevent the user from
losing any of the changes made until a Save, Refresh, or Save Profile As button has
been pressed.

The use case supported by this screen is ‘Managing Client Profile.’

Clien t  Proper t y  List  Screen

Figure 27 - Proper ty L ist Screen

This screen is designed to assist the realtor to both review client properties as
well as to search for properties based on criteria identified by one or more client
profiles. Upon entering this screen, the user must select a client on the Clients list box
on the left if he or she has not done so from Client Information or Client Profile screen.

When a client is selected, a list of profiles for that client will be displayed on the
Profiles list box.  User will select a profile from the list and click Property Search button
to begin searching.   The Property Search button will be disabled and not available to
the user until a profile is selected.
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When a search is successfully executed, a pop up message will show the number
of properties found. User has option to add those properties to the Property Listing or
cancel the search.  If user chooses to add properties to the list, the newly found
properties will be shown in the Property Listing area.  The user can narrow down the
Property Listing area display by selecting one or more categories and hitting the Re-
Display button. This does not remove any properties from the actual property list; it
only constricts the display within the Property Search area.  The user can also apply one
or more categories to selected properties.

To prevent users from working within the Category section before any properties
have been found by doing the property search, the Category-based Property Display
box, Apply Category to Selected Properties box and Property Listing box will be
disabled until a property search is complete and the list of properties is populated in
Property Listing box.  Once there are properties in the Client Property List, the Category
sections will be available for use.

Use cases supported by this screen are ‘Property Search’ and ‘Annotate
Properties.’

Clien t  Proper t y  List  Detai l  Screen

Figure 28 - Proper ty L ist Detail Screen

Tillery Capstone Report Page 42 of 68 10/25/2004



This screen is designed to assist realtor to review all of the details of a single
property, add notes to this property, add categories to this property as well as add new
category information to the system.  The user enters this screen by double clicking on a
property listed in the previous Client Property List Screen.  

The use case supported by this screen is ‘Annotate Properties.’
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RedAn t  Develo p m en t  and  Imp lem en t a t i o n  

The RedAnt application has been developed using OSS tools with the exception
of the UML modeling tool and the operating system.  The prevalence of Java
development tools in the OSS community makes a great case for incorporating these
tools into Java development projects of almost any size.  Books like those I’ve used for
reference including Java Tools for Extreme Programming, Eclipse in Action and others,
provide a tutorial for understanding where the abundance of OS tools fit into the
development process.

While J2EE applications offer scalability, end-use flexibility, and open
standards, building J2EE applications is a complex endeavor at best and can present
challenges to even the most experienced Java developer.  The EJB component of the
J2EE framework presents a good example of this complexity by the fact that an EJB for
just a single database table can require up to seven different files - five classes and two
interfaces.  
Even the simplest of business applications today will have several database tables
requiring highly code-intensive applications to support them.   The RedAnt project
currently has 11 database tables, eight of which are accessed via CMP.  That equates to
56 java files for accessing just these eight tables alone.  The project hours required then
to design, develop, test and deploy these applications can add up quickly though the
creation of most of the EJB code itself is highly repetitive and almost all of the classes
needed do not require highly creative work on the part of the developer.  Therefore,
incorporating OSS projects into the development process such as code generation tools
like XDoclet definitely enables one to become more productive and can reduce the
errors introduced by manual coding of these required classes.

This section of the report outlines the design and implementation process of the
first iteration of the RedAnt application highlighting the OSS tools used at each step.  

Design  Phase
In the beginning, as I was developing the use cases and initial design, I looked

for a UML modeling tool in the OSS community.  In the interest of meeting my goal of
expedient design, I wanted to take advantage of OSS tools which do automatic top-
down code generation i.e. generating code from the UML models.  I had four
requirements for the UML modeling tool: 1) It must be easy to learn and use, 2) It must
have the ability to model use cases, class and sequence diagrams, 3) It must have XML
Metadata Interchange forma (XMI) export capabilities for exporting the model into code
generation tools, and 4) it must allow saving the model in a format which could be
inserted into Microsoft Word for this report.    The XMI export capabilities were
required to use with the top-down code generation tools.  For example, AndroMDA is
an OSS code generation framework that follows the model driven architecture (MDA)
paradigm. It takes a UML model in XMI format from a CASE-tool and generates
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classes and deployable components (J2EE or other), specific to an application
architecture.  

Surprisingly enough, I was not able to find a UML modeling tool which met all
of these needs.  I tested several which are in various stages of readiness; however, I
ended up using Visio for modeling which, though not OSS, is available to UMN
students at no cost.  

So, I had to change my approach.   My user already had a certain number of
database tables in place which he is using together with some stored procedures and
manual analysis as a work-around to make up for the current MLS system inadequacies.
Since I needed to incorporate many of these tables as well as a handful of new tables
into the RedAnt application and I felt more comfortable working in SQL at this point, I
decided to use an alternate code-generation tool called Middlegen which generates Java
code from an existing database schema.   

Middlegen is a tool that can automatically generate CMP EJBs if the database is
already built.   It takes the JDBC source, from which it extracts the database schema
information, and generates the database access CMP EJBs.  Middlegen is a free general-
purpose database-driven code generation engine based on JDBC, Velocity, Ant and
XDoclet.  Middlegen generates code for a basic Web user interface using Jakarta Struts
as well as all the other XML files required for a deployment EAR file which can be
placed into the deployment directory of the J2EE server.  Middlegen works with most
popular databases, both commercial and open source.  It is quite comprehensive in its
J2EE code creation though most of these files generated are intended to be a starting
point for development once the database structure is known.  

I found the tool to be quite simple to use and it has an adequate tutorial which
steps through the creation of an example project.  I did run into what I thought was quite
a serious bug in that Middlegen would tend to run out of memory if I tried to generate
code for more than about ten tables.   I did not come across any indication of any
limitations in the Middlegen documentation; however, after some searching.  I did find
that this bug had been found and was filed against the tool.  Still, I was able to find a
work-around this problem by reducing the number of tables for each pass and the code
generated by Middlegen gave me a good foundation from which I could begin the actual
coding phase of the project.  I was quite pleased with the tool.    I was able to pick and
choose which generated files I wanted to use in the RedAnt application and use others as
starting points from which to model my code.  
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Coding  Phase
When I first began this project, I was at best a novice Java developer.  Armed

with the knowledge learned in the MSSE program on best practices for software
engineering as well as the wealth of information, tools and support available in the OSS
community, I set about the coding phase of the RedAnt application.  Using the code
generated from Middlegen as described above and the OSS tools for J2EE development
described below, I was able to set up the RedAnt Application project, begin generating
and testing code quite quickly and meet the goals of that I had established for this
Capstone project.

From Concurrent Versions System (CVS) for managing the code base, to
Apache Ant for building and deploying the code, from JUnit for writing and conducting
unit tests, to Middlegen, the wealth of OSS tools for J2EE application development
continues to grow stronger every day.  In this next section I present a review of each
product used and how it helped the development of the RedAnt application.

Development Environment
Since IBM chose to donate an estimated $40 million dollar software project in

2001 to the open source community, the Eclipse Integrated Development Environment
is now available to Java developers everywhere [Gallardo et al, 5].  Eclipse, one of the
best tools I encountered in my research, is a framework who’s “primary purpose is to
provide the services necessary for integrating software development tools, which are
implemented as Eclipse plug-ins.”  [Gallardo et al, 7]  I chose to use Eclipse given the
fact that it was recommended to me by people I respected, it seemed to have a lot of
buzz in the open source community, and there are several plug-ins and tools developed
around Eclipse which are meant to ease the development of J2EE applications.   

The standard Eclipse download comes bundled with the Java Development
Toolkit (JDT) plug-in which provides the ability to write, test, debug and manage Java
programs.  The JDT has several valuable built-in features such as re-factoring and
debugging as well as providing pre-packaged integration with Concurrent Versions
Systems (CVS), Apache Ant and JUnit (discussed below).  Additionally, there are many
other useful plug-ins released into the open source community for J2EE development.
For example, there is a plug-in to manage the JBOSS application server, allowing the
user to start and stop the server from Eclipse.  Lomboz is another plug-in for building
J2EE components by providing wizards for bean creation, method creation, application
deployment, test client creation and more.  

Using Eclipse definitely helped me achieve the goal of expedient development
because I was able to code, test and control the code all from the same front-end which
made it quite easy to manage the project.

Eclipse can be used for other projects using alternate languages including PHP,
Lisp, C++ and others.

There are certainly other OSS options for J2EE development including Sun’s
Netbeans and Emacs; however, I chose to use Eclipse without analyzing the competing
products.
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Configuration Management
Susan Dart, author of “Configuration Management, the Missing Link in Web

Engineering”, has been quoted to say “The goals of using CM are to ensure the integrity
of a product and to make its evolution more manageable. Although there is overhead
involved in using CM, it is generally agreed that the consequences of not using CM can
lead to many problems and inefficiencies. The overhead of using CM relates to time,
resources, and the effects on other aspects of the software lifecycle.”  [Molli]  Even for
my small project, I found the consequences of not using configuration management
(CM) to be high.  Early on in the project, I had to recreate a file that I inadvertently
deleted.  Had I had version control in place, I could have just restored the file from the
code base.  Needless to say, this incident drove me immediately to implement a
configuration management system for the RedAnt application.

The tool I used to accomplish the best practice of configuration management was
a tool called Concurrent Versions System or CVS.   Source (aka version) control
systems are meant to help “support and enhance the process of managing source code in
two major ways:  by controlling access to the source code using a locking system to
serialize access; and by keeping a history of the changes made to every file, so that
previous versions can be reconstructed and retrieved.” [Gallardo et al, 144]  CVS is an
OSS tool produced and used extensively by the OSS community.   CVS started out as a
“bunch of shell scripts written by Dick Grune, posted to the newsgroup
comp. sour ces. uni x  in the volume 6 release of December, 1986. While no actual code
from these shell scripts is present in the current version of CVS much of the CVS
conflict resolution algorithms come from them.  Then in April, 1989, Brian Berliner
designed and coded CVS. Jeff Polk later helped Brian with the design of the CVS
module and vendor branch support. “ [Molli]

Using the built-in CVS capabilities of the Eclipse JDT, I was able to create a
project directory on my Sun Blade to act as the CVS server and holder of the project
code and then use Eclipse on my development machine to manage the edits.  This set up
works whether it is just one developer or if more are added later.  In addition, I have
used CVS to store versions of this report as well as other non-code files of the RedAnt
project.   

Build Management
All software at some point must be integrated together to build a complete

product for deployment.   On Martin Fowler’s website, he states:  “An important part of
any software development process is getting reliable builds of the software. Despite its
importance, we are often surprised when this isn't done.  … [a continuous build process
project]  stresses a fully automated and reproducible build, including testing, that runs
many times a day. This allows each developer to integrate daily thus reducing
integration problems.” [Fowler, Foemmel]  Apache Ant is a tool which supports this
notion of continuous integration, making it very simple to run a full process of
compiling, deploying and testing the project code with one command.  
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According to the Apache Ant website, Apache Ant, Another Neat Tool
developed by James Duncan, is a “build tool similar to the Unix ‘make’ utility but
without its quirks and with the full portability of pure Java code.” [Apache]  It was
initially part of the Tomcat code base when it was distributed to Apache and was there
only to build Tomcat.   Eventually those involved in several OSS projects realized Ant
could solve the problems they had with the ‘make’ utility and in January 2000, Ant
became the independent project.  Ant provides a number of optional tasks for
developing EJBs and preparing them for deployment in a specific application server. In
general, these tasks are specific to the particular vendor's EJB Server and at present, the
following servers are supported:  Borland, iPlanet, JBoss, Weblogic, JOnAS, and IBM
Websphere. [Apache]  

Ganesh Prasad, guest contributor to Linux Today, states in his article
“Community, Beyond an Open Source Java” , that “Apache Ant is the backbone of the
development process in any modern Java development shop. Based on an open XML-
based script, it controls the build and deployment process…It can generate the five to
seven extra files that a business component needs, by leveraging another OSS tool
called XDoclet. It can compile code using any Java compiler… It can package and
deploy J2EE applications to any application server. Best of all, its script-based model
means greater reuse, a faster learning curve for fresh developers and a higher average
level of quality in a development team.” [Prasad]

Using Apache Ant enabled me to develop a disciplined and automated approach
to implementing a build process for the RedAnt project.  I was able to find and resolve
integration errors quickly and also automate many processes from unit testing to
copying the deployment file to the application server directory from one command.
Ant has definitely enabled me to meet the goal of expedient development on the RedAnt
project and the fact that it comes pre-packaged with the Eclipse JDT makes it that much
easier to use.

Ant works from a build file in XML format. Within the build file are targets
composed of tasks which Ant executes in order by dependency.  A copy of the RedAnt
build file is located in Appendix B.  This build file contains only a sampling of the
targets available with Ant.  I anticipate throughout the evolution of the RedAnt
application, this build file will be expanded to automate more of the process including
more testing targets and targets for production versus testing development.

Code Generation, Reuse and other  Miscellaneous Best Practices
Most of the tools I used on the RedAnt application development would probably

not be where they are without the existence of XDoclet.  XDoclet is a code generation
engine which actually got its start as EJBGen, an EJB code generation tool.  Not only
has it has been renamed, it has been extended considerably to encompass many more
aspects of code development.  XDoclet consists of a core and a constantly growing
number of modules and is fairly straightforward to write new modules if there is a need
for a new kind of component..  According to its SourceForge page, “XDoclet is an
extended Javadoc Doclet engine. It's a generic Java tool that lets you create custom
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Javadoc @tags and based on those @tags generate source code or other files (such as
xml-ish deployment descriptors) using a template engine it provides.”  [XDoclet]  

To use XDoclet, metadata (attributes) for classes and methods are added within
the Javadoc for their source.  XDoclet, executed from within Ant, scours the source files
for these attributes and generates artifacts that are necessary for the application.
XDoclet can be used to generate files for Web applications, EJBs, Castor, Hibernate,
JDO, Struts and a number of other tools.  Specific to EJB development, XDoclet tags
can be used for generating all of the bean local and home interfaces, the utility and value
objects and creating the JMS messaging queues and topics. [5]  

This powerful combination of Apache Ant and XDoclet has given rise to some
extremely useful J2EE/EJB development tools.  XDoclet used with Ant enables the
automatic generation of XML deployment descriptors as well as the local and remote
interfaces from the CMP and Session EJBs.  Through the simple addition of these ‘@’
tags to the EJBs, Ant will run the XDoclet process to read these tags and generate the
files.

For example, in the Client Bean, I have the following tags in the header of the
file:

/ * *
 *  @ej b. bean name=" Cl i ent "
 * j ndi - name=" ej b/ Cl i ent Bean"
 * t ype=" CMP"
 *   pr i mkey- f i el d=" c l i ent I d"
 *   cmp- ver si on=" 2. x"
 *   schema=" Real Est at eCl i ent "
 *  
 *  
 *   @ej b. per si st ence 
 *    t abl e- name=" cl i ent "  
 *  
 *  @ej b. f i nder  
 *     si gnat ur e=" j ava. ut i l . Col l ec t i on f i ndAl l ( ) "   
 *  
 *    @ej b. val ue- obj ect
 *   name=" Cl i ent "
 *    mat ch=" * "
 *  
 *   @ej b. ut i l
 *  gener at e=" phys i cal "
 *  
 * * /

The @ejb.bean tag defines the name of the Bean and this information ends up in
the ejb-jar.xml deployment descriptor as does the jndi-name and type.  The @ejb.value-
object tag creates the Value Object class for the Client per the Value Object pattern and
finally, the @ejb.util tag creates the Utility class for finding and instantiating the client
bean remotely or locally.  The addition of the three tags creates seven classes which
never need to be touched by the developer but can be used to access this bean.  The
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@ejb.finder tag defines a method findAll() to find all existing clients.  This tag enables
the findAll() method to be accessible to other classes by ending up in the Remote and
Local interfaces for this bean.    Additional finder methods for the bean can be generated
automatically using the ejb.finder tag.  For example, I may want to find clients by last
name, so I would add another @ejb.finder tag to specify that query.  

All of the RedAnt application CMP and Session EJBs have similar tags.
XDoclet definitely enables a novice Java programmer like me to develop J2EE

applications quickly and efficiently.  Code stability is another benefit only one of seven
files must be touched to make a change.  The learning curve was not that steep for
XDoclet and there are a number of tutorials available online to enable one to become
more proficient.

One additional tool I encountered and used often was Lomboz.   Lomboz is an
OSS Eclipse plug-in that allows managing application servers (JBoss, WebLogic Server,
Tomcat), and simplifies J2EE development by providing wizards to create CMPs,
BMPs, Session and Message beans, JSPs, Servlets, HTTP and Soap clients.  It also
automatically generates the Ant build file and all deployment descriptors.  Lomboz
makes extensive use of Ant, XDoclet, Jasper and Axis and is focused on supporting the
complete development cycle of code, test and debug and deploy. [Lomboz]  There is an
excellent tutorial available for it as well.  Lomboz has worked pretty well for me though
I did find a few challenging though not show-stopping bugs.   I used it to generate new
CMP EJBs or Session beans as it populated the classes with the default getters and
setters as well as XDoclet tags needed to generate the additional class files.  

Test ing  Phase
I used JUnit to create test cases to test the business logic of the RedAnt

application.   JUnit is a framework for writing unit tests.  From the JUnit website: JUnit
is a regression testing framework written by Erich Gamma and Kent Beck. It is used by
the developer who implements unit tests in Java. JUnit is OSS, released under the
Common Public License Version 1.0 and hosted on SourceForge. [JUnit]   Also on the
website is a great quote from Martin Fowler with which I absolutely agree:  "Never in
the field of software development was so much owed by so many to so few lines of
code" [JUnit]  I consider JUnit to be a revolutionary product which is without a doubt
the most useful testing tool I’ve ever used and I have read that it is probably the most
widely used unit testing tool on the planet.  JUnit also provides the basis for a number of
other testing tools.  There are several extensions to JUnit which cover the range of
testing from GUI tools to Mock Objects, test code generators and test code coverage
tools.  In fact, I counted over 60 extensions to JUnit on the JUnit web site alone.    

Currently on the RedAnt application, I have 10 test classes which exercise the
Session beans as well as two of the CMP EJBs and one test for exercising an SQL Query
translator class.  I can run JUnit either from Eclipse for a single test case or test within a
test case or from Ant to run all test cases.  Within the JUnit target in the Ant build.xml
file, I also run JUnitReport which creates a web based report of the JUnit test results.
Here are the screen shots of that report:
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From the report index, one can see there are 23 tests requiring just over 9
seconds to complete.  The test classes with links to their individual results are listed on
the bottom left hand side of the screen.  Here is an example of one of those tests, the
ClientBean test which tests creating, accessing and removing the ClientBean:
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 Listed on the above page are the individual tests and the results of each.   Any errors or
failures would be listed as well.

As stated before, I have 23 total tests currently with plans to add more.  These
tests exercise the current functionality of the session beans to test each Use Case
“happy” path and some error paths; however, more error path tests are needed.  I also
have a JUnit class to test the SQLQueryTranslator class which converts a Client Profile
to an SQL ‘where’ clause for use in property searches.   Lastly, I have three test classes
to test three of the CMP EJBs which I was particularly interested in making sure certain
aspects of them worked correctly.  These EJBs are also tested indirectly via the Use
Case tests.

Deploym en t  Phase
While the RedAnt application is nowhere near production deployment at this

point, when it is deployed, it will be on a number of OSS products described below.  

JBOSS
In their article “The Art of EJB Deployment, Write Universal EJBs without all

the Hassle” , James Caple and Mike Haim Altarace define applications servers as “a
mandatory component of any J2EE application development and deployment.  They act
as the interface between the database(s), the web servers and the client browsers in these
applications.  Application servers can manage the thread allocation, database connection
pools, cache, clustering, dispatching and load balancing.  They are primarily the
resource managers for their deployed applications.”   [Caple and Haim Altarace]   

According to the JBoss website, JBoss is a lightweight application server
requiring little deployment overhead to register the EJBs.  The application jar file is
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simply copied into the JBOSS deployment directory and the application is deployed
automatically by JBOSS since it supports the notion of hot-deployable beans.  “A
properly formatted ej b- j ar . xml  file is required for this of course but JBOSS also
provides additional deployment descriptors which allow for more interesting
deployment of complicated beans and applications.”   [Caple and Haim Altarace]  Of
course, all of these deployment descriptors can be generated automatically using Ant
and XDoclet tags imbedded in the code.  

Additionally, using JBoss as an application server is made more attractive with
the addition of an Eclipse IDE plug-in which allows server management, starting and
stopping, from the IDE.  

PostgreSQL
According to the PostgreSQL website: “PostgreSQL is an object-relational database

management system (ORDBMS) based on POSTGRES, Version 4.2, developed at the
University of California at Berkeley Computer Science Department. POSTGRES
pioneered many concepts that only became available in some commercial database
systems much later.  PostgreSQL is an open-source descendant of this original Berkeley
code. It supports SQL92 and SQL99 and offers many modern features: 

· complex queries
· foreign keys
· triggers
· views
· transactional integrity
· multiversion concurrency control

Also, PostgreSQL can be extended by the user in many ways, for example by adding
new 

· data types
· functions
· operators
· aggregate functions
· index methods
· procedural languages

And because of the liberal license, PostgreSQL can be used, modified, and distributed
by everyone free of charge for any purpose, be it private, commercial, or academic.”
[PostgreSQL].

I chose PostgreSQL over other OSS databases such as the popular MySQL
database because of its feature set.  My user required the ability to use stored procedures
and to do subqueries.  At the time I made the choice of products in January, MySQL
was not able to do these.  

I found PostgresSQL to be very easy to use and like most other OSS products,
there is a wealth of support around the Internet for any number of issues one may
encounter in its use.  
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Develop m en t  Issues  Encoun ter ed
Container managed persistence uses Enterprise Java Beans – Query Language

(EJB-QL) for finder and select methods.  EJB-QL was introduced in the EJB 2.0
specification and is used to define queries for entity beans that operate with CMP.    The
EJB Container (JBOSS) will translate the EJB-QL queries into the appropriate database
SQL statements.    On the positive side, EJB-QL queries are portable to any database
supported by the container.  Unfortunately, the EJB-QL language is limited in its syntax
and does not fully represent the SQL language.   In addition, while Sun may introduce
new constructs into the EJB-QL language, the container must implement them.  For
example, EJB 2.1 spec introduces a MAX construct to find the maximum number in a
particular field of a database table; however, the version of JBOSS I was using, 3.2.3,
did not yet recognize this construct.  So, I was not able to use it.   

In the RedAnt application, the queries run against the MLS listings will vary
depending on the particular client profile.  Because these queries are heavily
customized, I could not use EJB-QL and had to resort to a data access object and
managing the database connections via JDBC calls in the code.  This pattern provided
the flexibility needed for the queries against this table; however, I cannot rely on the
container to manage the transactions for it.

Conc lus ions
Though I have completed just one iteration of the RedAnt application for this

Capstone, my experience so far has demonstrated that it is indeed possible to
successfully develop the entire application using OSS tools and the J2EE framework.  I
have been able to implement four use cases, 30 manually generated classes, 88
automatically generated classes, and 10 JUnit test classes in less than one month of full
time work.  Not only does the open source community share its work in the form of
code but they also share their experience with this code in the form of Q&A postings,
tutorials and guidelines to using this code.  Often, I felt as if I had a large team of
developers rather than just me alone doing the development.  

The state of development of Open Source tools to support software engineering
practices is very encouraging.  Price is no longer a barrier for incorporating tools which
enable engineers to produce better products even on a large scale.  There is no question
in my mind of the influence of the open source software movement has had on the
software engineering community.    Tools like JUnit and Ant have become the standard
for their respective applications.  In my research, I found an abundance of open source
projects aimed at improving the engineering of software.  Though these projects are in
various states of readiness with varying degrees of popularity, the sheer number of them
indicates the focus the OSS community has on improving process of software
engineering.   The OSS tools fall into several categories, a sampling of which include
testing, code profiling, development frameworks, defect tracking, code profiling, team
collaboration, and configuration management.  At times it was overwhelming to wade
through flood of OSS tool projects out there and try to figure out what which ones to
incorporate into the RedAnt application.  The choices I made were mostly driven by
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peer recommendations and information I’ve gained from the MSSE program.
Additionally, I did quite a bit of searching on the Internet and if something sounded
interesting, I downloaded it and perhaps tried it.   That is how I found out about
Lomboz, the J2EE plug-in for Eclipse.

During my research, I encountered several websites which contain lists of these
OSS tools.  They are listed here in no particular order:

Testing  tools www.opensourcetesting.org
W3C http://www.w3.org/Status  
Tigris www.tigris.org
Sourceforge www.sourceforge.net
Freshmeat www.freshmeat.org
Mambo Open Source www.mamboserver.com
Open Symphony http://www.opensymphony.com/
Thoughtworks http://opensource.thoughtworks.com

Java Development  tools
http://www.linuxlinks.com/Java/Development/Tools/index
.shtml

JavaBytes http://javaboutique.internet.com/javabytes/200203.html
Table 2 - Open Source Software Engineer ing Tools - Resource L inks

  
The last large development project I worked on was several years ago and

though we did finally put it into production, I can see how little I truly understood
software engineering principles at that time.  With the information I have learned and
the experience I have gained in the MSSE program, I know I am better equipped to
make better design decisions and to understand the ramifications of these decisions.  I
realize now it is not just about jumping in and coding what I think the application is
supposed to do but it is more about designing and creating a lasting application that will
meet the users spoken needs as well as the unspoken needs like security and scalability.

Look in g  For w ar d

There are at least three iterations remaining in order to complete and deploy the
RedAnt application.  Iterations two and three will complete the business and persistence
logic and iteration four will involve developing the user interface in the client services
layer and connecting it and the presentation layer to the business logic.  In addition,
there are areas which need to be reviewed for re-factoring.  In particular, the
implementation of the logic to maintain the unique identification numbers for the client,
client profile and listing set beans should be revisited since currently I’m using a CMP
EJB to maintain the next id.  This is probably not the most efficient or elegant solution
but did achieve my goal of expedient development.

I will also be incorporating additional OSS software engineering tools as I
progress with the iterations.  I plan to set up a bug tracking system such as Bugzilla
when I begin user testing.  I will also incorporate more testing tools to exercise the
whole application; for example, HttpUnit which tests the HTTP requests and Cactus
which allows in-container testing of Servlets and other J2EE components.   As well, I
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plan to incorporate performance testing using JPerf which does performance testing for
java applications and perhaps some code profiling and test coverage tools to provide a
full picture of the application.
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App en d ix  A – Det ai l ed  Us e Cases
USE CASE 1 Manage Client Information
Descr iption This use case documents the process the agent must go through in order

to manage client information.  This includes maintaining name, address
and contact information 

Preconditions System is installed and operational, user is logged in
Pr imary,
Secondary Actors

User, system

Tr igger User initiated
Pr imary course of action Step Action

1 User chooses client information option
2 System allows for one of two options, entering a new client

or updating an existing client
3a If the user chooses to update an existing client:

User chooses client to update
System will allow user to update any of the fields available
but requires the first name field to have a non null value
User presses the Save button
System will inform the user the client information has been
updated successfully

3b If the user wishes to add a new client and no client is
currently active
User enters required new client information consisting of
first name and any additional information then saves 
System alerts user the new client information was saved
successfully

3c If the user wishes to add a new client and another client is
currently active
User chooses the add new client option
User enters required new client information consisting of
first name and any additional information then saves 
System alerts user the new client information was saved
successfully

Alternate courses of action Step Branching Action
3a If the user changes any information on the screen but

neglects to save, the system will alert the user to unsaved
changes

3a If the user clears out  the first name, the system will alert the
user to enter information into the required field

3b, 3c If the user does not enter the first name, the system will alert
the user to enter information into the required field.

3a If the user enters any information on the screen but neglects
to save, the system will alert the user to unsaved changes

Success End Condition New client is added or existing client is updated
Failed End Conditions Required information missing
Assumptions
Notes Added after Prototype design, client must exist before profile and

listing set can be created
Projected Increment 1.0
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USE CASE 2 Manage Client Profiles
Descr iption Client profiles are used to establish the search criteria used to find matching

properties.  This use case documents the process the agent must go through in order
to manage client profiles including information relating to required property
characteristics, geographic requirements, etc.  A client may have one or more
profiles.

Preconditions System is installed and operational, user is logged in, client information entered
Pr imary,
Secondary Actors

User, system

Tr igger User initiated
Pr imary course of action Step Action

1 User chooses client profile option
2 User chooses client from list of existing clients 
2 System allows for one of two options, entering a new client

profile or updating an existing client profile
3a If the user chooses to update an existing client profile:

User chooses client profile to update from the list
System will allow user to update any of the fields available No
fields are mandatory.
User presses the Save button
System will inform the user the client profile has been updated
successfully

3b If the user wishes to add a new client profile and no client profile
is currently active
User enters new client profile information then saves 
System alerts user the new client profile was saved successfully

3c If the user wishes to add a new client profile and another client
profile is currently active
User chooses the add new client profile option
User enters required new client profile information then saves 
System alerts user the new client profile was saved successfully

Alternate courses of
action

Step Branching Action

3a If the user changes any information on the screen but neglects to
save, the system will alert the user to unsaved changes

3a If the user enters any information on the screen but neglects to
save, the system will alert the user to unsaved changes

4 User may choose to delete current profile
5 User may choose to save current profile as an alternate profile

under a different name
Success End Condition New client is added or existing client is updated
Failed End Conditions Required information missing
Assumptions
Notes Added after Prototype design, client profile must exist before listing set can be

created.  System defaults profile name to Profile# where # is the maximum number
of existing profiles + 1, but this can be changed by the user.  Currently, there are no
mandatory fields in the profile, uniqueness is handled by a primary key.   Client
profile is added with a status of NEW which changes to ACTIVE once the user has
used this profile in a successful property search.

Projected Increment 1.0
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USE CASE 3 Searching for  Proper ties
Goal Descr iption User wishes to collect matching properties for a client based on the

client profile
Preconditions System is installed and operational, user is logged in, client information

and client profile information has been created
Pr imary,
Secondary Actors

User, system

Tr igger User initiated
Pr imary course of action Step Action

1 User chooses property list option
2 User chooses client from list of existing clients
3 User chooses client profile from the list to use for the property

search.
4 User chooses the do property search option
5 System performs a scan on properties in the database and

gathers a list matching the criteria
6 System displays a message to the user indicating the number

of properties found and allows the user to save the properties
to the client’s property set or to cancel.

7 System displays the list of properties found to user if the user
chose to save

Alternate courses of action Step Branching Action
6 User chooses not to save the results of the property search so

no matched properties are added to the client’s property set
Success End Condition Property set has been created and persisted in database. 
Failed End Condition Property set has not been created
Assumptions
Notes There is a daily process which runs after the database has been updated

with new properties which iterates through active client profiles and
finds any new properties which match the profile search criteria and
adds them to these client property sets.  An email alert with new
matched properties per client is sent to the user. (This process will be
implemented in version 2.0).

Projected  Increment 1.0



USE CASE 4 Annotating proper ty 
Goal Descr iption User wishes to add notes to a property within property set.  These notes

are used to categorize or otherwise note specific information about a
property of interest to the client or user.

Preconditions System is installed and operational, user is logged in, client information
and client profile information has been created, property search has
been performed and the client property set contains one or more
properties.

Pr imary,
Secondary Actors

User, system

Tr igger User initiated
Pr imary course of action Step Action

1 User chooses property list option
2 User chooses client from list of existing clients
3 User chooses property of interest from the property set list
4 User chooses annotate property option*
5 User adds category or notation to property as desired and

saves.
6 System alerts user that information has been saved

successfully. 
Alternate courses of action Step Branching Action

3a System does not find any properties within the property set
for client and bars user from annotate property option.

6a System may not save the information and will alert the user to
the problem.

Success End Condition Property set has been annotated.
Failed End Condition No properties exist for this client

Property set unable to be annotated.
Assumptions
Notes Typical annotations may include whether a property has been viewed

by agent, a property score, free form text.

*User will be able to annotate properties by either a menu option from
the mouse right click or via an additional screen which shows the
property detail and has the Add note and category functionality.

User may want to add a category or note to multiple properties at one
time, in which case the user just needs to select multiple properties and
then use the right click menu option functionality.

Property notes stay with the property and are available for view from
every property set which contains the property 

Projected Increment 1.0
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USE CASE 5 Manage daily delta processes
Goal Descr iption User wishes to update the property database with new properties and

existing property changes then add any new properties which fit the
search requirements of existing client profiles.

Preconditions System is installed and operational, user is logged in, Remote MLS
database is accessible.

Pr imary,
Secondary Actors

User, System, Remote MLS Database

Tr igger user initiated.
Pr imary course of action Step Action

1 User performs the daily download from the remote MLS
database which adds all changed properties to the local
database in a temporary table

2 User tells system to perform the daily delta activities which
include: 

2.1 - Massaging the data to correct for various input errors
2.2 - For existing properties which have had a change in status

or price: 
· Take a snapshot of the before price/status, the before

price/status change date, the new price/status and the
current date 

· store the information for future analysis.
2.3 System updates the current local property data with the new

data from the download
2.4 System inserts any new properties found 
2.5 2.5.1 System loops through the active client profiles and

will also insert any new properties just downloaded into the
client property sets which match the client’s profile(s).
2.5.2 System will alert the user to any new properties added
to clients’ property list.

3 System displays daily delta process successful completion.
Alternate courses of action Step Branching Action

1a Daily download doesn’ t run
2a System unable perform daily delta activities.
3a System logs and displays any failure from previous

processes
Success End Condition Properties within a property set have been refreshed with any new

information and properties.
Failed End Condition This is a complicated set of processes which may have a number of

failures.  More detailed failure analysis will be done prior to
implementation.

Assumptions First implementation will use current user-designed stored procedures.
Notes Currently steps 1 – 2.4 are done by the user manually using sql and

stored procedures.  Implementation will make use of these stored
procedures as much as possible.

Projected Increment 2.0
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USE CASE 6 Tracking Relists within a Property L isting Set
Goal Descr iption User wishes to know all re-listings (property taken off then put back on)

within a property set
Preconditions System is installed and operational, user is logged in, property set exists
Pr imary,
Secondary Actors

User, system

Tr igger User initiated
Pr imary course of action Step Action

1 User chooses track relist for property set option
2 User enters existing property set name
3 System collects relist information and displays to user

Alternate courses of action Step Branching Action
2a System does not find the property set and alerts user
3a System unable to collect relist information and alerts user

Success End Condition Relist information for a property set is displayed
Failed End Condition Unable to gather relist information for display
Assumptions
Notes How does the user want to see this information? Both saved to db and

on screen?  This function will need the ability to compare addresses to
verify it is a relist.  Since the MLS data is not entered exactly the same
every time, some type of soundex may be needed and those which do
not match exactly but are close, should be reported to the user to decide.

Projected Increment 2.0

USE CASE 7 Char ting a proper ty listing set feature
Goal Descr iption User wishes to view a graphical image of some feature within the

property set 
Preconditions System is installed and operational, user is logged in, property set exists
Pr imary,
Secondary Actors

User, system

Tr igger User initiated
Pr imary course of action Step Action

1 User chooses view property set option
2 User enters existing property set name
3 User chooses graph property set feature option 
4 User enters features to be graphed
5 System displays graphs

Alternate courses of action Step Branching Action
1a User may enter a property set’s historical log feature to chart
2a System does not find the property set and alerts user
5a System unable to display graph and alerts user

Success End Condition Graph of requested property set feature is displayed
Failed End Condition Unable to display graph
Assumptions
Notes I think this is too vague – should probably list a set of features which

we want to chart.  This is a version 2.0 feature though and will be
flushed out user more thoroughly when the second phase of design is
started.
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Projected Increment 3.0

USE CASE 8  Pr icing a proper ty 
Goal Descr iption Collect, calculate, display certain statistical information (tbd) on sold

properties in a chosen area
Preconditions System is installed and operational, user is logged in
Pr imary,Secondary Actors User, system
Tr igger User initiated
Pr imary course of action Step Action

1 User chooses price property option
2 User enters search criteria*
3 User chooses statistics to display from the following list:

a. List of sold property in the area
b. Sq foot of each
c. Sale price
d. graph: log of square footage
e. correlation coefficient 

(square footage vs (sale price – seller contribution))
f. y intercept and slope

(regression on the square footage vs (sale price – seller
contribution))

4 System collects and displays the data
5 User has option to store, export, report, print statistics

Alternate courses of action Step Branching Action
4a

4b

5a

System does not find any property matching the criteria
4a1 – System alerts user

System unable to display data
4b1 – System alerts user

User may choose not to view statistical information 3a – 3f;
however, all this statistical must be available to step 5.

5a1 – System calculates all statistics but displays
only those on screen requested by user.

Success End Condition Statistics have been gathered and displayed on screen
Failed End Condition User does not receive statistics requested
Assumptions System must respond with requested data within 15 seconds.
Notes User may wish to export, print or otherwise report on this data

Search criteria may include time period for sold properties, area of
seach including district, map coordinates, city, zip code, etc.

Projected Increment 3.0
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App en d ix  B – An t  Bu i l d  Fi l e

<?xml  ver s i on=" 1. 0"  ?>
<pr oj ect  name=" RedAnt "  def aul t =" depl oy" >
    <pr oper t y  envi r onment =" env"  / >
    <pr oper t y  name=" bui l d. di r "  val ue=" bui l d"  / >
    <pr oper t y  name=" sr c. di r "  val ue=" sr c"  / >
    <pr oper t y  name=" l i b. di r "  val ue=" l i b"  / >
    <pr oper t y  name=" cl asses. di r "  val ue=" ${ bui l d. di r } / cl asses"  / >
    <pr oper t y  name=" t est . di r "  val ue=" ${ bui l d. di r } / t est "  / >
    <pr oper t y  name=" gener at ed. sr c . di r "  val ue=" ${ bui l d. di r } / gener at ed- sr c"  / >
    <pr oper t y  name=" gener at ed. dd. di r "  val ue=" ${ bui l d. di r } / gener at ed- dd"  / >
    <pr oper t y  name=" ej b. j ar "  val ue=" r edant - ej b. j ar "  / >
    <pr oper t y  name=" encodi ng"  val ue=" I SO- 8859- 1" / >
    <pr oper t y  name=" t ypemappi ng"  val ue=" Post gr eSQL" / >
    <pr oper t y  name=" dat asour ce"  val ue=" j ava: / Post gr esDS" / >
    <pr oper t y  name=" dat abase. dr i ver . f i l e"  val ue=" ${ l i b. di r } / pg74. 1j dbc3. j ar " / >
    <pr oper t y  name=" dat abase. dr i ver . c l asspat h"  val ue=" ${ dat abase. dr i ver . f i l e} " / >
    <pr oper t y  name=" dat abase. dr i ver ”   val ue=" or g. post gr esql . Dr i ver " / >
    <pr oper t y  name=" dat abase. ur l "  

val ue=" j dbc: post gr esql : / / 192. 168. 1. 8: 5432/ Real Est at e" / >
    <pr oper t y  name=" dat abase. user i d"                 val ue=" l or i " / >
    <pr oper t y  name=" dat abase. passwor d"               val ue=" * * * * * * * " / >
    <pr oper t y  name=" dat abase. schema"                 val ue=" publ i c" / >
    <pr oper t y  name=" dat abase. cat al og"               val ue=" Real Est at e" / >
    <pr oper t y  name=" ant . home"  val ue=" c: / ant "  / >
    <pr oper t y  name=" xdocl et . home"  val ue=" C: / j 2sdk1. 4. 2_03/ xdoc l et - 1. 2"  / >
    <pr oper t y  name=" j boss. home"  val ue=" c: / j boss- 3. 2. 3"  / >
    <pr oper t y  name=" hbm. home"  val ue=" C: \ hi ber nat e- 2. 1" / >
    <pr oper t y  name=" depl oy. di r "  val ue=" ${ j boss. home} / ser ver / def aul t / depl oy"  / >

    <pat h i d=" pr oj ect . c l asspat h" >
      <pat hel ement  pat h=" conf i g" / >
        <pat hel ement  pat h=" ${ c l asses. di r } "  / >
        <pat hel ement  pat h=" ${ l i b. di r } / bank- ej b. j ar "  / >
        <pat hel ement  pat h=" ${ j boss. home} / c l i ent / j bossal l - cl i ent . j ar "  / >
        <pat hel ement  pat h=" ${ ant . home} / l i b/ j uni t . j ar "  / >
        <pat hel ement  pat h=" ${ ant . home} / l i b/ l og4j . j ar "  / >
    </ pat h>

    <pat h i d=" xdocl et . c l asspat h" >
        <pat hel ement  pat h=" ${ j boss. home} / c l i ent / j boss- j 2ee. j ar "  / >
        <pat h>
            <f i l eset  di r =" ${ xdocl et . home} / l i b"  i nc l udes=" * . j ar "  / >
        </ pat h>
    </ pat h>

    <t askdef  name=" ej bdocl et "  cl assname=" xdocl et . modul es. ej b. Ej bDoc l et Task" >
        <cl asspat h r ef i d=" xdocl et . c l asspat h"  / >
    </ t askdef >
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    <t ar get  name=" i ni t "  descr i pt i on=" Set s  up out put  di r ect or y"  >
        <mkdi r  di r =" ${ c l asses. di r } "  / >
        <mkdi r  di r =" ${ gener at ed. sr c . di r } "  / >
        <mkdi r  di r =" ${ gener at ed. dd. di r } "  / >
        <mkdi r  di r =" ${ t es t . di r } "  / >
    </ t ar get >

    <t ar get  name=" gener at e- ej b"  depends=" i ni t "  descr i pt i on=" Gener at es
ej b sr c  and dd" >
        <ej bdocl et  ej bspec=" 2. 0"  dest di r =" ${ gener at ed. sr c . di r } " >
            <f i l eset  di r =" sr c" >
                <i ncl ude name=" * * / r edant / cmp/ * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / sessi on/ * * / * . j ava"  / >
                 <i ncl ude name=" * * / r edant / message/ * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / except i on/ * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / hel per / * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / dao/ * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / i nt er f aces/ * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / vo/ * * / * . j ava"  / >
                <i ncl ude name=" * * / r edant / dt o/ * * / * . j ava"  / >
            </ f i l eset >
            <homei nt er f ace / >
            <l ocal homei nt er f ace / >
            <r emot ei nt er f ace / >
            <l ocal i nt er f ace / >
            <val ueobj ect / >
            <ut i l obj ec t  cacheHomes=" t r ue"  i ncl udeGUI D=" t r ue" / >
            <ent i t ypk/ >
        <ent i t ycmp/ >
        <depl oyment descr i pt or  xml encodi ng=" ${ encodi ng} " / >
         <j boss  ver s i on=" 3. 2"  xml encodi ng=" UTF- 8"
               t ypemappi ng=" ${ t ypemappi ng} "
               dat asour ce=" ${ dat asour ce} "
               dest di r =" ${ gener at ed. dd. di r } " / >
            <depl oyment descr i pt or  dest di r =" ${ gener at ed. dd. di r } "
val i dat exml =" t r ue"  / >
        </ ej bdoc l et >
    </ t ar get >

    <t ar get  name=" compi l e"  depends=" gener at e- ej b"  descr i pt i on=" Compi l es
j ava sour ce f i l es"  >
        <j avac  dest di r =" ${ c l asses. di r } "  cl asspat hr ef =" pr oj ect . c l asspat h" >
            <sr c  pat h=" ${ gener at ed. sr c . di r } "  / >
            <sr c  pat h=" sr c"  / >
            <i ncl ude name=" * * / r edant / * * "  / >
        </ j avac>
    </ t ar get >

    <t ar get  name=" ej b- j ar "  depends=" compi l e"  descr i pt i on=" Cr eat es  t he
depl oyabl e ej b- j ar " >
        <j ar  f i l e=" ${ bui l d. di r } / ${ ej b. j ar } " >
            <f i l eset  di r =" ${ c l asses. di r } "  >
                <i ncl ude name=" * * / r edant / * * / * * / * . c l ass"  / >             
            </ f i l eset >
            <met ai nf  di r =" ${ gener at ed. dd. di r } "  i nc l udes=" * . xml "  / >
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        </ j ar >
    </ t ar get >

    <t ar get  name=" depl oy"  depends=" ej b- j ar "  descr i pt i on=" Depl oys  t he
ej b- j ar  f i l e t o l ocal  j boss" >
        <copy f i l e=" ${ bui l d. di r } / ${ ej b. j ar } "  t odi r =" ${ depl oy. di r } "  / >
    </ t ar get >

<t ar get  name=" j uni t "  depends=" depl oy"  descr i pt i on=" Run al l
pr oj ec t  j uni t  t est s  and pr oduce r epor t " >

        <! - -  St ep 1:  r un t he j uni t  t est s  usi ng t he xml  f or mat t er  and
sendi ng r esul t s  t o a f i l e - - >
        <j uni t  showout put =" t r ue"  pr i nt summar y=" on"  >
            <cl asspat h r ef i d=" pr oj ect . c l asspat h"  / >
            <f or mat t er  t ype=" xml "  / >
            <bat cht est  t odi r =" ${ t es t . di r } "  >
                <f i l eset  di r =" ${ sr c . di r } " >
                    <i ncl ude name=" * * / * Test . j ava"  / >
                </ f i l eset >
            </ bat cht est >
        </ j uni t >

        <! - -  St ep2:  r un j uni t r epor t  t o f or mat  i nt o ni ce ht ml  - - >
        <j uni t r epor t  t odi r =" ${ t es t . di r } " >
            <f i l eset  di r =" ${ t es t . di r } " >
                <i ncl ude name=" TEST- * . xml "  / >
            </ f i l eset >
            <r epor t  t odi r =" ${ t es t . di r } "  / >
        </ j uni t r epor t >
    </ t ar get >

    <t ar get  name=" cl ean"  descr i pt i on=" Removes  al l  gener at ed f i l es"  >
        <del et e di r =" bui l d"  / >
        <del et e f i l e=" ${ depl oy. di r } / ${ ej b. j ar } "  / >
    </ t ar get >   
</ pr oj ec t >
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