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ABSTRACT

An automatic custom view generation method for the Genomics Unified Schema (GUS) frame-
work has been designed and implemented in this thesis work. The Genomics Unified Schemaisa
database schema and application framework used to store, integrate, analyze and present functional
genomics data. The Cryptosporidium Genome Resource (CryptoDB) [18], [19], [61] is a project
developed at the University of Georgia under the GUS framework. CryptoDB offers a number of
gueriesthat a user can ask of the database and uses the GUS Web Devel opment Kit (WDK) to gen-
erate a default view for the database. Although the earlier WDK offered an easy way of generating
aview for any given data model, the view generated was too closely tied to Model and Controller.

The method for generating a custom view enables amore clear separation between the Model,
View and Controller in the MV C type application and allows on-the-fly generation of custom
views. It uses an XML -based custom view specifications file containing the specificationsauser is
allowed to make in order to generate a custom view. This gives the user much more flexibility in
designing acustom view and allowsthe View to belessclosely tied to the Model and the Controller.
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CHAPTER 1

INTRODUCTION

As the prevalence of web-based computing continues to increase, the focus of interaction design
is shifting from traditional desktop applications toward web-based applications. A number of web
application frameworks are available today, including Jakarta Struts [ 20], Ruby on Rails [25] and
Spring [53], to name a few. These frameworks provide a complete devel opment environment for
creating a web application. They typically rely on a Model-View-Controller architecture, which
aims at separating the Model, View and Controller parts of an application. The Model is the core
of the application. It maintains the state and data that the application represents. When significant
changes occur in the model, the model updates all of its views. The Controller is responsible for
processing user requests and mapping requests to views. A user request could be a query to the
database for retrieving data, for example. The View isthe user interface, which displays informa-
tion about the Model to the user. Web devel opment frameworks interact with standard data access
technologies such as the Java Database Connectivity (JDBC) [55] API and Enterprise JavaBeans
(EJB)[56] to provide the Model and with standard presentation systems and technologies such as
JavaServer Pages (JSP)[34] and JSP Standard Tag Library (JSTL)[35] to provide the View for an
application.

The field of Bioinformaticsis agood forum for the development of such web applications due
to the large amount of biological data that needs to be stored, analyzed and viewed in a suitable
form and rendered to users worldwide. The Cryptosporidium Genome Resource (CryptoDB) [18],
[19],[61] is a project developed at the University of Georgia under the Genomics Unified Schema
(GUYS) [60] framework. The Genomics Unified Schemais a database schema along with associated

application framework and has been designed to store, integrate, analyze and present functional

1



genomics data. The GUS Application Framework has an object-relational layer and a Plugin AP
whichisused to create dataloading programsfor diverse data sources. The GUS Web Devel opment
Kit (WDK) isarich environment for efficiently designing query-based websites[60].

The Cryptosporidium genome resource offers a number of queries that a user can ask of the
database and uses the GUS Web Development Kit to generate a default “view” for the database by
representing the queriesin amodel file and using JSP technology to generate the view for the data
model.

Although version 1.3 of the WDK (thelatest version at thetimethework presented inthisthesis
began) offered an easy way of generating a view for any given data model, the view generated by
the WDK was a direct representation of the model and was too closely tied to it. For example, a
model may have different queries organized in different question sets, and each of the questions
may further have parameters. The default view generated by the WDK for such a data model
required the user to select a question from a particular question set using a pull-down menu, and
then displayed the question on a second page, in which the user had to enter the question parameter
values, before actually submitting the question to retrieve a summary of results.

The main disadvantage of such aview isthat it requires too many steps and selections by the
user to get to the results page. Such aview also hidesinformation and thus does not give the user a
clear idea of what he/she can query the database for and the nature of results that may be retrieved
by a particular question.

One solution to thisis to have a view that renders all the questions and their parameters on a
single front page, so that the user knows exactly what his options for querying the database are,
and the nature of results that may be retrieved from a particular query. Such a“flattened” out view
would then require just one click to get to the results page, without having to go through a large
number of selections and steps.

Though good from the usability standpoint, such a view was not very easy to create and
required a good knowledge and understanding of the various technologies used in building the

application. The Struts web application framework which is used in this project uses the Model-



View-Controller architecture to organize the site. The MV C architecture tries to separate the
Model, View and Controller parts of an application and ideally any modification of the View
should not entail with it a modification in the Model or the Controller. However, this was not
the case, and in order to change the default structured view to a more usable flattened out one, it
was necessary to make modifications in the Controller as well. Thus a smple change in the View
required changes in multiple places, making the process of creating a “custom” view extremely
time-consuming and complicated.

In order to make the process of creating “custom” views for a site easy and less time-
consuming, an automatic view generation method based on custom view specifications has been
designed and implemented and is the main focus of this thesis work. This method allows a more
clear separation between the View and the Controller parts of an application, and thus allows
changes to the View without requiring any modifications to the Controller or the Model. The
chapters that follow discuss this method in greater detail, and show how it can be used to easily
generate custom views.

The rest of the thesis is organized as follows. Chapter 2 describes the related work and the
various web application frameworks available and a more detailed description of the Jakarta Struts
framework used here. Chapter 3 describes the implementation details and the method used to gen-
erate a custom view. Next, Chapter 4 shows some evaluation results of the method implemented

and how it can be used to create custom views. Finally, Chapter 5 discusses the future work.



CHAPTER 2

RELATED WORK

Several frameworks are available to create web applications. Spring [53], Ruby on Rails [25],
Struts [20], etc. are some of these frameworks, and all are aimed at enabling easy creation of
web applications which have databases at the backend. The Struts framework has been used to
design the application here. A brief background of these frameworks aswell asthe WDK has been

provided below.

2.1 THE APACHE STRUTS WEB APPLICATION FRAMEWORK

The Struts framework is designed to provide an open source framework for building Java web
applications. The framework has a control layer and uses standard technologies including Java
Servlets[27], JavaBeans[ 28], ResourceBundles[29] and XML [30], and various Jakarta Commons
packages [31]. Applications developed using Struts generally follow the Model 2 approach [21],
which isavariation of the classic Model-View-Controller (MVC) design paradigm [22]. Both the
Model 2 approach and the MV C paradigm are discussed in the next section.

An application based on the MV C design paradigm can be developed using the Struts frame-
work in the following way: To create the Model, standard data access technologies such as JDBC
and EJB, as well as many third-party packages including Hibernate [26], iBATIS [32] or Object
Relational Bridge [33] can be used. The View can be created by using several presentation systems
such as JavaServer Pages [34], including JSTL [35] and JavaServer Faces (JSF) [36], as well as
Velocity Templates [37], and XSLT [38]. For the Controller, the Struts Controller component can
be used.



2.1.1 THE JSP MODEL 1 AND MODEL 2 ARCHITECTURES

JavaServer Pages technology allows developers to create dynamic and information rich websites
rapidly and easily. JavaServer Pages technology extends the Java Servlet technology. Servlets are
server-side modules and are platform-independent. JSP technology and Servlets allow separation
of logic from display [39].

JSP uses XML-like tags which contain the logic that generates the content for a page. The JSP
page accesses the application logic objects stored on the server using these tags. JSP separates the
page logic from its presentation, thus making it faster and easier to build Web-based applications.

The JSP technology offerstwo approaches for building applications. The approaches are known
asthe JSP Model 1 and Model 2 architectures and differ in the location at which most of the request
processing takes place [21]. These architectures are discussed in the following sections.

The Model 1 Architecture:

In this architecture, request processing is handled by the JSP page alone and it sends the
response back to the client when the processing is done. The control flow in this architecture,
depicted in Figure 2.1, isasfollows:

1. The user first submits a request through the web browser. The request is sent directly to a
JSP page.

2. The JSP page then communicates with JavaBeans to access data.

3. JavaBeans access the data sources and get the requested data. JavaBeans represent the data
objects and contain most of the Java code. Thus a JavaBean is like an object in any object-oriented
environment and is comprised of two primary things: data and methods that act on the data. The
data part of abean completely describesthe state of the bean, whereas the methods provide ameans
for the bean’s state to be modified and for actions to be taken accordingly.

4. The beans then send the requested data back to the JSP.

5. The JSP page then selects the next page to be displayed and sends the response back to the

browser.
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Figure 2.1: The JSP Model 1 Architecture(adapted from [21])

Thus there is a separation between presentation (view) and content (model), since all data
access is performed through beans. This architecture is more suitable for simple applications than
for complex applications.

The Model 2 Architecture:

The Model 2 architecture is as shown in Figure 2.2. This model combines the use of both
servlets and JSP and uses the predominant strengths of both these technologies. It uses JSP to gen-
erate the view or the presentation layer and the servlet which acts as the controller, to perform any
regquest processing and to create beans or objects used by the JSP. The servlet also decides which
JSP page to forward the request to depending on the user’s actions. Thus there is no processing
logic in the JSP and it is only responsible for retrieving any objects or beans that may have been
created by the servlet. The control flow in this architecture seen in Figure 2.2, is as follows:

1. The user request isfirst intercepted by a servlet, referred to as a controller servlet.

2. This servlet handles the initial processing of the request and creates any beans that may be
used by the JSP. As shown in Figure 2.2, the request is never sent directly to the JSP page. This

allows the servlet to perform front-end processing.
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Figure 2.2: The JSP Model 2 Architecture(adapted from [21])

3. Once request processing is complete, the servlet directs the request to the appropriate JSP
page.

4. The JSP page communicates with the JavaBean components to access the data.

5. JavaBeans represent the data objects and access the data sources to get the requested data.

6. The beans then send the requested data back to the JSP.

7. The JSP sends the response back to the browser by displaying the results in an appropriate
view.

Thus there is a more clear separation between request processing (controller) and presentation
(view) inthisarchitecture than the previous model 1 architecture. Thisarchitectureismore suitable

than Model 1 for complex applications.

2.1.2 THE MVC DESIGN PATTERN

The main idea behind design patternsis to extract and abstract out high level interactions among
objects and reuse their behaviors from application to application. In the MV C design pattern, a

central Controller handlesthe application flow. The Model represents the application specific logic.



Control is forwarded to the appropriate View through the Controller using a set of mappings from
aconfiguration file. This provides aclear separation between the Model and the View, thus making
applications easier to create and maintain [22].

The Mode!:

The Model portion of an MV C-type system contains the application-specific or business logic
of the system. The Model isimplemented using a set of JavaBean components. JavaBeans contain
properties which are used to retrieve information from the data source components of the system
which could be a database, an Entity Enterprise JavaBean, etc.

The View:

The View portion of a Struts application is generally constructed using JavaServer Pages (JSP)
technology. JSP pages can contain static HTML aswell as standard action tags to include dynamic
content in the page. The standard action tags are used to access the JavaBean components and

include tags such as

<j sp: useBean>, <jsp:getProperty>, etc.

In addition to the built-in actions, the developer can also define his’/her own tags, and these are
organized into “ custom tag libraries’.

The Controller:

The Controller portion of the application receives requests from the client, decides the
application-specific logic function to be performed, and then forwards control to an appropriate
View component. In Struts, the primary component of the Controller is a servlet of class Action-
Servlet. The Controller uses a set of action mappings specified in the struts-config.xml to map an
incoming request URI to a fully qualified class name of an Action class and forwards control to

the appropriate View. The Action classis subclassed from org.apache.struts.action.Action.

2.1.3 THE STRUTS CONTROL FLOW

The control flow in a Struts application is as follows:



1 <action-mappings=

4 <action

patk="fshowQuestion"

4  type="org gusdbowdk controller action.ShowuestionAction”
2 scope="sezsion
&
i

L

fiatne="guestiond etForm"

input=",questions etsjsp"=
&  <forerard name="show guestion" pathe="/gquestion.gsp"/=
O < factiorn>
10 < facti ore mappings=

Figure 2.3: Action-mappingsin struts-config.xml

1. On initialization, the controller parses a configuration file called struts-config.xml and
deploys other objects of the control layer using it. The configuration file contains the Action
M appings [org.apache.struts.action.ActionM appings] for an application.

2. The Struts controller servlet uses these ActionM appingsto route HT TP requests to the com-
ponentsin the framework. Requests are either forwarded to JavaServer Pages or Action subclasses.
The controller turnsthe HT TP requests into application actions using the mappings provided in the
struts-config.xml.

For example, consider a simple HTML form containing user input fields to input an email
address and a password. When the user submits this form, the appropriate action class (according
to the mappings defined in the struts-config.xml) is called and its execute method isinvoked. This
method retrieves the user input from the form fields and performs a check to determine if the data
entered is valid and accordingly returns a value which is mapped in the struts-config.xml to an
appropriate JSP page.

An example of an action mapping in the struts-config.xml is as shown in Figure 2.3.
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Thus, as shown in line 3 in Figure 2.3, the path or the request URI is /showQuestion. The
action mapping specifies the Action subclass ShowQuestionAction to act upon when the request
is sent. In addition, the action mapping may also contain other properties such as scope, the name
of the form bean and the input JSP page from which the request is sent. The form bean extends
the ActionForm class and represents the data submitted by the user. The Action object, which
extends the Action class, can handle the request and respond to the client (usually a Web browser)
or indicate that control should be forwarded el sewhere.

3. In a Struts application, most of the business or application-specific logic resides in Jav-
aBeans. An action calls the properties of a JavaBean, but requires no knowledge about its internal
workings. The ActionForm is used to represent user input data as well as data retrieved from
a request. When the request is used to submit user input data, the controller servlet passes the
ActionForm bean instance to the Action object which then forwards the data to the application
logic. When the request is used to create an input page, the Action object popul ates the form bean
with any data required by the input page.

Thusthe six basic steps involved in using Jakarta Struts are the following:

In Struts, the data contained inaform (HTML form) is submitted to a URL of the form blah.do.
The blah.do is an address that is mapped to the corresponding action class (BlahAction.java) in the
struts-config.xml. This class contains the execute method which handles the incoming request and
popul ates the properties of an ActionForm bean with the incoming form data. The Action object
then invokes application and data-access logic, and places the resultsin normal beansthat represent
the results of the business logic and contain getter and setter methods to access the data. These
beans do not extend any class, unlike the form beans which extend the ActionForm class and are
stored in request, session, or application scope. A request scope object is an object containing the
client request information and provides data such as parameter name, value and attributes [48].
A session-scope object exists for a session and is created at the beginning of each new session
and is destroyed at the end of the session. Similarly an application scope is the context for the

current application. There is one context per web application [48]. They represent the output of
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a computationa process and not the input as represented by the form beans. The Action uses
mapping.findForward to return a condition, and the mappings in struts-config.xml are used to map
the returned condition to various JSP pages. The request is forwarded to the appropriate JSP page,
and the JSP action tags such as the bean:write tag can used to output properties of the form bean
and results beans [23].

The six basic steps are summarized as follows:

1. Specify in struts-config.xml: The Action classes which handle requests, the URL s and form
beans need to be specified in the struts-config.xml. The server hasto be restarted whenever thisfile
ismodified, sinceit is read only when the Web application isfirst [oaded.

2. Define the form bean: This bean extends the ActionForm class and represents the data sub-
mitted by the user. The form bean gets automatically populated with the input data when the form
is submitted.

3. Create result beans: Struts usesthe MV C architectural stylein which the application-specific
logic creates the results that are presented by the JSP pages. Results beans need to have getter and
setter methods, but need not extend any particular class and also do not have to be declared in
struts-config.xml. Beans are used to transfer the results from one layer to the other. The beans are
stored in request, session, or application scope with the setAttribute method of HttpServletRequest,
HttpSession, or ServletContext, respectively. The HttpServletRequest is an interface that extends
the ServletRequest interface and provides request information for HTTP servlets. The HttpServie-
tRequest object created by the servlet container is passed as an argument to the servlet’s methods
[45]. With the HttpSession interface, a user can be identified across more than one page request
and information about a user can be stored. Thisinterface is used by the servlet container to create
an HTTP session between a client and a server. This interface also allows servlets to view and
mani pul ate information about a session [46].The ServletContext interface defines a set of methods
which a servlet uses to communicate with its servlet container. The ServletContext object is con-
tained within a servlet configuration object and is used by a servlet container to pass information

to aservlet during initialization [47].
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4. Create an Action object: The struts-config.xml contains mappings that designate Action
objects to handle requests for various URLSs. Action objects invoke the appropriate data-access
logic and store the results in beans. The struts-config.xml then uses its mappings to decide which
JSP page should be displayed.

5. Create an HTML form: The user submits his’her request through an HTML form on the
web page. This form specifies the action that must be invoked when the form is submitted. This
action is in the form of *.do (e.g., blah.do) and is mapped to a Controller Action class by the
struts-config.xml (e.g., BlahAction.javafor a blah.do specification in the HTML form).

6. Display results in JSP: JSP pages usually use the jsp:getProperty, the jsp:bean:write or the
JSTL c:out tag to output the results from the beans. JavaBeans interact with the data source and
get the requested data. This data is displayed on the JSP page using the jsp:getProperty, or the
jSp:bean:write tags.

Pros and Cons. Struts uses JSP technology for the View and the tag mechanism offered by
JSP allows code re-usability and helps to abstract out Java code from JSP. A single XML based
configuration file separates the Java code from the configuration details. Thus changes can be
made to the configuration without affecting the Java code. Struts has a higher learning curve. It
requires knowledge of JSP and other technologies used by Struts in order to develop an MVC
based application.

2.2 RUBY ON RAILS

Ruby is a pure object-oriented programming language with a clean syntax. Rails is an open source
Ruby framework for creating web applications that have a database at the backend [41]. Rails
takes full advantage of the smplicity of Ruby. What makes this framework more efficient and
much faster to learn and use than other frameworks is the efficient use of the Ruby programming
language. The two guiding principles of Railsare: less software and convention over configuration

[41]. Less software means writing fewer lines of code and thisis possible due to the use of Ruby.
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Convention over configuration impliesthat Rails does not use any XML -based configuration files,
but uses programming convention along with reflection and discovery.

A typical Rails application directory structure: Rails has a hel per script, which if used to create
an empty application, creates the entire directory structure for the application. Rails knows where
to find things it needs within this directory structure and does not require any configuration files.
The directory structure contains the following subdirectories:

- The controllers subdirectory contains the controller classes and Rails looks for them in this
directory. The controller is responsible for handling requests from the user.

- The views subdirectory contains display templates which are used to represent the data of an
application and are returned to the user in the form of HTML.

- The models subdirectory contains the model classes which wrap the data stored in the appli-
cations database.

- The hel pers subdirectory contains hel per classes which are used to assist the Model, View and
Controller classes.

Controllers and URLSs: Controller classes are responsible for handling requests from the user
and map the URL of the request to a controller class and a method within it. A controller class can
be created using the Rails helper script. For example, in order to create a controller class called

MyTest, the following command could be given:

ruby script\generate controller MyTest

This creates afile named

my_test _controller.rb

containing an outline definition for the class MyTestController which looks like:

cl ass MyTest Control |l er <ApplicationController
end
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In order for the application to be opened in a browser, the URL must contain the name of the
controller class. Railstriesto find an action named index in the controller. Thus defining the index

method in the following way will render the text Hello World in the browser.

cl ass MyTest Control |l er <ApplicationController
def i ndex

render _text Hello World

end
end

) Mozilla Firefox - i =10/
Be Et few Go fodmats ook fep

Q- @‘ X @} | tetpsj1127.0,0.1:3000MyTest E el

@ Getting Started £ Latest Headines

Hello World!
Dore | Ak

Figure 2.4: Creating the Controller [41]

Creating the Model: As with the Controller classes, the Rails helper script can be used to

generate Model classes also. Thusto create a model class called Test, the following command can
be given:
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ruby script\generate nodel Test

This creates a file named test.rb containing an outline definition for the Test class. The empty

class looks like follows:

cl ass Test <ActiveRecord: : Base
end

This class definition is the Test business or application object that Rails mapsto ateststablein
the database. Rails also dynamically populates the Test class with methods for accessing the rows
and columns in the tests table. In order to have a dynamic connection between the Test class and
the tests table in the database, it is necessary to create a test controller with actions to manipul ate
the table in the database with operations like create, read, update, and delete. The controller class
can be created by using the Rails helper script as described before, with the addition of the line
scaffold:test in it. Thusthe Test Controller class would look like:

Class TestController <ApplicationController
scaf fol d: t est
end

This single line of code enables all the database operations including create, read, update and
delete.

Creating Actionsand Views: The default view generated by Rails can be changed by defining a
method in the Controller class. The HTML view templates need to be placed in the view directory
so that the test controller can display them. For example, to change the view of the listing of a

database, the list method can be added in the controller as follows:
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Cl ass TestController <ApplicationController
scaffol d: test

def |ist
@ests = Test.find all
end

end

Rails then no longer uses the default view, and looks for atemplate in the views directory with

the name list.rhtml. Thisisan HTML file with Ruby code embedded init. Theline

@ests = Test.find all

asks the Test class for a collection of all rows from the database assigning the collection to the
instance variable @tests.

Pros and Cons: Ruby is avery easy to use object-oriented programming language with a clean
syntax. This makes it very easy to create applications with many fewer lines of code than with
traditional programming languages. As can be seen from above, Rails eliminates the need for using
configuration files and uses code convention instead to map requeststo classes. Thisis however not
the case with most web application frameworks like Jakarta Struts, etc., which use an XML-based
configuration file to define the mappings. Having multiplefiles or configurationsfor an application

makes it very difficult to maintain and use it.

2.3 SPRING FRAMEWORK

Spring is another framework used to design web applications. A web application typically uses
an M-V-C type of architecture to organize the various components. Spring particularly focuses
on management and configuration of business objects of an application. Spring's MVC model is
amost similar to that of Struts, but it provides a cleaner division between the Model, View and

Controller. Spring’'s MV C model is very flexible and is entirely based on interfaces. It is possible
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to configure amost every part of the Spring MV C framework using one’s own implementation of
an interface. Spring MV C also allows a custom view mechanism by giving the user the flexibility
to use any view technology and does not restrict him to using only JSP, Velocity or XLST for
example. The architecture of the Spring framework is based on an Inversion of Control container
which isbased on the use of JavaBean properties. This container is discussed in more detail below:

Inversion of control (IoC) container: Spring represents an Inversion of Control container
through its bean factory concept. The basic idea behind the 10C is that the user does not create
objects, but rather specifies how they should be created. Components and services are not directly
connected together, but the connections are described in a configuration file. The 10C container
creates the objects and wires them together by setting their properties and determines the methods
to be invoked [54]. Thusinstead of the user’s code calling atraditional classlibrary, an 10C frame-
work calls the users code. The core of the Spring framework is the org.springframework.beans
package, and is designed to work with JavaBeans. This package is not used directly by users, but
defines most of the functionality of the Spring framework [53].

Spring Aspect-oriented Programming: Aspect Oriented Programming(AOP) is one of the key
components of the Spring framework. The AOP paradigm complements Object Oriented Program-
ming (OOP) by providing another way of thinking about program structure. AOP decomposes
programs into aspects or concerns, whereas OOP decomposes an application into a hierarchy of
objects. This enables modularization of concernsthat fall under various divisions of responsibility,
such aslogging and transaction management. Re-usability isfacilitated by encapsulating common

behavior of multiple classes using Aspect, which is the core construct of AOP [53].

2.3.1 THE SPRING ARCHITECTURE

The Spring framework consists of several modules and has alayered architecture. Each of theseisa
stand-al one modul e, but can also be implemented al ong with other modules. The Spring framework
hasatotal of seven modules; six of these modules are built on top of acore container module, which

is called the Spring Core Container.



18

Spring ORM Spring Web
Hibemate suppart | | Wb Application Contest Spring Web
Batis support Wulbipert reschear MVC
NP SN 0 suppant Wb ubities .
Source-level Wab MVC
frieta data AOP f{?iﬂ”\
infrastructure Spring Cortext 5L ViGN
Spring DAO Applcabon contex J?"-‘ Velrcity
Transaction infrastructans LI supipert POFExport
JOBC support Ydidation
DD support JHDI EJB support and
remadeling hiail
Spring Core
Supporting Lrtikies
Eaan container

Figure 2.5: The Spring Architecture [54]

Figure 2.5 showsthe Spring architecture along with the seven modules:

1. Spring Core: This module provides the main functionality to the Spring framework. One of
its main components is the BeanFactory which implements the Inversion of Control pattern and
thus separates the application’s configuration and specification of dependencies from the actual
application code.

2. Spring Aspect Oriented Programming (AOP): This component integrates Aspect-oriented
programming into the Spring framework. With this, any object used by the framework can be
easily AOP enabled. This module also provides transaction management services for objects in
any application based on the Spring framework.

3. Spring Object/relational mapping integration module (ORM): The Spring framework pro-
vides support for using Hibernate [ 26], iBatis [32], Java Data Objects [57] through this module.

4. Spring Data A ccess Object (DAO): This module provides a JDBC [55] abstraction layer and

an exception hierarchy which defines a meaningful way to handle exceptions and errors thrown
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by several database vendors. It also reduces the amount of code to be written to handle these
exceptions.

5. Spring Web: This module provides context for web-based applications and sits on top of
the application context module. Jakarta Struts applications can thus be integrated into the Spring
framework.

6. Spring Context: Thisisa configuration file and isresponsible for providing context informa-
tion to the framework. It also includes support for various enterprise services such as Java Naming
Directory Interface (JNDI) [58], EJB [56] etc.

7. Spring Web MV C: This module provides an MV C implementation for building web appli-
cations. It includes support for various presentation technologies such as JSP [34], Velocity [37]
etc.

Pros and Cons: Spring allows a custom view mechanism by allowing the user to use any view
technology and does not restrict them to using any particular technology. The use of Inversion of
Control Container and the BeanFactory pattern enables separation of an applications configuration
and dependency from the actual application code. Encapsulation of common behavior in common
classes using the Spring AOP allows re-usability.

The framework is configuration intensive, with substantial XML [30] code. Thisis in direct
contrast to the Rails [25] framework which minimizes the use of configuration and uses code
convention over configuration. Less code reduces complexity and makes the application simple

and easy to use.

2.4 AlX

Ajax stands for Asynchronous JavaScript And XML. Ajax is a web development technique for
creating dynamic web applications. Ajax is not a technology by itself, but uses a combination
of several technologiesincluding HTML and CSS (for presenting information), and JavaScript to
dynamically display and interact with the data, and the XML HttpRequest object to exchange data
asynchronously with the web server [40].
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Comparison to traditional web applications. In traditional web applications, a user sends a
reguest to the web server by submitting a form. The web server processes this request and sends
a new web page back to the user. Thus for every user request, the web server has to send back
a web page and this can increase the response time significantly. The difference between Ajax
and the traditional web application model is that a user request takes the form of a JavaScript call
to the Ajax engine instead of an HTTP request as in the case of the traditional model. The Ajax
engine handles simple user requests such as data validation, editing data in memory that do not
need to be sent to the server and asynchronously handles other requests that require processing by
the server, and thus does not stall the users interaction with the application [40]. The Ajax engine
iswritten in JavaScript and gets loaded at the start of the session. The engine renders the interface
to the user and acts as an intermediary between the user and the server. Users interactions with the
application happen asynchronously, and are not dependent on the communication with the server
[42]. Figure 2.6 shows how a traditional web application handles a user request and compares it
to Ajax showing how it handles the request.

As shown in Figure 2.6, in the classic or the traditional web application model, every user
request goes to the web server for processing and the presentation data is returned by the server in
theform of an HTML or CSS page. As aresult the applications run slowly, since every time a new
page has to be sent from the server it increases the wait time for the user significantly. In contrast,
in the Ajax model, as shown in the figure, the user request is intercepted by an Ajax engine which
is responsible for sending the presentation data (in the form an HTML or a CSS page) to the user
and does simple data processing tasks which do not need to be sent to the server. This reduces the
processing time significantly.

Example: In atraditional application, arequest is made to the server viaanormal HTTP POST
or GET request, whereas an Ajax script makes a request to the server by using the JavaScript
XMLHttpRequest object. The XMLHttpRequest object retrievesinformation from the server in an

invisible manner without requiring a page refresh [51].
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Figure 2.6: Comparison between the classic web application model and the Ajax model [40].

Consider a simple web application with a database server storing the zip code, city and state
and an HTML form with input text fields at the front-end. The application makes use of Ajax
technology and demonstrates how it can be used to save the users substantial time and typing.
Instead of requiring the user to type in the details of all the three fields, the data in the city and
state text fields gets automatically displayed when the user enters the zip code [52].

As mentioned earlier, Ajax technology makes use of the XMLHttpRequest object which is a
JavaScript object and offers a convenient way for webpages to get information without requiring
pages to refresh themselves.

The stepsinvolved in creating the application are as follows:

1. Creating asimple HTML form: Thisisrequired to create input text fields for the user to enter
data.
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20805

Z1P code:

Athens A

City: State:

Figure 2.7: An Ajax Example [52]

2. Adding the event handler: The event handler is called whenever the zip code field loses
focus and is responsible for asking the server the city name and the state for a given zip code. In
the Figure 2.8 below, the updateCityState() (Lines 5-6) is an event handler which is called when

the text input field loses focus (Line 11).

1 <htmlx
¢ <zoript lanquages"javascript” types*tent/javascriptr
& function updaceCityitatal) |

6}

T <fscripts

9 <forw action="post®s

10 ...

11l <imput type="text” nawe="gip” id="zip* ablur="wdateCityStace(),"f>

Figure 2.8: Event Handler [52]
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3. Creating the XML HttpRequest Object: The object could be created using a function named
getHttpObject(). Line 10 in the getHttpObject() functionin Figure 2.9 creates anew XMLHttpRe-

guest object and assigns it to the xmlhttp variable.

<html >

1
3 <script language="javascript” type="text/javascript®r
4 function updateCityStatel) |

)

)

|

7 function getHetplbject()
8 war xmlhttp;

10 xmlhttp=new XMLH-tpReoquest () ;

1 return xwlhttp;

13}

14 wvar http = getHITPMObject();

15 <fscripts

16 ...

17 <form action="post™F

i =P

19 <imput type=“text” name="gip® id="zip” mblur="updateCityStatel) ;" >

Figure 2.9: Creating an XML HttpRequest Object [52]

4. Specifying the URL: The URL for the server-side script is specified in Line 4 in Figure 2.10
below. This URL will have the zip code appended to it and will be sent to the server using the GET
method (Line 15, Figure 2.10). Before the HTTP request is sent, the onreadystatechange property
is specified to handleHttpResponse(). Thus every timethe HT TP ready state has changed, the func-
tion handleHttpRespons«() is called (Line 16, Figure 2.10). The function handleHttpResponse()
keeps waiting idle and when it gets called, it checks to seeif readState is equal to 4. If it is, then it
means that the request is complete and the response text is obtained and unpacked and the city and
state form fields are set to the returned values (Lines 5-12, Figure 2.10).

Pros and Cons. The biggest advantage of using Ajax is the short response time after the user

submits arequest. Data is manipulated without having to reload the entire page again and it allows
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dynamic web page updates. Another advantage is that Ajax technologies are supported in al
JavaScript enabled browsersirrespective of the operating system.

A mgjor disadvantage of using Ajax isthefact that the functionality of the browser Back button
may be broken due to the dynamic loading of web pages. Another issue related to the dynamic
updating of the web pages isthe fact that it may become difficult to bookmark a particular state of
the application [40].

A brief summary of the comparison between the web application frameworks discussed in this

section has been provided in Figure 2.11.

2.5 THE WEB DEVELOPMENT KIT

Introduction: The WDK is a system designed to allow easy creation of “query-based” websites.
The system works with any relational database system and on any schema[60]. The main purpose
of the WDK isto define and create a data model specifying the types of questions a user can ask
of the database and the kind of answers that can be retrieved. Secondly, the WDK also helps to
define a“view” of the data model using JavaServer Pages technology. The main objectives of the
WDK areto makeit easy to offer numerous canned questions and display and manage the question
results. The WDK is also aimed at allowing some user operations on the data results such as set
operations, query history, sorting of results, etc.

Question Sets, Questions, Summaries and Records: The WDK uses a Question Set-Question-
Summary-Record structure to organize data on a website. Users are provided with question sets.
Each of the question sets contains questions to choose from. Users ask a particular question by
specifying its parameters to obtain a“summary” of the entities found by the query. Each element
in the summary has alink to the full “record” for the entity.

WDK Design: The WDK uses the Model-View-Controller architectural pattern. This allows
clear separation of the view, from the model and the controller.

The Model: The Model describes the questions, summaries and records that appear on the

website. The model isdefined in an XML file.



1l <html=

3 “script langquage="Jjavascript® type="text/javascript™=

4 war url="getlCityitate. plp?param=";

£ funetion handleHecpReoquest () |

& if (http.readyitate == 4 |

7 results = http.responseText . split ™) ;

2 dociment. getElementById (*city’ ) .vwalue = result=[0];
2 dociment. getElenentById (*state’ ) . valuse = results[1l];
10

11 }

1z }

13 function updateCityStatel) |

14 var zipWalue = document . getElementById (™=zip™)  walue;
15 http open (“GET*, url + escapel{zipWValues), true);

ls http. onreadystatechange = handleHttpBesponse;

17 htep. sendimall) ;

12 .

132 1}

E0 function getHbtplObiject () |
£l war xzmlhttp;

ZE

£33 zmlhttp=new XMIHttpRequest (),
4 ..

£5  return xmlhttp;

26 }

7 var http = getHTTPObject () ;

£8 = =scripr=

&0, 2

30 <form action="post™=

Bl

32 <imput type=ttext” name="zip® id=*zip” onblur=""pdateCityStatel);"F=

Figure 2.10: A Complete Ajax Example [52]
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The View: The WDK view creates a “view” for the model. It makes use of the JavaServer
Pages (JSP) technology for generating the view and represents the questions and records listed in
the model.

The Controller: The Controller is a set of Java classes used to control the site. It functions

internally to the WDK and is based on the standard Model 2 architecture.

251 STRUTSBASED WDK MVC ARCHITECTURE

The Struts-based WDK MV C architecture isas shown in Figure 2.12. The Control Flow when the
user submitsarequest in atypica WDK application is as follows:

1. The browser sends a request to the server in the form of an HTTP request. The request
is intercepted by the ActionServlet on the server. The user may submit a request to retrieve the
summary of resultsfor a particular question as shown in Figure 2.13, for example.

2. The Action servlet creates the Action Form bean instance which extends the Action Form
class and represents the data submitted by the user and may represent the parameter values for a
particular question (Figure 2.14).

3. The Action servlet uses the mappings defined in the struts-config.xml (e.g. Figure 2.15) to
route the user request to the appropriate Action object (e.g. Figure 2.16).

4. The Action object reads the user input data from the Action Form bean.

5 and 6. The Action object uses WdkM odel Beans to access the database and retrieve data. The
Model beans interact with the database and act as wrappers around the database objects.

7. Once data is retrieved, the Action object represents this data in the form of an ActionForm
which is later used by the JSP to represent data.

8. Control returns to the ActionServlet.

9. The ActionServl et uses the mappingsin struts-config.xml to determine the forward JSP page.

10. Control goesto the appropriate JSP page according to the mappings specified in the struts-
config.xml (eg:showQuestion.jsp)

11. The appropriate JSP page accesses the ActionForm bean to display the results to the user.
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Figure 2.11: Comparison of web application frameworks
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Figure 2.15: Action Mappings (struts-config.xml)
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CHAPTER 3

APPROACH

In the version of the WDK that was the latest version (1.3) at the time this work began, the query
pages generated by the WDK were highly structured and hierarchical. That is, the user’s view
of, and interaction with, the database was directly tied to the structure of the model. The model
consisted of questions sets, question sets consisted of questions, questions involved one or more
parameters, and the submission of a question, at last, would return a record. Thus, the user was
forced to:

- select a question from a pull-down list of questions belonging to a question set

- press the “ Show Question” button

- set each parameter value, by filling in text boxes and going through pull-down lists

- submit the question, and then finally go to the record page

While such a site is straightforward to generate, given a model, it is less than ideal from the
user perspective: too much clicking, too much hidden information, too much navigation, and loss
of context. In generating the CryptoDB sitefor release to the public in March 2005, we were forced
to make substantial changes not only to the JSP files, but also to the controller, in order to get a
“flattened out” site with less hidden information, less navigation and more desirable parameter
displays. That is, we created a site in which all of the questions appear on one page, and in which
the user can glance at the page and know what the choices are for all of the parameters, without
having to look at multiple pull-down lists to understand the capabilities of the queries (questions)
listed there. Below are some sample screen shots of the default WDK-generated site, Figure 3.1,

and the completely “flattened out” view, Figure 3.2

31
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Figure 3.1: Default WDK View

3.1 THE SOLUTION

The first approach towards this problem involved giving the user an option between choosing a
completely “flat” or a completely structured site. This was accomplished by:

- updating the controller to handle invocations from different steps along the “path” (from
guestion set down to parameters for a given question).

- creating two index.jsp files - one for flat and one for structured.

- allowing the user to set aflag in the build program to select between the structured and flat
approaches.

Since this solution was initially implemented, this functionality has been integrated into the

WDK: sites are now flat rather than structured, with al questions listed on one page. Still, a
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Figure 3.2: Completely flattened View (CryptoDB release 3.0)

problem remains. as the number of possible questions becomes large, site designers may wish
to pick and choose which questions appear “flat” on the first page (likely the most commonly used
guestions or questions typically issued by the most novice users) and which questions should be
accessed in a more hierarchical manner. Also, there's atradeoff in usability / viewability between
showing all parameter choices for a question directly on the screen and hiding some of that visual
clutter in a pull-down menu or on a secondary page. The site designers will need to weigh the
pros and cons at design time. The ability to further customize the display (alignment, fonts, other
parameter displays, default selections, etc.) is also desirable. Further, site designers may also wish
to change the order in which the questions are displayed and may desire to group questions differ-
ently from the way in which they were grouped in the Model. Facilitating the task of easy custom
site design within the WDK is the goal of this thesis project. The basic idea behind the approach
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presented here is to have an XML-based view specification to enable custom view specifications
for each of the question sets and questionsin the model.

1. The first step is the generation of an XML-based view-specification file, which lists all
the questions in the model and also the various custom specifications that the user may make on
them. This requires iterating through the model and generating XML tags for the custom view

specifications. We currently achieve this through a simple JSP file, as follows:

1 <?xm version="1.0" encodi ng="1S0O 8859-1"7>
2 <Ug@taglib prefix="c" uri="http://java.sun.conijsp/jstl/core" %
3 <%@ page content Type="t ext/xm ; charset =1 SO 8859-1" %

IN

<c:set var="wdkModel " val ue="3${applicati onScope. wdkModel }"/>
<c:set val ue="${wdkModel . di spl ayNane}" var="wdkModel Di spNane"/ >

a1

6 <Specifications>
7 <Def aul t s>
8 <Questi onType>Fl at </ Questi onType>

9 <Fl at VocabFor mat >pul | down</ Fl at VocabFor mat >

10 <NonFl at VocabFor mat >t ext </ NonFl at VocabFor nat >
11 <Par amAl i gn>ri ght </ Par amAl i gn>

12 </ Def aul t s>

13 <Page name="First">

14 <PageDef aul t s>

15 <Questi onType>Fl at </ Questi onType>

16 <Fl at VocabFor mat >nul t i box</ Fl at VocabFor mat >

17 <NonFl at VocabFor mat >t ext </ NonFl at VocabFor mat >

18 <Par amAl i gn>ri ght </ Par amAl i gn>

19 </ PageDef aul t s>

20 <c:set val ue="${wdkModel . questi onSet s}" var="questi onSets"/>

21 <c:forEach itenms="${questionSets}" var="qSet">

22 <c:set value="${qSet.nane}" var="qSet Nane"/ >

23 <Questi onSet Name nane="${qSet Nane}" type="Structured"
prompt="" fontSize="" fontFace="" new& oup="true">

24 <c:set value="${(qSet.questions}" var="questions"/>

25 <c: forEach itens="${questions}" var="q">



35

26 <c:set value="${q. nane}" var="qgNane"/>
27 <c:set value="${q. di spl ayNane}" var="qgDi spNane"/>
28 <Questi onFul | Nane nane="${qD spNane}"
hi ddenName="${ gSet Nane}. ${gNane}" fontSi ze="" font Face="">
29 <c:forEach itens="${qg. parans}" var="qP">
30 <Par anmet er nanme="${qgP. nane}"/ >
31 </ c:forEach>
32 </ Questi onFul | Nane>
33 </ c: forEach>
34 </ Quest i onSet Name>
35 </c:forEach>
36 </ Page>

37 <Page nane="Second">
38 </ Page>

39 <Page nanme="Third">
40 </ Page>

41 </ Speci fications>

Line1intheabove JSPfilelisting isthe XML declaration and definesthe XML version and the
character encoding used in the document. Lines 2 and 3 in the file above are page directives that
define attributesthat apply to an entire JSP page. Line 3 specifiesthat content of the page generated
by the JSPfileis of type XML and allowsthe use of user-specific tags within the page. Custom tags
are described in detail in the next section. The custom view specificationsfile contains some default
specifications for the site and individual pages and the default values for these have been specified
in the above JSP file (Lines 7-12 and 14-19). By default, all the question sets and questions appear
within the “ Page First” tags. Lines 20 and 21 iterate through the question setsin the model and set
the “name” attribute within the QuestionSetName tag to the name of the question set (Line 23).
The default type of the question set isalso set to “ Structured” and the prompt, which isthe display
name for the question set, can be specified here. The font size and the font face of the question

set prompt can also be specified here. Further, the “newGroup” attribute gives the site designer a
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choice to group together various question sets and is set to “true” by default. Lines 25-28 iterate
through the questionsin each question set and set the name attribute within the QuestionFullName
tag to the display name of the question and the hidden name to the full question name, which
includes the name of the question set to which the question belongs. The font size and font face for
the question display name can be specified here. Lines 29-30 iterate through al the parameters of
the question and display the parameter name within the Parameter custom specification tag. Lines
37-38 and 39-40 contain empty “Page”’ tags and the user can copy and paste the questions listed
within the “Page First” tags for a multi-page display.

2. To begin the view specification process, the user would deploy and start the application
from the default configuration. This has the effect of storing the model in the application scope.
Opening the above JSP file in abrowser renders the XML -based view specifications containing all
the questions in the model and the allowed customizations for them. An example generated XML

filewould look as follows:

1 <?xm version="1.0" encodi ng="1S0 8859-1" ?>

2 <Specifications>

3 <Defaults>

4 <Questi onType>Fl at </ Questi onType>

5 <Fl at VocabFor mat >pul | down</ Fl at VocabFor mat >

6 <NonFl at VocabFor mat >t ext </ NonFl at VocabFor nat >
7 <Par amAl i gn>ri ght </ Par amAl i gn>

8 </Defaults>

9 <Page nane="First">

10 <PageDefaul ts>

11 <Questi onType>Fl at </ Questi onType>

12 <Fl at VocabFor mat >nul t i box</ FlI at VocabFor nat >
13 <NonFl at VocabFor nat >t ext </ NonFl at VocabFor mat >
14  <ParanAl i gn>ri ght </ Par amAl i gn>

15 </ PageDef aul t s>
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17

18
19

20
21
22
23
24
25

26

27

28
29

30
31
32
33
34
35
36
37
38
39
40
41

42

37

<Questi onSet Nane nane="Est Questions"” type="Structured"” pronpt=""
font Si ze="" fontFace="" newG oup="true">

<Questi onFul | Nanme nanme="By Library Nane" hi ddenNane=
"Est Questions. Est sByLi brary"” font Size="" font Face="">
<Par aneter nanme="Ilibraryld" />

</ Quest i onFul | Nane>

<Questi onFul | Name nanme="Overl appi ng a Gene" hi ddenNane=
"Est Questions. EstsWthGeneOverl ap" fontSi ze="" font Face="">
<Par aneter nanme="Ilibraryld" />

<Par anet er nane="bp_overlap_gte" />

<Par anmet er name="inNotln" />

</ Questi onFul | Nane>

</ Quest i onSet Nane>

<Questi onSet Nane nanme="CGeneQuestions" type="Structured” pronpt=""
font Si ze="" font Face="" newG oup="true">

<Questi onFul | Name nanme="By CGene | D' hi ddenNane=

" CGeneQuestions. GeneByLocusTag" fontSize="" fontFace="">
<Par anet er nane="|ocus_tag" />

</ Questi onFul | Nane>

<Questi onFul | Name nanme="By Annot ated Keyword" hi ddenNane=

" GeneQuest i ons. GeneByAnnot at edKeywor d* font Si ze="" font Face="">
<Par anmet er nanme="organi snt' />
<Par anet er nane="keyword" />

</ Questi onFul | Nane>

<Questi onFul | Name nanme="By RNA Type" hi ddenNane=
"CeneQuestions. GeneByType" fontSize="" fontFace="">
<Par anmet er nanme="organi snt' />
<Par anet er nane="rnatype" />
</ Questi onFul | Nane>

<QuestionFul | Name name="Wth EST Cluster Overl ap” hi ddenNane=

" GeneQuesti ons. GenesByESTC ust er Over |l ap” font Si ze="" font Face="">
<Par anet er nane="organi sni' />
<Par anet er nanme="bp_overlap_gte" />

</ Questi onFul | Nane>

<Questi onFul | Name nanme="Encodi ng A Signal Peptide" hi ddenNane=
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45
46
47
48
49
50
51
52
53

54
55

56
57
58
59
60
61

62

63

64
65

66

67

68
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"GeneQuestions. Protei nsWt hSi gnal P fontSi ze="" fontFace="">
<Par anet er nane="organi sni' />
</ Quest i onFul | Nane>

<Questi onFul | Name nanme="By Exon Count" hi ddenNane=
"GeneQuesti ons. GenesByExonCount " fontSi ze="" font Face="">
<Par anmet er nanme="organi snt' />
<Par anmet er name="num exons_gte" />
</ Quest i onFul | Nane>

<Questi onFul | Name nanme="Encodi ng TM Domai ns" hi ddenNane=
"GeneQuesti ons. GenesByTMCount" font Size="" font Face="">
<Par anmet er nanme="organi snt' />
<Paramet er name="numtmagte" />
</ Questi onFul | Nane>

<Questi onFul | Name nanme="By Contig I D' hi ddenNane=

" CGeneQuestions. GeneByConti g" fontSize="" fontFace="">
<Par anet er nane="contig" />

</ Quest i onFul | Nane>

<Questi onFul | Name nanme="By Protei n MV Range" hi ddenNane=
" CGeneQuestions. Protei nsByMol W" fontSi ze="" fontFace="">
<Par anmet er nanme="organi snt' />
<Par anet er nane="upper Mol W Bound" />
<Par anet er nane="| ower Mol W Bound" />
</ Questi onFul | Nane>

</ Quest i onSet Nane>

<Questi onSet Nane nanme="Conti gQuestions" type="Structured"
pronpt="" fontSi ze= f ont Face= newa oup="true">

<Questi onFul | Name nanme="Show Conti g" hi ddenNane=

"Conti gQuesti ons. Conti gLookup” fontSize="" fontFace="">
<Par anet er nane="contig" />

</ Questi onFul | Nane>

</ Quest i onSet Nane>

<Questi onSet Nane nanme="Prot ei nQuesti ons" type="Structured"
pronpt="" fontSi ze= f ont Face= new@ oup="true">

<QuestionFul | Name nane="By Protein I D" hi ddenNane=
"Prot ei nQuesti ons. Prot ei nLookup” fontSize="" fontFace="">
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69 <Par aneter name="protein_id" />
70 </ QuestionFul | Nane>

71 </ Questi onSet Nane>

72 <[/ Page>

73<Page nane="Second" />
74<Page name="Third" />

75</ Speci ficati ons>

The body of the view-specifications.xml file as shown in the listing above appears within the
Specifications tags. The first section defines the Defaults (Lines 3-8) which are the defaults for
the entire site and apply to all the pages on the site. The default specifications set the defaults for
the question type, the display widgets (pulldown, scrollpane, radio buttons etc.) for parameters
(FlatVocabParameters and NonFl atVocabFormatParameters) and the parameter alignment. FlatVo-
cabFormatParameters refer to question parameters having multiple value selections, whereas Non-
FlatVocabParameters have only one possible value choice for a parameter. The next section in the
specificationsfile isthe “Page” section. This defines al the question sets and questions that appear
on apage. The first section (Lines 10-15) defines the defaults, which are the “PageDefaults” and
are applicable only to the questions sets and questions on that page. If specified under a Page sec-
tion, the values specified here override those specified under the site defaults. Further, each of the
guestion sets listed in the page section have the attributes “name”, “type”, “prompt”, “fontSize”,
“fontFace” and “newGroup”. “Name’ refers to the name of the question set, “type’ refersto either
“flat” or “structured”, “prompt” gives the user a choice to give a “display” name to the question.
“FontSize” and “FontFace” alow the user to specify the size and type of font for the question set

prompt. “NewGroup” allowsthe user to group together various question setsin thedisplay. If setto
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true, the question set appears as a different group. Questions have the attributes “ name”, “hidden-
Name”, “fontFace” and “fontSize”. “Name” refers to the question name and “ hiddenName” refers
to the full name of the question, including its question set name. “FontSize” and “fontFace” allow
the user to specify size and type of font for the question display name. Each question has alist of
parameters listed below it within the “Parameter” tags. Custom specifications for the parameters
such asdisplay type, alignment, etc. can be specified here, and by default the specificationstake the
values as specified in the site or page defaults sections. If the specifications for the parameters of a
particular question are desired to be different from those specified in the defaults, then they need to
be specified here. Further, the custom view specifications also allow the site designer to rearrange
and re-group the questions in an order or grouping that is different from the Model. By default,
the XML specifications file lists the questions and question sets in the order in which they appear
in the Model. However, the order and grouping of questions and question sets can be changed by
simply cutting and pasting the questions in the desired order and group in the specifications file
(Appendix A.2 contains the listing of a “custom” view-specifications.xml file). Questions are dis-
played in the order and group in which they appear in the XML specifications file. In the earlier
versionsof the WDK, it was not possibleto re-arrange the questions within a question set, or across
different question sets, without changing the Model. The order of questions would follow exactly
the same order of the Model. This made the “View” very tightly coupled to the“Model” and gave
less flexibility to the site designer to create hisher custom view. The site designer may wish to
arrange the most frequently used or the most common questions at the top of the site page, and less
frequently used questions at the bottom. In other cases, it may be desirable to group together all
guestions that require one parameter, and have a 2-step page display for questions requiring more
than one parameter. Thus, various permutations and combinations of the display are possible and
giving the site designer the choice to make his custom view, without having to make changes in
the Model and the Controller, makes the task much easier.

3.The above XML file is validated against a Relax NG (RNG)[59] schemafile. A schemafile

specifies the grammar or vocabulary that the XML based document instances will represent. Vali-
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dation isthe process of verifying the grammar of an XML document against its schema. Relax NG
is a pattern-based, user-friendly XML schema language [49]. The view-specifications.rng schema

file (part) isasfollows:

<?xm version="1.0" ?>
<grammar xm ns="http://rel axng.org/ ns/structure/1.0">

<start>
<el enent nane="Speci fications">

<zer oOr Mor e>

<el enrent name="Def aul ts" >
<el enment nane="Questi onType" >
<text/>
</ el enent >
<el ement nane="Fl at VocabFor mat " >
<text/>
</ el enent >
<el enent name="NonFl| at VocabFor nat " >
<text/>
</ el enent >
<el enent nane="Par amAl i gn">
<text/>
</ el enent >

</ el erent >

</ zeroOr Mor e>

<oneOr Mor e>
<el ement nane="Page" >
<attri bute name="nane">
<text/>
</attribute>

<zer oOr Mor e>
<el ement name="PageDef aul t s" >
<el ement nane="Questi onType">
<text/>
</ el enent >
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<el enent nane="Fl| at VocabFor nat " >
<text/>
</ el enent >
<el ement nane="NonFl| at VocabFor nat " >
<text/>
</ el enent >
<el enent nane="Par anmAl i gn">
<text/>
</ el enent >

</ el enent >

</ zer oOr Mor e>

<zer oOr Mor e>
<el ement nane="Questi onSet Nane" >
<attri bute nane="name">
<text/>
</attribute>
<attribute nane="type">
<text/>
</attri bute>
<attribute name="pronpt">
<text/>
</attribute>
<attribute nanme="fontSi ze">
<text/>
</attri bute>
<attri bute nanme="font Face">
<text/>
</attribute>
<attribute name="new& oup">
<text/>
</attri bute>
<oneOr Mor e>
<el enent name="Questi onFul | Nane" >
<attri bute nane="name">
<text/>
</attri bute>
<attri bute name="hi ddenNane" >
<text/>
</attri bute>
<attribute nanme="fontSi ze">
<text/>
</attribute>
<attri bute name="font Face">
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<text/>
</attribute>
<zer oOr Mor e>
<el ement name="Type">
<text/>
</ el enent >
</ zeroOr Mor e>
<oneOr Mor e>
<el ement nane="Par anet er">
<attri bute nane="name">
<text/>
</attri bute>
<zer oOr Mor e>
<el ement nane="Fl at VocabFor mat " >
<text/>
</ el enent >
</ zer oOr Mor e>
<zer oOr Mor e>
<el ement nane="NonFl at VocabFor mat " >
<text/>
</ el enent >
</ zer oOr Mor e>

<zer oOr Mor e>
<el enent nane="Align">
<text/>
</ el enent >
</ zeroOr Mor e>
</ el emrent >
</ oneOr Mor e>
</ el enent >
</ oneOr Mor e>
</ el enent >
</ zeroOr Nbr e>
</ el enent >
</ oneOr Mor e>
</ el enent >
</start>
</ gr ammar >
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The schema file specifies the names of the tags in the XML file and the type of value each
XML tag in the specifications file can hold. Most of the tags here allow text data. Some tags could
appear repeatedly inthe XML file and thisis specified in the schemafile using the oneOrMore tag,
which indicates that one or more elements with the same tag name could appear in the XML file.
Similarly the zeroOrMore tag allows an element tag to be absent from the XML specification.

4. Once the user makes his custom view specifications in the XML file, the file needs to be
parsed in order to extract the custom data from it, and hence to generate a custom view. A Specifi-
cationsParser class based on the Digester package (org.apache.commons.digester) has been written
in order to achieve this (Appendix B.1). The Digester component from Jakarta Commons reads an
XML file and acts on it using a set of pre-defined rules. In essence, Digester is an XML to Java
object mapping package [50]. This containsall the registered element matching patterns along with
the processing rulesthat are fired when the pattern is recognized in the input document. Finally, the
digester.parse() method parses the XML document and a JSP file uses this extracted custom view
datato generate a custom view. Below isa brief description of the standard rules used by Digester:
ObjectCreateRule: This rule creates an object of the specified class using its default constructor
and pushesit onto the stack. It is popped when the element completes. The class to instantiate can
be given through a class object or the fully-qualified class name. Example: Thefollowing statement

creates an object of the SpecificationsParser class.

di gester.addObj ect Creat e(" Specifications", SpecificationsParser.class);

SetPropertiesRule: This rule sets one or several named properties in the top-level bean using
the values of named XML element attributes. Attribute names and property names are passed to

thisrulein String[] arrays. It istypically used to handle XML constructs like

<Page nanme="First">

The rule for this construct would ook as follows:

di gest er. addSet Properti es("Specifications/ Page", "nane", "nane");
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BeanPropertySetterRule: Thisrule sets anamed property on the top-level bean to the character

data enclosed by the current XML element. Example:

<Quest i onType>Fl at </ Questi onType>

CallMethodRule: Thisrule calls an arbitrary named method on the top-level bean. The method

may take an arbitrary set of parameters. Example: For the XML element,

<Quest i onType>Fl at </ Questi onType>,

the rule will ook like:

di gester. addCal | Met hod(" Speci fi cati ons/ Def aul t s/ Questi onType",
"set Questi onType", 0);

AddSetNextRule: Thisruleis used to add an element to a collection. Example:

di gest er. addSet Next (" Speci fi cati ons/ Page/ Quest i onSet Nane/

Questi onFul | Nane", "addQuesti onFul | Name");
The above statement adds the object QuestionFull Name to the collection when the specified pattern
IS seen.

5. The SpecificationsParser class specifies the methods to be invoked when a pattern in the
XML document is recognized. The methods are defined in JavaBeans and the corresponding “ set”
method of an element is invoked when a matching pattern is seen by the Digester parser. The
JavaBeans also define an add method which is invoked when a repeating pattern is seen by the
parser and the element is added and stored in an ArrayList.

The SpecificationsParser.java listed in Appendix B.1 uses Digester properties described above
to register the XML elements and to invoke appropriate methods in the JavaBeans. After all the
patterns are registered, the input XML file is parsed using the Digester parse() method. In the
specificationsfile, we allow PageDefaults to override the Site Defaults, and the individual question
specifications to override the PageDefaults. Each of the Array List data structures created to hold

the question sets, the questions and their parameters under each page is iterated through and if
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the values for the question type, the parameter type for FlatVocab and NonFlatVocab parameters
and their alignment is found to be empty, then these values are set to the values specified in the
PageDefaults, if it is not empty, elseit is set to the value specified in the Site Defaults.

The JavaBeans created and used here are Defaults.java, PageDefaults,java, Page.java, Param-
eter.java, QuestionFullName.java and QuestionSetName.java and contain the “set” and “get”
methods to hold the data extracted for the corresponding attributes of the elements defined in the
XML document. Appendix B contains the full listing of the classes.

6. Controller classes ShowQuestionA ction.javaand ProcessQuestionSetsH atAction.java allow
guestions to be displayed as either “ structured” or “flat” respectively. NextPageAction.javaallows
amulti-page display and forwards control to either Page “ Second” or Page “ Third” depending on
the request. The struts-config.xml contains additional mappings to handle the multi-page display.
The ApplicationlnitListener class (Appendix C.2) isinitialised at the start of the web application
and it ensures that all global resources are available to all contexts which require them. The class
uses reflection to invoke the parseSpecFile() method of the SpecificationsParser class.

7. The next step is to read these specifications in the JSP file (index.jsp for example) and
thus enable a custom view generation. (Restarting the application is required at this point). To
accomplish the customization, the default index.jsp file contains a number of if-else constructs.
These handle the various options from the custom specifications. The control flow (for flat and
structured), the type of display, etc. are defined within these constructs, thus enabling an easy
customization of the view for the user. The question sets and questions are iterated through from
the specifications file and this enables questions to be displayed in the order in which they appear
in the specifications file and thus allows an ordering and grouping that differs from the order of
guestionsin the Model.

The Struts-based WDK MV C architecture with the modifications for generating a custom view
as described above has been shown in Figure 3.3.

An example JSP file for this purpose would look like this (only a part of the file is provided

here, Appendix D.1 contains the full listing):
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Figure 3.3: The modified WDK MV C Architecture

1 <%@taglib prefix="site" tagdir="/WEB-1NF/tags/site" %

2 <v@taglib prefix="wdk" tagdir="/WEB-INF/tags/wlk" %

3 <U@taglib prefix="c" uri="http://java.sun.confjsp/jstl/core" %

4 <y@taglib prefix="fn" uri="http://java.sun.conljsp/jstl/functions" %

5 <@taglib prefix="nested" uri="http://]akarta. apache. org/

struts/tags-nested" %

6 <v@taglib prefix="htm" uri="http://]akarta.apache. org/

struts/tags-htm" %

7 <!-- get wdkModel saved in application scope -->
8 <c:set var="wdkModel " val ue="${applicati onScope. wdkModel }"/ >
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9 <c:set var="parser" val ue="${applicati onScope. specRaw}"/ >

10

11
12
13

14
15
16

17

18
19

20

21
22
23
24
25
26
27

28
29
30
31
32

33

34
35

<c:set var="pagelList" val ue="${parser. pageList}" />

<l-- get wdkModel nane to display as page header -->
<c:set val ue="${wdkModel . di spl ayNane}" var="wdkModel Di spNane"/ >
<site: header banner="${wdkModel Di spNane}" />

<l--loop 1. loop through all pages -->
<c:forEach items="${pagelLi st}" var="page">
<c:if test="${page.nane == "First’}">

<l-- loop through all the question sets on page 1
fromspecification file -->

<c:forEach itens="${page. questi onSet Li st}" var="questi onSet" >
<l-- loop through question sets fromthe nodel -->

<c:if test="3%{questionSet.type == "Flat’'}">

<I-- |l oop through each question set fromspecification file -->
<c:forEach itens="${questi onSet. questionList}" var="question">
<l-- loop through each question set fromnodel file -->
<c:set val ue="${wdkModel . questi onSets}" var="qSets"/>
<c:forEach itenms="${qSet s}" var="qSet 2" >
<c:forEach itenms="${qSet 2. questi ons}" var="q">
<c:if test="3%${question.nane == q.di spl ayNane}">

<c:set value="${(qSet 2. nane}" var="qSet Nane"/ >

<c:set value="${question.type}" var="qType"/>
<l-- If question type is flat, display all the paraneters -->
<c:if test="%${question.type == "Flat’'}">
<htn : form net hod="get" action="/processQuesti onSetsFl at. do">

<l-- Added part for structured diplay here -->

<c:if test="${question.type == 'Structured }">
<htn : f orm nmet hod="get" action="/showQuesti on. do">
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The above partial file shows how the customizations from the XML -based view specifications
are used in the JSP file to generate a custom view. For example, in order to generate a “flat”
or a “structured” view for the questions, the appropriate control flow needs to be specified in
the if-else construct. The user should not have to make changes in the Controller for this. Thus
in the above code snippet, from lines 31 and 34, it is seen that if the question type is specified
as “flat”, the control goes to “processQuestionSetsH at.do” and if it is specified as “structured”,
the “showQuestion.do” action is executed. ProcessQuestionSetsHlatAction and ShowQuestionAc-
tion are classes defined in the Controller, which enable a flat or structured view of questions,
respectively. The control flow is defined in the struts-config.xml, and hence the forward page from
the action is determined from here. That is, the struts-config.xml contains action-mappings which
map the “.do” extension names specified in the JSP file to action classes in the Controller. Thus
“showQuestion.do” is mapped to “ShowQuestionAction.java’ and “ processQuestionSetsHlat.do”
is mapped to the “ ProcessQuestionSetsH atAction.java’ classin the Controller. The JSP similarly
reads the other custom specifications by accessing methods in JavaBeans and defines the code for
different parameter displays, alignment, etc. within if-else constructs, thus enabling easy custom
view generation.

We realize that the code within the index.jsp file is somewhat complex for users to view and
deal with. A tag library could be created to handle the code within the various “if-else” constructs,

thus reducing the complexity and making it easier to write the JSP file to generate a custom view.



CHAPTER 4

EVALUATION

Below are some screen-shots that show how various custom views can be generated by making
custom specifications in the view specifications file. The method was used to re-create the Cryp-
toDB site (release 3.0) and also to create a custom view for release 3.1 of CryptoDB.

1. A completely structured view (similar to the WDK default view): The view shown in Figure
4.1 issimilar to the default view generated by the WDK. All question sets are specified as “ Struc-
tured” in the configuration file. Thus the question sets appear as “pull-down” menus listing the
guestions in each question set. After selecting a question from a particular question set, the user
has to go to a second page to make parameter selections. The display widgets of parameters can
be specified in the configuration file for each question individually, or for the entire page or sitein
the Page Defaults and Site Defaults sections of the configuration file respectively. Though the view
has a somewhat clean ook, it hides much of the information in pull-down menus and does not give
the user a clear idea of the nature of results that can be retrieved from the database.

2. Flat/Structured view for questions:. The configuration shown in Figure 4.2 allows some
guestions to be “flat” and some to be “ structured”. It may not be desirable to have a “flattened”
out view for al the questions in the question sets, since gquestions requiring more than one input
parameter will require more space and tend to make the site look busy. Thus in this configuration,
all the questions requiring simpletext input parameters have been specified as“Flat” in the custom
specifications and those questions requiring a multiple choice or more than one parameter have
been specified as “ Structured” in the specificationsfile. Since all the question sets have been spec-
ified as “Flat”, there is no hidden information in pull-down menus, and it is clear to the user what

the available options are right on the front page.
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Figure 4.1: A Fully Structured View (Configuration 1)

3. Creating custom Question Sets: Additional question sets can be created in the custom speci-
fications file, and this gives the site designer more flexibility and allows him to re-group the ques-
tionsdifferently from the grouping specified in the Model. In this configuration (Figure 4.3), anew
guestion set called “More Gene Questions’ has been created and as an example, all the questions
requiring more than one parameter, or a parameter requiring multiple choice have been grouped
together under this question set. The question set has been specified to be of type “ Structured”,
hence it appears as a pull-down menu. Further, since these questions belong to the same main cat-
egory of “Gene Questions’, it would be logical to group this newly created question set along with
the other Gene questions, rather than as a separate question set separated by a horizontal rule from

other question sets. The “newGroup” attribute for a Question set in the specifications allows this
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Figure 4.2: Flat or Structured View (Configuration 2)

flexibility and if set to “true” separates the question set from other sets with a horizontal rule, and
if setto “false”, aquestion set is displayed in the same group as the question set that followsit.

4. Re-ordering of questions: It may be desirable to display questions in an order that differs
from the way it is specified in the Model. For example, it may be desirable to display questions
requiring ssmple input parameters, or the more frequently asked questions first. In this configura-
tion (Figure 4.4), the “Show Contig” and “By Protein ID” questions have been re-ordered in the
specifications file in order to display them before the “More Gene Questions’ and the “EST Ques-
tions’. Normally such a change in the View would require changes in the Model and would make
the process time consuming and complicated. Users can simply cut and paste the questions and

place them in the desired order in the custom specifications file and the questions will be displayed
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Figure 4.3: Custom Question Sets (Configuration 3)

in the order specified in the view specifications file, and not the order in which they are specified
inthe Model.

5. PageDefaults/Parameter displays: The configuration in Figure 4.5 showshow custom param-
eter displays can be specified for individual questions. The PageDefaults in the following configu-
ration specify a“pulldown” type of display for questions having multi-choice parameters (FlatVo-
cabType). However, if the user wants to depart from this and specify a different parameter format
for a particular question, he/she can specify it separately for that question and PageDefaults spec-
ifications will be overridden by the individua question specifications. Thus in the configuration
bel ow, the parameter type for the “Annotated Keyword” question appears asa* scrollpane” and not
as a“pulldown” menu as specified in the PageDefaults since the display type has been explicitly

specified as “ scrollpane” for the question. For the questions for which a display type has not been
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Figure 4.4: Re-ordering of questions (Configuration 4)

specified, the display is of type specified in the PageDefaults. Thus for example, for the “ Number

of TM Domains’ question, since no specific parameter format has been specified for the question,

the parameter display typeis of type specified in the PageDefaults.
6. Multi-page display: The configuration in Figure 4.6 shows how a multi-page display can

be specified in the custom specifications, where some questions are specified to appear on the

second/third page. By default, the custom specifications template lists all the questions under the

<Page nanme="First">

tag. However the user can simply copy and paste questions from this listing under the

<Page nane="Second"> or <Page nane="Third">
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Figure 4.5: PageDefaults/Parameter displays (Configuration 5)

tagsin order to have a multi-page display. In the view below, the five questions displayed are listed

under the

<Page nane="Second" >

tag in the view specifications file. Further, the user can specify different default specifications for
this page. The user ssimply has to make these default specifications under the * PageDefaults’ sec-
tion for this page which holds for all the questions on a page, unless specific customizations have
been specified for a particular question. Thus, the default parameter display type for multi-choice
parameters (FlatVocabFormat) has been specified as “radio” in the PageDefaults section for this

page. Thisisdifferent from the specifications for the first page (Figure 4.5), where the FlatVocab-
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Figure 4.6: Multi-page display (Configuration 6)

Format has been specified as “pull-down”. Thus the organism parameter appears as “radio” on the

second page and in a*“ pull-down” menu on the first page (Figure 4.5).



CHAPTER 5

CONCLUSION

An automatic “ custom” view generation method has been designed and implemented in thisthesis
work. This method enables a clear separation between the Model, View and Controller of an MVC
type application and thus allows changes to the View without requiring any substantial changes
in the Model and the Controller. The method uses a custom configuration file that contains the
specifications a user is alowed to make in order to generate a custom view. This gives the user
much more flexibility in designing a custom view, since the View is no longer closely tied to the
Model and the Controller.

In atypica WDK application, the View consists of a set of questions that the user can ask
of the database. Each of the questions has one or more parameters for which the user specifies a
valuein order to retrieve the result. As mentioned earlier, the default View generated by the WDK
was highly “structured” and contained much hidden information in pull-down menus, etc. It did
not give the user a clear idea of what he/she could query the database for and the nature of results
that may be returned for a particular question. In order to give the user more clear options and in
order to generate amore user-friendly view, acompletely “flattened” out view of the questionswas
created in which all the questions along with their parameters were displayed on the front page,
and it was possible for the user to retrieve the results with just one click. Though good from the
usability point of view, creating this view was a highly tedious and time consuming process with
substantial modificationsto the Controller and the Model. Further, the View was tightly coupled to
theModel inthat it did not give the site designer enough flexibility to design amore* custom” view.
The order and grouping of the questions for example could not be changed and they could not be

re-grouped or re-ordered differently from the way they were listed and grouped in the Model. Also,

57



58

the default view generated a completely “ structured” view and the improved view was completely
“flat”. However, it is possible that the site designer would want some of the questions to be listed
as “flat” and some as “structured”, have a different ordering and grouping of questions from the
Model, have different types of parameter displaysfor the questions, etc. Thusit became necessary
to have a method of custom view generation that would give more flexibility to the site designer
and have the View as |oosely tied to the Model and the Controller as possible.

The method of having a custom specifications file to generate a custom view, as designed and
implemented in this work, was used to design a custom view for the CryptoDB site (release 3.1).
The method allows “on-the-fly” generation of custom views by making changes in the specifi-
cations file. This was very useful in evaluating and comparing the usability of the different pos-
sible viewsfor the website. Questions were re-grouped and re-ordered in different question setsin
the various configurations, along with “flat” or “structured” specifications for them and different
parameter display types. Re-ordering and re-grouping of questionscan be donein the specifications
file by simply cutting and pasting the questionsin the desired order, and can thus be specified and
displayed differently from the order and group specified in the Model. The view is also not tied to
being fully “structured” or fully flattened as in the earlier two versions and gives the site designer
the flexibility to specify “flat” and “structured” for individual question sets and questions. This
was particularly useful to avoid “visual clutter” on the CryptoDB site, since some questions have
single input parameters and some have multiple parameters, requiring multiple choices. Having
a “flattened” out view for al the questions would give the site a very “busy” look and would be
confusing to the user. Hence it was desired to have a “structured” view for all questions requiring
more than one input parameter and a “flattened” view for questions requiring a single input text
parameter. This allowed a clean view and still did not hide any information in pull-down menus,
etc. “Structured” questions were still displayed on the front page, but required the user to go to
a secondary page to input the parameters. Questions with a “flattened” view alowed the user to

retrieve the answer in one-click.
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5.1 FUTURE WORK

With the current implementation, users have to make their custom specificationsin an XML -based
specifications file. In the future, it may be a good idea to have a more “ user-friendly” version and
have a graphical user interface which would include a “drag and drop” feature to allow users to
simply drag and drop the question sets and questions on a page along with their custom selections.
For example, a question could be specified as “structured” by simply dragging and dropping it on
the page without listing its parameters. If it is desired to be “flat”, then the parameters could also
be listed along with custom selections for their display widgets.

Secondly, a number of “if-else” constructs have been included in the JSP file in order to facili-
tate a custom view generation. This makes the code somewhat complex and a* custom” tag library

could be created to reduce this complexity.
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APPENDIX A

VALIDATION (VIEW-SPECIFICATIONS.RNG) AND CUSTOM VIEW SPECIFICATION

(VI EW-SPECIFICATIONS. XM L) FILES

A.1 VIEW-SPECIFICATIONS.RNG

<?xm version="1.0" ?>
<grammar xm ns="http://relaxng.org/ns/structure/1.0">

<start>
<el enment name="Specifications">

<zer oOr Mor e>

<el enent nane="Defaul ts">
<el enent name="Questi onType">
<text/>
</ el enent >
<el enment nane="Fl at VocabFor mat " >
<text/>
</ el enent >
<el enent nane=" NonFl| at VocabFor mat " >
<t ext/>
</ el enent >
<el enment name="ParanmAl i gn">
<text/>
</ el enent >

</ el enent >

</ zer oOr More>

<oneOr Mor e>
<el ement nane="Page" >
<attribute name="nane">
<text/>
</attribute>

<zer oOr Mor e>



<el enment name="PageDefaul ts">
<el enment nane="Questi onType" >
<t ext/>
</ el enent >
<el enment nane="Fl at VocabFor mat " >
<text/>
</ el enent >
<el enent nane="NonFl at VocabFor mat " >
<t ext/>
</ el enent >
<el emrent nane="ParamAl i gn">
<t ext/>
</ el enent >
</ el enent >
</ zer oOr Mor e>

<zer oOr Mor e>
<el enent nane="Questi onSet Nane" >
<attribute name="nane">
<text/>
</attribute>
<attribute name="type">
<text/>
</attribute>
<attribute nane="pronpt">
<text/>
</attribute>
<attribute name="fontSize">
<text/>
</attribute>
<attribute name="font Face">
<text/>
</attribute>
<attribute nanme="newG oup">
<text/>
</attribute>
<oneOr Mor e>
<el enent nane=" Questi onFul | Nane" >
<attribute nanme="nanme">
<text/>
</attribute>
<attribute name="hi ddenNane" >
<text/>
</attribute>
<attribute nanme="fontSi ze">
<t ext/>
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</attribute>

<attri bute nane="font Face">
<text/>

</attribute>
<zer oO Mor e>
<el enent nane="Type">
<text/>
</ el enent >
</ zer oOr Mor e>
<oneOr Mor e>

<el enent nane="Par aneter" >
<attri bute nane="name">

<text/>

</attribute>

<zeroOr More>

<el ement nane="Fl at VocabFor mat " >

<text/>

</ el enent >
</ zer oOr Mor e>
<zer oO Mor e>

66

<el ement nane="NonFl at VocabFor mat " >

<text/>
</ el enent >
</ zer oOr Nor e>

<zeroOr More>

<el enment name="Align">

<text/>
</ el enent >
</ zer oOr Nor e>

</ el ement >
</ oneOr Mor e>

</ el enent >
</ oneOr Mor e>

</ el enent >
</ zeroOr Mor e>

</ el enent >
</ oneOr Mor e>

</ el enent >
</start>
</ gr ammar >

A.2 VIEW-SPECIFICATIONS.XML



<?xm version="1.0" encodi ng="1S0O 8859-1"7>
<Speci fications>

<l-- To specify values other than the defaults,
speci fy your choice by including the tenplate
for each question as below -->

<!-- Exanple tenplate -->

<Def aul t s>

<Questi onType>Fl at </ Questi onType>

<Fl at VocabFor mat >scr ol | pane</ Fl at VocabFor nat >
<NonFI at VocabFor mat >t ext </ NonFl at VocabFor nat >
<Par amAl i gn>ri ght </ Par amAl i gn>

</ Def aul t s>

<Page nanme="First">
<PageDef aul t s>

<Questi onType>Fl at </ Questi onType>

<Fl at VocabFor mat >pul | down</ Fl at VocabFor mat >
<NonFI at VocabFor mat >t ext </ NonFl at VocabFor nat >
<Par amAl i gn>ri ght </ Par amAl i gn>

</ PageDef aul t s>

<Questi onSet Narme nane="GeneQuestions" type="Flat"
pronpt =" Gene Questions" fontSi ze="-1"
font Face="Ari al , Hel vetica" new& oup="true">

<Questi onFul | Nare nanme="By CGene |D"
hi ddenNane="GeneQuesti ons. GeneByLocusTag"
fontSi ze="-1" font Face="Ari al, Hel vetica">
<Par anmet er nane="| ocus_tag"/>
</ Quest i onFul | Nanme>

<Questi onFul | Name name="Contig I D"
hi ddenNane=" GeneQuesti ons. GeneByConti g"
font Si ze="-1" font Face="Ari al, Hel vetica">
<Type>Fl at </ Type>
<Par anmet er nane="contig">
<NonFI at VocabFor mat >t ext </ NonFl at VocabFor mat >
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<Align>right</Aign>
</ Par anet er >
</ Quest i onFul | Nane>

<Questi onFul | Name name="By Annot at ed Keyword"

hi ddenNane=" GeneQuest i ons. GeneByAnnot at edKeywor d"
font Si ze="-1" font Face="Arial, Hel vetica">
<Type>Struct ur ed</ Type>

<Par anmet er name="organi sni'/ >

<Par anmet er nane="keyword"/>
</ Quest i onFul | Nane>

<Questi onFul | Name name="Encodi ng TM Donai ns"
hi ddenNane=" GeneQuest i ons. GenesBy TMCount "

fontSi ze="-1" font Face="Ari al, Hel vetica">
<Type>Struct ur ed</ Type>

<Par anmet er name="organi sni'/ >

<Par ameter name="numtmgte"/>

</ Questi onFul | Nane>

<Questi onFul | Name name="Encodi ng A Si gnal Peptide"
hi ddenNane=" GeneQuesti ons. Protei nsWthSi gnal P"
font Si ze="-1" fontFace="Arial, Hel vetica">

<Type>Struct ur ed</ Type>

<Par anet er nane="or gani sni' >
<Fl at VocabFor mat >pul | down</ Fl at VocabFor mat >
<Al i gn>right</Align>

</ Par anet er >

</ Quest i onFul | Nane>

<Questi onFul | Name name="Wth EST Cl uster Overl ap"
hi ddenNane=" GeneQuesti ons. GenesByESTCl ust er Over| ap"
font Si ze="-1" fontFace="Arial, Hel veti ca">
<Type>Struct ur ed</ Type>
<Par armet er nane="or gani sni' >
<FI at VocabFor mat >pul | down</ Fl at VocabFor mat >
<Al i gn>right</Align>
</ Par anet er >
<Par anmet er name="bp_overlap gte">
<NonFI at VocabFor mat >t ext </ NonFl at VocabFor nat >
<Ali gn>right</Align>
</ Par anet er >
</ Quest i onFul | Nane>
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<Questi onFul | Nane name="By RNA Type"

hi ddenNane=" CGeneQuesti ons. GeneByType"
font Si ze="-1" fontFace="Arial, Hel veti ca">
<Type>Struct ur ed</ Type>

<Par anet er nane="or gani sni' >
<FI at VocabFor mat >r adi o</ Fl at VocabFor nat >
<Align>right</Align>

</ Par anet er >

<Par anet er nane="r nat ype">

<Fl at VocabFor mat >nul ti box</ Fl at VocabFor mat >

<Align>right</Aign>

</ Par anet er >

</ Quest i onFul | Nane>

<Questi onFul | Narme name="By Exon Count"
hi ddenNane=" GeneQuest i ons. GenesByExonCount "
fontSi ze="-1" font Face="Ari al, Hel vetica">
<Type>Struct ured</ Type>
<Par amet er name="organi sni >
<Fl at VocabFor mat >pul | down</ FI at VocabFor nat >
<Align>right</Align>
</ Par anet er >
<Par amet er nanme="num exons_gte">
<NonFI at VocabFor nat >t ext </ NonFl at VocabFor mat >
<Align>right</Aign>
</ Par anet er >
</ Questi onFul | Nane>

<Quest i onFul | Name name="By Protein MV Range"
hi ddenNane=" GeneQuesti ons. Prot ei nsByMdl W "
fontSi ze="-1" font Face="Ari al, Hel vetica">
<Type>Struct ur ed</ Type>
<Par anmet er name="organi sni'/ >
<Par armet er nane="upper Mol W Bound"/ >
<Par anmet er nane="| ower Mbl W Bound"/ >

</ Questi onFul | Nane>

</ Quest i onSet Nane>
<Questi onSet Name nane="Est Questi ons" type="Fl at"
pronpt ="EST Questions" fontSize="-1"

font Face="Ari al , Hel veti ca" newG oup="true">

<Questi onFul | Name nane="By Li brary Nane"
hi ddenNane="Est Questi ons. Est sByLi brary"



fontSi ze="-1" font Face="Ari al, Hel vetica">
<Type>Struct ur ed</ Type>
<Par anmeter name="libraryld">
<Fl at VocabFor mat >mul t i box</ Fl at VocabFor mat >
</ Par anet er >

</ Questi onFul | Nane>

<Questi onFul | Name nane="Over| appi ng a Gene"
hi ddenNane="Est Questi ons. Est sWt hGeneOverl ap"
fontSi ze="-1" font Face="Ari al, Hel vetica">
<Type>Struct ur ed</ Type>
<Par anmet er name="libraryld">
<Fl at VocabFor mat >nul ti box</ Fl at VocabFor mat >

</ Par anet er >

<Par anmet er nane="bp_overlap_gte"/>

<Par aneter nanme="inNotln"/>

</ Quest i onFul | Name>

</ Quest i onSet Nane>

<Questi onSet Name nanme="Conti gQuesti ons" type="Fl at"
pronpt =" Conti g Questions" fontSize="-1"
font Face="Ari al , Hel veti ca" newG oup="true">

<Quest i onFul | Name nanme="Show Conti g"
hi ddenNane="Cont i gQuesti ons. Conti gLookup"
font Si ze="-1" font Face="Ari al, Hel vetica">
<Type>Fl at </ Type>
<Par anmet er nane="contig">

<NonFI| at VocabFor mat >t ext </ NonFl| at VocabFor mat >

<Ali gn>right</Align>
</ Par anet er >
</ Quest i onFul | Nane>

</ Quest i onSet Nanme>

<Questi onSet Narme nane="Prot ei nQuestions" type="Fl at"
pronpt ="Protein Questions" fontSize="-1"
font Face="Ari al , Hel veti ca" new& oup="true">

<Questi onFul | Name name="By Protein | D"
hi ddenNane="Pr ot ei nQuest i ons. Pr ot ei nLookup”
fontSize="-1" font Face="Arial, Hel veti ca">
<Par anmet er name="protein_id"/>

</ Quest i onFul | Nane>
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</ Quest i onSet Nane>
</ Page>

<Page nanme="Second">
</ Page>

<Page nanme="Third">
</ Page>

</ Speci ficati ons>
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APPENDIX B

MoDEL CLASSES

Thefollowing isalisting of the Model classes that were created for handling custom specifications.

B.1 SPECIFICATIONSPARSER.JAVA

package org. gusdb. wdk. nodel . i npl enent ati on;

i nport org. apache. commons. di gester. *;
i mport org.xm . sax. SAXExcepti on;

i nport java.io.File;

i mport java.io. | OException;

i mport org.gusdb. wdk. nodel . Questi onSet Nane;
i nport org.gusdb. wdk. nodel . Questi onFul | Nane;
i mport org.gusdb. wdk. nodel . Par anet er ;

i nport org.gusdb. wdk. nodel . Page;

i mport org.gusdb. wdk. nodel . Def aul ts;

i nport org. gusdb. wdk. nodel . PageDef aul t s;

i mport java.lang. *;
i nport java.util.ArraylList;

i nport org.gusdb. wdk. nodel . WikModel Excepti on;
i nport java. net. URL;

i nport org.xnl.sax. ErrorHandl er;
i mport org.xm .sax. | nput Source;

i mport com t hai opensource. util.PropertyMap;

i mport comt hai opensource. util.Singl ePropertyNap;

i nport com t hai opensour ce. val i dat e. Val i dat ePr operty;
i mport com t hai opensource. val i dat e. Val i dati onDri ver;
i nport com t hai opensour ce. xm . sax. Error Handl er | npl ;
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[+ SpecificationsParser.java
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

*x [

[ **
* Parses the contents of specifications XML file.

*

«/

public class SpecificationsParser
{
private ArraylLi st pageli st;
private static SpecificationsParser specification;
private static final String DEFAULT _SCHEMA NAME = "specifications.rng";

public SpecificationsParser() {
pageLi st = new ArrayList();

}

public void addPage(Page page) {
pagelLi st . add( page) ;

}

public ArraylLi st getPageList() {

return pagelLi st;

}

| **
* Configures Digester rules and actions, parses the XM. file specified
* as the first argunent.

*

* [

public static void main(String[] args)

{
URL specXm URL=nul |, specSchemaURL=nul I
try {

Speci ficationsParser abp = parseSpecFil e(specXm URL, specSchemaURL);
System out. println(abp.toString());
} catch (Exception e) {Systemerr.println(e.getMssage());

}

}
public static SpecificationsParser parseSpecFil e(URL specXnm URL,

URL specSchenmaURL) throws | OException, SAXException, WikModel Exception {

/1 NOTE: we are validating before we substitute in the properties
/1l so that the validator will operate on a file instead of a stream
/1l this way the validator spits out line nunbers for errors



if (!validModel Fil e(specXm URL,

74

specSchemaURL) ) {

t hrow new WikModel Excepti on(" Spec validation failed");

}

SpecificationsParser abp = null;

/1l instantiate Digester and di sable XM validation
try {
Di gester digester = new Digester();

di gester.setValidating(false);

/] instanti
di gest er. addObj ect Creat e(" Speci fi cati ons",

at e SpecificationsParser class
Speci fi cationsParser. cl ass);

/1 instantiate Defaults cl ass

di gester.
di gester.
di gester.
di gester.
di gester.

di gester.

di gester.

di gester.

di gester.
di gester.
di gester.

di gester.

di gester.
di gester.
di gester.

di gester.

di gester.

addObj ect Creat e( " Speci fications/Defaults", Defaults.class);
addbj ect Creat e( " Speci fi cati ons/ Page", Page. cl ass);
addObj ect Creat e( " Speci fi cati ons/ Page/ PageDef aul t s",
PageDef aul ts. cl ass);
addObj ect Creat e( " Speci fi cati ons/ Page/ Questi onSet Nane",
Questi onSet Nane. cl ass) ;
addObj ect Creat e( " Speci fi cati ons/ Page/ Questi onSet Name/
QuestionFul | Nanme", QuestionFul | Nane. cl ass);
addbj ect Creat e( " Speci fi cati ons/ Page/ Quest i onSet Nane/
Questi onFul | Nane/ Par aneter", Paraneter.class);
addSet Next (" Speci fi cati ons/ Page/ Questi onSet Namne/
Questi onFul | Nane/ Par aneter",
"addPar aneter");
addSet Properties("Speci ficati ons/ Page/ Questi onSet Nane/
Questi onFul | Nane/ Par aneter™);

addCal | Met hod( " Speci fi cati ons/ Def aul t s/
QuestionType", "set Questi onType", 0);
addCal | Met hod( " Speci fi cati ons/ Def aul t s/
Fl at VocabFor mat ", "set Fl at VocabFormat ", 0) ;
addCal | Met hod( " Speci fi cati ons/ Def aul ts/
NonFl at VocabFormat ", "set NonFl at VocabFormat", 0);
addCal | Met hod( " Speci fi cati ons/ Def aul ts/
Par amAl i gn", "set ParamAl i gn", 0) ;

addCal | Met hod( " Speci fi cati ons/ Page/ PageDef aul t s/
QuestionType", "set Questi onType", 0);

addCal | Met hod( " Speci fi cati ons/ Page/ PageDef aul t s/ Fl at VocabFor mat ",
"set Fl at VocabFormat ", 0) ;

addCal | Met hod( " Speci fi cati ons/ Page/ PageDef aul t s/ NonFl at VocabFor nat ",
"set NonFl at VocabFor mat ", 0) ;

addCal | Met hod( " Speci fi cati ons/ Page/ PageDef aul t s/
Par amAl i gn", "set ParamAl i gn", 0) ;

addCal | Met hod( " Speci fi cati ons/ Page/ Questi onSet Nane/



di gester.

di gester.

di gester.
di gester.

di gester.

di gester.

di gester.

/1 set di
di gester.

di gester.
di gester.
di gester.
di gester.

di gester.

/1 now t hat

File input
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Quest i onFul | Nane/ Par anet er / Fl at VocabFor mat ",
"set Fl at VocabFor mat", 0) ;

addCal | Met hod( " Speci fi cati ons/ Page/ Questi onSet Nane/
Quest i onFul | Nane/ Par arret er / NonFl at VocabFor nat ",
"set NonFl at VocabFormat ", 0) ;

addCal | Met hod( " Speci fi cati ons/ Page/ Questi onSet Nane/
Quest i onFul | Nane/ Paraneter/ Al ign","setAlign", 0);

addSet Properties(" Speci ficati ons/ Page", "nanme", "nanme" );
addSet Properties(" Specificati ons/ Page/

Questi onSet Nane", "nanme", "nane" );
addSet Properties(" Specificati ons/ Page/

Questi onSet Nane", "type", "type" );

addSet Properties(" Specificati ons/ Page/
Questi onSet Nanme/ Questi onFul | Nane",
"name", "nanme" );
addSet Properti es(" Speci ficati ons/ Page/
Quest i onSet Nane/
Questi onFul | Nane", " hi ddenNane",
"hi ddenNane" );

fferent properties of Contact instance using specified nmethods
addCal | Met hod( " Speci fi cati ons/ Page/ Quest i onSet Nane/
Questi onFul | Nane/ Type", "set Type", 0);
addCal | Met hod( " Speci fi cati ons/ Page/ Questi onSet Nane/
Questi onFul | Nane/ Page", "set Page", 0);

addSet Next (" Speci fi cati ons/ Page",
addSet Next (" Speci fi cati ons/ Page/
PageDef aul t s", "addPageDefaul ts");
addSet Next (" Speci fi cati ons/ Page/
Questi onSet Nane", "addQuesti onSet Nane") ;
addSet Next (" Speci fi cati ons/ Page/ Questi onSet Name/
Questi onFul | Nane", "addQuesti onFul | Nane") ;

"addPage") ;

rul es and actions are configured, start the parsing process

= new File("/usr/local/tontat/webapps/
WDKToySi t el. 7/ VEEB- | NF/ wdk- nodel /

config/specifications.xn");

abp = (SpecificationsParser)digester. parse(input);
Systemout.printin("abp " + abp);

System out. println("Parse done in new SpecificationsParser");
Systemerr.print(abp.toString());

} catch(1 Oexception ioex) { Systemerr.println(ioex.getMssage());
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} cat ch( SAXException saex) {Systemerr.println(saex.get Message());
}
for (int i=0;i<abp.pageList.size();i++)
{
Page page = (Page) abp. pagelLi st.get(i);

PageDef aul t s pageDef aul t s= new PageDef aul t s();

i f (page. get PageDefaults().size() !'= 0)
pageDef aul t s=( PageDef aul t s) page. get PageDef aul t s(). get (0);

for (int j=0;j<page.getQuestionSetList().size();]++)
{
Questi onSet Nane gSet Narme = (
Quest i onSet Nane) page. get QuestionSet List().get(j);
for (int k=0; k<gSet Nane. get QuestionLi st().size(); k++)
{
Questi onFul | Name gName = (
Quest i onFul | Nanme) gSet Nane. get Questi onLi st (). get(k);

System out. println(page. getNane() + " Page Default "+ pageDefaults);

i f (gNane. get Type() == "" && pageDefaults != null)
gNane. set Type( pageDef aul t s. get Questi onType());
i f (gNane. get Type() == "")

gNane. set Type( Def aul ts. get Questi onType());

for (int meO; megNane. get Par anet ers() . si ze(); mt+)

{

Par anet er pNanme = (Paraneter)gNane. get Paraneters().get(m;

i f (pNane. get Fl at VocabFormat () == "" && pageDefaults !'= null) {

pNane. set Fl at VocabFor mat ( pageDef aul t s. get Fl at VocabFornat () ) ;
}

i f (pName. get Fl at VocabFormat () == "") {
pNanme. set Fl at VocabFor mat ( Def aul t s. get Fl at VocabFormat () ) ;
}

i f (pNane. get NonFl at VocabFornmat () == "" && pageDefaults !'= null)
pNare. set NonFl at VocabFor nat ( pageDef aul t s. get NonFl at VocabFormat () ) ;

i f (pNane. get NonFl at VocabFor mat () == "")

pNare. set NonFl at VocabFor nat ( Def aul t s. get NonFl at VocabFornat () ) ;

if (pNane.getAlign() == "" && pageDefaults !'= null)
pNare. set Al i gn( pageDef aul ts. get ParamAl i gn());

if (pNane.getAlign() == "")

pNare. set Al i gn(Def aul ts. get ParamAl i gn());

}



77

}
}
}
return abp;
}
private static bool ean val i dvbdel Fil e(URL specXm URL, URL specSchenaURL)
t hrows WikModel Excepti on {

Syst em set Property("org. apache. xerces. xni . parser. XM_Par ser Confi gurati on",
"org. apache. xerces. parsers. Xl ncl udePar ser Confi gurati on");

try {
Error Handl er errorHandl er = new ErrorHandl erl npl (Systemerr);

PropertyMap schemaProperti es = new Si ngl ePropertyMap(
Val i dat eProperty. ERROR_HANDLER, errorHandl er);
Val i dationDriver vd = new Val idationDriver(schenaProperti es,
PropertyMap. EMPTY, null);
vd. | oadSchema(Val i dati onDri ver.uri O Fil el nput Sour ce(
specSchemaURL. t oExt ernal Form()));

| nput Source is = ValidationDriver.uri OFilelnputSource(
specXm URL. t oExt er nal Forn());
/1 return vd. validate(new | nput Source(nodel XMLStream)) ;
return vd.validate(is);

} catch (SAXException e) {
t hrow new WlkModel Exception(e);
} catch (1 Oexception e) {
t hrow new WikModel Exception(e);

}

B.2 DEFAULTS.JAVA

package org. gusdb. wdk. nodel ;

/++ Defaults.java
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

*x [

public class Defaults {



nn

private static String questionType="";
private static String flatVocabFormat="";
private static String nonFl at VocabFor nat ="";
private static String paramAlign="";

public void setQuestionType(String newQuestionType) {
questionType = newQuesti onType;
}

public static String getQuestionType() {
return questionType;

}

public void setFl at VocabFormat (Stri ng newrl at VocabFor mat) {
fl at VocabFor mat = newrl at VocabFor mat ;

}

public static String getFl at VocabFormat () {
return flatVocabFormat;

}

public void set NonFl at VocabFor mat ( Stri ng newNonFl at VocabFor mat) {
nonFl at VocabFor mat = newNonFl at VocabFor mat ;

}

public static String get NonFl at VocabFor mat () {
return nonFl at VocabFor nat ;
}
public static String getParamAlign() {
return paranmilign;

}

public String setParamAlign(String newParamAlign) {
return paramAlign = newParamAlign;

}

public String toString() {
String newWine = System get Property( "line.separator"” );
StringBuffer buf = new StringBuffer(
"Question type: questionType="
questionType + "'" + newine
"Fl at VocabFormat =" " + fl at VocabFor mat
""" + new ine + "NonFl at VocabFor mat =" "
nonFl at VocabFormat + "'" + newl ine
"ParamAlign="" + paramAlign + "' ");

+ 4+ 4+ + 4+

return buf.toString();
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B.3 PAGEDEFAULTS.JAVA

package org. gusdb. wdk. nodel

| =+ PageDefaul ts.java
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

* % [

public class PageDefaults {

private String questionType="";
private String flatVocabFormat="";
private String nonFl at VocabFor mat ="";

nn

private String paramAlign=

public void setQuestionType(String newQuestionType) {
questionType = newQuesti onType;
}

public String getQuestionType() {
return questionType;

}

public void setFl at VocabFormat (Stri ng newrl at VocabFor mat) {
fl at VocabFor mat = newrl at VocabFor mat ;

}

public String getFl atVocabFormat () {
return flatVocabFormat;

}

public void set NonFl at VocabFor mat (St ri ng newNonFl at VocabFormat) {
nonFl at VocabFor mat = newNonFl at VocabFor nat ;

}

public String get NonFl at VocabFor mat () {
return nonFl at VocabFor nat ;

}
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public String getParamAlign() {
return paranmilign;

}
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public String setParamAlign(String newParamAlign) {

return paramAl i gn = newParamAl i gn;
}

public String toString() {
String newine = System get Property(

StringBuffer buf = new StringBuffer(’

+
+
+
+
+
+
+
+

return buf.toString();

B.4 PAGE.JAVA

package org. gusdb. wdk. nodel ;
i mport java.util.ArraylList;

/** Page. | ava
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

* % [

public class Page

{

private String nane;
private Arrayli st questionSetlList;
private ArrayLi st pageDefaultslList;

public Page() {

"Question type: questionType=

"l'ine.separator" );

gquestionType + "'" + newine

"Fl at VocabFor mat =" "

fl at VocabFormat + "' "

new i ne + "NonFl at VocabFor mat =" "
nonFl at VocabFor mat

"""+ newline

"ParamAl i gn=""

paramAlign + "' ");

guestionSet Li st = new ArrayList();
pageDef aul t sLi st = new ArrayList();
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}
public void set Nane(Stri ng newNane)
{
nane = newNane;
}
public String getNane()
{
return nane;
}
public void addQuesti onSet Narme( Questi onSet Nane questi onSet Nane)
{
questi onSet Li st. add(questi onSet Nan®e) ;
}
public ArraylLi st get QuestionSetList()
{
return questionSetList;
}
public voi d addPageDef aul t s( PageDef aul ts pageDef aul ts)
{
pageDef aul t sLi st . add( pageDef aul t s) ;
}
public ArraylLi st getPageDefaul ts()
{
return pageDefaul tsList;
}

public String toString() {
String newWine = System get Property( "line.separator"” );
StringBuffer buf = new StringBuffer("Page: name="" + name + "' ");

return buf.toString();

B.5 QUESTIONSETNAME.JAVA

package org. gusdb. wdk. nodel ;



i nport java.util.ArraylList;

/*+ QuestionSet Nane. j ava
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

*x [

public class QuestionSet Nane
{

private String nane;
private String type;
private String pronpt;
private String fontSize;
private String fontFace;
private String newG oup;
private ArraylLi st questionList;
private Page page;

public QuestionSet Nane() {
qguestionLi st = new ArrayList();

|}oubl ic void setName(String newNane)
{ nane = newNane;

|}oubl ic String getName()

{ return nane;

}

public void set Type(String newType)
{ type = newlype;

|}oubl ic String getType()

{ return type;

}

public void setPronpt(String newPronpt)
{ pronpt = newPronpt;

|}oubl ic String getPronpt()

{

return pronpt;
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}
public void setFontSize(String newFont Si ze)
{ fontSi ze = newFont Si ze;
Lublic String getFontSize()
{ return fontSize;
}
public void setFont Face(String newFont Face)
{ f ont Face = newFont Face;
Lublic String get Font Face()
{ return fontFace;
}
public void set New&G oup(String newG oupVal)
{ new& oup = newG oupVval ;
Lublic String get NewG oup()
{ return newa oup;
}

public void addQuesti onFul | Nane( Questi onFul | Nane questi onFul | Name)

{
quest i onFul | Nane. set Page( page) ;

questionLi st. add( questi onFul | Nane) ;

}
public ArraylLi st getQuestionList()
{
return questionLi st;
}

public String toString() {
String newWine = System get Property( "line.separator"” );
StringBuffer buf = new StringBuffer(

"Questi onSet Nane: nanme=""

+ nane + "’"

+ new i ne



+ "Type=""
+ type + "' ")

return buf.toString();

B.6 QUESTIONFULLNAME.JAVA

package org. gusdb. wdk. nodel ;

i nport java.util.ArraylList;

i mport org.gusdb. wdk. nodel . Def aul ts;

i nport org. gusdb. wdk. nodel . PageDef aul t s;
i mport org.gusdb. wdk. nodel . Par anet er ;

[ *x QuestionFul | Nane. j ava
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

*x [

public class QuestionFul | Nanme
{

private String nane;
private String hi ddenNarme;
private String fontFace;
private String fontSize;
private Defaults defaults;
private Paraneter paraneter;
private String type="";
private Page page;
private ArrayLi st paraneters;

public QuestionFul | Nane() {
paraneters = new ArraylList();
paranmeter = new Paraneter();

}
public void setName(String newNane)
{
name = newNane;
}

public String get Name()
{



return nane;

}

public void setH ddenName(String newH ddenNane)

{
hi ddenNane = newH ddenNane;

}

public String getH ddenName()

{ return hi ddenNane;

}

public void set Type(String newType)
{ type = newlype;

Lublic String getType()

{ return type;

}

public void setFontSize(String newFont Si ze)
{

fontSi ze = newFont Si ze;

}
public String getFontSize()
{
return fontSize;
}

public void setFont Face(String newFont Face)

{

f ont Face = newFont Face;

Lublic String get Font Face()

{ return fontFace;

}

public void set Page(Page newPage)
{ page = newPage;

}

publ i ¢ Page get Page()
{



return page;

}
public voi d addPar anet er ( Par anet er par anet er)
{ par anet er s. add( par aneter);
}
public ArrayLi st getParaneters()
{ return paraneters;
}

public String toString() {
String newine = System getProperty( "line.separator" );
StringBuffer buf = new StringBuffer(
"QuestionFul | Nanme: nane=
+ name + "' "
+ new i ne
+ " Type='"
+type + ")

T

return buf.toString();

B.7 PARAMETER.JAVA

package org. gusdb. wdk. nodel ;

i nport org.gusdb. wdk. nodel . Def aul t s;
i mport org.gusdb. wdk. nodel . PageDef aul t s;

[+ Parameter.java
* Created for Custom specifications
* @ut hor Nivedita Kal uskar

*x [
public class Paraneter {

private String nane;
private String format="";



private String flatVocabFormat="";
private String nonFl at VocabFor mat ="";

non

private String align="";
public Parameter() {

}

public void set Nane(String newNane) {
nane = newNane;

}

public String getNane() {
return nane;

}

public void setFormat (String newFornmat) {
format = newfor nat ;

}

public String getFormat () {
return fornat;

}

public void setFl at VocabFormat (Stri ng newrl at VocabFor mat) {
fl at VocabFor mat = newrl at VocabFor mat ;

}

public String getFl atVocabFormat () {
return flatVocabFormat;

}

public void set NonFl at VocabFor mat (Stri ng newNonFl at VocabFor mat) {
nonFl at VocabFor mat = newNonF| at VocabFor nat ;

}

public String get NonFl at VocabFormat () {
return nonFl at VocabFor nat ;

}

public void setAlign(String newAlign) {
align = newAlign;

}

public String getAlign() {
return align;

}
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public String toString() {
String newWine = System get Property( "line.separator"” );
StringBuffer buf = new StringBuffer(
"Parameter: name=""
+ nane + "’"
+ new i ne
+ "Format=""
+ format + "'"
+ new i ne
+ "Align=
+ align + "'");

T

return buf.toString();
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APPENDIX C

CONTROLLER CLASSES

Thefollowing isalisting of the Controller classes that were created for handling custom specifications.

C.1 NEXTPAGEACTION.JAVA

i nport

i mport
i nport
i mport
i nport
i mport

i mport
i nport

i nport
i nport
i mport
i nport
i mport
i nport

java. util.HashMap;

org.
org.
org.
org.
org.

j avax. servl et .
j avax. servl et.

org.
org.
org.
org.
org.
org.

apache
apache
apache
apache
apache

gusdb.
gusdb.
gusdb.
gusdb.
gusdb.
gusdb.

.struts.action. Acti on;
.Sstruts.action. Acti onForward;
.struts. action. Acti onMappi ng;
.struts.action. Acti onForm
.struts.action. ActionServlet;

wdk.
wdk.
wdk.
wdk.
wdk.
wdk.

http. H t pSer vl et Request ;
http. Ht pServl et Response;

controll er.CConstants;

nodel . j spwr ap. WikMbdel Bean;

nodel . j spw ap. EnunPar anBean;

nodel . j spwrap. Quest i onBean;

nodel . j spwr ap. Answer Bean;

nodel . j spwrap. Bool eanQuest i onLeaf Bean;

[ »+ Next PageAction.java
* Created to handl e nulti-page display for custom specifications

* @ut hor

*x [

Ni vedi t a Kal uskar

public class NextPageAction extends Action {
publ i c ActionForward execut e(Acti onMappi ng mappi ng,

ActionFormform

Ht t pSer vl et Request request,

Htt pSer vl et Response response)
t hrows Exception {
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ActionForward forward = null;
String submtAction = request. getParaneter(
CConst ant s. PQ NEXT PAGE KEY) ;
Systemout. println("submtAction : " +submtAction);

i f (submtAction. equal s(CConstants. PQ NEXT_PACGE) ) {
forward = mappi ng. fi ndForwar d( CConst ant s. PQ _NEXT PAGE MAPKEY) ;
}
el se if (submtAction. equal s(CConstants. PQ PAGE2)){
forward = nmappi ng. fi ndForwar d( CConst ant s. PQ PAGE2 MAPKEY) ;

}
forward = mappi ng. fi ndForwar d( CConst ant s. PQ PAGE3_MAPKEY) ;

}

return forward;

C.2 APPLICATIONINITLISTENER.JAVA

package org. gusdb. wdk. control |l er;

i nport org. gusdb. wdk. nodel . RDBVSPI at f orni ;

i mport org. gusdb. wdk. nodel . WikModel ;

i nport org. gusdb. wdk. nodel . Questi onFul | Nane;

i mport org.gusdb. wdk. nodel . i npl enent ati on. Speci fi cati onsParser;
i nport org.gusdb. wdk. nodel . j spwr ap. WkMbdel Bean;

i mport org.gusdb. wdk. nodel . WlkModel Excepti on;

i nport java.io. | OException;

i mport java.lang.reflect. Met hod;

i nport java. net. Mal f or nedURLExcepti on;
i mport java. net. URL;

i mport javax.servlet. Servl et Context;

i nport javax.servlet. Servl et Cont ext Event;

i mport javax.servlet. Servl et ContextListener;
i nport javax.servlet.jsp.jstl.core. Config;

i mport javax. sql . Dat aSour ce;

[ **
* Aclass that is initialised at the start of the web application.
* This makes sure gl obal resources
* are available to all the contexts that need them
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*
*/

/++ Modified to handl e custom speci fications
* @uthor N vedita Kal uskar

* % [
public class ApplicationlnitListener inplenments Servl et ContextListener {
private RDBMSPlI atform platform

public void context Destroyed(Servl et Context Event sce) {
try {
getPlatform().close();
} catch (WikModel Exception exp) {
t hrow new Runti meExcepti on(exp);

}
}

public void contextlnitialized(ServletContextEvent sce) {
Servl et Context application = sce.getServletContext( );

String configXm = application.getlnitParaneter(
CConst ant s. WDK_MODEL CONFI GXM__PARAM) ;
String nmodel Xm = application. getlnitParamneter(
CConst ant s. WOK_MODEL XM._ PARAM ;
String specXm = application.getlnitParaneter(
CConst ant s. WOK_SPECXM._PARAM) ;
String schema = application. getlnitParamneter(
CConst ant s. WOK_MODEL SCHEMA _PARAM) ;
String specSchena = application.getlnitParaneter(
CConst ant s. WDK_SPECSCHEMA PARAM ;
String props = application.getlnitParaneter(
CConst ant s. WDK_MODELPROPS_PARAM) ;
String parserC ass = application. getlnitParaneter(
CConst ant s. WDK_MODELPARSER _PARAM) ;
String specParserCl ass = application.getlnitParaneter(
CConst ant s. WDK_SPECPARSER _PARAM) ;
String customViewDir = application.getlnitParaneter(
CConst ant s. WDK_CUSTOWI EVWDI R_PARAM) ;

i ni t Menber Vars(configXm , nodel Xml, specXm , schenmm, specSchenmm,
props, parserC ass, specParserC ass, custonmviewDir, application);

/1 Config.set(application, Config.SQ._DATA SOURCE, dataSource);



92

public static bool ean resourceExi st s(
String path, ServletContext servletContext) {

try {
URL url = servl et Context.get Resource(path);
return url !=null;

}

catch (Ml f ormedURLExcepti on exp) {
Runti meException e = new Runti meExcepti on(exp);
t hrow e;

}

private static URL createURL(String param
String defaultlLoc, ServletContext application) {

if (param== null) {
param = def aul t Loc;

if (ret

}
URL ret = null;
try {
ret = application. get Resource(param;
==nul ') {
Runt i meException e = new Runti meExcepti on("M ssing resource.
Unable to create URL from " +paranj;
t hrow e;
}
}

catch (Ml f ormedURLExcepti on exp) {
Runti meException e = new Runti meExcepti on(exp);
t hrow e;

}

return ret;

protected RDBMSPlI atform getPlatform() {

}

return platform

protected void setPl atform RDBVSPl atfornml platform {

}

this.platform= platform

private void initMnberVars(String configXm, String nodel Xn,

String specXm, String schems,
String specSchens,
String props, String parserd ass,
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String specParserC ass, String custonViewDir,
Servl et Cont ext application) {

URL schemaURL = nul | ;

URL specSchemaURL = nul | ;

if (schema !'= null) {
schemaURL = createURL(schema, null, application);
} else {

t hrow new Runti neExcepti on(
"can not start application because schenma is absent");

}

[/ addi ng here for spec schenm

if (specSchema !'= null) {
specSchemaURL = creat eURL(specSchema, null, application);
} else {
t hrow new Runti meExcepti on(
"can not start application because spec schema is absent");

}
if (parserClass == null) {
par ser Cl ass = CConst ant s. DEFAULT_WDKMODEL PARSER;
}
if (specParserClass == null) {
specPar ser Cl ass = CConst ant s. DEFAULT _SPECMODEL PARSER;
}

if (customViewDir == null) {
custonmVi ewDi r = CConst ants. DEFAULT WDKCUSTOWI EVWDI R;
}

URL rnodel URL = creat eURL( nmodel Xm ,
CConst ant s. DEFAULT _WDKMODELXM., application);
URL configURL = createURL(configXm,
CConst ant s. DEFAULT WDKMODELCONFI GXM., appl i cati on);
URL propsURL = createURL(props, CConstants. DEFAULT_ WDKMODELPROPS,
application);
URL specURL = createURL(specXnm , CConstants. DEFAULT_ SPECMODELXM.,
application);

System out. println("nodel XM_: " + nodel URL) ;
System out. println("specXM.: " + specURL);

/'l read config info
try {

Ol ass parser = C ass. for Nane(parserd ass);
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Met hod build = parser. get Decl aredMet hod(" parseXm File", new Class[] {
URL. cl ass, URL.class, URL.class, URL.class});
Systemout.printin("Build :" + build);
WikModel wdkMbdel Raw = (WikModel ) buil d.invoke(null, new Object[] {
nodel URL, propsURL, schemaURL, configURL});

/1 Systemout. println("wdkModel Raw. " + wdkModel Raw) ;
WikModel Bean wdkModel = new WikMbdel Bean(wdkModel Raw) ;

set Pl at f or m wdkModel Raw. get RDBVBPI at f orm() ) ;
application.setAttribute(CConstants. WOK_MODEL_KEY, wdkModel ) ;
application.setAttribute(
CConst ant s. WDK_CUSTOWI EMDI R_KEY, custonVi ewDir);
} catch (Exception exp) {
exp. printStackTrace();
t hrow new Runti meException(exp);

}

/'l read spec info

try {

Ol ass parser2 = C ass. forNanme(specParser C ass);
Systemout.println("Parser: " + parser2);
Met hod buil d2 = parser 2. get Decl ar edMet hod(
"parseSpecFile", new Cass[] {URL.class, URL.class});

Systemout.printin("Build2 : " + build2);
Speci ficati onsParser specRaw = (SpecificationsParser)

bui I d2. i nvoke(null, new Cbject[]{specURL, specSchenaURL});
/ I WkModel Bean wdkMbdel = new WdkModel Bean( wdkMbdel Raw) ;

/] setPlatforn wdkMbdel Raw. get RDBMSPI at f orn() ) ;
application.setAttribute(CConstants. SPEC MODEL_KEY, specRaw);
[l application.setAttribute(
CConst ant s. WDK_CUSTOWI EVWDI R_KEY, custonViewDir);
} catch (Exception exp) {
exp. print StackTrace();
t hrow new Runti neExcepti on(exp);
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package org. gusdb. wdk. control |l er;

/++NModi fied to handl e custom specifications

* @ut hor N vedita Kal uskar

* % [

public class CConstants {
private CConstants() {

; Il no-op

}

/' key for objects in cache,

/I maybe jsp pages
public static final
public static final
/ / added here
public static final
/laddi ng fromori gi
public static final
public static final

public static final
public static final
public static final
public static final
public static final
public static final
public static final
public static final

public static final
public static final

[/public static fina

public static final
public static final

public static final

String WDK_RESULTFACTORY_KEY = "wdkResul t Factory";

used in Action/ActionFormcl asses and

String WDK_MODEL_KEY = "wdkModel "

String SPEC_MODEL_KEY = "specRaw'
nal WDK1.7 CConstants file.

Stri
Stri

Stri

Stri

Stri

Stri

Stri

Stri

Stri

Stri

Stri
Stri

ng
ng

ng

ng

ng

ng

ng

ng

ng

ng

ng
ng

WDK_CUSTOWI EVDI R_KEY = "wdkCust oneVi ewbi r";
WDK_CUSTOM _QUESTI ONSETS_FLAT_PAGE =
"cust omQuesti onSet sFl at . jsp";
WDK_CUSTOM _QUESTI ONSETS_PAGE =
"cust onuestionSets. jsp";
WDK_CUSTOM _QUESTI ON_PACE =
"cust omQuesti on. j sp"
WDK_CUSTOM_SUMVARY_PAGE =
"cust onBumary. j sp”
WDK_CUSTOM RECORD PAGE =
"cust onRecord. j sp"
WDK_CUSTOM HI STORY_PAGE =
"custonQueryHi story.jsp"

VWDK_QUESTI ON_KEY = "wdkQuesti on";

WDK_ QUESTI ON_PARAMS KEY =

"wdkQuesti onParans";
WDK_ANSVER _KEY = "wdkAnswer";
WDK_RECORD KEY = "wdkRecord"

NEXT_QUESTI ON_OPERAND =
"next Questi onCper and”;

String QUESTI ONSETFORM KEY = "questi onSet Fornf';

String QUESTI ONFORM KEY = "questi onFornf
String BOOLEAN_QUESTI ON_FORM KEY =

"bool eanQuesti onForni;

String BOOLEAN SEED QUESTI ON_KEY =

"bool eanSeedQuest i onNane";
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public static final String CURRENT _BOOLEAN ROOT_KEY =

"current Bool eanRoot ";
public static final String BOOLEAN OPERATI ONS PARAM NAME = "bool eanQps";
public static final String DOAMNLOAD RESULT_KEY = "downl oadResul t";

/1 key for finding action forward, fromstruts-config.xnl,
//used in Action cl asses
public static final String SHOWN QUESTI ON_MAPKEY = "show_question";
public static final String SHOW QUESTI ONSETS MAPKEY =
"show_questi onsets";
public static final String SHOWN QUESTI ONSETSFLAT_MAPKEY =
"show_questionsetsflat"”;
public static final String PROCESS QUESTI ONSETSFLAT_MAPKEY =
"process_questionsetsflat”;

public static final String SHOWN SUVMWARY_MAPKEY = "show_summary";
public static final String SHOW RECORD MAPKEY = "show record";
public static final String PQ SHOW SUMVARY _MAPKEY = "pq_show _sunmary";
public static final String PQ START BOOLEAN MAPKEY = "pg_start bool ean”;
public static final String PBQ GET_BOOLEAN_ANSWER NMAPKEY =

"pbg_get bool ean_answer";
public static final String PBQ GROW BOOLEAN MAPKEY = "pbqg_grow bool ean”;
public static final String GROVNBOOLEAN MAPKEY = "grow_bool ean”;

public static final String GET_BOOLEAN ANSWER MAPKEY =
"get _bool ean_answer";
public static final String CONFI G DOANLOAD MAPKEY = "confi g downl oad";
public static final String GET_DOANLOAD RESULT_MAPKEY =
"get _downl oad result";
/1 Added fromoriginal WDK1.7 CConstants file.
public static final String SHON QUERY_H STORY_ MAPKEY =
"show _query_history";
public static final String DOMLOAD H STORY_ANSWER MAPKEY =
"downl oad_hi story_answer";
public static final String DELETE_H STORY_ANSWER MAPKEY =
"del ete_history _answer"”;
public static final String PROCESS BOOLEAN_ EXPRESSI ON_MAPKEY =
"process_bool ean_expressi on";

/+* Adding here for nmulti page display */

public static final String PQ NEXT_PAGE MAPKEY = "pqg_next _page";
public static final String PQ PAGE2 MAPKEY = "pq_page2";
public static final String PQ PAGE3 _MAPKEY = "pqg_page3d";

public static final String PQ NEXT _PAGE KEY = "next Page";
public static final String PQ NEXT_PAGE = "Next Page";
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public static final String PQ PAGE2 "Page 2";
public static final String PQ PAGE3 = "Page 3";

/+* End additional stnts for nmulti page display */

//button click detectors, used in action, action forns, and jsp pages
/I mat ch question.jsp
public static final String PQ SUBM T_KEY = "questi onSubm t";
/I mat ch question.jsp
public static final String PQ SUBM T _GET_ANSWER = "Get Answer";
// match question.jsp
public static final String PQ SUBM T_EXPAND QUERY = "Expand Question";
[/ mat ch bool eanQuestion.jsp
public static final String PBQ SUBM T_KEY = "process_bool ean_questi on";
/I mat ch bool eanQuestion. | sp
public static final String PBQ SUBM T_CGET_BOOLEAN ANSWVER =
"Retrieve Answer";
/I mat ch VEB- | NF/ i ncl udes/ bool eanQuesti onNode. j sp
public static final String PBQ SUBM T_GROW BOOLEAN = " Expand”;
[/ match summary. | sp
public static final String PD CHOOSE KEY = "chooseFi el ds";
/1 mat ch downl oadConfi g.jsp

public static final String DOANLOAD | NCLUDE HEADER = "incl udeHeader";
public static final String YES = "yes"; //match downl oadConfig.jsp
public static final String ALL = "all"; //match downl oadConfig.jsp

/1 Addi ng from original WDK1.7 CConstants.
[/ match queryH story.jsp
public static final String USER ANSWER I D = "user_answer _id";

/lused in action, action forms, and jsp pages
[/ mat ch VEB- | NF/ i ncl udes/ bool eanQuesti onNode. j sp
public static final String NEXT_QUESTI ON OPERAND SUFFI X =
" _next Questi onCperand”;
[/ mat ch VEB- | NF/ i ncl udes/ bool eanQuesti onNode. j sp
public static final String NEXT_BOOLEAN_ OPERATI ON_SUFFI X =
" _next Bool eanQperati on";

/I name of webapp init params, fromweb.xn, used in
/1 ApplicationlnitListener.java
protected static final String WDK MODELCONFI GXM._PARAM =
"wdkModel Confi gXm _par ant;
protected static final String WK MODELXM. PARAM =
"wdkModel Xm _par ant';
/ / added here
protected static final String WOK SPECXM._ PARAM = "wdkSpecXn parant;
protected static final String WDK_MODELSCHEMA PARAM =
"wdkModel Schema_par ant';
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// added for spec schema
protected static final String WDK_SPECSCHEMA PARAM =
"wdkSpecSchena_par ani ;

protected static final String WK MODELPROPS PARAM =
"wdkModel Pr ops_parani';

protected static final String WOK LOGFI LE PARAM = "wdkLogFi | e_par ani;
protected static final String WDK_MODELPARSER PARAM =

"wdkModel Par ser par ant;
[/ added here
protected static final String WDK_SPECPARSER PARAM =

"wdkSpecPar ser _parant;

protected static final String WK _CUSTOWI EVDI R_PARAM =
"wdkCust onVi ewDi r _par ant';

[/ default value of webapp init paranms, fromweb.xm , used in
/1 ApplicationlnitLi stener.java
protected static final String DEFAULT_WDKMODELCONFI GXM. =
"/ VIEB- | NF/ wdk- confi g/ wdkModel Confi g. xm *;
protected static final String DEFAULT WDKMODELXM. =
"/ VEEB- | NF/ wdk- confi g/ wdkModel . xni " ;
protected static final String DEFAULT WDKMODELSCHEMA =
"/ V\EB- | NF/ wdk- conf i g/ wdkMbdel . rng";
protected static final String DEFAULT WDKMODELPROPS =
"/ VEB- | NF/ wdk- confi g/ wdkModel . pr ops”;
protected static final String DEFAULT WDKMODELPARSER =
"org. gusdb. wdk. nodel . i mpl enent at i on. Model Xm Par ser”;
/ I added here
protected static final String DEFAULT_SPECMODELXM. =
"/ V\EEB- | NF/ wdk- confi g/ speci fi cations. xm";
protected static final String DEFAULT SPECMODELPARSER =
"org. gusdb. nodel . i npl emrent ati on. Speci ficati onsParser";
protected static final String DEFAULT WDKCUSTOWI EVDI R = "/ cust omPages/ " ;



APPENDIX D

VIEW

D.1 INDEX.JSP

<v@taglib prefix="site" tagdir="/WEB-INF/tags/site" %

<v@taglib prefix="wdk" tagdir="/WEB-|NF/tags/wlk" %

<v@taglib prefix="c" uri="http://java.sun.comjsp/jstl/core" %

<v@taglib prefix="fn" uri="http://java.sun.confjsp/jstl/functions" %

<v@taglib prefix="nested" uri="http://jakarta.apache. org/
struts/tags-nested" %

<v@taglib prefix="htm" uri="http://jakarta.apache. org/
struts/tags-htm" %

<l-- get wdkModel saved in application scope -->

<c:set var="wdkModel " val ue="${applicati onScope. wdkModel }"/ >
<c:set var="parser" val ue="${applicati onScope. specRaw}"/>
<c:set var="pagelList" val ue="${parser. pagelList}" />

<l-- top banner and introduction -->
<l-- get wdkModel nane to display as page header -->

<c:set val ue="${wdkModel . di spl ayNane}" var="wdkModel Di spNane"/ >
<si t e: header banner ="${wdkModdel Di spNane}" />

<l-- end top banner and introdction -->
<l-- horizontal tool bar-->
<tabl e wi dt h="640" align="center">
<tr>
<t d>

<j sp:include page="WVEB-I| NF/ i ncl udes/ announcenents. htm "/ >
</td>
</[tr>
<tr>
<t d>
<j sp:include page="WVEB-I| NF/incl udes/tool bar. htm "/ >
</td>

99
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</[tr>
</t abl e>
<l --end horizontal tool bar-->

<l-- main table -->
<tabl e wi dt h="640" align="center" border="1" cel |l paddi ng="0"
cel | spaci ng="0">
<tr>
<l-- side bar-->
<td wi dt h="25% valignh="top">
<j sp:include page="WEB-| NF/i ncl udes/ si debar. ht m "/ ><br >
<center><ing src="inmages/ Cruri sSEML _col or _tiny.gif"/></center>
</td>
<!-- end side bar -->
<! --space between sidebar and mai n body-->
<td wi dt h="19% >&nbsp; </t d>
<l-- end space -->
<l-- Start of the nain body -->
<td wi dt h="74% valign="top">

<!--THE SI MPLE SEARCH TABLE- - >

<tabl e wi dt h="100% border="1" cellspaci ng="0" cel | paddi ng="0">
<c:set val ue="${wdkModel . questionSets}" var="questionSets"/>
<c:set var="i" value="0"/>

<l--loop 1: loop through all pages -->

<c:forEach itens="${pageList}" var="page">

<c:if test="${page.nane == "First’'}">
<tr class="primry2">
<!-- loop through all the question sets on page 1 fromspecification file -->
<c:forEach itenms="${page. questionSet List}" var="questionSet">
<c:if test="${questionSet.type == "Flat’'}">

<td col span="100% ><f ont size="${questionSet.fontSize}" face=
"${questi onSet. font Face}" ><b><j sp: get Property name="questi onSet"
property="pronpt"/></b></font >
</td>
</tr>
<j sp: useBean scope="request" id="hel ps" class="java.util.HashMap"/>
<l-- | oop through each question set fromspecification file -->
<c:forEach itenms="${questi onSet.questionList}" var="question">
<l-- Loop through all the questions in the Mddel for each question
fromthe specifications file to allow regrouping -->
<c:set val ue="3${wdkMdel . questi onSets}" var="qSets"/>
<c:forEach itens="${qSets}" var="qSet 2" >
<c:forEach items="3${qSet 2. questi ons}" var="q">
<c:if test="${question.name == g.di spl ayName}" >
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<c:set val ue="${gSet 2. nane}" var="qSet Nane"/ >
<!'--SET UP HELP FOR EACH QUESTICN - ->
<j sp: useBean i d="hel pQ' class="java.util.HashwMap" />
<c:set val ue="${qg.nane}" var="gNane"/>
<c:set value="${(g. di spl ayNane}" var="qgDi spNane"/ >
<l-- Added for alternate row color -->
<c: choose>
<c:when test="${i %2 == 0}"><tr class="rowLi ght"></c: when>
<c: ot herw se><tr class="rowMedi um' ></c: ot herw se>
</ c: choose>

<l-- If question type is flat, display all the paraneters -->

<c:if test="${question.type == "Flat’}">
<htm : f orm met hod="get" acti on="/processQuesti onSetsFl at. do">
<htm : hi dden property="questi onFul | Nane"
val ue="${ questi on. hi ddenNane}"/ >
<c:set val ue="0" var="nunParans"/>
<c:set value="fal se" var="needOrg"/>
<c:forEach itenms="%${q. parans}" var="qgP">
<c:set val ue="${nunParans+1}" var="nunParans"/ >

<c:if test="${qP.nane =="organism }">
<c:set value="true" var="needOg"/>
</c:if>

</ c: forEach>
<l --SET UP HELP FOR EACH QUESTION -->

<c:set value="Hel p for question: ${gD spNane}"
var="fromAnchor Q'/ >
<c:set var="anchor @" val ue="HELP_${fromAnchor@"/ >
<c:set target="${hel ps}" property="${fromAnchorQ}" val ue="${q}"/>
<td col span="100% align="left" now ap>
<a nane="${fromAnchor G " ></ a>
<font size="${question.fontSize}" face="3%${question.fontFace}">
<b>${ qDi spNane} </ b></font>
<a href="#${anchor Q}" >
<font size="-2">
(What’ s This?)
</font>
</ a>
</td>
</tr>
<c:set var="noSpace" val ue="fal se"/>
<c:set val ue="${qgSet Nane} _${ gNane}" var ="qSet NanmeNane"/>
<c:forEach itenms="%${q. parans}" var="qP">
<c:set val ue="${gP. nane}" var="pNani'/>
<c:set val ue="${gSet Nanme}_${gNane} _${pNanm}" var="pNanKey"/>
<c:forEach itenms="${question. paraneters}" var="para">
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<c:if test="${para.nane == qP. nane}">
<c:if test="${para.align == "right'}">
<c: choose>
<c:when test="%${i %2 == 0}">
<tr class="rowLi ght"></c:when>
<c:otherw se><tr cl ass="rowvedi unt ></c: ot herw se>
</ c:choose>
<td align="right">
<font size="-1">
<i ><j sp: get Property name="qgP" property="pronmpt"/></i>:

</font>
</fc:if><l-- end right alignnent for organism-->
<c:if test="9%{para.align == "left’}">

<c: choose>

<c:when test="${i %2 == 0}">

<tr class="rowLi ght"></c:when>

<c: ot herw se><tr class="rowMedi um' ></c: ot herw se>

</ c: choose>

<td align="left">

<font size="-1">

<i ><j sp: get Property nanme="qP" property="pronpt"/></i>:
</font>

</fc:if>

<c: choose>
<c:when test="${gP. cl ass. nane eq
"org. gusdb. wdk. nodel . j spw ap. FlI at VocabPar anBean’ }" >

<c:if test="${para.fl atVocabFormat == "radi o' }">
<font size="-1">
<c:forEach itenms="${qgP. vocab}" var="fl at Voc">
<html :radi o property="nyMil ti Prop(${pNanKey})"
val ue="${f 1l at Voc}" >
<i ><c:out value="${fl atVoc}"/></i>
</htm :radi o>
</c: forEach>
</font>

</fc:iif>

<c:if test="${para.flatVocabFormat == 'pul | down’ }" >
<font size="-1">
<htnl : sel ect property="nmyMil ti Prop(${pNanKey})">
<c:forEach itenms="${qgP. vocab}" var="fl at Voc">
<htm : option val ue="${fl at Voc}">${fl at Voc} </ htm : opti on>
</c: forEach>
</htm :sel ect >

</c:if>
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<c:if test="${para.fl atVocabFormat == ’scroll pane’}">
<html :sel ect property="nyMilti Prop(${gSet NameName} _${pNan})"
mul tiple="1">
<c:set var="opt" val ue="${opt+1}"/>
<c:set var="sel" value=""/>
<c:if test="%{opt == 1}"><c:set var="sel" val ue="sel ected"/>
<fc:if>
<htnl : opti ons property="val ues(${gSet NaneNane} _${pNan})"
| abel Property="1abel s(${qSet NaneNane} _${pNant})"/>
</htm : sel ect >
</c:if>

<c:if test="${para.fl atVocabFormat == '"mul ti box’ }">
<c:set val ue="${gP. nane}" var="pNani'/ >
<c:set var="nmp" val ue="0"/>
<c:if test="${qgP. nultiPick}">
<c:set var="nmp" value="1"/>
<fc:if>
<c:set var="opt" value="0"/>
<c:forEach itenms="${qgP. vocab}" var="fl at Voc">
<htm : nmul ti box property="nyMil ti Prop(${gSet NaneNane}_${pNant})">
<c:out value="${fl atVoc}" />
</htm :multibox>
<c:out value="${fl atVoc} "/>
</c: forEach>

</fc:if>
</ c: when>
<c: ot herw se>
<c:if test="${para.nonFl at VocabFormat == "text’'}">
<f ont >

<htm :text property="nyProp(${qSet NaneNane}_${gP. nane})"
val ue="${gP. defaul t}" size="14"/>

</font>
</fc:if>
</ c: ot herwi se>
</ c:choose>
</c.if><l-- end if test for para nanme = qP nane -->
</[tr>
</c:.forEach> <!-- end for question.paraneters -->

<c:if test="${nunParans==1}">
<ht m : hi dden property="questi onFul | Nare"
val ue="${ questi on. hi ddenNane}" />
<c:set var="noSpace" val ue="true"/>
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</fc:if>
</td>
</c:.forEach> <!-- end |l oop through all parans -->
<td col span="4" align="right">
nbsp;

<htm : hi dden property="questionSubm t" val ue="Get Answer"/>
<i nput name="go" val ue="go" type="inmge" src="inmages/go.gif"
bor der="0" onnouseover="return true;">

</td>

</tr>

</htm :forne
</c:if> «<l-- end if question type is flat -->

<c:if test="${question.type == "'Structured }">
<c: choose>
<c:when test="${i %2 == 0}"><tr class="rowLi ght"></c:when>
<c: ot herw se><tr cl ass="rowMvedi unt ></c: ot herw se>
</ c: choose>
<td><!-- list of questions in a questionSet -->
<l-- start question nane and show question row -->

<htm : form net hod="get" action="/showQuesti on. do">
<c:set val ue="${qgSet.nane}" var="qSet Nane"/ >
<c:set val ue="3${gSet.questions}" var="questions"/>
<font size="${question.fontSize}" face="${question. fontFace}"><b>
<j sp: getProperty name="q" property="di spl ayNanme"/></b></font >

<htm : hi dden property="questionFul | Name" val ue="${questi on. hi ddenNane}"/>
<td col span="6" align="right">
<ht m : hi dden property="questi onSubmit" val ue="Get Answer"/>
<i nput nane="go" val ue="go" type="inmage" src="inages/go.gif"
border="0" onnpuseover="return true;">
</td>
</htm :fornp
</td>
</tr> <!-- end question name and show question row -->
<fc:if>

</fc:if>
</ c: for Each>
</c:.forEach> <!-- end iterating thru questions fromspec first -->

<c:set var="i" value="${i+1}"/> <!-- for row color -->

</c:forEach> <! --end for each question in a question set-->
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<c:if test="${questionSet.newdoup == "true' }">
<tr class="primry2">

<fc:if>

<c:if test="${questionSet.newGoup == "false }">
<tr>

</fc:if>

</c:.if><l-- close if question set is flat -->

<c:if test="${questionSet.type == "Structured' }">

<td col span="100% ><font size="${questionSet.fontSize}"
face="3%${questi onSet . font Face}" ><b><j sp: get Property
name="questi onSet" property="pronpt"/></b></font></td>
</tr>

<c: choose>
<c:when test="${i %2 == 0}"><tr class="rowLi ght"></c:when>
<c: ot herw se><tr class="rowMedi unif ></c: ot herw se>

</ c: choose>

<td col span="2" align="right">

<htm : f orm met hod="get" acti on="/showQuesti on. do">
<htm : sel ect property="questionFul | Nanme" >
<!-- c:forEach items="${questions}" var="q" -->
<l-- changed the for loop to allow custom question sets -->
<c:forEach itenms="${questi onSet. questionList}" var="question">
<c:set val ue="${question.nane}" var="questionD spNanme"/>
<c:set val ue="${question. hi ddenNane}" var="questi onNanme"/ >
<font size="${question.fontSize}" face="3${question.fontFace}">
<html : opti on val ue="${questi onNane}" >${ questi onDi spNane}
</htm :option>
</font>
</c: forEach>
</htm :sel ect >

</td>

<td col span="3" align="right"><htmnl :hidden property="questi onSubmt"

val ue="Show Question"/>

<i nput nane="go" val ue="go" type="inmage" src="inages/go.gif"

border="0" onnpuseover="return true;">

</td>

</htnm:forne

</[tr></td>
<c:set var="i" value="${i+1}"/> <!-- for rowcolor -->
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<c:if test="${questionSet.newGoup == "true’'}">

<tr class="primry2">

</fc:if>

<c:if test="${questionSet.newGoup == "false }">

<tr>

</fc:if>

</c:.if><l-- close if question set is structured -->
</c:.forEach> <! -- end for each question set -->

</fc:if>

</c:forEach> <!-- end if and forEach for page fromspec file -->

</tabl e><!--END OF SI MPLE SEARCH TABLE - ->

<htm : form net hod="get" acti on="/next Page. do" >
<htm : subnmit property="nextPage" val ue="Page 2" />
</htm : fornp

</table> <!-- end of nain body table -->
<l--footer-->
<t abl e wi dt h="640" align="center" border="0">
<tr><td><hr></td></tr>
<tr>
<t d>
<j sp:include page="WVEB-| NF/includes/footer.htm"/>
</td>
</tr>
</t abl e>

<site:footer/>

D.2 QUESTION.JSP

<v@taglib prefix="site" tagdir="/WEB-INF/tags/site" %

<v@taglib prefix="wdk" tagdir="/WEB-|NF/tags/wlk" %

<v@taglib prefix="c" uri="http://java.sun.conljsp/jstl/core" %

<v@taglib prefix="htm" uri="http://jakarta.apache. org/
struts/tags-htn" %

<I-- get wdkQuestion; setup request Scope HashMap to collect help
info for footer -->
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<c:set val ue="${sessi onScope. wdkQuestion}" var="wdkQuesti on"/>
<c:set var="parser" val ue="${applicati onScope. specRaw}"/ >
<c:set var="pagelist" val ue="${parser.pagelList}" />

<j sp: useBean scope="request" id="hel ps" class="java. util.HashMap"/>

<c:forEach itens="${pageList}" var="page">
<c:if test="%{page.name == "First’'}">

<c:forEach itens="${page. questi onSet List}" var="questi onSet">
<c:forEach itenms="${questi onSet. questionList}" var="question">
<c:if test="${question. name == wdkQuesti on. di spl ayNane}" >

<l-- Logo with title and horizontal tool bar -->
<tabl e align="center’ w dth="640" border="0">
<tr><td align="right" w dth="20">
<ing src="images/oocyst_bg.gi f" border="0" height="60" alt="1o0go ></td>
<td align="center" valign="m ddl e"><b><font face="Arial, Hel vetica" size="+3">
${wdkQuest i on. di spl ayNane}</f ont ></ b></t d>
<td align="right’ w dth="20">
<img src="imges/Cnuri sSEML color _tiny.gif" alt="10g ></td></tr>
<tr><td col span="3"><j sp:incl ude page="WEB- I NF/incl udes/tool bar. htm "/ >
</ftd></tr>
<tr><td col span="3"><hr></td></tr>
</t abl e>

<l-- show all params of question, collect help info along the way -->

<c:set value="Help for question: ${wdkQuestion. displayNane}" var="fromAnchorQ'/>
<j sp: useBean i d="hel pQ' class="java.util.HashMap"/>

<I-- put an anchor here for |inking back fromhelp sections -->

<A nanme="${fromAnchor @ " ></ A>
<htm : form met hod="get" acti on="/processQuesti on. do">

<l-- show error nessages, if any -->
<wdk: errors/>

<c:set val ue="${wdkQuesti on. parans}" var="qParans"/ >

<c:forEach itens="${qParans}" var="qP">

<c:forEach items="${question. paraneters}" var="para">
<c:if test="${para.nane == gP. nane}">

<l-- an individual param (can not use full Name, w '.’', for napped props) -->
<c:set val ue="3${gP. nane}" var="pNani/>

<tabl e align="center’ w dth="640" border="0">
<tr><td align="left" width="200"></td><td align="left" w dth="370"></td>
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<td align="right" width="70"></td></tr>
<t r><t d><b><j sp: get Property nane="qP" property="pronpt"/></b></td>

<!-- choose between fl atVocabParam and straight text or nunber param -->
<c: choose>

<c:when test="3%${gP. cl ass. nane eq

" org. gusdb. wdk. nodel . j spwrap. Fl at VocabPar anBean’ } ">

<t d>
<c:set var="opt" value="0"/>
<c:if test="${para.fl at VocabFormat == ’'scroll pane’}">

<htm :select property="nyMiltiProp(${pNan})"” rultiple="1">
<c:set var="opt" val ue="${opt +1}"/>
<c:set var="sel" value=""/>
<c:if test="%{opt == 1}"><c:set var="sel" value="sel ected"/></c:if>
<htm : options property="val ues(${pNan})" | abel Property="1abel s(${pNan})"/>
</htm :sel ect >

</fc:if>

<c:if test="%{para.fl at VocabFormat == 'pul | down’ }" >
<htnl :sel ect property="nyMiltiProp(${pNant})">
<c:set var="opt" val ue="${opt +1}"/>
<c:set var="sel" value=""/>
<c:if test="%{opt == 1}"><c:set var="sel" value="sel ected"/></c:if>
<htm : options property="val ues(${pNan})" | abel Property="1abel s(${pNan})"/>
</htm :sel ect >

</fc:if>

<c:if test="%{para.fl atVocabFormat == '"nul ti box’}">
<c:set val ue="${gP. nane}" var="pNani'/>
<c:set var="np" val ue="0"/>
<c:if test="${qP.multiPick}">
<c:set var="nmp" value="1"/>

<fc:if>
<c:set var="opt" value="0"/>
<l-- begin select -->

<c:forEach itenms="${qgP. vocab}" var="fl at Voc">
<htm : mul ti box property="nyMiltiProp(${pNan})" >
<c:out value="${fl atVoc}" />
</htm :multibox>
<c:out value="${fl atVoc} "/>
</c: forEach>

</c:if><l-- close if to check multibox format -->

<c:if test="${para.flatVocabFormat == "radio’' }">
<c:forEach itenms="${qgP. vocab}" var="fl at Voc">
<htm :radi o property="nyMuil ti Prop(${pNan})" val ue="${fl at Voc}">
<i ><c:out val ue="${fl atVoc}"/></i>
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</ htm : radi o>
</ c: for Each>
</fc:if>«<l-- close if to check radio format -->

</td>
</ ¢c: when>
<c: ot herw se>
<t d>
<htnml :text property="nyProp(${pNan})"/>
</td>
</ c: ot herw se>
</ c: choose>

<t d>&nbsp; &bsp; &nbsp; &nbsp; </t d>
</fc:if>
</c:.forEach> <!-- closing tags for iteration thru spec file -->

</ c: forEach>
<c:set target="%${hel ps}" property="${fromAnchor@" val ue="${hel pG"/>

<td> </td>
<td>
<htm :submt property="questionSubmit" val ue="Get Answer"/>
</td>
</t abl e>
</htm :fornme

<fc:if>

</c:.forEach> <!-- closing tags for spec -->

</c:.forEach> <!-- added for iteration thru questionSetList -->
</fc:if>

</c:forEach> <!-- added for iteration thru pageList -->

<tabl e align="center" w dt h="640">

<tr><td><hr></td></tr>

<tr><td><jsp:include page="WEB-I NF/includes/footer. htm"/></td></tr>
</t abl e>

<site:footer/>

D.3 WEB.XML

<?xm version="1.0" ?>
<web- app version="2.4"
xm ns="http://java. sun.coni xm / ns/j 2ee"
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xm ns: xsi="http://ww.w3. org/ 2001/ XM_Schena- i nst ance”
xsi :schemalLocation="http://java. sun.con xm / ns/j 2ee
http://java. sun.com xm / ns/j 2ee/ web-app_2 4. xsd">

<di spl ay- nane>Sanpl e GUS WebApp</ di spl ay- nanme>
<descri pti on>

This is a sinple webapp to denonstrate the new GUS WebDevKit (VDK)
</ descri ption>

<cont ext - par an
<par am nane>wdkLogFi | e_par anx/ par am nane>
<par am val ue>/ ww/ wdkt oysi t e- st r ut sdev/ webapp/ VEEB- | NF/
| ogs/ webapp. | og</ par am val ue>
<param val ue>/usr/l ocal /tontat/5. 0. 24/ ogs/
wdkt oysi t e- st rut sdev. | og</ par anm val ue>
</ cont ext - par an®
>

<cont ext - par an»
<par am nane>wdkModel Confi gXm _par anx/ par am nane>
<par am val ue>/ V\EEB- | NF/ wdk- nodel / confi g/ cr ypt oMbdel - confi g. xn
</ par antval ue>
</ cont ext - par ane
<cont ext - par an»
<par am name>wdkModel Pr ops_par anx/ par am nane>
<par am val ue>/ V\EEB- | NF/ wdk- nodel / confi g/ cr ypt oMbdel . pr op</ par am val ue>
</ cont ext - par ane
<cont ext - par anp
<par am name>wdkSpecXm _par anx/ par am nanme>
<par am val ue>/ V\EB- | NF/ wdk- nodel / confi g/ speci fi cati ons. xnl </ param val ue>
</ cont ext - par anp
<cont ext - par an
<par am nane>wdkModel Xm _par anx/ par ant nane>
<par am val ue>/ V\EEB- | NF/ wdk- nodel / confi g/ cr ypt oModel . xm </ param val ue>
</ cont ext - par anp
<cont ext - par an
<par am nane>wdkModel Schenma_par ank/ par ant nane>
<par am val ue>/ VEEB- | NF/ wdk- nodel / 1'i b/ r ng/ wdkModel . r ng</ par am val ue>
</ cont ext - par anp
<cont ext - par anp
<par am nane>wdkSpecSchema_par anx/ par am name>
<par am val ue>/ V\EEB- | NF/ wdk- nodel / 1'i b/ rng/ speci fi cati ons. r ng</ par anm val ue>
</ cont ext - par anp
<cont ext - par an»
<par am name>wdkModel Par ser _par anx/ par am nanme>
<par am val ue>or g. gusdb. wdk. nodel . i npl enent ati on. Model Xm Par ser
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</ par ant val ue>
</ cont ext - par an®
<cont ext - par an»
<par am name>wdkSpecPar ser _par anx/ par am nane>
<par am val ue>or g. gusdb. wdk. nodel . i npl enent ati on. Speci fi cati onsPar ser
</ par am val ue>
</ cont ext - par anp
<cont ext - par anp
<par am nane>wdkCust onVi ewDi r _par anx/ par am nane>
<par am val ue>/ cust onPages/ </ param val ue>
</ cont ext - par an®
<li st ener>
<l i stener-class>org. gusdb. wdk. control | er. Appl i cati onlnitListener
</listener-class>
</listener>

<servl et>
<servl et - nane>wdkToySi t eSt r ut s</ servl et - nane>
<servl et-class>org. apache. struts. action. Acti onServl et </ servl et-cl ass>
<init-paranp
<par am nane>confi g</ par am name>
<par am val ue>/ \EEB- | NF/ st rut s- confi g. xm </ par am val ue>
</init-paranp
<l oad- on- st artup>1</1 oad-on-startup>
</servlet>
<servl et - mappi ng>
<servl et - nane>wdkToySi t eSt r ut s</ servl et - nane>
<url -pattern>x.do</url-pattern>
</ servl et - mappi ng>

<l-- The Welcone File List -->
<wel cone-file-list>
<wel cone-fil e>i ndex. jsp</wel come-fil e>
</wel conme-file-list>
<l-- Error Page Mappings -->

<error-page>
<exception-type>j ava. | ang. Runti neExcepti on</ excepti on-type>
<l ocation>/error.jsp</location>

</ error-page>

<error-page>
<exception-type>j ava. | ang. | CExcepti on</ exception-type>
<l ocation>/error.jsp</location>

</ error-page>

<error-page>
<exception-type>j avax. servl et. Servl et Excepti on</ excepti on-type>
<l ocation>/error.jsp</location>

</ error-page>
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<taglib>
<taglib-uri> VWEB-INF/tld-third-party/struts-htm .tld</taglib-uri>
<taglib-location> VWEB-INF/tld-third-party/struts-htm .tld
</taglib-location>

</taglib>

<taglib>
<taglib-uri> VWEB-INF/tld-third-party/pager-taglib.tld</taglib-uri>
<taglib-location> WEB-INF/tld-third-party/pager-taglib.tld
</taglib-1location>

</taglib>

<taglib>
<taglib-uri>/WEB-INF/struts-layout.tld</taglib-uri>
<taglib-location> WEB-1 NF/ struts-layout.tld</taglib-Iocation>
</taglib>

<taglib>
<taglib-uri>/ WEB-1NF/ struts-bean.tld</taglib-uri>
<taglib-location> VWEB-1NF/struts-bean.tld</taglib-Iocation>
</taglib>

<taglib>
<taglib-uri>/ VWEB-I1NF/struts-logic.tld</taglib-uri>
<taglib-location> VEB-1NF/struts-logic.tld</taglib-Iocation>
</taglib>
</ web- app>
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