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Abstract 

Electronics Art Inc. (EA) is one of the largest game companies in the world with 

offices all over the globe. A company the size of EA is dependent on many IT 

systems to maximize production and game development. In today’s competitive 

market, it is not uncommon that important supportive systems lack documentation 

due to short development times. These systems may be operative in the short run 

but may fail in a crisis situation when developers have no documentation of how 

the system works.   
 

An extremely important supportive system that EA use that lack documentation is 

the Worldwide Built Tracking System (WBTS). It was developed to protect EA’s 

intellectual property. The purpose of this thesis is to develop and provide an 

accurate documentation site for WBTS to assist both beginner and expert users at 

EA in order to improve the users’ productivity and insight of the system. 

 

The final result of this work provided the users a direct way to access 

WBTS system documentation. In this manner, minor questions are answered 

online. Precious time and resources are saved as basic questions no longer need to 

go through the EA support team. This enables the users to complete their work 

more quickly by finding the answers on the created documentation site. 
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1 Introduction 

1.1 Motivation 

There is a big need for efficiency in today’s corporate world to minimize 

development cost and to provide fast and reliable customer support. The 

Worldwide Built Tracking System (WBTS) is one of the most important systems 

within Electronic Arts Inc. (EA) and the development and production of games 

depends on the system. A system that crucial has to be well documented and easy 

accessible to meet high demands on reliability. 

1.2 Aim 

The objective of this thesis is to create a documentation site for WBTS. The 

documentation will assist users and developers when future enhancements need to 

be done on the system or the functionalities of the system needs to be learned. The 

aim is also to use the documentation system as a future model and reference for 

other systems in need of a similar documentation. 

1.3 Problem Description 

WBTS is one of the largest and most important internal systems at EA; it has been 

in working progress for many years by many different developers. No one has 

ever before looked through the system as whole and gathered information for the 

big picture as well as in detail on how the system works and how the users act. 

The big challenge in this work is how to collect all data and how to find the best 

way to present the gathered data. The result of this project will increase the 

productivity of developers and users of WBTS by easing and automating the 

learning of the system. 

1.4 Method 

The goal of this thesis has to be broken down into smaller pieces and completed 

step by step to finally build up the complete result of this documentation project. 

First a discussion will take place on what approach to take to meet the needs of 

the target groups and EA’s requirements. Second the technical aspects will be 

taken into consideration, what technologies will better suit the systems 

documentation as well as how the documentation content will be gathered and 

displayed. 
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1.5 Target Users 

The users of the finished documentation site will mainly be the developers of 

WBTS. Furthermore also the users of the system will be able to use the 

documentation to gain basic understanding of WBTS’s main functionalities and 

how to use the system. 

1.6 Report Outline 

This report is organized as follows. Section 2 will present basic background 

information about EA and WBTS. The following section will contain a pre-study 

to explain the system and what decision was made to meet EA’s requirements and 

how to aim the work. Section 3 will explain how the work was executed and 

completed. In the last sections the result and outcome of the work will be 

presented and future work will be discussed. 

1.7 EA Requirements 

EA’s requirements for this thesis work were the following: The documentation 

has to be available for all employees within EA with access to WBTS. It has to be 

presented in a clear and representative way and only accessible from their internal 

network. The documentation should have multiple levels of complexity and detail 

to meet both technical and non technical needs. The levels that were requested 

were: 

1. Use case diagrams 
(Main functionalities of the system) 

2. User navigational flow and business processes 
(How the users navigate and how the system reacts to input) 

3. Data and form mapping 
(How the form fields on a page map to the database etc) 

 

EA’s goal was to achieve at least the first two levels for a successful project but 

they were enthusiastic on finishing all three levels within the project’s time frame. 

1.8 Implementation Goals  

The implementation goal for this thesis is to meet all of the requirements set by 

EA and to provide them with a useful and intuitive documentation site. Below is a 

list over the main steps that have to be done to meet the goals. 

 

• Perform a technology study and decide on which technologies to use 

• Select and gather the suitable data for the documentation 

• Determine and implement the best media to present the gathered data 
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2 Background 

2.1 Electronic Arts 

Electronic Arts was founded in 1982 and has since then grown to be the world's 

leading independent developer and publisher of computer games. Currently, EA 

has game studios in nine countries with over 6500 people employed worldwide. 

They create some of the world’s most popular games like Need for Speed, NHL, 

FIFA, The Sims and many more. The games are developed for almost all 

platforms available on today's market including the most popular consoles Xbox, 

PlayStation 2 and Nintendo Game Cube. 

2.2 Worldwide Build Tracking System 

WBTS is an online information system with the primary function of tracking 

EA’s intellectual properties among all the worldwide studios and users within the 

company. The secondary purpose of WBTS is to act as a managing and 

communication tool between the production teams and lab technicians handling 

all of EA’s pre-released games. The system allows development teams to submit 

builds of games allowing developers or game testers to obtain copies of the latest 

game version. WBTS is used in all EA’s studios through out the world and 

therefore is being used by thousands of users and serves a massive amount of 

request per year. All mayor studios have a mastering lab in the building serving 

the users whenever they need a game burnt and the communication between the 

requesting user and the lab technician is made through WBTS. The system is a 

custom application developed within EA in response to the increasing 

requirements in becoming a global company. WBTS has functional elements 

comparable to many other commercial software products however the exact 

combination of functional modules is unique. WBTS has been developed over the 

last five years by the WorldWide Studio Information System (WWSIS) team as 

an ad-hoc project. As such, there has never been any comprehensive system 

specification or documentation created. This in turn has led to major inefficiencies 

in the development and implementation of the system and an inability to correct 

the improperly implemented functionality. 
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3 Pre-Study 

3.1 Technologies and Development Environments  

There are many different technologies used within a global company like EA. 

Studios in Asia are not used to work with the same tools as a studio in Europe. 

Many of the companies that EA has acquired during the years had their own 

unique systems and infrastructures. EA has in the last year worked hard to push 

for a more unified technology support to unite the studios and make sharing of 

information more easy. Below is an outline of the development environments and 

main techniques used during this thesis work. 

3.1.1 Java 

Java is an object oriented program language made by Sun Microsystems [2, 5]. It 

was developed during the 90’s and is today one of the most used languages 

among developers. This programming language will be used for the programming 

of the data and form mapping utility used to retrieve the data of the third level of 

documentation. 

3.1.2 JavaServer Pages 

WBTS is developed in JavaServer Pages (JSP), which is a web implementation of 

Java made by Sun Microsystems. One of the powers of JSP is that almost all 

classes and utilities created in Java also can be used as a web application without 

major code changes. 

3.1.3 C# 

C# (C sharp) is Microsoft’s equality to Sun’s Java [4]. It is a more modern and 

class based language then it ancestors C and C++. It is used in the development 

for the presentation of the two first levels of data when making a Web Part for 

SharePoint to view Microsoft Visio files. 

3.1.4 SharePoint  

SharePoint is the system that is used within EA for internal data sharing and 

communication and is created by Microsoft. SharePoint allows each team to 

create their own internal web sites to post and share their work within the 

company and their own game team group. The sites are organized in a hierarchal 

order from an EA world site, to the game studios and down to each game team’s 

sites. SharePoint is what is called an “out of the box” product. That means it is 

easy to install and need almost no configuration to get started. This also means 

that larger changes to the product’s infrastructure cannot be done. So to add 

additional scripting and functionalities to the sites something called “Web Parts” 
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is used. They are modules integrated with the pages of SharePoint and are placed 

by dragging and dropping them into the desired field at the page where the new 

functionality is wanted. In this thesis work SharePoint is used to present the two 

first levels of documentation data to view the Visio diagrams directly in the 

browser. This enables users (that do not have Microsoft Visio installed) to view 

the Visio diagrams. 

3.1.5 Microsoft Visio 

The Microsoft utility Visio is a part of Microsoft Office and is a popular program 

to use to illustrate dataflow, data systems, user interaction, business ideas etc. EA 

has been using this tool for a long time and most users are used to the structure of 

the documents produced. Visio drawings were used in this documentation for the 

first two levels of documentation. 

3.1.6 IntelliJ 

IntelliJ is a program made by JetBrains for Java development and is used by the 

developers of WBTS. This tool will be used when programming the data and form 

mapping utility and when examining the code in WBTS. 

3.1.7 Toad 

Toad is a utility for viewing and editing an MSSQL database. With it you can 

among many things see a view of the tables and fields set up in the database as 

well as the containing data. Toad was used for exporting the store procedures in 

WBTS’s database for mapping in the data and form mapping utility. Store 

procedures are database queries stored in the database; this is convenient when the 

same queries are called from multiple pages. Instead re-implementing the same 

queries in all pages a call to the store procedures is done instead [3]. 

3.1.8 Microsoft Visual Studio 

Microsoft Visual Studio is among many things used for C, C++, C# and .Net 

programming. Visual Studio was used when developing the Web Part for the 

SharePoint site. 

3.2 Limitations 

The documentation will be limited to the main system of WBTS. There are 

additional external web services that are used to either add or extract data from 

the system’s database; these will not be included in this work. The final result also 

has to fit in well with the current systems used today within EA and has to be 

done with the utilities available used within the company except from new in 

house development. 
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3.3 WBTS Users 

WBTS supports three kinds of users: lab technicians, game developers and game 

testers. Each of them has specific purposes and security access to the system.  

3.3.1 Lab Technicians 

Lab technicians work in the mastering lab and their main task is to attend the 

incoming requests for game copies and burn them on some media to hand out to 

users. They also handle the game submissions and makes sure that the files are 

present and WBTS’s data is correct.  

 

During a day of work, WBTS is the most important system for a lab technician 

and it is the system they use all through out the day. This type of user has full 

access to all WBTS functionalities and works as administrators of the system. 

3.3.2 Game Testers 

The game testers are the largest group of users in WBTS. A game tester access the 

system to request games for testing and quality assurance. The user has less 

access to the system then a lab technician; basically they only have permissions to 

request games. A screenshot of the menu system in WBTS in figure 1 below 

shows the differences in menu features a game tester versus a lab technician can 

access. Notice that a game tester cannot access any reports or administration 

pages. 

 

 
 

Figure 1 – Menu items for different users. Lab technician to the left and game developer and 

game tester to the right. 

3.3.3 Game Developers 

The game developers have the same security permissions and access to WBTS as 

the game testers. Their mainly task is to submit the games they develop to the 

system but they also request the games burned to disks for occasional testing. The 

game developers and the game testers work closely together and each time the 

development team submits a game version they will notify the testers so they can 

test the latest version. 
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3.4 Basic WBTS Features 

When looking on WBTS for the first time it does not seem like a very big system, 

but after using the system for a period of time the complexity of the system start 

showing. There is a big portion of logic build into the system that many users will 

never see or notice. 

 

When logging into the system, a welcome screen is displayed with the most 

important features for the type of user logged in. The information shown can be 

very different between the users, what is shown depends for example on what 

type of security permissions the user has and at which studio the user is present. 

Each studio can add special announcements on this screen to notify their users. 

 

The basic features of WBTS are:  

• Submitting games 

• Requesting games 

• Attending build request or submission 

• Checking-out or checking-in discs 

 

When an action, request or submission, is made an object called a “job” is created 

in WBTS. Each job is associated to the user creating the job and to the closest 

mastering lab from his or her location. Each fully compiled stage of a game that is 

submitted to the system is referred by as a “build”. Figure 2 shows a simplified 

overview of the workflow of WBTS and its main users. The typical example of 

workflow is described next. 

 
 

Figure 2 – Example of workflow for WBTS and the main users. 

 

 

Submitting builds is done by a game developer to make a game available for 

requesting outside the development team, example for the game testers. This is 

done several times during the creation of a game. When a build is submitted a 

submission job gets created in WBTS that the lab technicians will have to attend 

to approve the build and enter it as a successful submission in the system. 
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When the build is submitted the game testers get notified. They request the build, 

test out given parts of the game that they have tasked and report back to the 

developers what needs to be improved. The developers then do the changes and 

re-submit the build with improvements and changes for new testing. The 

requesting of a build spawns a job for the lab technicians just as when submitting 

a game build, but this job is called a “build request job”. 

 

A lab technicians’ main task in WBTS is to attend the jobs created for the 

mastering lab where he or she works. The jobs will be listed in a queue and the 

technician priorities what job to attend first. Their task when attending a job 

differs on the type of job they attend. There are many jobs types but the two main 

jobs are submitting and requesting builds. Attending a build submission requires a 

check and approval of an image, that it contains no viruses and that it is not 

corrupt. When the image file is approved it is uploaded to a given location and 

entered as a successful build submission in the system. Attending a build request 

involves the actual burning of a disk in a big CD/DVD burner machine called an 

“automator”. Either a game developer or a game tester that need one of the 

submitted game build for testing does the request. The automator burns the disc, 

puts a label on the top and serializes it automatically. When the burning is 

successful the lab technician marks the job as successful. 

 

When a lab technician is done burning the disc to a build request, an email is sent 

out to the requesting user for pickup. The requester goes to the mastering lab to 

check-out the disc. After testing the game and the user is done with the disk, he or 

she rings it back to the mastering lab for destruction and check-in. The purpose of 

this process is primary to keep track of who got what disc and for how long. It is 

important to keep track of intellectual property for a company in the gaming 

industry to prevent leaks of unfinished games and source code that could be an 

economical damage for the company. 

 

Many more functionalities than these four have been built into WBTS. There is 

for example multiple reporting section, many more job types, user management 

and a team management module to improve efficiency when requesting build to a 

whole group of people. There are also security features, for example, each user is 

associated to the particular project that he or she is working on and this will 

prevent users to be able to request build of games he or she should not be able to 

get. Each user also has different security levels on those projects that limit the 

actions that can be taken within the project. 

 

WBTS is used at every studio within EA and all games that are produced have to 

go through the system. The system consists of over 500 web pages and is serving 

6,500 users in nine countries, tracking over 500,000 discs. This large number of 

data passing through the system every day put big demand on the developers to 

keep the system running fast and to maintain stability and reliability. Below in 

figure 3 to 6 are some screenshots from the system. Some data have been 

removed from the images to protect EA’s intellectual property. 
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Figure 3 – WBTS login page. 
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Figure 4 – Attend job page. 
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Figure 5 – Job list. 
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Figure 6 – Check out media page. 
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4 Method 

This section presents how each step towards completing this documentation 

project will be approached and how the implementation will be done. First a 

general discussion about the work takes place followed by the methods that will 

be implemented for each level of documentation and last how to present the 

material to the target group. 

4.1 General Discussion 

The aim for this work will allow three level of documentation. The first level is 

the most general one and is suitable for all users. The second level is for the 

intermediate user that needs more in depth information about WBTS’s logic and 

how the system is used. The last and third level is only intended for experts and 

developers of the system. The idea is that every user starts at level 1 and moves 

up and down in the hierarchy of levels depending on whether he or she needs 

more general or detailed information. The next sections will explain the details of 

each level and what approach was taken to connect the three levels together to 

form a unified site of documentation. Figure 7 shows an overview on how the 

sections are arranged hierarchy. 

 

 
 
Figure 7 – Abstract overview of documentation levels. 

4.2 Documentation Level 1 

Level 1 has the purpose to show the novel users of WBTS what main features of 

the system the different users can use. This is similar to Use Cases [7, 8] made in 

Unified Modeling Language (UML) [1, 6] which is a commonly used approach. 

But per request from EA, a new annotation has to be created. 
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The information for this level will be gathered manually by examining the system 

and talking to the main users asking what features they use the most. The data will 

be grouped and displayed by the three main users of the system. Each feature will 

be linked to the second level of documentation by making the names of the 

features clickable. The visualization of the data is implemented in Microsoft 

Visio. 

4.3 Documentation Level 2 

The second level illustrates how to interact with WBTS (called “work flow”) and 

how the system reacts to the users input (called “activity diagrams”). The two 

types of data relates to each other but they are two different aspects of the 

documentation so the decision was made to split this level of documentation into 

two parallel levels as seen in figure 7 on the previous page. 

 

It was decided that both levels were visualized in Microsoft Visio just as level 1 

to keep continuity through the documentation. The data will be gathered by 

substantial use of the system and in depth studying of the logic and code of 

WBTS’s pages. The second level of documentation will not have any direct link 

connection to the third level. This is due to the enormous amount of data 

manually gathered that the linking would not be able to keep manageable and 

correct as the system change. 

4.3.1 Work Flow 

The work flow level illustrates how the users act and what they can do in the 

system. There is no standard used for designing this but the most similar way of 

doing what EA requested it is called “User Interface Flow Diagram” [9] and is a 

part of the UML standard. The layout and design of the work flow pages in this 

work will be similar to this standard but will have small enhancements to fulfill 

the documentation goals. Each page will be illustrated by a box and the navigation 

between the pages is illustrated by lines connecting the boxes. The enhancement 

EA requested was a more visual way to visualize what the user click when 

navigating between the pages so the type of object clicked will be added to the 

diagrams. 

4.3.2 Activity Diagrams 

Activity diagrams contain details of how WBTS reacts to user’s actions in the 

work flow. It will be designed using the UML standard called “Activity Diagram” 

[10, 11]. Each action or reaction by the system will be represented by a box and 

the boxes will have lines connecting them, so standing in one action from a user 

the reaction can be traced by following the line to the next box. If multiple 

outcomes are possible, they will be represented by a diamond with one line going 

into it and multiple lines coming out. 
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4.4 Documentation Level 3 

Level 3 is mainly intended for the developers of WBTS. This level contains 

detailed data about the JSP pages of the system. This information will not be 

displayed in diagram form or in images as the two previous levels; it will instead 

be presented in text form. This will be the most suitable alternative since this level 

will have a very large amount of data and the developers will not need a graphical 

map of the data to illustrate the system. They want to be able to read and access 

the data as easy and straight forward as possible. 

 

Manual gathering of the data for this level will not be an alternative considering 

the size of the system. Therefore an automatic tool for extracting and mapping the 

data will be developed. The utility have to go through all JSP pages, find the 

important information and match the data to fields and tables in the database. The 

large amount of extracted information have to be stored in a simple and easy 

accessible way, so the utility will have to save the information to static HTML 

pages, one for each JSP file. This will make it possible to view the data from all 

available platforms with the only requirements of a HTML browser. To keep the 

design consistent and simple to modify a HTML template will be created and 

used when saving the data.  

4.5 Presentation 

To make all three levels of documentation available and easy accessible for all 

employees within EA the work will be integrated into the SharePoint 

infrastructure EA currently have in place. WBTS has its own SharePoint site for 

bug reporting, news etc. so a new sub-site will be created to WBTS’s site. This 

will be an environment that the users often use which will reduce the time it 

otherwise would take for a user to learn how to use the documentation site. 

 

Many other advantages will be gained by putting the documentation on a 

SharePoint site. First and most important the possibility will be to integrate the 

first two levels of the documentation into the SharePoint by developing a new 

custom made Web Part that enables the user to view the Microsoft Visio 

documents directly in a web browser. Secondly the entire documentation will be 

accessible from one single web page that will easily be customizable and designed 

to fit the users need. Third and last, all of the content on the site will be indexed 

and added to a global search which makes all content searchable from the site’s 

local search engine as well as from any SharePoint site within EA. 
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5 Implementation 

This section will discuss the implementation of the documentation site and how 

each step in the process was made. It will start from the most abstract level of 

documentation followed by the higher detailed parts of the documentation. 

 

When creating this documentation it was important to group and mark the levels 

of documentation after a unique numbering scheme. This makes it easier when 

talking end referring to the different sections and minimizes the 

miscommunication between users and developers since the user can point the 

developer to a specific section using the numbering scheme instead of trying to 

explain the part of the system that needs to be improved. 

5.1 Main Features and Users 

The main features and users of WBTS make up the first and least detailed level of 

the documentation. The purpose of this level was to show a snapshot and 

overview of the system. Since WBTS is such a big and complex application this 

level of the documentation had to be divided into two sub-levels. This created a 

view that was easier to understand when viewing all the features on only one 

page. 

5.1.1 Design and User Interface 

First a good and intuitive grouping and visualization of the data had to be made. 

The two data types that needed to be presented were: main features and the users 

of the system. The three main user groups got one column each containing the 

main feature that the users can access in the system. Usually this type of design is 

made with Use Cases, but as mentioned earlier EA requested a new and improved 

design. See a comparison below in figure 8 between the regular Use Case UML 

standard and the new main feature design created in this work.  

 

 
 
Figure 8 – System’s main feature design. Standard UML on the left, custom made on the 

right. 
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UML has the system’s features in circles and users link to the circles by lines. In 

the new design all features for each user are listed within a box. This way of 

grouping means that there are duplications of the system features but that is not an 

issue since the users only need to look in their own column to find the features 

relevant to them. 

5.1.2 Data Gathering 

The data for this level was gathered by studying how the main users used WBTS 

and what features they could and could not use due to the security restrictions etc. 

The users that were included in this documentation and that match the main users 

listed earlier are the following: 

• Lab technicians 

(Burn and hand out the discs) 

• Development team lead 

(Head person for a group of people programming the games) 

• Quality assurance team lead 

(Head person for a group of people testing the games) 

 

The development team lead and the quality assurance team lead do both have the 

same security access level in WBTS but the decision to split them up into two 

different users is motivated by the fact that they have two completely different 

intentions when using the system and do not use the same features. For example 

the development team lead submit the game builds that his team creates while the 

quality assurance team lead request the game builds that were submitted.  

 

When gathering the data multiple user accounts were created in WBTS to test the 

different user’s features and possibilities in the system. The data gathered was 

later grouped together by high level features such as “managing builds”, 

“attending jobs” and “managing users” and the in detail features were listed at the 

sub-level. An example can be viewed in figure 9 of the “manage users” group for 

a mastering technician. Each feature links to the second and next level of 

documentation by the links “Work Flow” and “Business Processes”. 
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Figure 9 – Manage user group for mastering technicians. 

5.2 Work Flow and Activity Diagrams 

The work flow and activity diagrams builds up the second level of the 

documentation and is the one that will be the most used since it contains the 

information relevant to the majority of WBTS’s users. 

5.2.1 Work Flow Data Gathering 

This level is the one containing the most information of all three levels: it 

describes in detail how the system reacts to all user input and selection. The data 

could not be gathered by any automated tool since so much logic and special 

cases are built into WBTS. The gathering was made manually by substantial use 

and testing of the different features of the system. Completing each step of a 

feature consists of multiple clicks and steps in the system and each step or action 

was carefully logged and documented in Visio diagrams to form a visual view of 

the work flow. 

 

The data that was included in the work flow diagrams was the following: 

• Starting page 

• Titles of pages visited 

• URL of pages visited 

• Buttons clicked 

• Links clicked 

• Page functionalities 

5.2.2 Activity Diagram Data Gathering 

At the same time as the data for the work flow was documented the data for the 

activity diagrams was gathered. Each action taken by the user in the work flow 

spawned a reaction by the system that was added to the Visio drawings of the 

activity diagrams. 
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The data collected for the activity diagrams was the following: 

• User actions 

• System actions 

• Order of the actions 

5.2.3 Work Flow Design and User Interface 

No previous standard had been set for documenting the work flow in a system the 

way EA wanted to approach it (a few designs similar could be found but each all 

had small things that did not fit into this project’s model). Therefore the best 

pieces from each example were used with a few WBTS specific annotation. 

 

Each page was made as a rectangular box. The starting page box was colored in a 

gray shade and the regular boxes were colored white. The information of each 

page was typed inside the box together with a unique number following a 

numbering scheme. Figure 10 illustrates an example of the page box design. 

 

 
 
Figure 10 – Box representing one of WBTS’s pages. 

 

 

Each page was then connected to each other according to the results of actions 

made by a navigating user. The annotation displaying the navigation was chosen 

to be an arrow connecting the boxes. The special enhancements made on this level 

consisted of marking every arrow with either the button pressed or the link on top 

of the arrow, see figure 11 for examples. This made it more clearly for the users 

what type of item to click if a new feature is learned by following the 

documentation diagrams.  

 

 
 
Figure 11 – Connectivity between page boxes. A button to the left and a text link to the right. 

 

 

The result by connecting the pages in this way with basic information about each 

page created an easy understood overview where each step of the navigation flow 

could be viewed. 
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5.2.4 Activity Diagrams Design and User Interface Annotation 

The standard chosen for the annotation of the activity diagrams is a part of the 

UML standard. It has very clear and easy understandable graphics. 

 

The start of each activity or main feature was marked by a solid circle, and the 

end of the process was marked by a solid circle with a second circle around it. 

Each activity can only have one starting point but can have multiple end points, 

this is due to that depending on the user’s selections and the system’s logic the 

outcome of a process can be very different. Figure 12 displays an example of the 

start and end point. 

 

 
 
Figure 12 – End point and start point for the activity diagrams. 

 

 

The actions taken by either WBTS’s logic or by the user were marked by a 

rectangular box with rounded corners. The boxes were connected to each other by 

lines showing the sequence of activities. Diamond shapes between the boxes with 

one ingoing and multiple outgoing lines were used to illustrate that several 

reactions can follow one action. Sometimes when the outcomes from a diamond 

were not obvious, the rules for the decisions were written on the outgoing lines. 

Figure 13 shows examples of the layout. 

 

 
 
Figure 13 – Activity boxes with decision diamond. 
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5.3 Data Mapping Utility 

The data mapping was the third level of data gathered. It was mainly created for 

the developers and was meant to contain raw data of the system. The tool that was 

written to gather the data had to go through all of the JSP files that make up 

WBTS and return only the relevant data to the people using the documentation. 

Retrieving the data for all pages without missing any information was also very 

important. 

5.3.1 Data 

The data collected from each JSP page was the following: 

• Title of the page 

• URL of the page 

• Form tags  

• Changes of form action 

• Input tags 

• Select tags  

• Type of queries made to the database 

• Database tables and fields affected 

• Store procedures called 

• Parameters sent to the page 

• Unique numbering scheme following the folder structure 

 

The store procedures in the database was exported to a text file and imported into 

the utility for parsing. The information extracted from the store procedures were 

the following: 

• Input variables 

• Type of queries made to the database 

• Database tables and fields affected 

 

Many of these HTML elements have values associated with them, for example the 

form tag has an action and a name. These values were extracted and grouped 

together with the associated element. The data from queries and store procedures 

on the page were also collected and the input variables to the store procedures and 

the queries were retrieved and mapped to the HTML variables found. This was 

done to enable the user to see the connection between the variable used in the 

query done in the store procedures and the variables on the page. 

 

The data in WBTS was not consistently written; this drastically complicated the 

coding of a universal tool for data mapping. It increased the complexity on the 

data extraction since many special cases had added to extract all the wanted 

information. The utility would work when if used on other systems than the 

WBTS too, but not as well as when run on WBTS’s source code. 
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5.3.2 Classes 

The three classes that implement the data mapping utility are the following: 

• DataMapper 

Main class that runs the program 

• Page 

Class for storing each page’s data 

• Object 

Class for each data element extracted from a page 

 

The main class contains all the methods to do the data mapping and the two other 

classes are for easy handling of all the amount of data extracted. The important 

main class methods are the following: 

• main() 
Start method where all initialization is done and the other methods are 

called. 

• mapStoreProc() 
Mapping of data found on JSP pages to store procedure variables. 

Inputs are two ArrayList with extracted page and store procedure data. 

Returns the updated page data ArrayList 

• toHtml() 

Export the extracted JSP data to HTML pages. 

Inputs are ArrayList with extracted page data, list of filenames and path 

where to store the HTML pages. It returns nothing. 

• insertDataInHtml () 

Replaces HTML template tag with extracted data. 

Inputs are three strings: the row of the template, the tag to replace and the 

data to insert. The method returns the new row with the updated data. 

• loadHtmlTamplate() 
Load the HTML template into memory. 

No input. It returns a string containing the template. 

• getFileData() 
Method to extract data from a source file. 

Input is path to the JSP file. It returns a Page object with all extracted data. 

• searchLine() 
Search for data to extract in a string using a given keyword. 

Inputs are the string to analyze and the keyword to look for. 

• getFileListing() 
Method to get the paths to the JSP pages of the system. 

Inputs are the systems root directory and a string to make the unique 

numbering scheme. It returns a list of found files. 
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5.3.3 Structure and method flow of the utility 

In order to run the utility it is necessary to set a few path variables. These are: 

path where to store the HTML files, path to the store procedure mapping file, path 

to the exported store procedures and the path to the JSP source files. 

 

The first method called by the utility when starting the program is to gather the 

paths to all of the JSP files. It makes a list of all JSP file paths in the source 

directory and in any sub-directories. The list is then iterated and one by one the 

files are opened by the utility and for each file the method to extract data is called. 

The extraction procedure reads each file line by line as strings and calls the 

method for searching strings for keywords. The keywords used in the search are 

common HTML tags as well as WBTS specific keywords; the specific keywords 

are for example to extract the query strings and the store procedures. Due to the 

inconstantly written code some of the keywords had to be searched for multiple 

times with small variations to make sure that no data was missed, for example the 

search for both “value=” and “value =” had to be done. Each line of code was 

search for all keywords and when a keyword was found the search returned the 

result found for storage. 

 

Each item of data that is extracted from the files is stored by creating an instance 

of the Object class and passing in the following information: 

• Name 

• Type of object 

• Eventual query string 

• Eventual list of attributes 

• Line number 

 

The data extracted for each page objects created for each page is stored in a list. 

One instance of the Page class is created for each page and the list of data is 

added to it along with the page specific data. The Page instance can contain any of 

the following data: 

• URL 

• Filename 

• Type of file 

• Page title 

• Unique number for numbering scheme 

• List of objects 

 

When the utility has examined all JSP files it starts to map the data found with the 

data extracted from the database queries and the store procedures. This is done by 

matching the form field names from the JSP pages with the incoming parameters 

to the queries and the store procedures. The result from the mapping is stored with 

each data object so the users can trace the form data from the JSP pages to the 

database fields. 
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A unique numbering scheme is also calculated and added to each page object. The 

numbering was based on the initial map structure that the imported JSP are 

organized in, for example the first file in the folder marked in figure 14 will have 

the numbering 4.2.1. This numbering scheme is different from the numbering 

used in level 1 and 2, because the data does not follow the same structure. 

 

 
 
Figure 14 – Part of WBTS folder structure. 

 

 

When the data gathering and the mapping is completed the utility starts to export 

the data to the HTML files. The new files are created in a folder structure equal to 

the structure of WBTS so someone with a good view of the grouping of the 

source files easily understands what files contain the information they need. The 

data extracted from the JSP files are added to the HTML files by using a function 

that imports the HTML template and replaces the given keywords with the data 

for that page. This is done similar to how the extractions was done, the method 

traverses through the file row by row and if any of the keywords is found a list of 

the data is added into the new HTML page where the keyword was found and the 

keyword tag is removed. Once all the files have been saved the program 

terminates and the data mapping process is complete. The source code for some of 

the key methods of the utility can be found in appendix A. 

5.3.4 HTML template 

The design of the HTML template page is simple and contains no graphical 

elements. The reason for this choice is that the data of this level is text data and 

needs to be easy searchable. Below in figure 15 is a screenshot of a part of the 

page design. 
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Figure 15 – Screenshot of data mapping output. 

  

 

The basic information such as title and URL was placed on the top of each page. 

This was followed by a section containing the form field data. The query and 

store procedure data were placed after that and last the information of changes in 

the form posting can be found. The form posting are the different pages the user 

can post the data to and they were made into links to the target pages. This way 

the data mapping pages relating to each other was internally linked together.  

 

To make the design of the HTML pages easy to change a HTML template was 

made so that changes can be made without recompiling the Java program. The 

Java utility reads the template every time it is run and applies it to the pages being 

stored with the extracted documentation data. The template is a regular HTML 

with special made tags included to mark where the information should be added. 

The tags that can be added to the template are: 
• <*TITLE*> 

Page title 

• <*URL*> 

Page URL 
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• <*PAGE_NUMBER*> 

Unique numbering scheme number 

• <*FORMS*> 

Forms and fields on page 

• <*QUERY*> 

Database queries on page 

• <*STORE*> 

Store procedures called on page 

• <*POST*> 

Pages that the page can post information to 

 

The utility searches for these tags and replaces them with the data extracted from 

the pages. The source code of the template can be viewed in appendix B. 

5.4 SharePoint Web Part 

The SharePoint web part made to display the Visio documents of document level 

1 and 2 was developed in Microsoft Visual Studio and in C# .NET. The idea 

behind the viewer was to use a regular Visio viewer for a computer, wrap that into 

HTML code to make a web part to put the code on the SharePoint site [12]. 

5.4.1 Visio Viewer 

The Visio viewer that was used in this web part was developed by Microsoft and 

can be downloaded from their website. It enables a user to view Visio files 

without having the complete Microsoft Visio program installed. 

5.4.2 HTML Object 

To display the Visio Viewer on a webpage the HTML “object” tag was used. It is 

often used to display third party objects on a web page, for example Macromedia 

Flash objects. To initialize the viewer in the object tag two input variables had to 

be set: classid and codebaseid. The classid value refers to Windows registry and 

determines if the viewer is installed or not. If it is not installed, the codebaseid 

value tells the computer where to download the viewer. 

 

When setting up the viewer there is also a couple of parameters that can be set to 

modify the appearance, some of them were set in this work to make sure the 

output on the screen would behave as wanted. The parameters that were set are 

the following: 

• BackColor 

• AlertsEnabled 

• ContextMenuEnabled 

• GridVisible 

• HighQualityRender 

• PageColor 

• PageVisible 
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• PropertyDialogEnabled 

• ScrollbarsVisible 

• ToolbarVisible 

• SRC 

• CurrentPageIndex 

• Zoom 

 

These parameters can also be modified when using the viewer for user specific 

customization on the fly. 

5.4.3 Web Part Code 

Once the viewer was functional in a regular webpage it was integrated into a web 

part to put on the SharePoint site. The complete web part contains a large number 

of small functions that gives the user availability to change the pre-defined 

parameters. The source code of the most important methods of the web part, 

RenderWebPart and OnInit, can be viewed in appendix C. Below the key 

elements of the source code is explained. 

 

The most important method in the web part is the code that prints out the HTML 

object code. It is called RenderWebPart and takes an HtmlTextWriter object as 

an input. This method creates the HTML code dynamically depending on the pre-

defined default parameters. The methods AddAttribute, RenderBeginTag, 

WriteBeginTag and Write in the HtmlTextWriter make it possible to easily 

create HTML code that is syntactically correctly. Below is an example setting the 

parameter for high quality rendering. The “output” object is the HtmlTextWriter 

object. 

 
output.WriteBeginTag ("param"); 

output.WriteAttribute ("name", "HighQualityRender"); 

output.WriteAttribute ("value", HighQualityRender ? "1" : "0"); 

output.Write (HtmlTextWriter.SelfClosingTagEnd); 

 

The result of this code when HighQualityRender is true is: 
 

<param name="HighQualityRender" value="1"> 

 

The second important method is called “OnInit”. The default properties of a web 

part are set by the administrator and are initialized in this method. Once the 

properties have been initialized their values are usually not changed, but the web 

part developed for this documentation needed the possibility to change the value 

of the properties of what source file the Visio viewer is viewing. This property 

had to be able to be changed on the fly to fit our needs since different source files 

used when viewing the documentation. The following rows of code were added to 

the initiation method to make it more dynamic: 
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if (Page != null && Page.Request != null &&  

        Page.Request ["document"] != null) 

{ 

   string doc = Page.Request ["document"].ToString(); 

   if ( ! doc.Length.Equals (0)) 

  DocumentPath = doc.Replace ('*', '/'); 

} 

 

This code enabled the web part to receive the incoming parameter “doc” that 

contains the source path to the Visio file to view. If no parameter is sent into to 

the page, the default source path will be used. 

 

A problem that arose when implementing the initiation code was that a security 

restriction in ActiveX that prevents sending of arguments that includes a forward-

slash character. Due to that restriction a workaround had to be made since the 

source files were sorted into a folder structure following the use cases determined 

in the first level of documentation. Instead of sending an argument containing the 

illegal characters, the backslashes were replaced by ‘*’, and then replaced with 

backslashes again when received by the initiation method (see last if statement in 

the code above). 

5.5 SharePoint Documentation Site 

The designing of the documentation portal started with a creation of an empty 

sub-site under WBTS’s SharePoint site. The following step was to fill the site 

with content, all the Visio files were uploaded to one folder and the files created 

by the data mapping utility were placed in another folder. 

 

The Visio web part viewer was then added to the main area of the site and two 

document libraries were added on the right hand side. The first Visio file of the 

first level of documentation was selected as the default source file for the Visio 

viewer. This ensures that all users entering the site would start at the correct 

starting point of the documentation. The paths to the two uploaded folders with 

content was entered in each of the two document libraries and the labels and 

viewing properties for all web parts were adjusted for our purpose. 

 

The layout used on the documentation site was selected to be one of the pre-

defined templates that come with SharePoint. It was a clean and matched the 

design of the rest of the work. See figure 16 for a screenshot of how a SharePoint 

site looks like when being edited. In the figure the control panel for the Visio 

viewer web part is visible to the right of the viewer.  
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Figure 16 – Screenshot of SharePoint customization. 
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6 Result 

The screenshot below shows the final result documentation portal. All three levels 

of detail are easily accessible through one SharePoint site. The figure shows the 

first page when entering the site. Snapshots for each level of the documentation 

are displayed in the next figures. 

 
Figure 17 – Screenshot of SharePoint site. 
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There are two ways to browse the first two levels of documentation; the first way 

is by clicking a category in the diagram in the Visio diagram showing main 

features of the system. Navigating directly in the diagram will take you step by 

step down in the documentation hierarchy. The second way is by using the 

document library added in the top right side of the site to browse and select the 

file containing the information search for. When the file is clicked in the 

document library the SharePoint site opens it in the center diagram window 

displaying the content of the file. 

 

Two examples of the final result of the two parallel sections of the second level of 

documentation can be viewed in figure 18 and 19 below. Both examples come 

from the section “manage external user”. 

 

 
Figure 18 – Screenshot of a work flow diagram. 
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Figure 19 – Screenshot of an activity diagram. 

 

 

To browse the form and data mapping (document level 3) the second document 

library is used. When selecting a file from the library a new window will open 

with the content of the HTML files exported by the data mapping utility. To 

increase the accessibility of the data mapping pages a link was added to all the 

pages of WBTS. On the top of every page there is now a link saying “Page 

Documentation” that takes the user directly to the data mapping page for the page 

viewed. An example of a page can be viewed below in figure 20. 
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Figure 20 – Screenshot of data mapping page. 
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The most efficient way of accessing all the data of the documentation is to use the 

SharePoint site’s powerful search engine that indexes all content on the site. The 

three levels of documentation are all searchable from a search box in the top right 

corner. This will be possible thanks to the formats chosen to store the data, both 

the Visio files and the HTML files are automatically indexed by SharePoint. If 

one, for example, searches for “internal user” the search will return all Visio 

diagrams containing any reference to an internal user as well as all data mapping 

pages that contain the keyword. 

 

The final version of the documentation site contains 119 Visio documents for 

level 1 and 2 of the documentation and 692 files extracted by the data mapping 

utility. The data mapping utility is run by the developers every time a new version 

of WBTS is uploaded and takes about 30 seconds to run to gather and store all 

data. The utility is run on the users’ local machines and the output is uploaded to 

the SharePoint site manually. 
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7 Conclusion 

The final product was presented to the users of WBTS and received excellent 

feedback. All the three levels of documentation requested by EA were completed 

and the documentation is “live” and being used by the users in the internal 

network. The implementation goals have been accomplished and the users now 

have a simple, user-friendly documentation to seek help from when help is 

needed. This has improved their productivity since users no longer need to contact 

the developers and wait for an answer to be able to continue their work. 

 

To work within a large company like EA and to study a complex and important 

system like WBTS has really displayed the need for good documentation of a 

system. With good documentation the system can more easily and with fewer 

mistakes be enhanced and improved. The developers now have the ability to trace 

on which JSP pages a database change would affect and know what pages will 

have to be updated to prevent breakdowns. This is now possible since all fields 

and tables from the database that is used on the JSP pages are stored in the pages 

created by the data mapping utility. 
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8 Future Work 

Since WBTS is such a big and complex system the documentation will always be 

in need of enhancements and updates to keep it up to date. For example the data 

mapping utility could be extended to include more objects and better methods to 

be more accurate and to extract more data. Furthermore it should be included into 

the deployment of new WBTS versions and run automatically every time a new 

version of WBTS is deployed. This would maintain the accuracy of the 

documentation and keep it up to date without any effort from the developers. 

 

The work done in this thesis could be a model to implement for other systems 

within EA or other companies. Most of the work can be reapplied directly but 

some changes would need to be done on the data mapping utility. The reason 

mainly is that WBTS specific coding had to be done to extract as much 

information as possible due to the inconsistent code and special modifications of 

the system. 
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9 Experience 

Working for a large company like EA made me gain much experience of how 

many steps each decision has to go through to be approved. Getting things 

through could sometimes take weeks for approvals since so many users needed to 

sign off on a project. This was a big contrast to the small user groups at the 

university and was good experience that I had not gained before working outside 

the university. 

 

Many courses I have taken during my degree in Media Technology helped during 

my thesis work. The technical courses were I for example learned Java and C# 

programming, database logic, user interface etc. helped working through the 

technical difficulties encountered. The ability that helped me the most while 

working for EA, was the experience gained throughout my whole university time 

to easily adapt and solve new and challenging problems. 
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Appendix A: Data Mapping Utility Source Code 

Sample methods from the data mapping utility: 
 

////////////////////////////////////////////////////////////////// 

//  Inserts data to html template 

//  inputs: html page, tag to replace, data to put in 

////////////////////////////////////////////////////////////////// 

static public String insertDataInHtml(String html, String tag, 

String data) 

{ 

if(html.indexOf(tag) != -1) { 

html = html.substring(0,html.indexOf(tag)) + data +  

+ html.substring(html.indexOf(tag) +  

+ tag.length(), html.length()); 

      } 

return html; 

} 

 

 

////////////////////////////////////////////////////////////////// 

//  Loads html tamplate 

//  outputs: template as a String 

////////////////////////////////////////////////////////////////// 

static public String loadHtmlTamplate()  

{ 

String html = "", line, path = "template.html"; 

try { 

            FileInputStream fs = new FileInputStream(path); 

            BufferedReader in = new BufferedReader( 

new InputStreamReader(fs), 1024); 

            while((line = in.readLine()) != null) { 

                   html = html + "\n" + line; 

            } 

            in.close(); 

       } catch (Exception e) { 

            System.out.println("!!!!!!!!!!!!!!!!!!!\nERROR in template 

reader:" + e + "\n!!!!!!!!!!!!!!!!!!!"); 

      } 

 

return html; 

} 
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////////////////////////////////////////////////////////////////// 

//  Method to extract data from given file 

//  inputs: path to file to search 

////////////////////////////////////////////////////////////////// 

static public Page getFileData(String path) 

{ 

Page pageData = new Page(); 

String line, result; 

int lineNbr = 0; 

ArrayList misc = new ArrayList(); 

ArrayList input = new ArrayList(); 

ArrayList storeProc = new ArrayList(); 

ArrayList storeProcSrc = new ArrayList(); 

ArrayList storeProcMapping = new ArrayList(); 

ArrayList query = new ArrayList(); 

ArrayList param = new ArrayList(); 

 

pageData.setUrl(path.substring(path.indexOf("\\web\\")+5)); 

pageData.setFileName(path.substring(path.lastIndexOf("\\")+1)); 

pageData.setType(path.substring(path.indexOf(".") + 1)); 

 

try { 

FileInputStream fs = new FileInputStream(path); 

            BufferedReader in = new BufferedReader( 

new InputStreamReader(fs), 1024); 

            while((line = in.readLine()) != null) { 

                lineNbr++; 

 

                // check for select tag 

                else if(line.indexOf("<select") != -1) { 

                    if(!(result = DataMapper.searchLine(line, 

"name=")).equals("")) { 

                        JspObject tmp = new JspObject(); 

                        tmp.setName(result); 

                        tmp.setType("select"); 

                        tmp.setLineNbr(lineNbr); 

                        input.add(tmp); 

                    } 

                } 

 

                // check for textarea tag 

                else if(line.indexOf("<textarea") != -1) { 

                    if(!(result = DataMapper.searchLine(line,  

"name=")).equals("")) { 

                        JspObject tmp = new JspObject(); 

                        tmp.setName(result); 

                        tmp.setType("textarea"); 

                        tmp.setLineNbr(lineNbr); 

                        input.add(tmp); 

                    } 

                } 

 

. 

. 

. 

 

for(int i=0; i<input.size(); i++) { 
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if(((JspObject)input.get(i)).getType().equals("input") && 

    !((JspObject)input.get(i)).getAttributes().isEmpty()) { 

                String tmp = ((JspObject)input.get(i)).getAttributes() 

.get(0).toString(); 

                if (!tmp.equals("button") && !tmp.equals("image") && 

!tmp.equals("reset") && !tmp.equals("submit")){ 

                    pageData.addItem((JspObject)input.get(i)); 

                } 

            } 

            else { 

                pageData.addItem((JspObject)input.get(i)); 

            } 

        } 

 

. 

. 

. 

 

return pageData; 

} 
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Appendix B: Data Mapping HMTL Template 

 

<HTML> 

<HEAD> 

 <TITLE>WBTS Documentation</TITLE> 

 <style type="text/css"> 

  .title, .url, .heading, .bigHeading { 

   font-family: Georgia; 

   font-weight: bold; 

  } 

  .url { 

   font-size: 12px; 

   font-weight: normal; 

  } 

  .title { 

   font-size: 45px; 

  } 

  .heading { 

   font-size: 20px; 

  } 

  .general, .smallHeading, .hotItem, .discreet, .lineNbr  { 

   font-family: Tahoma; 

   font-size: 11px; 

  } 

  .hotItem { 

   font-weight: bold; 

  } 

  .discreet  { 

   color: #808080; 

  } 

  .lineNbr  { 

   font-size: 9px; 

   color: #C0C0C0; 

  } 

 </style> 

</HEAD> 

<BODY BGCOLOR="#FFFFFF" LINK="#000000" ALINK="#000000" VLINK="#000000"> 

 </BR></BR> 

 <CENTER> 

 

 <TABLE CELLSPACING="0" CELLPADDING="0" BORDER="0" WIDTH="900"> 

  <TR><TD align="left" valign="top"> 

   <font class="general"> 

   <font class="title"><*TITLE*></font><BR/> 

   <font class="url">URL: <*URL*></font><BR/> 

   <font class="heading">[<*PAGE_NUMBER*>]</font><BR/> 

   <BR/><BR/><BR/> 

 

   <font class="heading">Forms:</font> 

   <*FORM*> 

   <BR/> 

 

   <font class="heading">Database connections:</font> 
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   <*QUERY*> 

   <BR/> 

 

   <font class="heading">Store procedures:</font> 

   <*STORE*> 

   <BR/><BR/> 

 

<font class="heading">Posts to the following 

pages:</font><BR/> 

   <*POST*> 

 

   </font> 

  </TD></TR> 

 </TABLE> 

 </CENTER> 

</BODY> 

</HTML> 
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Appendix C: SharePoint Web Part Source Code 

Sample methods from the Visio Web Part viewer: 
 

////////////////////////////////////////////////////////////////// 

//  Method run to initialize viewer 

//  inputs: Event arguments 

////////////////////////////////////////////////////////////////// 
protected override void OnInit(EventArgs e) 

{ 

if (Page != null && Page.Request != null &&  

Page.Request ["document"] != null) 

{ 

string doc = Page.Request ["document"].ToString(); 

  if ( ! doc.Length.Equals (0)) 

   DocumentPath = doc.Replace ('*', '/'); 

} 

base.OnInit (e); 

} 

 

 

////////////////////////////////////////////////////////////////// 

//  Method run to render viewer 

//  inputs: HTML text writer, used to put html object tag on page 

////////////////////////////////////////////////////////////////// 
protected override void RenderWebPart(HtmlTextWriter output) 

{ 

 output.AddAttribute ("classid", CLASS_ID); 

 output.AddAttribute ("codebase", CODE_BASE); 

output.AddAttribute (HtmlTextWriterAttribute.Id, 

ID + "_VisioViewer"); 

 output.AddAttribute (HtmlTextWriterAttribute.Width,  

_widthProperty); 

output.AddAttribute (HtmlTextWriterAttribute.Height, 

_heightProperty); 

 output.RenderBeginTag (HtmlTextWriterTag.Object); 

 

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "AlertsEnabled"); 

 output.WriteAttribute ("value", AlertsEnabled ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

 

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "BackColor"); 

 output.WriteAttribute ("value", _backColorProperty); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

 

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "ContextMenuEnabled"); 

 output.WriteAttribute ("value", ContextMenuEnabled ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "CurrentPageIndex"); 
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 output.WriteAttribute ("value", CurrentPageIndex.ToString 

(System.Globalization.CultureInfo.CurrentCulture)); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "GridVisible"); 

 output.WriteAttribute ("value", GridVisible ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "HighQualityRender"); 

 output.WriteAttribute ("value", HighQualityRender ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "PageColor"); 

output.WriteAttribute ("value", _pageColorProperty); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "PageVisible"); 

 output.WriteAttribute ("value", PageVisible ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "PropertyDialogEnabled"); 

 output.WriteAttribute ("value", PropertyDialogEnabled ? "1":"0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "ScrollbarsVisible"); 

 output.WriteAttribute ("value", ScrollBarsVisible ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "SRC"); 

 output.WriteAttribute ("value", DocumentPath); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "ToolbarVisible"); 

 output.WriteAttribute ("value", ToolBarVisible ? "1" : "0"); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.WriteBeginTag ("param"); 

 output.WriteAttribute ("name", "Zoom"); 

 output.WriteAttribute ("value", _zoomProperty); 

 output.Write (HtmlTextWriter.SelfClosingTagEnd); 

    

 output.RenderEndTag(); 

} 


