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Abstract
This project investigates mechanisms for helping programmers debug World of Warcraft application programming interface (API) scripts.  These mechanisms should be useful to those new to this API and those who have already developed long-standing scripts.  By providing extensive feedback, this project will help budding programmers understand the syntax and dynamic behavior that the Lua and XML languages exhibit.  Those who have already attained a higher level of programming skill will be able to take advantage of auto-correction routines and recommendations the system can make to enhance their adherence to the standards of the languages.
This project consists of parsing XML documents and rendering their content under a Microsoft Windows environment.  After the XML information is parsed and rendered in Windows forms, a partial event system in place allows interaction with the forms.  The event system and form widgets are Visual C++ classes based on the World of Warcraft API.
Introduction

With just a few simple mouse clicks, a user can now completely customize the way an operating system is themed.  In various applications, such as Firefox and Thunderbird, the user can also customize the application's "look and feel."  In November, 2004, Blizzard Entertainment, Inc. released World of Warcraft
, a game used by ten million people across North America, Europe, and Asia that allows each player to customize his or her user interface (UI) [2].  Blizzard provides a default game interface (written in Lua and XML) that displays the game in the absence of a user-created interface.  Blizzard encourages users to create their own unique user interfaces that customize the feel and interaction of the game.  Unfortunately, Blizzard does not provide a development environment for this.  Thus, there is currently no graphical tool that allows a coder to debug his or her scripts.  In order to tell if his/her code is working correctly, the programmer must have an active World of Warcraft account and must run the game.  For the effects of changes in the code to be seen, the game must be completely exited and restarted.  This can be costly, in time, money, and computer resources.  A tool or system that allows interactive debugging of World of Warcraft user interface scripts (and does so with automatic features) would be an invaluable resource.

In order to develop a customized interface for World of Warcraft, the developer must be familiar with both Lua and XML.  The dominant features of Lua are identified as follows:

Lua is a powerful, fast, light-weight, embeddable scripting language.  It combines simple procedural syntax with powerful data description constructs based on associative arrays and extensible semantics.  Lua is dynamically typed, runs by interpreting bytecode for a register-based virtual machine, and has automatic memory management with incremental garbage collection, making it ideal for configuration, scripting, and rapid prototyping.  [3,4]

Extensible Markup Language (XML) is a self-descriptive data transmitter in the same family of languages as HTML.  In an XML script, the user creates his/her own tags to represent various data forms.  XML is used to create the visual frames and elements that World of Warcraft displays. [5,6] Lua contains the functions and variables and XML provides the graphical user interface.
This project takes the developer’s code as input and graphically debugs the execution process of the Lua and XML languages.  To enhance to debugging of these languages, this project uses automation for correction routines and analysis.  However, graphical debugging is not a new concept as Microsoft Visual Studio implements a graphical system for debugging programming languages.  Also, the theory of automated debugging has been around for quite some time [1].  Using both of these concepts in a debugger for Blizzard’s API would create a system that is able to automatically detect infinite loops, identify grossly faulty code, and auto-correct some kinds of errors.  Indeed, such a system would be an invaluable resource to any programmer.
Implementation

Microsoft Visual Studio C++ was used to write the code for this project.  By utilizing the add-on functionality of Visual Studio, this project was able to harness the strength of Visual Studio classes and execution.  Some of the key features that this program includes are the ability to parse XML files into World of Warcraft API widget classes (frames, such as, buttons, sliders, and windows), the ability to render Microsoft Windows forms based on the XML file, and the partial ability to fire events into the Windows forms.
· Parse into widgets – The XML document is read into a System::Xml::XmlDocument at the beginning of the parse.  The parsing bases its information on the document represented by the above class.  The purpose of this parse function is to extract the widget information (called frames by the World of Warcraft API).  These frames are the windows of the UI.  They can hold buttons, check boxes, status bars, and many other things.  The parser executes a pass through the XML document and creates Visual C++ classes to represent each widget.  These classes are connected together using a parent-child relationship (the buttons on a frame are its children).  Each widget remembers who its children are through the use of an ArrayList class.
· Render Windows forms – On the second pass, the parser renders these widgets in the Microsoft Windows environment.  It creates World of Warcraft API widget transformations to System::Windows::Forms classes on the fly.  These forms are then given a debug window parent and rendered in the Windows environment.
· Partial event system – The World of Wacraft API is event driven.  All actions that occur must occur because an event fired, so an add-on cannot continually run pieces of code.  If it could, the game would eventually hang.  Instead, the add-on must act in response to the firing of an event.  To close a window, a button event might fire.  To update a progress bar, an action event must fire.  The frames in the World of Warcraft API can be linked to certain events, so that when an event fires, the frame is allowed to catch it.  When a frame catches an event, it can perform some action.  Then the event moves on to another catcher.  To determine whether add-on code is working, the user needs some way of being able to fire events into their frames.  This project has the four hundred events that World of Warcraft uses coded into it.  It also has a mechanism for firing these events.
Follow up and Extendibility
This project is a part of my undergraduate honors thesis.  It will see completion in a graphical user interface that is able to partially automate the process of debugging XML and Lua scripts using Blizzard’s API.  The completed system should be able to identify potentially problematic parts of code and provide an explanation as to why the identified features have been flagged.  It should keep a table of variables and functions, both in the global API and in the user’s local code to enable easy reference.  It should update its own internal references and rules as the API is updated over time and show functions that have become deprecated or protected.  The program should be able to fire events into the user’s interface in order to show what would occur on specific events in comparison with the user’s desired response to those events.  It should be able to flag variables to be saved between sessions, track resource usage, auto-complete functions and variable names, auto-correct light syntax errors or provide possible corrections, and give explanations for errors.  It should be able to automatically generate comments and enable the user to place breakpoints and step through each function.

This project is an implementation of high level ideas that can be extended to other areas.  Remembering variables and functions, auto-correction routines, and incorporation of an easily updated database are features that can be extended to other languages.  HTML, for example, is a scripting language that appears to be quite similar to Lua, making this project easily extensible.  Languages such as C++ and Java do not appear as similar to Lua or XML.  Because of that, areas of this project would probably not extend to these languages.  For instance, because C++ and Java have typed variables, the debugger would not need to remember variable names and types.  A symbol table is automatically created by the compiler for these languages.  Elements like auto-correction and error handling would be more important for the C++ and Java languages.  The type of target language would affect the elements of this project to maintain and extend.
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� World of Warcraft is a massively multiplayer online role playing game.  It enables thousands of players to create a character and come together online to battle against the world and each other.  To learn more, please visit <http://www.worldofwarcraft.com/info/basics/guide.html>.
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