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2. 
Revision History
2.1 10/11/03 v1.1

· Fixed various spelling and grammar mistakes
2.2 10/11/03 v1.0

· Added Graphics section

· Added Networking section

· Added Weapons and Projectiles sections
· Added Extras and Specials sections
· Updated grammar and spelling
2.3 10/6/2003 v.5

· Updated AI
· Added Game Summary

· Updated External Code

· Added Art and Sound Overview

· Fixed spelling and grammar mistakes

2.4 9/30/2003 v.4

· Updated AI
· Updated CAsset and CLevelObject
· Updated Minimum System Requirements
2.5 9/25/2003 v.3

· Updated AI
2.6 9/21/2003 v.1

· Major revision
· Added Target Platform
· Added Dev platform
· Added External Code
· Added Version Control sections
2.7 9/7/2003 v.06

· Updated Formatting
· Removed old AI stuff
· Added in missing nomenclature
2.8 8/27/2003 v.01
· Began TDD
3. Code Formatting Standards
3.1 Comments
Use C++-style comments (preceded by ‘//’) whenever possible.  C-style comments (/* … */) can be used to comment out blocks of code, but they should be applied minimally as they do not generally nest.
3.2 File Structure

Names of files in the project should follow the same nomenclature applied to function names (see below).  At the top of each source code file in the project (both .h and .cpp), the following header must be included:

//=========================================================

// Filename      - 

// Purpose       - 

// Creator       - 

// Date Started - 

// Last Updated - 

//=========================================================
3.3 Header File Structure

The following structure will be adopted for header files.  <Module Name> corresponds to the name of the file (sans the ‘.h’ extension) and should be in all caps in the preprocessor definition.  Note that the order of the separate sections should be followed as a general guideline but can be altered as necessary.  Additional sections can be added as needed.

#ifndef <Module Name>_H

#define <Module Name>_H

//=== Includes ============================================

//=== Enumerated Set Definitions ==========================

//=== Constants ===========================================

//=== Macros ==============================================

//=== Global Variables ====================================

//=== Global Function Declarations ========================

//=== Class, Struct and Union Declarations ================

#endif // <Module Name>_H

3.4 CPP Module Structure

CPP modules should make use of the following structure.  Again, the order of the separate sections should be followed as a general guideline but can be altered as necessary.

//=== Includes ============================================

//=== Enumerated Set Definitions ==========================

//=== Constants ===========================================

//=== Macros ==============================================

//=== Global Variables ====================================

//=== Global Function Definitions =========================

//=== Class Function Definitions ==========================
3.5 Class Header

Classes will be preceded by the following comment heading:

//=========================================================

// Class   - CClassName

// Purpose – 

// Creator - 

//=========================================================

Class names will be prefixed by a capital ‘C’, after which the same rules for functions and methods are applied.

Example: class CSprite {…};

3.6 Struct Header

Structs will be preceded by the following comment heading:

//=========================================================

// Struct  - StructName

// Purpose – 

// Creator - 

//=========================================================

Struct names follow the same rules for functions and methods.  Unlike member variables of classes, member variables of structs do not need the m_ prefix.

3.7 Function Header

The definition of a function will be preceded by a function header as demonstrated below.  On the first line should be the return type followed by the name.  Then there are two options for the parameter list:  if there are few parameters, put them all on the same line; if there are many, put the opening parenthesis on the next line, then give each parameter its own line, indented as if a block of code.  Then close the parentheses on the next line, followed by the body of the function.  Try to keep the number of returns in the code to a minimum.

//=========================================================

// Function - Name of function

// Purpose  - 

// Creator  - 

// Inputs   - pu8Input1: array of items

//            u32Input2: number of items in array

//                       etc.

// Return   - 

//=========================================================

void MyFunc

(

  pu8 * pu8Input1,

  u32   u32Input2

)

{

  …

}

3.8 Global Constants

Use all upper case letters.  Concatenate “words” with an underscore.  Prefixes are not necessary.

Example: const u32 SCREEN_WIDTH = 640;
3.9 Basic Types

For the sake of clarity and to improve development speed, the following typedefs should be used:

u8

unsigned char

s8

signed char
c8

char
u16

unsigned short
s16

signed short
c16

wchar_t
u32

unsigned long

s32

signed long

s64

__int64

f32

float

f64

double

These should be used instead of the standard type names at all times.

3.10 Variable Nomenclature

Start with a lower case letter.  Concatenate “words” with an upper case letter.  In addition, the following prefixes should be used.

u8,…,f64
all redefined basic types

b

bool

sz

null-terminated string
h

handle
Additionally, if a variable is a pointer, the prefix should be prefixed by a “p”.  If a variable is a pointer to a pointer, the prefix should be prefixed by “pp”.

When defining variables, align the types, names, and initial values (aligned on the equal sign) of the variables each in separate columns.  For example:

u32
u32XPos
   = 6;

bool
bDone

   = false;

f32
f32ScaleFactor = 0.5;

For global variables, prefix the name with g_ (‘g’ followed by an underscore).  After the underscore, apply the same rules for regular variables.  For example:

u32 * g_pu32DataPointer;

For member variables, prefix the name with m_ (‘m’ followed by an underscore) After the underscore, apply the same rules for regular variables.  For example:

bool m_bLoop;
3.11 Function and Method Nomenclature

Start with an upper case letter.  Concatenate “words” with an upper case letter.

For example: 

void MyFunc( void );

3.12 Pointers vs.  References

Use pointers instead of references for sake of clarity, unless you have good reason or they are necessary in class methods parameters.  Above all, try to remain consistent.
3.13 Whitespace, Indenting, and Braces

Indents should all be two spaces and use actual tabs rather than spaces.  For if statements and for and while loops, the opening brace should go on its own line immediately following the initial statement, aligned with that statement; the body of the loop or if statement should be indented.  Enumeration and structure definitions should follow a similar format, although if an enumerated set is short enough, it can go all on one line.  With classes, indent once for the ‘public:’ and ‘private:’ section headings, and again for the member variables or method prototypes.  If an if statement or loop has only one line in its body, that line need not be in braces, but it should be indented and on the next line.  In addition, try to avoid leaving extraneous whitespace at the end of lines.

Examples:

while ( condition )

{

  …
}

enum State { ALIVE, DEAD };

enum Color

{

  RED,

  GREEN,

  BLUE,

  NUM_COLORS

};

class CMyClass

{

  public:

    CMyClass();

    long MyMethod( long lParam );

  private:

    long lMemberVariable;

};

With if statements, use the following format:

if ( u8X == u8Y )

  return true;

else

return false;
That is to say conditional operators should be placed on a separate line from the code that follows them.

With switch statements, use the following format:

switch ( msg )

{

  case SOME_CASE:

    DoSomething( );

    break;

  case SOME_OTHER_CASE:

  {

    // Using local variables
    int  nMyVar; 
    DoSomethingElse( nMyVar );

    break;

  }

  default:

    break;

}

There should be no space between a unary operator and its operand:

--u8Count;

Leave at least one space between a binary operator and each of its operands; use extra spaces to align operands if this improves readability.  Examples:
s32X += Y;

s16Min = -s16Max;

u8Letter = *pu8Drive;

Function calls should not have a space between the statement and the associated parenthesized expression.  Formal arguments in a function call should be preceded by a single space and followed immediately by a comma, except for the final argument which is followed by a space.  Thus:
bool bRet = MyFunction( servers, NULL );
When defining a pointer variable, use a space both before and after the asterisk.  If the variable is a pointer to a pointer, the two asterisks need not be separated (e.g.  MyStruct ** ppMyStructInstance).
3.14 Breaking Statements up onto Multiple Lines

When a statement extends beyond the end of the line, break it at an appropriate place and fit it onto two or more lines in a way that maintains the current indentation level.  In an "if" construct with multiple conditions, align the conditional expressions if they require more than one line:

if ( ( numberOfFiles < totalNumberOfFiles ) &&

     ( status == true ) )

{

}

If a function call requires more than one line, group the arguments and, where possible, align them vertically with the first formal argument in the list; otherwise, indent the first argument on each succeeding line one level from the beginning of the function name:

bool bRet = Function( servers, NULL,

                      numberOfServers, done );

For functions with many formal arguments or arguments that require explanation, put each argument on a separate line (useful when using a very unfamiliar and complicated function), followed by a comment:

bool bRet = Function( servers,

                      NULL,

                      numberOfServers,
                      done );

3.15 Preprocessor Use

Use typedefs and global constants instead of preprocessor #defines whenever possible.  Names of preprocessor-#defined macros should follow the same nomenclature as for global constants (all caps, underscores to separate “words”).

When using preprocessor #ifs to set aside blocks of code, align the preprocessor statements as if they were normal code, and indent the code inside.  For example:

void ProcessMap( s8 * szMapName )

{

  s8 * ps8Map;

  if ( NULL != szMapName )

  {

    bool bSuccess = false;

#   if defined( PALM_OS )

      bSuccess = ReadMapFromDatabase( &ps8Map, szMapName,

                                             &g_hMapHandle );

#   else // Using Windows

      bSuccess = ReadMapFromFile( &ps8Map, szMapName );

#   endif

    DoStuffWithMap( ps8Map );

  }

}

Depending on the compiler, the pound sign may need to be aligned with the left margin.  This is not the case with Visual C++.
4. Programming Guidelines
4.1 Variables and Scope
Declare variables in the least scope possible.  This increases performance by not incurring the cost of an object’s creation except when necessary.  
4.2 Initializing Variables

Variables should be initialized when declared if possible, unless doing so hampers readability.
i.e.


s8 s8X = 5; 

instead of


s8 s8X;


s8X = 5;
4.3 Use of Variable Types
In situations where optimum speed is required, utilize 32 bit types instead of other types, as this is the size of a word on modern x86 processors and all other types are converted to them for comparisons and the like.  However, other types should be used when memory concerns necessitate it.

Also, when speed is a concern, utilize unsigned types unless negative numbers are required.  Not only is unsigned integer arithmetic faster, this makes for more self-documenting code.
4.4 Prefix vs.  Postfix

Use prefix instead of postfix if at all possible.  The rationale behind this is that postfix first creates a temporary variable, then increments the original, and then finally returns the temporary variable.  This can range from slightly slower for simple types to insanely slower for complex types.
4.5 Header Files

Don't include a header file which is included by another header file you're already including.  This isn't terribly serious; however it does slow down compile times.
4.6 Passing by Reference vs.  Passing by Value

Whenever possible, pass complex types by reference (i.e.  pass a pointer to the structure or class), otherwise the whole thing will be copied onto the stack and passed, which will obviously slow things down.
4.7 Floating Point Math

Avoid floating point math wherever practical.

In tight loops it may be helpful to note that floating point multiplication is often faster than floating point division.  For example, use f32Val * 0.5 instead of f32Val / 2.0.
4.8 Class Design
class CExample

{

private:

  m_bInit;

  m_bReady;

  void Clear( void );

    //prevent copying and assignment

    CInput( const CInput & );

    CInput & operator=( const CInput & );

public:
  CExample( );

  ~CExample( ) { Destroy( ); }

   bool Init( ...  );

  void Destroy( void );

  bool Release( void );

  bool Restore( void );

   // Get methods

   bool IsReady( void ) const { return m_bReady; }

   bool IsInit( void ) const { return m_bInit; }
}
The constructor for a class should do nothing except clear member variables.

The destructor for a class should perform no operations except a call to Destroy( ).

A class which is not intended to be copied should have a private copy constructor.  This goes for the assignment operator as well.
Init( ) is used to initialize an object.  It may take multiple parameters.  The first thing it should do is check to see if the object is already initialized ( m_bInit == true ), if so the call should fail.  If the object is not already initialized, it should then clear member variables (via a call to Clear( ), if implemented) and perform whatever class specific initialization is required.  On successful initialization it should set the m_bInit member variable to true and return true.  It should also set m_bReady to true if no further function calls are necessary to place the object in a “ready” state.
Clear( ) is optional and simply clears member variables.  It is used primarily to prevent duplication of code between clearing variables in the constructor and in Init( ).  It should be private.
Destroy( ) destroys an object, freeing dynamically allocated memory and whatever other resources may have been allocated.  It should also set the m_bInit and m_bReady member variables to false.  It should not perform any function if the object is not initialized ( m_bInit == false ).
Release( ) is optional and used mainly for DirectX wrapper classes.  It releases DirectX interfaces, but does not necessarily delete dynamically allocated memory.

Restore( ) is also optional and is partnered with Release( ).  It is primarily used for restoring DirectX interfaces.

IsReady( ) and IsInit( ) are simple get methods and need no further explanation.
There will obviously be cases where it is impractical to adhere to this standard; however it should be used wherever possible.

Publicly accessible member functions of classes should be able to be called in any order without causing crashes, leaks, etc.  
5. Build Releases

Before releasing a new internal build, the releaser must insure that his code contains no bugs, memory leaks, etc.  It should retain all previous functionality of previous builds.  If a build is found to contain a memory leak it should be yanked and the responsible party should fix it immediately.

6. Code Review
Every three weeks, a peer code review session will occur.  Each team member will review one other team member’s code and offer suggestions.  Each session, each team member will review a different team member’s code.  If the reviewer has already reviewed the code of all other team member’s, he will start again from the first team member whose code he reviewed.
7. Schedule Overview

Prototype


12/5/2003

Graphics Engine 85%

Sound Engine 90%

Input 90%

Special Effects 35%

Artificial Intelligence 40%

Networking 35%

User Interface 40%

Game Features 10% 

2D Graphics Assets 50%

3D Graphics Assets 20%

Sound Assets 20%
Alpha



2/7/2004

Graphics Engine 100%

Sound Engine 100%

Input 100%

Special Effects 75%

Artificial Intelligence 100%

Networking 100%

User Interface 100%

Game Features 95% 

2D Graphics Assets 80%

3D Graphics Assets 80%

Sound Assets 80%
Beta



4/7/2004
All 100%, polish and bug fixes only.
Gold



5/14/2004

Final.
8. About Rock Station

Rock Station is a rock-and-roll themed 3rd person 3-D space shooter for Windows, with a target audience of gamers 13 and up.  The game will include both single player components and 2-8 player LAN play.  The action takes place in interstellar arenas where the pilots engage in intense, high-speed dogfights similar to those of Freelancer or X-Wing vs.  Tie Fighter, but with a more console game feel.  Players may choose from a number of zany characters, each with his or her own unique personality, style of music, and ship.  Fast-paced networked action, a variety of exotic weapons, an innovative combo system and special move system, and a dose of rock-and-roll style round out the game to provide an exhilarating gameplay experience.
What separates Rock Station from other space shooters is its rock-and-roll theme, its diverse cast of characters with different weapons, and its console feel.  The single player mode consists of a series of one-on-one battles, similar to a fighting-game style of play, while networked multiplayer mode plays like an FPS free-for-all.  Each character has an individual personality, music style, and guitar, which act as the basis for that character’s arsenal of weapons, extra equipment, and special moves.  These characters, each driven by different motives and goals in an intriguing plot, include a carefree space pirate girl, a wise Cherokee, a young musical prodigy, a punk rock zombie, and more.  A unique combo system, rarely found in other games in the genre, based on the number of hits scored and the variety of weapons used, make for interesting and rewarding play.  Spectacular special effects accentuate the intense battles.  Complex artificial intelligence in enemy players, computer-controlled teammates, and target-seeking missiles adds depth and realism to play.
In conclusion, Rock Station is a fast-paced space shooter that has great potential for success.  Gamers will be drawn to its diverse, intense action with a multitude of weapons and special attacks and its wild rock-and-roll theme and cast of characters.  Together with a low cost development strategy, the project is a low-risk investment.  All these factors add up to a game that rocks!

9. Target Platform

9.1 Operating System

Windows 98/ME/2000/NT/XP

9.2 General Hardware Requirements

· PC with 800 MHz or equivalent processor
· 32 Megs DirectX 3D accelerator

· 50 Megs system memory

· DirectSound compatible sound card (for sound)

· Keyboard/Mouse

· Monitor

· LAN connection (required for internet play)

· Speakers (required for sfx)

9.3 Specific Hardware Requirements

· Motherboard running at100 mhz front side bus or greater

· 12x CD ROM drive

· 50 Megs PC100 or faster memory

· AGP Video Card

· 5200 rpm HDD w/ 2 megs or greater cache

· 10BaseT LAN or better.

· Stereo or Surround Sound video card with support for 32 voices or more (for sfx only)

· DirectX 8.1 runtime
10. Development Platform

10.1 Software

· Microsoft Windows XP Pro
· Microsoft Visual C++ .Net 2003
· Microsoft Office XP Pro
· Discrete 3d Studio Max 5.1

· GIMP

10.2 Hardware

· PC meeting Target Platform requirements

11. External Code

11.1 DirectX 8.1

DirectX is used for the 2D/3D Graphics, 2D/3D Sound, MP3 playback, and Input.  This is done via previously created wrapper classes.

11.2 CPackedFile

To create a packed file on disk, a zip file is created that uses “store” compression (no compression).  Packed files are initialized with the filename of the packed file that will be used.  When a file needs to be retrieved from the packed file, the name is supplied to the “GetFile” function that returns pointer to the raw file data.
11.3 Display

The graphics display will be handled by a previously created display system.  All of the following objects are located in the “Display” folder.  By including the file “Display.h” and then creating a CDisplay object you will have access to all necessary display functionality.
11.3.1 CDisplay
Found in “Display.h.” The CDisplay object is used to setup and manage the game display and graphical directX components.  A single instance of this object is created for the whole game.  It is from here that all display objects and animations are created (via the various “Create<Object>” functions.) The display can be restored (which will also restore all objects created through the display) and updated though its member functions.  The display must be initialized with a display format structure as well as the filename to a packed file that stores all graphical assets.  When the display is no longer needed the destroy method should be called.  When graphics are to be written to the display, BeginScene must be called on the global display, subsequently EndScene and Present must be called to finish updating the display and show the updates.  The display mode may be changed by using the “ChangeDisplayMode” function while supplying a format structure.
11.3.2 CDispayAnim

Found in “DisplayAnim.h.” CDisplayAnims are used to display animations for 2D sprites though they are also to be used for single framed animations.  Before use they must be initialized with an image and frame data.  When creating a DisplayAnim the global display object’s CreateDisplayAnim function will be used.  When the anim is no longer needed the DeleteDisplayAnim function needs to be called.
11.3.3 CDisplayObject2D
Found in “DisplayObject2D.h.” When it is time to display a CDisplayAnim it is assigned to a CDisplayObject2D, then the CDisplayObject2D’s Draw function is called.  DisplayObjects are acquired and destroyed in the same fashion as DisplayAnims.
11.4 Sound

Found in the “Sound” folder, “SoundSystem.h” must be included to make use of sound effects.  For music to be played “Music.h” must be included.
11.4.1 CSoundSystem

Found in “SoundSystem.h.” There is one CSoundSystem object made for the game.  This object is used to control the position and velocity of the listener of the sounds, as well as spawning both 2D and 3D sounds.

11.4.2 CSound2D

Found in “Sound2D.h.” Used to store a 2D sound.  The sound is first allocated from the global CSoundSystem object via the “CreateSound2D” function.  The sound object must then be initialized with the filename of a wave sound, number of simultaneous playbacks, and whether it is to be looped during playback.  When the sound is to be played a SoundBuffer2D needs to be retrieved from it, from which play, stop, etc.  can be called.
11.4.3 CSoundBuffer2D

Found in “SoundBuffer2D.h.” When a sound is to be played, a pointer to a CSoundBuffer2D object must be retrieved from the CSound2D object via its “GetFreeBuffer” function.  If a buffer is retrieved then the CSoundBuffer2D pointer can then call “Play” to render the sound.
11.4.4 CSound3D & CSoundBuffer3D
Found in “Sound3D.h” and “SoundBuffer3D.h.” Used exactly like a CSound2D and CSoundBuffer2D except a set of position and velocity components are used to orient the sound in 3D.
11.4.5 CMusic

Found in “Music.h.” Used to playback music using direct show filters.  While in many cases music playback will work as long as a direct show filter is present, the class is designed specifically for mp3 playback.  To play a song it only has to be loaded in via the “LoadFile” function and then played via the “Play” function.  For mp3 files ID3 tag information can be retrieved through the various ‘get’ methods.
11.5 Text Output

11.5.1 FontLook2D

Structure specifying a font’s attributes.  This includes typeface, height, bolds, italics and anti-aliasing.
11.5.2 CTextMaster

A CTextMaster object is used to cache frequently used text output.  To output text the CTextMaster’s “TextOut” function is called.  Passed into this function is a pointer to a FontLook2D struct, the text to display, ARGB color to use, and how many characters from the selection to display.  The CTextMaster’s text cache as well its stored fonts can be flushed.  If the display mode changes, the “Restore” function must be used to ensure that text will continue to be properly displayed.
11.6 CLogFile

Object used for outputting diagnostic information during game execution.  Contains functionality to interpret HRESULTS as well as to format output printf style.  A log file only needs to be initialized with the filename of the file that it will be writing to.
11.7 File Parsing

For the parsing of ASCII files, the CDataBuffer class will be used.  Located in the file “DataBuffer.h” in the “Parsing” directory.

11.7.1 CDataBuffer

The object is initialized with the name of a file and a string that contains every character that will be used to tokenize the ASCII file (i.e.  “: ,” which would delimit between spaces, commas and colons).  New line characters are always tokens, and semicolons are used to comment out everything following them on the same line.  Once the buffer is initialized, it can retrieve ASCII data converted to a string, const c8 pointer or any other basic type.  When the buffer is cast to a data type, it will automatically move to the next available data in the buffer (i.e.  u32 myU32 = dataBuffer), if a Get<Data Type> function is used then the buffer will continue to reference that same data until it is told to move via a call to GoToNextData or the buffer is cast to a different type.  Calling the method IsDone will return false unless all data has been read from the buffer.
11.8 CString and CWString

Both classes are found in “Strings.h” in the “Utilities” folder.  Derived from the std::string class these two extensions offer the ability to assign wide strings to standard strings and visa versa as well as supplying a cast operator for the standard C versions of the strings.
11.9 STL

The standard template library is to be used in place of creating custom data structures whenever possible.  However, CString and CWString should be used in place of std::string or std::wstring.
11.10 Menus

See the main “Menus” section for a description of the Menu System, and what additions will be made to it.
12. Art and Sound Assets

All 3D assets are to be stored as directX .X files, which will be created using 3DStuioMax 5 and the X output plugin.  2D assets are stored as 32-bit PNG files which will be created in GIMP.  Sound assets will be stored in 44.1khz mono wav files.  All assets will be brought into the game wrapped in an appropriate display or sound system object (CDisplayAnim etc.), and then stored in the global CAssetManager (described in the Application section within the “In Game Asset Management” section.)
13. Code Objects

Rock Station will consist of a single executable.  No external DLL files or LIB files will be created.
14. Overview of Technical Costs

14.1 Software & Hardware
Software & Hardware
All software prices reflect either the MSRP or price direct from manufacturer.

Software Package

Units Required

Per Unit Cost

Total

--------------------------------------------------------------------------------------------------------------------------------

Microsoft Windows XP Pro
4


$299


$1196

Microsoft Visual C++ .Net 2003
4


$109


$436

Microsoft Office XP Pro

1


$499


$499

Discrete 3d Studio Max
5.1
1


$3105


$3105

Workstation


4


$1000


$4000

Total









$9236
Labor

Personnel


Cost Per Month

Months Required
Total

--------------------------------------------------------------------------------------------------------------------------------

Dak Babcock


$6500


8


$52,000

David Bastien


$6500


8


$52,000

Jesse Lampert


$6500


8


$52,000

Jonathan Stern


$6500


8


$52,000

Total









$208,000

Miscellaneous Costs
Item



Cost

--------------------------------------------------------------------------------------------------------------------------------

Office Rent (8 months)

$16,000


Total Cost of Development

Given the above, the total cost of development is estimated at $233,236

15. Version Control Software

A CVS server has been setup to control the retrieval and updating of code.  The server resides at the IP: ###.###.###.###.  The root directory is “.”.  Along with the CVS server, release builds will be compiled every 2 to 3 days by the technical director and uploaded to the Rock Station ftp server in directory: “ftp:\\mypos.ngphouse.com\team\Rock Station\snapshots.  The Rock Station ftp can be accessed via the web at: “mypos.ngphouse.com\team”
New folders are to be created for each component when it is added to the CVS server.  As well, each folder must be added to the Visual Studio .NET 2003 project (.vcproj) file in both “Release” and “Debug” build settings (as is the case for everything presently on the server), there is no need to add the .sln file to the CVS server as this only contains personal information about an individuals project/IDE settings.
16. About Code Formatting in the TDD
The coding specifications are broken into three boxes.  The first box in yellow represents a suggested partial implementation of the class or structure.  Following this are two white boxes.  The first box contains information about the required variables in the object, and in the second, the required methods of the object.  The code in the yellow boxes, not documented in the function or variable descriptions, is only used as a suggestion as well as a tool to help flesh out the initial description of the code object, and as such it need not be used in the actual implementation.
17. Header Files
Listing of all standard header files related to the game.
17.1 Globals.h
All global objects are to be defined in “Globals.h” externally, then instantiated in “Globals.cpp”
18. Standard Base Classes

Standard base classes will be available from which to derive from.  It is not necessary to derive from these classes, but it is suggested that they be used when possible.

18.1 CStdInterface

CStdInterface is a base class that is used to keep classes in Rock Station consistent by specifying the most basic uses of the class design specs.  This exists mostly for convenience; as such, its use is not required, though it is highly suggested.
	class CStdInterface

{

protected:

bool m_bInit;

bool m_bReady;

virtual void Clear(  ) { m_bInit = m_bReady = false; }
public:
virtual void Destroy(  ) { m_bInit = m_bReady = false; }
bool IsReady(  ) const { return m_bInit; }

bool IsInit(  ) const { return m_bReady; }

};


18.1.1 Variables
	m_bInit: signals that the object has been initialized.
m_bReady: signals that the object is ready to be used.


18.1.2 Methods
	virtual void Clear(  ): used to clear all variables in the class.

virtual void Destroy(  ): used to de-allocate all memory and reset state flags.


19. Application

19.1 In Game Asset Managment
When dealing with files that must be parsed into the game, the CAsset class will used.  By deriving code objects from the CAsset class it will be possible to manage them in a CAssetManager and from there retrieve them via a unique name.
Every object that is parsed in via a file will be stored in the games AssetManager (explained bellow).  Each object in the list either serves as a master object used to clone others like it (CLevelObject based objects etc.), or will be referenced only when needed.
19.1.1 CAsset

The CAsset type is a base class that is derived from when an object is to be created dynamically and then managed via a CAssetManager object.

	// type flags representing the asset type

#define ASTY_ANY   0xFF

#define ASTY_LEVEL 0x01

#define ASTY_MENU  0x02

#define ASTY_GAME  0x04

typedef u32 AssetType;

class CAsset

{

protected:

CString m_Name;
AssetType m_AssetType;
public:
  virtual bool Init( CDataBuffer * pDataBuffer ) = 0;
CString GetName(  ) { return m_Name; }

AssetType GetAssetType(  ) { return m_AssetType; }
virtual void ParseKeywords( CDataBuffer * pDataBuffer ) = 0;
};


19.1.1.1 Variables
	m_Name: unique identifier for the asset.
m_AssetType: specifies the classification of the asset.


19.1.1.2 Methods

	void Init( CDataBuffer * pDataBuffer ): Takes a previously initialized CDataBuffer and parses the object.
virtual void ParseKeywords( CDataBuffer * pDataBuffer ): Parses all possible keyword/data pairs until an unknown keyword is found, at which point it returns.


19.1.1.3 AssetType

Used to determine when a CAsset object should be deleted, when valid it is a combination of one or more of the below flags.  When specifying an asset’s type, one flag should be sufficient.  However, when searching through or removing assets it may be necessary to specify more than one type.

ASTY_ANY: only exist to facilitate the removal of all assets.
ASTY_ GAME: assures that the asset will be available when g_Game.IsReady(  ) is true.  ASTY_MENU: assures that the asset will be available when g_Game.m_MenuSystem.IsReady(  ) is true.
ASTY_ LEVEL: assures that the asset will be available when g_Game.m_CurrentLevel.IsReady(  ) is true.

19.1.2 CAssetManager

The asset manager is a simple class that contains a stl list container that holds CAsset pointers.  The list is accessed by supplying the name of the asset you wish to retrieve, or a pointer to the asset you wish to insert.  To remove assets, the FlushAssets method should be used while supplying one or more of the asset type flags.  Only one CAssetManager object should be created and it cannot be copied.
	class CAssetManager

{

 private:
list<CAsset *> m_Assets;
CAssetManager( const CAssetManager & ) { ; }
CAssetManager & operator=( const CAssetManager & ) { ; }
 public:
void AddAsset( CAsset * pAsset );
CAsset * GetAsset( CWString name );
void FlushAssets( AssetType assetTypes );

};


19.1.2.1 Variables
	m_Assets: contains all managed assets.


19.1.2.2 Methods

	AddAsset( CAsset * pAsset ): inserts a pointer into the list.
CAsset * GetAsset( CWString name ): takes a name and searches m_Assets for it.  Returns NULL if an asset with “name” can’t be found.

void FlushAssets( AssetType assetTypes ): walks the list and checks every asset’s type flag.  If anding (&) the input assetType with the current asset’s type flag is true then the asset must be deleted.


19.2 Global Application Variables

All global variables are initialized in either the g_Game’s “Init” function and persists until the game object is terminated, or are initialized in the Application’s “Init” function and persist until the application is destroyed.  All variables will exist inside a single executable and no other dlls or exe files will be used (aside from directX) in the game.  All variables outlined below are found in “Globals.h.”
19.2.1 CGame g_Game

Only CGame object created.
19.2.2 CSoundSystem g_Sound

Only CSoundSystem object created.
19.2.3 CDisplay g_Display

Only CDisplay object created.
19.2.4 CInput g_Input

Only CInput object created.
19.2.5 CTextMaster g_TextMaster

Only CTextMaster object created.
19.2.6 CLog g_DebugLog, g_ServerLog, g_ClientLog

The only three instances of CLog.  Except for networking information all output should go to g_DebugLog.
19.3 Message Handler

MessageHandler.cpp will process all windows messages.

20. Game
20.1 CGameState
The CGameState class will manage the game’s current state; that is to say, it will control how the game will process data, update objects, and render said objects to the display based on what mode the game is currently in.
	enum CursorType

{

CUTY_MENU,

CUTY_GAME,
CUTY_HIDDEN,
CUTY_NUMTYPES

};

class CGameState : public CInterface

{
  public

CLevel *

m_pLevel;

CMenuSystem *
m_pMenuSystem;
GameOptions
m_GameOptions;
CShip

m_Players[MAX_NUM_PLAYERS];
CNetSocket
m_Socket;

CursorType 
m_cursorType;
f32

m_f32LastUpdateTime;
f32

m_f32UpdateInterval;
NetworkGameInfo   m_NetworkGameInfo;

  private:

void MainLoop( void );
void Activate( void );
void ProcessInput( void );
void SendNetworkUpdate( void );
void ReceiveNetworkUpdate( void );
void UpdateObjects( void );
void DrawFrame( void );

};


20.1.1 Variables
The first four variables in the CGameState class are all pointers to the CGame object’s member data and assigned during initialization of the CGameState object.

	m_pLevel: Pointer to the game’s current game level.

m_pMenuSystem: Pointer to the game’s menu system.
m_GameOptions: The game's global game options.  These are options set by the player through the use of the in-game menu.  See the GameOptions structure in the Menu section.
m_Players: Array of all players currently in the game.  See the CShip class.

m_Socket: Game's CNetSocket member, used for network games.

m_pHost: Pointer to the machine’s CNetworkHost object for transmitting network data.
m_cursorType: An enumeration specifying the game state’s cursor type.

m_f32LastUpdateTime: The time the last iteration of the game loop took place.  Initially set to zero.

m_f32UpdateInterval: Elapsed time since the last iteration of the game loop took place.


20.1.2 Methods

	void MainLoop( void ): Main game loop for the game state.  The game loop will process in the following manner:

01. Poll all game input.  See ProcessInput.

01.a In a networked game, send and receive network updates.  See the Send...  and Receive...NetworkUpdate methods.

02. Update all game objects.  See UpdateObjects.

03.  Render all visible objects to the display.  See the DrawFrame method.

void Activate( void ): Activates the game state.  This performs whatever is necessary to initialize game components for use.  This can include setting game object states, indicating the current menu page for a given menu system, and resetting the global game timer.  This method also changes the state of the global cursor object based on the game state’s cursor type enumeration.
void ProcessInput( void ): Polls input.  This includes input generated not only from immediate input devices such as the keyboard and mouse but from virtual input objects as well such as enemy artificial intelligence and input from remote sources over the network.

void SendNetworkUpdate( void ): Packages pertinent data from relevant game objects for sending over the network through the CNetworkHost object.  This method calls each object’s individual packing function to package its necessary data.

void ReceiveNetworkUpdate( void ): Receives pertinent data from relevant game objects for sending over the network through the CNetworkHost object.  This method calls each object’s individual unpacking function to unpackage its necessary data.
void UpdateObjects( void ): Updates the state of the game world.  First, this queries the global game timer object and maintains the time interval since the previous frame.  Then, for player objects, updates are derived from the input polled in the previous step, from internal update information, such as position, velocity, acceleration, etc., and from global world updates sent from the server in a networked game.  For all other objects, updates are derived only from this internal data and global world updates from the server in a networked game.

void DrawFrame( void ): Renders the current frame and all the objects in it, in the following order.  Note that in certain game states, some of these steps may not apply.

01. Render the background.  This may be a skybox in the case of actual gameplay or a 2D or 3D image in the case of menus.

02. Render all CLevelObjects through the instance of the CLevel class.

03. Likewise, render all particle effects.

04. Render the HUD, if it is visible.

05. Render any menus that are visible.

06. Render the cursor, if it is visible.

07. Render the console, if it is visible.


20.2 CGame

Simply put, the CGame class will manage the entire Rock Station game and all of its components.  It will be updated once per cycle in the message loop of the containing application through the use of its MainLoop function.  The CGame class will handle game flow dynamically based on the current state of the game (see CGameState class).
	enum GameStateID

{
GAST_LOADING = 0,
GAST_MAINMENU,
GAST_INGAMEMENU,
GAST_INGAME,
GAST_INNETWORKGAME,
GAST_INNETWORKGAMEMENU,
GAST_NUMSTATES

};

const u32 MAX_SHIPS = 8;

// Pause flag definitions

typedef u32 PauseFlag;

const PauseFlag PAFL_UNPAUSED    = 0x00;

const PauseFlag PAFL_USERPAUSE   = 0x01;

const PauseFlag PAFL_SYSTEMPAUSE = 0x02;

class CGame : public CInterface

{

CLevel

m_CurrentLevel;
list<CGameState>
m_GameStates;
CGameState *
m_pCurGameState;
CMenuSystem
m_MenuSystem;
CGameOptions
m_GameOptions;
CShip

m_Ships[MAX_SHIPS];
CNetSocket

m_NetSocket;
PauseFlag

m_PauseFlags;
void MainLoop( void );

  void SetGameState( GameStateID stateID );

  void Pause( PauseFlag pauseFlag );

  void UnPause( PauseFlag pauseFlag );

  void TogglePause( PauseFlag pauseFlag );

};


20.2.1 Variables
	m_CurrentLevel: The current level that gameplay will take place in.

m_GameStates: List of all possible game states for the game.  See the CGameState class.
m_pCurGameState: The current state of the game.  See the CGameState class.

m_MenuSystem: The game’s menu system.  See the CMenuSystem class.

m_GameOptions: The game’s global game options.  These are options set by the player through the use of the in-game menu.  See the CGameOptions class.
m_Players: List of all players currently in the game.  See the CPlayer class.


20.2.2 Methods

	void MainLoop( ): The heart of all game flow.  This method is called by the Application’s main loop and processes the current “turn” in the game.  This method calls the current game state’s MainLoop method.

void SetGameState( GameStateID stateID ): Sets the current game state given the enumerated ID and activates it using the game state’s Activate method.

void Pause( PauseFlag pauseFlag ): Pauses the game, the global timer, and sets the game’s internal pause flag, OR’ing it with the pauseFlag parameter.  There are two types of pausing: user and system.  A user pause is initiated when the user presses the pause key.  A system pause is initiated by internal system functions, such as the application losing focus, the user moving the application window (in windowed mode), toggling between full-screen and windowed display modes, entering the Windows application menu, and entering the in-game menu.  Pausing however can not occur during a networked game due to obvious synchronization problems.

void UnPause( PauseFlag pauseFlag ): Unsets the game’s internal pause flag based on the type of pausing indicated by pauseFlag.  The game is only truly “unpaused” – and the game timer subsequently restarted – when all internal pause flags are marked as unset.  User unpausing occurs when the user presses the pause key when the game is already paused by the user.  System unpausing occurs when the application gains focus after having lost it or when any of the internal system events mentioned in the Pause method description have completed.

void TogglePause( PauseFlag pauseFlag ): Toggles between pause and unpause states for the given pause flag.


20.3 Global Game Variables

20.3.1 u32 g_u32LocalPlayerShipID

This variable is the index of the Local Player’s ship within the game’s array of 8 ships
21. Time

21.1 CTimer
The CTimer class handles all game timer related functions.  It relies on the Windows multimedia API function call timeGetTime, the precision of which has been determined to be acceptable for the purposes of Rock Station.  Time is internally stored in milliseconds.
	class CTimer : public CInterface

{

u32  m_u32GameTime;

u32  m_u32AbsoluteTime;


void ResetGameTime( void );


void PauseTimer( void );


void RestartTimer( void );


u32 GetGameTimeMS( void );

f32 GetGameTime( void );
};


21.1.1 Variables

	m_u32GameTime: Game time elasped since the game timer was last reset.

m_u32AbsoluteTime: The last recorded return value from timeGetTime.


21.1.2 Methods
	ResetGameTime: Resets m_u32GameTime to zero and calls RestartTimer.

PauseTimer: Updates the game time and marks the game timer as not ready.  Subsequent calls to GetGameTime will return the game time when the timer was paused and will not update the internal game time.

RestartTimer: Restarts the timer after a pause, marking it as ready and retrieving the current absolute time from timeGetTime but does not update the internal game time.

GetGameTimeMS: If the timer is marked as ready, the internal game time is updated based on the interval between an immediate call to timeGetTime and the previous call to timeGetTime, which is stored in m_u32AbsoluteTime.  Either way, the value in m_u32GameTime is returned.

GetGameTime: Calls GetGameTimeMS, converts the return value to an f32, divides it by 1000.0f, and returns the result, effectively converting the value from milliseconds to seconds.




22. Levels

Levels are displayed when the game is being played.  They control the updating of all objects that are used during game-play.

22.1 CLevel
The CLevel class is used to control the updating of all objects that are displayed while the actual game is being played (basically this just excludes the time when the user is using the menus, transitioning between game play and the menus, and the loading and unloading of the application.)
	class CLevel : public CStdInterface

{

 private:

   f32 m_f32Radius;

   CSkyBox * m_pSkyBox;

   list<CLevelObject *> m_LevelObjects;

 public:

   void Init( const char * szFilename );

   void Update(  );

   void Draw(  );

   void UpdateAndDraw( );

void AddObject( CLevelObject * pLevelObject );

   f32 GetRadius(  ) { return m_f32Radius; }

};


22.1.1 Variables
	m_f32Radius: represents the area where players may reside without taking penalty.
m_pSkyBox: a 3d cube with textures.  Serves as the backdrop during gameplay.
m_LevelObjects: a list that contains pointers to objects derived from CLevelObject.  This includes player ships, and other level items (i.e.  asteroids, the Rock Station, etc.)


22.1.2 Methods

	void Init( const char * szFilename ): Sets up a level so that game play can start after the function exits.  This includes reading in the BG model, loading the correct player ships, etc.
void Update(  ):
01. Walks m_LevelObject and calling each pointer’s update function.

02. After each object is updated it checks to see if it should be removed.

void Draw(  ): Used to draw all leve objects.

void UpdateAndDraw( ): Used to update and draw all level objects.
void AddObject( CLevelObject * pLevelObject ): adds a level object pointer to the m_LevelObjects list.


22.1.3 About m_LevelObjects
The choice to keep every level object in a single list was made considering the fact that during the game there will not be many level objects.  With an upper estimate of 100 objects at any given time within the level, iterating over a single list poses no performance loss.
22.2 Level Objects

22.2.1 struct CollisionResult

A CollisionResult struct contains information on the results of a collision, which is passed to the collidee.

	struct CollisionResult

{

f32
f32YawChange; 

f32
f32PitchChange;

f32
f32SpeedChange;

f32
f32DirectionChange;

f32
f32DamageType;

f32
f32HullDamage;

f32
f32ShieldDamage;

};


22.2.2 CLevelObject
The CLevelObject class represents a 3D game object which may be collided with and possibly destroyed.

	class CLevelObject : public CAsset, public CStdInterface, public CDisplayObject3D

{

protected:

//object properties

CCollisionMap 

m_CollisionMap;

f32


m_f32HullMax;

CEffect *

m_pEffectTravel;

CEffect * 

m_pEffectDestroy;

//variables

Vector3D

m_Dir;

Point3D


m_Pos;

f32


m_f32Yaw;

f32


m_f32Pitch;

f32


m_f32CurSpeed;

f32


m_f32HullCurrent;

bool


m_bRemove;

public:

bool Init( CDataBuffer * pDataBuffer );

virtual void Update(  );

virtual bool Draw(  );

virtual bool CheckCollision( CLevelObject * pCollideObject );

virtual bool ReceiveCollision( CollisionResult * pCollisionResult );

bool IsRemove(  ) const;

CLevelObject( const CLevelObject & );

CLevelObject & operator=( const CLevelObject & );

};


22.2.3 Variables

	m_CollisionMap:  Collision map for the object.
m_f32HullMax: Maximum amount of hull (life).  If zero, then object is indestructible.
m_pEffectDestroy: Effect executed upon destruction of the object, or NULL if no effect is to be executed.

m_Dir: Direction vector of object.

m_Pos: Position of the object in world-space.

m_f32Yaw: Yaw of the object.

m_f32Pitch: Pitch of the object.

m_f32CurSpeed: Current speed of the object.

m_f32HullCurrent: Current amount of hull (life).  
m_bRemove: When true the object’s CLevel parent’s Update(  ) function should remove the object from its master list.


22.2.4 Methods

	bool Init( CDataBuffer * pDataBuffer ): Taking the data buffer, this method will cause the object to parse and initialize itself.

void Update(  ): Updates the object’s position from its current vector, yaw, pitch, etc.

void Draw(  ): Draws the object onscreen.

bool CheckCollision( CLevelObject * pCollideObject ): Checks collision with another CLevelObject.  If there is a collision, fills out a CollisionResult struct and passes it into that CLevelObject’s ReceiveCollision method.

bool ReceiveCollision( CollisionResult * pCollisionResult ): Modifies the state of various member variables by the values in the passed in CollisionResult struct.

bool IsRemove(  ): Get method for m_bRemove.

Assignment and Copy Constructor: Because all objects based on this class will first be parsed in then cloned when needed, the assignment and copy constructors will need to be implemented.


23. Ships
	#define MAX_WEAPON_BANKS 3

#define MAX_WEAPONS 6

typedef u8 WeaponBank;

const WeaponBank WB_WEAPON1 = 0x01;

const WeaponBank WB_WEAPON2 = 0x02;

const WeaponBank WB_WEAPON3 = 0x04;

const WeaponBank WB_WEAPON4 = 0x08;

const WeaponBank WB_WEAPON5 = 0x10;

const WeaponBank WB_WEAPON6 = 0x20;

const WeaponBank WB_WEAPON7 = 0x40;

const WeaponBank WB_WEAPON8 = 0x80;


23.1 CShip

The CShip class represents a single player or A.I.  controlled ship.

	class CShip : public CLevelObject

{

private:
//static properties
Turn Rate, Top Speed, etc.
…
//variables
Extra Meter, Special Meter, etc
…
u8 
m_u8PlayerID;
u8

m_u8CurrentWeaponBank;
CWeapon *
m_Weapons[MAX_WEAPONS];
WeaponBank
m_WeaponBanks[MAX_WEAPON_BANKS];

public:
virtual bool Draw( void );
virtual void Update( void  );
void FireWeapon( u32 u32Index );
void FireWeaponBank( u32 u32Index = current );
};


23.1.1 Variables

	m_u8PlayerID: Unique ID of the player/ship.  Ranges from 0 to 7 (MAX_PLAYERS).

m_u8CurrentWeaponBank: Current selected weapon bank.  Ranges from 0 to (MAX_WEAPON_BANKS - 1)

m_Weapons: All weapons associated with the ship.

m_WeaponBanks: Each item in this array represents one of the player’s 3 weapon banks.  A single weapon bank is comprised of the various WB_WEAPON constants OR’ed together, which indicates which weapons are in that bank.


23.1.2 Methods

	void Update(  ):  Updates the ship’s position from its current vector, yaw, pitch, etc.

bool Draw(  ): Draws the ship.  Should be called once per frame.

void FireWeapon( u32 u32Index ): Calls the fire method of a specific weapon.

void FireWeaponBank( u32 u32Index ): Fires all weapons in the current weapon bank.


23.2 Weapon

	class CWeapon : public CAsset

{

private:

//object properties
f32

m_f32WarmUpTime;

f32

m_f32RepeatDelay;

f32

m_f32EnergyUse;

bool

m_bNeedsLock;

CSound2D *
m_pSoundFire;
//variables
u8 

m_u8PlayerID;
f32

m_f32RepeatDelayRemaining;
Point3D

m_ProjectileSpawnPoint;
Projectile *
m_pProjectile;

public:

bool Fire( void );
};


23.2.1 Variables

	m_f32WarmUpTime: Amount of time between when fire is pressed and a projectile is spawned.

m_f32RepeatDelay: Minimum amount of time between weapon firings.

m_f32EnergyUse: Energy consumed each time the weapon is fired.

m_bNeedsLock: Whether or not the firer needs a lock in order to fire the weapon.

m_pSoundFire: Sound associated with the weapon firing.

m_u8PlayerID: Unique ID of the player/ship that owns the weapon.  Ranges from 0 to 7 (MAX_PLAYERS).
m_f32RepeatDelayRemaining: Time remaining before the weapon may be fired again.
m_ProjectileSpawnPoint: The point at which projectiles are spawned by the weapon.

m_pProjectile: Master pointer to projectile that is spawned when a shot is fired.


23.2.2 Methods

	bool Fire(  ): Attempts to fire the weapon.  If firing is possible, it spawns a projectile of the type associated with it, at m_ProjectileSpawnPoint, after transforming it.


23.3 Projectile

The CProjectile class represents a single weapon projectile.

23.3.1 struct ProjectileStage

	struct ProjectileStage

{

//object properties

hull damage, shield damage, damage type, etc.
};


23.3.2 CProjectile
	class CProjectile : public CLevelObject

{

private:

//object properties

u8 


m_u8OwnerID;


ProjectileStage *
m_Stages;

u8



m_u8NumStages;

AbilityFlag

m_AbilityFlags;

ShipState

m_ShipState;

//variables

u8


m_u8CurrentStage;

u8


m_u8TargetID;

public:

void Update( void );
};


23.3.3 Variables

	m_u8OwnerID: Unique ID of the player/ship that fired the projectile, or 0 if none.  Ranges from 0 to 8 (MAX_PLAYERS).

m_Stages: Array of stages, which is allocated when the projectile is initialized.

m_u8NumStages: Number of stages the projectile has.

m_AbilityFlags: Ability flags of the projectile.  Determined by the ability flags of the firer at the time of firing, these are used to determine special cases.  For example, the opportunist flag would cause the projectile to do extra damage when striking an enemy in the rear.

m_ShipState: Ship state flags of the projectile.  Determined by the ability flags of the firer at the time of firing, these are used to determine special cases.  For example, the purple haze flag would cause the projectile to do extra damage.

m_u8CurrentStage: Current stage projectile is in.

m_u8TargetID: Unique ID of the player/ship that the firer was locked-onto, if any, when firing the projectile.


23.3.4 Methods

	void Update(  ): Updates the position of the projectile based on the properties of the current stage.


23.4 CExtra

The CExtra class represents a piece of extra equipment belonging to a ship.  The functions of extras varies wildly, so the extra will have a pointer to, and be a friend class of, the parent ship class in order to make whatever changes are necessary.

	class CExtra: public CAsset

{

private:

//object properties
f32

m_f32Cost;
CEffect *
m_pEffectStart;
CEffect *
m_pEffectConstant;
CEffect *
m_pEffectEnd;
CSound *
m_pSoundStart;
CSound *
m_pSoundConstant;
CSound *
m_pSoundEnd;
//variables
CShip *

m_pParent;
bool

m_bInEffect;
f32

m_f32ExecutionTime;
public:

virtual void Update( void );
virtual void Execute( void );
virtual void Stop( void );
bool IsInEffect( void ) const;
};


23.4.1 Variables

	m_f32Cost: The cost, per second, of utilizing the extra.

m_pEffectStart: Effect executed as extra execution begins, or NULL if no effect is to be executed.

m_pEffectConstant: Effect executed as long as extra is in effect, or NULL if no effect is to be executed.
m_pEffectEnd: Effect executed as extra execution stops, or NULL if no effect is to be executed.
m_pSoundStart: Sound played as extra execution begins, or NULL if no sound is to be played.
m_pSoundConstant: Sound played as long as extra is in effect, or NULL if no sound is to be played.

m_pSoundEnd: Sound played as extra execution stops, or NULL if no sound is to be played.

m_pParent: CShip which owns the extra.  Used for directly modifying various ship stats.

m_bInEffect: Whether the extra is currently in effect or not.

m_f32ExecutionTime: Time the extra has been executed for, in seconds.


23.4.2 Methods

	void Update(  ): Updates extra execution.  What specifically occurs as a result of this depends on the nature of the extra.  Decreases m_pParent’s current extra meter stat by m_f32Cost modified by the amount of time that has passed since the extra was last updated (using the timer’s elapsed time function).  Calls Stop if m_pParent’s current extra meter stat is not sufficient to continue execution.  Additionally, it adds to m_f32ExecutionTime the result of the timer’s elapsed time function.

void Execute(  ): Begins execution of extra.  What specifically occurs as a result of this depends on the nature of the extra.  Sets m_bInEffect to true and resets m_f32ExecutionTime to zero.

void Stop(  ): Stops extra execution.  What specifically occurs as a result of this depends on the nature of the extra.  Sets m_bInEffect to false.

bool IsInEffect(  ): Get method for m_bInEffect.


23.4.3 Extra Derived Classes

CAccumulator

While in effect, the accumulator’s Update function increases the player’s Volume Meter by directly modifying the player’s Current Volume Meter statistic.  When Execute is called, it sets the ShipState flags to include SS_ACCUMULATE.  When Stop is called, it removes SS_ACCUMULATE from the ShipState flags.  While SS_ACCUMULATE is set the parent ship class should not allow weapons to be fired, and should evaluate all shield damage as double.

CAfterburner

When Execute is called, it sets the ShipState flags to include SS_AFTERBURNER.  When Stop is called, it removes SS_AFTERBURNER from the ShipState flags.  While SS_AFTERBURNER is set the parent ship class should evaluate the ship’s top speed at 150% and its acceleration at 200%.

CColdPlasmaCloak

When Execute is called, it sets the ShipState flags to include SS_COLDPLASMA.  When Stop is called, it removes SS_COLDPLASMA from the ShipState flags.  When parsing ships to determine radar updates, ships marked with SS_COLDPLASMA should be ignored.

CShieldRoutingSystem

When Execute is called, it sets the ShipState flags to include SS_SHIELDROUTE.  When Stop is called, it removes SS_SHIELDROUTE from the ShipState flags.  SS_SHIELDROUTE is set the parent ship class should evaluate damage to its front shields at 25%, and damage to all other shields at 200%.

CShieldToWeaponRelay

When Execute is called, it sets the ShipState flags to include SS_SHIELDWEAPONRELAY.  When Stop is called, it removes SS_SHIELDWEAPONRELAY from the ShipState flags.  While SS_SHIELDWEAPONRELAY is set the parent ship class should evaluate all shield damage at 200%.   Additionally, all projectiles created while SS_SHIELDWEAPONRELAY is in effect should have the SS_SHIELDWEAPONRELAY flag set.

CSpatialShift

When Execute is called, it sets the ShipState flags to include SS_SPATIALSHIFT.  When Stop is called, it removes SS_SPATIALSHIFT from the ShipState flags.  SS_SPATIALSHIFT is set the parent ship class should evaluate the current speed as 1000kps.  Update should call Stop after m_f32ExecutionTime is one second or greater.

CWeaponToShieldRelay

When Execute is called, it sets the ShipState flags to include SS_WEAPONSHIELDRELAY.  When Stop is called, it removes SS_WEAPONSHIELDRELAY from the ShipState flags.  While SS_WEAPONSHIELDRELAY is set the parent ship class should prevent weapons from firing and evaluate all shield damage at 50%.

23.5 CSpecial

The CSpecial class represents a special move belonging to a ship.  The functions of specials varies wildly, so the specials will have a pointer to, and be a friend class of, the parent ship class in order to make whatever changes are necessary.

	class CSpecial: public CAsset

{
  private:
//object properties

f32

m_f32Cost;
CEffect * 
pEffectStart;
CEffect * 
pEffectConstant;
CEffect * 
pEffectEnd;
CSound *
m_pSoundStart;
CSound *
m_pSoundConstant;
CSound *
m_pSoundEnd;
//variables
CShip *

m_pParent;
bool

m_bInEffect;
f32

m_f32ExecutionTime;

public:
void Update( void );
void Execute( void );
void Stop( void );
bool IsInEffect( void ) const;
};


23.5.1 Variables

	m_f32Cost: The Volume Meter cost of utilizing the special.  For future expansion only, as all specials currently fully drain the Volume Meter.

m_pEffectStart: Effect executed as special execution begins, or NULL if no effect is to be executed.
m_pEffectConstant: Effect executed as long as special is in effect, or NULL if no effect is to be executed.

m_pEffectEnd: Effect executed as special execution stops, or NULL if no effect is to be executed.
m_pSoundStart: Sound played as special execution begins, or NULL if no sound is to be played.

m_pSoundConstant: Sound played as long as special is in effect, or NULL if no sound is to be played.

m_pSoundEnd: Sound played as special execution stops, or NULL if no sound is to be played.

m_pParent: CShip which owns the special.  Used for directly modifying various ship stats.

m_bInEffect: Whether the special is currently in effect or not.

m_f32ExecutionTime: Time the special has been executed for, in seconds.


23.5.2 Methods

	Update: Updates special execution.  What specifically occurs as a result of this depends on the nature of the extra.  Additionally, it adds to m_f32ExecutionTime the result of the timer’s elapsed time function.

Execute: Begins execution of a special.  What specifically occurs as a result of this depends on the nature of the extra.  Sets m_bInEffect to true and resets m_f32ExecutionTime to zero.

Stop: Stops execution of a special.  Not currently used externally, as all specials currently determine when they are done and halt execution themselves.

IsInEffect: Get method for m_bInEffect.


23.5.3 Special Derived Classes

CBootyGet

On execution, checks if parent class has lock-on, then fires the projectiles.  Calls Stop immediately after.

CLaserHammer

On execution, fires projectiles rapidly, and continues firing on calls to Update.  When m_f32ExecutionTime is one second or greater, calls Stop.

CPurpleHaze

On execution, sets the parent ship class’ state to include SS_PURPLEHAZE.  When m_f32ExecutionTime is 30 seconds or greater, calls Stop, which should remove SS_PURPLEHAZE from the parent class’ flags.

CJoker

On execution, sets the parent ship class’ state to include SS_JOKER.  When m_f32ExecutionTime is 30 seconds or greater, calls Stop, which should remove SS_JOKER from the parent class’ flags.

CEcstasy666

On execution, checks if parent class has lock-on, then fires the projectiles.  Calls Stop immediately after.

CSteppinRazor

On execution, sets the parent ship class’ state to include SS_STEPPINRAZOR.  When collision occurs, it should evaluate damage to an opponent at 500%, and evaluate the current speed at 1000 kps.  When m_f32ExecutionTime is 1 second or greater, calls Stop, which should remove SS_STEPPINRAZOR from the parent class’ flags.

CPoliceBrutality

On execution, fires the projectiles.  Calls Stop immediately after.

CVicious

On execution, fires the projectiles.  Calls Stop immediately after.

CDefConOne

On execution, checks if parent class has lock-on, then fires the projectiles.  Calls Stop immediately after.

CRiotControl

On execution, checks if parent class has lock-on, then fires the projectiles.  Calls Stop immediately after.
24. Pilots
Pilot classes are the control mechanism behind ship movement.  There will be three kinds of pilots: local, network, and A.I.
24.1 CPilot

The CPilot class is an abstract base class to be derived from when creating a pilot class.
	class CPilot : public CStdInterface

{

protected:

InputInfo
m_InputInfo[RSIN_NUM_INPUTS];

f32

m_f32CursorX;

f32

m_f32CursorY;

public:

virtual void Update( void  ) = 0;
f32 GetCursorX( void );
f32 GetCursorY( void );
const InputInfo * GetInputFlags( void );

};


24.1.1 Variables

	m_InputInfo: The input flags 

m_f32CursorX, m_f32CursorY: X and Y position of the cursor, they range from 0.0 to 1.0 in client coordinates.


24.1.2 Methods

	virtual void Update(  ): Update is called once per game iteration, it sets the values of m_InputInfo.  How this is done precisely depends on the nature of the derived class.

f32 GetCursorX, GetCursorY: Get methods for m_f32CursorX and m_f32CursorY, respectively.

cosnt InputInfo * GetInputFlags(  ): Get method for m_InputInfo.


24.2 CLocalPilot

The CLocalPilot class is used to gather input from a local player.

	class CLocalPilot : public CPilot

{

protected:

public:

void Update( void );

};


24.2.1 Methods

	void Update(  ): Update sets the value of the parent class’ m_InputInfo by retrieving information from the CInput class.


24.3 CAIPilot
AI pilots are controlled via a master AI module, as such the update function serves as a bridge through which to interface a CShip object with the AI.  When a game is networked AI players exist only on the server, on other machines they are merely seen as CRemotePlayers
	class CAIPlayer : public CPilot
{

 public:

   void Update(  );

};


24.3.1.1 Methods

	void Update(  ): Calls g_AI.Update( this );


24.4 CNetworkPilot

The CNetworkePilot class acts as a bridge between other players on the network and maintains input based on input the server receives from each client.  This data is then sent back to the client.
	class CNetworkPilot : public CPilot

{

  public:

    void Update( void );
    void SetInput( RSInput rsInput, u8 u8InputState );

    void SetCursor( f32 f32XPos, f32 f32Ypos );

    void SetMouseWheel( s32 s32ZDelta );
};



24.4.1 Methods

	void Update( void ): Updates the internal input data based on remote network inputs.  On the server, this calls ProcessMessages on the given host.  On the client, this method does nothing; instead, input values are set as they are processed from the server’s message buffer using SetInput.

void SetInput( RSInput rsInput, u8 u8InputState ): Called when the client processes the network buffer and reads a game input message.  The input to set is given by rsInput and its state by u8InputState.
void SetCursor( f32 f32XPos, f32 f32YPos ): Called when the client processes the network buffer and reads a game input message.  The cursor is set by the parameters passed.
void SetMouseWheel( s32 s32ZDelta ): Called when the client processes the network buffer and reads a game input message.  The mousewheel value is set by the parameter passed.


25. Game Camera

The camera we be implemented using some basic manipulation of the view matrix in our graphics pipeline.  Generally speaking, a camera will be following a level object (such as a ship.) This makes the calculations easy; for following straight behind a ship involves only setting the view matrix to that of the object’s current orientation, translating by a scaled version of the object’s given forward vector (which would be stored in the 3rd row of its world matrix), then inverting the matrix.

The only tricky part involved is when the camera pans around the ship as the user turns, and zooming in when the ship slows down (adding the feeling of faster movement.)  For the panning, the camera’s location is computed as mentioned above, then simply rotated around the ship in the opposite direction it turned (by some smaller factor of radians than the object actually rotated.) To adjust the “following distance” for rapid deceleration and acceleration, the “follow vector” has an additional value added to it ((current acceleration – current velocity) * another scaling factor.)

25.1 CFollowCamera

	class CFollowCamera

{
  Private:
D3DXMATRIX m_matView;

f32 m_f32FollowDistance;
   public:

CFollowCamera(  );

D3DXMATRIX * GetViewMatrix(  ) { return( &m_matView ); }

void Update( D3DXMATRIX * followMat );

};


25.1.1 Methods
	void Update ( D3DXMATRIX * FollowMat ): Updates the camera based upon an object’s current orientation (stored in the parameter FollowMat) by performing the above description.  Also saves the calculated matrix into the graphics pipeline’s view matrix.


26. Collision Detection

The world will be divided up into what will be called sectors, which will really just be big boxes.  Each level will be broken into multiple sectors based on its size.  The main function of the sectors is to divide the levels up and to keep track of what objects are in which sectors.  This will speed up collision detection because objects will only need to check for collisions in their sector and the surrounding sectors.
26.1 CSector

	class CSector: public CStdInterface
{
private:
Sector * m_pSectorsNextTo[6];

std::list<CCollisionObjects *> m_CollisionObjects;

public:

CheckAllCollisions(  );

};


26.1.1 Variables

	m_ pSectorsNextTo: Array of surrounding sectors.


26.1.2 Methods

	void CheckAllCollisions(  ): Checks collisions for all objects in the sector with all objects in surrounding sectors


26.2 CCollisionMap
	class CCollisionMap
{
private:
bool m_bFastParticle;

bool m_bRayCollisions;

f32  m_f32radius;

CollisionBoxes m_CollisionBoxes;
public:
    void Init( ID3DXMesh * pPolygonList );

bool CheckForCollisions( CCollision * pCollision );

};


26.2.1 Methods
	bool CheckForCollisions( CCollisionMap * pCollision ): Checks for collisions with another CCollisionMap object


26.3 struct CollisionBoxes
	struct CollisionBoxes

{

CollisionBoxes * pNextSector;

CollisionBoxes * pNextSubdivision;

f32Rect
 
 f32Rect;

D3DXVECTOR3 
 normals[6];

};


26.4 Procedure

During the course of the game, objects will first be moved, and then collisions will be checked between them.  Collisions will be checked in the following order:
26.4.1 Radius Comparisons

This stage consists only of checking for the collisions between the radii of a level object with another level object.  This just comes down to the square of a distance calculation being less then the square of the radiuses of the two objects added together.  This step is mainly to get rid of collisions that are not happening in a very fast and efficient manner.
26.4.2 Big Box Collision Detection.
It is here where an object’s biggest surrounding box is checked for an intersection.  This is done by seeing if any other object’s in the level have corners which are in the other object’s big box.  This is done by using a simple dot product with the boxes planes, and then seeing which side of the plane a point lands on.
26.4.3 Small Box Collision Detection

The final step where an actual collision will occur.  Checking each of the small boxes in an object’s collision tree with the corners of each box in the other object’s collision tree, in a manner similar to above, will reveal if a collision has occurred.
26.4.4 Calculating Small Boxes

01. Decide on a number of subdivisions.
02. Pick an axis X, Y, or Z to perform the starting, second, and third subdivisions
03. Find minimum and maximum ranges on the first axis decided on in step 2
04. Divide up the points into a number of subdivisions decided in step 1 based on step 3’s range (max-min) using step 2’s first axis
05. Now for each sector made, find the range as you did in step 2 but with the next axis.  If that range (max-min) is <= to the first range ((max-min)/number of subdivisions), no more further subdivisions are necessary, otherwise subdivide along the second axis.  Keep dividing up these new sectors until the range of this axis’s sectors are <= to the first axis’s sector’s range
06. Finally, repeat step 5 with the last axis for every sector made in step 5.
07. Store the rect.  Note that the normal vectors are already known because the box starts off as an axis aligned box
26.4.5 Special Cases

26.4.5.1 Super-Fast Moving Objects

A special case of collisions involves objects of super-fast moving velocities.  This is a problem because these objects have the potential to jump over other objects in-between collision checks.  In general this is not much of a problem, because the game is being designed to run with 60 fps+ which means that the max speed of any projectile will be 16/60 = 0.2666667 (where 16 is our current planned max speed and 60 is our planned # of updates per seconds.) This combined with the fact that test ships are generally in the size range (in game units) of a 2 by 2 square box, makes the possibility of missed collisions a null point.  However, because things tend to change and since these calculations are based on test speeds and an intended frame rate, a fallback for super-fast moving objects must be created (super-fast movement being defined for now as speeds greater than or equal 10 units.) Objects capable of these speeds will have the option to check not only at their updated time but at ¼ their update time, ½ their update time, and of course at ¾ their update time.  In this way only super-fast moving objects perform the extra calculations, and little additional code needs to be made to maintain accuracy.
26.4.5.2 Ray Collisions

The only other special case for collisions is the use of ray collision detection (needed for instantaneous projectiles such as lasers.) To handle these cases, the use of simple line/plane collisions (using the an object’s big box.) will be taken advantage of.  If the object’s have smaller surrounding boxes those too will be used just as is the case for normal collisions.
27. Networking

27.1 General Networking Architecture

Rock Station will use a server-client architecture based on the WinSock 2 library for its networked multiplayer gameplay modes, using the TCP transfer protocol.  The client sends information about player input on a per-need basis and processes game updates from the server.  The server, conversely, maintains the game world, and based on player input it receives, sends game updates to all clients.  In between updates, the game engine predicts object behavior based on the client’s input and current object positions and velocities.

27.2 Client-Side Responsibilities

It is the client’s responsibility to send to the server updates based on the user’s input.  This is on a per-need basis; input is only sent when there is a change in input.  Thus, when the mouse cursor moves, its new position is transmitted to the server; when game input states from the keyboard or mouse buttons change, the changes are transmitted to the server.

The client also sends acknowledgements of received game states and chat messages.  Further, the client is responsible for receiving game updates from the server, unpackaging that data, and sending it to the relevant game objects.
27.3 Server-Side Responsibilities

It is the server’s responsibility to maintain the game world and provide reliable world updates to all clients.  Given input sent from the clients, the game must then update objects, package the relevant data for those objects whose data have changed, and send these packaged updates to those clients for which such data is immediately relevant.  Again, this is on a per-need basis; such updates are only sent when they occur.

In addition, the server is responsible for keeping all clients in synch with the server’s game by transmitting world updates at regular intervals.  To minimize network congestion, world updates for each client will be staggered across this interval.

27.4 Packaging and Unpackaging of Data

Packaging and unpackaging of data is performed by the CGame instance during its SendNetworkUpdate and ReceiveNetworkUpdate methods.  The CNetworkHost class takes care of interfacing with the WinSock library to transmit the data.
27.5 struct NetworkHost 

A NetworkHost instance can be designated as either a server or a client, and its functionality will depend on this designation.
	struct NetworkHost

{
SOCKET            socket;

sockaddr_in       sockAddr;

u32               u32LastWorldUpdateTime;

u32               u32LastGameUpdateTime;
u32               u32NumMessages;
bool              bOnline;

MessageBuffer_t * pMsgBuf;

};

	socket: WinSock socket, used for making network connections.

sockAddr: The host’s sock address.
u32LastWorldUpdateTime: Time the last world update was sent/received.

u32LastGameUpdateTime: Time the last game update was sent/received.

u32NumMessages: Number of messages in the message buffer.
bOnline: Whether the host is online or not.

pMsgBuf: Pointer to the remote host’s message buffer.


27.6 CNetSocket
The CNetSocket class will wrap WinSock functionality and handle all transmission of data from one host to another in a networked multiplayer game.
	class CNetSocket : public CStdInterface

{

  private:

NetworkHost m_Hosts[MAX_NUM_PLAYERS];
u32         m_u32LocalID;
public:

u32 CreateServer( u32 u32Port );
u32 ConnectToServer( char * szIPAddrString, u32 u32Port );
void AcceptConnection( void );
void ShutdownConnection( void );
u32 SendData( u32 u32HostID, const u8 * pBuf, u32 u32BufSize );

u32 SendDataToAll( const u8 * pBuf, u32 u32BufSize );

u32 ReceiveData( u32 u32HostID, const u8 * pBuf, u32 u32BufSize );

u32 GetNextFreeHostID( void );
void ProcessMessageBuffer( u32 u32HostID );
void ProcessMessages( u32 u32HostID );

};


27.6.1 Variables

	m_Hosts: Array of network hosts.  On a client machine, only the first host, the server (always host ID 0), is of relevance.  On the server machine, the server iterates through all online hosts for retrieving and sending data.

m_u32LocalID: Local ID of the host.  The server is always ID zero.


27.6.2 Methods

	u32 CreateServer( u32 u32Port ): Creates a server to accept connections on the specified port.

u32 ConnectToServer( char * szIPAddrString, u32 u32Port ): Attempts to connect to the server at the specified IP address on the given port.
void AcceptConnection( void ): Accepts an incoming connection to the server, assigning the new host the next available host ID.  If there are no more host IDs available, the server no longer accepts incoming connections.

void ShutdownConnection( void ): Shuts down the connection.  The server will instigate a host shutdown when a client either makes a shutdown request or times out.
u32 SendData( u32 u32HostID, const u8 * pBuf, u32 u32BufSize ): Sends data to the host indicated by u32HostID.  The data to be sent is passed through in pBuf and its byte count is given by u32BufSize.

u32 SendDataToAll( const u8 * pBuf, u32 u32BufSize ): Sends data to all clients from the server.  The data to be sent is passed through in pBuf and its byte count is given by u32BufSize.

u32 ReceiveData( u32 u32HostID, const u8 * pBuf, u32 u32BufSize ): Receives data from the host indicated by u32HostID.  The data to be received is passed through in pBuf and its byte count is given by u32BufSize.

u32 GetNextFreeHostID( void ): Returns the next available host ID.  If there is none available, returns NO_HOST_IDS_AVAILABLE (= 0xFFFFFFFF).

void ProcessMessageBuffer( u32 u32HostID ): Processes the message buffer for a particular host to retrieve the next message in that buffer.

void ProcessMessages( u32 u32HostID ): Processes all messages currently in the message buffer for a particular host.


27.7 Specific Networking Messages and their Structures

All network messages are prefixed with the heading “NetMsg.”
27.7.1 Basic Network Messages

The following messages are used in various situations.

27.7.1.1 NetMsgGeneric

The basic generic networked message structure is shown below.  All network messages are in a similar format.
	struct NetMsgGeneric {


u8  u8HostID;


u8  u8MsgID = NET​MSG_GENERIC;


u16 u16ByteCount;


u8  u8Data[1];

};



	u8HostID: ID of the sending host.

u8MsgID: ID of the message, in this case NET_GENERIC_MSG.

u16ByteCount: Count of bytes in the buffer to follow.

u8Data: Data buffer.  The ‘1’ acts as placeholder; u8Data is actually an array of u16ByteCount bytes.


Henceforth, u8HostID and u8MsgID will not be explicitly described for further network messages as their purposes are identical unless otherwise specified.
27.7.1.2 NetMsgTextString

Message used for sending text messages between or among hosts.  This includes chat messages and network menu strings such as game and player names.

	struct NetMsgTextString {


u8   u8HostID;


u8   u8MsgID = NETMSG_TEXTSTRING;


bool bTeamSay;


u8   u8CharCount;


u8   u8Msg[1];

};

	bTeamSay: Whether the string is to be spoken to members of the same team only.
u8CharCount: Number of characters in the string.

u8Msg: Buffer containing the string.


27.7.1.3 NetMsgKeepAlive

Message sent by clients to inform the server that they are still connected, in the event that the user may not have sent any other input for a significant amount of time, for instance.
	struct NetMsgKeepAlive {


u8  u8HostID;


u8  u8MsgID = NETMSG_KEEPALIVE;

};


27.7.1.4 NetMsgNotifyDisconnect

Message used to notify other hosts that a particular player has elected to disconnect or that the server has determined that a player’s connection has otherwise dropped.
	struct NetMsgNotifyDisconnect {


u8   u8HostID;


u8   u8MsgID = NETMSG_NOTIFYDISCONNECT;


bool bTimeOut;

};

	u8HostID: Indicates the host of the player who wishes to disconnect.  If this is 0 (the server), all clients are subsequently disconnected.

bTimeOut: Whether the disconnection was the result of a time out (sufficient time has elapsed with no response from the host) or from an actively instigated disconnect request.


27.7.2 Network Game Team Setup Screen Messages

What follows are messages used in the network game team setup menu screen.

27.7.2.1 NetMsgMenuChangeCharacter

Message used when a host wishes to change its player character.

	struct NetMsgMenuChangeCharacter {


u8   u8HostID;


u8   u8MsgID = NETMSG_MENU_CHANGECHARACTER;


u8   u8CharacterNum;

};

	u8CharacterNum: Index of the desired character.


27.7.2.2 NetMsgMenuChangeTeam

Message used in team games to indicate that a player wishes to change teams.
	struct NetMsgMenuChangeTeam {


u8  u8HostID;


u8  u8MsgID = NETMSG_MENU_CHANGETEAM;

};


27.7.2.3 NetMsgMenuAddPlayerToList

Message used to indicate that a player is to be added to the list of players.
	struct NetMsgMenuAddPlayerToList {

u8   u8HostID;


u8   u8MsgID = NETMSG_MENU_ADDPLAYERTOLIST;


u8   u8Team;


bool bBot;

};

	u8HostID: Indicates the ID of the host to be added.  Note that this may be the ID of a virtual host, that is, a bot.

u8Team: Team that the player is to be added to.  Ignored in non-team games.

bBot: Whether the player to be added is a bot.


27.7.2.4 NetMsgMenuRemovePlayerFromList

Message used to indicate that a player is to be removed from the list of players.

	struct NetMsgMenuRemovePlayerFromList {


u8  u8HostID;


u8  u8MsgID = NETMSG_MENU_REMOVEPLAYERFROMLIST;

};

	u8HostID: Indicates the ID of the host to be removed.


27.7.2.5 NetMsgMenuSetReady

Message used to indicate whether a given player is ready.
	struct NetMsgMenuSetReady {


u8   u8HostID;


u8   u8MsgID = NETMSG_MENU_SETREADY;


bool bReady;

};

	bReady: Whether the player is ready.


27.7.2.6 NetMsgMenuStartGame

Message sent by the server to tell clients to start the game.
	struct NetMsgMenuStartGame {


u8  u8HostID;


u8  u8MsgID = NETMSG_MENU_STARTGAME;

};


27.7.3 In-Game Messages

The majority of network messages, of course, are sent during the course of actual game play.  They are described as follows.

27.7.3.1 NetMsgGameReady

Indicates the host is ready to begin play.  Sent when the level and all objects have loaded on the client’s machine and are ready to be displayed on screen.

	struct NetMsgGameReady {


u8  u8HostID;


u8  u8MsgID = NETMSG_GAME_READY;

};


27.7.3.2 NetMsgGamePlayerInput

Message sent by clients to indicate which game inputs have changed and what their new values are.
	struct NetMsgGamePlayerInput {


u8  u8HostID;


u8  u8MsgID = NETMSG_GAME_PLAYERINPUT;

};


This message is immediately followed by one or more of the following three input chunks:
27.7.3.2.1 struct NetMstInputChunkCursor

	struct NetMsgInputChunkCursor {


u8  u8ChunkID = NETMSG_INCHUNK_CURSOR;


f32 f32CursorX;


f32 f32CursorY;

};

	f32CursorX: X-coordinate of the cursor.

f32CursorY: Y-coordinate of the cursor.


27.7.3.2.2 NetMsgInputChunkMouseWheel

	struct NetMsgInputChunkMouseWheel {


u8  u8ChunkID = NETMSG_INCHUNK_MOUSEWHEEL;


s16 s16Wheel;

};

	s16Wheel: Value for the mousewheel.


27.7.3.2.3 struct NetMsgInputChunkRSInput

	struct NetMsgInputChunkRSInput {


u8  u8ChunkID = NETMSG_INCHUNK_RSINPUT;


u8  u8NumInputs;


u8  u8RSInputs[u8NumInputs];

};

	u8NumInputs: Number of inputs to follow in the chunk.

u8RSInputs: Array of u8NumInputs Rock StationInputs stored in a compressed form.  The lower six bits comprise the actual input’s identifier, while the upper two bits contain the input’s PRESSED, DOWN, and HELD information.


27.7.3.3 NetMsgGamePlayerData

Message sent by the server to indicate a player’s ship data after an update.

	struct NetMsgGamePlayerData {


u8  u8HostID;


u8  u8MsgID = NETMSG_GAME_PLAYERDATA;


u16 u16Hull;


u16 u16Shields[6];


u16 u16WeaponEnergy;


u8  u8WeaponAmmo[];


u8  u8ComboScore;


s16 s16Score;


u16 u16Extra;


u16 u16Special;


f32 f32SetSpeed;


f32 f32CurSpeed;


f32 f32Position[3];


f32 f32DirVector[3];


f32 f32YawPitchRoll[3];

};

	u16Hull: Hull integrity value.

u16Shields: Shield strength.

u16WeaponEnergy: Weapon energy.

u8WeaponAmmo: Weapon ammunition (for missiles and the like).  Size of this field depends on the armaments of the ship used.

u8ComboScore: Number of consecutive hits for the ship.

s16Score: Total point score for the ship.
u16Extra: Volume meter energy.

u16Special: Special meter energy.

f32SetSpeed: Ship’s current set speed.

f32CurSpeed: Ship’s current moving speed.

f32Position: Position for the ship in space.

f32DirVector: Direction vector for the ship.

f32YawPitchRoll: Yaw, pitch, and roll factors for the ship.


All of these fields will also be sendable as individual network messages.

27.7.3.4 NetMsgGameObj

Messages beginning with “NetMsgGameObj” are for setting data for game objects, and their structures all begin with the following data:

	struct NetMsgGameObj{data name} {


u8  u8HostID;


u8  u8MsgID = NETMSG_GAME_{data name};


ObjType objType;


u16 u16ObjIndex;


...

};

	objType: Identifier for the type of the object.

u16ObjIndex: Index of the object.


27.7.3.5 NetMsgGameObjOrientation

	struct NetMsgGameObjOrientation {


...


f32 f32Position[3];


f32 f32DirVector[3];


f32 f32YawPitchRoll[3];

};

	f32Position: Position for the object in space.  For projectiles, this may be a relative value from an initial position.

f32DirVector: Direction vector for the object.

f32YawPitchRoll: Yaw, pitch, and roll factors for the object.


27.7.3.6 NetMsgGameObjSpeed

	struct NetMsgGameObjSpeed {


...


f32 f32Speed;

};

	f32Speed: Speed of the object.


27.7.3.7 NetMsgGameObjHealth

	struct NetMsgGameObjHealth {


...


u16 u16Health;


};

	u16Health: “Health” of the object, which translates into hull integrity for ships, for instance.


27.7.3.8 NetMsgGameObjSpawn

Spawns an object on the client machine.  Also applies to special effects and sounds, though strictly speaking these are not “objects.”
	struct NetMsgGameObjSpawn {


...


f32 f32Position[3];


f32 f32DirVector[3];


f32 f32YawPitchRoll[3];

};


27.7.3.9 NetMsgGameObjDestroy

Destroys the indicated object on the client machine.  Also applies to special effects and sounds, though strictly speaking these are not “objects.”

	struct NetMsgGameObjDestroy {


...

};


27.7.3.10 NetMsgGameObjSetState

Sets a state for a given object.  This most commonly is used to set states for weapons, but it can also be used to set states for other objects as well, such as damaged or exploding states for ships and other objects.
	struct NetMsgGameObjSetState {


...


ObjState state;

};

	state: State to set the object to.


27.7.3.11 NetMsgGameShipTargetLock

Indicates that a particular ship is locked on.
	struct NetMsgGameShipTargetLock {


u8  u8HostID;


u8  u8MsgID = NETMSG_GAME_SHIPTARGETLOCK;


u8  u8TargetID;

};

	u8TargetID: ID of the locked-on ship.


27.7.3.12 NetMsgGameSystemPause

Indicates that a ship is in a “system pause” situation where the given ship is unable to move.  In such a situation, an icon is displayed in front of the ship indicating this status.
	struct NetMsgGameSystemPause {


u8   u8HostID;


u8   u8MsgID = NETMSG_GAME_SYSTEMPAUSE;


bool bPaused;

};

	bPaused: Whether or not the ship is in a faux “paused” state.


27.8 General Networking Behavior in the Main Game Loop

27.8.1 Client Side
01. The client-side game object keeps track of input states since the last update.  Upon polling input, it checks for differences between the current data and data from the previous input, and packages and sends those changes in input messages to the server.
02. The client then checks its message buffer for messages from the server.  If it finds any, it uses the data sent in those messages, and through the asset manager and the game’s CLevel instance, directly modifies, spawns, and destroys game objects as directed.  This may be a global world update, in which case every object in the world is updated.  Upon receiving a global world update, clients must send an acknowledgement back to indicate the update has been received.  Otherwise, if no update has been sent to the server for a long enough period of time, the client should send a keep-alive message to the server to avoid accidental disconnection, although this should be unnecessary given the server’s continual sending of world updates for which the client must in turn send an acknowledgement back.
03. Game objects are updated according to physics alone based on prior values from previous updates using predictive behavior through second-order derivative movement.  This means:
04. Objects continue accelerating at their current rates.  (This rate may be zero.)
05. Objects subsequently continue to move according to the velocity calculated by this acceleration.
06. If an object is turning, it continues to turn at its present rate.
07. The player’s ship on the client machine should respond to user input in an immediate visual manner even if it has not yet received such information from the server.  For instance, when firing a weapon, a flash may be displayed where the weapons on the ship normally fire, but projectiles are not actually spawned until so indicated by the server.

27.8.2 Server Side
01. The server polls and processes input from the player on that machine, unless the machine is set up as a dedicated server.  This inputs, obviously, are not sent anywhere but remain on the server.
02. The server checks its message buffer for input messages from clients, if there are any, and sets input status as necessary.
03. The server keeps track of the entire previous state of the world.  It then updates all objects in the game world based on the input received from its user and the client machines, as well as physics, AI input, collision, and time-related factors.  It compares differences and looks only for changes in objects’ acceleration, speed, or position that would not otherwise be ordinarily computed by a client with no other knowledge of input, along with newly created and destroyed objects.  It then checks the proximity among these objects and each client ship; if a given object with changed data is immediately relevant to a given client, the server packages the data and sends it to that client.  The server then records these changes for comparison with the next update.  If the server has sent no updates to a particular client for a long enough period of time, it should send a keep-alive message to that client to assure it that the connection has not broken, although these should be almost unnecessary.
04. At regular periodic intervals, the server sends an entire global world update to each client.  These updates are staggered among the clients to prevent too much network congestion.  The regularity of global world updates should obviate the need for the keep-alive messages, but these can still be sent as a fail-safe.
28. Artificial Intelligence
28.1 General Approach

In Rock Station the AI is going to act as an interface to a CPilot unit.  Instead of the case of the CLocalPilot where all input is created by checking the g_Input object, the AI will be generating the input based on different scenarios.  The structure for the code will be divided between different functions to cover the varying states and objectives associated with each individual AI unit.  Each individual AI unit will be contained in a central CAI module.  This module acts as a simple container and is only in charge of matching an input CPilot pointer with a contained AI unit.  Once an AI unit is retrieved the AI Unit will then be passed on to be further processed.
28.2 struct AIUnit
Used to identify and describe an AI Player.  Given the limited amount of AI units in the game there is no size concern, in fact any trade-off between size/speed should favor speed.
	struct AIUnit

{

   CPilot *       pPilot;

   CShip *        pShip;

   CLevelObject * pFocus;

   AIAction
      availableActions;

   AIObjective    objective;

   AIState        state;
   AIStyle        AISHitRun, AISDistance, AISClose, AISFront;
   AIAttackStyle  attackStyle;

   u32            u32Rank;
   u32            u32Reflex, u32Intelligence;

   u32            u32LastUpdate;
   u32            u32TimeInObjective, u32TimeInState;
   u32            u32CursorX, u32CursorY;

   f32            f32AcceptRange;

};

	pPilot: used to identify the CPilot that is being controlled.
pShip: used to reference the AI’s ship.
pFocus: if non-null identifies the AIUnit’s current focus.  Note that this is different then the targeted ship which would report hull integrity and such.
availableActions: u32 bit flag used to identify the AI’s available actions.
objective: enumeration describing the current objective for the AI.

state: enumeration defining the current state of the AI.
AIStyle parameters: u32 bit values from 0-100.  Each is a weight for how likely that form attack will be when choosing the AI’s attack style.
attackStyle: enumeration used to store the AI’s current chosen attack style.
u32Rank: number from 0-100 representing the intelligence of the AIUnit, 0 being the least intelligent
u32LastUpdate: timestamp from the last update
u32TimeInObjective: amount of time that the current objective has been active
u32TimeInState: amount of time that the current state has been active
u32CursorX, u32CursorY: position of the AI’s virtual cursor
f32AcceptRange: this range is calculated based on the AI’s rank and is used when determining when the AI is in range of attacking, tailing, and most other actions.  Greater ranges are given to AI’s with higher ranks.


28.3 CAI
	class CAI : public CStdInterface
{

 private:

   list<AIUnit> m_AIUnits;

   AIStyle m_CharacterStyles[10];

   void UpdateObjective( AIUnit * pAIUnit );

   void UdpateState( AIUnit * pAIUnit );

   AIUnit * m_pCurrentAIUnit;

 public:

   bool Init( const c8 * pFilename );

   void Update( CPilot * pPilot );
   void RemoveUnit( CPilot * pPilot );
   void ClearAIUnits( void );

};


28.3.1 Variables
	m_AIUnits: list of AIUnit structs each representing a different CAIPilot
m_CharacterStyles[10]: array of AIStyle flags used to define each character’s style.

m_pCurrentAIUnit: pointer the AI unit currently being update, null of none


28.3.2 Methods

	bool Init( const c8 * pFilename ): reads in character styles from a file
void Update( CPlayer * pPlayer ): takes in a pointer to an AI player and updates the associated AIUnit including the contained pPlayer’s InputInfo member.  If there is no association then a new AIUnit is made.

void RemoveUnit( CPlayer * pPlayer ): removes the corresponding AIUnit
void ClearAIUnits( void ): removes all items from the m_AIUnits list


28.4 Creating a new AIUnit

When a CPlayer is updated via the CAI’s update method and the player doesn’t already have an associated AIUnit then a new one is created.  The following values for the new AIUnit struct should be filled out as follows:

· The cursor coordinates are to be set to point to the center of the screen.

· The pPlayer pointer is to be set to the value passed in (pPlayer).
· The pShip pointer should be initialized to the current object being updated by g_Game.m_Level which will be the AIPilot’s ship.
· The u32LastUpdate time-stamp should be set to zero.
· The u32TimeIn parameters should be set to 0.
· The u32Rank should be determined using the game’s difficulty level (this being a slight offset of the initial difficulty.  i.e.  if the game’s difficulty level where set at 50 then the rank would fall somewhere around 45 – 55.)

· The objective should be set to none.

· The state should be set to roam.

· Style should be set according to privately defined character styles (read in when the CAI class is initialized.)
28.5 AI Objectives
AI Objectives represent the current goal of an AIUnit.  Stored as an enumeration, the objective is used to route the flow of logic through the decision making process.
28.5.1 Help Friend

With this objective, the AIUnit will first approach a friendly ship that is in trouble.  A ship is in trouble if it is being attacked by one or more enemies or has little life.  Once the friend has been reached the AIUnit will evaluate the surrounding ships to see if any enemies exist.  If there are no enemies the AIUnit will follow behind the friend.  If enemies are found the AI will choose a target based upon which poses the most threat to the friend (this being based upon which one has more hull or shield power and which one has defeated the most opponents.)
28.5.2 Attack Enemy
This objective acts in similar fashion to “Help Friend.”  The difference lies obviously in the fact that the enemy is attacked as apposed to covered.
28.5.3 Flee

When the AI is attempting to flee another ship it will be looking to either out-maneuver them and/or trying to escape to its allies (if they exist).
28.5.4 None
When the AI has no objective (roaming), it is merely flying around avoiding collisions with obstacles.
28.6 AI States

AI States are used to identify what the AI is doing at a given point while it is fulfilling an objective.  States are defined as an enumeration and are stored in the “state” variable within the AIUnit structure.  Below are explanations of how a state is enacted, the explanations are not meant to infer that the state will always become active just because below criteria has been met.
28.6.1 Re-Position
Enacted when the AI’s focus is within accept range (this range is dependant on the rank of the AI, smarter AI’s will have longer ranges.) This state is used for positioning the AI to be in a proper position to carry out its objective.  As an example, if an AI were attacking an enemy it might follow them until it could carry out an acceptable attack, then the state could transition or persist depending on the current situation.
28.6.2 Being Followed

Enacted when the AI is within accept range of another ship, and that ship is oriented towards the AI’s ship.  Used to control evasive actions and responses to close encounters with other players.
28.6.3 Roaming
Enacted when neither “Re-Position” nor “Being Followed” are valid.  Used to move the AI towards its focus or just randomly through the level.
28.7 AI Actions
AI Actions are used to represent the actions that an AI can perform.  AI Actions are defined as bit flags that are combined and stored in the AIUnit’s availableActions parameter.  Each action flagged in this parameter represents a possible action that could be performed by the AI (i.e.  if the “Use Counter Measure” flag is set then at that time the AI could be in a situation where it would have to use a counter measure.)
28.7.1 Available Actions
· Use Counter Measure

· Use Normal Weapon

· Use Special Attack

· Target Ship
· Match Speed

28.8 Environment Checks and Level Object Weighing
Using the m_pCurrentAIUnit pointer found in the CAI object, environment checks will associate values with the other ships and objects within the level.  These values are used to affect the objective and/or state of the AI.  This being the case the AI’s current focus will remain its current focus until its environment changes enough to warrant a change.  The weighing values are context sensitive such that the higher the value the more important the object is in relation the current objective/state combination.  Each value associated with an object is created using two basic pieces of information about the object: its proximity to the AI and its orientation compared to the AI.
All checks will start with a proximity check, this will weigh each object with an initial value (starting at 40 and decreasing 1 point for every 20 meters away from the AI the object moves.) Following this initial test all objects that fall within the AI’s accept range will be tested to see if they fall within viewing range of the AI.  Once an object is perceived to be viewable by the AI 10 more points will be added to the objects overall weight.  Finally, those objects that are not viewable, but are within the acceptance range are checked for their orientation to the AI.  Depending on the AI’s affiliation to each object, as well as the current objective of the AI, one last weight will be added.  Only objects on the opposite team as the AI are considered in environment checks (the only exception is a check used to identify friends in trouble, which is described later in the document as a special case.)
One notion mentioned below is of a style being compatible with the AI.  This means that the AI is better equipped, because of its stats, to fight certain characters.  This will be determined outside of the game as hard-coded fact, as such, it will require a simple series of “if” checks to determine if there is in fact a style compatibility.

The following breakdowns will use this format:

Accept Range: minimum level (weight) that causes the AI to further evaluate an object.  Any object with a lower level will be dropped from further evaluations.
Extra Considerations: special extras that will give more precedence to a level object.
28.8.1 Help Friend Objective

28.8.1.1 Re-Position state

· Accept Range: 30
· Extra Considerations: The player with the most kills gains 2 points.  Ships moving towards the friend being helped (with a 10% range of freedom) gain 5 points.  Players compatible with the AI’s style gain 5 points; players with a style compatible with the friend will lose 5 points.
28.8.1.2 Being Followed state

· Accept Range: 35
· Extra Considerations: Players compatible with the friend’s style gain 5 points.
28.8.1.3 Roaming

· Accept Range: 35
· Extra Considerations: Players compatible with the AI’s style gain 5 points.
28.8.2 Attack Enemy Objective

28.8.2.1 Re-Position state

· Accept Range: 37

· Extra Considerations: Players compatible with the AI’s style gain 5 points.

28.8.2.2 Being Followed state

· Accept Range: 25
· Extra Considerations: Players compatible with the AI’s style gain 5 points.
28.8.2.3 Roaming

· Accept Range: 20

· Extra Considerations: Players compatible with the AI’s style gain 5 points.

28.8.3 Flee Objective

28.8.3.1 Re-Position state
· Accept Range: 40

· Extra Considerations: Players compatible with the AI’s style gain 5 points.

28.8.3.2 Being Followed state

· Accept Range: 30

· Extra Considerations: Players compatible with the AI’s style gain 5 points.

28.8.3.3 Roaming

· Accept Range: 25
· Extra Considerations: Players compatible with the AI’s style gain 5 points.
28.8.4 No Objective

· Accept Range: 1

· Extra Considerations: Players compatible with the AI’s style gain 5 points.
28.9 Objective/State/Action Flow
There is a very straightforward interaction between an objective, a state, and their available actions.  During the decision making process of the AI, the AI’s objective effects how its state is evaluated.  This includes the frequency of environment checks (described below), and the weight their results have on determining the resulting objective/state combination.  After the environment checks have been performed, the resulting objective/state combination is used to reset the available actions for the AI.  Using the newly available actions the AI then evaluates which one, if any, of the actions will be performed.
28.10 Objective/State/Action interaction
This section outlines each object/state combination.  With each combination is included a description of the available actions and the logic that is used within it.

While weightings have a great deal to do with the transitions between objectives and states there is also an issue concerning the amount of time that the AI will spend trying to complete an objective.  Those concerns will be addressed here as it pertains to the specific logic that is used while controlling the AI in during each objective/state combination.

If at any time the focus of the AI is destroyed the AI will transition to having no objective.
28.10.1 Help Friend objective with

28.10.1.1 Re-Position state
Available Actions:
· Match Speed

· Target Ship
The only action the AI will be performing while in this objective/state combination will be following the focus.  The AI will time out after a prolonged period of following (around 15 seconds.)
28.10.1.2 Being Followed state

Available Actions:
· None
This objective/state combination is a somewhat degenerate case.  While the objective is to help the ship following the AI, that ship is taking the AI’s position.  The AI will try to maneuver around to follow the ship, but the objective will transition to “None” if this objective/state combination remains for more than 10 seconds.

28.10.1.3 Roaming state

Available Actions:
· Target Ship
If the AI is trying to help a friend, yet it is roaming, it is en route to its friend.  The AI will try for no more than 15 seconds to reach its focus.
28.10.2 Attack Enemy objective with

28.10.2.1 Re-Position state

Available Actions:
· Use Normal Weapon

· Use Special Attack

· Match Speed

· Target Ship
If the AI is trying to re-position itself according to an enemy it will try to attack them whenever possible.  This includes the use of both special attacks and normal weapons.  There is no time limit when attacking an enemy.
28.10.2.2 Being Followed state

Available Actions:
· Use Counter Measure
If the AI is trying to attack an enemy, yet it is being followed by that enemy, the AI will try to transition to another state.  This occurs either by maneuvering itself to a point where it can attack its attacker (which would cause it to transition to the “Re-Position” state) or if after 5 seconds of trying to maneuver around it will try to escape its follower by transitioning to the “Flee” objective.
28.10.2.3 Roaming state

Available Actions:
· Target Ship
If the AI is roaming while its objective is to attack enemies, it will be moving towards its focus (which would be an enemy.) This search will last for no more than 20 seconds until the AI transitions to having no objective.
28.10.3 Flee objective with
28.10.3.1 Re-Position state
If the AI tries to flee while it is following another ship it will just break off in an arbitrary direction, and continue to move away from its current focus.  This attempt at fleeing will continue for 7 seconds until it transitions to the Attack Enemy objective.
28.10.3.2 Being Followed state

When being both followed and trying to flee, the AI will either try breaking off in an arbitrary direction and increasing its speed, or the AI will attempt to flee to a teammate (if any exist.) This cycle repeats itself for 6 seconds or until the AI encounters another enemy, escapes, or is destroyed.

28.10.3.3 Roaming state

This state functions to allow for the AI change its focus to another enemy using looser parameters than the other states.  If the AI is in this state, that means that it is no longer within a dangerous range of its focus.  It should continue moving away from its focus’s position for no more than 5 seconds before it changes objectives.
28.10.4 No objective

The only valid state when there is no objective for the AI is Roaming.  During this state the AI focuses primarily on finding a new opponent to attack.  Rarely the AI will survey the status of its teammates to see if any require assistance.
28.11 Special AI cases

There are several special cases that will be introduced during the AI decision making process.

28.11.1 Use of pseudo genetic algorithm for “The Man”
C-Level feature? The man will have a set of base stats, however, data will be recorded from within the one-player game on the success of the previous players.  The Man’s stats will then be adjusted using the most successful combinations during the previous fights.
28.11.2 When to help a friend

This check will be performed at random, and very rarely.  When the check is performed it will be the only game-play logic that is performed that turn.  If the check is performed the AI will check the distances between its teammates and its enemies.  If the AI finds that its teammates are within acceptance range of any number of enemies it will then check the friends shields.  If the friend is deemed to be in trouble the AI will transition to the Help Friend objective.  Otherwise, if no friends are in trouble, no new action is taken.
28.12 AI Flow

The flow between the different parts of the AI decision-making process will be used to introduce more variation into the execution of actions by introducing several randomizations between the different AI procedures.
28.12.1 Entry

Entry will be defined as the point when an AI Unit is either found or created and subsequently made available for interpretation.  When a CAIPilot’s update function is called it calls the g_AI’s “Update( CPilot * pPilot )” function passing in itself as the parameter.  The g_AI object then searches its list for an AIUnit containing the pointer pPilot.  If one is not found a new AIUnit is created.
28.12.2 Environment Checks
Once an AIUnit has been established, a test is performed to check the time that has elapsed since the AI’s last update.  Elapsed times are based inversely on the level of the AI such that longer times will be required for lower level AI.  If this time is not exceeded no further updating will be performed, otherwise an environment check will be executed.

28.12.3 Evaluating Weights

Once the environment check has finished, objects not achieving the required weight will be disregarded.  If any objects remain to be processed, a rolling procedure will take place to choose, if any, the new focus (and subsequently the new objective/state combo) of the AI.

The rolling procedure will take into account the weight that has been assigned to each object by trying to select objects with higher weights first.  A selection is made by rolling for a random number between 0-500.  If the roll is less than 10 + <object weight * 2> the object becomes the AI’s selection and the selection process ends.  If no object becomes selected then the AIUnit requires no further logic processing.
28.12.4 State/Objective Updates
If a new focus has been selected and it is an enemy, the objective will change to “Attack Enemy” and the state will be “Roam.” If the focus is a friend then the AI will be set to the “Help Friend” objective, and the “Roam” state.  The AI’s timestamp will then be set to zero, this insures that the next iteration of the AI procedure will appropriately set the AI’s state without acquiring any noticeable lag.
28.12.5 Movement

The AI’s movement will be changed by creating input that will be interpreted by the CPlayer class.  The AIUnit contains two members that are used to represent its cursor position, all directional movement is done by adjusting these values and transcribing them into its InputInfo member.  The reflex score of an AI determines the amount artificial error that is to be factored into movement calculations.  Speed and directional movement are calculated completely independently of each other.  Because all movement is based on flocking behavior, the movement must be updated every iteration of the game loop.
For each objective the AI will be trying to position itself appropriately, because of this there will be a predefined range and orientation that will represent the desired location for each available objective.  Supplementing the predefined orientation, for the attack enemy objective, the AI’s style parameters will be used to choose a specific point at which to attack.  These values are likely to change, but serve as a general idea and ratio of what is intended.  The AI also have a range which is used to indicate when they have surpasses the intended range.  While this value will vary slightly between each character it will be close to 10 meters.
Ranges for each objective:

· Help Friend: Acceptance range of the AI +/- 10 meters, behind the focus

· Attack Enemy: Inside acceptance range of AI, facing focus

· Flee: Acceptance range of focus + 20 meters

· None: 30 meters away from any obstacle
28.12.5.1 Directional Movement

The use of directional movement will be used to orient the AI in an optimal direction.  All accounting for range is done by the adjustment of speed.  When the AI is trying to attack from a particular direction it will continuously adjust its position until that orientation is achieved.  While the AI is trying to simulate the input that a user could be creating, at this time there are no plans to limit the distance that the AI can move its mouse cursor between turns.  If this becomes a noticeable pattern then a limiting system can be implemented.
To introduce a level adjustment into the AI the reflex score will be used in directional movement calculations.  AIs with lower reflex scores will acquire more error when calculating mouse cursor positioning.
28.12.5.2 Speed Management
Speed will be used to adjust the distance between the AI ship and other level objects.  When the AI is outside an intended range for its objective it will increase its speed, if the AI is within its intended range then it will not adjust its speed.  If the AI surpasses the intended range the AI will slow down.  In order to get the AI into the required range, the range for entry will be slight derivative of the normal range, which is randomly chosen whenever entry is possible.
28.12.6 Input Creation

After the objective and sub-states have been evaluated and all actions decided upon, input is filled into the AIUnit’s player InputInfo member.
28.13 Executing an Action

Actions will occur based on simple formulas which incorporate an AI Unit’s level.  An action is anything from firing off a set of weapons to dropping counter-measures.  Before an action is carried out its prerequisites must first be supplied, after that has happened the AI will roll to see if it actually performs an action.  Based on the level of the AI, where higher level AI scores hits more easily than lower level AI, the action attempt will either succeed or fail.  If an action is continuous and is being carried out, it does not need to be re-rolled to continue, though it must still realize the prerequisites to enable it.  If a continuous action should no longer be executed the AI will have to roll again and succeed in ending an action in the same fashion as it was started.
28.13.1 Firing Normal Weapons

Normal weapons will be fired when the “Use Normal Attack” action is available.  Based on the level of the AI Unit there will be a lag between the time of a lock-on or focus and the weapon being fired.  The lag will always be determined via a random number, however the higher the AI level, the less chance there will be any significant lag.  Also based on the level of the AI certain weapons will be fired at the same time to score more combo hits.  The AI will also be responsible for making sure that any weapons being fired are within range to actually hit the target.
28.13.2 Firing Counter-Measures

Requires “Use Counter Measure” action.  Also requires that an IR projectile be traveling towards the AI Unit and that the object is behind the AI Unit within the AI’s acceptance range.  Much like firing a normal weapon, when all prerequisites are reached a random number is used to approximate any lag between recognition and reaction.  The higher the level the less chance there is for any lag.
28.13.3 Quick Break
After an AI Unit has received a range of damage from an attacker or the AI is low on shields/hull integrity, the AI will start trying to break free from the attacker.  This break is done by transitioning the AI into the “Flee” objective.
28.13.4 Target Focus

To simulate the action of the AI targeting a ship, a random number will be generated.  Using the AI’s reflex level, the roll will be from a range of [0, 50] if the roll succeeds in being less than the AI’s reflex value then the AI will have targeted the ship.
28.13.5 Using Special Moves

While not much different then normal attacks, special attacks do require the Special Meter to be filled before use.  The AI will treat these attacks much the same as normal attacks.  Though they will take into account the extra potential of the attacks, as well the possibility of using them in combos and their extended range.
28.13.6 Using Extras

Though less powerful than Special Attacks, Extras will require a slightly higher amount of logic to make them seem useful.  While the extras vary, they mainly serve to change the stats of a ship for a given amount of time, though some are just attacks.  For the attacks, proximity/orientation checks will be made to determine opportune times to execute them.  For the statistic changing Extras simple evaluations will be used to decide when they should be enacted (i.e.  Are the shields low, are there multiple enemies around the player etc.)

Prerequisites for using status-changing Extras:

· Accumulator: AI must be in the Attack Enemy/Being Followed OS combo.
· Afterburner: AI must be in either Help Friend/Roam or Flee/any OS combos
· Cold Plasma Cloak: AI must be in either Attack Enemy/Roam or Flee/any OS combos.
· Shield Routing System: AI must be in Attack Enemy/Being Followed OS combo and be facing focus, low shields adds to probability of using.
· Shield to Weapon Power Relay: AI must be in Attack Enemy/Re-Position OS combo.
· Spatial Shift: AI must be in Attack Enemy/Re-Position OS combo.
· Weapon to Shield Power Relay: AI must be in either Attack Enemy/Being Followed or Flee/any OS combos.
28.13.7 Reactions to All Attacks

Reactions to attacks will be used to execute Quick Breaks, Fleeing, addition of weight to a ship, or nothing at all.  In the case of players using Special Attacks and Extra attacks, the AI will treat them as normal cases, but the players using those attacks will have a higher weight and as such garner more attention from the target choosing/decision making process.
28.14 Character Specific Attack AI

Each character is supposed to play a different way in the game, however to avoid doing too much character specific code, and to allow for a more flexible engine, a system of style parameters will be implemented.  These will determine the way certain actions are executed.  Each parameter will be from 0-100 and will represent the likely-hood of that particular method being used.

The parameters will be for:

· Head On Attacking: When an AI is attacking head on, the AI will try to orient itself so that it will approach its focus head on.
· Attacking from far behind: When attacking from far behind, the AI will orient itself to face towards the rear of its focus, as well, its accept range will be enlarged.
· Attacking from close behind: When attacking from close behind the AI will face the focus and will have a shorter accept range.
· Attacking and running: When an AI is to attack and run, it will choose to either attack from the sides or front of its focus.  Then proceed to move past the focus, then return from any available angle.
28.15 IR Missile AI

IR Missile AI will be processed similarly to the Ship AI.  However, missiles will merely follow the lock-on target and only give up once their range is met or they explode.  They will avoid non-targets using similar flocking patterns to those of the generic ship AI.
28.15.1 Overkill Missile Swarm
The only special case for missile AI is when dealing with swarms.  Missiles will have simple proximity checking, as such they will try to avoid non-targets to a degree, but not very accurately.  Because some of the missiles will have to go around the ship being attacked (in order to hit all of its sides) all of the missiles will be given different points of contact (via an enumeration) that they will try to make.  The missile will approximate a route that will land it as close to perpendicular to that surface of the ship as possible.
29. Graphics

While most of the graphics work in Rock Station will be taken care of by the CDisplay classes there will be some new graphical processing done within the game.
29.1 Render States

Provided in RenderStates.h and RenderStates.cpp, there will be the following functions for switching render states:

Functions

bool InitRenderStates( void )

Initializes all the render states and saves them

bool SetRSFont( void )

Sets the current render state to the saved font rendering state

bool SetRSObject3D( void )

Sets the current render state to the saved 3D object rendering state

bool SetRSObject2D( void )

Sets the current render state to the saved 2D object rendering state

bool SetRSParticle( void )

Sets the current render state to the saved particle rendering state
29.2 CDisplayMesh3D

The CDisplayObject3D is the fundamental representation for all 3D objects.  It makes use of the ID3DXMesh COM object interface for internal representation of 3D geometry and mesh data is read from the X mesh file format.
	class CDisplayMesh3D : public CStdInterface, public CAsset

{

  protected:

    CString              m_Filename; 

    ID3DXMesh         *  m_pD3DXMesh;
    D3DMATERIAL8      *  m_pD3DMaterials;

    IDirect3DTexture8 ** m_ppD3DTextures;
    u32                  m_u32NumMaterials;
  public:
    bool Init( CString * pFilename );

    bool Draw( void );

    void Release( void );

    void Restore( void );

};


29.2.1 Variables
	m_Filename: Filename from which the mesh is read.

m_pD3DXMesh: Pointer to the ID3DXMesh COM object interface through which the internal geometry is represented.

m_pD3DMaterials: Array of D3DMATERIAL8 objects determining materials for subsets of the mesh.

m_ppD3DTextures: Array of pointers to IDirect3DTexture8 COM object interfaces for textures for subsets of the mesh.

m_u32NumMaterials: Number of materials (and subsequently textures) for the mesh.


29.2.2 Methods

	bool Init( CString * pFilename ): Initializes the mesh by loading the indicated X file.  Returns true on success and false on failure.

void Draw( void ): Draws the mesh to the display.
void Release( void ): Releases all interfaces to DirectX COM objects used by the object.

void Restore( void ): Reinitializes all interfaces to DirectX COM objects used by the object.


29.3 CDisplayObject3D

The CDisplayObject3D is the interface that game objects build on for rendering 3D objects.

	class CDisplayObject3D : public CStdInterface, public CAsset

{
  protected:

      CDisplayMesh3D *     m_pMeshes;

      u32                  m_u32NumMeshes;

f32                  m_f32ScaleFactor; 


D3DXMATRIX           m_matrix; 

  public:

void ResetOrientation( void );


void AddRotationX( f32 f32Angle );


void AddRotationY( f32 f32Angle );


void AddRotationZ( f32 f32Angle );


void AddRotationArbitrary( D3DXVECTOR3 * pAxis, f32 f32Angle );


void AddTranslation( D3DXVECTOR3 * pVector );


void MatrixMultiplyLeft( D3DXMATRIX * pMatrix );

void MatrixMultiplyRight( D3DXMATRIX * pMatrix );

void SetScaleFactor( f32 f32ScaleFactor );

bool Draw( void );


void Release( void );


void Restore( void );


D3DXMATRIX * GetMatrix( void );

void SetMatrix( const D3DXMATRIX * pMatrix );
};


29.3.1 Variables
	m_pMeshes: Pointer to all meshes in the object.

m_u32NumMeshes: Number of meshes in the object.
m_f32ScaleFactor: Factor by which the mesh is scaled in respect to its original size as indicated in the original X file.

m_matrix: Matrix used for indicating the mesh’s orientation.


29.3.2 Methods
	void ResetOrientation( void ): Resets the orientation of the mesh to its initial orientation, scaled by its internal scale factor.

void AddRotationX, AddRotationY, AddRotationZ( f32 f32Angle ): Concatenates a rotation transformation with the mesh’s current orientation matrix by the angle f32Angle around the corresponding axis.

void AddRotationArbitrary( D3DXVECTOR3 * pAxis, f32 f32Angle ): Concatenates a rotation transformation with the mesh’s current orientation matrix by the angle f32Angle around the axis indicated by pAxis.

void AddTranslation( D3DXVECTOR3 * pVector ): Concatenates a translation transformation with the mesh’s current orientation matrix by the vector indicated by pVector.

void MatrixMultiplyLeft, MatrixMultiplyRight( D3DXVECTOR * pMatrix ): Multiplies the mesh’s current orientation matrix with the matrix indicated by pMatrix on the left and right sides respectively.

void SetScaleFactor( f32 f32ScaleFactor ): Sets the scale factor for the mesh, which is used when resetting the orientation of the matrix using ResetOrientation.

bool Draw( void ): Renders all contained meshes to the display, first setting the Direct3D world transformation matrix to the mesh’s current orientation matrix.

void Release( void ): Releases all interfaces to DirectX COM objects used by the object.

void Restore( void ): Reinitializes all interfaces to DirectX COM objects used by the object.

D3DXVECTOR3 * GetMatrix( void ): Returns a pointer to the mesh’s orientation matrix.

void SetMatrix( D3DXVECTOR3 * pMatrix ): Sets the mesh’s current orientation matrix to the given matrix indicated by pMatrix.


29.4 Skybox

To implement the skybox, six textured walls, each consisting of two triangles with inward-facing normal vectors will be used.  The skybox only contains graphical information and as such is extremely simple.  The interesting part involves rendering the cube in a way such that it always appear to be the same distance away from the games camera.  To solve this all that needs to be done is to get a copy of the game camera’s view matrix, and then zero out any translation components it may have had, then render the six walls.  The skybox walls should be rendered as the last objects in the scene after the z-buffer has been disabled and alpha blending is not being used.  Not using the alpha blending allows the skybox to act as the backdrop for the level, while disabling the z-buffering will put it behind any visible level object.
29.4.1 CSkyBox

	static const u32 NUMFACES = 6;

class CSkyBox : public CStdInterface
{
private:
f32 m_f32Size;
LPDIRECT3DDEVICE8 m_pD3DDevice;
LPDIRECT3DTEXTURE8 m_Texture[6];

public:
CSkyBox(  );
~CSkyBox(  );
HRESULT RestoreDeviceObjects(
LPDIRECT3DDEVICE8 pD3Dev,
const c8 * szTopTextureFilename,
const c8 * szBottomTextureFilename,
const c8 * szFrontTextureFilename,
const c8 * szBackTextureFilename,
const c8 * szLeftTextureFilename,
const c8 * szRightTextureFilename );
void Render( D3DXMATRIX * pMatView );
};


29.4.1.1 Methods

	bool RestoreDeviceObjects( LPDIRECT3DDEVICE8 pDev, … ): Responsible for setting up the skybox.  It takes 6 char * that are the names of the files to use for the textures corresponding.
void Render( D3DXMATRIX matView ): Responsible for doing all Rendering.  It takes a pointer to the current viewMatrix.


29.5 Special Effects

Special effects will consist of particle effects, animation sequence sprites, as well as a combination of small meshes.

29.5.1 CParticleEmitter

	class CParticleEmitter

{
private:

  bool m_bIsRunning;

public:

virtual void Update( f32 f32ElapsedTime, f32 f32TimeDelta );
virtual HRESULT Render(  );
virtual bool Compile( const c8 * szScript );
virtual void Start(  ) { m_bIsRunning = true; }
virtual void Pause(  ) { m_bIsRunning = false; }
virtual void Stop(  )  { Pause(  ); DeleteAllParticles(  ); }
virtual bool IsRunning() { return( m_bIsRunning ); }

};


29.5.1.1 Methods

	void Update( f32 f32ElapsedTime, f32 f32TimeDelta ): Updates all particle systems, which in turn update all particles.
void Render(  ): Renders all particles.
bool Compile(const c8 * szScript): Takes a script filename and compiles it into a particle system.


29.5.2 Particle Engine System

Consists of zero or more “Particle Sequences”, and a particle emitter location.

Particle Sequence: Consists of zero or more “Particles”, a “gravity vector”, and zero or more “Particle Events.

Paricle:

· Size: the size of a particle, can change over time
· Color: Color of the particle, it can change over time
· Velocity: Current direction the particle is moving in.
· Textures: This is a grayscale drawing of the particle, this can be used to define the shape of a particle as well as its overall color intensities at certain spots.  The darker the color, the less it will be colored by the diffuse color component.  The Whiter it is the more it will be colored.  Note that a particles texture cannot change over time.
Particle Systems will be scriptable and will support the changing of a particle’s properties at specified times.  Additionally they will support keywords such as “Fade So” allowing for gradual changes in a particle’s properties over time (allowing them to look more natural.)
Refer to the Supplied “Particle Engine BNF Grammar” document for script syntax information.
29.5.3 Effect Utilities

29.5.3.1 Animation sequence sprites

An animation sequence of sprites will consist of billboard sprites displayed for a set number of seconds.  The amount of time each frame is displayed will be stored in a text file that will use the asset system of the game.

29.5.3.2 Billboarded Sprites
Billboarded sprites are just a textured quad rotates around so that it always faces the camera.  It has a 3D position but no real orientation as it is always facing the camera (this differs from the CDisplayAnim/Object2D because it maintains a 3D position.)

	class CEffectAnimation3D

{

public:

bool Init( CDataBuffer * pDataBuffer );

void Render(  );

void Start(  );

void Stop(  );

};


29.5.4 CEffectEvents
Designed as a base class for all possible special effect events.  Responsible for changing the sizes of meshes, starting and stopping Particle systems, as well as starting animations.
	class CEffectEvenets

{

public:
void Run(  );
void Update(  )

};


29.5.4.1 Methods
	void Run(  ): Is responsible for rendering an event


29.5.5 CEffect
The CEffect class will be responsible for handling effects.  This class will also use a simple script that is very similar to the particle system for timing effects with meshes, starting and stopping particles systems, and starting and stopping animation sequences.
	class CEffect

{

  private:

AnimationSequence 

m_BillboardSpriteSequence;

CparticleSystem

m_ParticleSystem;

3Dobject



m_Mesh;

std::list<CeffectEvents*>
m_EffectEvents;

public:
void Update( f32 f32Updatetime);
void Run(  );

};


29.5.6 Effects
29.5.6.1 Particle Systems Effects

Engine Trails

Engine Trails will be implemented with a very simple particle system.  All the particle system will do is drop particles.  The particles will not move just the spot they emit from will change.  This will leave nice little trails behind objects.

Used By: Ships

Description: Small blue and green trails are left behind the ship

Smoke Trails:

Smoke Trails will be implemented with a script much like that of the Engine Trails, however, with different particle sizes, textures, and colors.

Used By: Missiles

Description: Billowing smoke trails

29.5.6.2 Complex Effects

Explosions:

Explosions will be rendered with an animation sequence designed to look like an explosion, a particle system, and a simple expanding double-sided ring-shaped mesh with a texture (representing a shockwave.)

Used By: Missile collision effect, Ship destruction effect

Description: Nice looking boom effect
29.5.6.3 Weapon Effects

Tacking Beam Weapons:

This effect will be implemented using an engine trail with a slightly larger particle at the front of the beam than at the head of the beam.  This will allow it to appear like the beam is bending in space to track an object, but in reality will just be laying down particles behind the head, while the head tries to track an object.
Used By: Projectile weapons and special attacks
Description: Beams of light bend and twist to track their targets

Large Straight Laser:

This effect will have two states

Charge Up State: A simple particle system starts up that throws particles towards the laser weapon emitter

Firing State: Will be implemented using a large textured cylinder.  It will modify its diffuse color over time so that it will appear to glow with power.  Some small particles will also shoot out when a collision occurs.

Used By: special attacks
Description: A large laser charges up and fires a powerful continuous blast
Purple Haze:

This effect will use purple particles flying around a cylinder shaped pattern to simulate the effect of a purple cloud.

Used By: special attack

Description: A ship is enveloped in a cloud of purple gas

Ship Launch Forward:
This effect will be implemented by using red engine trails with modified lifetimes to leave red speed lines.  It also modifies the geometry of the ship’s mesh, making it appear to stretch out over time.

Used By: special attack

Description: A ship lunges forward defying the laws of space and time

Propagating Sphere:
This effect will be implemented using a growing texture sphere combined with some image warping.  Image warping will consist of jiggling the u, v texture coordinates of the sphere’s texture every frame.

Used By: special attack

Description: A spherically propagating electromagnetic blast

Gravity Bomb:
This effect will be implemented with particles getting sucked to a centralized location.
Used By: weapon

Description: A powerful gravity well that sucks everything in
29.5.6.4 Other Effects

Shield Shimmering:
This will be accomplished by texturing the cylinder that defines the shield and dynamically changing the diffuse color on the shields to occasionally allow part of the shield to show up in a specific part of the cylinder.  In this way we can only send more triangles to the graphics card when we want the shields to shimmer.  The rest the time we don’t even have to draw them, since they will be invisible.

Use: automatic ship effect

Description: Most the time the shield are invisible, however occasionally you will be able                     to see the shields shimmer around ships 

Object Invisibility:

This effect will be implemented by changing the alpha component of the ship back and forth between completely off and very slightly on.  This will give the effect of something appearing to change the shape of space while not really being there all the time.
Use: special attack

This class is designed to be a base class for all possible special effect events, such as changing the sizes of meshes, starting and stopping Particle systems, and starting animations.

30. HUD

30.1 CHUDComponent

Base class used for individual components of the CHUD object.

	class CHUDComponent : public CStdInterface

{
  protected:

CDisplayObject2D * m_pDO2D;

f32                m_f32XPos;

f32                m_f32YPos;

u32                m_u32TimeLastAnim;

bool               m_bVisible;

  public:

virtual void Update( CShip * pShip );

virtual void Draw( void );

bool IsVisible( void ) const;

};


30.1.1 Variables

	m_pDO2D: Pointer to the CDisplayObject2D object used for drawing.

m_f32XPos: X-coordinate of the HUD component in the display.  Coordinates are normalized from 0 to 1 so the HUD component will always occupy the same space in the display area regardless of screen resolution.

m_f32YPos: Y-coordinate of the HUD component in the display.
m_u32TimeLastAnim: Time of last animation update for the HUD component.

m_bVisible: Whether the HUD component is visible.


30.1.2 Methods

	void Update( CShip * pShip ): Updates the HUD component based on the pShip object.

void Draw( void ): Draws the HUD component to the display.

bool IsVisible( void ) const: Returns whether the HUD component is visible.


30.2 CHUDStatusBarComponent

Used for displaying a status bar in the HUD.

	class CHUDStatusBarComponent : public CHUDComponent

{

  private:

u32   m_u32Value;
s32   m_s32BarCurrent;
s32   m_s32BarTarget;
s32   m_s32BarDelta;

  public:

void Update( CShip * pShip );

void Draw( void );


};


30.2.1 Variables

	m_u32Value: Value of the particular stat.

m_s32BarCurrent: Current length of the status bar.

m_s32BarTarget: Target length of the status bar.

m_s32BarDelta: Change in length of the status bar over time; this is positive when the target length is greater than the current length and negative when the reverse is true.  If the current length equals the target length, this is zero.


30.2.1.1 Methods

	void Update( CShip * pShip ): Updates the internal data based on the data contained in the CShip object pointed to by pShip.  Data is updated by comparing its stored value with the corresponding value in the CShip object.  If these values are different, the target length of the status bar is computed and stored in m_s32BarTarget; this is subsequently compared with m_s32BarCurrent, and m_s32BarDelta is then computed as -1, 0, or 1, based on whether m_s32BarTarget is less than, equal to, or greater than m_s32BarCurrent, respectively.

void Draw( void ): Draws the status bar.


30.3 CHUDNumberStringComponent

HUD component used for displaying numeric data.
	class CHUDNumberStringComponent : public CHUDComponent

{
  private:

f32   m_f32Value;
u32   m_u32StrLen;
c8    m_szNumString[MAX_HUDNUM_DIGITS];
  public:

void Update( CShip * pShip );

void Draw( void );

};


30.3.1 Variables

	m_f32Value: Value of the particular stat.

m_u32NumDigits: Number of digits in the string.

m_szNumString: String representation of the number.


30.3.2 Methods

	void Update( CShip * pShip): Updates the component based on data in the pShip object.  The component isupdated by comparing its stored value with the corresponding value in the CShip object.  If these values are different, the number is converted to a string, which is stored in the m_szNumString member and its string length stored in the m_u32StrLen member.
void Draw( void ): Draws the string.  The m_pDO2D object is treated like a numerical font with digits represented as individual frames in the object’s DisplayAnim.  The font is required to have the digits from 0-9 (in that order), a decimal point (.), and a negative sign (-).


30.4 CHUDRadarComponent
HUD Component used for representing a radar display.

	class CHUDRadarComponent : public CHUDComponent

{

  private:

CDisplayObject2D * m_pRadarObjects;

  public:

void Draw( CShip * pShipList );

};


30.4.1 Variables

	m_pRadarObjects: A CDisplayObject2D for the individual objects to be displayed in the radar.  It contains one CDisplayAnim; each frame in this CDisplayAnim is the image for an object to be displayed on the radar.  This consists of the player’s ship icon, followed by the friendly ship icon, followed by the enemy ship icon.


30.4.2 Methods

	void Draw( CShip * pShipList ): Draws the radar component.  First, the background for the radar, stored in m_pDO2D, is drawn.  Then the player ship’s icon is drawn in the center.  After this, the pShipList is iterated over to find ships within a given radius of the player’s ship; ships within that radius are then represented as icons drawn on the radar at locations relative to their distance from the player’s ship.


30.5 CHUDShipStatusComponent

HUD component used for representing ship status display.

	class CHUDShipStatusComponent : public CHUDComponent

{

  private:

    CDisplayObject2D * m_pShieldIcons;

  public:

    void Draw( CShip * pShip );

};


30.5.1 Variables

	m_pShieldIcons: A CDisplayObject2D for the individual shield objects to be displayed in the ship status display.  It contains one CDisplayAnim; each frame in this CDisplayAnim is the image for a segment of the shield.  Segments consist of the top, bottom, left, right, front, and back portions of the shield.

void Draw( CShip * pShip ): Draws the status display.  This is first done by drawing the status display’s background image, which is stored in the m_pDO2D object.  Then, if pShip is not NULL, the ship’s icon, stored in the CShip class, is drawn.  Then its shield status indicators are drawn.  Their diffuse colors are altered based on the remaining shield strength for each segment of the shield to provide a visual representation of shield strength to the player.  The ship’s player’s name is then drawn below the status display using the TextMaster object.


30.6 CHUDTextTableComponent

HUD Component used for displaying a text table, which may have multiple rows and columns.

	class CHUDTextTableComponent : public CHUDComponent

{

  private:

    u32   m_u32NumRows;

    u32   m_u32NumColumns;

    u32   m_u32CurRow;

    u32   m_u32CurColumn;

    f32   m_f32RowPadding;

    f32 * m_pf32ColumnLengths;

  public:

    void Draw( void );

    void DrawString( const c8 * szString, D3DXCOLOR color );

    void DrawNumber( s32 s32Number, D3DXCOLOR color );

};


30.6.1 Variables

	m_u32NumRows: Number of rows in the text table.

m_u32NumColumns: Number of columns in the text table.

m_f32RowPadding: Space between rows, given as a fraction of the height of the display.

m_pf32ColumnLengths: An array of lengths for each column, given as fractions of the width of the display.


30.6.2 Methods

	void Draw( void ): Draws the background for the text table and then resets m_u32CurRow and m_u32CurColumn to zero.  Fields in the table are then filled with the DrawString and DrawNumber methods.

void DrawString( const c8 * szString, D3DXCOLOR color ): Draws a string in the next field, as indicated by m_u32CurRow and m_u32CurColumn, if one is available, using the global TextMaster object, in the color specified by color.  After drawing, m_u32CurColumn is incremented; if this is equal to m_u32NumColumns, the value is set to zero and m_u32CurRow is incremented.

void DrawNumber( s32 s32Number, D3DXCOLOR color ): Identical in functionality to DrawString, but takes a signed integer as a parameter and converts it to a string before drawing.


30.7 CHUDTextBoxComponent

Component for drawing a box of persisting text.

	class CHUDTextBoxComponent : public CHUDComponent

{

  private:

    u32       m_u32NumRows;

    u32       m_u32StartDrawRow;

    u32       m_u32StartAddRow;

    f32       m_f32RowLength;

    CString * m_pStringBuf;

  public:

    void AddString( const CString * pString );

    void Draw( void );

};



30.7.1 Variables

	m_u32NumRows: Number of rows in the textbox.

m_u32StartDrawRow: Row from which to begin reading text for rendering.

m_u32StartAddRow: Row to which to add a string to next.
m_f32RowLength: Length of a row, given in fractions of the entire width of the display.

m_pStringBuf: Array of strings to draw.


30.7.2 Methods

	void AddString( const CString * pString ): Adds a string to the buffer at index m_u32StartAddRow, which is then incremented and modded by m_u32NumRows.  If ​the difference between ​m_u32StartAddRow (or m_u32StartAddRow + m_u32NumRows, in the event that ​​m_u32StartAddRow is less than m_u32StartDrawRow) and m_u32StartDrawRow is greater than m_u32NumRows, m_u32StartDrawRow is incremented.

void Draw( void ): Draws the string buffer, one row at a time, starting with m_u32StartDrawRow and ending at m_u32StartAddRow – 1 (or m_u32NumRows – 1, if ​m_u32StartAddRow equals zero).


30.8 CHUDTextInputComponent

HUD component used for inputting text in a one-line text input field.

	class CHUDTextInputComponent : public CHUDComponent

{

  private:

    CDisplayObject2D * m_pDOCursor;

    u32                m_u32Length;

    c8                 m_szBuf[MAX_HUDTEXTINPUT_LENGTH];

  public:

    void ClearBuffer( void );

    void Update( bool bTeamSay, CShip * pShip );

    void Draw( const c8 * szPrefixMsg );

};


30.8.1 Variables

	m_pDOCursor: Pointer to a CDisplayObject2D object containing the image for the cursor.
m_u32Length: Current length of the string.

m_szBuf: Buffer in which the string is stored.


30.8.2 Methods

	void ClearBuffer( void ): Clears the buffer.  m_u32Length and the first character in m_szBuf are set to zero.
void Update( bool bTeamSay, CShip * pShip ): Processes keyboard key information; if a displayable character has been hit and m_u32Length is less than MAX_HUDTEXTINPUT_LENGTH – 1, the character is added to the end of the buffer and m_u32Length is incremented, and the character in m_szBuf following the new one is set to zero.  If backspace has been pressed and m_u32Length is not zero, the character at position m_u32Length is set to zero and m_u32Length is decremented.  If the escape key has been pressed, ClearBuffer is called and m_bVisible is set to false.  If the enter key has been pressed, the message in m_szBuf is sent to the server for transmitting to other players, taking into account whether bTeamSay is true, and if so, what team pShip is on, and then ClearBuffer is called and m_bVisible set to false.
void Draw( const c8 * szPrefixMsg ): Draws the text field.  First, szPrefixMsg is drawn; then m_szBuf is drawn following it, followed by the cursor (the image for which is indicated by m_pDOCursor) to indicate the position for further text input.


30.9 Chud

The CHUD class is responsible for presenting vital game information to the player in a visual manner.  It relies on the above structures for updating and displaying information.  
	class CHUD : public CStdInterface

{

  private:


CHUDComponent * m_pHUDComponents[NUM_HUD_COMPONENTS];

CShip *         m_pShipList;


list<u32>       m_u32ScoreListOrder;

  public:


void Update( void );


void UpdateScoreList( void );


void Draw( void );

};


30.9.1 Variables

	m_pHUDComponents: Array of pointers to HUD components to be drawn.

m_pShipList: Array of ship objects.

m_u32ScoreListOrder: List of indices into the array of ships.  Used for displaying the score list in proper order.


30.9.2 Methods

	void Update( void ): Updates the HUD’s m_HUDShipData based on data in the ​m_pShip object.  The HUD differentiates between immediate data that it polls directly from the player’s CShip object and data that it maintains and updates only when changed during gameplay.  The latter is stored in the m_HUDShipData structure.  Data are updated for all pertinent members of the CShip object for the current player, with the exception of player score, which is updated for all ships for displaying in the score list.
void UpdateScoreList( void ): Updates the score list.  This is performed only when the score list is visible.  Every time a score changes for a ship, the ship’s entry in the m_u32ScoreListOrder list is moved using a sequential sort so that the score list is always displayed in order of decreasing score.

void Draw( void ): Draws the HUD to the display by iterating through the array of CHUDComponents, checking if the component is visible, and then calling that component’s Draw method.


31. Menus
31.1 CMenuSystem

“MenuSystem.h” must be included to use the CMenuSystem interface.  Menus are parsed from script files through the CMenuSystem::ParseMenuSystem method, which automatically loads menus and determines which menu buttons trigger other menus.  The CMenuSystem’s “Set” methods are used to set whether the user is currently in a menu and which menu the user is in.  Certain functionality will have to be changed, however, as follows.

31.2 Mouse Control and Menu Drawing

The menu system will now have to allow for mouse input, which was not previously implemented.  During the menu’s input processing, the menu will listen for button clicks and determine which, if any, button the mouse was clicking on.  In addition, menu object coordinates will now be represented as fractions of the width and height of the display so that the menu will scale properly with the display resolution.

31.3 Input Fields and Text boxes.

The major addition to the existing menu system is that of input fields and text boxes.  These are the CMenuTextInputButton and CMenuTextBoxButton classes; they are identical in structure to the CHUDTextInputComponent and CHUDTextBoxComponent classes, but derive from the CMenuButton class rather than the CHUDComponent class.
32. Input

32.1 Rock Station Inputs

RockStationInputs.h will contain the enumeration of all inputs utilized in the game.

	enum RockStationInput

{

  RSIN_FIRE,

  RSIN_EXTRA,

  RSIN_SPECIAL,

  RSIN_WGROUP_SELECT_1,

  RSIN_WGROUP_SELECT_2,

  RSIN_WGROUP_SELECT_3,

  RSIN_WGROUP_TOGGLE_WEAP_1,

  RSIN_WGROUP_TOGGLE_WEAP_2,

  RSIN_WGROUP_TOGGLE_WEAP_3,

  RSIN_WGROUP_TOGGLE_WEAP_4,

  RSIN_WGROUP_TOGGLE_WEAP_5,

  RSIN_WGROUP_TOGGLE_WEAP_6,

  RSIN_WEAPON_FIRE_1,

  RSIN_WEAPON_FIRE_2,

  RSIN_WEAPON_FIRE_3,

  RSIN_WEAPON_FIRE_4,

  RSIN_WEAPON_FIRE_5,

  RSIN_WEAPON_FIRE_6,

  RSIN_THROTTLE_ACCELERATE,

  RSIN_THROTTLE_DECELERATE,

  RSIN_THROTTLE_MAX,

  RSIN_THROTTLE_ZERO,

  RSIN_THROTTLE_MATCH_TARGET,

  RSIN_TARGET_NEXT,

  RSIN_TARGET_PREV,

  RSIN_TARGET_SELECTED,

  RSIN_MESSAGE_BROADCAST,

  RSIN_MESSAGE_TEAM,

  RSIN_SCORES_SHOW,

  RSIN_MENU_SHOW,

  RSIN_NUM_INPUTS

};


32.2 InputTypes

Constants and Typedefs

Various constants and typedefs will be defined for use in the various input classes.

	typedef u8 InputDevice;

const InputDevice ID_KEYBOARD
= 0x01;

const InputDevice ID_MOUSE

= 0x02;

/*
upper nibble is 1 if the key is down, 0 otherwise


lower nibble is 1 if the key is held, 0 if pressed */

typedef u8
InputInfo;

/*
upper byte is the device


lower byte is the button */

typedef u16
InputCode;


32.3 Macros

Simple macros are defined for determining if an InputInfo is pressed or held.

	#define IS_DOWN( InputInfo )

\


( (InputInfo & 0x10) == 0x10 )

#define IS_HELD( InputInfo )

\


( (InputInfo & 0x11) == 0x11 )

#define IS_PRESSED( InputInfo ) \


( (InputInfo & 0x11) == 0x10 )


32.4 CInput

The CInput class is the interface through which all input related functionality will be handled.

	class CInput : public CStdInterface

{

private:

IDirectInput8 *
m_pDI;
//DirectInput interface

CKeyboard
m_Keyboard;

CMouse
m_Mouse;

InputCode
m_Controls[RSIN_NUM_INPUTS];
//defined controls

InputInfo
m_InputInfo[RSIN_NUM_INPUTS];
//current input info

public:

bool Init( void );

bool PollInput( void );

InputInfo GetFirstInput( void );

const InputInfo * GetInputInfo( void );

const InputCode * GetControls( void );

void SetControls( InputCode * NewControls );

InputCode GetControl( RockStationInput Input );

void SetControl( InputCode NewIC, RockStationInput Input );

IDirectInput8 * GetInterface( void );

const InputInfo * GetKeyboardKeyInfo( void ) const;

s32 GetMouseX( void ) const;

s32 GetMouseY( void ) const;

s32 GetMouseZ( void ) const;

const InputInfo * GetMouseButtonInfo( void ) const;

};


32.4.1 Variables

	m_pDI: Direct Input interface.

m_Keyboard: Child keyboard object.

m_Mouse: Child mouse object.

m_Controls: Player’s controls.

m_InputInfo: Stores the current state of all game inputs.


32.4.2 Methods

	bool Init(  ): Initializes DirectInput and child objects.

bool PollInput(  ): Polls child inputs and updates m_InputInfo.

InputInfo GetFirstInput(  ): Returns the first key or button pressed.  Primarily of use for redefining controls.

const InputInfo * GetInputInfo(  ): Get method for m_InputInfo.

const InputInfo * GetControls(  ): Get method for m_Controls.

void SetControls( InputCode * NewControls ): Set method for m_Controls.

InputCode GetControl( RockStationInput Input ): Returns a specific control in the m_Controls array.

void SetControls( InputCode * NewControls ): Sets a specific control in the m_Controls array.

IDirectInput8 * GetInterface(  ): Get method for m_pDI.

const InputInfo * GetKeyboardKeyInfo(   ) const: Returns the value of m_Keyboard’s GetKeyInfo method.

s32 GetMouseX(  ), GetMouseY(  ), GetMouseZ(  ): Returns the values of m_Mouse’s GetX, GetY, and GetZ method’s respectively.

const InputInfo * GetMouseButtonInfo( void ) const: Returns the value of m_Mouse’s GetButtonInfo method.


32.5 Mouse

	class CMouse : public CStdInterface

{

private:

IDirectInputDevice8 * m_pDID;

DIMOUSESTATE2
m_MS;

InputInfo
m_ButtonInfo[NUM_MOUSE_BUTTONS];

s32

m_X, m_Y, m_Z;

public:

bool Init( void );

bool Poll( void );

s32 GetX( void ) const;

s32 GetY( void ) const;

s32 GetZ( void ) const;

const InputInfo * GetButtonInfo( void );

};


32.5.1 Variables
	m_pDID: Direct Input device interface; the low-level mouse object.

m_MS: Used to store the mouse state as captured by Direct Input.

m_ButtonInfo: Higher level mouse button information; contains pressed/held data.

m_X, m_Y, m_Z: Higher level mouse movement data, stored as relative motion.


32.5.2 Methods

	bool Init(  ): Initializes Direct Input device.

bool Poll(  ): Polls the mouse device, retrieving new input.  Should be called once per frame.

s32 GetX, GetY, GetZ: Used to retrieve the higher level mouse movement data stored in m_X, m_Y, and m_Z respectively.

const InputInfo * GetButtonInfo(  ): Used to retrieve the higher level mouse button data stored in m_ButtonInfo.


32.6 Keyboard

	class CKeyboard : public CStdInterface

{

private:

IDirectInputDevice8 *
m_pDID;

u8              

m_u8State[NUM_KEYBOARD_KEYS]; 

InputInfo

      m_KeyInfo[NUM_KEYBOARD_KEYS];

public:

bool Init( void );

bool Poll( void );

const InputInfo * GetKeyInfo( void ) const;

};


32.6.1 Variables

	m_pDID: Direct Input device interface; the low-level keyboard object.

m_u8State: Used to store the keyboard state as captured by Direct Input.

m_KeyInfo: Higher level keyboard state information; contains pressed/held data.


32.6.2 Methods

	bool Init(  ):  Initializes Direct Input device.

bool Poll(  ):  Polls the keyboard device, retrieving new input.  Should be called once per frame.

const InputInfo * GetKeyInfo(  ) const: Used to retrieve the higher level keyboard state data stored in m_KeyInfo.


33. Cursor

The cursor will represent the mouse’s position overtop of the game display.

33.1.1 CCursor
	enum CursorHotspot

{

CH_CENTER,
CH_UPPERLEFT,
CH_NUM_HOTSPOTS

};

class CCursor : public CStdInterface

{

private:
CDisplayObject2D *
m_pDO;
CursorHotspot

m_HotspotType;
bool


m_bShowWindowsCursor;
f32


m_f32X, m_f32Y;
f32


m_f32Speed;
public:
bool Init( CursorHotspot HotspotType, u16 u16NumAnims );
bool Update( void );
bool Draw( void );
void ShowWindowsCursor( void );
void HideWindowsCursor( void );
void SetAnim( u16 u16Anim, CDisplayAnim * pAnim );
void SetCurAnim( u16 u16Anim );
void SetCurFrame( u16 u16Frame );
void SetSpeed( f32 f32Speed );
void SetPosition( f32 f32X, s32 f32Y );
bool IsShowingWindowsCursor( void );
f32 GetXPos( void ) const;

f32 GetYPos( void ) const;

};


33.1.1.1 Variables

	m_pDO: Pointer to the DisplayObject2D associated with the cursor; the cursor’s image.

m_HotSpotType: Describes whether the cursor’s “hotspot” is located in the middle or the upper left.

m_bShowWindowsCursor: Describes whether the windows cursor should be shown or not.

m_f32X, m_f32Y: X and Y position of the cursor, they range from 0.0 to 1.0 in client coordinates.

m_f32Speed: Defines the speed at which the cursor moves.  All movement is modified by this amount.


33.1.1.2 Methods

	bool Init( CursorHotspot HotspotType, u16 u16NumAnims ):  Initializes the object and creates its CDisplayObject2D.  NumAnims is based on to the CDisplayObject2D’s Init function.

bool Update(  ): Updates the position of the cursor based on mouse input.

bool Draw(  ): Draws the cursor at its current position onscreen.

void SetAnim( u16 u16Anim, CDisplayAnim * pAnim ): Passes arguments on to m_pDO’s SetAnim method.
void SetCurAnim( u16 u16Anim ): Passes arguments on to m_pDO’s SetCurAnim method.

void SetCurFrame( u16 u16Frame ): Passes arguments on to m_pDO’s SetCurFrame method.


34. Console
The console of the game will take basic text input and perform game functions based on predetermined text commands.  It also has the ability to dynamically change variables and monitor variables in game.  It will be drawn, by default, over the top ¼ of the screen, (the location can be change however) using a simple quad composed of two triangles with diffuse colors (default diffuse color is 0x7F0000FF.) Text will be drawn with the text engine.  It will use basic string functions to compare entered text with “current set functions” to perform tasks.

To monitor variables the console will simply use the addresses of specific variables, and then display their numeric data.

The console will not be compiled into the release version of Rock Station.

34.1 CConsole

	class CConsole

{
  private:
std::string m_TextBuffer[MAX_LINES];
  public:

bool Init( c8 * pKeyboard );


void Run(  );

};


34.1.1 Methods

	bool Init (char * keyboard): Sets up the Console class and is responsible for setting up an internal variable that points to the array of keyboard keys.

void Run(  ): Responsible for getting all input from the keyboard and filling in the textbuffer.  Also displays the text as well as processing input text.  Basically performs all required actions.


35. Game Shell

35.1 Installer

Installs the game using the NullSoft Install System.  Installation takes place in the form of a Windows application which prompts the user to agree to the license agreement, choose a destination directory, and whether to create a Windows Start Menu group and desktop shortcut.  The installer notifies the user of available and required hard drive space, and can be cancelled if necessary.  The NullSoft Install System is also used to allow the user to uninstall the game through either the Control Panel or the Start Menu group->Uninstall Rock Station shortcut.

35.2 Menu Breakdown

35.2.1 Story Mode / Character Select Screen

The story mode menu option leads to the character select screen.  The individual characters’ ships are loaded and their stats, meshes, and images are displayed.  Character icons are displayed across the bottom in a row of buttons, which select the given character when clicked.  A “Begin Game” button is also displayed.  Upon clicking this, the player’s CShip object is initialized using data from their selected character’s ship data stored in the master list of CShips; then the game changes states from the menu to non-multiplayer gameplay mode.

35.2.2 Fast Action & Multiplayer

The Fast Action and Multiplayer menu layouts are very similar.  Both rely on the following structure.
35.2.2.1 struct GameCondititons
	enum GameType {

  GATY_STORYMODE,

  GATY_FASTACTION_DEATHMATCH,

  GATY_FASTACTION_TEAMDEATHMATCH,

  GATY_FASTACTION_SCOREMATCH,

  GATY_FASTACTION_TEAMSCOREMATCH,

  GATY_MULTIPLAYER_DEATHMATCH,

  GATY_MULTIPLAYER_TEAMDEATHMATCH,

  GATY_MULTIPLAYER_SCOREMATCH,

  GATY_MULTIPLAYER_TEAMSCOREMATCH,

  GATY_NUMGAMETYPES

};

struct GameConditions {

  GameType gameType;

  f32      f32TimeLimit;

  u32      u32VictoryScore;

  u32      u32NumRespawns;

  f32      f32RespawnTime;

  u32      u32MaxPlayers;

  bool     bBalanceTeams;

};

	gameType: Type of the game, as indicated by the GameType enumeration.

f32TimeLimit: Time limit for the game.  If this is zero, there is no time limit.

u32VictoryScore: Required score for victory.  If this is zero, there is no required score.

u32NumRespawns: Number of respawns allowed per player in a deathmatch game.  If this is zero, there is no respawn limit.

f32RespawnTime: Minimum amount of time that must elapse before a player may respawn.

u32MaxPlayers: Maximum number of allowed players in a network game.  After this many players have joined a game, additional players may not join.

bBalanceTeams: Whether to balance teams as additional players join a game.  When a team is short a player, a bot is added; when a new player joins, that player replaces a bot on the team with the most bots.  Both teams always have the same number of players.


35.2.3 Multiplayer Game

On the multiplayer game screen, there is a text field, which is used to update the player’s name through the CShip class.  Two other buttons, “Create LAN Game” and “Join LAN Game,” lead to their corresponding submenus when clicked.  On all submenu screens there is a button to go back to the Main Menu and a button to back up one menu (unless doing so would go back to the Main Menu, in which case the button would be redundant).
35.2.4 Create Game – Game Type

Four buttons are displayed, one for each of the four types of game (deathmatch, team deathmatch, scorematch, team scorematch).  The GameConditions structure’s gameType member is updated to reflect this type, depending on whether it is a fast action or network game.  In a networked game, there is also an input text field to enter the name of the game, which is stored in the CGame object’s NetworkGameInfo structure.
35.2.5 Create Game – Game Conditions

Depending on the type of game, there will be anywhere from three to five text fields with captions.  In the case of a scorematch game, there will be a text field for the score required for victory; this is used to update the u32VictoryScore member of the GameConditions struct.  In the case of a deathmatch game, there will be a field for the number of respawns allowed per player and the respawn time interval, which are used to set the u32NumRespawns and f32RespawnTime members of the GameConditions struct, respectively.  If the game is a team game, there will be a checkbox to indicate whether teams are to be balanced; this is used to update the bBalance member of the GameConditions struct.  And regardless of game type, there are text fields for game time limit and maximum number of players, which are used to update the f32TimeLimit and u32MaxPlayers members of the GameConditions struct.

35.2.6 Player Setup

The screen is populated with a number of buttons to change player setup for a fast action or multiplayer game.  Players may choose their team by clicking on the “Change Team” button or on the “Red Team” or “Blue Team” buttons; this changes the team the player is assigned to through the CShip class.  In addition, the player may choose which character they will use, which again initializes their ship data according to the ship for that character in the master list of ships.  Selecting a character also displays that character’s multiplayer image and stats.  Additional ships are marked as active and assigned an ID number by the server upon connecting to the server or being created by another play as a bot.

In the case of a networked multiplayer game, the “Ready” button is used to mark a player as ready; when all players are marked as ready, the server’s “Start Game” button is becomes available, and may then be used to begin the game.  In addition, there is a chat area which makes use of an input text field and dialog box to send messages among players.

35.2.7 Join LAN Game

Upon entering this screen, the CGame object’s m_NetSocket member scans the local area network for active Rock Station games.  It keeps track of all these in a list of the following structures.

	struct NetworkGameInfo {

  c8       szIPAddrString[MAX_IPADDR_LENGTH];
  c8       szGameName[MAX_GAMENAME_LENGTH];

  GameType gameType;

  u8       u8NumPlayers;

};


	szIPAddrString: IP address for the game.

szGameName: String containing the game’s name.

gameType: Type of the game.

u8NumPlayers: Number of players currently in the game.


The player is then allowed to select a game from the list and attempt to connect to it through their local CNetSocket object.

35.2.8 Game Options 

When handling the options menu, the menu system will have to set fields in the GameOptions struct, which is defined as follows:

	enum GameDifficulty {

  DIFF_NORMAL,

  DIFF_HARD,

  DIFF_NUM_DIFFICULTIES

};

enum DisplayResolution {

  RES_640x480,

  RES_800x600,

  RES_1024x768,

  // ...other resolutions...

  RES_NUM_RESOLUTIONS

};

struct GameOptions {

  GameDifficulty    gameDifficulty;

  DisplayResolution displayResolution;

  bool              bFullscreen;

  f32               f32Gamma;

  bool              b3DSound;

  f32               f32MasterVolume;

  f32               f32MusicVolume;

  f32               f32MouseSensitivity;

};



	gameDifficulty: Difficulty of the game, in story mode.

displayResolution: Enumeration used for setting the display resolution of the game.

bFullscreen: Whether the game runs fullscreen or in a window.

f32Gamma: Gamma value for the game display.

b3DSound: Whether to use 3D sound.

f32MasterVolume: Master volume level for the game.

f32MusicVolume: Music volume level for the game.

f32MouseSensitivity: Mouse sensitivity setting.


Choosing the “Apply” button confirms these settings and updates the CGame object accordingly.  If displayResolution and/or bFullscreen and/or f32Gamma change, the display is updated to use these new settings.  If b3DSound, f32MasterVolume, or f32MusicVolume change, the sound system is updated to use these new settings.  If f32MouseSensitivity is changed, the input system is updated to use this new setting.

35.2.9 Control Configuration

Whenever a game control is changed, which is performed by clicking on the button corresponding to the game control and pressing the desired key or button to set it to, the menu notes that change and calls CInput::SetControl to make this change.

35.2.10 Quit Game
Upon choosing “Quit” from the menu or attempting to exit the game with the close box or Alt+F4 key combination, the “Quit Game” menu prompt appears.  This is simply a prompt asking the user for confirmation along with two buttons labeled “Yes” and “No.”  Clicking “No” will return to the previous game state.  Clicking “Yes” will exit the game.

35.2.11 In-Game Menu

The in-game menu appears as an overlay over the game.  This instigates a system pause.  The player may then selection from “Options,” “End game,” “Quit,” and “Back to Game.”  The options submenu is identical to the main menu’s options menu, as is the “Quit” option.  “End game” prompts the user for confirmation; if this is confirmed, the game returns to the main menu and cleans up all game data in the process.  “Back to Game” closes the in-game menu and terminates the system pause.
36. Class Hierarchy
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