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    Preface
Computer Games actually changed my life.



I was born in 1980, before computers in the home were a mainstream thing, but my Dad was very interested in technology and had a Sinclair Spectrum computer that needed a tape player to run programs, and you could follow program listings in magazines to create software. We had a few books in the house containing these programming listings, although not many, and generally the computer was packed away in the cupboard and wasn't something that really saw the light of day.



Christmas Day 1990 was when my future changed. I received my first computer, an Amiga 500. Ahead of it's time, finally I had a computer of my own, and like all 10 year olds, I spent a lot of time playing games on it. However, things began to change quite rapidly. I realised that I wasn't really looking at games in the same way as my classmates. I was becoming fascinated with how the games actually worked, not just how to complete a level. In 1992 I convinced my parents to buy me a game called "The Shoot-Em Up Construction Kit" or "SEUCK" which cost £35 (a lot of money back then!) but it was more than just a game, it was a program that let you make your own games. I started designing many different types of game on paper, not having the knowledge to be able to translate this onto a computer screen. I started looking at listings in Amiga magazines, following BASIC tutorials that I didn't totally understand but would make the computer do certain things. When in 1995 a programming language called AMOS was released on a magazine cover disk, I finally had my chance - this was a programming language that allowed you to create computer games, and was used by professionals in the industry to make games on the platform.



I hadn't realised it would be so hard.



I was trying to create my own games from scratch, so was looking through listings on how to perform certain tasks then trying to adapt them to my own means. I stumbled through the creation of my first non-SEUCK game, Cybertech, which just showed some graphics I put together in a program called Deluxe Paint 2 coupled with text-adventure style text.



While all of this was going on, my career path was, in my mind, falling into place. I was going to be a Forensic Histologist, cutting up dead bodies for a living. I did my work experience in an Analytical Chemistry department of a Hospital, and was praised by the other staff members for being one of the most enthusiastic students they had ever had. At lunchtimes they heard me talking incessantly about computers, and at the end of my two weeks, asked me why I wasn't thinking about a career in computing, my answer was simple - computing could easily be my hobby, but I wanted to pursue medicine.



In 1996, after finishing my GCSE's, I took a summer course at the local college for the entire 8 week holiday to achieve a City and Guilds qualification in "Computer Maintenance and Microprocessor Technology" - my first real qualification in computing. My A-Levels were selected for my career in medicine - Chemistry, Human Biology and Physics. Then I was offered a job. The college had a branch in London and felt I would be a great candidate for a Technical Support role there. £16,000 a year. I was 16 years old. I turned it down, then spent the next two years stuck in a classroom wishing I hadn't.



By this time, I had designed over 200 computer games, and my floppy disks were filled with artwork for characters, backgrounds, story ideas and other related work. I applied to 6 medical schools with poor predicted grades so didn't even get an interview. One of my school friends, Smitesh, applied to all of the same schools and we used to get our rejection letters pretty much on the same days, which kept us both going. Incidentally, Smitesh is now a doctor in one of the London hospitals and is on a surgery pathway, so the rejections didn't put him off.



I was beginning to worry about my life. Not enough to stop playing games on my Amiga, but I was getting worried. By now, playing games didn't hold the same pleasure for me that it did for other people. I was dissecting how programs may work, trying to get my head around variables and code structures and how to store level files, and had started Programming in OPL on a small palmtop computer called the Psion 3a. One of my older friends came back from University and told me about a course he was doing called "Cybernetics" at Reading University. I was fascinated. It included computer science, but on top of that looked at a lot of areas to do with medicine and helping people with disabilities. It sounded to me like the perfect combination of my love of all things medical and my love of computers.



I got the A-Level grades I needed to reapply to medical school. I chose to apply for Cybernetics. My specialist areas included Artificial Intelligence, Computer Graphics and Virtual Reality. My final year project was creating a 3D audio formula one game that totally blind people could play and hear where they were on the track. After it was finished, I released the software and got 2500 downloads. My first commercial game.



A fascination with computer games led me to become a programmer, which in turn led me to my career in the computer industry as a Software Developer. I am now a Lecturer in IT, and have spent the last 5 years looking at ways to make games programming more accessible to students. Just like I was when I was their age, most students have no idea where to even start in the creation of a computer game. They may have an idea, but how do you translate that into actual code? That is the hardest part to creating computer games - programming is one of the hardest things mentally we can do as human beings, and building computer games is actually one of the hardest programming tasks. So where can we begin?



Looking at games, they all generally all do the same things - have a series of animated objects in an environment that need to interact with each other. In the real game industry, companies use "game engines" that do a lot of the foundation work for them, so that a programmer doesn't need to "reinvent the wheel" each time they make a new game. You may have heard of some of these engines - CryTek, which powers Crysis. Unreal, which powers a lot of 3D software on the consoles. Unity, used on a lot of games on Tablets and Smartphones. Game engines are the hardest part of the game program code, built for the game developer so they don't have to waste time getting all the fundamentals working. The game developer then interacts with this engine in their own programming code, making the engine do what they want it to do.



You don't have to build a game engine to build a game. I can create simple games in less than 18 minutes, when it would take me many hours to create a game engine which I could then use for the same purpose. So why create an engine?

[image: A Game in 17 minutes and 59 seconds!]


If you want to create a game that is more than just a simple one screen thing, it gets tricky, especially if you have never really programmed before. When someone else that is experienced in programming produces all the complex code for you, it makes it easier for you to concentrate on just producing what you need to see your idea made into reality. It makes it easier to make the programs you might want to create, although it still doesn't mean it's easy!


I teach C# programming in Microsoft Visual Studio, so that is the language I have used here. Visual Studio is available to students under the DreamSpark scheme, and there are free tools you can use to create programs in C#, such as Visual Studio Express. Because of the complexity of 3D programming, I have limited this project to creating 2D computer games - side view or top down view style games, rather than First Person Shooters. However, I have developed the engine so that it is possible to use it to make games that work on a 3D projector and you can specify how far into and out from the screen each 2D object comes - so it is, I suppose, a 2.5D engine. This is because I have a 3D projector in my classroom and wanted to utilise it!


This book is separated into four parts.


Part One is the original Game Engine that I created for my students, and they have had many successes in creating games using this engine.


Part Two teaches you how to set up your programming projects to create games using the engine, and gives three game listings - Pong, Breakout and Alien Breed.


Part Three starts the process of creating more 3D looking games, by creating a "Scanline" algorithm to create an engine similar to the one found in the original "Wolfenstein 3D" game on the PC - a game that looks 3D but isn't.


Part Four finally takes you through the processes of creating a much more technically advanced game engine. This engine takes much of what has been learned in the first three parts, but adds knowledge I have gained about real-world physics and even Autism and Medicine to create an engine that can be used for creating better, more advanced games.


I hope that you find this book useful, and hope it helps you to turn your gaming ideas into a reality.

Part One - The First Engine
	Part One

	Setting up the Project

	The "Basics" Class

	The Camera Class

	The Background Class

	The Parallax Class

	The Graphic Class

	The Game Object Class

	The Game World Class


Part One
This engine is in fact the third engine I have produced. It has been fully tested, but will probably still have some coding bugs in it. Nonetheless, it has proved to be a success with the students who utilised it, so I have decided to start the book off with how to build it and use it to make games. When you teach computer game development, one of the first things you realise is that the ambitions of the students far outreaches their technical ability, so to try and help them achieve what they wanted to achieve the Game Engine was born. While it was quite basic, it was good enough to create a whole host of different game types, and generally worked pretty well - with the odd glitch here and there!



The Engine is utilised through a "game world" object. This world can be formed through a level file, or everything that makes up the game world can be added into the object as and when required. The game world can be as big as you want it to be, and to view it we use a camera object. This camera has an offset location as to where it is in the world and a resolution that therefore describes how much of the game world it can see. A set of background objects are drawn onto this camera screen first, and each background can be a different size - all of them can also be different to the size of the game world. This allows the system to do parallax scrolling. On top of these backgrounds are added game objects, which can be controlled by players or the computer, and can collide, interact and do everything they need to do. You can use something I call a "bump map" to identify places on the world that characters cannot go through (platforms, walls, edges etc) and the objects are automatically stopped and not allowed to go through. On top of the objects you can add more layers of parallax, so you can have a foreground as well as a background.



To try and explain how this engine works in a clearer way, I produced a short video. I find videos to be hugely beneficial teaching aids and so will utilise them throughout this book - one of the many benefits of an eBook over a paper version!




The Game Engine
[image: Creating a Game Engine 1 - Theory]

Why Build an Engine?
Building a game is a complex programming task. Generally in a college, you can't normally create just any game that you may want to – you have to create something really basic because your programming skills are not good enough yet to create something that you would actually enjoy playing.



In the real world, creating games takes a team of people, and they have a lot of different tools at their disposal. Quite often, the game itself is powered by something called an "engine". This is a program that simplifies the creation of the game by hiding a lot of the complex code and letting the game creator concentrate on what is important – creating a good game.



Game engines are for more than just that though. They are used to produce a platform to allow you to only have to create the basics for making games once, then using this in a whole multitude of different projects. You want to create a platform game? AND GTA style game? AND shoot-em-up? You can, and don't have to start from scratch each time.
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What Does The Engine Do?
The game engine creates a virtual game world, of any size that you wish. Within this game world you set up a camera (or multiple cameras), and this can be set to any resolution you wish. You can scroll the camera around this game world, so the world can be bigger than the information that fits on a single screen. Within this game world you can have a parallax scrolling tiled background, objects, and a foreground.




What is Parallax Scrolling?
Have you ever watched out of a train window when travelling fast, and noticed that the further something is away from you, the slower it appears to be moving?
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From "Shadow of the Beast", Amiga



If you look at the two pictures above, from the game Shadow of the Beast, You should be able to see that a gate in the foreground moves by a huge amount, the tree moves a bit while the distant background doesn't move at all. This effect is known as parallax scrolling, and the game engine supports this.

Creating a Background From Tiles
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A version of "Pokemon"!



You may have seen games, like Pokemon above, that appear to have a background that is made up of the same, small items repeated many times over to make the background. This is known as tiling, and is a bit like creating a jigsaw puzzle – you create a whole series of small pieces, called tiles, then put them together in a particular order, repeating some over and over again. The game engine you are going to create can also do this, and each layer of the parallax scroll can be tiled.

The Bump Map
Some areas on a game should be impossible for an object to be able to move on to. The game engine allows you to create areas that objects cannot go on to, called the Bump Map. This can be used to stop objects from being able to walk over trees, or walk through walls

Objects within the Game World
Continuing with the image from Pokemon, as well as the background images there are items in the game that you can control, move and interact with – such as the signpost, your character, and another character in the game. These are known as objects, and you can animate these from a series of still images. You can even tell objects to follow different rules and paths through the game, so that they look like they have some form of intelligence.

From 2D to 3D
The Game engine allows you to set up a "Left Eye" and "Right Eye" camera, which involves extra calculations and allows you to use the game on a 3D projector, and see items going into the screen and coming out from it. This is explained in a later section of the book.

Types of Game You Can Create
Below you can see a whole host of different games. Every single one is possible to create using the engine you are going to make!
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The game engine creates a virtual game world, of any size that you wish. Within this game world you set up a camera (or multiple cameras), and this can be set to any resolution you wish. You can scroll the camera around this game world, so the world can be bigger than the information that fits on a single screen. Within this game world you can have a parallax scrolling tiled background, objects, and a foreground. You can have animated characters that move around, deal with collisions, create and destroy objects and create practically any 2D game you wish.

Frequently Asked Questions
Can the game have multiple players?
Yes – on the same computer. This engine doesn't yet support play over a network.




Why can't I have an electronic copy of this booklet?

I know – you want to just copy and paste. Where's the learning in that?




I've been through the code and don't think it's very good. It uses more RAM than it needs to, and can be slow because of some of the decisions you have made. How come?

Yes, some of the decisions I've made make the program eat RAM and be a bit slow, but really it's to show students a simple way of creating an engine – it isn't an optimal solution. Feel free to change the code to make it more optimal. As a starting point, I would look at the "Background" class – construct only that bit of the background visible to a camera from the tile map and tile image rather than storing the whole thing in RAM all the time, and it will save you a whole lot of memory space!

Setting up the Project
[image: Game Creation - Basic Structure]

Start by creating a new project in Visual Studio 2010. You need to select "Class Library" and should set the name to "GameEngine".



[image: P_CD68368E-16CC-4D5D-A2CD-DA8A4F7C7872.png]
This will automatically create a single file in solution explorer called "Class1.cs", which you need to remove. Right click on this file and click "Delete".



[image: P_ABBEECAA-52FB-4CFF-A154-42ED21F22FA3.png]
Now, right click on the "GameEngine" Project in Solution Explorer and select to "Add" "Class", as is shown below.



[image: P_6922F2E0-5AC5-4B09-8186-1784BE00D053.png]
Call this class file "Basics.cs":



[image: P_76041D06-6882-4B5E-949E-52E41AB95041.png]
Repeat this with Background.cs, Camera.cs, GameObject.cs, GameWorld.cs, GraphicObject.cs, and Parallax.cs. You should end up with the project set up as shown below. Click the "Save all" button to make sure the project is all set up and ready to go!

[image: P_05350642-272A-4A8A-A21C-0408DB6FFD14.png]
The "Basics" Class
[image: Adding the Game Engine and Setting up the Basics]

The first class we are going to work within is the "Basics" class file. There is no actual "Basics" class, so the first thing to do is to delete the class bit, so you are just left with the "using" items at the top, the namespace "GameEngine" and an open and close bracket, like so:




namespace GameEngine

{

}




Within this namespace, we are going to start by adding items called Delegates. Delegates are messages that we can use to pass information between the game engine and the game that we are going to make. Our system is going to have three different messages – Passing the object to the program that has done something, the object and wall it has collided with, and passing two objects to the program when two objects collide together. When you enter the code below, you will get errors – don't worry, this is only because you haven't yet created all the items necessary!



namespace GameEngine

{


public delegate void CollideWall(ref GameObject Object, WallCollision Wall);


public delegate void CollideObject(ref GameObject Object1, ref GameObject Object2);


public delegate void ItemComplete(ref GameObject Object);

}





Underneath these delegates, we are going to start creating some structures. These are groups of variables that are going to perform specific tasks. For example, built into C# is a type called "Point", which gives a 2D coordinate (X and Y). In our game engine we also have a Depth value (Z), so we need to create our own structure type – Point3D! This goes directly UNDER the last delegate, but BEFORE the curly bracket that makes up the end of the namespace:

public struct Point3D

{


public int X;


public int Y;


public int Z;


public Point3D(int x, int y, int z) { X = x; Y = y; Z = z; }


public Point3D(string x, string y, string z) { X = Convert.ToInt32(x); Y = Convert.ToInt32(y); Z = Convert.ToInt32(z); }

}





So, what other structures are we going to need? Well, as well as a 3D point, we need a decimal version of the point object – just underneath the struct for Point3D, but again above the curly bracket for the end of the namespace, create the following:



public struct DecimalPoint

{


public decimal X;


public decimal Y;

}





We need to do the same with a 3D Size, as we only have a 2D Size built into C#:



public struct Size3D

{


public int Width;


public int Height;


public int Depth;

}





Finally, we have a series of what are known as Enumerated Types. These are basically a reference list that we can use in place of numbers in order to identify items, and the items you need to reference are the type of camera, some information about objects used in animations, and which wall an object has collided with. These go directly under our 3D size struct:



// Camera Type can be 2D or 3D:
public enum CameraType { Standard, Left3D, Right3D }

// Scaling for graphics - Standard = no scaling
public enum GraphicType { Standard, ScaleX, ScaleY, ScaleZ, ScaleXY, ScaleXZ, ScaleYZ, ScaleXYZ }

// Where the anchor point for the image when drawn is
public enum FixedPosition { TopLeft, MiddleLeft, BottomLeft, TopCentre, MiddleCentre, BottomCentre, TopRight, MiddleRight, BottomRight }

// The item types:
public enum GameObjectType { Mobile, Stationary }

// The side of the level collided with:
public enum WallCollision { Top, Left, Right, Bottom }




And that is the basics.cs file completed! Save All, ready for the next item! The entire code is shown below for clarity.

namespace GameEngine

{


public delegate void CollideWall(ref GameObject Object, WallCollision Wall);


public delegate void CollideObject(ref GameObject Object1, ref GameObject Object2);


public delegate void ItemComplete(ref GameObject Object);


public struct Point3D


{


public int X;


public int Y;


public int Z;


public Point3D(int x, int y, int z) { X = x; Y = y; Z = z; }


public Point3D(string x, string y, string z) { X = Convert.ToInt32(x); Y = Convert.ToInt32(y); Z = Convert.ToInt32(z); }


}


public struct DecimalPoint


{


public decimal X;


public decimal Y;


}


public struct Size3D


{


public int Width;


public int Height;


public int Depth;


}


// Camera Type can be 2D or 3D:


public enum CameraType { Standard, Left3D, Right3D }


// Scaling for graphics - Standard = no scaling


public enum GraphicType { Standard, ScaleX, ScaleY, ScaleZ, ScaleXY, ScaleXZ, ScaleYZ, ScaleXYZ }


// Where the anchor point for the image when drawn is


public enum FixedPosition { TopLeft, MiddleLeft, BottomLeft, TopCentre, MiddleCentre, BottomCentre, TopRight, MiddleRight, BottomRight }


// The item types:


public enum GameObjectType { Mobile, Stationary }


// The side of the level collided with:


public enum WallCollision { Top, Left, Right, Bottom }

}





The Camera Class
	The Camera Object

	Headers to the File

	Variables

	Constructor

	Methods

	Full Code


The Camera Object
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Headers to the File
using System;

using System.Collections.Generic;

using System.Drawing;





Variables
The camera class is the next file to work on. The camera is a really important object in the engine, as it is how the user of the game engine will look inside it. We can imagine the Camera as being exactly the same as a real-life camera – it has a location inside the game world, and is recording what it sees so that someone can view what is going on.



The first thing to do is add all of the variables that make up the camera object. Within the brackets of the camera class (also included in the code below – don’t repeat the code twice!) put in the following:



public class Camera

{


// All of the variables for the Camera Object:


// The Location of the camera (Offset into the world)


public Point3D Offset;


// The actual bitmap used to "draw" the view of the camera:


public Bitmap CameraScreen;


// Where to draw the camera on the form on the screen:


public Rectangle DrawLocation;


// The start and end levels of the Z-levels for the objects to draw (anything outside of this is ignored)


public int StartZDraw;


public int EndZDraw;


// What type of camera is it - 2D, or 3D Left / Right?


public CameraType CameraStyle;


// Should we draw the background on this camera?


public bool ShowBackground;

}





These variables set the Location of the camera within the game world (Offset), a bitmap to draw what the camera "sees" onto (Camera Screen), where on your windows form to draw the camera screen and at what size (Draw Location), which object Z levels to draw (all those between StartZDraw and EndZDraw, inclusive of those two values), the type of camera (a standard 2D camera, or a left eye / right eye 3D camera), and whether we should draw the background on this camera as well.



Constructor
The next piece of code to add is called the constructor. When we create a camera object, we need to set up the variables based on the information either from the game itself or from the level file. The constructor code looks as follows:



// Set up the camera
public Camera(Size Resolution, Rectangle drawLocation, CameraType cameraStyle)

{

Offset = new Point3D();
CameraScreen = new Bitmap(Resolution.Width, Resolution.Height);
DrawLocation = drawLocation;
StartZDraw = 0;
EndZDraw = 20;
CameraStyle = cameraStyle;
ShowBackground = true;
}




Sometimes we may want to give more details than just the resolution, draw location on screen and style of camera – we may want to give the location of the camera within the game world and other such information. We can actually create an 
OVERRIDDEN constructor, which is a piece of code with the same name, but a different set of variables to initialise it with. This goes directly below the code above:

// Set up the camera with more details:
public Camera(Point3D offset, Size Resolution, Rectangle drawLocation, CameraType cameraStyle)

{

Offset = offset;
CameraScreen = new Bitmap(Resolution.Width, Resolution.Height);
DrawLocation = drawLocation;
StartZDraw = 0;
EndZDraw = 20;
CameraStyle = cameraStyle;
ShowBackground = true;
}




Methods
Now, we need to look at the different commands that we may want to send to the camera. We may want to move the camera to another location:



// Move the camera to a set location:
public void MoveCameraActual(Point3D NewOffset)

{

Offset = NewOffset;
}




We may want to scroll the camera around by so many pixels:



// Move the camera by a value
public void MoveCameraRelative(Point3D NewOffset)

{

Offset.X += NewOffset.X;
Offset.Y += NewOffset.Y;
Offset.Z += NewOffset.Z;
}




And we may want to change the resolution of the camera – the equivalent of zooming in and out:



// Change the resolution of the camera (like zooming in and out)
public void ChangeCameraResolution(Size Resolution)

{

CameraScreen = new Bitmap(Resolution.Width, Resolution.Height);
}




And that is everything we need our camera to do at present! On the next section, the entire code that makes up the camera class is shown, to allow you to sanity-check your work.



Full Code
public class Camera

{


// All of the variables for the Camera Object:


// The Location of the camera (Offset into the world)


public Point3D Offset;


// The actual bitmap used to "draw" the view of the camera:


public Bitmap CameraScreen;


// Where to draw the camera on the form on the screen:


public Rectangle DrawLocation;


// The start and end levels of the Z-levels for the objects to draw (anything outside of this is ignored)


public int StartZDraw;


public int EndZDraw;


// What type of camera is it - 2D, or 3D Left / Right?


public CameraType CameraStyle;


// Should we draw the background on this camera?


public bool ShowBackground;


// Set up the camera


public Camera(Size Resolution, Rectangle drawLocation, CameraType cameraStyle)


{


Offset = new Point3D();


CameraScreen = new Bitmap(Resolution.Width, Resolution.Height);


DrawLocation = drawLocation;


StartZDraw = 0;


EndZDraw = 20;


CameraStyle = cameraStyle;


ShowBackground = true;


}






// Set up the camera with more details:


public Camera(Point3D offset, Size Resolution, Rectangle drawLocation, CameraType cameraStyle)


{


Offset = offset;


CameraScreen = new Bitmap(Resolution.Width, Resolution.Height);


DrawLocation = drawLocation;


StartZDraw = 0;


EndZDraw = 20;


CameraStyle = cameraStyle;


ShowBackground = true;


}




// Move the camera to a set location:


public void MoveCameraActual(Point3D NewOffset)


{


Offset = NewOffset;


}




// Move the camera by a value


public void MoveCameraRelative(Point3D NewOffset)


{


Offset.X += NewOffset.X;


Offset.Y += NewOffset.Y;


Offset.Z += NewOffset.Z;


}




// Change the resolution of the camera (like zooming in and out)


public void ChangeCameraResolution(Size Resolution)


{


CameraScreen = new Bitmap(Resolution.Width, Resolution.Height);


}

}
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The Background Object
[image: Creating the Background Part 1]

Headers to the File
using System;

using System.Drawing;

using System.Collections;

using System.Collections.Generic;

using System.Text;





Variables
The next object we are going to create is a single background object. The actual background in your game may be made up of several of these sandwiched together, with each background being a single tiled image. The class itself doesn’t have too many variables associated with it, as shown below:



public class Background

{


// Name for the Background item:


public string Name;


// Level Map - X,Y,0 = MapX value to grab the image from the base image


// X,Y,1 = MapY value


public int[,,] LevelMap = new int[0, 0, 2];


public int ZLevel = 0;


// The base image to grab the tiles from


public string BaseImageName;


// The size of the level


public Size ImageSize;


// The size of each grid square in the base image:


public Size GridSize;


// The transparency colour:


public Color TransparentColour;


// The whole background, if drawn:


public Bitmap Image;

}





The Name is the name given for this background, and is really just used as an identifier. The Level map is an array which specifies the Tile Map (See below) that we will use from the base image. The Z-Level variable sets where in Z-order to draw the background, and is only used if you are using a 3D camera set (e.g. are playing the game with a 3D monitor or projector). The base image name is where to get the tiled items from. The Image size is how big this background level is. The Grid size sets how big each tile is within the background image. Transparent Colour sets the colour to ignore on this background image to allow you to create blank spaces in your background so that you can see through to backgrounds that are behind this one. Finally, at present, we draw out the entire background as a bitmap to make the program run as quickly as possible, and this is saved in "Image".



Constructor
Just like with the Camera, we need to construct the object. The background takes just two variables for construction – Background item and Map. The background item string is the background information as found in a level file, which holds the following information, separated with commas:



Name,Graphic File for the Tiles, Width of Background, Height of Background, Width of a Tile, Height of a Tile, Transparent Colour Red component, Transparent Colour Green component, Transparent Colour Blue component, Z Level



The Map is the tile map that makes up the background image. First, let’s look at the code:



public Background(string BackgroundItem, string Map)

{


// Set up the base image:


BackgroundLevelSplit(BackgroundItem);


MakeMap(Map);

}





The constructor calls two new methods, Background Level Split, that splits up the single string from the level file and puts the values into the correct variables, then "Make Map" which constructs the graphic for the background image from the map data.



The Tile Map System
The tile map works in a similar way to a jigsaw. Firstly, we draw all of the different images that will make up the jigsaw pieces in a single graphic. We can have up to 16 tiles across and 16 tiles down in this graphic, as we store coordinates in our map. For example, if we have decided to use tiles that are 32 x 32 pixels in size, we set the size for our tile images to be 512 x 512 pixels. We don't have gridlines on this image, but you can imagine that each tile in the image can be referenced by its coordinate in the image, as XY rather than needing a comma between them. For example, below is a tile set for a GTA style top-down game:



[image: P_3897D33D-5851-431D-AAC3-41AD9914EF58.png]
So a solid light green tile would be given the value 21 or 2,1. By referencing in this way, you can build up a huge map and save it in very little space – 2 bytes per 32 pixel block. If my level file was 128 x 128 pixels, this would be a 4 x4 grid of tiles. If every tile was the light green tile, the data would be:



	2,1	2,1	2,1	2,1
	2,1	2,1	2,1	2,1
	2,1	2,1	2,1	2,1
	2,1	2,1	2,1	2,1


And this would be stored in the level file as 21212121212121212121212121212121

We need to build the code that can reconstruct the image from this data, and that is what the method "MakeMap" will do.

Methods
So, let’s start with getting the variables set up from the level file string:



public void BackgroundLevelSplit(string name)

{


string[] items = name.Split(new char[] { ',' });


Name = items[0];


BaseImageName = items[1];


ImageSize.Width = Convert.ToInt32(items[2]);


ImageSize.Height = Convert.ToInt32(items[3]);


GridSize.Width = Convert.ToInt32(items[4]);


GridSize.Height = Convert.ToInt32(items[5]);


TransparentColour = Color.FromArgb(Convert.ToInt32(items[6]), Convert.ToInt32(items[7]), Convert.ToInt32(items[8]));


ZLevel = Convert.ToInt32(items[9]);

}





We are just literally splitting the string using the comma, then setting each of the variables from the string array that a "Split" command creates - It takes the string and turns it into an array, removing all the commas and making that the separating value between array items.



The code for creating the array that makes up the map from the single map string is a bit more complex, as it involves two loops, but hopefully should make sense :–



protected void MakeMap(string Map)

{


// We can now set up the image map based on the size of the image / size of the grid:


LevelMap = new int[ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height, 2];


// Build through the map:


int CharacterNumber = 0;


Point gridPosition = new Point(0, 0);


Point gridTransfer = new Point(ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height);


while (gridPosition.Y


{


while (gridPosition.X


{


LevelMap[gridPosition.X, gridPosition.Y, 0] = CalculateValue(Map[CharacterNumber]);


LevelMap[gridPosition.X, gridPosition.Y, 1] = CalculateValue(Map[CharacterNumber + 1]);


CharacterNumber += 2;


gridPosition.X += 1;


}


gridPosition.X = 0;


gridPosition.Y += 1;


}

}





There is another method we need for this as well – converting between the letter in the level file to the integer equivalent:

protected int CalculateValue(char item)


{// Get the value based on a hex letter:


switch (item)


{


default:


return 0;


case '0':


return 0;


case '1':


return 1;


case '2':


return 2;


case '3':


return 3;


case '4':


return 4;


case '5':


return 5;


case '6':


return 6;


case '7':


return 7;


case '8':


return 8;


case '9':


return 9;


case 'A':


return 10;


case 'B':


return 11;


case 'C':


return 12;


case 'D':


return 13;


case 'E':


return 14;


case 'F':


return 15;


}

}





The code that is needed to construct the background image from the Tile map is called Draw. This same piece of code is 
overridden, as you have seen previously with the constructor for the camera, so that a programmer can use Draw() with different items between the brackets and can perform different tasks. If no parameters are given, the image is constructed from the tile map:



public void Draw()

{


// this draws out the bitmap into Image for the background:


Image = new Bitmap(ImageSize.Width, ImageSize.Height);


Bitmap BaseImage = new Bitmap(BaseImageName);


// We need to create a background from a grid layout - get the grid size:


Point gridTransfer = new Point(ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height);


Point gridPosition = new Point(0, 0);


Graphics gfx = Graphics.FromImage(Image);


gfx.Clear(TransparentColour);


int LocationX = 0;


int LocationY = 0;


int AtLocationX = 0;


int AtLocationY = 0;


while (gridPosition.Y


{


while (gridPosition.X


{


LocationX = LevelMap[gridPosition.X, gridPosition.Y, 0] * GridSize.Width;


LocationY = LevelMap[gridPosition.X, gridPosition.Y, 1] * GridSize.Height;


AtLocationX = gridPosition.X * GridSize.Width;


AtLocationY = gridPosition.Y * GridSize.Height;


gfx.DrawImage(BaseImage, new Rectangle(AtLocationX, AtLocationY, GridSize.Width, GridSize.Height), new Rectangle(LocationX, LocationY, GridSize.Width, GridSize.Height), GraphicsUnit.Pixel);


gridPosition.X += 1;


}


gridPosition.X = 0;


gridPosition.Y += 1;


}


// Finish it:


Image.MakeTransparent(TransparentColour);

}





If we pass a rectangle to the background, it works out what section to send back as a segment of the background (This is used by the camera – it asks for the section of background it is currently "Looking" at):



public Bitmap Draw(Rectangle DrawRectangle)

{


// Sends back a section of the image:


// Build it if not yet made:


if (Image == null)


Draw();


// Now send out just the requested section:


Bitmap temp = new Bitmap(DrawRectangle.Width, DrawRectangle.Height);


Graphics gfx = Graphics.FromImage(temp);


gfx.Clear(TransparentColour);


gfx.DrawImage(Image, DrawRectangle);


temp.MakeTransparent(TransparentColour);


return temp;

}





We can also draw and rescale the background to a different size than the rectangle we are drawing to if need be:



public void Draw(Rectangle SourceRectangle, ref Bitmap DrawSurface)

{


// This can be used to draw and scale a bit of the background to fill the draw surface (e.g. a camera)


// Build it if not yet made:


if (Image == null)


Draw();


// Now send out just the requested section:


Graphics gfx = Graphics.FromImage(DrawSurface);


gfx.DrawImage(Image, new Rectangle(0,0,DrawSurface.Width, DrawSurface.Height), SourceRectangle, GraphicsUnit.Pixel);

}





If we don’t want to draw the background over the entire image and just cover a rectangle on the image, we can do that as well (We don’t really use this in the engine)



public void Draw(Rectangle SourceRectangle, ref Bitmap DrawSurface, Rectangle DestRectangle)

{


// This can be used to draw and scale a bit of the background to a destination rectangle on the draw surface


// Build it if not yet made:


if (Image == null)


Draw();


// Now send out just the requested section:


Graphics gfx = Graphics.FromImage(DrawSurface);


gfx.DrawImage(Image, DestRectangle, SourceRectangle, GraphicsUnit.Pixel);

}





We may make changes to the background while the game is running, and need to save those changes back into a file (for example a "Save Game" File) so we need to be able to recreate the Level file string and the Background Map strings from within the code as well. We can do this with the following methods:



public string BackgroundLevelString()

{


return Name + "," + BaseImageName + "," + ImageSize.Width.ToString() + "," + ImageSize.Height.ToString() + "," + GridSize.Width.ToString() + "," + GridSize.Height.ToString() + "," + TransparentColour.R.ToString() + "," + TransparentColour.G.ToString() + "," + TransparentColour.B.ToString() + "," + ZLevel.ToString();

}





That produces the Background Level String. For the Map, we need to be able to convert between integers and characters:



protected char CalculateValue(int item)


{// Get the value based on a hex letter:


switch (item)


{


default:


return '0';


case 0:


return '0';


case 1:


return '1';


case 2:


return '2';


case 3:


return '3';


case 4:


return '4';


case 5:


return '5';


case 6:


return '6';


case 7:


return '7';


case 8:


return '8';


case 9:


return '9';


case 10:


return 'A';


case 11:


return 'B';


case 12:


return 'C';


case 13:


return 'D';


case 14:


return 'E';


case 15:


return 'F';


}

}





And we need to build the string from the array – You will also need to add "Using System.Text" to the top of this cs page if it isn’t already present.



public string GetMap()

{


StringBuilder SB = new StringBuilder();


string Map = "";


Point gridTransfer = new Point(ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height);


Point gridPosition = new Point(0, 0);


Graphics gfx = Graphics.FromImage(Image);


gfx.Clear(TransparentColour);


while (gridPosition.Y


{


while (gridPosition.X


{


SB.Append(CalculateValue(LevelMap[gridPosition.X, gridPosition.Y, 0]).ToString() + CalculateValue(LevelMap[gridPosition.X, gridPosition.Y, 1]).ToString());


gridPosition.X += 1;


}


gridPosition.X = 0;


gridPosition.Y += 1;


}


Map = SB.ToString();


return Map;

}





Full Code
public class Background

{


// Name for the Background item:


public string Name;


// Level Map - X,Y,0 = MapX value to grab the image from the base image


// X,Y,1 = MapY value


public int[,,] LevelMap = new int[0, 0, 2];


public int ZLevel = 0;


// The base image to grab the tiles from


public string BaseImageName;


// The size of the level


public Size ImageSize;


// The size of each grid square in the base image:


public Size GridSize;


// The transparency colour:


public Color TransparentColour;


// The whole background, if drawn:


public Bitmap Image;




public Background(string BackgroundItem, string Map)


{


// Set up the base image:


BackgroundLevelSplit(BackgroundItem);


MakeMap(Map);


}




protected void MakeMap(string Map)


{


// We can now set up the image map based on the size of the image / size of the grid:


LevelMap = new int[ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height, 2];


// Build through the map:


int CharacterNumber = 0;


Point gridPosition = new Point(0, 0);


Point gridTransfer = new Point(ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height);


while (gridPosition.Y


{


while (gridPosition.X


{


LevelMap[gridPosition.X, gridPosition.Y, 0] = CalculateValue(Map[CharacterNumber]);


LevelMap[gridPosition.X, gridPosition.Y, 1] = CalculateValue(Map[CharacterNumber + 1]);


CharacterNumber += 2;


gridPosition.X += 1;


}


gridPosition.X = 0;


gridPosition.Y += 1;


}


}




public void Draw()


{


// this draws out the bitmap into Image for the background:


Image = new Bitmap(ImageSize.Width, ImageSize.Height);


Bitmap BaseImage = new Bitmap(BaseImageName);


// We need to create a background from a grid layout:


// Get the image grid size:


Point gridTransfer = new Point(ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height);


Point gridPosition = new Point(0, 0);


Graphics gfx = Graphics.FromImage(Image);


gfx.Clear(TransparentColour);


int LocationX = 0;


int LocationY = 0;


int AtLocationX = 0;


int AtLocationY = 0;


while (gridPosition.Y


{


while (gridPosition.X


{


LocationX = LevelMap[gridPosition.X, gridPosition.Y, 0] * GridSize.Width;


LocationY = LevelMap[gridPosition.X, gridPosition.Y, 1] * GridSize.Height;


AtLocationX = gridPosition.X * GridSize.Width;


AtLocationY = gridPosition.Y * GridSize.Height;


gfx.DrawImage(BaseImage, new Rectangle(AtLocationX, AtLocationY, GridSize.Width, GridSize.Height), new Rectangle(LocationX, LocationY, GridSize.Width, GridSize.Height), GraphicsUnit.Pixel);


gridPosition.X += 1;


}


gridPosition.X = 0;


gridPosition.Y += 1;


}


// Finish it:


Image.MakeTransparent(TransparentColour);


}




public Bitmap Draw(Rectangle DrawRectangle)


{


// Sends back a section of the image:


// Build it if not yet made:


if (Image == null)


Draw();


// Now send out just the requested section:


Bitmap temp = new Bitmap(DrawRectangle.Width, DrawRectangle.Height);


Graphics gfx = Graphics.FromImage(temp);


gfx.Clear(TransparentColour);


gfx.DrawImage(Image, DrawRectangle);


temp.MakeTransparent(TransparentColour);


return temp;


}




public void Draw(Rectangle SourceRectangle, ref Bitmap DrawSurface, Rectangle DestRectangle)


{


// This can be used to draw and scale a bit of the background to a destination rectangle on the draw surface


// Build it if not yet made:


if (Image == null)


Draw();


// Now send out just the requested section:


Graphics gfx = Graphics.FromImage(DrawSurface);


gfx.DrawImage(Image, DestRectangle, SourceRectangle, GraphicsUnit.Pixel);


}




public void Draw(Rectangle SourceRectangle, ref Bitmap DrawSurface)


{


// This can be used to draw and scale a bit of the background to fill the draw surface (e.g. a camera)


// Build it if not yet made:


if (Image == null)


Draw();


// Now send out just the requested section:


Graphics gfx = Graphics.FromImage(DrawSurface);


gfx.DrawImage(Image, new Rectangle(0,0,DrawSurface.Width, DrawSurface.Height), SourceRectangle, GraphicsUnit.Pixel);


}




public string GetMap()


{


StringBuilder SB = new StringBuilder();


string Map = "";


Point gridTransfer = new Point(ImageSize.Width / GridSize.Width, ImageSize.Height / GridSize.Height);


Point gridPosition = new Point(0, 0);


Graphics gfx = Graphics.FromImage(Image);


gfx.Clear(TransparentColour);


while (gridPosition.Y


{


while (gridPosition.X


{


SB.Append(CalculateValue(LevelMap[gridPosition.X, gridPosition.Y, 0]).ToString() + CalculateValue(LevelMap[gridPosition.X, gridPosition.Y, 1]).ToString());


gridPosition.X += 1;


}


gridPosition.X = 0;


gridPosition.Y += 1;


}


Map = SB.ToString();


return Map;


}




public string BackgroundLevelString()


{


return Name + "," + BaseImageName + "," + ImageSize.Width.ToString() + "," + ImageSize.Height.ToString() + "," + GridSize.Width.ToString() + "," + GridSize.Height.ToString() + "," + TransparentColour.R.ToString() + "," + TransparentColour.G.ToString() + "," + TransparentColour.B.ToString() + "," + ZLevel.ToString();


}




public void BackgroundLevelSplit(string name)


{


string[] items = name.Split(new char[] { ',' });


Name = items[0];


BaseImageName = items[1];


ImageSize.Width = Convert.ToInt32(items[2]);


ImageSize.Height = Convert.ToInt32(items[3]);


GridSize.Width = Convert.ToInt32(items[4]);


GridSize.Height = Convert.ToInt32(items[5]);


TransparentColour = Color.FromArgb(Convert.ToInt32(items[6]),Convert.ToInt32(items[7]),Convert.ToInt32(items[8]));


ZLevel = Convert.ToInt32(items[9]);


}




protected int CalculateValue(char item)


{


// Get the value based on a hex letter:


switch (item)


{


default:


return 0;


case '0':


return 0;


case '1':


return 1;


case '2':


return 2;


case '3':


return 3;


case '4':


return 4;


case '5':


return 5;


case '6':


return 6;


case '7':


return 7;


case '8':


return 8;


case '9':


return 9;


case 'A':


return 10;


case 'B':


return 11;


case 'C':


return 12;


case 'D':


return 13;


case 'E':


return 14;


case 'F':


return 15;


}


}




protected char CalculateValue(int item)


{


// Get the value based on a hex letter:


switch (item)


{


default:


return '0';


case 0:


return '0';


case 1:


return '1';


case 2:


return '2';


case 3:


return '3';


case 4:


return '4';


case 5:


return '5';


case 6:


return '6';


case 7:


return '7';


case 8:


return '8';


case 9:


return '9';


case 10:


return 'A';


case 11:


return 'B';


case 12:


return 'C';


case 13:


return 'D';


case 14:


return 'E';


case 15:


return 'F';


}


}

}
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The Parallax Object
The job of the Parallax class is to hold a collection of background objects in memory, display them in the correct order and as the camera moves across the level, it uses the different sizes of the background levels to calculate the parallax scroll. For example, if a level is 2000 pixels across, if a background is 2000 pixels across also then it will scroll the background by 1 pixel for every pixel the camera moves. If however the background is 4000 pixels across, it will scroll the background by 2 pixels for every pixel the camera moves. The smallest allowed background size is the resolution of the camera- in that position, the background will never scroll when the camera moves.



Headers to the File
using System;

using System.Drawing;

using System.Collections;

using System.Collections.Generic;

using System.Text;





Variables
There is just one variable set in this object – a background array. Because this is an ArrayList, you will need to add “using System.Collections;” to the top of the CS file.



public class Parallax

{


public ArrayList BackgroundList = new ArrayList();

}





Constructor
There is no constructor at all in the Parallax class!



Methods
The first method is the redraw – this is where all the calculations happen, and bases the calculations on the current camera and the level size. It also takes into consideration the changes required if the camera is a 3D camera (Left eye and right eye) and changes the offset via the Z-depth accordingly:



public void Redraw(Camera DrawCamera, Size LevelSize)


{// Need to take each of the images that makes up the background, calculate the parallax scrolling offsets and draw them:


Graphics gfx = Graphics.FromImage(DrawCamera.CameraScreen);


DecimalPoint ParallaxOffset = new DecimalPoint();


// Need to account for the XOffset when using a 3D Projector:


int XOffset = 0;


foreach (Background Bgnd in BackgroundList)


{// Check the camera type:


if (DrawCamera.CameraStyle == CameraType.Left3D)


XOffset += Bgnd.ZLevel;


else if (DrawCamera.CameraStyle == CameraType.Right3D)


XOffset -= Bgnd.ZLevel;


else


XOffset = 0;


if (LevelSize.Width - DrawCamera.CameraScreen.Width == 0)


ParallaxOffset.X = 0;


else


ParallaxOffset.X = Convert.ToDecimal(Bgnd.ImageSize.Width - DrawCamera.CameraScreen.Width) / Convert.ToDecimal(LevelSize.Width - DrawCamera.CameraScreen.Width);


if (LevelSize.Height - DrawCamera.CameraScreen.Height == 0)


ParallaxOffset.Y = 0;


else


ParallaxOffset.Y = Convert.ToDecimal(Bgnd.ImageSize.Height - DrawCamera.CameraScreen.Height) / Convert.ToDecimal(LevelSize.Height - DrawCamera.CameraScreen.Height);


Bgnd.Draw(new Rectangle(Convert.ToInt32(ParallaxOffset.X * DrawCamera.Offset.X)+XOffset, Convert.ToInt32(ParallaxOffset.Y * DrawCamera.Offset.Y), DrawCamera.CameraScreen.Width, DrawCamera.CameraScreen.Height), ref DrawCamera.CameraScreen);


}

}





The only other method we need is to add a new background to our list:



public void AddParallax(Background bgnd)

{


BackgroundList.Add(bgnd);

}





Full Code
public class Parallax

{


public ArrayList BackgroundList = new ArrayList();




public void Redraw(Camera DrawCamera, Size LevelSize)


{


// Need to take each of the images that makes up the background, calculate the parallax scrolling offsets and draw them:


Graphics gfx = Graphics.FromImage(DrawCamera.CameraScreen);


DecimalPoint ParallaxOffset = new DecimalPoint();


// Need to account for the XOffset when using a 3D Projector:


int XOffset = 0;


foreach (Background Bgnd in BackgroundList)


{


// Check the camera type:


if (DrawCamera.CameraStyle == CameraType.Left3D)


XOffset += Bgnd.ZLevel;


else if (DrawCamera.CameraStyle == CameraType.Right3D)


XOffset -= Bgnd.ZLevel;


else


XOffset = 0;


if (LevelSize.Width - DrawCamera.CameraScreen.Width == 0)


ParallaxOffset.X = 0;


else


ParallaxOffset.X = Convert.ToDecimal(Bgnd.ImageSize.Width - DrawCamera.CameraScreen.Width) / Convert.ToDecimal(LevelSize.Width - DrawCamera.CameraScreen.Width);


if (LevelSize.Height - DrawCamera.CameraScreen.Height == 0)


ParallaxOffset.Y = 0;


else


ParallaxOffset.Y = Convert.ToDecimal(Bgnd.ImageSize.Height - DrawCamera.CameraScreen.Height) / Convert.ToDecimal(LevelSize.Height - DrawCamera.CameraScreen.Height);


Bgnd.Draw(new Rectangle(Convert.ToInt32(ParallaxOffset.X * DrawCamera.Offset.X)+XOffset, Convert.ToInt32(ParallaxOffset.Y * DrawCamera.Offset.Y), DrawCamera.CameraScreen.Width, DrawCamera.CameraScreen.Height), ref DrawCamera.CameraScreen);


}


}




public void AddParallax(Background bgnd)


{


BackgroundList.Add(bgnd);


}

}
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The Graphic Object
The graphic object is basically a single animation set – a series of frames that run one after the other to create an animation.



Headers to the File
using System;

using System.Drawing;

using System.Collections;

using System.Collections.Generic;

using System.Text;





Variables
The variables that make up the graphic object are the image to cut the graphics out of, how big the graphic is, where on the graphic the image should be cut out from, how many frames make up the animation, and whether these frames are next to each other in a line or in a column. Vertical is set to true if they are in a column.



public class GraphicObject

{


public string BaseImage;


public Size FrameSize;


public Point FrameInitialOffset;


public int NumberOfFrames;


public bool Vertical;

}





Constructor
To build the object, we need to fill out all the information for the variables:



public GraphicObject(string baseImage, Size frameSize, Point frameInitialOffset, int numberOfFrames, bool vertical)

{


BaseImage = baseImage;


FrameSize = frameSize;


FrameInitialOffset = frameInitialOffset;


NumberOfFrames = numberOfFrames;


Vertical = vertical;

}





Methods
There are only two methods – get Graphic, which gets the current frame from the graphic that is required, and draw graphic, which draws the object onto the camera if it is currently visible:



public Bitmap getGraphic(ref Hashtable GraphicLibrary, int frameNumber)

{


// Gets the current graphic object and returns it:


// Grab it as a bitmap from the source and copy to a temp area:


Bitmap temp = new Bitmap(FrameSize.Width, FrameSize.Height);


drawGraphic(ref GraphicLibrary, frameNumber, new Point3D(0, 0, 0), FrameSize, ref temp);


return temp;

}





public void drawGraphic(ref Hashtable GraphicLibrary, int frameNumber, Point3D Location, Size ObjectSize, ref Bitmap image)

{


if (((Location.X >= 0) || (Location.Y >= 0) || (Location.X + ((Bitmap)GraphicLibrary[BaseImage]).Width >= 0) || (Location.Y + ((Bitmap)GraphicLibrary[BaseImage]).Height >= 0))


&&


(((Location.X NumberOfFrames)


FrameNumber -= NumberOfFrames;


// Grab it as a bitmap from the source and copy into image:


Graphics gfx = Graphics.FromImage(image);


Point Grab = FrameInitialOffset;


if (Vertical == true)


{


Grab.Y = FrameInitialOffset.Y + (FrameSize.Height * (FrameNumber - 1));


}


else


{


Grab.X = FrameInitialOffset.X + (FrameSize.Width * (FrameNumber - 1));


}


gfx.DrawImage((Bitmap)GraphicLibrary[BaseImage], new Rectangle(Location.X, Location.Y, ObjectSize.Width, ObjectSize.Height), new Rectangle(Grab, FrameSize), GraphicsUnit.Pixel);

}

}





Full Code
public class GraphicObject

{


public string BaseImage;


public Size FrameSize;


public Point FrameInitialOffset;


public int NumberOfFrames;


public bool Vertical;




public GraphicObject(string baseImage, Size frameSize, Point frameInitialOffset, int numberOfFrames, bool vertical)


{


BaseImage = baseImage;


FrameSize = frameSize;


FrameInitialOffset = frameInitialOffset;


NumberOfFrames = numberOfFrames;


Vertical = vertical;


}




public Bitmap getGraphic(ref Hashtable GraphicLibrary, int frameNumber)


{


// Gets the current graphic object and returns it:


// Grab it as a bitmap from the source and copy to a temp area:


Bitmap temp = new Bitmap(FrameSize.Width, FrameSize.Height);


drawGraphic(ref GraphicLibrary, frameNumber, new Point3D(0, 0, 0), FrameSize, ref temp);


return temp;


}




public void drawGraphic(ref Hashtable GraphicLibrary, int frameNumber, Point3D Location, Size ObjectSize, ref Bitmap image)


{


if (((Location.X >= 0) || (Location.Y >= 0) || (Location.X + ((Bitmap)GraphicLibrary[BaseImage]).Width >= 0) || (Location.Y + ((Bitmap)GraphicLibrary[BaseImage]).Height >= 0))


&&


(((Location.X NumberOfFrames)


FrameNumber -= NumberOfFrames;


// Grab it as a bitmap from the source and copy into image:


Graphics gfx = Graphics.FromImage(image);


Point Grab = FrameInitialOffset;


if (Vertical == true)


{


Grab.Y = FrameInitialOffset.Y + (FrameSize.Height * (FrameNumber - 1));


}


else


{


Grab.X = FrameInitialOffset.X + (FrameSize.Width * (FrameNumber - 1));


}


gfx.DrawImage((Bitmap)GraphicLibrary[BaseImage], new Rectangle(Location.X, Location.Y, ObjectSize.Width, ObjectSize.Height), new Rectangle(Grab, FrameSize), GraphicsUnit.Pixel);


}

}

}





The Game Object Class
	The Game Object

	Headers to the File

	Variables

	Constructor

	Methods

	Full Code


The Game Object
Each object in the game world has a whole host of information inside it, and this is what we are going to create next. Some of what I have included here in the code is ready for future use – it won’t do anything in this version of the engine, but a future version will make use of it.



Headers to the File
using System;

using System.Drawing;

using System.Collections;

using System.Collections.Generic;

using System.Text;





Variables
Let’s start with the variables. I’ve given each one a comment to explain what they are used for:



public class GameObject

{


// Data for our Game Object:




// ID = unique identifier for the object


public string ID = System.Guid.NewGuid().ToString();


// BaseObject = Animation for the different directions the object can face:


public string[,] BaseObject = new string[3, 3];


// Which animation object to currently use:


public string CurrentObject = "";


// A user-set name for the type (e.g. "enemy")


public string ObjectType = "";


// Current Location within the level


public Point3D Location;


// Current Gravity within the level


public Point3D Gravity = new Point3D(0,0,0);


// Current Speed the object can do


public Point3D Speed;


// Is this a Ghost object (doesn't interact with anything) or a proper object


public bool Ghost = false;


// Which frame of the animation are we on


public int CurrentFrame = 1;


// What is the maximum number of frames in this animation set?


public int MaxFrame = 0;


// How big is this object?


public Size ObjectSize = new Size(-1,-1);


// Does this object need removing from the screen, e.g. it has been destroyed?


public bool Remove = false;


// Can we automatically change the animations in this object?


public bool AutoChangeAnimation = true;


// Automatically resize the object with the animation?


public bool AutoSizeWithAnimation = true;


// Do we need to tell the program when it has completed this current animation?


public bool ReportEndAnimation = false;


// If we do report an end animation, then this is set to true once the animation is completed:


public bool AnimCompleted = false;


// Is there a target location for this object to move to? if not, set this to -1,-1,-1


public Point3D TargetLocation = new Point3D(-1,-1,-1);


// If there was a target and this object has reached it, set "reachedtarget" to true


public bool ReachedTarget = false;


// Some Data:


public int Value1 = 0;


public int Value2 = 0;






// This is ready for future use - not currently used:


public int Angle = 0;


public Size3D Scale;


public bool Mirrored = false;


public bool Flipped = false;


public FixedPosition Position = FixedPosition.TopLeft;

}





Constructor
The constructor of this class is again overloaded, depending on how many animation fields are filled out for an object:



// This is the Initialiser for a game object with different animations for different directions:
public GameObject(string objectType, string AnimationTopLeft, string AnimTop, string AnimTopRight, string AnimLeft, string AnimStay, string AnimRight, string AnimBottomLeft, string AnimBottom, string AnimBottomRight, string X, string Y, string Z, string SpeedX, string SpeedY, string SpeedZ, string GhostYorN)

{

// Set the type of object:
ObjectType = objectType;
// Set up the object animations:
BaseObject[0, 0] = AnimationTopLeft;
BaseObject[1, 0] = AnimTop;
BaseObject[2, 0] = AnimTopRight;
BaseObject[0, 1] = AnimLeft;
BaseObject[1, 1] = AnimStay;
CurrentObject = AnimStay;
BaseObject[2, 1] = AnimRight;
BaseObject[0, 2] = AnimBottomLeft;
BaseObject[1, 2] = AnimBottom;
BaseObject[2, 2] = AnimBottomRight;
// Set the location:
Location = new Point3D(Convert.ToInt32(X), Convert.ToInt32(Y), Convert.ToInt32(Z));
// Set the speed:
Speed = new Point3D(Convert.ToInt32(SpeedX), Convert.ToInt32(SpeedY), Convert.ToInt32(SpeedZ));
// Is this a ghost object?
if (GhostYorN == "Y")
Ghost = true;
else
Ghost = false;
}




And for only one animation:



// This is the Initialiser for a game object with the same animation for different directions:
public GameObject(string objectType, string AnimStay, string X, string Y, string Z, string SpeedX, string SpeedY, string SpeedZ, string GhostYorN)

{

AutoChangeAnimation = false;
// Set the type of object:
ObjectType = objectType;
// Set up the object animation:
CurrentObject = AnimStay;
// Set the location:
Location = new Point3D(Convert.ToInt32(X), Convert.ToInt32(Y), Convert.ToInt32(Z));
// Set the speed:
Speed = new Point3D(Convert.ToInt32(SpeedX), Convert.ToInt32(SpeedY), Convert.ToInt32(SpeedZ));
// Is this a ghost object?
if (GhostYorN == "Y")
Ghost = true;
else
Ghost = false;
}




Methods
There are a series of methods that the object needs to be able to set the values and move the object around. We’ll start with the simplest ones:



public void SetGravity(Point3D GravityLevel)

{


Gravity = GravityLevel;

}

public void SetLocationActual(Point3D NewLocation)

{


Location = NewLocation;

}

public void SetLocationRelative(Point3D OffsetLocation)

{


Location.X += OffsetLocation.X;


Location.Y += OffsetLocation.Y;


Location.Z += OffsetLocation.Z;

}





They are used to set the gravity and to move an object around directly to another location. We can also tell the object to move on to the next frame of animation that it has:



// Move to the next frame in the animation:
public void NextFrame()

{

CurrentFrame++;
if (MaxFrame
{
if (ReportEndAnimation == true)
{
AnimCompleted = true;
}
CurrentFrame = 1;
}
}




We can move the object based on what it’s gravity level has been set to:



// Move this object based on the Gravity Set:
public void GravityMove()

{

// Moving based on speed, not target location:
Location.X += Gravity.X;
Location.Y += Gravity.Y;
Location.Z += Gravity.Z;
}




But one of the most important pieces of code in the entire engine is to tell the object to move. This will move the object either based on its current speed that is set or move towards its current target, and it will fire any events that it may need to by setting some of the Boolean variables to true as required:



// Move this object on the screen:
public void Move()

{

// Check whether we are moving based on speed or target location:

if ((TargetLocation.X == -1) && (TargetLocation.Y == -1) && (TargetLocation.Z == -1))
{
// Moving based on speed, not target location:
Location.X += Speed.X;
Location.Y += Speed.Y;
Location.Z += Speed.Z;
// Can we change the animation?
if (AutoChangeAnimation == true)
{
int AnimX = 1;
int AnimY = 1;
if (Speed.X
AnimX = 0;
else if (Speed.X > 0)
AnimX = 2;
if (Speed.Y
AnimY = 0;
else if (Speed.Y > 0)
AnimY = 2;
if (CurrentObject != BaseObject[AnimX, AnimY])
{
CurrentObject = BaseObject[AnimX, AnimY];
MaxFrame = 0;
CurrentFrame = 0;
}
}
}
else
{
// Move based on target:
// If the Object hasn't reached the X coordinate of the target, move it
int directionX = 0;
int directionY = 0;
if (Location.X
{
directionX = Speed.X;
Location.X += Speed.X;
if (Location.X > TargetLocation.X)
Location.X = TargetLocation.X;
}
else if (Location.X > TargetLocation.X)
{
directionX -= Speed.X;
Location.X -= Speed.X;
if (Location.X
Location.X = TargetLocation.X;
}
// If the Object hasn't reached the Y coordinate of the target, move it
if (Location.Y
{
directionY = Speed.Y;
Location.Y += Speed.Y;
if (Location.Y > TargetLocation.Y)
Location.Y = TargetLocation.Y;
}
else if (Location.Y > TargetLocation.Y)
{
directionY -= Speed.Y;
Location.Y -= Speed.Y;
if (Location.Y
Location.Y = TargetLocation.Y;
}
// If the Object hasn't reached the Z coordinate of the target, move it
if (Location.Z
{
Location.Z += Speed.Z;
if (Location.Z > TargetLocation.Z)
Location.Z = TargetLocation.Z;
}
else if (Location.Z > TargetLocation.Z)
{
Location.Z -= Speed.Z;
if (Location.Z
Location.Z = TargetLocation.Z;
}
// Reached Target?
if ((Location.X == TargetLocation.X) &&(Location.Y == TargetLocation.Y) &&(Location.Z == TargetLocation.Z))
{
ReachedTarget = true;
}
if (AutoChangeAnimation == true)
{
int AnimX = 1;
int AnimY = 1;
if (directionX
AnimX = 0;
else if (directionX > 0)
AnimX = 2;
if (directionY
AnimY = 0;
else if (directionY > 0)
AnimY = 2;
if (CurrentObject != BaseObject[AnimX, AnimY])
{
CurrentObject = BaseObject[AnimX, AnimY];
MaxFrame = 0;
CurrentFrame = 0;
}
}
}
}




Finally, the object will need to be drawn onto the camera, so we need to redraw it on:



// Redraw this object onto the camera:
public void Redraw(Camera cam, ref Hashtable GraphicLibrary, ref Hashtable GraphicObjects)

{

// Need to account for the XOffset when using a 3D Projector:
int XOffset = 0;
// Get the maximum frame number if set to 0:
if (MaxFrame == 0)
{
// Find Max Frame:
MaxFrame = ((GraphicObject)GraphicObjects[CurrentObject]).NumberOfFrames;
if((ObjectSize.Width == -1) || (AutoSizeWithAnimation == true))
ObjectSize = ((GraphicObject)GraphicObjects[CurrentObject]).FrameSize;
}
// If we are using the 3D cameras, we need to account for the Z-Level
// Check the camera type:
if (cam.CameraStyle == CameraType.Left3D)
XOffset += Location.Z;
else if (cam.CameraStyle == CameraType.Right3D)
XOffset -= Location.Z;
else
XOffset = 0;
// Draw the image:
((GraphicObject)GraphicObjects[CurrentObject]).drawGraphic(ref GraphicLibrary, CurrentFrame, new Point3D((Location.X - cam.Offset.X) + XOffset, Location.Y - cam.Offset.Y, Location.Z), ObjectSize, ref cam.CameraScreen);
}




Full Code
public class GameObject

{


// Data for our Game Object:




// ID = unique identifier for the object


public string ID = System.Guid.NewGuid().ToString();


// BaseObject = Animation for the different directions the object can face:


public string[,] BaseObject = new string[3, 3];


// Which animation object to currently use:


public string CurrentObject = "";


// A user-set name for the type (e.g. "enemy")


public string ObjectType = "";


// Current Location within the level


public Point3D Location;


// Current Gravity within the level


public Point3D Gravity = new Point3D(0,0,0);


// Current Speed the object can do


public Point3D Speed;


// Is this a Ghost object (doesn't interact with anything) or a proper object


public bool Ghost = false;


// Which frame of the animation are we on


public int CurrentFrame = 1;


// What is the maximum number of frames in this animation set?


public int MaxFrame = 0;


// How big is this object?


public Size ObjectSize = new Size(-1,-1);


// Does this object need removing from the screen, e.g. it has been destroyed?


public bool Remove = false;


// Can we automatically change the animations in this object?


public bool AutoChangeAnimation = true;


// Automatically resize the object with the animation?


public bool AutoSizeWithAnimation = true;


// Do we need to tell the program when it has completed this current animation?


public bool ReportEndAnimation = false;


// If we do report an end animation, then this is set to true once the animation is completed:


public bool AnimCompleted = false;


// Is there a target location for this object to move to? if not, set this to -1,-1,-1


public Point3D TargetLocation = new Point3D(-1,-1,-1);


// If there was a target and this object has reached it, set "reachedtarget" to true


public bool ReachedTarget = false;


// Some Data:


public int Value1 = 0;


public int Value2 = 0;






// This is ready for future use - not currently used:


public int Angle = 0;


public Size3D Scale;


public bool Mirrored = false;


public bool Flipped = false;


public FixedPosition Position = FixedPosition.TopLeft;


// End of "not currently used"!






// This is the Initialiser for a game object with different animations for different directions:


public GameObject(string objectType, string AnimationTopLeft, string AnimTop, string AnimTopRight, string AnimLeft, string AnimStay, string AnimRight, string AnimBottomLeft, string AnimBottom, string AnimBottomRight, string X, string Y, string Z, string SpeedX, string SpeedY, string SpeedZ, string GhostYorN)


{


// Set the type of object:


ObjectType = objectType;


// Set up the object animations:


BaseObject[0, 0] = AnimationTopLeft;


BaseObject[1, 0] = AnimTop;


BaseObject[2, 0] = AnimTopRight;


BaseObject[0, 1] = AnimLeft;


BaseObject[1, 1] = AnimStay;


CurrentObject = AnimStay;


BaseObject[2, 1] = AnimRight;


BaseObject[0, 2] = AnimBottomLeft;


BaseObject[1, 2] = AnimBottom;


BaseObject[2, 2] = AnimBottomRight;


// Set the location:


Location = new Point3D(Convert.ToInt32(X), Convert.ToInt32(Y), Convert.ToInt32(Z));


// Set the speed:


Speed = new Point3D(Convert.ToInt32(SpeedX), Convert.ToInt32(SpeedY), Convert.ToInt32(SpeedZ));


// Is this a ghost object?


if (GhostYorN == "Y")


Ghost = true;


else


Ghost = false;


}




// This is the Initialiser for a game object with the same animation for different directions:


public GameObject(string objectType, string AnimStay, string X, string Y, string Z, string SpeedX, string SpeedY, string SpeedZ, string GhostYorN)


{


AutoChangeAnimation = false;


// Set the type of object:


ObjectType = objectType;


// Set up the object animation:


CurrentObject = AnimStay;


// Set the location:


Location = new Point3D(Convert.ToInt32(X), Convert.ToInt32(Y), Convert.ToInt32(Z));


// Set the speed:


Speed = new Point3D(Convert.ToInt32(SpeedX), Convert.ToInt32(SpeedY), Convert.ToInt32(SpeedZ));


// Is this a ghost object?


if (GhostYorN == "Y")


Ghost = true;


else


Ghost = false;


}




public void SetGravity(Point3D GravityLevel)


{


Gravity = GravityLevel;


}




public void SetLocationActual(Point3D NewLocation)


{


Location = NewLocation;


}




public void SetLocationRelative(Point3D OffsetLocation)


{


Location.X += OffsetLocation.X;


Location.Y += OffsetLocation.Y;


Location.Z += OffsetLocation.Z;


}




// Redraw this object onto the camera:


public void Redraw(Camera cam, ref Hashtable GraphicLibrary, ref Hashtable GraphicObjects)


{


// Need to account for the XOffset when using a 3D Projector:


int XOffset = 0;


// Get the maximum frame number if set to 0:


if (MaxFrame == 0)


{


// Find Max Frame:


MaxFrame = ((GraphicObject)GraphicObjects[CurrentObject]).NumberOfFrames;


if((ObjectSize.Width == -1) || (AutoSizeWithAnimation == true))


ObjectSize = ((GraphicObject)GraphicObjects[CurrentObject]).FrameSize;


}


// If we are using the 3D cameras, we need to account for the Z-Level


// Check the camera type:


if (cam.CameraStyle == CameraType.Left3D)


XOffset += Location.Z;


else if (cam.CameraStyle == CameraType.Right3D)


XOffset -= Location.Z;


else


XOffset = 0;


// Draw the image:


((GraphicObject)GraphicObjects[CurrentObject]).drawGraphic(ref GraphicLibrary, CurrentFrame, new Point3D((Location.X - cam.Offset.X) + XOffset, Location.Y - cam.Offset.Y, Location.Z), ObjectSize, ref cam.CameraScreen);


}




// Move to the next frame in the animation:


public void NextFrame()


{


CurrentFrame++;


if (MaxFrame 0)


AnimX = 2;


if (Speed.Y 0)


AnimY = 2;


if (CurrentObject != BaseObject[AnimX, AnimY])


{


CurrentObject = BaseObject[AnimX, AnimY];


MaxFrame = 0;


CurrentFrame = 0;


}


}

}

else

{


// Move based on target:


// If the Object hasn't reached the X coordinate of the target, move it


int directionX = 0;


int directionY = 0;


if (Location.X TargetLocation.X)


Location.X = TargetLocation.X;

}

else if (Location.X > TargetLocation.X)

{


directionX -= Speed.X;


Location.X -= Speed.X;


if (Location.X TargetLocation.Y)


Location.Y = TargetLocation.Y;

}

else if (Location.Y > TargetLocation.Y)

{


directionY -= Speed.Y;


Location.Y -= Speed.Y;


if (Location.Y TargetLocation.Z)


Location.Z = TargetLocation.Z;

}

else if (Location.Z > TargetLocation.Z)

{


Location.Z -= Speed.Z;


if (Location.Z 0)


AnimX = 2;


if (directionY 0)


AnimY = 2;


if (CurrentObject != BaseObject[AnimX, AnimY])


{


CurrentObject = BaseObject[AnimX, AnimY];


MaxFrame = 0;


CurrentFrame = 0;


}

}

}

}

}
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The Game World
Finally, we need to assemble all the code together into a single Game World, and this is the job of the final piece of code. The Game world has all of the events in that we will need to capture, holds all the backgrounds, objects and cameras, and allows us to load in level files.



Headers to the File
using System;

using System.Drawing;

using System.IO;

using System.Collections;

using System.Collections.Generic;

using System.Text;





Events
Yes, a section that doesn’t appear in the other files - as all the events are listed against GameWorld.

public class GameWorld

{


///


/// Fires if an object hits an edge of the level, and gives your program the object that collided and which wall it was (Left, right, top, or bottom)


///


public event CollideWall ItemWallCollision;


///


/// Fires if two objects collide into each other, and gives your program the two objects that collided.


///


public event CollideObject ItemObjectCollision;


///


/// Fires if an object is currently following a target location and has reached it. It gives your program the object that has reached it's target.


///


public event ItemComplete ReachedTarget;


///


/// Fires if an object has been set to report when it finishes an iteration of its current animation and has completed all the frames. It gives your program the object.


///


public event ItemComplete AnimationComplete;


///


/// Fires if an object hits the bump map, and gives your program the object that hit.


///


public event ItemComplete TouchedBumpMap;


///


/// Fires if an object hits the bump map during a gravity fall, and gives your program the object that hit.


///


public event ItemComplete GravityTouchedBumpMap;

}





Variables
The variables that make up GameWorld are mainly arrays to hold all the required items, such as graphics, backgrounds and objects.



///
/// The Size of the entire level in pixels (Width, Height)
///
public Size LevelSize = new Size(2048, 1456);

///
/// The Z-Depth of the entire level (currently not really used)
///
public int LevelDepth = 1;

///
/// The Bump Map Array data, in blocks: 0 = can travel through this block, 1 = cannot travel through this block.
///
public int[,] BumpMap;

///
/// The size of each block on the bump map array
///
public Point BumpMapSize = new Point(32, 32);

///
/// A List of camera objects used within this level
///
public ArrayList WorldCameras = new ArrayList();

///
/// A list of graphics used by the graphic objects in the game
///
public Hashtable GraphicLibrary = new Hashtable();

///
/// A list of all of the different animations used in the game
///
public Hashtable GraphicObject = new Hashtable();

///
/// A list of all the objects within the level file.
///
public ArrayList WorldObjects = new ArrayList();

///
/// The background object - a parallax scroller. Draws before all the objects in the environment.
///
public Parallax Background = new Parallax();

///
/// The foreground object - a parallax scroller. Draws after all the objects in the environment.
///
public Parallax Foreground = new Parallax();




Constructor
There is no constructor for the Game World.



Methods
One of the most important methods is being able to load up a level file:



///
/// Load a level file into the game world.
///
/// The Level filename, in the "Levels" directory, to build the environment with
public void LoadLevel(string LevelFile)

{

StreamReader sr = new StreamReader(LevelFile);
// Load in the Graphics Library:
string line = sr.ReadLine();
string[] LevelSizeItems = line.Split(new char[] { ',' });
// Size of the level:
LevelSize.Width = Convert.ToInt32(LevelSizeItems[0]);
LevelSize.Height = Convert.ToInt32(LevelSizeItems[1]);
LevelDepth = Convert.ToInt32(LevelSizeItems[2]);
// Now read in graphics:
line = sr.ReadLine();
Bitmap temp;
Color transparentColour;
while (line != "ENDGRAPHICS")
{
LevelSizeItems = line.Split(new char[] { ',' });
temp = new Bitmap("images\\" + LevelSizeItems[1]);
transparentColour = Color.FromArgb(Convert.ToInt32(LevelSizeItems[2]), Convert.ToInt32(LevelSizeItems[3]), Convert.ToInt32(LevelSizeItems[4]));
temp.MakeTransparent(transparentColour);
GraphicLibrary.Add(LevelSizeItems[0], temp);
line = sr.ReadLine();
}
// Next, load in the animations:
line = sr.ReadLine();
bool Vertical = false;
while (line != "ENDANIMATIONS")
{
LevelSizeItems = line.Split(new char[] { ',' });
if (LevelSizeItems[7] == "Y") Vertical = true; else Vertical = false;
GraphicObject.Add(LevelSizeItems[0], new GraphicObject(LevelSizeItems[1],
new Size(Convert.ToInt32(LevelSizeItems[4]), Convert.ToInt32(LevelSizeItems[5])),
new Point(Convert.ToInt32(LevelSizeItems[2]), Convert.ToInt32(LevelSizeItems[3])),
Convert.ToInt32(LevelSizeItems[6]), Vertical));
line = sr.ReadLine();
}
// Next, load in the Background:
line = sr.ReadLine();
Background tempBgnd;
while (line != "ENDBACKGROUNDS")
{
string Map = sr.ReadLine();
tempBgnd = new GameEngine3.Background(line, Map);
Background.AddParallax(tempBgnd);
line = sr.ReadLine();
}
// Next the BumpMap:
line = sr.ReadLine();
LevelSizeItems = line.Split(new char[] { ',' });
BumpMapSize.X = Convert.ToInt32(LevelSizeItems[0]);
BumpMapSize.Y = Convert.ToInt32(LevelSizeItems[1]);
BumpMap = new int[LevelSize.Width / BumpMapSize.X, LevelSize.Height / BumpMapSize.Y];
Point gridTransfer = new Point(LevelSize.Width / BumpMapSize.X, LevelSize.Height / BumpMapSize.Y);
Point gridPosition = new Point(0, 0);
int Bump = 0;
while (gridPosition.Y
{
while (gridPosition.X
{
if (LevelSizeItems[2][Bump] == '0')
BumpMap[gridPosition.X, gridPosition.Y] = 0;
else
BumpMap[gridPosition.X, gridPosition.Y] = 1;
Bump++;
gridPosition.X++;
}
gridPosition.X = 0;
gridPosition.Y++;
}
// Next the Objects:
line = sr.ReadLine();
while (line != "ENDOBJECTS")
{
LevelSizeItems = line.Split(new char[] { ',' });
if (LevelSizeItems.Length == 17)
WorldObjects.Add(new GameObject(LevelSizeItems[0], LevelSizeItems[1], LevelSizeItems[2], LevelSizeItems[3], LevelSizeItems[4], LevelSizeItems[5], LevelSizeItems[6], LevelSizeItems[7], LevelSizeItems[8], LevelSizeItems[9], LevelSizeItems[10], LevelSizeItems[11], LevelSizeItems[12], LevelSizeItems[13], LevelSizeItems[14], LevelSizeItems[15], LevelSizeItems[16]));
else
WorldObjects.Add(new GameObject(LevelSizeItems[0], LevelSizeItems[1], LevelSizeItems[2], LevelSizeItems[3], LevelSizeItems[4], LevelSizeItems[5], LevelSizeItems[6], LevelSizeItems[7], LevelSizeItems[8]));
line = sr.ReadLine();
}
// Cameras:-
line = sr.ReadLine();
while (line != "ENDCAMERAS")
{
LevelSizeItems = line.Split(new char[] { ',' });
CameraType camType = CameraType.Standard;
if (LevelSizeItems[6] == "L")
camType = CameraType.Left3D;
else if (LevelSizeItems[6] == "R")
camType = CameraType.Right3D;
WorldCameras.Add(new Camera(new Size(Convert.ToInt32(LevelSizeItems[0]), Convert.ToInt32(LevelSizeItems[1])), new Rectangle(Convert.ToInt32(LevelSizeItems[2]), Convert.ToInt32(LevelSizeItems[3]), Convert.ToInt32(LevelSizeItems[4]), Convert.ToInt32(LevelSizeItems[5])), camType));
line = sr.ReadLine();
}
// And we are done:
sr.Close();
}




With one method, we can set the gravity to all items or a group of items to be the same:



///
/// Sets the gravity level for objects in the environment
///
/// Set to "All" if you want all groups to be included
/// set to true to add gravity to the ghost objects too!
public void SetGravity(string Group, bool IncludeGhosts, Point3D GravityLevel)

{

foreach (GameObject item in WorldObjects)
{
if (IncludeGhosts == true)
{
if (Group == "All")
{
item.SetGravity(GravityLevel);
}
else
{
if (item.ObjectType == Group)
item.SetGravity(GravityLevel);
}
}
else
{
if (item.Ghost == false)
{
if (Group == "All")
{
item.SetGravity(GravityLevel);
}
else
{
if (item.ObjectType == Group)
item.SetGravity(GravityLevel);
}
}
}
}
}




We use a single piece of code, 
FRAME, we redraw all the cameras in the game to show the current state of the game world:



///
/// Draws the current environment into all the cameras.
///
public void Frame()

{

foreach (Camera cam in WorldCameras)
{
// Set boundaries so camera doesn't come off game area:
Point3D offset = new Point3D(cam.Offset.X, cam.Offset.Y, cam.Offset.Z);
if (cam.Offset.X
offset.X = 0;
else if (cam.Offset.X + cam.CameraScreen.Width > LevelSize.Width)
offset.X = LevelSize.Width - cam.CameraScreen.Width;
if (cam.Offset.Y
offset.Y = 0;
else if (cam.Offset.Y + cam.CameraScreen.Height > LevelSize.Height)
offset.Y = LevelSize.Height - cam.CameraScreen.Height;
cam.MoveCameraActual(offset);
// Draw Background if camera set to:
if (cam.ShowBackground == true)
Background.Redraw(cam, LevelSize);
// Draw Items in Z-order:
int CurrentZOrder = cam.StartZDraw;
while (CurrentZOrder
{
foreach (GameObject item in WorldObjects)
{
if (item.Location.Z == CurrentZOrder)
item.Redraw(cam, ref GraphicLibrary, ref GraphicObject);
}
CurrentZOrder++;
}
// Draw the Foreground:
Foreground.Redraw(cam, LevelSize);
}
}




Want to move all items on by one frame of animation? AnimateItems!



///
/// Moves every item in the world objects on by one frame of animation, firing the AnimationComplete event handler if required
///
public void AnimateItems()

{

// Go through the objects and move on one frame:
int counter = 0;
GameObject item;
while (counter
{
((GameObject)WorldObjects[counter]).NextFrame();
if (((GameObject)WorldObjects[counter]).AnimCompleted == true)
{
item = ((GameObject)WorldObjects[counter]);
if (AnimationComplete != null)
AnimationComplete(ref item);
WorldObjects[counter] = item;
}
counter++;
}
}




We need to check the bump map to see if an item has touched it:



///
/// Check to see if any part of an object has touched a "1" inside the bump map array. All Four corners of the object are tested.
///
/// The location of the object
/// The size of the object
/// True if it has touched, False if not and can pass through
protected bool CheckBumpMap(ref Point3D Location, ref Size ObjectSize)

{

if ((BumpMapSize.X
{
if ((Location.X > 0) && (Location.Y > 0))
{
// Test the two corners:
if ((BumpMap[Location.X / BumpMapSize.X, Location.Y / BumpMapSize.Y] == 0) && (BumpMap[(Location.X + ObjectSize.Width)/ BumpMapSize.X , (Location.Y + ObjectSize.Height) / BumpMapSize.Y] == 0))
return false;
else
return true;
}
return false;
}
else
return false;
}




We can do the same thing for a single “point” rather than the rectangle that makes up the size of the object:



///
/// Check to see if a single point of an object has touched a "1" inside the bump map array.
///
/// The single point to test
/// True if it has touched, False if not and can pass through
protected bool CheckBumpMap(ref Point3D Location)

{

// Check the EXACT Location only - should be a spot as required by the system
if ((BumpMapSize.X
{
if ((Location.X > 0) && (Location.Y > 0))
{

if (BumpMap[Location.X / BumpMapSize.X, Location.Y / BumpMapSize.Y] == 0)
return false;
else
return true;
}
return false;
}
else
return false;
}




We can move the items based on their gravity values, firing any events as required:



///
/// Move all Game Object items based on the Gravity values set in the object.
/// This will fire the GravityTouchedBumpMap if the bump map has been touched and ItemWallCollision if a wall has been touched.
///
public void GravityMoveItems()

{

// Go through the objects and move them based on speed or target Location, with bump map in consideration:
int counter = 0;
bool Tested = false;
GameObject item;
Point3D Location;
Point3D Location2;
Point TestLocation = new Point(0, 0);
Point MakeFlush = new Point(0, 0);
while (counter
{
Tested = false;
Location = ((GameObject)WorldObjects[counter]).Location;
((GameObject)WorldObjects[counter]).GravityMove();
Location2 = ((GameObject)WorldObjects[counter]).Location;
item = ((GameObject)WorldObjects[counter]);
// Build the testing location based on what gravity is present:
if (item.Gravity.X == 0)
{
TestLocation.X = item.ObjectSize.Width / 2;
MakeFlush.X = 0;
}
else if (item.Gravity.X > 0)
{
TestLocation.X = item.ObjectSize.Width;
MakeFlush.X = -1;
}
else if (item.Gravity.X
{
TestLocation.X = 0;
MakeFlush.X = 1;
}

if (item.Gravity.Y == 0)
{
TestLocation.Y = item.ObjectSize.Height / 2;
MakeFlush.Y = 0;
}
else if (item.Gravity.Y > 0)
{
TestLocation.Y = item.ObjectSize.Height;
MakeFlush.Y = -1;
}
else if (item.Gravity.Y
{
TestLocation.Y = 0;
MakeFlush.Y = 1;
}
Location2.X += TestLocation.X;
Location2.Y += TestLocation.Y;
// test to see if hit bump map:
if ((item.Ghost == false) && (CheckBumpMap(ref Location2) == true))
{
Tested = true;
// We should really move the item until it is flush with the bumpmap:
item.Location = Location;
// Event handler:
if (GravityTouchedBumpMap != null)
GravityTouchedBumpMap(ref item);
}
// Check to see if it's hit a side:
if (item.Location.X
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Left);
}
else if (item.Location.X + item.ObjectSize.Width > LevelSize.Width)
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Right);
}
if (item.Location.Y
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Top);
}
else if (item.Location.Y + item.ObjectSize.Height > LevelSize.Height)
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Bottom);
}
if (Tested == true)
WorldObjects[counter] = item;
counter++;
}

}




And we can move all the items based on TargetLocation or their current speed:



///
/// Go through all the world objects and move them based on their speed or target location, depending on what has been set for that object.
/// This will fire the TouchedBumpMap if the bump map has been touched and ItemWallCollision if a wall has been touched.
///
public void MoveItems()

{

// Go through the objects and move them based on speed or target Location, with bump map in consideration:
int counter = 0;
bool Tested = false;
GameObject item;
Point3D Location;
Point3D Location2;
while (counter
{
Tested = false;
Location = ((GameObject)WorldObjects[counter]).Location;
((GameObject)WorldObjects[counter]).Move();
Location2 = ((GameObject)WorldObjects[counter]).Location;
item = ((GameObject)WorldObjects[counter]);
// test to see if hit bump map:
if ((item.Ghost == false) && (CheckBumpMap(ref Location2, ref item.ObjectSize) == true))
{
Tested = true;
item.Location = Location;
// Event handler:
if (TouchedBumpMap != null)
TouchedBumpMap(ref item);
}
// test to see if reached target:
if (item.ReachedTarget == true)
{
Tested = true;
if (ReachedTarget != null)
ReachedTarget(ref item);
}
if (item.Location.X
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Left);
}
else if (item.Location.X + item.ObjectSize.Width > LevelSize.Width)
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Right);
}
if (item.Location.Y
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Top);
}
else if (item.Location.Y + item.ObjectSize.Height > LevelSize.Height)
{
Tested = true;
if (ItemWallCollision != null)
ItemWallCollision(ref item, WallCollision.Bottom);
}
if (Tested == true)
WorldObjects[counter] = item;
counter++;
}

}




Finally, the last item thing we need to check for is collisions:



///
/// This goes through all the world objects and checks anything that is not a ghost to see if there is a collision.
/// All collisions are reported via the ItemObjectCollision event. After all the collisions are run, any items scheduled for removal are removed!
///
public void CheckCollisions()

{

// Go through the objects and check the non-ghost items for collisions:
if (WorldObjects.Count > 1)
{
int counter1 = 0;
int counter2 = 1;
GameObject item1;
GameObject item2;
Rectangle item1Rectangle;
while (counter1
{
item1 = ((GameObject)WorldObjects[counter1]);
item1Rectangle = new Rectangle(item1.Location.X, item1.Location.Y, item1.ObjectSize.Width, item1.ObjectSize.Height);
if ((item1.Ghost == false) && (item1.Remove == false))
{
// The item isn't scheduled for deletion - check it for collisions:
while (counter2
{
item2 = ((GameObject)WorldObjects[counter2]);
// This item isn't scheduld for deletion either, and isn't a ghost - check for collisions:
if ((item2.Ghost == false) && (item1.Remove == false))
{
if (item1Rectangle.IntersectsWith(new Rectangle(item2.Location.X, item2.Location.Y, item2.ObjectSize.Width, item2.ObjectSize.Height)))
{
// Collision - do your stuff!
if (ItemObjectCollision != null)
ItemObjectCollision(ref item1, ref item2);
}
counter2++;
}
else
counter2++;
}
}
counter1++;
counter2 = counter1 + 1;
}
}
// Finally remove any items that are scheduled for removal:
int counter = 0;
GameObject item;
while (counter
{
item = ((GameObject)WorldObjects[counter]);
if (item.Remove == true)
WorldObjects.RemoveAt(counter);
else
counter++;
}
}




And that is it! You should now have a fully compilable and fully working game engine!!



Full Code
public class GameWorld

{


///


/// Fires if an object hits an edge of the level, and gives your program the object that collided and which wall it was (Left, right, top, or bottom)


///


public event CollideWall ItemWallCollision;


///


/// Fires if two objects collide into each other, and gives your program the two objects that collided.


///


public event CollideObject ItemObjectCollision;


///


/// Fires if an object is currently following a target location and has reached it. It gives your program the object that has reached it's target.


///


public event ItemComplete ReachedTarget;


///


/// Fires if an object has been set to report when it finishes an iteration of its current animation and has completed all the frames. It gives your program the object.


///


public event ItemComplete AnimationComplete;


///


/// Fires if an object hits the bump map, and gives your program the object that hit.


///


public event ItemComplete TouchedBumpMap;


///


/// Fires if an object hits the bump map during a gravity fall, and gives your program the object that hit.


///


public event ItemComplete GravityTouchedBumpMap;


///


/// The Size of the entire level in pixels (Width, Height)


///


public Size LevelSize = new Size(2048, 1456);


///


/// The Z-Depth of the entire level (currently not really used)


///


public int LevelDepth = 1;


///


/// The Bump Map Array data, in blocks: 0 = can travel through this block, 1 = cannot travel through this block.


///


public int[,] BumpMap;


///


/// The size of each block on the bump map array


///


public Point BumpMapSize = new Point(32, 32);


///


/// A List of camera objects used within this level


///


public ArrayList WorldCameras = new ArrayList();


///


/// A list of graphics used by the graphic objects in the game


///


public Hashtable GraphicLibrary = new Hashtable();


///


/// A list of all of the different animations used in the game


///


public Hashtable GraphicObject = new Hashtable();


///


/// A list of all the objects within the level file.


///


public ArrayList WorldObjects = new ArrayList();


///


/// The background object - a parallax scroller. Draws before all the objects in the environment.


///


public Parallax Background = new Parallax();


///


/// The foreground object - a parallax scroller. Draws after all the objects in the environment.


///


public Parallax Foreground = new Parallax();




///


/// Load a level file into the game world.


///


/// The Level filename, in the "Levels" directory, to build the environment with


public void LoadLevel(string LevelFile)


{


StreamReader sr = new StreamReader(LevelFile);


// Load in the Graphics Library:


string line = sr.ReadLine();


string[] LevelSizeItems = line.Split(new char[] { ',' });


// Size of the level:


LevelSize.Width = Convert.ToInt32(LevelSizeItems[0]);


LevelSize.Height = Convert.ToInt32(LevelSizeItems[1]);


LevelDepth = Convert.ToInt32(LevelSizeItems[2]);


// Now read in graphics:


line = sr.ReadLine();


Bitmap temp;


Color transparentColour;


while (line != "ENDGRAPHICS")


{


LevelSizeItems = line.Split(new char[] { ',' });


temp = new Bitmap("images\\" + LevelSizeItems[1]);


transparentColour = Color.FromArgb(Convert.ToInt32(LevelSizeItems[2]), Convert.ToInt32(LevelSizeItems[3]), Convert.ToInt32(LevelSizeItems[4]));


temp.MakeTransparent(transparentColour);


GraphicLibrary.Add(LevelSizeItems[0], temp);


line = sr.ReadLine();


}


// Next, load in the animations:


line = sr.ReadLine();


bool Vertical = false;


while (line != "ENDANIMATIONS")


{


LevelSizeItems = line.Split(new char[] { ',' });


if (LevelSizeItems[7] == "Y") Vertical = true; else Vertical = false;


GraphicObject.Add(LevelSizeItems[0], new GraphicObject(LevelSizeItems[1],


new Size(Convert.ToInt32(LevelSizeItems[4]), Convert.ToInt32(LevelSizeItems[5])),


new Point(Convert.ToInt32(LevelSizeItems[2]), Convert.ToInt32(LevelSizeItems[3])),


Convert.ToInt32(LevelSizeItems[6]), Vertical));


line = sr.ReadLine();


}


// Next, load in the Background:


line = sr.ReadLine();


Background tempBgnd;


while (line != "ENDBACKGROUNDS")


{


string Map = sr.ReadLine();


tempBgnd = new GameEngine3.Background(line, Map);


Background.AddParallax(tempBgnd);


line = sr.ReadLine();


}


// Next the BumpMap:


line = sr.ReadLine();


LevelSizeItems = line.Split(new char[] { ',' });


BumpMapSize.X = Convert.ToInt32(LevelSizeItems[0]);


BumpMapSize.Y = Convert.ToInt32(LevelSizeItems[1]);


BumpMap = new int[LevelSize.Width / BumpMapSize.X, LevelSize.Height / BumpMapSize.Y];


Point gridTransfer = new Point(LevelSize.Width / BumpMapSize.X, LevelSize.Height / BumpMapSize.Y);


Point gridPosition = new Point(0, 0);


int Bump = 0;


while (gridPosition.Y


/// Sets the gravity level for objects in the environment


///


/// Set to "All" if you want all groups to be included


/// set to true to add gravity to the ghost objects too!


public void SetGravity(string Group, bool IncludeGhosts, Point3D GravityLevel)


{


foreach (GameObject item in WorldObjects)


{


if (IncludeGhosts == true)


{


if (Group == "All")


{


item.SetGravity(GravityLevel);


}


else


{


if (item.ObjectType == Group)


item.SetGravity(GravityLevel);


}


}


else


{


if (item.Ghost == false)


{


if (Group == "All")


{


item.SetGravity(GravityLevel);


}


else


{


if (item.ObjectType == Group)


item.SetGravity(GravityLevel);


}


}


}


}




}




///


/// Draws the current environment into all the cameras.


///


public void Frame()


{


foreach (Camera cam in WorldCameras)


{


// Set boundaries so camera doesn't come off game area:


Point3D offset = new Point3D(cam.Offset.X, cam.Offset.Y, cam.Offset.Z);


if (cam.Offset.X LevelSize.Width)


offset.X = LevelSize.Width - cam.CameraScreen.Width;


if (cam.Offset.Y LevelSize.Height)


offset.Y = LevelSize.Height - cam.CameraScreen.Height;


cam.MoveCameraActual(offset);


// Draw Background if camera set to:


if (cam.ShowBackground == true)


Background.Redraw(cam, LevelSize);


// Draw Items in Z-order:


int CurrentZOrder = cam.StartZDraw;


while (CurrentZOrder


/// Moves every item in the world objects on by one frame of animation, firing the AnimationComplete event handler if required


///


public void AnimateItems()


{


// Go through the objects and move on one frame:


int counter = 0;


GameObject item;


while (counter


/// Check to see if any part of an object has touched a "1" inside the bump map array. All Four corners of the object are tested.


///


/// The location of the object


/// The size of the object


/// True if it has touched, False if not and can pass through


protected bool CheckBumpMap(ref Point3D Location, ref Size ObjectSize)


{


if ((BumpMapSize.X 0) && (Location.Y > 0))


{


// Test the two corners:


if ((BumpMap[Location.X / BumpMapSize.X, Location.Y / BumpMapSize.Y] == 0) && (BumpMap[(Location.X + ObjectSize.Width)/ BumpMapSize.X , (Location.Y + ObjectSize.Height) / BumpMapSize.Y] == 0))


return false;


else


return true;


}


return false;


}


else


return false;


}




///


/// Check to see if a single point of an object has touched a "1" inside the bump map array.


///


/// The single point to test


/// True if it has touched, False if not and can pass through


protected bool CheckBumpMap(ref Point3D Location)


{


// Check the EXACT Location only - should be a spot as required by the system


if ((BumpMapSize.X 0) && (Location.Y > 0))


{




if (BumpMap[Location.X / BumpMapSize.X, Location.Y / BumpMapSize.Y] == 0)


return false;


else


return true;


}


return false;


}


else


return false;


}




///


/// Move all Game Object items based on the Gravity values set in the object.


/// This will fire the GravityTouchedBumpMap if the bump map has been touched and ItemWallCollision if a wall has been touched.


///


public void GravityMoveItems()


{


// Go through the objects and move them based on speed or target Location, with bump map in consideration:


int counter = 0;


bool Tested = false;


GameObject item;


Point3D Location;


Point3D Location2;


Point TestLocation = new Point(0, 0);


Point MakeFlush = new Point(0, 0);


while (counter 0)


{


TestLocation.X = item.ObjectSize.Width;


MakeFlush.X = -1;


}


else if (item.Gravity.X 0)


{


TestLocation.Y = item.ObjectSize.Height;


MakeFlush.Y = -1;


}


else if (item.Gravity.Y LevelSize.Width)


{


Tested = true;


if (ItemWallCollision != null)


ItemWallCollision(ref item, WallCollision.Right);


}


if (item.Location.Y LevelSize.Height)


{


Tested = true;


if (ItemWallCollision != null)


ItemWallCollision(ref item, WallCollision.Bottom);


}


if (Tested == true)


WorldObjects[counter] = item;


counter++;


}




}




///


/// Go through all the world objects and move them based on their speed or target location, depending on what has been set for that object.


/// This will fire the TouchedBumpMap if the bump map has been touched and ItemWallCollision if a wall has been touched.


///


public void MoveItems()


{


// Go through the objects and move them based on speed or target Location, with bump map in consideration:


int counter = 0;


bool Tested = false;


GameObject item;


Point3D Location;


Point3D Location2;


while (counter LevelSize.Width)


{


Tested = true;


if (ItemWallCollision != null)


ItemWallCollision(ref item, WallCollision.Right);


}


if (item.Location.Y LevelSize.Height)


{


Tested = true;


if (ItemWallCollision != null)


ItemWallCollision(ref item, WallCollision.Bottom);


}


if (Tested == true)


WorldObjects[counter] = item;


counter++;


}




}




///


/// This goes through all the world objects and checks anything that is not a ghost to see if there is a collision.


/// All collisions are reported via the ItemObjectCollision event. After all the collisions are run, any items scheduled for removal are removed!


///


public void CheckCollisions()


{


// Go through the objects and check the non-ghost items for collisions:


if (WorldObjects.Count > 1)


{


int counter1 = 0;


int counter2 = 1;


GameObject item1;


GameObject item2;


Rectangle item1Rectangle;


while (counter1









Part Two - Game Examples
	Setting up a Game Project

	Pong

	Breakout


Setting up a Game Project
Once you have got your game engine up and running, it is time to start looking at how we can actually use this within the game we want to make. To help you through this process, I have created a series of different types of games for you to look at and build yourself, so that you can see the game engine in action. Each game is fully listed here along with the Level file and any graphics required to make the game work.

This booklet will take you through the process of creating various different games, step by step. Each game starts with a summary, then a list of the graphics and level file required. Then, each section of the program is explained, before a full code listing is given at the end.



Every piece of code in the game has been tested and works – to an extent. I have not 
FULLY bug tested the software, and there 
WILL be errors. The games will run and play, but will probably have glitches in them. Wherever possible I have listed what the glitches are and you can use this information to try and fix the code if you so wish.



Although you don’t need to know any programming before starting on this booklet, an understanding on the basics of software design and C# programming in a Visual Studio 2010 environment would definitely be beneficial.



Every game project you create should be in the same Solution file as your game engine, to make it easier for you to debug your code.



Start by opening your “GameEngine” project.



Right mouse click on where it says “Solution GameEngine (1 Project)” and click “Add -> New Project”.



[image: P_D9670109-5309-4CDC-9EBC-87F11B00D0AF.png]
[image: P_C8C2B81B-22C7-4755-B8F9-C36AEA4F2299.png]
Select a Windows Form Project, and give it a name to match the game you are creating, for example “Pong”:



[image: P_7910B1B5-17ED-472A-BAE8-87BE6F59F146.png]
Then click OK. On the new project that you have just created, right click on its name and select “Set as Startup Project”:



[image: P_EB49C573-E7CF-461A-896E-035465446526.png]
This means it will be the project that runs when you click the green “Play” button. Then, right click on the “References” folder in this new project and select “Add Reference…”



[image: P_894685D3-FF24-4031-9299-E35789AF7EE9.png]
It should automatically come up with the Tab “Projects”, and “GameEngine” should be highlighted – if it hasn’t, set it as below and click OK.



[image: P_13037F0E-E91D-41C4-BBC0-A8BCE1CB2C58.png]
Now finally right-click on the form in the main window, click “View Code”, and at the top of the screen add “Using GameEngine”:



Setting up the Form
[image: P_8E5F0918-DBF9-4215-BEE2-CC8715E172F1.jpg]
Most games that are listed here require you to set up your project in the same way. To save having to write this out for every project, this section covers basically everything you need to do.



First of all, right-click on the grey area of the form and click “Properties”. You need to change the following:



FormBorderStyle - None
WindowState – Maximised


Click on the “Lightning bolt” on the properties window to show all the events. Double click on the following:

KeyDown
KeyUp

Paint


From the Toolbox on the left, double click on a Timer. All games need at least one timer, some will need two! This first timer should have the following properties set (you may need to change from the lightning bolt to the bullet list next to it on the properties window):

Enabled – True
Interval – 20


Click on the Lightning bolt again, and double click on the “Tick”.





Changes to the Code Page
[image: P_C0913350-2A30-44BA-B0BF-01663DCAC566.png]
Within the global variable area, we are going to need a game world, so we should set one up. Within the Initialiser for the form, we should tell the computer that we want the screen to be smooth and not jerky when drawing the graphics (Set Style), Load the level (Which will be Level1.txt generally) and we need two event handlers – colliding with the wall and collisions with objects:



public partial class Form1 : Form

{

// Set up a Game World:

GameWorld Game = new GameWorld();

public Form1()

{

InitializeComponent();

SetStyle(ControlStyles.AllPaintingInWmPaint | ControlStyles.OptimizedDoubleBuffer | ControlStyles.ResizeRedraw, true);

// Set up the game - load in the level:

Game.LoadLevel("Levels\\Level1.txt");

// set up the two event handlers - Object and Wall collisions:

Game.ItemObjectCollision += new CollideObject(Game_ItemObjectCollision);

Game.ItemWallCollision += new CollideWall(Game_ItemWallCollision);

}



If you press “Tab” twice after the “+=” when adding the event handlers, the following will be put in for you - if not, you will need to do it! Anything between the curly brackets put in by Visual Studio by itself should be removed.

void Game_ItemWallCollision(ref GameObject Object, WallCollision Wall)

{

}



void Game_ItemObjectCollision(ref GameObject Object1, ref GameObject Object2)

{

}



Next, let’s look at the timer_tick – as a standard we need to move on to the next frame of animation on all our objects, move the items, check for any collisions, load these onto the camera, then refresh the screen:



private void timer1_Tick(object sender, EventArgs e)

{

// Move on to the next frame of animation:

Game.AnimateItems();

// Move the items:

Game.MoveItems();

// Check for collisions:

Game.CheckCollisions();

// Draw:

Game.Frame();

// and Refresh the screen:

this.Refresh();

}



Next we need to deal with drawing the camera to the screen. To make things better, we are going to stretch the camera over the whole form at all times:



private void Form1_Paint(object sender, PaintEventArgs e)

{

// Draw the game to the screen:

e.Graphics.DrawImage(((Camera)Game.WorldCameras[0]).CameraScreen, 0, 0, this.Width, this.Height);

}



We need to be able to close the game down as well, so we’ll get the “KeyDown” event working with clicking the “Escape” key closing the program:



private void Form1_KeyDown(object sender, KeyEventArgs e)

{

switch (e.KeyCode)

{

case Keys.Escape:

Application.Exit();

break;

}

}



Other Considerations for the Project
If you want to create a folder for storing levels or graphics (which you need to do for at least an “images” directory, which is where the engine expects to find all the graphics for the objects) you need to Right click on the project in solution explorer, select “Add -> new folder” then name it what you want to name it.

[image: P_30F6A6EF-389F-42C3-8A43-744414FCB27D.jpg]
If you need to add files into the folder, which again you will need to do with your graphics and possibly your level file, the procedure you should follow is as follows:

Create the file in the folder you want to use it in. On Visual Studio, on the main menu under “Project” click “Show All Files”. You will see a “ghost” file of what you have created in your folder. (in my case, this is “Test.bmp”

[image: P_2151CD71-2388-4C57-BDB3-6D75CF4717A4.jpg]
[image: P_38F9592B-A043-4FC1-A842-FD34A7AF1CD0.jpg]
Right click on the file and select “Include in Project”

[image: P_A15A2E20-CC43-407E-B012-DA49EF4EA5F0.jpg]
Right click on the file again and select properties. Change the “Copy to output directory” from “Never” to “Copy To newer”

[image: P_22FF2D5D-5FD0-4621-9917-2478CDA58C3D.jpg]
On the Project menu, switch off “Show All Files” again.

Pong
Summary
Pong is probably the first game that was created for a computer. It involves two players with bats hitting a ball between each other, with the aim being to get the ball past the opponent. This makes it a nice simple game that is ideal to start with.



This version of Pong only supports two players (you can't play against the computer) and is set up to simply keep scoring forever. To stop the game, press escape on the keyboard. To make things a little harder, every 5 seconds the ball gets faster and the bats get smaller. When the bats reach a size of zero, the game is over.



To make this game as simple as possible, I have done the following:




	You can only move your bats up and down
	There is no animation (each object only has one frame of animation)
	The background is a single tile that is 640x480 in size
	The level is 640x480
	The camera resolution is 640x480
	The form blows up the camera to be the same size as the screen (Which means it looks a little squashed on a widescreen monitor)


Known Glitches
At present, the game doesn't actually ever finish - the "Game over" system doesn't work, as for some reason the game actually allows a zero-height bat, then starts using a negative value for the height, effectively making the bat grow! That doesn't really matter though, it still serves as a gentle introduction to the world of game programming!



Another quite problematic glitch is that the ball can bounce around inside the bat if it hits the top or bottom of it rather than the side. The solution to this i problem is actually shown in the next game example, but to keep things simple I have not fixed it here.



Graphic Files for Game
The background is a simple textured rectangle drawn in Paint, 640x480 in size:



[image: P_1CD6F519-6B3E-456B-85C5-4CE956D7A9BC.png]
The Items are very simple too:



[image: P_527CFEC6-2F85-4C2B-8A40-9FA69B914DC5.png]
Player 1 bat is located at 0,0 and is 25x80 pixels in size. Player 2 bat is located at 0,80 and is also 25x80 pixels. The ball is located at 25,0 and is 20x20 pixels in size.



Level File Information
The level file in its entirety is shown below:



640,480,1

Objects,Items.png,255,255,255

ENDGRAPHICS

Player1Bat,Objects,0,0,25,80,1,N

Player2Bat,Objects,0,80,25,80,1,N

Ball,Objects,25,0,20,20,1,N

ENDANIMATIONS

Background,imagesBgnd.png,640,480,640,480,0,0,0,0

00

ENDBACKGROUNDS

640,480,0

Player1,Player1Bat,25,0,0,0,0,0,N

Player2,Player2Bat, 590,0,0,0,0,0,N

Ball,Ball, 308,228,0,5,5,0,N

ENDOBJECTS

640,480,0,0,640,480,N

ENDCAMERAS



This means:

	The Level is 640x480 in size
	The only graphic object is my Items.png, with a transparency colour of White (255,255,255) and given the name “Objects”
	There are 3 “Animations” – Player1Bat, Player2Bat and Ball, and all three come from the “Objects” graphic. The Offsets are given first, then the sizes, and all of them are just one frame of animation. “N” signifies the animation frames would be horizontal if there were any.
	The image to use for the background is “Bgnd.png”, it is 640x480 in size, the tile size is also 640x480, it’s Z-Level is 0 and the transparency colour is Black (0,0,0)
	The tile map is therefore just “00” meaning just the one tile, top coordinate
	The bump map has a grid size of 640x480, and is a “0” (No bump map)
	The first object, “Player1”, uses the Player1Bat animation, starts at location 25,0,0, has a speed of 0,0,0 and is not a Ghost
	The next object, “Player2”, uses the Player2Bat animation, starts at location 590,0,0, has a speed of 0,0,0 and is not a Ghost
	The next object, “Ball”, uses the Ball animation, starts at location 308,228,0, has a speed of 5,5,0 and is not a Ghost
	There is one camera with a resolution of 640x480, which is also the draw size. It is a Normal camera rather than a 3D one.


Form Setup
The form uses the standard form setup as described earlier in this booklet, but then add a second timer. The properties of this second timer should be 
Enabled = true and 
Interval = 5000. Click on the lightning bolt to activate the timer2_tick event handler

Headers to the File
The form uses the standard headers - No extra items are needed in the “using”’s at the top of the code!



Global Variables
As well as the game world, you need the following variables:



// Set the scores to zero:

int Player1Score = 0;

int Player2Score = 0;

// Create an enumerated type for up and down, used to know if a key has been pressed:

enum Direction { Up, Down}

bool[,] BatMovement = new bool[2, 2] { { false, false }, { false, false } };

// Create a font to use for the scores:

Font Scores = new Font("Calibri", 28);



The most important variable here is the BatMovement, 2 dimensional array. The first column is for Player 1’s movement, and the second column is for Player 2’s movement:



	Player 1 Up	Player 2 Up
	Player 1 Down	Player 2 Down


If the Boolean is set to true, it means move in that direction, otherwise don’t!

Constructor
This is the standard constructor as already listed in this booklet – use Set Style and setup “Level1.txt”.



Redrawing the Screen
As well as drawing the game camera, we are going to draw the two scores up on the screen as well:



private void Form1_Paint(object sender, PaintEventArgs e)

{

// Draw the game to the screen:

e.Graphics.DrawImage(((Camera)Game.WorldCameras[0]).CameraScreen, 0, 0, this.Width, this.Height);

// Show the Scores:

e.Graphics.DrawString(Player1Score.ToString(), Scores, new SolidBrush(Color.White), new PointF(100, 10));

e.Graphics.DrawString(Player2Score.ToString(), Scores, new SolidBrush(Color.White), new PointF(this.Width-150, 10));

}



Timers
On Timer 1, we start with the standard timer 1 as set out previously in this document. Remove the line of code for “AnimateItems” as there are no animations. We are then going to add in setting/changing the speed of the Player bats. You will end up with a timer1_tick that appears as follows:



private void timer1_Tick(object sender, EventArgs e)

{ // main timer - go through all the objects, setting the speed for player 1 / 2:

foreach (GameObject item in Game.WorldObjects)

{

if (item.ObjectType == "Player1")

{

if (BatMovement[0, (int)Direction.Up] == true)

item.Speed.Y = -15;

if (BatMovement[0, (int)Direction.Down] == true)

item.Speed.Y = 15;

else if ((BatMovement[0, (int)Direction.Up] == false) && (BatMovement[0, (int)Direction.Down] == false))

item.Speed.Y = 0;

}

else if (item.ObjectType == "Player2")

{

if (BatMovement[1, (int)Direction.Up] == true)

item.Speed.Y = -15;

if (BatMovement[1, (int)Direction.Down] == true)

item.Speed.Y = 15;

else if ((BatMovement[1, (int)Direction.Up] == false) && (BatMovement[1, (int)Direction.Down] == false))

item.Speed.Y = 0;

}

}

// Move the items:

Game.MoveItems();

// Check for collisions:

Game.CheckCollisions();

// Draw:

Game.Frame();

// and Refresh the screen:

this.Refresh();

}



For the second timer, every 5 seconds we are going to make the ball move faster and the bats smaller!



private void timer2_Tick(object sender, EventArgs e)

{

// Make the ball move faster and bats smaller!

foreach (GameObject item in Game.WorldObjects)

{

if (item.ObjectType == "Ball")

{

if (item.Speed.Y > 0)

item.Speed.Y += 1;

else

item.Speed.Y -= 1;

if (item.Speed.X > 0)

item.Speed.X += 1;

else

item.Speed.X -= 1;

}

else

{

item.ObjectSize.Height -= 5;

if (item.ObjectSize.Height <= 0)

{

MessageBox.Show("Game Over!!");

Application.Exit();

}

}

}

}





[image: P_FFE8461B-F9BB-4226-9B0C-50F40E71DBC1.jpg]
Key Control
Obviously we need to control the bats with the Keys – Q and A for Player1, Up and Down arrows for player 2. We take the standard form code and add to it so it looks like this:



private void Form1_KeyDown(object sender, KeyEventArgs e)

{

// When you click a key, set the value to true:

switch (e.KeyCode)

{

case Keys.Escape:

Application.Exit();

break;

case Keys.Q:

BatMovement[0, (int)Direction.Up] = true;

break;

case Keys.A:

BatMovement[0, (int)Direction.Down] = true;

break;

case Keys.Up:

BatMovement[1, (int)Direction.Up] = true;

break;

case Keys.Down:

BatMovement[1, (int)Direction.Down] = true;

break;

}

}



private void Form1_KeyUp(object sender, KeyEventArgs e)

{

// When you let go of a key, set the value to false:

switch (e.KeyCode)

{

case Keys.Q:

BatMovement[0, (int)Direction.Up] = false;

break;

case Keys.A:

BatMovement[0, (int)Direction.Down] = false;

break;

case Keys.Up:

BatMovement[1, (int)Direction.Up] = false;

break;

case Keys.Down:

BatMovement[1, (int)Direction.Down] = false;

break;

}

}



Event Handlers
The Item Wall collision has to handle both the ball and the player bats, scoring the goals and resetting the ball if it hits either side, but bouncing off if it hits the top or bottom walls:



void Game_ItemWallCollision(ref GameObject Object, WallCollision Wall)

{

// If the ball collides with the wall:

if (Object.ObjectType == "Ball")

{

// Top or bottom walls, bounce off:

if ((Wall == WallCollision.Top) || (Wall == WallCollision.Bottom))

Object.Speed.Y = -Object.Speed.Y;

else

{

// If it is one of the "Goals", reset the ball to the centre of the screen and make it move // towards the player that has scored:

Object.Location.X = 320;

Object.Speed.X = -Object.Speed.X;

// if it is the left goal, player 2 scored:

if (Wall == WallCollision.Left)

{

Player2Score++;

}

// right goal, player 1 scored:

if (Wall == WallCollision.Right)

{

Player1Score++;

}

}

}

else

{

// If it is a bat colliding with the wall - stop it from moving:

Object.Speed.Y = 0;

// Now set the position to be just off the top of the wall if it hit the top wall:

if (Wall == WallCollision.Top)

{

Object.Location.Y = 5;

}

else

{

// Just of the bottom of the wall if it hit the bottom wall

Object.Location.Y = 480 - (Object.ObjectSize.Height+5);

}

}

}



The item collisions are simpler – the only collisions are between the ball and the bat, so we just need to determine which of the two items is the ball and deflect it back towards the other player:



void Game_ItemObjectCollision(ref GameObject Object1, ref GameObject Object2)

{

// The only collisions can be between one of the bats and the ball. If object 1 is a bat:

if ((Object1.ObjectType == "Player1") || (Object1.ObjectType == "Player2"))

{

// Object 2 must be the ball, so deflect it:

Object2.Speed.X = -Object2.Speed.X;

}

else

{

// Object 1 must be the ball

Object1.Speed.X = -Object1.Speed.X;

}

}





(
HINT :- If you want to fix one of the glitches, separate out the Player1 and Player2 Types, and set the speed of the ball to travel to the opposite player instead of just reversing the speed direction!)



Other Methods
That’s it! There is no other code needed for Pong!



Full Code - Pong
using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Linq;

using System.Text;

using System.Windows.Forms;

using GameEngine;



namespace Pong

{

public partial class Form1 : Form

{

// Set up a Game World:

GameWorld Game = new GameWorld();

// Set the scores to zero:

int Player1Score = 0;

int Player2Score = 0;

// Create an enumerated type for up and down, used to know if a key has been pressed:

enum Direction { Up, Down}

bool[,] BatMovement = new bool[2, 2] { { false, false }, { false, false } };

// Create a font to use for the scores:

Font Scores = new Font("Calibri", 28);

public Form1()

{

InitializeComponent();

SetStyle(ControlStyles.AllPaintingInWmPaint | ControlStyles.OptimizedDoubleBuffer | ControlStyles.ResizeRedraw, true);

// Set up the game - load in the level:

Game.LoadLevel("Levels\\Level1.txt");

// set up the two event handlers - Object and Wall collisions:

Game.ItemObjectCollision += new CollideObject(Game_ItemObjectCollision);

Game.ItemWallCollision += new CollideWall(Game_ItemWallCollision);

}



void Game_ItemWallCollision(ref GameObject Object, WallCollision Wall)

{

// If the ball collides with the wall:

if (Object.ObjectType == "Ball")

{

// Top or bottom walls, bounce off:

if ((Wall == WallCollision.Top) || (Wall == WallCollision.Bottom))

Object.Speed.Y = -Object.Speed.Y;

else

{

// If it is one of the "Goals", reset the ball to the centre of the screen and make it move

// towards the player that has scored:

Object.Location.X = 320;

Object.Speed.X = -Object.Speed.X;

// if it is the left goal, player 2 scored:

if (Wall == WallCollision.Left)

{

Player2Score++;

}

// right goal, player 1 scored:

if (Wall == WallCollision.Right)

{

Player1Score++;

}

}

}

else

{

// If it is a bat colliding with the wall - stop it from moving:

Object.Speed.Y = 0;

// Now set the position to be just off the top of the wall if it hit the top wall:

if (Wall == WallCollision.Top)

{

Object.Location.Y = 5;

}

else

{

// Just of the bottom of the wall if it hit the bottom wall

Object.Location.Y = 480 - (Object.ObjectSize.Height+5);

}

}

}



void Game_ItemObjectCollision(ref GameObject Object1, ref GameObject Object2)

{

// The only collisions can be between one of the bats and the ball. If object 1 is a bat:

if ((Object1.ObjectType == "Player1") || (Object1.ObjectType == "Player2"))

{

// Object 2 must be the ball, so deflect it:

Object2.Speed.X = -Object2.Speed.X;

}

else

{

// Object 1 must be the ball

Object1.Speed.X = -Object1.Speed.X;

}

}



private void Form1_Paint(object sender, PaintEventArgs e)

{

// Draw the game to the screen:

e.Graphics.DrawImage(((Camera)Game.WorldCameras[0]).CameraScreen, 0, 0, this.Width, this.Height);

// Show the Scores:

e.Graphics.DrawString(Player1Score.ToString(), Scores, new SolidBrush(Color.White), new PointF(100, 10));

e.Graphics.DrawString(Player2Score.ToString(), Scores, new SolidBrush(Color.White), new PointF(this.Width-150, 10));

}



private void Form1_KeyDown(object sender, KeyEventArgs e)

{

// When you click a key, set the value to true:

switch (e.KeyCode)

{

case Keys.Escape:

Application.Exit();

break;

case Keys.Q:

BatMovement[0, (int)Direction.Up] = true;

break;

case Keys.A:

BatMovement[0, (int)Direction.Down] = true;

break;

case Keys.Up:

BatMovement[1, (int)Direction.Up] = true;

break;

case Keys.Down:

BatMovement[1, (int)Direction.Down] = true;

break;

}

}



private void Form1_KeyUp(object sender, KeyEventArgs e)

{

// When you let go of a key, set the value to false:

switch (e.KeyCode)

{

case Keys.Q:

BatMovement[0, (int)Direction.Up] = false;

break;

case Keys.A:

BatMovement[0, (int)Direction.Down] = false;

break;

case Keys.Up:

BatMovement[1, (int)Direction.Up] = false;

break;

case Keys.Down:

BatMovement[1, (int)Direction.Down] = false;

break;

}

}



private void timer1_Tick(object sender, EventArgs e)

{

// main timer - go through all the objects, setting the speed for player 1 / 2:

foreach (GameObject item in Game.WorldObjects)

{

if (item.ObjectType == "Player1")

{

if (BatMovement[0, (int)Direction.Up] == true)

item.Speed.Y = -15;

if (BatMovement[0, (int)Direction.Down] == true)

item.Speed.Y = 15;

else if ((BatMovement[0, (int)Direction.Up] == false) && (BatMovement[0, (int)Direction.Down] == false))

item.Speed.Y = 0;

}

else if (item.ObjectType == "Player2")

{

if (BatMovement[1, (int)Direction.Up] == true)

item.Speed.Y = -15;

if (BatMovement[1, (int)Direction.Down] == true)

item.Speed.Y = 15;

else if ((BatMovement[1, (int)Direction.Up] == false) && (BatMovement[1, (int)Direction.Down] == false))

item.Speed.Y = 0;

}

}

// No animations, so no need to animate items

// Move the items:

Game.MoveItems();

// Check for collisions:

Game.CheckCollisions();

// Draw:

Game.Frame();

// and Refresh the screen:

this.Refresh();

}



private void timer2_Tick(object sender, EventArgs e)

{

// Make the ball move faster and bats smaller!

foreach (GameObject item in Game.WorldObjects)

{

if (item.ObjectType == "Ball")

{

if (item.Speed.Y > 0)

item.Speed.Y += 1;

else

item.Speed.Y -= 1;

if (item.Speed.X > 0)

item.Speed.X += 1;

else

item.Speed.X -= 1;

}

else

{

item.ObjectSize.Height -= 5;

if (item.ObjectSize.Height <= 0)

{

MessageBox.Show("Game Over!!");

Application.Exit();

}

}

}

}

}

}



Breakout
Summary
After Pong, we are going to look at some of the more interesting features of the game engine. We are going to have animated objects, and we are going to create new objects and destroy other items in the environment when they are not needed anymore. We are also going to add a random number generator to create randomised events when it comes to the power ups.



Breakout is a game where you control a bat at the bottom of the screen to hit a ball at some tiles. When a ball hits a tile, the tile is destroyed and the ball bounces off it. If the ball hits the "ground"underneath your bat you lose a life. If you hit one of the special blue tiles, a power up is dropped from the tile for you to catch with your bat. If you catch the power up, your bat may be made longer, shorter, you may be given an extra 1000 points, an extra life, or another ball may appear on the screen and you have two to bounce around - until you drop one! The basic specification for this game would be as follows:



	This is a 1-player game
	The level is 640x480
	The camera resolution is 640x480
	The form blows up the camera to be the same size as the screen (Which means it looks a little squashed on a widescreen monitor)
	The background is a single tile that is 640x480 in size
	You can only move your bat left and right
	You control your bat with the left and right arrow keys
	Your bat appears at the bottom of the screen
	There is a ball in the middle of the screen which bounces around the screen
	The ball will bounce off the top, right and left walls, but you lose a life if the ball hits the bottom of the level.
	When the ball hits the bottom, the ball respawns in the centre of the screen
	With no lives, it’s game over
	At the top of the screen is a set of 25 tiles, arranged in a 5x5 grid
	Your score and number of lives are shown on the screen
	You start the game with three lives
	There are 4 different colour tiles to
	The blue tile is a special “power up” tile
	If the ball collides with a tile, the tile is destroyed and the ball deflected
	If the ball collides with a blue tile, it is destroyed as above but a power up crystal is released and drops to the ground
	The only animated object is the power up crystal, which has 7 frames of animation
	If you touch the power up with the bat, you receive one of the following:

	1000 points
	Your bat increases in length by 10 pixels
	Your bat decreases in length by 10 pixels
	You gain an extra life
	An extra ball is created on the screen, allowing you to bounce with two balls

	If there is more than one ball on the screen and one of them drops below the bat, it is just destroyed and you do not lose a life.



Known Glitches
Although the bouncing the ball against the tiles works better than it does on Pong, there could still be a glitch in some rare circumstances. Although there is a Game Over screen (Just a message that appears), There is no game complete screen when you get rid of all the tiles. Also, the bounce of the ball on the bat is fixed, so the angle the ball bounces at is always the same - it should really bounce at a greater angle the closer to the edge of the bat you bounce it. Having said all of that, you can play the game quite well!



Graphic Files for Game
The background image for Breakout is the same as my “Pong” game to save time. The object graphic, “items.png”, looks as follows:



[image: P_7C6F605F-E36A-4A5A-86D0-91A9A31910BD.jpg]
The top green rectangle is your bat, and underneath this are the four different tiles and the ball. The diamonds are the frames of animation for the power up crystal.



The size and offsets of the different objects can be worked out through the level file, included on the next page.



Level File Information
The level file is as follows:



640,480,1

Objects,Items.png,255,255,255

ENDGRAPHICS

PlayerBat,Objects,0,0,100,20,1,N

Tile1,Objects,0,20,36,24,1,N

Tile2,Objects,36,20,36,24,1,N

Tile3,Objects,72,20,36,24,1,N

Tile4,Objects,108,20,36,24,1,N

Ball,Objects,148,24,16,16,1,N

Powerup,Objects,0,44,24,34,7,N

ENDANIMATIONS

Background,images\Bgnd.png,640,480,640,480,0,0,0,0

00

ENDBACKGROUNDS

640,480,0

Player1,PlayerBat,270,450,0,0,0,0,N

Tile,Tile4,230,10,0,0,0,0,N

Tile,Tile1,266,10,0,0,0,0,N

Tile,Tile1,302,10,0,0,0,0,N

Tile,Tile1,338,10,0,0,0,0,N

Tile,Tile4,374,10,0,0,0,0,N

Tile,Tile2,230,34,0,0,0,0,N

Tile,Tile4,266,34,0,0,0,0,N

Tile,Tile2,302,34,0,0,0,0,N

Tile,Tile4,338,34,0,0,0,0,N

Tile,Tile2,374,34,0,0,0,0,N

Tile,Tile3,230,58,0,0,0,0,N

Tile,Tile3,266,58,0,0,0,0,N

Tile,Tile4,302,58,0,0,0,0,N

Tile,Tile3,338,58,0,0,0,0,N

Tile,Tile3,374,58,0,0,0,0,N

Tile,Tile2,230,82,0,0,0,0,N

Tile,Tile4,266,82,0,0,0,0,N

Tile,Tile2,302,82,0,0,0,0,N

Tile,Tile4,338,82,0,0,0,0,N

Tile,Tile2,374,82,0,0,0,0,N

Tile,Tile4,230,106,0,0,0,0,N

Tile,Tile1,266,106,0,0,0,0,N

Tile,Tile1,302,106,0,0,0,0,N

Tile,Tile1,338,106,0,0,0,0,N

Tile,Tile4,374,106,0,0,0,0,N

Ball,Ball,270,434,0,6,-6,0,N

ENDOBJECTS

640,480,0,0,640,480,N

ENDCAMERAS



The major difference between this and Pong is in the number of items we need to show on the screen – 25 tiles, the ball and the player bat. Notice the power up crystal is not one of the objects in the list – this will be something we create while the game is running, rather than something to start the level off with being there. Notice we do still have to include the animation for the power up though, and it has 7 frames of animation.



Form Setup
The form for breakout is the basic, single timer form as set out previously.

Headers to the File
The headers for breakout are again the same as the the basic form as set out previously.



Global Variables
As well as the Game world, we need the following variables:

// Set the score:
int PlayerScore = 0;

int PlayerLives = 3;

Random rnd = new Random(System.DateTime.Now.Millisecond);

// Create an enumerated type for left and right, used to know if a key has been pressed:
enum Direction { Left, Right}

bool[] BatMovement = new bool[2] { false, false };

// Create a font to use for the scores:
Font Scores = new Font("Calibri", 28);

bool BallChange = false;




The score and lives should be obvious. “Rnd” is a random number generator, used to decide what the power up does when it is collected. Like with Pong, we have an enumerated type for controlling our bat, but it is left and right this time instead of up and down, and our bat movement is a more simple 1-dimensional array, as we only have one player. “BallChange” is used to make sure that once the ball has been deflected off from a tile once in any given frame of the game, it isn’t deflected back again straight away – without it, you can end up with a “superball” that just goes through all the bricks in one go!



Constructor
The constructor for breakout is again the same as the basic game setup.



Redrawing the Screen
As well as drawing the camera to the screen, we also need to show the score and number of lives, and we use the opportunity of refreshing the screen to set “BallChange” back to false, to say it is okay again to deflect the ball if required:





private void Form1_Paint(object sender, PaintEventArgs e)

{


// Draw the game to the screen:


BallChange = false;


e.Graphics.DrawImage(((Camera)Game.WorldCameras[0]).CameraScreen, 0, 0, this.Width, this.Height);


e.Graphics.DrawString("Score:"+PlayerScore.ToString(), Scores, new SolidBrush(Color.White), new PointF(100, 10));


e.Graphics.DrawString("Lives:"+PlayerLives.ToString(), Scores, new SolidBrush(Color.White), new PointF(this.Width - 150, 10));

}





Timers
The main timer (which is the only one we have in this game) is very similar to the code for Pong – set up the player bat speed based on the button being pressed and do all the usual things for the game engine – including this time processing animations:



private void timer1_Tick(object sender, EventArgs e)

{


// main timer - go through all the objects, setting the speed for player 1 / 2:


foreach (GameObject item in Game.WorldObjects)


{


if (item.ObjectType == "Player1")


{


if (BatMovement[(int)Direction.Left] == true)


item.Speed.X = -15;


else if (BatMovement[(int)Direction.Right] == true)


item.Speed.X = 15;


else


item.Speed.X = 0;


}


}




// Move on to the next frame of animation:


Game.AnimateItems();


// Move the items:


Game.MoveItems();


// Check for collisions:


Game.CheckCollisions();


// Draw:


Game.Frame();


// and Refresh the screen:


this.Refresh();

}





Key Control
Again, the key control is basically the same as Pong, but you only need to worry about one player

private void Form1_KeyDown(object sender, KeyEventArgs e)


{ // When you click a key, set the value to true:


switch (e.KeyCode)


{


case Keys.Escape:


Application.Exit();


break;


case Keys.Left:


BatMovement[(int)Direction.Left] = true;


break;


case Keys.Right:


BatMovement[(int)Direction.Right] = true;


break;


}

}

private void Form1_KeyUp(object sender, KeyEventArgs e)


{// When you let go of a key, set the value to false:


switch (e.KeyCode)


{


case Keys.Left:


BatMovement[(int)Direction.Left] = false;


break;


case Keys.Right:


BatMovement[(int)Direction.Right] = false;


break;


}

}





Event Handlers
This is where breakout is much more complex than pong. Let’s start with the Collisions with the wall. If the object colliding with the wall is the ball, we need to bounce it from the left, top or right wall, and if it is the bottom wall we need to check to see if there are any other balls in the level – if there are, we just remove it from the game engine, but if not we respawn the ball and the player loses a life. If the bat hits a wall, just like pong, we stop it from going through the edge, and if a power up hits the bottom wall we remove it.



void Game_ItemWallCollision(ref GameObject Object, WallCollision Wall)

{


// If the ball collides with the wall:


if (Object.ObjectType == "Ball")


{


// Top or side walls, bounce off:


if (Wall == WallCollision.Top)


Object.Speed.Y = -Object.Speed.Y;


else if ((Wall == WallCollision.Left) || (Wall == WallCollision.Right))


Object.Speed.X = -Object.Speed.X;


// Bottom wall - lose a life:


else


{


// See how many balls we have:


int counter = 0;


foreach (GameObject balls in Game.WorldObjects)


{


if (balls.ObjectType == "Ball")


counter++;


}


if (counter == 1)


{


PlayerLives--;


if (PlayerLives == 0)


{


timer1.Enabled = false;


MessageBox.Show("Game Over");


Application.Exit();


}


Object.Location.X = 320 - 8;


Object.Location.Y = 240 - 8;


Object.Speed.Y = -6;


}


else


{


// remove the extra ball:


Object.Remove = true;


}


}


}


else if (Object.ObjectType == "Powerup")


{


// Remove it:


Object.Remove = true;


}


else if (Object.ObjectType == "Player1")


{


// If it is a bat colliding with the wall - stop it from moving:


Object.Speed.X = 0;


// Now set the position to be just off the top of the wall if it hit the top wall:


if (Wall == WallCollision.Left)


{


Object.Location.X = 5;


}


else


{


// Just off the right of the wall if it hit the right wall


Object.Location.X = 640 - (Object.ObjectSize.Width + 5);


}




}

}





The other event handler, Object collisions, is much more complex. Let me start by showing you the code, then going through it section by section.



void Game_ItemObjectCollision(ref GameObject Object1, ref GameObject Object2)

{


if (ItemsHit(ref Object1, ref Object2, "Player1", "Ball"))


{


// Ball hit bat:


if (Object1.ObjectType == "Ball")


{


// Ball above the bat - bounce it!


if ((Object1.Location.Y Object1.Location.X))


{


Object1.Speed.Y = -Object1.Speed.Y;


Object1.Location.Y = Object2.Location.Y - 20;


}


// Otherwise, just ignore!


}


else


{


// Ball above the bat - bounce it!


if ((Object2.Location.Y Object2.Location.X))


{


Object2.Speed.Y = -Object2.Speed.Y;


Object2.Location.Y = Object1.Location.Y - 20;


}


// Otherwise, just ignore!


}


}


else if (ItemsHit(ref Object1, ref Object2, "Player1", "Powerup"))


{


// Randomly select what the powerup does:


int Value = rnd.Next(0, 5);


// Remove it:


if (Object1.ObjectType == "Powerup") Object1.Remove = true;


else if (Object2.ObjectType == "Powerup") Object2.Remove = true;




switch (Value)


{


// Grow Bat:


case 0:


if (Object1.ObjectType == "Player1") Object1.ObjectSize.Width += 10;


else Object2.ObjectSize.Width += 10;


break;


// Shrink Bat:


case 1:


if (Object1.ObjectType == "Player1") Object1.ObjectSize.Width -= 10;


else Object2.ObjectSize.Width -= 10;


break;


// New Ball:


case 2:


GameObject PowerUp = new GameObject("Ball", "Ball",


"320", "240", "0", "-6", "-6", "0", "N");


Game.WorldObjects.Add(PowerUp);


break;


// Extra Life:


case 3:


PlayerLives += 1;


break;


// 1000 points


case 4:


PlayerScore += 1000;


break;


}


}


else if (ItemsHit(ref Object1, ref Object2, "Tile", "Ball"))


{


// Only do this if the ball hasn't already changed direction!


if (BallChange == false)


{


BallChange = true;


Rectangle Ball;


Rectangle Tile;


GameObject BallObject;


GameObject TileObject;


// Ball hit Tile:


if (Object1.ObjectType == "Ball")


{


Ball = new Rectangle(Object1.Location.X + (Object1.ObjectSize.Width / 2), Object1.Location.Y + (Object1.ObjectSize.Height / 2), 1, 1);


Tile = new Rectangle(Object2.Location.X, Object2.Location.Y, Object2.ObjectSize.Width, Object2.ObjectSize.Height);


BallObject = Object1;


TileObject = Object2;


}


else


{


Ball = new Rectangle(Object2.Location.X + (Object2.ObjectSize.Width / 2), Object2.Location.Y + (Object2.ObjectSize.Height / 2), 1, 1);


Tile = new Rectangle(Object1.Location.X, Object1.Location.Y, Object1.ObjectSize.Width, Object1.ObjectSize.Height);


BallObject = Object2;


TileObject = Object1;


}




if (Ball.Y > Tile.Y + Tile.Height)


{


// The ball is under the tile:


BallObject.Speed.Y = 6;


}


else if (Ball.Y Tile.X)


{


// The ball is to the right of the tile


BallObject.Speed.X = 6;


}




// Kill the tile:


TileObject.Remove = true;


// If the tile is a blue bonus tile, release a power-up!


if (TileObject.CurrentObject == "Tile4")


{


GameObject PowerUp = new GameObject("Powerup", "Powerup",


TileObject.Location.X.ToString(), TileObject.Location.Y.ToString(), TileObject.Location.Z.ToString(), "0", "8", "0", "N");


Game.WorldObjects.Add(PowerUp);


}


// Add points:


PlayerScore += 10;


if (Object1.ObjectType == "Ball")


{


Object1 = BallObject;


Object2 = TileObject;


}


else


{


Object2 = BallObject;


Object1 = TileObject;


}


}


}

}





Let us start with the first interaction – Bat and Ball. If the ball hits the bat while it is still above it, we bounce it off the bat, otherwise we let it fall. This is how we fix the problem with the ball bouncing around inside the bat that we got with Pong. We need to runthe code both ways round (With ball being Object1 and Object2) as we don’t know which way the interaction will happen.



The next interaction is between the Player and the powerup. This involves removing the crystal from the game engine, creating a random number of either 0,1,2,3, or 4, then depending on what this value is depends on what we do – the comments should be pretty clear through that switch statement.



The final interaction is between the tile and the ball. If there has already been some form of interaction, ballchange is set to true and therefore this piece of code is ignored, otherwise it has to check to see whereabouts on the tile it has touched, and based on this information we decide how to deflect the ball from the tile. We also need to check to see if the tile bounced on is the blue bonus tile, and if so we release a power up crystal (Create a new object and put it into the game world).



Other Methods
The only other method we need to include is the one we have referenced in our object collision event handler – ItemsHit, that returns a Boolean - true if the two objects, either way round match what has been asked of it, and false if not:



protected bool ItemsHit(ref GameObject Object1, ref GameObject Object2, string Name1, string Name2)

{


// Check both ways around when a collision between two items:


if ((Object1.ObjectType == Name1) && (Object2.ObjectType == Name2))


return true;


else if ((Object1.ObjectType == Name2) && (Object2.ObjectType == Name1))


return true;


else


return false;

}
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Full Code - Breakout
using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Linq;

using System.Text;

using System.Windows.Forms;

using GameEngine;

namespace Breakout

{


public partial class Form1 : Form


{


// Set up a Game World:


GameWorld Game = new GameWorld();


// Set the score:


int PlayerScore = 0;


int PlayerLives = 3;


Random rnd = new Random(System.DateTime.Now.Millisecond);


// Create an enumerated type for left and right, used to know if a key has been pressed:


enum Direction { Left, Right}


bool[] BatMovement = new bool[2] { false, false };


// Create a font to use for the scores:


Font Scores = new Font("Calibri", 28);


bool BallChange = false;


public Form1()


{


InitializeComponent();


SetStyle(ControlStyles.AllPaintingInWmPaint | ControlStyles.OptimizedDoubleBuffer | ControlStyles.ResizeRedraw, true);


// Set up the game - load in the level:


Game.LoadLevel("Levels\\Level1.txt");


// set up the two event handlers - Object and Wall collisions:


Game.ItemObjectCollision += new CollideObject(Game_ItemObjectCollision);


Game.ItemWallCollision += new CollideWall(Game_ItemWallCollision);


}




void Game_ItemWallCollision(ref GameObject Object, WallCollision Wall)


{


// If the ball collides with the wall:


if (Object.ObjectType == "Ball")


{


// Top or side walls, bounce off:


if (Wall == WallCollision.Top)


Object.Speed.Y = -Object.Speed.Y;


else if ((Wall == WallCollision.Left) || (Wall == WallCollision.Right))


Object.Speed.X = -Object.Speed.X;


// Bottom wall - lose a life:


else


{


// See how many balls we have:


int counter = 0;


foreach (GameObject balls in Game.WorldObjects)


{


if (balls.ObjectType == "Ball")


counter++;


}


if (counter == 1)


{


PlayerLives--;


if (PlayerLives == 0)


{


timer1.Enabled = false;


MessageBox.Show("Game Over");


Application.Exit();


}


Object.Location.X = 320 - 8;


Object.Location.Y = 240 - 8;


Object.Speed.Y = -6;


}


else


{


// remove the extra ball:


Object.Remove = true;


}


}


}


else if (Object.ObjectType == "Powerup")


{


// Remove it:


Object.Remove = true;


}


else if (Object.ObjectType == "Player1")


{


// If it is a bat colliding with the wall - stop it from moving:


Object.Speed.X = 0;


// Now set the position to be just off the top of the wall if it hit the top wall:


if (Wall == WallCollision.Left)


{


Object.Location.X = 5;


}


else


{


// Just off the right of the wall if it hit the right wall


Object.Location.X = 640 - (Object.ObjectSize.Width + 5);


}




}


}




void Game_ItemObjectCollision(ref GameObject Object1, ref GameObject Object2)


{


if (ItemsHit(ref Object1, ref Object2, "Player1", "Ball"))


{


// Ball hit bat:


if (Object1.ObjectType == "Ball")


{


// Ball above the bat - bounce it!


if ((Object1.Location.Y Object1.Location.X))


{


Object1.Speed.Y = -Object1.Speed.Y;


Object1.Location.Y = Object2.Location.Y - 20;


}


// Otherwise, just ignore!


}


else


{


// Ball above the bat - bounce it!


if ((Object2.Location.Y Object2.Location.X))


{


Object2.Speed.Y = -Object2.Speed.Y;


Object2.Location.Y = Object1.Location.Y - 20;


}


// Otherwise, just ignore!


}


}


else if (ItemsHit(ref Object1, ref Object2, "Player1", "Powerup"))


{


// Randomly select what the powerup does:


int Value = rnd.Next(0, 5);


// Remove it:


if (Object1.ObjectType == "Powerup")


Object1.Remove = true;


else if (Object2.ObjectType == "Powerup")


Object2.Remove = true;




switch (Value)


{


// Grow Bat:


case 0:


if (Object1.ObjectType == "Player1") Object1.ObjectSize.Width += 10;


else Object2.ObjectSize.Width += 10;


break;


// Shrink Bat:


case 1:


if (Object1.ObjectType == "Player1") Object1.ObjectSize.Width -= 10;


else Object2.ObjectSize.Width -= 10;


break;


// New Ball:


case 2:


GameObject PowerUp = new GameObject("Ball", "Ball",


"320", "240", "0", "-6", "-6", "0", "N");


Game.WorldObjects.Add(PowerUp);


break;


// Extra Life:


case 3:


PlayerLives += 1;


break;


// 1000 points


case 4:


PlayerScore += 1000;


break;


}


}


else if (ItemsHit(ref Object1, ref Object2, "Tile", "Ball"))


{


// Only do this if the ball hasn't already changed direction!


if (BallChange == false)


{


BallChange = true;


Rectangle Ball;


Rectangle Tile;


GameObject BallObject;


GameObject TileObject;


// Ball hit Tile:


if (Object1.ObjectType == "Ball")


{


Ball = new Rectangle(Object1.Location.X + (Object1.ObjectSize.Width / 2), Object1.Location.Y + (Object1.ObjectSize.Height / 2), 1, 1);


Tile = new Rectangle(Object2.Location.X, Object2.Location.Y, Object2.ObjectSize.Width, Object2.ObjectSize.Height);


BallObject = Object1;


TileObject = Object2;


}


else


{


Ball = new Rectangle(Object2.Location.X + (Object2.ObjectSize.Width / 2), Object2.Location.Y + (Object2.ObjectSize.Height / 2), 1, 1);


Tile = new Rectangle(Object1.Location.X, Object1.Location.Y, Object1.ObjectSize.Width, Object1.ObjectSize.Height);


BallObject = Object2;


TileObject = Object1;


}




if (Ball.Y > Tile.Y + Tile.Height)


{


// The ball is under the tile:


BallObject.Speed.Y = 6;


}


else if (Ball.Y Tile.X)


{


// The ball is to the right of the tile


BallObject.Speed.X = 6;


}




// Kill the tile:


TileObject.Remove = true;


// If the tile is a blue bonus tile, release a power-up!


if (TileObject.CurrentObject == "Tile4")


{


GameObject PowerUp = new GameObject("Powerup", "Powerup",


TileObject.Location.X.ToString(), TileObject.Location.Y.ToString(), TileObject.Location.Z.ToString(), "0", "8", "0", "N");


Game.WorldObjects.Add(PowerUp);


}


// Add points:


PlayerScore += 10;


if (Object1.ObjectType == "Ball")


{


Object1 = BallObject;


Object2 = TileObject;


}


else


{


Object2 = BallObject;


Object1 = TileObject;


}


}


}


}




protected bool ItemsHit(ref GameObject Object1, ref GameObject Object2, string Name1, string Name2)


{


// Check both ways around when a collision between two items:


if ((Object1.ObjectType == Name1) && (Object2.ObjectType == Name2))


return true;


else if ((Object1.ObjectType == Name2) && (Object2.ObjectType == Name1))


return true;


else


return false;


}




private void Form1_Paint(object sender, PaintEventArgs e)


{


// Draw the game to the screen:


BallChange = false;


e.Graphics.DrawImage(((Camera)Game.WorldCameras[0]).CameraScreen, 0, 0, this.Width, this.Height);


e.Graphics.DrawString("Score:"+PlayerScore.ToString(), Scores, new SolidBrush(Color.White), new PointF(100, 10));


e.Graphics.DrawString("Lives:"+PlayerLives.ToString(), Scores, new SolidBrush(Color.White), new PointF(this.Width - 150, 10));


}




private void Form1_KeyDown(object sender, KeyEventArgs e)


{


// When you click a key, set the value to true:


switch (e.KeyCode)


{


case Keys.Escape:


Application.Exit();


break;


case Keys.Left:


BatMovement[(int)Direction.Left] = true;


break;


case Keys.Right:


BatMovement[(int)Direction.Right] = true;


break;


}


}




private void Form1_KeyUp(object sender, KeyEventArgs e)


{


// When you let go of a key, set the value to false:


switch (e.KeyCode)


{


case Keys.Left:


BatMovement[(int)Direction.Left] = false;


break;


case Keys.Right:


BatMovement[(int)Direction.Right] = false;


break;


}


}




private void timer1_Tick(object sender, EventArgs e)


{


// main timer - go through all the objects, setting the speed for player 1 / 2:


foreach (GameObject item in Game.WorldObjects)


{


if (item.ObjectType == "Player1")


{


if (BatMovement[(int)Direction.Left] == true)


item.Speed.X = -15;


else if (BatMovement[(int)Direction.Right] == true)


item.Speed.X = 15;


else


item.Speed.X = 0;


}


}


// Move on to the next frame of animation:


Game.AnimateItems();


// Move the items:


Game.MoveItems();


// Check for collisions:


Game.CheckCollisions();


// Draw:


Game.Frame();


// and Refresh the screen:


this.Refresh();


}


}

}





Part Three - The Scanline Algorithm
	Building a Scanline Algorithm


Building a Scanline Algorithm
The scan line algorithm is a way of making a 2D game look like a 3D first person game - the engine used by programs like "Doom". This was just a 2 day experiment and isn't a total success, but I bought I would include this here as a quick example of what is possible. I will revisit this later because I don't allow for the camera lens stopping lines from being straight, which is actually simple to solve but I've not yet got round to recoding it, so I am supplying the code as is!



There are two projects in my solution - the scan line engine and the program. The program loads in a bitmap graphic as the level, with white as the clear space and any other colour appears as a wall!


MainCamera.cs
Object.cs



B

public class Level



{



public Size LevelSize;



public int[,] WallMap;



public Color[] ColourMap;



///



/// Set up a new level:



///



/// Width of the Level File



/// Height of the Level File



/// Colours to use for the level file walls



public Level(int Width, int Height, Color[] WallColours)



{



LevelSize = new Size(Width, Height);



WallMap = new int[Width, Height];



ColourMap = WallColours;



}







///



/// Set up a new Level using a bitmap image - White = No wall, all other pixels are set to the wall colours:



///



/// The filename for the level file



public Level(Bitmap LevelImage)



{



// Version 2 - this version has been optimised so that the wall map is set up at the same time as the colour map, a 50% time saving



// in loading the level.



WallMap = new int[LevelImage.Width, LevelImage.Height];



LevelSize = new Size(LevelImage.Width, LevelImage.Height);



// We need to build the colour map:



Hashtable Colours = new Hashtable();



Point Position = new Point(0, 0);



// Make a list of all the colours:



Color TestColour;



int counter = 1;



while (Position.Y < LevelImage.Height)



{



while (Position.X < LevelImage.Width)



{



TestColour = LevelImage.GetPixel(Position.X, Position.Y);



if (TestColour != Color.FromArgb(255, 255, 255))



{



// Add it into the wall map, and reference the colour into the colour map



if (Colours.ContainsKey(TestColour.R.ToString() + "," + TestColour.G.ToString() + "," + TestColour.B.ToString()) == false)



{



Colours.Add(TestColour.R.ToString() + "," + TestColour.G.ToString() + "," + TestColour.B.ToString(), counter);



WallMap[Position.X, Position.Y] = counter;



counter++;



}



else



WallMap[Position.X, Position.Y] = (int)Colours[TestColour.R.ToString() + "," + TestColour.G.ToString() + "," + TestColour.B.ToString()];



}



Position.X++;



}



Position.X = 0;



Position.Y++;



}



// Build the Colour Map:



ColourMap = new Color[Colours.Count];



counter = 0;



char[] splitter = new char[1] { ',' };



string[] ColourItems;



foreach (DictionaryEntry entry in Colours)



{



ColourItems = entry.Key.ToString().Split(splitter);



ColourMap[Convert.ToInt32(entry.Value) - 1] = Color.FromArgb(Convert.ToInt32(ColourItems[0]), Convert.ToInt32(ColourItems[1]), Convert.ToInt32(ColourItems[2]));



}



}







public void SetMapSquare(Point Location, int Value)



{



// Set a specific map square to a colour:



WallMap[Location.X, Location.Y] = Value;



}



}







///



/// This is a virtual camera object, which can create a view on the level based on its current location and direction.



///



public class VirtualCamera



{



public double ViewingAngle = 300;



public double FocalLength = 400;



public int ViewingDistance = 400;



public DoublePoint CameraPosition = new DoublePoint();



DoublePoint LeftScreenCorner = new DoublePoint();



DoublePoint RightScreenCorner = new DoublePoint();



DoublePoint FocalPoint = new DoublePoint();



public int HalfPhysicalSize = 320;



Point ScreenResolution;



double ScalingFactor;



MathCalculations Calc = new MathCalculations();



int StartRes = 0;



double DarknessDistanceLevel = 0;



Rectangle BoundingRectangle;



public bool[] CurrentMovement = new bool[4] { false, false, false, false };







public VirtualCamera(int PhysicalCameraWidth, Point screenResolution, int viewingDistance, double focalLength, double viewingAngle, DoublePoint cameraPosition, double darknessDistanceLevel)



{



// Set up the camera, ready for use:



ViewingAngle = viewingAngle;



FocalLength = focalLength;



ViewingDistance = viewingDistance;



HalfPhysicalSize = PhysicalCameraWidth/2;



ScreenResolution = screenResolution;



CameraPosition = cameraPosition;



DarknessDistanceLevel = darknessDistanceLevel;



UpdateCamera();



}







public bool UpdateCamera()



{



// Set up the locations for the left and right of the screen, and the focal point:



int Adjacent = Convert.ToInt32(Calc.GetAdjacent(Calc.DegToRad(ViewingAngle), HalfPhysicalSize));



int Opposite = Convert.ToInt32(Calc.GetOpposite(Calc.DegToRad(ViewingAngle), HalfPhysicalSize));



LeftScreenCorner = new DoublePoint(



CameraPosition.X - Adjacent,



CameraPosition.Y - Opposite



);



RightScreenCorner = new DoublePoint(



CameraPosition.X + Adjacent,



CameraPosition.Y + Opposite



);



FocalPoint = new DoublePoint(



CameraPosition.X - Convert.ToInt32(Calc.GetAdjacent(Calc.DegToRad(90 - ViewingAngle), FocalLength)),



CameraPosition.Y + Convert.ToInt32(Calc.GetOpposite(Calc.DegToRad(90 - ViewingAngle), FocalLength)));



ScalingFactor = Convert.ToDouble(HalfPhysicalSize) / Convert.ToDouble(ScreenResolution.X/2);



StartRes = ScreenResolution.X / 2;



BoundingRectangle = new Rectangle(Convert.ToInt32(CameraPosition.X-HalfPhysicalSize), Convert.ToInt32(CameraPosition.Y-HalfPhysicalSize), Convert.ToInt32(HalfPhysicalSize * 2), Convert.ToInt32(HalfPhysicalSize * 2));



if ((LeftScreenCorner.X < 0) || (RightScreenCorner.X < 0) || (LeftScreenCorner.Y < 0) || (RightScreenCorner.Y < 0))



{



return false;



}



return true;



}







public void DrawObject()



{



// Object sizes are scaled to the environment in pixels







}







public void DrawCamera(ref Graphics gfx)



{



Pen linePen = new Pen(new SolidBrush(Color.Purple),1);



gfx.DrawLine(linePen, LeftScreenCorner.ToPoint(), RightScreenCorner.ToPoint());



gfx.DrawLine(linePen, LeftScreenCorner.ToPoint(), FocalPoint.ToPoint());



gfx.DrawLine(linePen, RightScreenCorner.ToPoint(), FocalPoint.ToPoint());



gfx.DrawRectangle(linePen, BoundingRectangle);



}







public void DrawView(ref Graphics gfx, ref Level level)



{



if (CurrentMovement[0])



MoveForward(ref level);



if (CurrentMovement[1])



RotateRight();



if (CurrentMovement[2])



MoveBack(ref level);



if (CurrentMovement[3])



RotateLeft();



ScanLine(FocalPoint, CameraPosition, LeftScreenCorner, ref gfx, true, ref level);



ScanLine(FocalPoint, CameraPosition, RightScreenCorner, ref gfx, false, ref level);



}







public void DebugDrawScanlineView(ref Graphics gfx, ref Level level)



{



//DebugScanLine(FocalPoint, CameraPosition, LeftScreenCorner, ref gfx, true, ref level);



DebugScanLine(FocalPoint, CameraPosition, RightScreenCorner, ref gfx, false, ref level);



}







private void DebugCheckAndDraw(DoublePoint Current, ref Level level, bool MovingLeft, ref LocationPoint Pixel, int counter, ref Graphics gfx)



{



Pen Wall = new Pen(new SolidBrush(Color.Blue), 1);



Pixel = DebugCheckLine(Calc.GetRatioIncrement(FocalPoint, Current), Current, ref level, ref gfx);



if (Pixel.Distance > -1)



{



// EXPERIMENT - Find the hypotenuse between the Current screen point and the map pixel



// and use that as the distance?



//Pixel.Distance = Convert.ToInt32(Calc.GetHypotenuse(Calc.GetAngle(Math.Abs(Current.X - Pixel.Location.X), Math.Abs(Current.Y - Pixel.Location.Y)), Math.Abs(Current.X - Pixel.Location.X)));



// we Found a wall!



gfx.DrawLine(



Wall,



Pixel.Location,



new Point(Pixel.Location.X+1,Pixel.Location.Y));



}



}







private void DebugScanLine(DoublePoint FocalPoint, DoublePoint Position, DoublePoint EndPoint, ref Graphics gfx, bool MovingLeft, ref Level level)



{



// We are going to move from the mid point to the end point of the screen (Left or right, depending on whether MovingLeft is true or not)



DoublePoint Move = Calc.GetRatioIncrement(Position, EndPoint);



Move.X = Move.X * ScalingFactor;



Move.Y = Move.Y * ScalingFactor;



DoublePoint Current;



Current.X = Position.X;



Current.Y = Position.Y;



LocationPoint Pixel = new LocationPoint();



int counter = 0;



// Test to see if either has met the criteria



// while (((Current.X >= EndPoint.X) == false) || ((Current.Y >= EndPoint.Y) == false))



while(counter < StartRes)



{



// First of all, we need to see if we can hit a wall:



DebugCheckAndDraw(Current, ref level, MovingLeft, ref Pixel, counter, ref gfx);



// If a wall was hit, it will have been drawn at the correct height



// Move on:



Current.X += Move.X;



Current.Y += Move.Y;



// If we reach one of the extremes of the boundary



if ((Current.X <= 0) || (Current.Y <= 0) || (Current.X >= level.LevelSize.Width - 1) || (Current.Y >= level.LevelSize.Height - 1))



{



Current.X = EndPoint.X;



Current.Y = EndPoint.Y;



}



counter++;



}



}







private int NoNegative(int Value)



{



if (Value < 0)



return 0;



else



return Value;



}







private Color BuildColour(Color Original, int Distance)



{



int Value = Convert.ToInt32((DarknessDistanceLevel*Distance)/4.0);



return Color.FromArgb(NoNegative(Original.R-Value), NoNegative(Original.G-Value), NoNegative(Original.B-Value));



}







public bool BoundaryDetect(ref Level lev)



{



// Use the boundary rectangle to check not going through a wall:



Point Current = new Point(BoundingRectangle.X, BoundingRectangle.Y);



while (Current.Y < BoundingRectangle.Y + BoundingRectangle.Height)



{



while (Current.X < BoundingRectangle.X + BoundingRectangle.Width)



{



if (lev.WallMap[Current.X, Current.Y] != 0)



return true;



Current.X++;



}



Current.X = BoundingRectangle.X;



Current.Y++;



}



return false;



}







private void CheckAndDraw(DoublePoint Current, ref Level level, bool MovingLeft, ref LocationPoint Pixel, int counter, ref Graphics gfx)



{



Pixel = CheckLine(Calc.GetRatioIncrement(FocalPoint, Current), Current, ref level);



if (Pixel.Distance > -1)



{



// we Found a wall!







// Get the angle the wall makes with the camera for height:



double VerticalAngle = Calc.GetAngle(ScreenResolution.Y / 2, FocalLength + Pixel.Distance);



//double VerticalAngle = Calc.GetAngle(ScreenResolution.Y , FocalLength + Pixel.Distance);



double ActualPhysicalHeight = Calc.GetOpposite(Calc.GetAngle(ScreenResolution.Y / 2, FocalLength), FocalLength);



//double ActualPhysicalHeight = Calc.GetOpposite(Calc.GetAngle(ScreenResolution.Y , FocalLength), FocalLength);







// Get the height of the wall therefore on the screen:



double OnScreenHeight = (Convert.ToDouble(ScreenResolution.Y / 2)/ActualPhysicalHeight)* Calc.GetOpposite(VerticalAngle, FocalLength);



// The line has to be drawn from the middle







//if ((Pixel.Distance) < (ScreenResolution.Y - (Pixel.Distance)))



//{



if (MovingLeft)



{



// to the left of the centre point:







gfx.DrawLine(



new Pen(new SolidBrush(BuildColour(level.ColourMap[level.WallMap[Pixel.Location.X, Pixel.Location.Y] - 1],Pixel.Distance)), 1),



new Point(



StartRes - counter,



Convert.ToInt32((ScreenResolution.Y/2)-OnScreenHeight)),



new Point(



StartRes - counter,



ScreenResolution.Y - (Convert.ToInt32((ScreenResolution.Y / 2) - OnScreenHeight))));



}



else



gfx.DrawLine(



new Pen(new SolidBrush(BuildColour(level.ColourMap[level.WallMap[Pixel.Location.X, Pixel.Location.Y] - 1], Pixel.Distance)), 1),



new Point(



StartRes + counter,



Convert.ToInt32((ScreenResolution.Y / 2) - OnScreenHeight)),



new Point(



StartRes + counter,



ScreenResolution.Y - (Convert.ToInt32((ScreenResolution.Y / 2) - OnScreenHeight))));



//}



}



}







private void ScanLine(DoublePoint FocalPoint, DoublePoint Position, DoublePoint EndPoint, ref Graphics gfx, bool MovingLeft, ref Level level)



{



// We are going to move from the mid point to the end point of the screen (Left or right, depending on whether MovingLeft is true or not)



DoublePoint Move = Calc.GetRatioIncrement(Position, EndPoint);



Move.X = Move.X * ScalingFactor;



Move.Y = Move.Y * ScalingFactor;



DoublePoint Current;



Current.X = Position.X;



Current.Y = Position.Y;



LocationPoint Pixel = new LocationPoint();



int counter = 0;



// Test to see if either has met the criteria



//while (((Current.X >= EndPoint.X) == false) || ((Current.Y >= EndPoint.Y)==false))



while (counter < StartRes)



{



// First of all, we need to see if we can hit a wall:



CheckAndDraw(Current, ref level, MovingLeft, ref Pixel, counter, ref gfx);



// If a wall was hit, it will have been drawn at the correct height



// Move on:



Current.X += Move.X;



Current.Y += Move.Y;



// If we reach one of the extremes of the boundary



if ((Current.X <= 0) || (Current.Y <= 0) || (Current.X >= level.LevelSize.Width - 1) || (Current.Y >= level.LevelSize.Height - 1))



{



Current.X = EndPoint.X;



Current.Y = EndPoint.Y;



}



counter++;



}



}







private LocationPoint CheckLine(DoublePoint Move, DoublePoint Position, ref Level level)



{



// This fires a ray out from the screen in the right direction, only stopping when we reach the viewing distance, the edge of the map



// or a Wall. It also needs to check for objects in the environment:



LocationPoint pointer = new LocationPoint();



int counter = 0;



DoublePoint Current;



Current.X = Position.X;



Current.Y = Position.Y;



bool overEdge = false;



// Until we reach the edge of the map or complete our viewing distance:



while ((counter < ViewingDistance) && (overEdge == false))



{



if ((Current.X <= 0) || (Current.Y <= 0) || (Current.X >= level.LevelSize.Width - 1) || (Current.Y >= level.LevelSize.Height - 1))



{



overEdge = true;



}



else



{



// Check the level map - is there a wall to draw at this distance?



if (level.WallMap[Current.ToPoint().X, Current.ToPoint().Y] != 0)



{



// There is - stop there and tell the program to draw the wall! Get the pixel on the map and the distance we are seeing it at:



pointer.Location.X = Current.ToPoint().X;



pointer.Location.Y = Current.ToPoint().Y;



pointer.Distance = counter;



return pointer;



}



// Haven't found a wall - move on:



Current.X += Move.X;



Current.Y += Move.Y;



}



// Increase our distance counter



counter++;



}



// Didn't find any walls - tell the scanline program as such!



pointer.Distance = -1;



return pointer;



}







private LocationPoint DebugCheckLine(DoublePoint Move, DoublePoint Position, ref Level level, ref Graphics gfx)



{



// This fires a ray out from the screen in the right direction, only stopping when we reach the viewing distance, the edge of the map



// or a Wall:



Pen Wall = new Pen(new SolidBrush(Color.Orange), 1);



LocationPoint pointer = new LocationPoint();



int counter = 0;



DoublePoint Current;



Current.X = Position.X;



Current.Y = Position.Y;



bool overEdge = false;



// Until we reach the edge of the map or complete our viewing distance:



while ((counter < ViewingDistance) && (overEdge == false))



{



gfx.DrawLine(



Wall,



Current.ToPoint(),



new Point(Current.ToPoint().X + 1, Current.ToPoint().Y));



// Check the level map - is there a wall to draw at this distance?



if (level.WallMap[Current.ToPoint().X, Current.ToPoint().Y] != 0)



{



// There is - stop there and tell the program to draw the wall! Get the pixel on the map and the distance we are seeing it at:



pointer.Location.X = Current.ToPoint().X;



pointer.Location.Y = Current.ToPoint().Y;



pointer.Distance = counter;



return pointer;



}



// Haven't found a wall - move on:



Current.X += Move.X;



Current.Y += Move.Y;



// Check we haven't gone over the edge of the map:



if ((Current.X <= 0) || (Current.Y <= 0) || (Current.X >= level.LevelSize.Width - 1) || (Current.Y >= level.LevelSize.Height - 1))



{



overEdge = true;



}



// Increase our distance counter



counter++;



}



// Didn't find any walls - tell the scanline program as such!



pointer.Distance = -1;



return pointer;



}







public void RotateRight()



{



ViewingAngle+=15;



if (ViewingAngle >= 360)



ViewingAngle = ViewingAngle-360;



if (UpdateCamera() == false)



{



RotateLeft();



}



}







public void RotateLeft()



{



ViewingAngle-=15;



if (ViewingAngle <= -1)



ViewingAngle = 360+ViewingAngle;



if (UpdateCamera() == false)



{



RotateRight();



}



}







public void MoveForward(ref Level lev)



{



DoublePoint Move = Calc.GetRatioIncrement(FocalPoint, CameraPosition);



CameraPosition.X += (Move.X*20);



CameraPosition.Y += (Move.Y*20);



if (UpdateCamera() == false)



{



CameraPosition.X -= (Move.X * 20);



CameraPosition.Y -= (Move.Y * 20);



}



if (BoundaryDetect(ref lev) == true)



{



CameraPosition.X -= (Move.X * 20);



CameraPosition.Y -= (Move.Y * 20);



UpdateCamera();



}



}







public void MoveBack(ref Level lev)



{



// Move camera "Backward"



DoublePoint Move = Calc.GetRatioIncrement(FocalPoint, CameraPosition);



CameraPosition.X -= (Move.X*20);



CameraPosition.Y -= (Move.Y*20);



if (UpdateCamera() == false)



{



CameraPosition.X += (Move.X * 20);



CameraPosition.Y += (Move.Y * 20);



}



if (BoundaryDetect(ref lev) == true)



{



CameraPosition.X += (Move.X * 20);



CameraPosition.Y += (Move.Y * 20);



UpdateCamera();



}



}







}



}











Form2.cs



using System;



using System.Collections.Generic;



using System.ComponentModel;



using System.Data;



using System.Drawing;



using System.Linq;



using System.Text;



using System.Windows.Forms;



using ScanLineEngine;



namespace ScanLine



{



public partial class Form2 : Form



{



Level lev = new Level(new Bitmap("LevelMap.png"));



Bitmap Character = new Bitmap("Imp.png");



//VirtualCamera Camera = new VirtualCamera(56, new Point(640,480), 1000, 300, 0, new DoublePoint(200, 200), 0.75);



VirtualCamera Camera = new VirtualCamera(56, new Point(640, 480), 1000, 300, 0, new DoublePoint(200, 200), 2);



Bitmap Screen = new Bitmap(640, 480);



Graphics gfx;



bool Map = false;



public Form2()



{



//41 57



InitializeComponent();



gfx = Graphics.FromImage(Screen);



Character.MakeTransparent(Color.Black);



SetStyle(ControlStyles.OptimizedDoubleBuffer | ControlStyles.AllPaintingInWmPaint | ControlStyles.ResizeRedraw, true);



Camera.DrawView(ref gfx, ref lev);







}







private void Form2_Paint(object sender, PaintEventArgs e)



{



if (Map == false)



e.Graphics.DrawImage(Screen, new Rectangle(0, 0, this.Width, this.Height));



else



{



Bitmap temp = new Bitmap("LevelMap.png");



Graphics gf = Graphics.FromImage(temp);



Camera.DrawCamera(ref gf);



Camera.DebugDrawScanlineView(ref gf, ref lev);



e.Graphics.DrawImage(temp, new Rectangle(0, 0, this.Width, this.Height));







}



}







private void timer1_Tick(object sender, EventArgs e)



{



//System.Diagnostics.Stopwatch watch = new System.Diagnostics.Stopwatch();



//watch.Start();



gfx.Clear(Color.DodgerBlue);



gfx.FillRectangle(new SolidBrush(Color.DimGray), new Rectangle(0, Screen.Height/2, Screen.Width, Screen.Height/2));



Camera.DrawView(ref gfx, ref lev);



//watch.Stop();



//timer1.Enabled = false;



//MessageBox.Show(Convert.ToString(watch.ElapsedMilliseconds));



// gfx.DrawImage(Character, new Rectangle(115, 60, 410, 570), new Rectangle(0,0,41,57), GraphicsUnit.Pixel);



this.Refresh();



}







private void Form2_KeyPress(object sender, KeyPressEventArgs e)



{







}







private void Form2_KeyDown(object sender, KeyEventArgs e)



{



if (e.KeyCode == Keys.Escape)



{



this.Close();



}



if (e.KeyCode == Keys.Return)



{



// show stats:



MessageBox.Show(



"Focal Length: "+Camera.FocalLength+"\r\n"+



"Physical Size: "+(Camera.HalfPhysicalSize*2)+"\r\n"+



"Current Angle: " + Camera.ViewingAngle.ToString() + "\r\n" +



"Position: X:" + Camera.CameraPosition.X + " Y:" + Camera.CameraPosition.Y



);



}



if (e.KeyCode == Keys.O)



{



Camera.FocalLength--;



Camera.UpdateCamera();



}



if (e.KeyCode == Keys.P)



{



Camera.FocalLength++;



Camera.UpdateCamera();



}



if (e.KeyCode == Keys.K)



{



Camera.HalfPhysicalSize--;



Camera.UpdateCamera();



}



if (e.KeyCode == Keys.L)



{



Camera.HalfPhysicalSize++;



Camera.UpdateCamera();



}



if (e.KeyCode == Keys.A)



{



//Camera.CurrentMovement[3] = true;



Camera.RotateLeft();



}



if (e.KeyCode == Keys.D)



{



//Camera.CurrentMovement[1] = true;



Camera.RotateRight();



}



if (e.KeyCode == Keys.W)



{



//Camera.CurrentMovement[0] = true;



Camera.MoveForward(ref lev);



}



if (e.KeyCode == Keys.S)



{



//Camera.CurrentMovement[2] = true;



Camera.MoveBack(ref lev);



}







if (e.KeyCode == Keys.M)



{



Map = !Map;



}



}







private void Form2_KeyUp(object sender, KeyEventArgs e)



{



if (e.KeyCode == Keys.A)



{



Camera.CurrentMovement[3] = false;



}



if (e.KeyCode == Keys.D)



{



Camera.CurrentMovement[1] = false;



}



if (e.KeyCode == Keys.W)



{



Camera.CurrentMovement[0] = false;



}



if (e.KeyCode == Keys.S)



{



Camera.CurrentMovement[2] = false;



}



}



}



}









Postscript
	Building A Better Engine


Building A Better Engine
The engine that has been described here is was designed for students to be able to understand and program, to give them a start point into what goes into game engine creation. It is by no means a good, flexible engine, but it works well enough to create some interesting games. Hopefully you have found this book useful, and it will act as the start point to a project of your own. I am constantly looking to improve the work that I do, and the game engine is no exception to this. Currently as I write this final chapter, I am starting the process of creating a totally different game engine, a scripting engine, which adds flexibility to the engine while making it even easier to develop tools for. If you have any comments or queries about this book, I can be reached at 
clewis@grantham.ac.uk and would be happy to discuss game engines with you!



Thanks for reading!




Chris Lewis.
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resources/LaTeXMathML.js

var checkForMathML = true;   // check if browser can display MathML
var notifyIfNoMathML = true; // display note if no MathML capability
var alertIfNoMathML = false;  // show alert box if no MathML capability
// was "red":
var mathcolor = "";	     // change it to "" (to inherit) or any other color
// was "serif":
var mathfontfamily = "";      // change to "" to inherit (works in IE)
                              // or another family (e.g. "arial")
var showasciiformulaonhover = true; // helps students learn ASCIIMath
/*
// Commented out by DRW -- not now used -- see DELIMITERS (twice) near the end
var displaystyle = false;     // puts limits above and below large operators
var decimalsign = ".";        // change to "," if you like, beware of `(1,2)`!
var AMdelimiter1 = "`", AMescape1 = "\\\\`"; // can use other characters
var AMdelimiter2 = "$", AMescape2 = "\\\\\\$", AMdelimiter2regexp = "\\$";
var doubleblankmathdelimiter = false; // if true,  x+1  is equal to `x+1`
                                      // for IE this works only in <!--   -->
//var separatetokens;// has been removed (email me if this is a problem)
*/
var isIE = document.createElementNS==null;

if (document.getElementById==null)
  alert("This webpage requires a recent browser such as\
\nMozilla/Netscape 7+ or Internet Explorer 6+MathPlayer")

// all further global variables start with "AM"

function AMcreateElementXHTML(t) {
  if (isIE) return document.createElement(t);
  else return document.createElementNS("http://www.w3.org/1999/xhtml",t);
}

function AMnoMathMLNote() {
  var nd = AMcreateElementXHTML("h3");
  nd.setAttribute("align","center")
  nd.appendChild(AMcreateElementXHTML("p"));
  nd.appendChild(document.createTextNode("To view the "));
  var an = AMcreateElementXHTML("a");
  an.appendChild(document.createTextNode("LaTeXMathML"));
  an.setAttribute("href","http://www.maths.nott.ac.uk/personal/drw/lm.html");
  nd.appendChild(an);
  nd.appendChild(document.createTextNode(" notation use Internet Explorer 6+")); 
  an = AMcreateElementXHTML("a");
  an.appendChild(document.createTextNode("MathPlayer"));
  an.setAttribute("href","http://www.dessci.com/en/products/mathplayer/download.htm");
  nd.appendChild(an);
  nd.appendChild(document.createTextNode(" or Netscape/Mozilla/Firefox"));
  nd.appendChild(AMcreateElementXHTML("p"));
  return nd;
}

function AMisMathMLavailable() {
  if (navigator.appName.slice(0,8)=="Netscape")
    if (navigator.appVersion.slice(0,1)>="5") return null;
    else return AMnoMathMLNote();
  else if (navigator.appName.slice(0,9)=="Microsoft")
    try {
        var ActiveX = new ActiveXObject("MathPlayer.Factory.1");
        return null;
    } catch (e) {
        return AMnoMathMLNote();
    }
  else return AMnoMathMLNote();
}

// character lists for Mozilla/Netscape fonts
var AMcal = [0xEF35,0x212C,0xEF36,0xEF37,0x2130,0x2131,0xEF38,0x210B,0x2110,0xEF39,0xEF3A,0x2112,0x2133,0xEF3B,0xEF3C,0xEF3D,0xEF3E,0x211B,0xEF3F,0xEF40,0xEF41,0xEF42,0xEF43,0xEF44,0xEF45,0xEF46];
var AMfrk = [0xEF5D,0xEF5E,0x212D,0xEF5F,0xEF60,0xEF61,0xEF62,0x210C,0x2111,0xEF63,0xEF64,0xEF65,0xEF66,0xEF67,0xEF68,0xEF69,0xEF6A,0x211C,0xEF6B,0xEF6C,0xEF6D,0xEF6E,0xEF6F,0xEF70,0xEF71,0x2128];
var AMbbb = [0xEF8C,0xEF8D,0x2102,0xEF8E,0xEF8F,0xEF90,0xEF91,0x210D,0xEF92,0xEF93,0xEF94,0xEF95,0xEF96,0x2115,0xEF97,0x2119,0x211A,0x211D,0xEF98,0xEF99,0xEF9A,0xEF9B,0xEF9C,0xEF9D,0xEF9E,0x2124];

var CONST = 0, UNARY = 1, BINARY = 2, INFIX = 3, LEFTBRACKET = 4,
    RIGHTBRACKET = 5, SPACE = 6, UNDEROVER = 7, DEFINITION = 8,
    TEXT = 9, BIG = 10, LONG = 11, STRETCHY = 12, MATRIX = 13; // token types

var AMsqrt = {input:"\\sqrt",	tag:"msqrt", output:"sqrt",	ttype:UNARY},
  AMroot = {input:"\\root",	tag:"mroot", output:"root",	ttype:BINARY},
  AMfrac = {input:"\\frac",	tag:"mfrac", output:"/",	ttype:BINARY},
  AMover = {input:"\\stackrel", tag:"mover", output:"stackrel", ttype:BINARY},
  AMatop = {input:"\\atop",	tag:"mfrac", output:"",		ttype:INFIX},
  AMchoose = {input:"\\choose", tag:"mfrac", output:"",		ttype:INFIX},
  AMsub  = {input:"_",		tag:"msub",  output:"_",	ttype:INFIX},
  AMsup  = {input:"^",		tag:"msup",  output:"^",	ttype:INFIX},
  AMtext = {input:"\\mathrm",	tag:"mtext", output:"text",	ttype:TEXT},
  AMmbox = {input:"\\mbox",	tag:"mtext", output:"mbox",	ttype:TEXT};

// Commented out by DRW to prevent 1/2 turning into a 2-line fraction
// AMdiv   = {input:"/",	 tag:"mfrac", output:"/",    ttype:INFIX},
// Commented out by DRW so that " prints literally in equations
// AMquote = {input:"\"",	 tag:"mtext", output:"mbox", ttype:TEXT};

var AMsymbols = [
//Greek letters
{input:"\\alpha",	tag:"mi", output:"\u03B1", ttype:CONST},
{input:"\\beta",	tag:"mi", output:"\u03B2", ttype:CONST},
{input:"\\gamma",	tag:"mi", output:"\u03B3", ttype:CONST},
{input:"\\delta",	tag:"mi", output:"\u03B4", ttype:CONST},
{input:"\\epsilon",	tag:"mi", output:"\u03B5", ttype:CONST},
{input:"\\varepsilon",  tag:"mi", output:"\u025B", ttype:CONST},
{input:"\\zeta",	tag:"mi", output:"\u03B6", ttype:CONST},
{input:"\\eta",		tag:"mi", output:"\u03B7", ttype:CONST},
{input:"\\theta",	tag:"mi", output:"\u03B8", ttype:CONST},
{input:"\\vartheta",	tag:"mi", output:"\u03D1", ttype:CONST},
{input:"\\iota",	tag:"mi", output:"\u03B9", ttype:CONST},
{input:"\\kappa",	tag:"mi", output:"\u03BA", ttype:CONST},
{input:"\\lambda",	tag:"mi", output:"\u03BB", ttype:CONST},
{input:"\\mu",		tag:"mi", output:"\u03BC", ttype:CONST},
{input:"\\nu",		tag:"mi", output:"\u03BD", ttype:CONST},
{input:"\\xi",		tag:"mi", output:"\u03BE", ttype:CONST},
{input:"\\pi",		tag:"mi", output:"\u03C0", ttype:CONST},
{input:"\\varpi",	tag:"mi", output:"\u03D6", ttype:CONST},
{input:"\\rho",		tag:"mi", output:"\u03C1", ttype:CONST},
{input:"\\varrho",	tag:"mi", output:"\u03F1", ttype:CONST},
{input:"\\varsigma",	tag:"mi", output:"\u03C2", ttype:CONST},
{input:"\\sigma",	tag:"mi", output:"\u03C3", ttype:CONST},
{input:"\\tau",		tag:"mi", output:"\u03C4", ttype:CONST},
{input:"\\upsilon",	tag:"mi", output:"\u03C5", ttype:CONST},
{input:"\\phi",		tag:"mi", output:"\u03C6", ttype:CONST},
{input:"\\varphi",	tag:"mi", output:"\u03D5", ttype:CONST},
{input:"\\chi",		tag:"mi", output:"\u03C7", ttype:CONST},
{input:"\\psi",		tag:"mi", output:"\u03C8", ttype:CONST},
{input:"\\omega",	tag:"mi", output:"\u03C9", ttype:CONST},
{input:"\\Gamma",	tag:"mo", output:"\u0393", ttype:CONST},
{input:"\\Delta",	tag:"mo", output:"\u0394", ttype:CONST},
{input:"\\Theta",	tag:"mo", output:"\u0398", ttype:CONST},
{input:"\\Lambda",	tag:"mo", output:"\u039B", ttype:CONST},
{input:"\\Xi",		tag:"mo", output:"\u039E", ttype:CONST},
{input:"\\Pi",		tag:"mo", output:"\u03A0", ttype:CONST},
{input:"\\Sigma",	tag:"mo", output:"\u03A3", ttype:CONST},
{input:"\\Upsilon",	tag:"mo", output:"\u03A5", ttype:CONST},
{input:"\\Phi",		tag:"mo", output:"\u03A6", ttype:CONST},
{input:"\\Psi",		tag:"mo", output:"\u03A8", ttype:CONST},
{input:"\\Omega",	tag:"mo", output:"\u03A9", ttype:CONST},

//fractions
{input:"\\frac12",	tag:"mo", output:"\u00BD", ttype:CONST},
{input:"\\frac14",	tag:"mo", output:"\u00BC", ttype:CONST},
{input:"\\frac34",	tag:"mo", output:"\u00BE", ttype:CONST},
{input:"\\frac13",	tag:"mo", output:"\u2153", ttype:CONST},
{input:"\\frac23",	tag:"mo", output:"\u2154", ttype:CONST},
{input:"\\frac15",	tag:"mo", output:"\u2155", ttype:CONST},
{input:"\\frac25",	tag:"mo", output:"\u2156", ttype:CONST},
{input:"\\frac35",	tag:"mo", output:"\u2157", ttype:CONST},
{input:"\\frac45",	tag:"mo", output:"\u2158", ttype:CONST},
{input:"\\frac16",	tag:"mo", output:"\u2159", ttype:CONST},
{input:"\\frac56",	tag:"mo", output:"\u215A", ttype:CONST},
{input:"\\frac18",	tag:"mo", output:"\u215B", ttype:CONST},
{input:"\\frac38",	tag:"mo", output:"\u215C", ttype:CONST},
{input:"\\frac58",	tag:"mo", output:"\u215D", ttype:CONST},
{input:"\\frac78",	tag:"mo", output:"\u215E", ttype:CONST},

//binary operation symbols
{input:"\\pm",		tag:"mo", output:"\u00B1", ttype:CONST},
{input:"\\mp",		tag:"mo", output:"\u2213", ttype:CONST},
{input:"\\triangleleft",tag:"mo", output:"\u22B2", ttype:CONST},
{input:"\\triangleright",tag:"mo",output:"\u22B3", ttype:CONST},
{input:"\\cdot",	tag:"mo", output:"\u22C5", ttype:CONST},
{input:"\\star",	tag:"mo", output:"\u22C6", ttype:CONST},
{input:"\\ast",		tag:"mo", output:"\u002A", ttype:CONST},
{input:"\\times",	tag:"mo", output:"\u00D7", ttype:CONST},
{input:"\\div",		tag:"mo", output:"\u00F7", ttype:CONST},
{input:"\\circ",	tag:"mo", output:"\u2218", ttype:CONST},
//{input:"\\bullet",	  tag:"mo", output:"\u2219", ttype:CONST},
{input:"\\bullet",	tag:"mo", output:"\u2022", ttype:CONST},
{input:"\\oplus",	tag:"mo", output:"\u2295", ttype:CONST},
{input:"\\ominus",	tag:"mo", output:"\u2296", ttype:CONST},
{input:"\\otimes",	tag:"mo", output:"\u2297", ttype:CONST},
{input:"\\bigcirc",	tag:"mo", output:"\u25CB", ttype:CONST},
{input:"\\oslash",	tag:"mo", output:"\u2298", ttype:CONST},
{input:"\\odot",	tag:"mo", output:"\u2299", ttype:CONST},
{input:"\\land",	tag:"mo", output:"\u2227", ttype:CONST},
{input:"\\wedge",	tag:"mo", output:"\u2227", ttype:CONST},
{input:"\\lor",		tag:"mo", output:"\u2228", ttype:CONST},
{input:"\\vee",		tag:"mo", output:"\u2228", ttype:CONST},
{input:"\\cap",		tag:"mo", output:"\u2229", ttype:CONST},
{input:"\\cup",		tag:"mo", output:"\u222A", ttype:CONST},
{input:"\\sqcap",	tag:"mo", output:"\u2293", ttype:CONST},
{input:"\\sqcup",	tag:"mo", output:"\u2294", ttype:CONST},
{input:"\\uplus",	tag:"mo", output:"\u228E", ttype:CONST},
{input:"\\amalg",	tag:"mo", output:"\u2210", ttype:CONST},
{input:"\\bigtriangleup",tag:"mo",output:"\u25B3", ttype:CONST},
{input:"\\bigtriangledown",tag:"mo",output:"\u25BD", ttype:CONST},
{input:"\\dag",		tag:"mo", output:"\u2020", ttype:CONST},
{input:"\\dagger",	tag:"mo", output:"\u2020", ttype:CONST},
{input:"\\ddag",	tag:"mo", output:"\u2021", ttype:CONST},
{input:"\\ddagger",	tag:"mo", output:"\u2021", ttype:CONST},
{input:"\\lhd",		tag:"mo", output:"\u22B2", ttype:CONST},
{input:"\\rhd",		tag:"mo", output:"\u22B3", ttype:CONST},
{input:"\\unlhd",	tag:"mo", output:"\u22B4", ttype:CONST},
{input:"\\unrhd",	tag:"mo", output:"\u22B5", ttype:CONST},


//BIG Operators
{input:"\\sum",		tag:"mo", output:"\u2211", ttype:UNDEROVER},
{input:"\\prod",	tag:"mo", output:"\u220F", ttype:UNDEROVER},
{input:"\\bigcap",	tag:"mo", output:"\u22C2", ttype:UNDEROVER},
{input:"\\bigcup",	tag:"mo", output:"\u22C3", ttype:UNDEROVER},
{input:"\\bigwedge",	tag:"mo", output:"\u22C0", ttype:UNDEROVER},
{input:"\\bigvee",	tag:"mo", output:"\u22C1", ttype:UNDEROVER},
{input:"\\bigsqcap",	tag:"mo", output:"\u2A05", ttype:UNDEROVER},
{input:"\\bigsqcup",	tag:"mo", output:"\u2A06", ttype:UNDEROVER},
{input:"\\coprod",	tag:"mo", output:"\u2210", ttype:UNDEROVER},
{input:"\\bigoplus",	tag:"mo", output:"\u2A01", ttype:UNDEROVER},
{input:"\\bigotimes",	tag:"mo", output:"\u2A02", ttype:UNDEROVER},
{input:"\\bigodot",	tag:"mo", output:"\u2A00", ttype:UNDEROVER},
{input:"\\biguplus",	tag:"mo", output:"\u2A04", ttype:UNDEROVER},
{input:"\\int",		tag:"mo", output:"\u222B", ttype:CONST},
{input:"\\oint",	tag:"mo", output:"\u222E", ttype:CONST},

//binary relation symbols
{input:":=",		tag:"mo", output:":=",	   ttype:CONST},
{input:"\\lt",		tag:"mo", output:"<",	   ttype:CONST},
{input:"\\gt",		tag:"mo", output:">",	   ttype:CONST},
{input:"\\ne",		tag:"mo", output:"\u2260", ttype:CONST},
{input:"\\neq",		tag:"mo", output:"\u2260", ttype:CONST},
{input:"\\le",		tag:"mo", output:"\u2264", ttype:CONST},
{input:"\\leq",		tag:"mo", output:"\u2264", ttype:CONST},
{input:"\\leqslant",	tag:"mo", output:"\u2264", ttype:CONST},
{input:"\\ge",		tag:"mo", output:"\u2265", ttype:CONST},
{input:"\\geq",		tag:"mo", output:"\u2265", ttype:CONST},
{input:"\\geqslant",	tag:"mo", output:"\u2265", ttype:CONST},
{input:"\\equiv",	tag:"mo", output:"\u2261", ttype:CONST},
{input:"\\ll",		tag:"mo", output:"\u226A", ttype:CONST},
{input:"\\gg",		tag:"mo", output:"\u226B", ttype:CONST},
{input:"\\doteq",	tag:"mo", output:"\u2250", ttype:CONST},
{input:"\\prec",	tag:"mo", output:"\u227A", ttype:CONST},
{input:"\\succ",	tag:"mo", output:"\u227B", ttype:CONST},
{input:"\\preceq",	tag:"mo", output:"\u227C", ttype:CONST},
{input:"\\succeq",	tag:"mo", output:"\u227D", ttype:CONST},
{input:"\\subset",	tag:"mo", output:"\u2282", ttype:CONST},
{input:"\\supset",	tag:"mo", output:"\u2283", ttype:CONST},
{input:"\\subseteq",	tag:"mo", output:"\u2286", ttype:CONST},
{input:"\\supseteq",	tag:"mo", output:"\u2287", ttype:CONST},
{input:"\\sqsubset",	tag:"mo", output:"\u228F", ttype:CONST},
{input:"\\sqsupset",	tag:"mo", output:"\u2290", ttype:CONST},
{input:"\\sqsubseteq",  tag:"mo", output:"\u2291", ttype:CONST},
{input:"\\sqsupseteq",  tag:"mo", output:"\u2292", ttype:CONST},
{input:"\\sim",		tag:"mo", output:"\u223C", ttype:CONST},
{input:"\\simeq",	tag:"mo", output:"\u2243", ttype:CONST},
{input:"\\approx",	tag:"mo", output:"\u2248", ttype:CONST},
{input:"\\cong",	tag:"mo", output:"\u2245", ttype:CONST},
{input:"\\Join",	tag:"mo", output:"\u22C8", ttype:CONST},
{input:"\\bowtie",	tag:"mo", output:"\u22C8", ttype:CONST},
{input:"\\in",		tag:"mo", output:"\u2208", ttype:CONST},
{input:"\\ni",		tag:"mo", output:"\u220B", ttype:CONST},
{input:"\\owns",	tag:"mo", output:"\u220B", ttype:CONST},
{input:"\\propto",	tag:"mo", output:"\u221D", ttype:CONST},
{input:"\\vdash",	tag:"mo", output:"\u22A2", ttype:CONST},
{input:"\\dashv",	tag:"mo", output:"\u22A3", ttype:CONST},
{input:"\\models",	tag:"mo", output:"\u22A8", ttype:CONST},
{input:"\\perp",	tag:"mo", output:"\u22A5", ttype:CONST},
{input:"\\smile",	tag:"mo", output:"\u2323", ttype:CONST},
{input:"\\frown",	tag:"mo", output:"\u2322", ttype:CONST},
{input:"\\asymp",	tag:"mo", output:"\u224D", ttype:CONST},
{input:"\\notin",	tag:"mo", output:"\u2209", ttype:CONST},

//matrices
{input:"\\begin{eqnarray}",	output:"X",	ttype:MATRIX, invisible:true},
{input:"\\begin{array}",	output:"X",	ttype:MATRIX, invisible:true},
{input:"\\\\",			output:"}&{",	ttype:DEFINITION},
{input:"\\end{eqnarray}",	output:"}}",	ttype:DEFINITION},
{input:"\\end{array}",		output:"}}",	ttype:DEFINITION},

//grouping and literal brackets -- ieval is for IE
{input:"\\big",	   tag:"mo", output:"X", atval:"1.2", ieval:"2.2", ttype:BIG},
{input:"\\Big",	   tag:"mo", output:"X", atval:"1.6", ieval:"2.6", ttype:BIG},
{input:"\\bigg",   tag:"mo", output:"X", atval:"2.2", ieval:"3.2", ttype:BIG},
{input:"\\Bigg",   tag:"mo", output:"X", atval:"2.9", ieval:"3.9", ttype:BIG},
{input:"\\left",   tag:"mo", output:"X", ttype:LEFTBRACKET},
{input:"\\right",  tag:"mo", output:"X", ttype:RIGHTBRACKET},
{input:"{",	   output:"{", ttype:LEFTBRACKET,  invisible:true},
{input:"}",	   output:"}", ttype:RIGHTBRACKET, invisible:true},

{input:"(",	   tag:"mo", output:"(",      atval:"1", ttype:STRETCHY},
{input:"[",	   tag:"mo", output:"[",      atval:"1", ttype:STRETCHY},
{input:"\\lbrack", tag:"mo", output:"[",      atval:"1", ttype:STRETCHY},
{input:"\\{",	   tag:"mo", output:"{",      atval:"1", ttype:STRETCHY},
{input:"\\lbrace", tag:"mo", output:"{",      atval:"1", ttype:STRETCHY},
{input:"\\langle", tag:"mo", output:"\u2329", atval:"1", ttype:STRETCHY},
{input:"\\lfloor", tag:"mo", output:"\u230A", atval:"1", ttype:STRETCHY},
{input:"\\lceil",  tag:"mo", output:"\u2308", atval:"1", ttype:STRETCHY},

// rtag:"mi" causes space to be inserted before a following sin, cos, etc.
// (see function AMparseExpr() )
{input:")",	  tag:"mo",output:")",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"]",	  tag:"mo",output:"]",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rbrack",tag:"mo",output:"]",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\}",	  tag:"mo",output:"}",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rbrace",tag:"mo",output:"}",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rangle",tag:"mo",output:"\u232A", rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rfloor",tag:"mo",output:"\u230B", rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rceil", tag:"mo",output:"\u2309", rtag:"mi",atval:"1",ttype:STRETCHY},

// "|", "\\|", "\\vert" and "\\Vert" modified later: lspace = rspace = 0em
{input:"|",		tag:"mo", output:"\u2223", atval:"1", ttype:STRETCHY},
{input:"\\|",		tag:"mo", output:"\u2225", atval:"1", ttype:STRETCHY},
{input:"\\vert",	tag:"mo", output:"\u2223", atval:"1", ttype:STRETCHY},
{input:"\\Vert",	tag:"mo", output:"\u2225", atval:"1", ttype:STRETCHY},
{input:"\\mid",		tag:"mo", output:"\u2223", atval:"1", ttype:STRETCHY},
{input:"\\parallel",	tag:"mo", output:"\u2225", atval:"1", ttype:STRETCHY},
{input:"/",		tag:"mo", output:"/",	atval:"1.01", ttype:STRETCHY},
{input:"\\backslash",	tag:"mo", output:"\u2216", atval:"1", ttype:STRETCHY},
{input:"\\setminus",	tag:"mo", output:"\\",	   ttype:CONST},

//miscellaneous symbols
{input:"\\!",	  tag:"mspace", atname:"width", atval:"-0.167em", ttype:SPACE},
{input:"\\,",	  tag:"mspace", atname:"width", atval:"0.167em", ttype:SPACE},
{input:"\\>",	  tag:"mspace", atname:"width", atval:"0.222em", ttype:SPACE},
{input:"\\:",	  tag:"mspace", atname:"width", atval:"0.222em", ttype:SPACE},
{input:"\\;",	  tag:"mspace", atname:"width", atval:"0.278em", ttype:SPACE},
{input:"~",	  tag:"mspace", atname:"width", atval:"0.333em", ttype:SPACE},
{input:"\\quad",  tag:"mspace", atname:"width", atval:"1em", ttype:SPACE},
{input:"\\qquad", tag:"mspace", atname:"width", atval:"2em", ttype:SPACE},
//{input:"{}",		  tag:"mo", output:"\u200B", ttype:CONST}, // zero-width
{input:"\\prime",	tag:"mo", output:"\u2032", ttype:CONST},
{input:"'",		tag:"mo", output:"\u02B9", ttype:CONST},
{input:"''",		tag:"mo", output:"\u02BA", ttype:CONST},
{input:"'''",		tag:"mo", output:"\u2034", ttype:CONST},
{input:"''''",		tag:"mo", output:"\u2057", ttype:CONST},
{input:"\\ldots",	tag:"mo", output:"\u2026", ttype:CONST},
{input:"\\cdots",	tag:"mo", output:"\u22EF", ttype:CONST},
{input:"\\vdots",	tag:"mo", output:"\u22EE", ttype:CONST},
{input:"\\ddots",	tag:"mo", output:"\u22F1", ttype:CONST},
{input:"\\forall",	tag:"mo", output:"\u2200", ttype:CONST},
{input:"\\exists",	tag:"mo", output:"\u2203", ttype:CONST},
{input:"\\Re",		tag:"mo", output:"\u211C", ttype:CONST},
{input:"\\Im",		tag:"mo", output:"\u2111", ttype:CONST},
{input:"\\aleph",	tag:"mo", output:"\u2135", ttype:CONST},
{input:"\\hbar",	tag:"mo", output:"\u210F", ttype:CONST},
{input:"\\ell",		tag:"mo", output:"\u2113", ttype:CONST},
{input:"\\wp",		tag:"mo", output:"\u2118", ttype:CONST},
{input:"\\emptyset",	tag:"mo", output:"\u2205", ttype:CONST},
{input:"\\infty",	tag:"mo", output:"\u221E", ttype:CONST},
{input:"\\surd",	tag:"mo", output:"\\sqrt{}", ttype:DEFINITION},
{input:"\\partial",	tag:"mo", output:"\u2202", ttype:CONST},
{input:"\\nabla",	tag:"mo", output:"\u2207", ttype:CONST},
{input:"\\triangle",	tag:"mo", output:"\u25B3", ttype:CONST},
{input:"\\therefore",	tag:"mo", output:"\u2234", ttype:CONST},
{input:"\\angle",	tag:"mo", output:"\u2220", ttype:CONST},
//{input:"\\\\ ",	  tag:"mo", output:"\u00A0", ttype:CONST},
{input:"\\diamond",	tag:"mo", output:"\u22C4", ttype:CONST},
//{input:"\\Diamond",	  tag:"mo", output:"\u25CA", ttype:CONST},
{input:"\\Diamond",	tag:"mo", output:"\u25C7", ttype:CONST},
{input:"\\neg",		tag:"mo", output:"\u00AC", ttype:CONST},
{input:"\\lnot",	tag:"mo", output:"\u00AC", ttype:CONST},
{input:"\\bot",		tag:"mo", output:"\u22A5", ttype:CONST},
{input:"\\top",		tag:"mo", output:"\u22A4", ttype:CONST},
{input:"\\square",	tag:"mo", output:"\u25AB", ttype:CONST},
{input:"\\Box",		tag:"mo", output:"\u25A1", ttype:CONST},
{input:"\\wr",		tag:"mo", output:"\u2240", ttype:CONST},

//standard functions
//Note UNDEROVER *must* have tag:"mo" to work properly
{input:"\\arccos", tag:"mi", output:"arccos", ttype:UNARY, func:true},
{input:"\\arcsin", tag:"mi", output:"arcsin", ttype:UNARY, func:true},
{input:"\\arctan", tag:"mi", output:"arctan", ttype:UNARY, func:true},
{input:"\\arg",	   tag:"mi", output:"arg",    ttype:UNARY, func:true},
{input:"\\cos",	   tag:"mi", output:"cos",    ttype:UNARY, func:true},
{input:"\\cosh",   tag:"mi", output:"cosh",   ttype:UNARY, func:true},
{input:"\\cot",	   tag:"mi", output:"cot",    ttype:UNARY, func:true},
{input:"\\coth",   tag:"mi", output:"coth",   ttype:UNARY, func:true},
{input:"\\csc",	   tag:"mi", output:"csc",    ttype:UNARY, func:true},
{input:"\\deg",	   tag:"mi", output:"deg",    ttype:UNARY, func:true},
{input:"\\det",	   tag:"mi", output:"det",    ttype:UNARY, func:true},
{input:"\\dim",	   tag:"mi", output:"dim",    ttype:UNARY, func:true}, //CONST?
{input:"\\exp",	   tag:"mi", output:"exp",    ttype:UNARY, func:true},
{input:"\\gcd",	   tag:"mi", output:"gcd",    ttype:UNARY, func:true}, //CONST?
{input:"\\hom",	   tag:"mi", output:"hom",    ttype:UNARY, func:true},
{input:"\\inf",	      tag:"mo", output:"inf",	 ttype:UNDEROVER},
{input:"\\ker",	   tag:"mi", output:"ker",    ttype:UNARY, func:true},
{input:"\\lg",	   tag:"mi", output:"lg",     ttype:UNARY, func:true},
{input:"\\lim",	      tag:"mo", output:"lim",	 ttype:UNDEROVER},
{input:"\\liminf",    tag:"mo", output:"liminf", ttype:UNDEROVER},
{input:"\\limsup",    tag:"mo", output:"limsup", ttype:UNDEROVER},
{input:"\\ln",	   tag:"mi", output:"ln",     ttype:UNARY, func:true},
{input:"\\log",	   tag:"mi", output:"log",    ttype:UNARY, func:true},
{input:"\\max",	      tag:"mo", output:"max",	 ttype:UNDEROVER},
{input:"\\min",	      tag:"mo", output:"min",	 ttype:UNDEROVER},
{input:"\\Pr",	   tag:"mi", output:"Pr",     ttype:UNARY, func:true},
{input:"\\sec",	   tag:"mi", output:"sec",    ttype:UNARY, func:true},
{input:"\\sin",	   tag:"mi", output:"sin",    ttype:UNARY, func:true},
{input:"\\sinh",   tag:"mi", output:"sinh",   ttype:UNARY, func:true},
{input:"\\sup",	      tag:"mo", output:"sup",	 ttype:UNDEROVER},
{input:"\\tan",	   tag:"mi", output:"tan",    ttype:UNARY, func:true},
{input:"\\tanh",   tag:"mi", output:"tanh",   ttype:UNARY, func:true},

//arrows
{input:"\\gets",		tag:"mo", output:"\u2190", ttype:CONST},
{input:"\\leftarrow",		tag:"mo", output:"\u2190", ttype:CONST},
{input:"\\to",			tag:"mo", output:"\u2192", ttype:CONST},
{input:"\\rightarrow",		tag:"mo", output:"\u2192", ttype:CONST},
{input:"\\leftrightarrow",	tag:"mo", output:"\u2194", ttype:CONST},
{input:"\\uparrow",		tag:"mo", output:"\u2191", ttype:CONST},
{input:"\\downarrow",		tag:"mo", output:"\u2193", ttype:CONST},
{input:"\\updownarrow",		tag:"mo", output:"\u2195", ttype:CONST},
{input:"\\Leftarrow",		tag:"mo", output:"\u21D0", ttype:CONST},
{input:"\\Rightarrow",		tag:"mo", output:"\u21D2", ttype:CONST},
{input:"\\Leftrightarrow",	tag:"mo", output:"\u21D4", ttype:CONST},
{input:"\\iff", tag:"mo", output:"~\\Longleftrightarrow~", ttype:DEFINITION},
{input:"\\Uparrow",		tag:"mo", output:"\u21D1", ttype:CONST},
{input:"\\Downarrow",		tag:"mo", output:"\u21D3", ttype:CONST},
{input:"\\Updownarrow",		tag:"mo", output:"\u21D5", ttype:CONST},
{input:"\\mapsto",		tag:"mo", output:"\u21A6", ttype:CONST},
{input:"\\longleftarrow",	tag:"mo", output:"\u2190", ttype:LONG},
{input:"\\longrightarrow",	tag:"mo", output:"\u2192", ttype:LONG},
{input:"\\longleftrightarrow",	tag:"mo", output:"\u2194", ttype:LONG},
{input:"\\Longleftarrow",	tag:"mo", output:"\u21D0", ttype:LONG},
{input:"\\Longrightarrow",	tag:"mo", output:"\u21D2", ttype:LONG},
{input:"\\Longleftrightarrow",  tag:"mo", output:"\u21D4", ttype:LONG},
{input:"\\longmapsto",		tag:"mo", output:"\u21A6", ttype:CONST},
							// disaster if LONG

//commands with argument
AMsqrt, AMroot, AMfrac, AMover, AMsub, AMsup, AMtext, AMmbox, AMatop, AMchoose,
//AMdiv, AMquote,

//diacritical marks
{input:"\\acute",	tag:"mover",  output:"\u00B4", ttype:UNARY, acc:true},
//{input:"\\acute",	  tag:"mover",  output:"\u0317", ttype:UNARY, acc:true},
//{input:"\\acute",	  tag:"mover",  output:"\u0301", ttype:UNARY, acc:true},
//{input:"\\grave",	  tag:"mover",  output:"\u0300", ttype:UNARY, acc:true},
//{input:"\\grave",	  tag:"mover",  output:"\u0316", ttype:UNARY, acc:true},
{input:"\\grave",	tag:"mover",  output:"\u0060", ttype:UNARY, acc:true},
{input:"\\breve",	tag:"mover",  output:"\u02D8", ttype:UNARY, acc:true},
{input:"\\check",	tag:"mover",  output:"\u02C7", ttype:UNARY, acc:true},
{input:"\\dot",		tag:"mover",  output:".",      ttype:UNARY, acc:true},
{input:"\\ddot",	tag:"mover",  output:"..",     ttype:UNARY, acc:true},
//{input:"\\ddot",	  tag:"mover",  output:"\u00A8", ttype:UNARY, acc:true},
{input:"\\mathring",	tag:"mover",  output:"\u00B0", ttype:UNARY, acc:true},
{input:"\\vec",		tag:"mover",  output:"\u20D7", ttype:UNARY, acc:true},
{input:"\\overrightarrow",tag:"mover",output:"\u20D7", ttype:UNARY, acc:true},
{input:"\\overleftarrow",tag:"mover", output:"\u20D6", ttype:UNARY, acc:true},
{input:"\\hat",		tag:"mover",  output:"\u005E", ttype:UNARY, acc:true},
{input:"\\widehat",	tag:"mover",  output:"\u0302", ttype:UNARY, acc:true},
{input:"\\tilde",	tag:"mover",  output:"~",      ttype:UNARY, acc:true},
//{input:"\\tilde",	  tag:"mover",  output:"\u0303", ttype:UNARY, acc:true},
{input:"\\widetilde",	tag:"mover",  output:"\u02DC", ttype:UNARY, acc:true},
{input:"\\bar",		tag:"mover",  output:"\u203E", ttype:UNARY, acc:true},
{input:"\\overbrace",	tag:"mover",  output:"\u23B4", ttype:UNARY, acc:true},
{input:"\\overline",	tag:"mover",  output:"\u00AF", ttype:UNARY, acc:true},
{input:"\\underbrace",  tag:"munder", output:"\u23B5", ttype:UNARY, acc:true},
{input:"\\underline",	tag:"munder", output:"\u00AF", ttype:UNARY, acc:true},
//{input:"underline",	tag:"munder", output:"\u0332", ttype:UNARY, acc:true},

//typestyles and fonts
{input:"\\displaystyle",tag:"mstyle",atname:"displaystyle",atval:"true", ttype:UNARY},
{input:"\\textstyle",tag:"mstyle",atname:"displaystyle",atval:"false", ttype:UNARY},
{input:"\\scriptstyle",tag:"mstyle",atname:"scriptlevel",atval:"1", ttype:UNARY},
{input:"\\scriptscriptstyle",tag:"mstyle",atname:"scriptlevel",atval:"2", ttype:UNARY},
{input:"\\textrm", tag:"mstyle", output:"\\mathrm", ttype: DEFINITION},
{input:"\\mathbf", tag:"mstyle", atname:"mathvariant", atval:"bold", ttype:UNARY},
{input:"\\textbf", tag:"mstyle", atname:"mathvariant", atval:"bold", ttype:UNARY},
{input:"\\mathit", tag:"mstyle", atname:"mathvariant", atval:"italic", ttype:UNARY},
{input:"\\textit", tag:"mstyle", atname:"mathvariant", atval:"italic", ttype:UNARY},
{input:"\\mathtt", tag:"mstyle", atname:"mathvariant", atval:"monospace", ttype:UNARY},
{input:"\\texttt", tag:"mstyle", atname:"mathvariant", atval:"monospace", ttype:UNARY},
{input:"\\mathsf", tag:"mstyle", atname:"mathvariant", atval:"sans-serif", ttype:UNARY},
{input:"\\mathbb", tag:"mstyle", atname:"mathvariant", atval:"double-struck", ttype:UNARY, codes:AMbbb},
{input:"\\mathcal",tag:"mstyle", atname:"mathvariant", atval:"script", ttype:UNARY, codes:AMcal},
{input:"\\mathfrak",tag:"mstyle",atname:"mathvariant", atval:"fraktur",ttype:UNARY, codes:AMfrk}
];

function compareNames(s1,s2) {
  if (s1.input > s2.input) return 1
  else return -1;
}

var AMnames = []; //list of input symbols

function AMinitSymbols() {
  AMsymbols.sort(compareNames);
  for (i=0; i<AMsymbols.length; i++) AMnames[i] = AMsymbols[i].input;
}

var AMmathml = "http://www.w3.org/1998/Math/MathML";

function AMcreateElementMathML(t) {
  if (isIE) return document.createElement("m:"+t);
  else return document.createElementNS(AMmathml,t);
}

function AMcreateMmlNode(t,frag) {
//  var node = AMcreateElementMathML(name);
  if (isIE) var node = document.createElement("m:"+t);
  else var node = document.createElementNS(AMmathml,t);
  node.appendChild(frag);
  return node;
}

function newcommand(oldstr,newstr) {
  AMsymbols = AMsymbols.concat([{input:oldstr, tag:"mo", output:newstr,
                                 ttype:DEFINITION}]);
}

function AMremoveCharsAndBlanks(str,n) {
//remove n characters and any following blanks
  var st;
  st = str.slice(n);
  for (var i=0; i<st.length && st.charCodeAt(i)<=32; i=i+1);
  return st.slice(i);
}

function AMposition(arr, str, n) {
// return position >=n where str appears or would be inserted
// assumes arr is sorted
  if (n==0) {
    var h,m;
    n = -1;
    h = arr.length;
    while (n+1<h) {
      m = (n+h) >> 1;
      if (arr[m]<str) n = m; else h = m;
    }
    return h;
  } else
    for (var i=n; i<arr.length && arr[i]<str; i++);
  return i; // i=arr.length || arr[i]>=str
}

function AMgetSymbol(str) {
//return maximal initial substring of str that appears in names
//return null if there is none
  var k = 0; //new pos
  var j = 0; //old pos
  var mk; //match pos
  var st;
  var tagst;
  var match = "";
  var more = true;
  for (var i=1; i<=str.length && more; i++) {
    st = str.slice(0,i); //initial substring of length i
    j = k;
    k = AMposition(AMnames, st, j);
    if (k<AMnames.length && str.slice(0,AMnames[k].length)==AMnames[k]){
      match = AMnames[k];
      mk = k;
      i = match.length;
    }
    more = k<AMnames.length && str.slice(0,AMnames[k].length)>=AMnames[k];
  }
  AMpreviousSymbol=AMcurrentSymbol;
  if (match!=""){
    AMcurrentSymbol=AMsymbols[mk].ttype;
    return AMsymbols[mk];
  }
  AMcurrentSymbol=CONST;
  k = 1;
  st = str.slice(0,1); //take 1 character
  if ("0"<=st && st<="9") tagst = "mn";
  else tagst = (("A">st || st>"Z") && ("a">st || st>"z")?"mo":"mi");
/*
// Commented out by DRW (not fully understood, but probably to do with
// use of "/" as an INFIX version of "\\frac", which we don't want):
//}
//if (st=="-" && AMpreviousSymbol==INFIX) {
//  AMcurrentSymbol = INFIX;  //trick "/" into recognizing "-" on second parse
//  return {input:st, tag:tagst, output:st, ttype:UNARY, func:true};
//}
*/
  return {input:st, tag:tagst, output:st, ttype:CONST};
}


/*Parsing ASCII math expressions with the following grammar
v ::= [A-Za-z] | greek letters | numbers | other constant symbols
u ::= sqrt | text | bb | other unary symbols for font commands
b ::= frac | root | stackrel	binary symbols
l ::= { | \left			left brackets
r ::= } | \right		right brackets
S ::= v | lEr | uS | bSS	Simple expression
I ::= S_S | S^S | S_S^S | S	Intermediate expression
E ::= IE | I/I			Expression
Each terminal symbol is translated into a corresponding mathml node.*/

var AMpreviousSymbol,AMcurrentSymbol;

function AMparseSexpr(str) { //parses str and returns [node,tailstr,(node)tag]
  var symbol, node, result, result2, i, st,// rightvert = false,
    newFrag = document.createDocumentFragment();
  str = AMremoveCharsAndBlanks(str,0);
  symbol = AMgetSymbol(str);             //either a token or a bracket or empty
  if (symbol == null || symbol.ttype == RIGHTBRACKET)
    return [null,str,null];
  if (symbol.ttype == DEFINITION) {
    str = symbol.output+AMremoveCharsAndBlanks(str,symbol.input.length);
    symbol = AMgetSymbol(str);
    if (symbol == null || symbol.ttype == RIGHTBRACKET)
      return [null,str,null];
  }
  str = AMremoveCharsAndBlanks(str,symbol.input.length);
  switch (symbol.ttype) {
  case SPACE:
    node = AMcreateElementMathML(symbol.tag);
    node.setAttribute(symbol.atname,symbol.atval);
    return [node,str,symbol.tag];
  case UNDEROVER:
    if (isIE) {
      if (symbol.input.substr(0,4) == "\\big") {   // botch for missing symbols
	str = "\\"+symbol.input.substr(4)+str;	   // make \bigcup = \cup etc.
	symbol = AMgetSymbol(str);
	symbol.ttype = UNDEROVER;
	str = AMremoveCharsAndBlanks(str,symbol.input.length);
      }
    }
    return [AMcreateMmlNode(symbol.tag,
			document.createTextNode(symbol.output)),str,symbol.tag];
  case CONST:
    var output = symbol.output;
    if (isIE) {
      if (symbol.input == "'")
	output = "\u2032";
      else if (symbol.input == "''")
	output = "\u2033";
      else if (symbol.input == "'''")
	output = "\u2033\u2032";
      else if (symbol.input == "''''")
	output = "\u2033\u2033";
      else if (symbol.input == "\\square")
	output = "\u25A1";	// same as \Box
      else if (symbol.input.substr(0,5) == "\\frac") {
						// botch for missing fractions
	var denom = symbol.input.substr(6,1);
	if (denom == "5" || denom == "6") {
	  str = symbol.input.replace(/\\frac/,"\\frac ")+str;
	  return [node,str,symbol.tag];
	}
      }
    }
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(output));
    return [node,str,symbol.tag];
  case LONG:  // added by DRW
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output));
    node.setAttribute("minsize","1.5");
    node.setAttribute("maxsize","1.5");
    node = AMcreateMmlNode("mover",node);
    node.appendChild(AMcreateElementMathML("mspace"));
    return [node,str,symbol.tag];
  case STRETCHY:  // added by DRW
    if (isIE && symbol.input == "\\backslash")
	symbol.output = "\\";	// doesn't expand, but then nor does "\u2216"
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output));
    if (symbol.input == "|" || symbol.input == "\\vert" ||
	symbol.input == "\\|" || symbol.input == "\\Vert") {
	  node.setAttribute("lspace","0em");
	  node.setAttribute("rspace","0em");
    }
    node.setAttribute("maxsize",symbol.atval);  // don't allow to stretch here
    if (symbol.rtag != null)
      return [node,str,symbol.rtag];
    else
      return [node,str,symbol.tag];
  case BIG:  // added by DRW
    var atval = symbol.atval;
    if (isIE)
      atval = symbol.ieval;
    symbol = AMgetSymbol(str);
    if (symbol == null)
	return [null,str,null];
    str = AMremoveCharsAndBlanks(str,symbol.input.length);
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output));
    if (isIE) {		// to get brackets to expand
      var space = AMcreateElementMathML("mspace");
      space.setAttribute("height",atval+"ex");
      node = AMcreateMmlNode("mrow",node);
      node.appendChild(space);
    } else {		// ignored in IE
      node.setAttribute("minsize",atval);
      node.setAttribute("maxsize",atval);
    }
    return [node,str,symbol.tag];
  case LEFTBRACKET:   //read (expr+)
    if (symbol.input == "\\left") { // left what?
      symbol = AMgetSymbol(str);
      if (symbol != null) {
	if (symbol.input == ".")
	  symbol.invisible = true;
	str = AMremoveCharsAndBlanks(str,symbol.input.length);
      }
    }
    result = AMparseExpr(str,true,false);
    if (symbol==null ||
	(typeof symbol.invisible == "boolean" && symbol.invisible))
      node = AMcreateMmlNode("mrow",result[0]);
    else {
      node = AMcreateMmlNode("mo",document.createTextNode(symbol.output));
      node = AMcreateMmlNode("mrow",node);
      node.appendChild(result[0]);
    }
    return [node,result[1],result[2]];
  case MATRIX:	 //read (expr+)
    if (symbol.input == "\\begin{array}") {
      var mask = "";
      symbol = AMgetSymbol(str);
      str = AMremoveCharsAndBlanks(str,0);
      if (symbol == null)
	mask = "l";
      else {
	str = AMremoveCharsAndBlanks(str,symbol.input.length);
	if (symbol.input != "{")
	  mask = "l";
	else do {
	  symbol = AMgetSymbol(str);
	  if (symbol != null) {
	    str = AMremoveCharsAndBlanks(str,symbol.input.length);
	    if (symbol.input != "}")
	      mask = mask+symbol.input;
	  }
	} while (symbol != null && symbol.input != "" && symbol.input != "}");
      }
      result = AMparseExpr("{"+str,true,true);
//    if (result[0]==null) return [AMcreateMmlNode("mo",
//			   document.createTextNode(symbol.input)),str];
      node = AMcreateMmlNode("mtable",result[0]);
      mask = mask.replace(/l/g,"left ");
      mask = mask.replace(/r/g,"right ");
      mask = mask.replace(/c/g,"center ");
      node.setAttribute("columnalign",mask);
      node.setAttribute("displaystyle","false");
      if (isIE)
	return [node,result[1],null];
// trying to get a *little* bit of space around the array
// (IE already includes it)
      var lspace = AMcreateElementMathML("mspace");
      lspace.setAttribute("width","0.167em");
      var rspace = AMcreateElementMathML("mspace");
      rspace.setAttribute("width","0.167em");
      var node1 = AMcreateMmlNode("mrow",lspace);
      node1.appendChild(node);
      node1.appendChild(rspace);
      return [node1,result[1],null];
    } else {	// eqnarray
      result = AMparseExpr("{"+str,true,true);
      node = AMcreateMmlNode("mtable",result[0]);
      if (isIE)
	node.setAttribute("columnspacing","0.25em"); // best in practice?
      else
	node.setAttribute("columnspacing","0.167em"); // correct (but ignored?)
      node.setAttribute("columnalign","right center left");
      node.setAttribute("displaystyle","true");
      node = AMcreateMmlNode("mrow",node);
      return [node,result[1],null];
    }
  case TEXT:
      if (str.charAt(0)=="{") i=str.indexOf("}");
      else i = 0;
      if (i==-1)
		 i = str.length;
      st = str.slice(1,i);
      if (st.charAt(0) == " ") {
	node = AMcreateElementMathML("mspace");
	node.setAttribute("width","0.33em");	// was 1ex
	newFrag.appendChild(node);
      }
      newFrag.appendChild(
        AMcreateMmlNode(symbol.tag,document.createTextNode(st)));
      if (st.charAt(st.length-1) == " ") {
	node = AMcreateElementMathML("mspace");
	node.setAttribute("width","0.33em");	// was 1ex
	newFrag.appendChild(node);
      }
      str = AMremoveCharsAndBlanks(str,i+1);
      return [AMcreateMmlNode("mrow",newFrag),str,null];
  case UNARY:
      result = AMparseSexpr(str);
      if (result[0]==null) return [AMcreateMmlNode(symbol.tag,
                             document.createTextNode(symbol.output)),str];
      if (typeof symbol.func == "boolean" && symbol.func) { // functions hack
	st = str.charAt(0);
//	if (st=="^" || st=="_" || st=="/" || st=="|" || st==",") {
	if (st=="^" || st=="_" || st==",") {
	  return [AMcreateMmlNode(symbol.tag,
		    document.createTextNode(symbol.output)),str,symbol.tag];
        } else {
	  node = AMcreateMmlNode("mrow",
	   AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output)));
	  if (isIE) {
	    var space = AMcreateElementMathML("mspace");
	    space.setAttribute("width","0.167em");
	    node.appendChild(space);
	  }
	  node.appendChild(result[0]);
	  return [node,result[1],symbol.tag];
        }
      }
      if (symbol.input == "\\sqrt") {		// sqrt
	if (isIE) {	// set minsize, for \surd
	  var space = AMcreateElementMathML("mspace");
	  space.setAttribute("height","1.2ex");
	  space.setAttribute("width","0em");	// probably no effect
	  node = AMcreateMmlNode(symbol.tag,result[0])
//	  node.setAttribute("minsize","1");	// ignored
//	  node = AMcreateMmlNode("mrow",node);  // hopefully unnecessary
	  node.appendChild(space);
	  return [node,result[1],symbol.tag];
	} else
	  return [AMcreateMmlNode(symbol.tag,result[0]),result[1],symbol.tag];
      } else if (typeof symbol.acc == "boolean" && symbol.acc) {   // accent
        node = AMcreateMmlNode(symbol.tag,result[0]);
	var output = symbol.output;
	if (isIE) {
		if (symbol.input == "\\hat")
			output = "\u0302";
		else if (symbol.input == "\\widehat")
			output = "\u005E";
		else if (symbol.input == "\\bar")
			output = "\u00AF";
		else if (symbol.input == "\\grave")
			output = "\u0300";
		else if (symbol.input == "\\tilde")
			output = "\u0303";
	}
	var node1 = AMcreateMmlNode("mo",document.createTextNode(output));
	if (symbol.input == "\\vec" || symbol.input == "\\check")
						// don't allow to stretch
	    node1.setAttribute("maxsize","1.2");
		 // why doesn't "1" work?  \vec nearly disappears in firefox
	if (isIE && symbol.input == "\\bar")
	    node1.setAttribute("maxsize","0.5");
	if (symbol.input == "\\underbrace" || symbol.input == "\\underline")
	  node1.setAttribute("accentunder","true");
	else
	  node1.setAttribute("accent","true");
	node.appendChild(node1);
	if (symbol.input == "\\overbrace" || symbol.input == "\\underbrace")
	  node.ttype = UNDEROVER;
	return [node,result[1],symbol.tag];
      } else {			      // font change or displaystyle command
        if (!isIE && typeof symbol.codes != "undefined") {
          for (i=0; i<result[0].childNodes.length; i++)
            if (result[0].childNodes[i].nodeName=="mi" || result[0].nodeName=="mi") {
              st = (result[0].nodeName=="mi"?result[0].firstChild.nodeValue:
                              result[0].childNodes[i].firstChild.nodeValue);
              var newst = [];
              for (var j=0; j<st.length; j++)
                if (st.charCodeAt(j)>64 && st.charCodeAt(j)<91) newst = newst +
                  String.fromCharCode(symbol.codes[st.charCodeAt(j)-65]);
                else newst = newst + st.charAt(j);
              if (result[0].nodeName=="mi")
                result[0]=AMcreateElementMathML("mo").
                          appendChild(document.createTextNode(newst));
              else result[0].replaceChild(AMcreateElementMathML("mo").
          appendChild(document.createTextNode(newst)),result[0].childNodes[i]);
            }
        }
        node = AMcreateMmlNode(symbol.tag,result[0]);
        node.setAttribute(symbol.atname,symbol.atval);
	if (symbol.input == "\\scriptstyle" ||
	    symbol.input == "\\scriptscriptstyle")
		node.setAttribute("displaystyle","false");
	return [node,result[1],symbol.tag];
      }
  case BINARY:
    result = AMparseSexpr(str);
    if (result[0]==null) return [AMcreateMmlNode("mo",
			   document.createTextNode(symbol.input)),str,null];
    result2 = AMparseSexpr(result[1]);
    if (result2[0]==null) return [AMcreateMmlNode("mo",
			   document.createTextNode(symbol.input)),str,null];
    if (symbol.input=="\\root" || symbol.input=="\\stackrel")
      newFrag.appendChild(result2[0]);
    newFrag.appendChild(result[0]);
    if (symbol.input=="\\frac") newFrag.appendChild(result2[0]);
    return [AMcreateMmlNode(symbol.tag,newFrag),result2[1],symbol.tag];
  case INFIX:
    str = AMremoveCharsAndBlanks(str,symbol.input.length);
    return [AMcreateMmlNode("mo",document.createTextNode(symbol.output)),
	str,symbol.tag];
  default:
    return [AMcreateMmlNode(symbol.tag,        //its a constant
	document.createTextNode(symbol.output)),str,symbol.tag];
  }
}

function AMparseIexpr(str) {
  var symbol, sym1, sym2, node, result, tag, underover;
  str = AMremoveCharsAndBlanks(str,0);
  sym1 = AMgetSymbol(str);
  result = AMparseSexpr(str);
  node = result[0];
  str = result[1];
  tag = result[2];
  symbol = AMgetSymbol(str);
  if (symbol.ttype == INFIX) {
    str = AMremoveCharsAndBlanks(str,symbol.input.length);
    result = AMparseSexpr(str);
    if (result[0] == null) // show box in place of missing argument
      result[0] = AMcreateMmlNode("mo",document.createTextNode("\u25A1"));
    str = result[1];
    tag = result[2];
    if (symbol.input == "_" || symbol.input == "^") {
      sym2 = AMgetSymbol(str);
      tag = null;	// no space between x^2 and a following sin, cos, etc.
// This is for \underbrace and \overbrace
      underover = ((sym1.ttype == UNDEROVER) || (node.ttype == UNDEROVER));
//    underover = (sym1.ttype == UNDEROVER);
      if (symbol.input == "_" && sym2.input == "^") {
        str = AMremoveCharsAndBlanks(str,sym2.input.length);
        var res2 = AMparseSexpr(str);
	str = res2[1];
	tag = res2[2];  // leave space between x_1^2 and a following sin etc.
        node = AMcreateMmlNode((underover?"munderover":"msubsup"),node);
        node.appendChild(result[0]);
        node.appendChild(res2[0]);
      } else if (symbol.input == "_") {
	node = AMcreateMmlNode((underover?"munder":"msub"),node);
        node.appendChild(result[0]);
      } else {
	node = AMcreateMmlNode((underover?"mover":"msup"),node);
        node.appendChild(result[0]);
      }
      node = AMcreateMmlNode("mrow",node); // so sum does not stretch
    } else {
      node = AMcreateMmlNode(symbol.tag,node);
      if (symbol.input == "\\atop" || symbol.input == "\\choose")
	node.setAttribute("linethickness","0ex");
      node.appendChild(result[0]);
      if (symbol.input == "\\choose")
	node = AMcreateMmlNode("mfenced",node);
    }
  }
  return [node,str,tag];
}

function AMparseExpr(str,rightbracket,matrix) {
  var symbol, node, result, i, tag,
  newFrag = document.createDocumentFragment();
  do {
    str = AMremoveCharsAndBlanks(str,0);
    result = AMparseIexpr(str);
    node = result[0];
    str = result[1];
    tag = result[2];
    symbol = AMgetSymbol(str);
    if (node!=undefined) {
      if ((tag == "mn" || tag == "mi") && symbol!=null &&
	typeof symbol.func == "boolean" && symbol.func) {
			// Add space before \sin in 2\sin x or x\sin x
	  var space = AMcreateElementMathML("mspace");
	  space.setAttribute("width","0.167em");
	  node = AMcreateMmlNode("mrow",node);
	  node.appendChild(space);
      }
      newFrag.appendChild(node);
    }
  } while ((symbol.ttype != RIGHTBRACKET)
        && symbol!=null && symbol.output!="");
  tag = null;
  if (symbol.ttype == RIGHTBRACKET) {
    if (symbol.input == "\\right") { // right what?
      str = AMremoveCharsAndBlanks(str,symbol.input.length);
      symbol = AMgetSymbol(str);
      if (symbol != null && symbol.input == ".")
	symbol.invisible = true;
      if (symbol != null)
	tag = symbol.rtag;
    }
    if (symbol!=null)
      str = AMremoveCharsAndBlanks(str,symbol.input.length); // ready to return
    var len = newFrag.childNodes.length;
    if (matrix &&
      len>0 && newFrag.childNodes[len-1].nodeName == "mrow" && len>1 &&
      newFrag.childNodes[len-2].nodeName == "mo" &&
      newFrag.childNodes[len-2].firstChild.nodeValue == "&") { //matrix
	var pos = []; // positions of ampersands
        var m = newFrag.childNodes.length;
        for (i=0; matrix && i<m; i=i+2) {
          pos[i] = [];
          node = newFrag.childNodes[i];
	  for (var j=0; j<node.childNodes.length; j++)
	    if (node.childNodes[j].firstChild.nodeValue=="&")
	      pos[i][pos[i].length]=j;
        }
	var row, frag, n, k, table = document.createDocumentFragment();
	for (i=0; i<m; i=i+2) {
	  row = document.createDocumentFragment();
	  frag = document.createDocumentFragment();
	  node = newFrag.firstChild; // <mrow> -&-&...&-&- </mrow>
	  n = node.childNodes.length;
	  k = 0;
	  for (j=0; j<n; j++) {
	    if (typeof pos[i][k] != "undefined" && j==pos[i][k]){
	      node.removeChild(node.firstChild); //remove &
	      row.appendChild(AMcreateMmlNode("mtd",frag));
	      k++;
	    } else frag.appendChild(node.firstChild);
	  }
	  row.appendChild(AMcreateMmlNode("mtd",frag));
	  if (newFrag.childNodes.length>2) {
	    newFrag.removeChild(newFrag.firstChild); //remove <mrow> </mrow>
	    newFrag.removeChild(newFrag.firstChild); //remove <mo>&</mo>
	  }
	  table.appendChild(AMcreateMmlNode("mtr",row));
	}
	return [table,str];
    }
    if (typeof symbol.invisible != "boolean" || !symbol.invisible) {
      node = AMcreateMmlNode("mo",document.createTextNode(symbol.output));
      newFrag.appendChild(node);
    }
  }
  return [newFrag,str,tag];
}

function AMparseMath(str) {
  var result, node = AMcreateElementMathML("mstyle");
  if (mathcolor != "") node.setAttribute("mathcolor",mathcolor);
  if (mathfontfamily != "") node.setAttribute("fontfamily",mathfontfamily);
  node.appendChild(AMparseExpr(str.replace(/^\s+/g,""),false,false)[0]);
  node = AMcreateMmlNode("math",node);
  if (showasciiformulaonhover)                      //fixed by djhsu so newline
    node.setAttribute("title",str.replace(/\s+/g," "));//does not show in Gecko
  if (mathfontfamily != "" && (isIE || mathfontfamily != "serif")) {
    var fnode = AMcreateElementXHTML("font");
    fnode.setAttribute("face",mathfontfamily);
    fnode.appendChild(node);
    return fnode;
  }
  return node;
}

function AMstrarr2docFrag(arr, linebreaks) {
  var newFrag=document.createDocumentFragment();
  var expr = false;
  for (var i=0; i<arr.length; i++) {
    if (expr) newFrag.appendChild(AMparseMath(arr[i]));
    else {
      var arri = (linebreaks ? arr[i].split("\n\n") : [arr[i]]);
      newFrag.appendChild(AMcreateElementXHTML("span").
      appendChild(document.createTextNode(arri[0])));
      for (var j=1; j<arri.length; j++) {
        newFrag.appendChild(AMcreateElementXHTML("p"));
        newFrag.appendChild(AMcreateElementXHTML("span").
        appendChild(document.createTextNode(arri[j])));
      }
    }
    expr = !expr;
  }
  return newFrag;
}

function AMprocessNodeR(n, linebreaks) {
  var mtch, str, arr, frg, i;
  if (n.childNodes.length == 0) {
   if ((n.nodeType!=8 || linebreaks) &&
    n.parentNode.nodeName!="form" && n.parentNode.nodeName!="FORM" &&
    n.parentNode.nodeName!="textarea" && n.parentNode.nodeName!="TEXTAREA" &&
    n.parentNode.nodeName!="pre" && n.parentNode.nodeName!="PRE") {
    str = n.nodeValue;
    if (!(str == null)) {
      str = str.replace(/\r\n\r\n/g,"\n\n");
      str = str.replace(/\x20+/g," ");
      str = str.replace(/\s*\r\n/g," ");
// DELIMITERS:
      mtch = (str.indexOf("\$")==-1 ? false : true);
      str = str.replace(/([^\\])\$/g,"$1 \$");
      str = str.replace(/^\$/," \$");	// in case \$ at start of string
      arr = str.split(" \$");
      for (i=0; i<arr.length; i++)
	arr[i]=arr[i].replace(/\\\$/g,"\$");
      if (arr.length>1 || mtch) {
        if (checkForMathML) {
          checkForMathML = false;
          var nd = AMisMathMLavailable();
          AMnoMathML = nd != null;
          if (AMnoMathML && notifyIfNoMathML)
            if (alertIfNoMathML)
              alert("To view the ASCIIMathML notation use Internet Explorer 6 +\nMathPlayer (free from www.dessci.com)\n\
                or Firefox/Mozilla/Netscape");
            else AMbody.insertBefore(nd,AMbody.childNodes[0]);
        }
        if (!AMnoMathML) {
          frg = AMstrarr2docFrag(arr,n.nodeType==8);
          var len = frg.childNodes.length;
          n.parentNode.replaceChild(frg,n);
          return len-1;
        } else return 0;
      }
    }
   } else return 0;
  } else if (n.nodeName!="math") {
    for (i=0; i<n.childNodes.length; i++)
      i += AMprocessNodeR(n.childNodes[i], linebreaks);
  }
  return 0;
}

function AMprocessNode(n, linebreaks, spanclassAM) {
  var frag,st;
  if (spanclassAM!=null) {
    frag = document.getElementsByTagName("span")
    for (var i=0;i<frag.length;i++)
      if (frag[i].className == "AM")
        AMprocessNodeR(frag[i],linebreaks);
  } else {
    try {
      st = n.innerHTML;
    } catch(err) {}
// DELIMITERS:
    if (st==null || st.indexOf("\$")!=-1)
      AMprocessNodeR(n,linebreaks);
  }
  if (isIE) { //needed to match size and font of formula to surrounding text
    frag = document.getElementsByTagName('math');
    for (var i=0;i<frag.length;i++) frag[i].update()
  }
}

var AMbody;
var AMnoMathML = false, AMtranslated = false;

function translate(spanclassAM) {
  if (!AMtranslated) { // run this only once
    AMtranslated = true;
    AMinitSymbols();
    AMbody = document.getElementsByTagName("body")[0];
    AMprocessNode(AMbody, false, spanclassAM);
  }
}

//onload function (replaces the onload="translate()" in the <body> tag)
function generic()
{
  translate("AM");
};
//setup onload function
if(typeof window.addEventListener != 'undefined')
{
  //.. gecko, safari, konqueror and standard
  window.addEventListener('load', generic, false);
}
else if(typeof document.addEventListener != 'undefined')
{
  //.. opera 7
  document.addEventListener('load', generic, false);
}
else if(typeof window.attachEvent != 'undefined')
{
  //.. win/ie
  window.attachEvent('onload', generic);
}
//** remove this condition to degrade older browsers
else
{
  //.. mac/ie5 and anything else that gets this far
  //if there's an existing onload function
  if(typeof window.onload == 'function')
  {
    //store it
    var existing = onload;
    //add new onload handler
    window.onload = function()
    {
      //call existing onload function
      existing();
      //call generic onload function
      generic();
    };
  }
  else
  {
    //setup onload function
    window.onload = generic;
  }
}
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