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Figure 1: Alien Aggressors in action. 
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Preface 

Introduction  
Each day more and more people begin the journey into game development. Some are kids or young adults inspired by 
their favorite video game with no knowledge of computer programming. Some are professional application developers 
just looking for something different. In either case a similar problem generally arises. How does a person learn the 
process of creating games? 
 
Video games appear simple from the outside. After all they are nothing more than images drawn on a screen, reacting to 
player input. However game creation is not an immediately easy task for many beginners. Some people get caught up in 
code details such as maintaining proper object-oriented design and avoiding static data while others struggle to 
ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ Ŧƭƻǿ ƻŦ ŀ ƎŀƳŜΩǎ ŎƻŘŜΦ The initial frustration caused by these or other hurdles is a 
common problem faced by beginners. Those that are really dedicated press on, while many choose to give up on game 
creation. 
 
This book aims to assist those who wish to begin creating their own games. By the completion of the book, the reader 
will have created a fully functional game complete with cooperative play. Our game will feature a group of alien ships 
that move left and right across the screen and step their way towards the player located at the bottom much like in the 
classic Space Invaders1. Our game will not feature any barriers but will instead mix the original Space Invaders game play 
with that of a faster-paced shooter such as Galaxian2. hǳǊ ƎŀƳŜΣ ƘƻǿŜǾŜǊΣ ǿƛƭƭ ƴƻǘ ŦŜŀǘǳǊŜ ǘƘŜ άƪŀƳƛƪŀȊŜ ŘƛǾŜǎέ 
performed by the enemy ships in Galaxian. 
 
Before we get further into the ōƻƻƪΣ ƭŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ŜȄǇŜŎǘŀǘƛƻƴǎ both for the book as well as the reader. 
 

Expectations  

Expectations of the Reader 

LŦ ȅƻǳ ŀǊŜ ǊŜŀŘƛƴƎ ǘƘƛǎ ōƻƻƪΣ ȅƻǳ ǎƘƻǳƭŘ ƪƴƻǿ ǘƘŀǘ LΩǾŜ ƳŀŘŜ ǎƻƳŜ ŀǎǎǳƳǇǘƛƻƴǎ ƛƴ ǘŜǊƳǎ ƻŦ ȅƻǳr current programming 
ŀōƛƭƛǘȅΦ L ŘƻƴΩǘ ŜȄǇŜŎǘ ȅƻǳ ǘƻ ōŜ ŀ ƳŀǎǘŜǊ /І ǇǊƻƎǊŀƳƳŜǊΣ ōut this book is not going to be teaching C# or basic .NET 
programming3. For you to be successful, I have assumed you have at least a basic familiarity with the following concepts: 
 

¶ General C# syntax 

¶ .NET events and event handlers 

¶ Exceptions and exception handling 

¶ Object-oriented (OO) design 
 
In addition to the above points, I will also assume you have properly installed XNA Game Studio 2.04 and created a 
default XNA Game Studio 2.0 project and have learned the ideas behind the methods provided for you as well as basic 
SpriteBatch functionality5. ¸ƻǳ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ōŜ ŀƴ ŜȄǇŜǊǘΣ ōǳǘ ȅƻǳ ǎƘƻǳƭŘ ŀǘ ƭŜŀǎǘ ƪƴƻǿ ǿƘŀǘ ŜŀŎƘ ƳŜǘƘƻŘ ƛƴ ǘƘŜ DŀƳŜ 
class is used for and be able to draw sprites to the screen. 
 
If you are not confident in one of the aforementioned areas, please seek out additional resources to gain familiarity 
before continuing with this book. 

                                                           
1
 Space Invaders is copyright of Taito Corporation and Midway Games: http://en.wikipedia.org/wiki/Space_Invaders. 

2
 Galaxian is copyright of Namco Limited and Midway Games: http://en.wikipedia.org/wiki/Galaxian. 

3
 For an introductory tutorial series for C#, see here: http://www.csharp-station.com/Tutorial.aspx. 

4
 For instructions on installing XNA Game Studio 2.0, see here: http://creators.xna.com/Education/newtoxna.aspx. 

5
 For an article to learn about XNA DŀƳŜ {ǘǳŘƛƻ нΦлΩǎ ŘŜŦŀǳƭǘ game project and the SpriteBatch functionality, see here: 

http://msdn2.microsoft.com/en-us/library/bb203893.aspx. 

http://en.wikipedia.org/wiki/Space_Invaders
http://en.wikipedia.org/wiki/Galaxian
http://www.csharp-station.com/Tutorial.aspx
http://creators.xna.com/Education/newtoxna.aspx
http://msdn2.microsoft.com/en-us/library/bb203893.aspx


Expectations of the Book 

This book is intended to be an introductory example of how to create a fully-functional game in XNA Game Studio 2.0. 
This book aims to give the reader the necessary knowledge and experience to feel comfortable working in game 
programming. The book will cover handling input from users, playing sound effects and music, creating menus for the 
game, and managing the overall state of the game. 
 
The book also contains two appendixes which cover basic tutorials on how the assets for the game were created using 
the free tools Paint.NET6 and Audacity7. 
 
¢Ƙŀǘ ǎŀƛŘ ǘƘƛǎ ōƻƻƪ ƛǎ ƴƻǘ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ǘƘŜ άǇŜǊŦŜŎǘέ ƻǊ άōŜǎǘέ ǿŀȅ ǘƻ ŎǊŜŀǘŜ ŀ {ǇŀŎŜ LƴǾŀŘŜǊǎ ŎƭƻƴŜ or any other game. 
Lƴ ǘƘŜ ǿƻǊƭŘ ƻŦ ƎŀƳŜ ǇǊƻƎǊŀƳƳƛƴƎ ǘƘŜǊŜ ƛǎ ƎŜƴŜǊŀƭƭȅ ƴƻ άǇŜǊŦŜŎǘέ ƻǊ άōŜǎǘέ ǿŀȅ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ŀƴȅǘƘƛƴƎΦ Lƴ ƎŜƴŜǊŀƭ 
success is measured by your ability to create a fun and engaging experience for your users; not the methodologies or 
programming paradigms used to create that experience. 
 
bƻǿ ǘƘŀǘ ǿŜ ŀǊŜ ŀƭƭ ƻƴ ǘƘŜ ǎŀƳŜ ǇŀƎŜΣ ƭŜǘΩǎ ōŜƎƛƴ ƻǳǊ ǿƻǊƪ ƻƴ !ƭƛŜƴ !ƎƎǊŜǎǎƻǊǎΦ 
 

 
Figure 2: Space Invaders. 

 

 
Figure 3: Galaxian. 

                                                           
6
 Paint.NET is a free drawing program available here: http://www.getpaint.net/ . 

7
 Audacity is a free audio editing program available here: http://audacity.sourceforge.net/. 

http://www.getpaint.net/
http://audacity.sourceforge.net/


Getting Started  

Creatin g the Project  
Like all XNA Game Studio projects, Alien Aggressors begins its life inside of Visual Studio. XNA Game Studio 2.0 
introduced support for all of the 2005 Visual Studio editions. However for this book, all screenshots will be taken using 
the freely available Visual C# Express 2005 so keep that in mind if you are using a different version. [ŜǘΩǎ Ǝƻ ŀƘŜŀŘΣ ǘƘŜƴΣ 
ŀƴŘ ŎǊŜŀǘŜ ŀ ƴŜǿ ²ƛƴŘƻǿǎ DŀƳŜ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ ά!ƭƛŜƴ !ƎƎǊŜǎǎƻǊǎέΦ 
 

 
Figure 4: Creating the Alien Aggressors project. 

 

Creating a Sprite Class 
Since Alien Aggressors is a purely sprite based game, it makes sense to start off by creating a class to represent a single 
ǎǇǊƛǘŜΦ {ƻ ƭŜǘΩǎ ŎǊŜŀǘŜ ŀ ƴŜǿ Ŏƭŀǎǎ ƛƴ ƻǳǊ ƎŀƳŜ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ ά{ǇǊƛǘŜέΦ 
 
Each sprite is going to need a few pieces of data. The first is a Texture2D so that the sprite is able to be drawn. The next 
item is a position so we can move the sprite around on the screen. Lastly we need a variable to record the center 
position of the sprite so our position reŦŜǊǎ ǘƻ ǿƘŜǊŜ ǿŜ ǿŀƴǘ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ǎǇǊƛǘŜ ǘƻ ōŜΦ [ŜǘΩǎ Ǝƻ ŀƘŜŀŘ ŀƴŘ ŀŘŘ 
these items to our class: 
 
public class  Sprite  

{  

 public  Vector2  Position = Vector2 .Zero;  

 

 Vector2  center;  

 Texture2D  texture = null ;  

 

 public  Texture2D  Texture  

 {  

  get  { return  texture; }  

 }  

}  

 

¸ƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ ƛn my Sprite class, Position is public while center and texture are not. This is because our texture will be 
passed in via the Sprite constructor and the center will be computed in the constructor from the texture. The Position, 



on the other hand, will need to be accessed and updated from outside of our class. We also have a public property 
which allows us to get the texture outside of the sprite instance.  
 
[ŜǘΩǎ ŎƻƴǘƛƴǳŜ ōȅ ŎǊŜŀǘƛƴƎ ŀ ōŀǎƛŎ ŎƻƴǎǘǊǳŎǘƻǊ ŦƻǊ ƻǳǊ {Ǉrite so we are able to create instances: 
 
public  Sprite( Texture2D  spriteTexture)  

{  

 texture = spriteTexture;  

 center = new Vector2 (  

  spriteTexture.Width / 2,  

  spriteTexture.Height / 2);  

}  

 
In our constructor we simply save the texture we are given for later use and create a new center point using half of the 
ǘŜȄǘǳǊŜΩǎ ǿƛŘǘƘ ŀƴŘ ƘŜƛƎƘǘ ŦƻǊ ƻǳǊ · ŀƴŘ ¸ ǾŀƭǳŜǎΦ 
 
Lastly we need to add a simple draw method to our Sprite. In our system, we are going to batch together all the drawing 
into a single SpriteBatch. To accommodate this, our Draw method will take a SpriteBatch as a parameter and only call 
SpriteBatch.Draw: 
 
public  void  Draw( SpriteBatch  spriteBatch)  

{  

 spriteBatch.Draw(  

  texture,  

  new Vector2 (( int )Position.X, ( int )Position.Y),  

  null ,  

  Color .White,  

  0f,  

  center,  

  1f ,  

  SpriteEffects .None,  

  0);  

}  

 
One thing to note is that we create a new Vector2 by rounding our position to integers. This is done to ensure our sprites 
are drawing at valid pixel positions giving us a cleaner image. It is not required to do this, so feel free to experiment. 
 
bƻǿ ƭŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ƛƳŀƎŜ ǘƻ ƻǳǊ /ƻƴǘŜƴǘ ǇǊƻƧŜŎǘΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ŀŘŘ ƻǳǊ ǇƭŀȅŜǊмΦǇƴƎ ƛƳŀƎŜ ǿƘƛŎƘ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ 
ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŦƛǊǎǘ ǇƭŀȅŜǊΩǎ ǎƘƛǇ8. To do this, right click on the Content subproject, select Existing Item from the Add 
menu, and select the player1.png file. The file will be copied to your content directory and added to the project. 
 

 
Figure 5: The Solution Explorer after adding player1.png to the Content project. 

                                                           
8
 All of the assets for the game are in the AlienAggressorsContent.zip file next to this document. 



Now that we have an image to load, we can test out our new Sprite class. Open the Game1.cs file and add a Sprite 
ƛƴǎǘŀƴŎŜ ǘƻ ȅƻǳǊ ƎŀƳŜΩǎ ŦƛŜƭŘǎΥ 
 

Sprite  player1;  

 
bŜȄǘ ǿŜ Ƴǳǎǘ ŎǊŜŀǘŜ ǘƘŜ {ǇǊƛǘŜ ǎƻ ǘƘŀǘ ǿŜ ŀǊŜ ŀōƭŜ ǘƻ ŘǊŀǿ ƛǘ ǘƻ ǘƘŜ ǎŎǊŜŜƴΦ {ƛƴŎŜ ƻǳǊ {ǇǊƛǘŜΩǎ constructor requires a 
Texture2D object, we must create our Sprite in the LoadContent method: 
 
protected  override  void  LoadContent()  

{  

 spriteBatch = new SpriteBatch (GraphicsDevice);  

 

 player1 = new Sprite (Content.Load< Texture2D >( "player1" ));  

 player1.Posi tion = new Vector2 (100f);  

}  

 
Now we are able to render our sprite to the screen. Add the following code to the Draw method to achieve this: 
 
spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

player1.Draw(spriteBatch);  

spriteBatch.End();  

 
Now build and run ȅƻǳǊ ǇǊƻƧŜŎǘ ŀƴŘ ȅƻǳ ǎƘƻǳƭŘ ǎŜŜ ŀ ǎƛƴƎƭŜ ǎƘƛǇ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ƻǳǊ ōƭǳŜ ǎŎǊŜŜƴΦ [ŜǘΩǎ ŎƻƴǘƛƴǳŜ ōȅ 
ƳŀƪƛƴƎ ƻǳǊ ōŀŎƪƎǊƻǳƴŘ ŀ ōƛǘ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ŦƻǊ ƻǳǊ ƎŀƳŜΩǎ ǎŜǘǘƛƴƎ ƻŦ ƻǳǘŜǊ ǎǇŀŎŜΦ 
 

Creating a Starry Background  
Alien Aggressors is set in outer space, so using the default CornflowerBlue color for a background probably ƛǎƴΩǘ what we 
want to do. We could simply change the clear color to Black to better represent space, but this would still be a boring 
background to play on. So to tackle this, we are going to create a class that derives from Texture2D which will generate a 
random field of stars for our background. 
 
CƛǊǎǘ ŀŘŘ ŀ ƴŜǿ Ŏƭŀǎǎ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ ά{ǘŀǊǊȅ.ŀŎƪƎǊƻǳƴŘέ ŀƴŘ ƳŀƪŜ ǘƘŜ Ŏƭŀǎǎ ŘŜǊƛǾŜ ŦǊƻƳ ¢ŜȄǘǳǊŜн5Φ 
 
public  class  StarryBackground  : Texture2D  

{  

}  

 
¸ƻǳΩƭƭ ƴƻǘƛŎŜ ƛŦ ȅƻǳ ǘǊȅ ǘƻ ōǳƛƭŘ ǘƘŜ ǇǊƻƧŜŎǘ ȅƻǳ ƎŜǘ ŀƴ ŜǊǊƻǊ ǘƘŀǘ ƭƻƻƪǎ ƭƛƪŜ ǘƘƛǎΥ 
 

άbƻ ƻǾŜǊƭƻŀŘ ŦƻǊ ƳŜǘƘƻŘ ϥ¢ŜȄǘǳǊŜн5ϥ ǘŀƪŜǎ ϥлϥ ŀǊƎǳƳŜƴǘǎέ 
 
This error indicates that the Texture2D class does not have a parameter-less constructor. So for our class to derive from 
it, we must create a constructor which calls one of the Texture2D constructors. Our constructor is going to require a 
GraphicsDevice reference, a width and height, and the number of stars to place in the texture. The constructor will then 
call tƘŜ ōŀǎŜ ŎƭŀǎǎΩǎ ŎƻƴǎǘǊǳŎǘƻǊΦ 
 
 
 
 
 
 
 
 



public  StarryBackground(  

 GraphicsDevice  graphics,  

 int  width,  

 int  height,  

 int  numberOfStars)  

: base (graphics,  

 width,  

 height,  

 0,  

 TextureUsage .None,  

 SurfaceFormat .Color)  

{  

}  

 
This constructor will then allocate a texture with the requested size using some common values for the mipmap levels, 
TextureUsage, and SurfaceFormat. While these are common values, some machines may not accept them. If this throws 
an exception on your machine, you may have to tweak one or more of the parameters to accommodate your graphics 
card9. 
 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǘƘƻǎŜ ǎǘŀǊǎ ƛƴΦ .ȅ ŘŜŦŀǳƭǘ ŀ ōƭŀƴƪ ǘŜȄǘǳǊŜ ƛǎ ŀ ōƛƎ ŀǊǊŀȅ ƻŦ ǘǊŀƴǎǇŀǊŜƴǘ ōƭŀŎƪ ǇƛȄŜƭǎΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŜŀŎƘ 
ǇƛȄŜƭΩǎ wΣ DΣ .Σ ŀƴŘ ! ǾŀƭǳŜǎ ŀǊŜ ŀƭƭ лΦ ²Ƙŀǘ ƻǳǊ ŎƻƴǎǘǊǳŎǘƻǊ Ƴǳǎt do is randomly place colored pixels into the texture to 
give the appearance of stars. We do this using an instance of the Random10 type and looping over all the pixels until we 
ƘŀǾŜ ŀŘŘŜŘ ǘƘŜ ǊŜǉǳŜǎǘŜŘ ŀƳƻǳƴǘΦ Cƛƴŀƭƭȅ ǿŜ Ŏŀƭƭ {Ŝǘ5ŀǘŀ ǘƻ ǎŜǘ ƻǳǊ ǘŜȄǘǳǊŜΩǎ pixel data. 
 

if  (numberOfStars >= width * height  || numberOfStars < 0 )  

 throw  new Exception (  

"numberOfStars must be in the range of [0, width * height -  1]" );  

 

Random rand = new Random();  

 

Color [] pixels = new Color [width * height];  

int  starsAdded = 0;  

 

while  (starsAdded < numberOfStars)  

{  

 int  index = rand.Next(pixels.Length);  

 if  (pixels[index] == Color .TransparentBlack)  

 {  

  float  value = ( float )rand.NextDouble() + .5f;  

  pixels[index] = new Color ( new Vector4 (value));  

starsAdded++;  

 }  

}  

 

SetData(pixels);  

 
¢ƘŀǘΩǎ ƛǘ ŦƻǊ ǘƘŜ {ǘŀǊǊȅ.ŀŎƪƎǊƻǳƴŘ ŎƭŀǎǎΦ bƻǿ ǿŜ Ŏŀƴ ŎǊŜŀǘŜ ŀƴ ƛƴǎǘŀƴŎŜ ŀƴŘ ǳǎŜ ƛǘ ǘƻ ǊŜƴŘŜǊ ǎƻƳŜ ǎǘŀǊǎ ŦƻǊ ƻǳǊ ƎŀƳŜΩǎ 
ōŀŎƪƎǊƻǳƴŘΦ [ŜǘΩǎ ōŜƎƛƴ ōȅ ŀŘŘƛƴƎ ŀ ƴŜǿ {ǘŀǊǊȅ.ŀŎƪƎǊƻǳƴŘ ǾŀǊƛŀōƭŜ ǘƻ ǘƘŜ Ƴŀƛƴ DŀƳŜм ŎƭŀǎǎΥ 
 
StarryBackground  stars;  

 
Next we need to instantiate this object in the LoadContent method because its constructor requires a valid 
GraphicsDevice reference: 
 
 
 

                                                           
9
 For more on the Texture2D constructor, see here: http://msdn2.microsoft.com/en-us/library/bb195755.aspx. 

10
 For more on the Random type, see here: http://msdn2.microsoft.com/en-us/library/system.random.aspx. 

http://msdn2.microsoft.com/en-us/library/bb195755.aspx
http://msdn2.microsoft.com/en-us/library/system.random.aspx


stars = new StarryBackground (  

 GraphicsDevice,  

 GraphicsDevice.Viewport.Width,  

 GraphicsDevice.Viewport.Height,  

 200) ;  

 
Lastly we can update our Draw method to render these stars. Since our StarryBackground only colors in the stars, we 
must switch our clear color to Black. Then we can render the background and the player ship: 
 
protected  override  void  Draw( GameTime gameTime)  

{  

 graphics.GraphicsDevice.Clear( Color .Black);  

 

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

 spriteBatch.Draw(stars, Vector2 .Zero, Color .White);  

 player1.Draw(spriteBatch);  

 spriteBatch.End();  

 

 base .Draw(gameTime);  

}  

 
If you run the game now ȅƻǳΩƭƭ ǎŜŜ ƻǳǊ ǎƘƛǇ ƛǎ ƴƻǿ ŦƭƻŀǘƛƴƎ ƛƴ ƻǳǘŜǊ ǎǇŀŎŜ ǿƛǘƘ ƘǳƴŘǊŜŘǎ ƻŦ ǎǘŀǊǎ ƻŦŦ ƛƴ ǘƘŜ ŘƛǎǘŀƴŎŜΦ Also 
feel free to change the number of stars to whatever value you prefer. We chose 200 to start with, but you can easily 
change this value to add more or fewer stars to your game. 
 

 
Figure 6: Our player ship in space. 

  



Creating a Ship Class 
Since our game revolves around the player controlling a ship while fighting enemy ships, we should add a common base 
class for both types of ships tƻ ŘŜǊƛǾŜ ŦǊƻƳΦ !ŘŘ ŀ ƴŜǿ Ŏƭŀǎǎ ǘƻ ȅƻǳǊ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ ά{ƘƛǇέ ŀƴŘ ƘŀǾŜ ƛǘ ŘŜǊƛǾŜ ŦǊƻƳ ǘƘŜ 
{ǇǊƛǘŜ ŎƭŀǎǎΦ !ƭǎƻ ŀŘŘ ŀ ōŀǎƛŎ ŎƻƴǎǘǊǳŎǘƻǊ ǘƻ Ŏŀƭƭ ǘƘŜ {ǇǊƛǘŜ ŎƭŀǎǎΩǎ ŎƻƴǎǘǊǳŎǘƻǊ ŀƴŘ ŀ ǾƛǊǘǳŀƭ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ŦƻǊ ƻǳǊ 
children types to use. 
 

public  class  Ship  : Sprite  

{  

public  Ship( Texture2D  spriteTexture)  

  : base (spriteTexture)  

 {  

 }  

  

 public  virtual  void  Update( GameTime gameTime)  

 {  

 }  

}  
 
¢ƘŀǘΩǎ ŀƭƭ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ Řƻ ǿƛǘƘ ǘƘŜ {ƘƛǇ Ŏƭŀǎǎ ŦƻǊ ƴƻǿΣ ǎƻ ƭŜǘΩǎ ŀŘŘ ŀƴƻǘƘŜǊ Ŏƭŀǎǎ ǘƻ ƻǳǊ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ tƭŀȅŜǊ{ƘƛǇΦ !Ǝŀin 
the class should derive from the Ship class and implement a basic constructor. 
 
public  class  PlayerShip  : Ship  

{  

 PlayerIndex  index;  

 

 public  PlayerShip( Texture2D  spriteTexture, PlayerIndex  playerIndex)  

  : base (spriteTexture)  

 {  

  index = playerIndex;  

 }  

}  

 
Notice our constructor takes in a PlayerIndex and stores that in our class. This variable is used to assign an instance of 
PlayerShip to a particular GamePad index for updating. bŜȄǘ ƭŜǘΩǎ ŀŘŘ ŀƴ ƻǾŜǊǊƛŘŜ ǘƻ ǘƘŜ {ƘƛǇΦ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǎƻ ǘƘŀǘ ƻǳǊ 
PlayerShip can move around on the screen. 
 
public  override  void  Update( GameTime gameTime)  

{  

 GamePadState  gps = GamePad.GetState(index);  

 

 Position.X += gps.ThumbSticks.Left.X * 3;  

    

 base .Update(gameTime);  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǿŜ ƎŜǘ ǘƘŜ ŎǳǊǊŜƴǘ DŀƳŜtŀŘ{ǘŀǘŜ ŀƴŘ ǳǎŜ ǘƘŜ ƭŜŦǘ ǘƘǳƳōǎǘƛŎƪ ǘƻ ƳƻǾŜ ƻǳǊ ǎƘƛǇ ƭŜŦǘ ŀƴŘ ǊƛƎƘǘΦ ²Ŝ ŀǊŜƴΩǘ 
worried about adjusting the Y axis, because our player ship is only able to move left and right on the screen. 
 
Now we can test this out by changing our player1 object into a PlayerShip. So in our Game1.cs file, we need to change 
the declaration from 
 
Sprite  player1;  

 
to 
 
PlayerShip  player1;  

 
Similarly we need to update our instantiation code from 



 
 

player1 = new Sprite (Content.Load< Texture2D >( "player1" ));  

 
to 
 

player1 = new PlayerShip ( Content.Load< Texture2D >( "player1" ), Pl ayerIndex .One);  

 
!ƴŘ Ŧƛƴŀƭƭȅ ǿŜ ƴŜŜŘ ǘƻ ŀŘŘ ŀ Ŏŀƭƭ ǘƻ ǇƭŀȅŜǊмΦ¦ǇŘŀǘŜ ƛƴǘƻ ƻǳǊ ƎŀƳŜΩǎ ǳǇŘŀǘŜ ƳŜǘƘƻŘΥ 
 
protected  override  void  Update( GameTime gameTime)  

{  

 if  ( GamePad.GetState( PlayerIndex .One).Buttons.Back == ButtonState .Pressed)  

  this .Exit();  

 

 player1.Update(gameTime);  

 

 base .Update(gameTime);  

}  

 
Now if we run the game we can move our player back and forth along the X axis on the screen. However our player can 
easily slide right off the side of the screen which we ŘŜŦƛƴƛǘŜƭȅ ŘƻƴΩǘ ǿŀƴǘΦ ¢ƻ ǊŜƳŜŘȅ ǘƘƛǎΣ ǿŜ ŀǊŜ ƎƻƛƴƎ ǘƻ ŀŘŘ ŀ 
property to the Sprite class to give us the bounding rectangle around the sprite and then use that to keep the player on 
the screen. 
 
CƛǊǎǘ ƭŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ǇǊƻǇŜǊǘȅ ŎŀƭƭŜŘ .ƻǳƴŘǎ ǘƻ ǘƘŜ {ǇǊƛǘŜ Ŏƭass. The property simply returns a new Rectangle set to the 
proper size of the sprite: 
 
public  Rectangle  Bounds  

{  

 get  

 {  

  return  new Rectangle (  

   ( int )(Position.X -  center.X ),  

   ( int ) (Position.Y -  center.Y ),  

   texture.Width ,  

   texture.Height );  

 }  

}  

 
bŜȄǘ ǿŜΩƭƭ ŀŘŘ ǎƻƳŜ ŎƻŘŜ ƛƴǘƻ ƻǳǊ ǳǇŘŀǘŜ ŎƻŘŜ ǘƻ ƪŜŜǇ ǘƘŜ ǇƭŀȅŜǊ ƻƴ ǘƘŜ ǎŎǊŜŜƴΦ ¢ƻ Řƻ ǘƘƛǎ ǿŜ ƴŜŜŘ ǘƻ ǳǇŘŀǘŜ ǘƘŜ 
Ship.Update method signature to this: 
 
public  virtual  void  Update( GameTime gameTime, float  fieldWidth)   
 
The fieldWidth variable will be used tƻ ǘŜƭƭ ǘƘŜ {ƘƛǇ Ƙƻǿ ǿƛŘŜ ƻŦ ŀƴ ŀǊŜŀ ǿŜ ŀǊŜ ǇƭŀȅƛƴƎ ƛƴΦ bŜȄǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ƻǳǊ 
PlayerShip.Update method to use this parameter and our new Bounds property to keep the player on the screen: 
 
 
 
 
 
 
 
 
 
 



public  override  void  Update( GameTime gameTime, float  fieldWi dth)  

{  

 GamePadState  gps = GamePad.GetState(index);  

 

 Position.X += gps.ThumbSticks.Left.X * 3;  

 

 if  (Bounds.Left < 0)  

  Position.X = Bounds.Width / 2;  

 else  if  (Bounds.Right > fieldWidth)  

  Position.X = fieldWidth -  Bounds.Width / 2;  

    

 base .Update(gameTime, fieldWidth);  

}  

 
And lastly we need to change our call to player1.Update from this 
 

player1.Update(gameTime);  

 
to this 
 

player1.Update(gameTime, GraphicsDevice.Viewport.Width);  

 
Now your player can move only on the screen.  

Adding Keyboard  Input  
Some developers and users prefer the keyboard. The reason could simply be a lack of Xbox 360 game pad or it could be 
that they just prefer that input device. Luckily for XNA Game Studio developers, adding the option for keyboard input 
ƛǎƴΩǘ ǘƘŀǘ ōƛƎ of a challenge. 
 
[ŜǘΩǎ ǳǇŘŀǘŜ ƻǳǊ tƭŀȅŜǊ{ƘƛǇ Ŏƭŀǎǎ ǘƻ ōŜ ŀōƭŜ ǘƻ ŀŎŎŜǇǘ ƪŜȅōƻŀǊŘ ƛƴǇǳǘΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ŎǊŜŀǘŜ ŀ ŎƻǳǇƭŜ ƻŦ ƴŜǿ ƳŜǘƘƻŘǎΥ 
one for GamePad driven input and one for Keyboard driven input. We will choose based on whether or not the 
DŀƳŜtŀŘ ƛǎ ŎƻƴƴŜŎǘŜŘΦ IŜǊŜΩǎ are the two methods we are going to add to our PlayerShip class: 
 
private  void  UpdateKeyboard()  

{  

 KeyboardState  keyState = Keyboard .GetState();  

 

 if  (keyState.IsKeyDown( Keys .A) || keyState.IsKeyDown( Keys .Left))  

  Position.X - = 3;  

 if  (keyState.IsKeyDown( Keys .D) || keyState.IsKeyDown( Keys .Right))  

  Position.X += 3;  

}  

 

private  void  UpdateGamePad( GamePadState  gps)  

{  

 Position.X += gps.ThumbSticks.Left.X * 3;  

}  

 
We have UpdateGamePad take in a parameter of a GamePadState because we are going to get the game pŀŘΩǎ ǎǘŀǘŜ ƛƴ 
Update so we can check if the game pad is connected. That is how we will decide which of these two methods to call. 
 
Now we can update the PlayerShip.Update method to take advantage of these new methods. 
 
 
 
 
 
 



public  override  void  Update( GameTime gameTime, float  fieldWidth)  

{  

 GamePadState  gps = GamePad.GetState(index);  

 

 if  (gps.IsConnected)  

  UpdateGamePad(gps);  

 else  

  UpdateKeyboard();  

 

 if  (Bounds.Left < 0)  

  Position.X = Bounds.Width / 2;  

 else  if  (Bounds.Right > fieldWidth)  

  Positi on.X = fieldWidth -  Bounds.Width / 2;  

    

 base .Update(gameTime, fieldWidth);  

}  
 
Now when you run the game, you can control the player with the left thumbstick of a controller or, if the controller is 
not connected, using the keyboard. For your game you could also choose to make a simple option or boolean value to 
set whether or not to use the keyboard or game pad for input. 
  



Managing the Flow of Code 

The GameState Class 
So far all of our code is inside the Game1 class provided for us by the project template. This is great for quickly trying out 
new ideas or for very simple games, but once you go beyond anything trivially simple you will find it becomes very hard 
to maintain. As such we are going to implement a game state system to allow us to break up code into logical chunks 
based on the state of the game. For instance we will have one state for the main menu, one for the options menu, one 
for transitioning between levels in our game, one for the game during play, and one for after a game has ended. This 
way we can keep our code clean and concise. 
 
¢ƻ ōŜƎƛƴ ƭŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ŀōǎǘǊŀŎǘ Ŏƭŀǎǎ ŎŀƭƭŜŘ άDŀƳŜ{ǘŀǘŜέ ǘƻ ƻǳǊ ǇǊƻƧŜŎǘΦ 
 
public  abstract  class  GameState  

{  

}  

 
Each game state is going to act like a mini instance of a game class. For this to work we need to expose some basic data 
inside of the class for the derived classes ǘƻ ǳǎŜΦ ²Ŝ ŘƻƴΩǘ ŎǳǊǊŜƴǘƭȅ ƘŀǾŜ ŀ DŀƳŜ{ǘŀǘŜaŀƴŀƎŜǊ ǘȅǇŜ ŘŜŦƛƴŜŘΣ ōǳǘ ǿŜ ǿƛƭƭ 
ŀŘŘ ǘƘŀǘ ƛƴ ǘƘŜ ƴŜȄǘ ǎŜŎǘƛƻƴ ǎƻ ŘƻƴΩǘ ǿƻǊǊȅ ǘƘŀǘ ±ƛǎǳŀƭ {ǘǳŘƛƻ ŘƻŜǎƴΩǘ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ǘȅǇŜ ƴŀƳŜΦ 
 
GameStateManager  manager;  

ContentManager  content;  

GraphicsDeviceManager  graphics;  

Game game;  

 

public  Game Game 

{  

 get  { return  game; }  

}  

 

public  GameStateManager  Manager  

{  

 get  { return  manager; }  

}  

 

public  ContentManager  Content  

{  

 get  { return  content; }  

}  

 

public  GraphicsDevice  GraphicsDevice  

{  

 get  { return  graphics.GraphicsDevice; }  

}  

 

public  GraphicsDeviceManager  GraphicsManager  

{  

 get  { return  graphics; }  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǿŜ ŀǊŜ ŜȄǇƻǎƛƴƎ ǎƻƳŜ ŦŀƛǊƭȅ ōŀǎƛŎ Řŀǘŀ ǎƛƳƛƭŀǊ ǘƻ ǿƘŀǘ ȅƻǳ ǿƻǳƭŘ ǎŜŜ ƛƴ ŀ ƎŀƳŜ Ŏƭŀǎǎ or in a game component. 
bŜȄǘ ƭŜǘΩǎ ŎǊŜŀǘŜ ŀ ŎƻƴǎǘǊǳŎǘƻǊ ǘƻ ŎǊŜŀǘŜ ŀ DŀƳŜ{ǘŀǘŜ ƛƴǎǘŀƴŎŜ ŀƴŘ ǊŜǘǊƛŜǾŜ ǘƘƛǎ ŘŀǘŀΦ 
  



public  GameState( Game game)  

{  

 this .game = game;  

 

 manager = game.Services.GetService( typeof ( GameStateManager )) as  GameStateManager ;  

 

 content = game.Services.GetService( typeof ( ContentManager )) as  ContentManager ;  

 

 graphics= game.Services.GetService( typeof ( IGraphicsDeviceService ))  

  as  GraphicsDeviceManager ;  

}  

 
Our constructor simply takes in a Game instance and uses the Services collection to retrieve the other three pieces of 
data we need. 
 
The last piece of our GameState class is to define the methods that will be called by our GameStateManager to update 
and draw each state: 
 
public  abstract  void  Update( GameTime gameTime);  

public  abstract  void  Draw( GameTime gameTime);  

 
!ƴŘ ǘƘŀǘΩǎ ƛǘΦ ²Ŝ ƴƻǿ ƘŀǾŜ ŀ ǎƛƳǇƭŜ DŀƳŜ{ǘŀǘŜ Ŏƭŀǎǎ ǿƘƛŎƘ ǿŜ Ŏŀƴ ŘŜǊƛǾŜ ǘƻ ŎǊŜŀǘŜ ǎƳŀƭƭ ǇƻǊǘƛƻƴǎ ƻŦ ƻǳǊ ƎŀƳŜΩǎ ƻǾŜǊŀƭƭ 
code. 
 

The GameStateManager Class 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ DŀƳŜ{ǘŀǘŜ ƻōƧŜŎǘΣ ƭŜǘΩǎ create the GameStateManager type we used in the GameState class: 
 
public  class  GameStateManager  : DrawableGameComponent  

{  

 public  GameStateManager( Game game)  

  : base (game)  

 {  

 }   

}  

 
²ŜΩǾŜ ƴƻǿ ŎǊŜŀǘŜŘ ŀ ǾŜǊȅ ōŀǎƛŎ 5ǊŀǿŀōƭŜDŀƳŜ/ƻƳǇƻƴŜƴǘ ǎƘŜƭƭ ŦƻǊ ǳǎ ǘƻ ǎǘƻǊŜ ǘƘŜ ƎŀƳŜ ǎǘŀǘŜǎΦ To do this, we first 
ƴŜŜŘ ǘƻ ŀŘŘ ŀƴ ŜƴǳƳŜǊŀǘƛƻƴ ǘƻ ƻǳǊ ƎŀƳŜ ǘƘŀǘ ǿŜ ǿƛƭƭ Ŏŀƭƭ ά!!DŀƳŜ{ǘŀǘŜέ όŦƻǊ !ƭƛŜƴ !ƎƎǊŜǎǎƻǊǎ DŀƳŜ {ǘŀǘŜύΦ ¢Ƙƛǎ 
enumeration will be used to set or change the current game state in the GameStateManager. Here is what our 
enumeration looks like: 
 
public  enum AAGameState  

{  

 MainMenu,  

 Options,  

 LevelTransition,  

 Playing,  

 Paused,  

 Win,  

 Lose,  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǿŜ ǘǊŀŎƪ ŜǾŜǊȅ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ƎŀƳŜ ƛƴŎƭǳŘƛƴƎ ǿƘƛŎƘ ǇƭŀȅŜǊ ǇŀǳǎŜŘ ǘƘŜ ƎŀƳŜΦ bƻǿ ǿŜ Ŏŀƴ ŀŘŘ ǎƻƳŜ Řŀǘŀ ǘƻ ƻǳǊ 
manager. 
  



public  class  GameStateManager  : DrawableGameComponent  

{  

 public  Dictionary <AAGameState , GameState > GameStates =  

  new Dictionary <AAGameState , GameState >();  

 public  AAGameState  CurrentState = AAGameState .MainMenu;  

}  

 
²Ŝ ƘŀǾŜ ŀŘŘŜŘ ŀ 5ƛŎǘƛƻƴŀǊȅ ǘƻ ƪŜŜǇ ǘǊŀŎƪ ƻŦ ŀƭƭ ƻŦ ǘƘŜ ƎŀƳŜΩǎ ǎǘŀǘŜǎ ǎƻ that we can easily access any given state using 
ƻǳǊ ŜƴǳƳŜǊŀǘƛƻƴΦ ²Ŝ ŀƭǎƻ ƘŀǾŜ ŀ ǾŀǊƛŀōƭŜ ǘƻ ǘǊŀŎƪ ǘƘŜ ŎǳǊǊŜƴǘ ƎŀƳŜ ǎǘŀǘŜΦ bŜȄǘ ƭŜǘΩǎ ŀŘŘ ŀ ǎƛƳǇƭŜ ¦ǇŘŀǘŜ ŀƴŘ 5Ǌŀǿ 
method to update and draw the current state: 
 
public  override  void  Update( GameTime gameTime)  

{  

 GameState  state;  

 if  (GameStates.TryGetValue(CurrentState, out  state))  

  state.Update(gameTime);  

}  

 

public  override  void  Draw( GameTime gameTime)  

{  

 GameState  state;  

 if  (GameStates.TryGetValue(CurrentState, out  state))  

  state.Draw(gameTime);  

}  

 
We use the TryGetValue method rather than indexing the dictionary so that we can avoid throwing exceptions in cases 
where a game state might not have been added properly. 
 

The PlayingGameState Class 
The next thing we should do is start moving our code out of the game class and into new game state classes. To start 
ŎǊŜŀǘŜ ŀ ƴŜǿ Ŏƭŀǎǎ ŎŀƭƭŜŘ άtƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜέ ǘƘŀǘ ŘŜǊƛǾŜǎ ŦǊƻƳ ǘƘŜ DŀƳŜ{ǘŀǘŜ ŎƭŀǎǎΦ 
 
public  class  PlayingGameState  : GameState  

{  

 public  PlayingGameState( Game game)  

  : base (game)  

 {  

 }  

 

 public  override  void  Update( GameTime gameTime)  

 {  

 }  

 

 public  override  void  Draw( GameTime gameTime)  

 {  

 }  

}  

 
bƻǿ ƭŜǘΩǎ ŀŘŘ ǎƻƳŜ ŦƛŜƭŘǎ ǘƻ ǘƘŜ ŎƭŀǎǎΥ 
 

SpriteBatch  spriteBatch;  

PlayerShip  player1;  

 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ŎƻŘŜ ǘƻ ŎǊŜŀǘŜ ǘƘŜǎŜ ƻōƧŜŎǘǎΦ hǳǊ ƎŀƳŜ ǎǘŀǘŜǎ ŀǊŜ ƎƻƛƴƎ to be created in the Game.Initialize method 
after base.Initialize to ensure our GraphicsDevice is valid, so loading content in the constructor is perfectly acceptable. 
 
 
 



public  PlayingGameState( Game game)  

 : base (game)  

{  

 spriteBatch = new SpriteBatch (Gra phicsDevice);  

 player1 = new PlayerShip (  

  Content.Load< Texture2D >( "player1" ),  

  PlayerIndex .One);   

 player1.Position = new Vector2 (100f);  

}  

 
bƻǿ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ŎƻǊǊŜŎǘ ¦ǇŘŀǘŜ ŀƴŘ 5Ǌŀǿ ŎƻŘŜ ǘƻ ǳǇŘŀǘŜ ŀƴŘ ŘǊŀǿ ǘƘŜ ǇƭŀȅŜǊΥ 
 
public  override  void  Update( GameTime gameTime)  

{  

 player1.Update(gameTime, GraphicsDevice.Viewport.Width);  

}  

 

public  override  void  Draw( GameTime gameTime)  

{  

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

 player1.Draw(spriteBatch);  

 spriteBatch.End();  

}  

 
To support the new state management system, we need to do some updating to our game classΦ CƛǊǎǘ ƭŜǘΩǎ ǊŜƳƻǾŜ ǘƘŜ 
PlayerShip declaration from the fields and add a new GameStateManager declaration. So now our game class has these 
fields in it: 
 
GraphicsDeviceManager  graphics;  

Sprit eBatch  spriteBatch;  

StarryBackground  stars;  

GameStateManager  stateManager;  

 
bŜȄǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ƎŀƳŜΩǎ ŎƻƴǎǘǊǳŎǘƻǊ ǘƻ ƴƻǘ ƻƴƭȅ ŎǊŜŀǘŜ ǘƘŜ DŀƳŜ{ǘŀǘŜaŀƴŀƎŜǊΣ ōǳǘ ŀƭǎƻ ǘƻ ǊŜƎƛǎǘŜǊ ƛǘ ŀƴŘ 
the ContentManager as services: 
 
public  Game1()  

{  

 graphics = new GraphicsDeviceManager ( this );  

 Content.RootDirectory = "Content" ;  

 

 stateManager = new GameStateManager ( this );  

 Components.Add(stateManager);  

 

 Services.AddService( typeof ( ContentManager ), Content);  

 Services.AddService( typeof ( GameStateManager ), stateManager);  

}  

 
bŜȄǘ ǿŜ ƘŜŀŘ ǘƻ ǘƘŜ LƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘ ǿƘŜǊŜ ǿŜ ŀǊŜ ƎƻƛƴƎ ǘƻ ōŜ ŎǊŜŀǘƛƴƎ ƻǳǊ ƎŀƳŜ ǎǘŀǘŜǎΦ [ŜǘΩǎ Ǝƻ ŀƘŜŀŘ ŀƴŘ ŀŘŘ ŀ ƴŜǿ 
instance of our PlayingGameState. Remember we must do this after base.Initialize in order to ensure our GraphicsDevice 
is valid. 
  



protected  override  void  Initialize()  

{  

 base .Initialize();  

 

 stateManager.GameStates.Add(  

  AAGameState .Playing,  

  new PlayingGameState ( this ));   

 

 stateManager.CurrentState = AAGameState .Playing;  

}  
 
Next remove all of the code that dealt with creating, positioning, updating, or drawing player1. If you do a build at this 
point, the compiler will point out, as errors, all the lines where you are using player1 in Game1.cs. Simply remove those 
lines. We want to leave the code for creating and drawing the stars background because we will be drawing this for 
every game state. 
 
LŦ ȅƻǳ Ǌǳƴ ǘƘŜ ƎŀƳŜ ŀƎŀƛƴΣ ȅƻǳΩƭƭ ǎŜŜ ǿŜ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀǎ ōŜŦƻǊŜΣ ōǳǘ ǿŜΩǾŜ ǿǊŀǇǇŜŘ ƛǘ ŀƭƭ ƛƴǎƛŘŜ ƻŦ ŀƴ Ŝŀǎȅ 
to use state management system.  
  



Making the Game Play 

Adding Bullets  
{ƻ ŦŀǊ ƻǳǊ ǎƘƛǇ Ŏŀƴ ƳƻǾŜ ŀǊƻǳƴŘΣ ōǳǘ ǿŜΩǊŜ ƴƻǘ ŀŎǘǳŀƭƭȅ ŀōƭŜ ǘƻ ǎƘƻƻǘ ȅŜǘ ǿƘƛŎƘ ƛǎ ŀ ŦŀƛǊƭȅ ŎǊƛǘƛŎŀƭ ǇŀǊǘ ƻŦ ƻǳǊ ƎŀƳŜΦ ²ŜΩǊŜ 
ƎƻƛƴƎ ǘƻ ƴƻǿ ŀŘŘ ƛƴ ǘƘŜ ǎȅǎǘŜƳ ŦƻǊ ŦƛǊƛƴƎ ōǳƭƭŜǘǎ ŦǊƻƳ ǘƘŜ ǎƘƛǇ ŀƴŘ ƳŀƪƛƴƎ ǎǳǊŜ ǘƘŜȅ ǳǇŘŀǘŜ ǇǊƻǇŜǊƭȅΦ [ŜǘΩǎ ǎtart by 
ŎǊŜŀǘƛƴƎ ǘƘŜ ōŀǎŜ ƻŦ ŀƭƭ ƻŦ ǘƘƛǎΥ ǘƘŜ ά.ǳƭƭŜǘέ ŎƭŀǎǎΦ ¢ƘŜ Ŏƭŀǎǎ ǿƛƭƭ Ŏƻƴǘŀƛƴ ŀ ǎǘŀǘƛŎ ǘŜȄǘǳǊŜ ŀƴŘ ƻǊƛƎƛƴ ŦƻǊ ŀƭƭ ōǳƭƭŜǘǎ ǘƻ ǳse, as 
well as a position, velocity, and color used for rendering. Lastly the Bullet will have a Bounds property to get a bounding 
rectangle: 
 
public  class  Bullet  

{  

 public  static  Texture2D  Texture;  

 public  static  Vector2  Origin;  

 

 public  Vector2  Position;  

 public  Vector2  Velocity;  

 public  Color  Color;  

 

 public  Rectangle  Bounds  

 {  

  get  

  {  

   return  new Rectangle (  

    ( int )(Position.X -  Origin.X),  

    ( int )(Position.Y -  Origin.Y),  

    Texture.Width,  

    Texture.Height);  

  }  

 }  

}  

 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ŀ ǎƛƳǇƭŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǿƘƛŎƘ ǿƛƭƭ ŀŘŘ ǘƘŜ ǾŜƭƻŎƛǘȅ ǘƻ ǘƘŜ Ǉƻǎƛǘƛƻƴ ŀƴŘ ŀ 5Ǌŀǿ ƳŜǘƘƻŘ ǘƻ ŘǊŀǿ ǘƘŜ ōǳƭƭŜǘ 
out using a SpriteBatch: 
 
public  void  Update()  

{  

 Position += Velocity;  

}  

 

public  void  Draw( SpriteBatch  spriteBatch)  

{  

 spriteBatch.Draw(  

  Texture,  

  Position,  

  null ,  

  Color,  

  0,  

  Origin,  

  1f,  

  SpriteEffects .None,  

  0);  

}  

 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ .ǳƭƭŜǘ Ŏƭŀǎǎ ǿŜ Ŏŀƴ ǳǎŜΣ ƭŜǘΩǎ Ǉǳǘ ǘƘƛǎ ƛƴǘƻ ŀŎǘƛƻƴΦ Lƴ ƻǳǊ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ŎƭŀǎǎΣ ƭŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ƭƛǎǘ 
of bullets for the player: 
 
List <Bullet > playerBullets = new List <Bullet >();  

 



bƻǿ ǿŜ ǿŀƴǘ ǘƻ ǳǇŘŀǘŜ ǘƘŜ {ƘƛǇ ŀƴŘ tƭŀȅŜǊ{ƘƛǇ ŎƭŀǎǎŜǎ ǘƻ ƘŀƴŘƭŜ ŦƛǊƛƴƎ ǘƘŜǎŜ ōǳƭƭŜǘǎ ŦƻǊ ǳǎΦ [ŜǘΩǎ ǎǘŀǊǘ ǿƛth the Ship 
ŎƭŀǎǎΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ƴŜŜŘ ǘƻ ǘǊŀŎƪ ŜƭŀǇǎŜŘ ǘƛƳŜ ǎƻ ǘƘŀǘ ƻǳǊ ǎƘƛǇ Ŏŀƴ ƻƴƭȅ ŦƛǊŜ ōǳƭƭŜǘǎ ŀǘ ŀ ƎƛǾŜƴ ǊŀǘŜΦ ¢ƻ Řƻ ǘƘƛǎ ǿŜ ƴŜŜŘ 
two values: 
 
float  fireTimer = 0f;  

float  fireRate = .4f;  

 

public  float  FireRate  

{  

 get  { return  fireRate; }  

 set  { fireRate = ( float ) Math .Max( value , .01f); }  

}  
 
Next we need some values to know where to fire bullets from, what initial velocity to give them, and what color to make 
them: 
 
public  Color  BulletColor = Color .Blue;  

public  Vector2  BulletVelocity = Vector2 .U nitY;  

public  Vector2  BulletOrigin = Vector2 .Zero;  

 
bŜȄǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ŎǊŜŀǘŜ ŀ CƛǊŜ ƳŜǘƘƻŘ ǘƻ ƘŀƴŘƭŜ ŀŎǘǳŀƭƭȅ ŦƛǊƛƴƎ ŀ ōǳƭƭŜǘΦ ¢ƻ Řƻ ǘƘƛǎ ǿŜ ƴŜŜŘ ǘƻ ǘŀƪŜ ǘƘŀǘ ƭƛǎǘ ƻŦ ōǳƭƭŜǘǎ 
as a parameter to the method. 
 
public  void  Fire( List <Bullet > bullets)  

{  

 if  (fir eTimer <= 0f)  

 {  

  fireTimer = fireRate;  

 

  Bullet  b = new Bullet ();  

  b.Position = Position + BulletOrigin;  

  b.Velocity = BulletVelocity;  

  b.Color = BulletColor;  

 

  bullets.Add(b);  

 }  

}  
 
So you see we first make sure the fireTimer is less than or equal to zero and then we create the bullet using the values 
set above. We also set fireTimer to fireRate which is how we are able to control the speed of the firing. Next we need to 
change the Update method to take the bullet list as a parameter and also to update the fireTimer: 
 
public  virtual  void  Update(  

 GameTime gameTime,  

 List <Bullet > bullets,  

 int  fieldWidth)  

{  

 fireTimer - = ( float )gameTime.ElapsedGameTime.TotalSeconds;  

}  

 
Now we have to update the PlayerShip class to use this new Update method and let ǳǎ ŦƛǊŜ ōǳƭƭŜǘǎΦ [ŜǘΩǎ ŦƛǊǎǘ ŦƛȄ ǘƘŜ 
Update method declaration to match the Ship class: 
 

 

 

 

 

 

 



public  class  PlayerShip  : Ship  

{  

 é 

  

 public  override  void  Update(  

  GameTime gameTime,  

  List <Bullet > bullets,  

  int  fieldWidth)  

 { é } 

 

 é 

}  

 
We also need ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜ tƭŀȅŜǊ{ƘƛǇ Ƙŀǎ ǘƘŜ ǇǊƻǇŜǊ ǾŀƭǳŜǎ ƛƴ ǇƭŀŎŜ ŦƻǊ ŦƛǊƛƴƎ ǘƘŜ ōǳƭƭŜǘǎΦ [ŜǘΩǎ Ǝƻ ŀƘŜŀŘ ŀƴŘ ǎŜǘ 
some values for that in the constructor: 
 

BulletColor = Color .Red;  

BulletVelocity = new Vector2 (0f, - 5f);   

BulletOrigin = new Vector2 (0, - Bounds.Height / 2);  
 
These values make sure our bullets go up (using the negative Y velocity) and that they start from the middle of the top of 
the sprite. The BulletOrigin is an offset from the center of our sprite from which we will fire bullets. Since the position is 
ŀƭǊŜŀŘȅ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ǎǇǊƛǘŜΣ ǿŜ Ƨǳǎǘ ƳƻǾŜ ǳǇǿŀǊŘǎ ōȅ ƘŀƭŦ ƻŦ ǘƘŜ ǎǇǊƛǘŜΩǎ ƘŜƛƎƘǘΦ We also set the bullets to be Red 
instead of the default Blue. 
  
Now we can update our two input handling methods in PlayerShip to call the Fire method and let us shoot some bullets: 
 
private  void  UpdateKeyboard( List <Bullet > bullets)  

{  

 KeyboardState  keyState = Keyboard .GetState();  

 

 if  (keyState.IsKeyDown( Keys .A) || keyState.IsKeyDown( Keys .Left))  

  Position.X - = 3;  

 if  (keyState.IsKeyDown( Keys .D) || keyState.IsKeyDown( Keys .Right))  

  Position.X += 3;  

 if  (keyState.IsKeyDown( Keys .Space))  

  Fire(bullets);  

}  

 

private  void  UpdateGamePad( GamePadState  gps, List <Bullet > bullets)  

{  

 Position.X += gps.ThumbSticks.Left.X * 3;  

 

 if  (gps.Buttons.A == ButtonState .Pressed || gps.Triggers.Right > .3f)  

  Fire(bullets);  

}  

 
Lastly we make sure to put the bullet list into our method calls in the Update method: 
 
 
 
 
 
 
 
 
 
 
 



public  override  void  Update(  

 GameTime gameTime,  

 List <Bullet > bullets,  

 int  fieldWidth)  

{  

 GamePadState  gps = GamePad.GetState(index);  

 

 if  (gps.IsConnected)  

  UpdateGamePad(gps, bullets);  

 else  

  UpdateKeyboard(bullets);  

 

 if  (Bounds.Left < 0)  

  Position.X = Bounds.Width / 2;  

 else  if  (Bounds.Right > fieldWidth)  

  Position.X = fieldWidth -  Bounds.Width / 2;  

    

 base .Update(gameTime, bullets, fieldWidth);  

}  

 
bƻǿ ƻǳǊ tƭŀȅŜǊ{ƘƛǇ Ŏŀƴ ǎƘƻƻǘ ōǳƭƭŜǘǎΣ ōǳǘ ǿŜ ƘŀǾŜ ȅŜǘ ǘƻ ǳǇŘŀǘŜ ƻǊ ŘǊŀǿ ǘƘŜƳΦ [ŜǘΩǎ ƘŜŀŘ ōŀŎƪ ƻǳǘ ǘƻ ǘƘŜ 
tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ Ŏƭŀǎǎ ŀƴŘ ƳŀƪŜ ǎƻƳŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜǊŜΦ CƛǊǎǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ reposition our sprite to the bottom of the 
screen where we want him when playing: 
 
player1.Position = new Vector2 (  

 GraphicsDevice.Viewport.Width / 2 -  player1.Bounds.Width / 2,  

 GraphicsDevice.Viewport.Height -  player1.Bounds.Height);  

 
This code will place our sprite exactly in the center of the screen at the bottom. Next we need to make sure we load in 
ǘƘŜ ōǳƭƭŜǘ ǘŜȄǘǳǊŜ ŀƴŘ ǎŜǘ ǘƘŜ ōǳƭƭŜǘ ƻǊƛƎƛƴ ŦƻǊ ǊŜƴŘŜǊƛƴƎΦ [ŜǘΩǎ ŀŘŘ ǘƘŜǎŜ ǘǿƻ ƭƛƴŜǎ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƻǊ ŀǎ ǿŜƭƭΥ 
 

Bullet .Texture = Content.Load< Texture2D >( "bullet" );  

Bullet .Origin = new Vector2 ( Bullet .Texture.Width / 2, Bullet .Texture.Height / 2);  
 
bƻǿ ƭŜǘΩǎ ƘŜŀŘ ǘƻ ǘƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ǿŜΩǊŜ ǇŀǎǎƛƴƎ ƻǳǊ ǇƭŀȅŜǊ ǘƘŜ ōǳƭƭŜǘ ƭƛǎǘ ŀƴŘ ǘƘŀǘ ǿŜΩǊŜ ǳǇŘŀǘƛƴƎ ǘƘŜ 
bullets. ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀ ǎƛƳǇƭŜ ǎȅǎǘŜƳ ŦƻǊ ǊŜƳƻǾƛƴƎ ōǳƭƭŜǘǎ ǘƘŀǘ ƭŜŀǾŜ ǘƘŜ ǎŎǊŜŜƴ ŀǎ ǿŜƭƭΥ 
 
public  override  void  Update( GameTime gameTime)  

{  

 player1.Update(gameTime, playerBullets, GraphicsDevice.Viewport.Width);  

 

 Rectangle  screenRect = new Rectangle (  

  0,  

  0,  

  GraphicsDevice.Viewport.Width,  

  GraphicsDevice.Viewport.Height);  

 

 List <Bullet > bulletsToRemove = new List <Bullet >();  

 

 foreach  ( Bullet  b in  playerBullets)  

 {  

  b.Update();  

 

  if  (!screenRect.Intersects(b.Bounds))  

   bulletsToRemove.Add(b);  

 }  

 

 foreach  ( Bullet  b in  bulletsToRemove)  

  playerBullets.Remove(b);  

}  

 



The reason we use a second list is because you cannot remove elements of a list during a foreach loop. So we generate a 
second list of bullets that we want to remove. Then when our foreach loop on the playerBullets list ends, we loop 
through the list of bullets to remove and remove them from the playerBullets list. 
 
[ŀǎǘƭȅ ǿŜ ƴŜŜŘ ǘƻ ǊŜƴŘŜǊ ƻǳǊ ōǳƭƭŜǘǎΣ ǎƻ ƭŜǘΩǎ ǳǇŘŀǘŜ ƻǳǊ 5Ǌŀǿ ƳŜǘƘƻŘ ǘƻ Řƻ ǘƘƛǎΥ 
 
public  overrid e void  Draw( GameTime gameTime)  

{  

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

    

 foreach  ( Bullet  b in  playerBullets)  

  b.Draw(spriteBatch);  

 

 player1.Draw(spriteBatch);  

    

 spriteBatch.End();  

}  
 
Now when you run the game you are able to move side to side and fire bullets using the spacebar. You can adjust the 
fireRate variable in the Ship class to determine how fast your ship can shoot. The smaller the number, the faster he 
shoots. 
 

 
Figure 7: The player ship firing bullets. 

  



A Lone Aggressor 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ōǳƭƭŜǘǎ ŦƭȅƛƴƎ ŀǊƻǳƴŘΣ ƭŜǘΩǎ ǎǘŀǊǘ ŀŘŘƛƴƎ ǘƘƛƴƎǎ ǘƻ ǎƘƻƻǘ ŀǘΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ŎǊŜŀǘŜ ŀ ƎǊƛŘ ƻŦ ŀƭƛŜƴ ǎƘƛǇǎ 
that move side to side, dropping down a row each time the grid hits the side of the screen. To begin working on this, we 
first need to create the AlienShip class deriving from our Ship class. 
 
public  class  AlienShip  : Ship  

{  

 public  AlienShip( Texture2D  spriteTexture)  

  : base (spriteTexture)  

 {  

 }  

}  

 
First we need to set the proper bullet values in our constructor. 
 
public  AlienShip( Texture2D  spriteTexture)  

 : base (spriteTexture)  

{  

 BulletOrigin = new Vector2 (0, 16);  

 BulletVelocity = new Vector2 (0, 5);  

 BulletColor = Color .Blue;  

}  
 
Next we add to our AlienShip class a static Random instance for generating the random numbers for determining when 
to fire as well as a value indicating the chance to fire. Our ChanceToFire represents the number of times out of 1,000 
that the alien should fire a bullet. A small number is usually sufficient, but you could add a harder difficulty and move 
this up. 
 
static  Random rand = new Random();  

public  int  ChanceToFire = 2;  

Lastly we need to override the Update method to random fire bullets from the ship: 
   

public  override  void  Update(  

 GameTime gameTime,  

 List <Bullet > bullets,  

 int  fieldWidth)  

{  

 if  (rand.Next(1000) < ChanceToFire)  

  Fire(bullets);  

 

 base .Update(gameTime, bullets, fieldWidth);  

}  

 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ǘƘŜ !ƭƛŜƴ{ƘƛǇ ŦƛƴƛǎƘŜŘΣ ƭŜǘΩǎ Ǉǳǘ ŀ ǎƛƴƎƭŜ ǎƘƛǇ ƻƴ ǘƘŜ ǎŎǊŜŜƴ ŀƴŘ ǎŜŜ ƛŦ ƛǘ ǿƛƭƭ ŦƛǊŜ Řƻǿƴ ǘƻǿŀǊŘǎ ǘƘŜ 
player. First thing is to make sure that you add the alien.png file to your content project.  
 
hƴŎŜ ǘƘŀǘΩǎ ŘƻƴŜ ƭŜǘΩǎ ƘŜŀŘ ōŀŎƪ ǘƻ ǘƘŜ tlayingGameState class and add in a new list of bullets and alien ship: 
 
List <Bullet > alienBullets = new List <Bullet >();  

AlienShip  alienShip;  

 
We want to keep the alien bullets in a separate list from the player bullets so that later on we can easily tell which is 
which when doing collision detection. 
 
 
 



bŜȄǘ ƭŜǘΩǎ ŎǊŜŀǘŜ ǘƘŜ ŀƭƛŜƴ ǎƘƛǇ ƛƴ ƻǳǊ ŎƻƴǎǘǊǳŎǘƻǊΥ 
 

alienShip = new AlienShip (Content.Load< Texture2D >( "alien" ));  

alienShip.Position = new Vector2 (  

 GraphicsDevice.Viewport.Width / 2 -  alienShip.Bounds.Width / 2,  

 alienShip.Bounds.Height);  

 

¢Ƙƛǎ ŎǊŜŀǘŜǎ ǘƘŜ ŀƭƛŜƴ ǎƘƛǇ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǎŎǊŜŜƴΦ bŜȄǘ ƭŜǘΩǎ ǊŜǾƛǎŜ ǘƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ŀƭƛŜƴ 
ship as well as the alien bullets. 
 
public  override  void  Update( GameTime gameTime)  

{  

 player1.Update(  

  gameTime,  

  playerBullets,  

  GraphicsDevice.Viewport.Width);  

 alienShip.Update(  

  gameTime,  

  alienBullets,  

  GraphicsDevice.Viewport.Width);  

 

 Rectangle  screenRect = new Rectangle (  

  0,  

  0,  

  GraphicsDevice.Viewport.Width,  

  GraphicsDevice.Viewport.Height);  

 

 List <Bullet > bulletsToRemove = new List <Bullet >();  

 

 foreach  ( Bullet  b in  playerBullets)  

 {  

  b.Update();  

 

  if  (!screenRect.Intersects(b.Bounds))  

   bulletsToRemove.Add(b);  

 }  

 

 foreach  ( Bullet  b in  bulletsToRemove)  

  playerBullets.Remove(b);  

 

 bulletsToRemove.Clear();  

 

 foreach  ( Bullet  b in  alienBullets)  

 {  

  b.Update();  

 

  if  (!screenRect.Intersects(b.Bounds))  

   bulletsToRemove.Add(b);  

 }  

 

 foreach  ( Bullet  b in  bulletsToRemove)  

  alienBullets.Remove(b);  

}  

 
You can see we are basically duplicating the code used for the player in order to update the alien and its bullets. Now 
ƭŜǘΩǎ ǳǇŘŀǘŜ ǘƘŜ 5Ǌŀǿ ƳŜǘƘƻŘ ǘƻ ǊŜƴŘŜǊ ƻǳǘ ǘƘŜ ƴŜǿ ŀƭƛŜƴ ŀƴŘ ōǳƭƭŜǘǎΦ 
 
 
 
 
 



public  override  void  Draw( GameTime gameTime)  

{  

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

    

 foreach  ( Bullet  b in  playerBullets)  

  b.Draw(spriteBatch);  

 

 foreach  ( Bullet  b in  alienBullets)  

  b.Draw(spriteBatch);  

 

 player1.Draw(spriteBatch);  

 alienShip.Draw(spriteBatch);  

    

 spriteB atch.End();  

}  

 
Now run the game. The alien should appear at the top of the screen and fire down at the player periodically. Again you 
can adjust the ChanceToFire variable to make the alien fire more or less frequently. 
 

Enemy Fleet Approaching  
We now have a single alien ship that is capable of firing at the player, but this one-on-ƻƴŜ ǎǘȅƭŜ ƎŀƳŜ ǿƻǳƭŘƴΩǘ ōŜ ƴŜŀǊƭȅ 
as fun. What we need to do now is create a structure capable of holding a grid of aliens. If we think back to Space 
LƴǾŀŘŜǊǎΣ ȅƻǳΩƭƭ ǊŜƳŜƳōŜǊ ǘƘŀt the game plays with a large grid of aliens moving back and forth on the screen. Each time   
ǘƘŜ ƎǊƛŘ Ƙƛǘǎ ŀƴ ŜŘƎŜΣ ǘƘŜ ǿƘƻƭŜ ƎǊƛŘ ǎǘŜǇǎ Řƻǿƴ ŀ ǊƻǿΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ŜŦŦŜŎǘ ǿŜ ŀǊŜ ƎƻƛƴƎ ǘƻ ŀŎƘƛŜǾŜΦ [ŜǘΩǎ ōŜƎƛƴ ōȅ ŀŘŘƛƴƎ ŀ 
ƴŜǿ Ŏƭŀǎǎ ǘƻ ƻǳǊ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ ά!ƭƛŜƴDǊƛŘέΦ ¢Ƙƛǎ Ŏƭŀǎǎ ƛǎ ƎƻƛƴƎ ǘƻ ŘŜǊƛǾŜ ŦǊƻƳ ŀ [ƛǎǘғ[ƛǎǘғ!ƭƛŜƴ{ǇǊƛǘŜҔҔΥ 
 

public  class  AlienGrid  : List <List <AlienShip >> 

{  

}   
 
¢ƘŜ ǊŜŀǎƻƴ ǿŜ ŀǊŜ ǳǎƛƴƎ ŀ [ƛǎǘ ƻŦ [ƛǎǘǎ ƻŦ !ƭƛŜƴǎ ƛǎ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƎǊƛŘΦ [ŜǘΩǎ ǳǎŜ ǘƘƛǎ ŘƛŀƎǊŀƳ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ {ǇŀŎŜ LƴǾŀŘŜǊs 
to visualize this data structure: 
 

 
Figure 8: Our List<List<AlienShip>> visualized in Space Invaders. 

 
In this diagram we can look at a single inner, red box as a List<AlienShip>Φ LǘΩǎ ŀ ǎƛƴƎƭŜ ŎƻƭǳƳƴ ƻŦ ŀƭƛŜƴ ǎƘƛǇǎΦ ¢ƘŜ ƻǳǘŜǊΣ 
blue box is the List<List<AlienShip>> (the AlienGrid class itself) because it contains multiple lists of aliens. 
 



bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ ōŀǎƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ !ƭƛŜƴDǊƛŘ ǎǘǊǳŎǘǳǊŜΣ ƭŜǘΩǎ ǿƻǊƪ ƻƴ ōǊƛƴƎƛƴƎ ǘƘis to life. First we need to 
add a couple pieces of data to the class: 
 

public  const  float  MaxSpeed = 10f;  

public  float  Velocity = 1f;   
 
We define a MaxSpeed as a constant to limit how fast the alien ships can move side to side. We also include the current 
Velocity of the grid. These are both defined as pixels per frame. 
 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ƳŜŀǘ ƻŦ ǘƘŜ ŎƭŀǎǎΥ ǘƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘΦ IŜǊŜΩǎ ǘƘŜ Ŧǳƭƭ ŎƻŘŜ ǿƘƛŎƘ ǿŜΩƭƭ ŘƛǎǎŜŎǘ ƛƴǘƻ ǎƳŀƭƭŜǊ ǇƛŜŎŜǎ 
afterwards: 
 
public  bool  Update(  

 GameTime gameTime,  

 List <Bullet > bul lets,  

 int  fieldWidth,  

 int  playerLine)  

{  

 if  ( this .Count == 0)  

  return false ;  

 

 AlienShip  leftMost = this [0][0];  

 AlienShip  rightMost = this [ this .Count -  1][0];  

 

 if  ((Velocity > 0 && rightMost.Bounds.Right >= fieldWidth) ||  

  (Velocity < 0 && leftMost.Bounds.Left <= p))  

 {  

  float  velocityChange = 1 .0 1f;  

  Velocity = MathHelper .Clamp(  

   Velocity * - velocityChange,  

   - MaxSpeed,  

   MaxSpeed);   
 

  foreach  ( List <AlienShip > column in  this )  

  {  

   foreach  ( Sprite  enemy in  column)  

   {  

    enemy.Position.Y += enemy.Bounds.Height / 2;  

 

    if  (enemy.Bounds.Bottom > playerLine)  

     return  true ;  

   }  

  }  

 }  

 

 foreach  ( List <AlienShip > column in  this )  

 {  

  foreach  ( AlienShip  enemy in  column)  

  {  

   enemy.Position.X += Velocity;  

   enemy.Update(gameTime, bullets, fieldWidth);  

  }  

 }  

 

 return  false ;  

}  
 
¢ƘŀǘΩǎ ǉǳƛǘŜ ŀ ōƛǘ ƻŦ ŎƻŘŜ ǎƻ ƭŜǘΩǎ Ǝƻ ǇƛŜŎŜ ōȅ ǇƛŜŎŜ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ǿŜ ǳƴŘŜǊǎǘŀƴŘ ŀƭƭ ƻŦ ƛǘΦ [ŜǘΩǎ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ ƳŜǘƘƻŘ 
declaration itself: 
  



public  bool  Update(  

 GameTime gameTime,  

 List <Bullet > bullets,  

 int  fieldWidth,  

 int  playerLine)  

 
The method takes in a GameTime, list of Bullet, and field width much like the Update method for the Ship class. We are 
ŀƭǎƻ ǘŀƪƛƴƎ ƛƴ ŀ ǇƭŀȅŜǊ[ƛƴŜ ǾŀƭǳŜΦ ¢Ƙƛǎ ǾŀƭǳŜ ƛǎ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǇƭŀȅŜǊΩǎ ōƻǳƴŘƛƴg box and is used to determine if the aliens 
ƘŀǾŜ ǿƻƴ ǘƘŜ ƎŀƳŜ ōȅ ǊŜŀŎƘƛƴƎ ǘƘŜ ǇƭŀȅŜǊΩǎ ƭŜǾŜƭΦ ¢ƘŜ ƳŜǘƘƻŘ ŀƭǎƻ ǊŜǘǳǊƴǎ ŀ ōƻƻƭŜŀƴ ǾŀƭǳŜΦ ¢Ƙƛǎ ǾŀƭǳŜ ƛƴŘƛŎŀǘŜǎ 
whether or not the aliens have won. For example if we return true the game will assume the aliens have reached the 
bottom and cause the game to end as a loss for the player. 
 
if  ( this .Count == 0)  

 return false ;  

 
This first piece of code simply makes sure that we have at least one column of aliens in the grid. If the grid has no 
columns (and therefore is empty) we just return false to end the method. 
 
AlienShip  leftMost = this [0][0];  

AlienShip  rightMost = this [ this .Count -  1][0];  

 
These next two lines find the aliens that are furthest to the left of the screen and furthest to the right by grabbing the 
first and last columns in the grid and taking the first ship inside of them. 
 
if  ((Velocity > 0 && rightMost.Bounds.Right >= fieldWidth) ||  

 (Velocity < 0 && leftMost.Bounds.Left <= 0))  

{  

 
This if statement checks to see if the grid has hit an edge of the screen. We test the velocity as well as the bounds to 
ŜƴǎǳǊŜ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƎŜǘ ǎǘǳŎƪ ƻƴ ǘƘŜ ŜŘƎŜ ƻŦ ǘƘŜ ǎŎǊŜŜƴ Ŏƻƴǘƛƴǳŀƭƭȅ ǊŜǾŜǊǎƛƴƎ ǘƘŜ ǾŜƭƻŎƛǘȅΦ 
 
float  velocityChange = 1 .0 1f;  

Velocity = MathHelper .Clamp(Velocity * - velocityChange, - MaxSpeed, MaxSpeed);   
 
These two lines are used to reverse the velocity of the grid. First we choose the velocity change as a positive value. 
Currently we set this to 1.01f which will cause the ships to accelerate slightly each time they reverse direction. The 
second line applies this change as a negative multiplication with the Velocity. It does this inside of a call to 
MathHelper.Clamp to make sure our Velocity stays within the specified maximum speed. 
 
foreach  ( List <AlienShip > column in  this )  

{  

 foreach  ( Sprite  enemy in  colu mn) 

 {  

  enemy.Position.Y += enemy.Bounds.Height / 2;  

 

  if  (enemy.Bounds.Bottom > playerLine)  

   return  true ;  

 }  

}   

 

return  false ;  

 
This loop is used to shift all of the individual aliens down a value equal to one half of their height. Inside the loops we 
also check to see if the enemy has passed the player line and return true if that is the case. Lastly we return false to 
indicate that no alien has reached the player. 
 



²ƛǘƘ ƻǳǊ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ƛƴ ǇƭŀŎŜΣ ƭŜǘΩǎ ŎǊŜŀǘŜ ŀƴ LƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘ ǘƘŀǘ ǿƛƭƭ ǉǳƛŎƪƭȅ Ǝenerate a grid of aliens of a size of 
our choosing. 
 
public  void  Initialize( Texture2D  alienTexture, int  columns, int  rows)  

{  

 this .Clear();  

 

 for  ( int  x = 0; x < columns; x++)  

 {  

  List <AlienShip > column = new List <AlienShip >();  

 

  for  ( int  y = 0; y <  rows; y++)  

  {  

   AlienShip  alien = new AlienShip (alienTexture);  

 

   Vector2  alienSpacing = new Vector2 (  

    alien.Bounds.Width,  

    alien.Bounds.Height) * 1.25f;  

 

   alien.Position = new Vector2 (  

    (alien.Bounds.Width / 2) + (alienSpacing.X * x),  

    (alien.Bounds.Height / 2) + (alienSpacing.Y * y));  

 

   column.Add(alien);  

  }  

 

  this .Add(column);  

 }  

}  

 

The first thing we do in Initialize is clear the grid. Next we loop over the number of columns creating a new 
List<AlienShip> for each column. Next we loop over the number of rows adding a new alien to the column for each row. 
We generate the positions for each alien based on the bounds of the ship plus a spacing amount and the (X, Y) position 
of the ship in the grid. 
 
Now we are just going to add a Draw method to allow us to quickly draw the entire grid of aliens: 
 

public  void  Draw( SpriteBatch  spriteBatch)  

{  

 foreach  ( List <AlienShip > column in  this )  

  foreach  ( AlienShip  s in  column)  

   s.Draw(spriteBatch);  

}  

 
!ƴŘ ƻǳǊ ƎǊƛŘ Ŏƭŀǎǎ ƛǎ ŘƻƴŜΦ [ŜǘΩǎ Ǝƻ ŀƘŜŀŘ and add a grid to our PlayingGameState. First remove all of the references to 
the individual AlienShip we added previously. Leave the List<Bullet> as we need that for the grid, but remove the 
ƛƴŘƛǾƛŘǳŀƭ ǎƘƛǇ ŦǊƻƳ ǘƘŜ ƎŀƳŜΦ bŜȄǘ ƭŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ƎǊƛŘ ǘƻ ƻǳǊ game: 
 
AlienGrid  alienGrid = new AlienGrid ();  

 
bƻǿ ƭŜǘΩǎ ƛƴƛǘƛŀƭƛȊŜ ǘƘŜ ƎǊƛŘ ƛƴ ƻǳǊ ŎƻƴǎǘǊǳŎǘƻǊΦ ²ŜΩƭƭ ǎǘŀǊǘ ōȅ ŎǊŜŀǘƛƴƎ ŀ ƎǊƛŘ ǿƛǘƘ ǘŜƴ ŎƻƭǳƳƴǎ ŀƴŘ ŦƛǾŜ ǊƻǿǎΥ 
 
alienGrid.Initialize(Content.Load< Texture2D >( "alien" ), 10, 5);  

 
 
 
 
 
 



bŜȄǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ǘƘŜ ŀƭƛŜƴ ƎǊƛŘ ƛƴ ǘƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘΦ CƻǊ ƴƻǿ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ƛƎƴƻǊŜ ǘƘŜ ǊŜǘǳǊƴ ǾŀƭǳŜ ƻŦ ǘƘŜ ƳŜǘƘƻŘΦ 
 

alienGrid.Update(  

 gameTime,  

 alienBullets,  

 GraphicsDevice.Viewport.Width,  

 player1.Bounds.Top);  

 
 
!ƴŘ ƭŀǎǘ ǿŜ ƴŜŜŘ ǘƻ ŀŘŘ ǘƘŜ Ŏŀƭƭ ǘƻ ǘƘŜ ŀƭƛŜƴ ƎǊƛŘΩǎ 5Ǌŀǿ ƳŜǘƘƻŘ ƛƴ ƻǳǊ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜΩǎ 5Ǌŀǿ ƳŜǘƘƻŘΥ 
 
alienGrid.Draw(spriteBatch);  

 
Now when you run the game you should have an entire alien fleet moving back and forth on the screen raining bullets 
Řƻǿƴ ƻƴ ǘƘŜ ǇƭŀȅŜǊΦ ¸ƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ ǿƘƛƭŜ ǘƘŜ ǎƛƴƎƭŜ ǎƘƛǇ ŘƛŘƴΩǘ ǎŜŜƳ ǘƻ ŦƛǊŜ ƳǳŎƘΣ ǿƛǘƘ ǘƘƛǎ Ƴŀƴȅ ǎƘƛǇǎ ƻƴ ǎŎǊŜŜƴ ƛǘ 
ǎǘƛƭƭ ƛǎ ŀ ƭƻǘ ƻŦ ōǳƭƭŜǘǎΦ !ǘ ǘƘƛǎ ǇƻƛƴǘΣ ǿŜΩǊŜ ŀƭƳƻǎǘ ŀǘ ŀ Ǉƻƛƴǘ ǿƘŜǊŜ ǿŜ ƘŀǾŜ ŀ ƎŀƳŜΦ bŜȄǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ŀŘŘ ƛƴ ŀ Ǉƻƛƴǘ 
and life system to the game along with the ability to win or lose. 
 

 
Figure 9: The attacking alien fleet. 

 

  



Taking Damage 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ǎƻƳŜ ōǳƭƭŜǘǎ ŀƴŘ ŜƴŜƳƛŜǎΣ ƭŜǘΩǎ ǎǘŀǊǘ ǘƻ ŀŘŘ ǘƘŜ ǊŜǉǳƛǊŜŘ Řŀǘŀ ǘƻ ƳŀƪŜ ƻǳǊ ƎŀƳŜ ƳƻǊŜ ƻŦ ŀ ŎƘŀƭƭŜƴƎŜΦ 
To do this, we need to allow the player to lose. [ŜǘΩǎ Ǝƻ ŀƘŜŀŘ and add some data ǘƻ ǘƘŜ tƭŀȅŜǊ{ƘƛǇ ŎƭŀǎǎΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ 
add in the number of extra lives the player has as well as a property to determine if the player is still alive. So add this 
code into your PlayerShip class: 
 
public  int  ExtraLives = 3;  

 

public  bool  IsAlive  

{  

 get  { return  ExtraLives >= 0; }  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǘƘŀǘ ǿŜ ŀǊŜ ƴƻǘ ǎŜǘǘƛƴƎ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƭƛǾŜǎ ŦƻǊ ǘƘŜ ǇƭŀȅŜǊΣ ōǳǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ extra lives. This means that 
the player is alive as long as ExtraLives is greater than or equal to zero. Once it falls below zero, we know that the player 
has died. 
 
Now that the proper data is in place, we need to start seeing if all those bullets are actually ƘƛǘǘƛƴƎ ŀƴȅǘƘƛƴƎΦ [ŜǘΩǎ ŀŘŘ ŀ 
new method to our Ship class to tell is whether or not a bullet has hit the ship: 
 
public  bool  CollideBullet( Bullet  b)  

{  

 return  Bounds.Contains(( int )b.Position.X, ( int )b.Position.Y);  

}  

 
So all we are doing is seeing if the ǎƘƛǇΩǎ ōƻǳƴŘǎ Ŏƻƴǘŀƛƴ ǘƘŜ ōǳƭƭŜǘΩǎ ǇƻǎƛǘƛƻƴΦ ¢Ƙŀǘ ǘŜƭƭǎ ǳǎ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǘƘŜ ōǳƭƭŜǘ Ƙƛǘ 
the ship. bŜȄǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ƻǳǊ !ƭƛŜƴDǊƛŘ Ŏƭŀǎǎ ǘƻ ōŜ ŀōƭŜ ǘƻ ŎƘŜŎƪ ŦƻǊ Ŏƻƭƭƛǎƛƻƴǎ ƻƴ ŀƭƭ ƻŦ ǘƘŜ ŀƭƛŜƴ ǎƘƛǇǎ ƛƴǎƛŘŜΥ 
 
public  bool  CollideBullet( Bullet  b)  

{   

 if  ( this . Count == 0)  

  return  false ;  

 

 AlienShip  collider = null ;  

 

 foreach  ( List <AlienShip > column in  this )  

 {  

  foreach  ( AlienShip  enemy in  column)  

  {  

   if  (enemy.CollideBullet(b))  

   {  

    collider = enemy;  

    break ;  

   }  

  }  

 

  if  ( collider != null )  

  {  

   column.Remove(collider);  

   break ;  

  }  

 }  

 

 for  ( int  i = this .Count -  1; i >= 0; i -- )  

  if  ( this [i].Count == 0)  

   this .Remove At(i);  

 

 return  (collider != null );  

}  



 
[ŜǘΩǎ Ǌǳƴ ǘƘǊƻǳƎƘ ǘƘƛǎ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ǿŜ ǳƴŘŜǊǎǘŀƴŘ Ƨǳǎǘ ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ƘŜǊŜΦ  CƛǊǎǘ ǿŜ create an AlienShip variable 
to store the ship that is hit by the bullet. Next we loop through the grid of aliens and use the CollideBullet method to see 
if the bullet hit the ship. If it did we store that ship as the collider and break out of the inner loop. Then we check to see 
if the collider is not null. If it has a value, we remove that ship from the column and break out of the outer loop. After 
that we run a loop to see if any of the columns are empty. We do this is a loop that counts down so that we can use the 
RemoveAt method and remove any empty columns. Lastly we return whether or not the collider is not null to tell our 
game whether or not we hit an alien ship. 
 
bƻǿ ǿŜ Ŏŀƴ ŎƘŀƴƎŜ ǘƘŜ ŎƻŘŜ ƛƴ ƻǳǊ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜΩǎ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǘƻ ŀƭƭƻǿ ǳǎ ǘƻ ƪƛƭƭ of the enemy ships. All we 
ƴŜŜŘ ǘƻ Řƻ ƛǎ ŦƛƴŘ ǘƘŜ ŦƻǊŜŀŎƘ ƭƻƻǇ ǘƘŀǘ ƛǘŜǊŀǘŜŘ ƻǾŜǊ ǘƘŜ ǇƭŀȅŜǊ.ǳƭƭŜǘǎ ƭƛǎǘ ŀƴŘ ǳǇŘŀǘŜ ƛǘ ǘƻ Ŏŀƭƭ ǘƘŜ !ƭƛŜƴDǊƛŘΩǎ 
CollideBullet method: 
 

foreach  ( Bullet  b in  playerBullets)  

{  

 b.Update();  

 

 if  (!screenRect.Intersects(b.Bounds) )  

  bulletsToRemove.Add(b);  

 else  if  (alienGrid.CollideBullet(b))  

  bulletsToRemove.Add(b);  

}  

 
Now our game checks to see if a bullet collides with any of the alien ships and flags that for removal as well. Run the 
ƎŀƳŜ ƴƻǿ ŀƴŘ ȅƻǳΩƭƭ ǎŜŜ ǘƘŀǘ ȅƻǳ ŀǊŜ ŀōƭŜ to shoot the enemy ships and have them disappear from the game. Also note 
that you can eliminate whole columns from the end and the ships make sure to go all the way to the edge just like 
ǘƘŜȅΩǊŜ ǎǳǇǇƻǎŜŘ ǘƻΦ 
 
Since our aliens are now vulnerable to bulletǎΣ ƭŜǘΩǎ Řƻ ǘƘŜ ǎŀƳŜ ŦƻǊ ǘƘŜ ǇƭŀȅŜǊΦ hōǾƛƻǳǎƭȅ ǿŜ ŘƻƴΩǘ ǿŀƴǘ ƘƛƳ ǘƻ 
ŘƛǎŀǇǇŜŀǊ ŀŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ƘƛǘΣ ōǳǘ ǿŜ ǿŀƴǘ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƘŜ ǿŀǎ ǎƘƻǘΦ ²Ƙŀǘ ǿŜΩƭƭ Řƻ ǘƘŜƴ ƛǎ ǊŜǎŜǘ ƘƛƳ ǘƻ ǘƘŜ ƭŜŦǘ ǎƛŘŜ ƻŦ 
ǘƘŜ ǎŎǊŜŜƴΦ [ŜǘΩǎ ƴƻǿ ǳǇŘŀǘŜ ǘƘŜ ŦƻǊŜŀŎƘ ƭƻƻǇ ƛǘŜǊŀǘƛƴƎ ƻǾŜǊ ǘƘe alienBullets list to respond to the player being shot: 
 
foreach  ( Bullet  b in  alienBullets)  

{  

 b.Update();  

 

 if  (!screenRect.Intersects(b.Bounds))  

  bulletsToRemove.Add(b);  

 else  if  ( player1.IsAlive && player1.CollideBullet(b))  

 {  

  bulletsToRemove.Add(b);  

  player1.ExtraLives -- ;  

  player1.Position.X = player1.Bounds.Width / 2;  

 }  

}  
 
¸ƻǳΩƭƭ ǎŜŜ ǘƘŀǘ ƛŦ ǘƘŜ ǇƭŀȅŜǊ ƛǎ Ƙƛǘ ōȅ ŀ ōǳƭƭŜǘΣ ǿŜ ǊŜƳƻǾŜ ƛǘ ŦǊƻƳ ǘƘŜ ƭƛǎǘΦ ¢ƘŜƴ ǿŜ ǎǳōǘǊŀŎǘ ƻƴŜ ŦǊƻƳ ǘƘŜ ǇƭŀȅŜǊΩǎ ŜȄǘǊŀ 
ƭƛǾŜǎ ŀƴŘ ǎŜǘ ǘƘŜ ǇƭŀȅŜǊΩǎ · ƭƻŎŀǘƛƻƴ ǘƻ ƘŀƭŦ ƻŦ Ƙƛǎ ōƻǳƴŘΩǎ ǿƛŘǘƘ ǿƘƛŎƘ ǿƛƭƭ ƳƻǾŜ ƘƛƳ ŀƭƭ ǘƘŜ ǿŀȅ ǘƻ ǘƘŜ ƭŜŦǘ ǎƛŘŜ ƻŦ ǘƘŜ 
screen. 
 
We also want to change how we call the player1.Update to make sure the player is alive before updating him. This will 
be used later when we add the co-op: 
 
if  (player1.IsAlive)  

 player1.Update(gameTime, playerBullets, GraphicsDevice.Viewport.Width);  
 



Only One Can Win 
At this point the aliens can shoot the player who gets reset and the player can shoot the aliens until they are all gone. 
But this still ŘƻŜǎƴΩǘ Ŏƻǳƴǘ ŀǎ ŀ ǿƛƴΦ Lǘ Ƨǳǎǘ ƭŜŀǾŜǎ ǘƘŜ ǇƭŀȅŜǊ ŀƭƭ ŀƭƻƴŜ ƛƴ ǎǇŀŎŜ ǿƛǘƘ ƴƻǘƘƛƴƎ ǘƻ ŘƻΦ [ŜǘΩǎ Ǝƻ ŀƘŜŀŘ ŀƴŘ 
ŎǊŜŀǘŜ ŀ ƴŜǿ ƎŀƳŜ ǎǘŀǘŜ ŎŀƭƭŜŘ ά9ƴŘtƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜέΥ 
 
public  class  EndPlayingGameState : GameState  

{  

 public  EndPlayingGameState( Game game)  

  : base (game)  

 {  

 }  

 

 public  override  void  Update( GameTime gameTime)  

 {  

 }  

 

 public  override  void  Draw( GameTime gameTime)  

 {  

 }  

}  

 
First thing we need is a SpriteBatch and SpriteFont to display the results of the game.  
 

SpriteBatch  spriteBatch;  

SpriteFont  spriteFont;  

 
!ƴŘ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƻǊ ǿŜΩƭƭ ŎǊŜŀǘŜ ǘƘŜ {ǇǊƛǘŜ.ŀǘŎƘ ŀƴŘ ƭƻŀŘ ǘƘŜ {ǇǊƛǘŜCƻƴǘΥ 
 
spriteBatch = new SpriteBatch (GraphicsDevice);  

spriteFont = Content.Load< SpriteFont >( "Courier New" );  
 
¸ƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ ǿŜ ŀǊŜ ƭƻŀŘƛƴƎ ŀ ŦƛƭŜ ŎŀƭƭŜŘ ά/ƻǳǊƛŜǊ bŜǿέΦ We can create this file by right clicking on the Content 
ǇǊƻƧŜŎǘ ƛƴ ƻǳǊ ƎŀƳŜ ŀƴŘ ǎŜƭŜŎǘƛƴƎ !ŘŘ bŜǿ LǘŜƳΦ ²ƘŜƴ ǘƘŜ ǿƛƴŘƻǿ ƻǇŜƴǎΣ ǎŜƭŜŎǘ {ǇǊƛǘŜ Cƻƴǘ ŀƴŘ ǘȅǇŜ ά/ƻǳǊƛŜǊ bŜǿέ 
for the name. This should create a new .spritefont file in your content project using Courier New for the font. 

 
Figure 10: Creating the Courier New SpriteFont. 

bŜȄǘ ǿŜ ǿŀƴǘ ǘƻ ƳƻŘƛŦȅ ǘƘŜ Ŧƻƴǘ ŀ ƭƛǘǘƭŜ ōƛǘΦ hǇŜƴ ǳǇ ǘƘŜ ά/ƻǳǊƛŜǊ bŜǿΦǎǇǊƛǘŜŦƻƴǘέ ŦƛƭŜ ŀƴŘ ƭŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪΦ LǘΩǎ ŀƭƭ ǇǊŜǘǘy 
ƳǳŎƘ ·a[ ƛƴǎƛŘŜ ǎƻ ƛǘΩǎ ǇǊŜǘǘȅ Ŝŀǎȅ ǘƻ ŜŘƛǘΦ ¢ƘŜ ǘŜƳǇƭŀǘŜ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ŀ ƭƻǘ ƻŦ ŎƻƳƳŜƴǘǎ ǘƻ ƘŜƭǇΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ŎƘŀƴƎŜ 
ǘƘŜ ŦƻƴǘΩǎ ǎƛȊŜ ǘƻ 20 and set the style to Bold. 
 
 
 



bƻǿ ƭŜǘΩǎ Ŧƛƭƭ ƛƴ ǘƘŜ 9ƴŘtƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜΩǎ ŘǊŀǿ ƳŜǘƘƻŘΥ 
 
public  override  void  Draw( GameTime gameTime)  

{  

 Vector2  centerScreen = new Vector2 (  

  GraphicsDevice.Viewport.Width / 2,  

  GraphicsDevice.Viewport.Height / 2);  

 

 string  result = (Manager.CurrentState == AAGameState .Win)  

  ? "WIN!"  

  : "FAIL!" ;  

 

 Vector2  halfStringSize = spriteFont.MeasureString(result)  / 2;  

 

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

 spriteBatch.DrawString(  

  spriteFont,  

  result,  

  centerScreen -  halfStringSize,  

  Color .White);  

 spriteBatch.End();  

}  

 
First we calculate the center of the screen. Next we determine what text to display. Since we will use the same screen 
for both winning and losing, we check to see whether we won and use that to pick the appropriate string. Next we figure 
out half of the size of that text. Then we render the text to the center of the screen using the font we created. 
 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ŎƻŘŜ ƛƴǘƻ ƻǳǊ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ ƴŜǿ ǎǘŀǘŜ ǿƘŜƴ ǘƘŜ ǇƭŀȅŜǊ Ƙŀǎ ŜƛǘƘŜǊ ǿƻƴ ƻǊ ƭƻǎǘΦ ²Ŝ 
Ŏŀƴ Řƻ ǘƘƛǎ ƛƴǎƛŘŜ ƻǳǊ ǳǇŘŀǘŜ ƳŜǘƘƻŘΦ CƛǊǎǘ ǿŜ ǿŀƴǘ ǘƻ ǘǿŜŀƪ ƻǳǊ Ŏŀƭƭ ǘƻ ŀƭƛŜƴDǊƛŘΦ¦ǇŘŀǘŜ ǘƻ ǎŜŜ ƛŦ ǘƘŜ ŀƭƛŜƴΩǎ ƘŀǾŜ 
reached the player: 
 
if  (alienGrid.Update(  

 gameTime,  

 alienBullets,  

 GraphicsDevice.Viewport.Width,  

 player1.Bounds.Top))  

 Manager.CurrentState = AAGameState .Lose;  

 
bŜȄǘ ǿŜΩƭƭ ŀŘŘ ǘƘŜ ƭƻƎƛŎ ƛƴǘƻ ƻǳǊ ōǳƭƭŜǘ ƭƻƻǇǎ ǘƻ ǎŜŜ ƛŦ ǘƘŜ ǇƭŀȅŜǊ Ƙŀǎ ŘƛŜŘ ƻǊ ƛŦ ŀƭƭ ǘƘŜ ŀƭƛŜƴǎ ŀǊŜ ŘŜŀŘΦ CƛǊǎǘ ƭŜǘΩǎ ǘŀƪŜ ŀ 
look at the case where all of the aliens are dead. We do this by updating our foreach loop that iterates over the 
playerBullets list: 
 
foreach  ( Bullet  b in  playerBullets)  

{  

 b.Update();  

 

 if  (!screenRect.Intersects( b.Bounds))  

  bulletsToRemove.Add(b);  

 else  if  (alienGrid.CollideBullet(b))  

 {  

  bulletsToRemove.Add(b);  

  if  (alienGrid.Count == 0)  

   Manager.CurrentState = AAGameState .Win;  

 }  

}  

 
The key part in there is where we check to see if the alienGrid.Count is zero. If that reaches zero we know there are no 
ƳƻǊŜ ŀƭƛŜƴǎ ǎƻ ǿŜ ǎǿƛǘŎƘ ǘƘŜ aŀƴŀƎŜǊΩǎ /ǳǊǊŜƴǘ{ǘŀǘŜ ǘƻ ²ƛƴΦ bƻǿ ƭŜǘΩǎ Řƻ ŀ ǎƛƳƛƭŀǊ ǘƘƛƴƎ ƛƴ ǘƘŜ ŦƻǊŜŀŎƘ ƭƻƻǇ ƛǘŜǊŀǘƛƴƎ 
over the alienBullets list: 



foreach  ( Bullet  b in  alienBullets)  

{  

 b.Update();  

 

 if  (!scre enRect.Intersects(b.Bounds))  

  bulletsToRemove.Add(b);  

 else  if  ( player1.IsAlive && player1.CollideBullet(b))  

 {  

  bulletsToRemove.Add(b);  

  player1.ExtraLives -- ;  

  player1.Position.X = player1.Bounds.Width / 2;  

  if  (!player1.IsAlive)  

   Manager.CurrentSt ate = AAGameState .Lose;  

 }  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǘƘŀǘ ƛƴ ǘƘƛǎ ƭƻƻǇ ǿŜ ŎƘŜŎƪ ǘƻ ǎŜŜ ƛŦ ǘƘŜ ǇƭŀȅŜǊ ƛǎ ƴƻǘ ŀƭƛǾŜ ŀƴŘ ǎǿƛǘŎƘ ǘƻ ǘƘŜ [ƻǎŜ ƎŀƳŜǎǘŀǘŜ ƛŦ ǘƘŀǘ ƛǎ ǘƘŜ ŎŀǎŜΦ  
 
bƻǿ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ƴŜǿ ǎǘŀǘŜ ƛƴ ƻǳǊ DŀƳŜм Ŏƭŀǎǎ ŦƻǊ ōƻǘƘ ƻŦ ǘƘŜ ƎŀƳŜ ǎǘŀǘŜǎ ƛǘ ǊŜǇǊŜǎŜƴǘǎΦ ¢Ƙƛǎ should go in our Initialize 
method right next to where we created the PlayingGameState: 
 

EndPlayingGameState  epgs = new EndPlayingGameState ( this );  

stateManager.GameStates.Add( AAGameState .Win, epgs);  

stateManager.GameStates.Add( AAGameState .Lose, epgs);  

 
LŦ ȅƻǳ Ǌǳƴ ǘƘŜ ƎŀƳŜ ŀǘ ǘƘƛǎ ǇƻƛƴǘΣ ȅƻǳΩƭƭ ŦƛƴŘ ǘƘŀǘ ȅƻǳ Ŏŀƴ ǿƛƴ ƻǊ ƭƻǎŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ǿƘŜǘƘŜǊ ȅƻǳ ƭƻǎŜ ŀƭƭ ƻŦ ȅƻǳǊ ƭƛǾŜǎΣ ƪƛƭƭ 
all the aliens, or let the aliens reach the bottom. At this point we have basically completed the game-play for Alien 
Aggressors.  Lƴ ǘƘŜ ƴŜȄǘ ŦŜǿ ǎŜŎǘƛƻƴǎΣ ǿŜΩƭƭ ŎƻǾŜǊ ŀŘŘƛƴƎ ǎƻƳŜ ǇƻƭƛǎƘ ǘƻ ǘƘŜ ƎŀƳŜΦ 
 

 

Figure 11: We have failed humanity. 
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Decisions, Decisions 
aƻǎǘ ƎŀƳŜǎ ƎŜƴŜǊŀƭƭȅ ŘƻƴΩǘ ƭŀǳƴŎƘ ǎǘǊŀƛƎƘǘ ƛƴǘƻ ǘƘŜ ŀŎǘƛƻƴ, so having our game contain a main menu is a big step in the 
ǊƛƎƘǘ ŘƛǊŜŎǘƛƻƴΦ ¢ƻ ŀŎŎƻƳǇƭƛǎƘ ǘƘƛǎΣ ƭŜǘΩǎ ǎǘŀǊǘ ōȅ ŎǊŜŀǘƛƴƎ ŀ Ƴŀƛƴ ƳŜƴǳ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘ ǳǇ ǎǘŀǊǘƛƴƎ ǿƛǘƘ ƻǳǊ άaŜƴǳLǘŜƳέ 
class which will represent a single option the user can select. 
 
public  class  MenuItem  

{  

 public  string  Name; 

   

 public  event  EventHandler  Activate;  

 public  event  EventHandler  OptionLeft;  

 public  event  EventHandler  OptionRight;  

 

 public  bool  IsDisabled = false ;  

 

 public  MenuItem( string  name)  

 {  

  Name = name;  

 }  

}  

 
Our MenuItem class is pretty basic. It contains a Name, some events for being activated and allow us to change options 
όǎǳŎƘ ŀǎ ǾƻƭǳƳŜ ƭŜǾŜƭǎ ǿƘƛŎƘ ǿŜΩƭƭ ŀŘŘ ƭŀǘŜǊύΣ ŀƴŘ ŀ ōƻƻƭ ǾŀƭǳŜ ŦƻǊ ŘƛǎŀōƭƛƴƎ ǘƘŜ ƛǘŜƳ ŦǊƻƳ ōŜƛƴƎ ǎŜƭŜŎǘŜŘΦ [ŀǎǘƭȅ ǿŜ ƘŀǾŜ 
a constructor to simply create the item with a given name. 
 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ŀ ŦŜǿ ƳŜǘƘƻŘǎ ǘƘŀǘ ƻǳǊ aŜƴǳ Ŏƭŀǎǎ Ŏŀƴ ǳǎŜ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ ŜǾŜƴǘǎ ǿŜ ŎǊŜŀǘŜŘΥ 
 
public  void  PerformActivate()  

{  

 if  (Activate != null )  

  Activate( this , null );  

}  

 

public  void  PerformOptionLeft()  

{  

 if  (OptionLeft != null )  

  OptionLeft( this , null );  

}  

 

public  void  PerformOptionRight()  

{  

 if  (OptionRight != null )  

  OptionRight( this , null );  

}  

 
tǊŜǘǘȅ ǎƛƳǇƭŜ ǎǘǳŦŦ ƛƴ ǘƘŜǊŜΦ ²ŜΩǊŜ Ƨǳǎǘ ǿǊŀǇǇƛƴƎ ƳŜǘƘƻŘǎ ŀǊƻǳƴŘ ǘƘŀǘ ǎƻ ƻǳǊ aŜƴǳ Ŏŀƴ Ŏŀƭƭ ǘƘƻǎŜ ŜǾŜƴǘ ƘŀƴŘƭŜǊǎΦ 
 
Now ƭŜǘΩǎ ƳƻǾŜ ƻƴ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ŀŎǘǳŀƭ άaŜƴǳέ ŎƭŀǎǎΥ 
 

 

 

 

 

 

 

 

 



public  class  Menu 

{  

 public  List <MenuItem > Items = new List <MenuItem >();  

 int  currentItem = 0;  

  

 public  MenuItem  SelectedItem  

 {  

  get  

  {  

   if  (Items.Count > 0)  

    return  Items[currentItem];  

   else  

    return  null ;  

  }  

 }  

}  

 
Our Menu contains a list of menu items as well as the index of the currently selected item. We also expose a property 
that returns the selected item if there is one or null if there is not a selected item. 
 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǎome methods for moving through the different items. 
 
public  void  SelectNext()  

{  

 if  (Items.Count > 0)  

 {  

  do 

  {  

   currentItem = (currentItem + 1) % Items.Count;  

  } while  (SelectedItem.IsDisabled);  

 }  

}  

 

public  void  SelectPrevious()  

{  

 if  (Items.Count >  0)  

 {  

  do 

  {  

   currentItem -- ;  

   if  (currentItem < 0)  

    currentItem = Items.Count -  1;  

  } while  (SelectedItem.IsDisabled);  

 }  

}    

 
In both of the Select methods we have a do-while loop that will loop until we find a non-disabled item in the list of 
items. The SelectNext method takes advantage of the modulo operator to make sure that we loop around the end of the 
list back up to the start while the SelectPrevious method uses a standard if statement to check for that.  
 
Lastly for the menu is to create a method for rendering it: 
 
 
 
 
 
 
 
 



public  void  Draw( SpriteBatch  spriteBatch, SpriteFont  font)  

{  

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

 

 for  ( int  i = 0; i < Items.Count; i++)  

 {  

  MenuItem  item = Items[i];  

  Vector2  size = font.MeasureString(item.Name);  

   

  Vector2  pos = new Vector2 (  

   spriteBatch.GraphicsDevice.Viewport.Width / 2,  

   spriteBatch.GraphicsDevice.Viewport.He ight / 2);  

 

  pos - = size * .5f;  

 

  pos.Y += i * (size.Y * 1.1f);  

 

  Color  color = Color .White;  

  if  (item == SelectedItem)  

   color = Color .Yellow;  

  else  if  (item.IsDisabled)  

   color = Color .DarkSlateGray;  

 

  spriteBatch.DrawString(  

   font,  

   item.Name,  

   pos,  

   color);  

 }  

 

 spriteBatch.End();  

}  
 
Our draw method takes a SpriteBatch and SpriteFont for the rendering. This helps by making it really easy to change 
fonts for your rendering. It then loops over all the items, rendering them in a vertical list starting at approximately the 
middle of the screen. 
 

Simplifying Input  
Now we have a nice menu system in place for us to use while making our main menu and options screen. However one 
ōƛƎ ǇǊƻōƭŜƳ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ŦŀŎŜ ƛǎ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƛƴǇǳǘΦ aƻǎt input is simply polled on a per-frame basis making it very 
ƘŀǊŘ ǘƻ ǎƭƻǿƭȅ Ǝƻ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƴǳ ƛǘŜƳǎΦ {ƻ ǿƘŀǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ Řƻ ƛǎ ƛƳǇƭŜƳŜƴǘ ŀƴ LƴǇǳǘIŜƭǇŜǊ Ŏƭŀǎǎ ǘƘŀǘ ǿƛƭƭ ƳŀƪŜ ƛǘ 
ǾŜǊȅ Ŝŀǎȅ ŦƻǊ ǳǎ ǘƻ ƘŀƴŘƭŜ ƛƴǇǳǘ ƻƴ ƻǳǊ ƳŜƴǳǎΦ [ŜǘΩǎ ǎǘŀǊǘ ǿƛǘƘ ŀ ōŀǎƛŎ ǎƘŜll: 
 
public  static  class  InputHelper  

{  

 public  static  GamePadState  GamePadState1;  

 public  static  GamePadState  GamePadState2;  

 public  static  KeyboardState  KeyboardState;  

 public  static  GamePadState  LastGamePadState1;  

 public  static  GamePadState  LastGamePadState2;  

 public  static  KeyboardState  LastKeyboardState;  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǘƘŀǘ ǿŜ ǎǘƻǊŜ ǘǿƻ ǎǘŀǘŜǎ ǇŜǊ ƛƴǇǳǘ ŘŜǾƛŎŜ όǿŜΩǊŜ ŎǊŜŀǘƛƴƎ ǘƘŜ Řŀǘŀ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǇƭŀȅŜǊ ƘŜǊŜ ŀǎ ǿŜƭƭΣ ŜǾŜƴ 
ǘƘƻǳƎƘ ǿŜ ƘŀǾŜƴΩǘ ƛƳǇƭŜƳŜƴǘŜŘ ǘƘŜ Ŏƻ-op). This is how we will ǘǊŀŎƪ ǘƘŜ ŎǳǊǊŜƴǘ ŦǊŀƳŜΩǎ ƛƴǇǳǘ ǎǘŀǘŜ ŀƴŘ ǘƘŜ ǇǊŜǾƛƻǳǎ 
ŦǊŀƳŜΩǎ ƛƴǇǳǘ ǎǘŀǘŜΦ bŜȄǘ ƭŜǘΩǎ ǎǘŀǊǘ ōȅ ŎǊŜŀǘƛƴƎ ŀ ƳŜǘƘƻŘ ǘƻ ǳǇŘŀǘŜ ŀƭƭ ƻŦ ƻǳǊ ƛƴǇǳǘ ǎǘŀǘŜǎΥ 
 
 



 
public  static  void  Update()  

{  

 LastGamePadState1 = GamePadState1;  

 LastGamePadState2 = GamePadState2;  

 LastKeyboardState = KeyboardState;  

 GamePadState1 = GamePad.GetState( PlayerIndex .One);  

 GamePadState2 = GamePad.GetState( PlayerIndex .Two);  

 KeyboardState = Keyboard .GetState();  

}  

 
First we store the current values in the previous frame variables and then wŜ Ǉƻƭƭ ŦƻǊ ǘƘŜ ƴŜǿ ƛƴǇǳǘ ǎǘŀǘŜǎΦ ²ŜΩƭƭ 
continue with our actual helper methods that we will use throughout the menus. The first method will tell us if a game 
pad button was just pressed this frame: 
 
public  static  bool  IsNewButtonPress( PlayerIndex  index, Buttons  button)  

{  

 if  (index == PlayerIndex .One)  

  return  (GamePadState1.IsButtonDown(button) &&  

   LastGamePadState1.IsButtonUp(button));  

 else  

  return  (GamePadState2.IsButtonDown(button) &&  

   LastGamePadState2.IsButtonUp(button));  

}  

 
The method takes in the index of the player to check and the button to check and then performs some simple logic to 
ǎŜŜ ƛŦ ǘƘŜ ōǳǘǘƻƴ ƛǎ ǇǊŜǎǎŜŘ ǘƘƛǎ ŦǊŀƳŜ ōǳǘ ǿŀǎƴΩǘ ƭŀǎǘ ŦǊŀƳŜΦ bŜȄǘ ƭŜǘΩǎ ǿǊƛǘŜ ŀ ǎƛƳƛƭŀǊ ƳŜǘƘƻŘ ŦƻǊ ǘƘŜ ƪŜȅōƻŀǊŘΥ 
 
public  static  bool  IsNewKeyPress( Keys  key )  

{  

 return  (KeyboardState.IsKeyDown(key) && LastKeyboardState.IsKeyUp(key));  

}  

 
Again we just see if the key is currently pressed but was not pressed last frame. Next we want to add similar 
functionality for the game pad thumbsticks. The goal is to have a method where we can choose which thumbstick and 
which axis on a specific game pad and see if the thumbstick just passed a given value. The point of this is that we will be 
use this to allow our thumbstick movements to only move a single item at a time. To write this method, we first need to 
add a couple of enumerations to our project: 
 

public  enum Thumbstick  

{  

 Left,  

 Right  

}  

 

public  enum ThumbstickAxis  

{  

 X,  

 Y 

}   
 
These two enumerations will be used by our method to simply specify which thumbstick and axis we are trying to use. 
bƻǿ ƭŜǘΩǎ ǿǊƛǘŜ ǳǇ ǘƘŜ ƳŜǘƘƻŘ ƛǘǎŜƭŦΦ LǘΩǎ ǇǊŜǘǘȅ ƭŜƴƎǘƘȅ ōǳǘ ǿŜΩƭƭ ōǊŜŀƪ ƛǘ Řƻǿƴ ŀŦǘŜǊǿŀǊŘǎΥ 
 
 
 
 
 



 
public  static  bool  DidThumbstickPassThreshold(  

 PlayerIndex  index,  

 Thumbstick  thumbstick,  

 ThumbstickAxis  axis,  

 float  thresho ld)  

{  

 Vector2  lastThumbStick = Vector2 .Zero;  

 Vector2  newThumbStick = Vector2 .Zero;  

 

 if  (thumbstick == Thumbstick .Left)  

 {  

  if  (index == PlayerIndex .One)  

  {  

   lastThumbStick = LastGamePadState1.ThumbSticks.Left;  

   newThumbStick = GamePadState1.ThumbSticks.Left;  

  }  

  else  

  {  

   lastThumbStick = LastGamePadState2.ThumbSticks.Left;  

   newThumbStick = GamePadState2.ThumbSticks.Left;  

  }  

 }  

 else  

 {  

  if  (index == PlayerIndex .One)  

  {  

   lastThumbStick = LastGamePadState1.ThumbSticks.Right;  

   newThumbStick = GamePadState1.ThumbSticks.Right;  

  }  

  else  

  {  

   lastThumbStick = LastGamePadState2.ThumbSticks.Right;  

   newThumbStick = GamePadState2.ThumbSticks.Right;  

  }  

 }  

 

 float  lastValue = 0f, newValue = 0 f;  

 

 if  (axis == ThumbstickAxis .X)  

 {  

  lastValue = lastThumbStick.X;  

  newValue = newThumbStick.X;  

 }  

 else  

 {  

  lastValue = lastThumbStick.Y;  

  newValue = newThumbStick.Y;  

 }  

 

 if  (threshold < 0f)  

  return  (lastValue > threshold && newValue < threshold);  

 else  

  return  (lastValue < threshold && newValue > threshold);  

}  

 
LǘΩǎ ŀ ƭƻǘ ƻŦ ŎƻŘŜΣ ōǳǘ ƭǳŎƪƛƭȅ ƛǘΩǎ ŀ ǇǊŜǘǘȅ ǎƛƳǇƭŜ ƳŜǘƘƻŘΦ [ŜǘΩǎ Ǝƻ ǘƘǊƻǳƎƘ ƛǘ ƛƴ ǇƛŜŎŜǎ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ŜǾŜǊȅǘƘƛƴƎ ƳŀƪŜǎ 
sense. 
 
 
 
 



 Vector2  lastThumbStick = Vector2 .Zero;  

 Vector2  newThumbStick = Vector2 .Zero;  

 

 if  (thumbstick == Thumbstick .Left)  

 {  

  if  (index == PlayerIndex .One)  

  {  

   lastThumbStick = LastGamePadState1.ThumbSticks.Left;  

   newThumbStick = GamePadState1.ThumbSticks.Left;  

  }  

  else  

  {  

   lastThumbStick = LastGamePadState2.ThumbSticks.Left;  

   newThumbStick = GamePadState2.ThumbSticks.Left;  

  }  

 }  

 else  

 {  

  if  (index == PlayerIndex .One)  

  {  

   lastThumbStick = LastGamePadState1.ThumbSticks.Right;  

   newThumbStick = GamePadState1.ThumbSticks.Right;  

  }  

  else  

  {  

   lastThumbStick = LastGamePadState2.ThumbSticks.Right;  

   newThumbStick = GamePadState2.ThumbSticks.Right;  

  }  

 }  

  
So this is the first part of the method. All we are doing is using the thumbstick and index parameters to determine that 
thumbstiŎƪΩǎ ǾŀƭǳŜ ǘƘƛǎ ŦǊŀƳŜ ŀƴŘ ƭŀǎǘ ŦǊŀƳŜΦ tǊŜǘǘȅ ǎƛƳǇƭŜΦ 
 
 float  lastValue = 0f, newValue = 0f;  

 

 if  (axis == ThumbstickAxis .X)  

 {  

  lastValue = lastThumbStick.X;  

  newValue = newThumbStick.X;  

 }  

 else  

 {  

  lastValue = lastThumbStick.Y;  

  newValue = newThumbStick.Y;  

 }  

 
This part is also pretty simple. We just use the axis parameter to get the current and last value of the desired thumbstick 
using the Vector2s we found above. 
 
 if  (threshold < 0f)  

  return  (lastValue > threshold && newValue <  threshold);  

 else  

  return  (lastValue < threshold && newValue > threshold);  

 
Lastly we figure out whether the threshold has been passed by figuring out if the threshold is between the lastValue and 
newValue. And that finishes up the InputHelper class. 
 



Menu Base 
Since our game is going to have two screens that have menus on them (main menu and options), it makes sense to 
create a base class to share between the two of them. This will prevent us from writing the same code twice for each 
ŎƭŀǎǎΦ [ŜǘΩǎ ŎǊŜŀǘŜ ŀ ƴŜǿ Ŏƭŀǎǎ ŎŀƭƭŜŘ άaŜƴǳ.ŀǎŜDŀƳŜ{ǘŀǘŜέΥ 
 
public  class  MenuBaseGameState  : GameState  

{  

 SpriteBatch  spriteBatch;  

 SpriteFont  font;  

 

 protected  Menu Menu = new Menu();  

 

 string  title;  

 

 public  MenuBaseGameState( Game game, string  title)  

  : base (game)  

 {  

  spriteBatch = new SpriteBatch (GraphicsDevice);  

  font = Content.Load< SpriteFont >( " Courier New " );  

 

  this .title = title;   

 }  
} 
 
Our base class contains a SpriteBatch and SpriteFont that will be used to render the menu, the Menu itself, and a title to 
display at the top of the screen. The constructor simply takes in the game instance and the desired title. 
 
bƻǿ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ƧǳƳǇ ƛƴ ǘƻ ǘƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǿƘƛŎƘ ǿƛƭƭ ƘŜŀǾƛƭȅ ǳǎŜ ǘƘŜ LƴǇǳǘIŜƭǇŜǊ ǿŜ ǿǊƻǘŜ ǇǊŜǾƛƻǳǎƭȅ ǘƻ ƘŀƴŘƭŜ 
all of the menu controls: 
 
public  override  void  Update( GameTime gameTime)  

{  

}  

 
CƛǊǎǘ ǿŜΩƭƭ ŀŘŘ ǎƻƳŜ ƭƻƎƛŎ ǘƘŀǘ ǿƛƭƭ ŀƭƭƻǿ ǳǎ ǘƻ ŀŎǘƛǾŀǘŜ ǘƘŜ ŎǳǊǊŜƴǘ ƛǘŜƳΦ ²Ŝ ǿƛƭƭ ŀƭƭƻǿ ǘƘŜ ǇƭŀȅŜǊǎ ǘƻ ǳǎŜ ŜƛǘƘŜǊ ! ƻǊ {ǘŀǊt 
on either game pad as well as Space and Enter on the keyboard to activate the item: 
 
if  ( InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .A) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .Start) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .A) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .Start) ||  

 InputHelper .IsNewKeyPress( Keys .Space) ||  

 InputHelper .IsNewKeyPress( Keys .Enter))  

{  

 if  (Menu.SelectedItem != null )  

  Menu.SelectedItem.PerformActivate();  

}  

 
Now that we have written that you can imagine how much code we would have to have put into that if statement to do 
ǘƘŜ ǎŀƳŜ ǘƘƛƴƎ ǿƛǘƘƻǳǘ ǘƘŜ LƴǇǳǘIŜƭǇŜǊ ŎƭŀǎǎΦ bŜȄǘ ǿŜΩƭƭ ŀŘŘ ǘƘŜ ƭƻƎƛŎ ǘƻ ŀƭƭƻǿ ǳǎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ƴŜȄǘ ŀƴŘ ǇǊŜǾƛƻǳǎ ƻǇǘƛƻƴǎ 
for the selected item. We are going to allow the player to use either of the left thumbsticks, either DPad, the Left and 
Right arrow keys, and A and D on the keyboard all to move left and right on the menu:  
 

 

 

 

 

 

 



 

if  ( InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .One,  

  Thumbstick .Left,  

  ThumbstickAxis .X,  

  - .3f) ||  

 InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .Two,  

  Thumbstick .Left,  

  ThumbstickAxis .X,  

  - .3f) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .DPadLeft) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .DPadLeft) ||  

 InputHelper .IsNewKeyPress( Keys .Left) ||  

 InputHelper .IsNewKeyPress( Keys .A))  

{  

 if  (Menu.SelectedItem != null )  

  Menu.SelectedItem.PerformOptionLeft();  

}  

 

if  ( InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .One,  

  Thumbstick .Left,  

  ThumbstickAxis .X,  

  .3f) ||  

 InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .Two,  

  Thumbstick .Left,  

  ThumbstickAxis .X,  

  .3f) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .DPadRight) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .DPadRight) ||  

 InputHelper .IsNewKeyPress( Keys .Right) ||  

 InputHelper .IsNewKeyPress( Keys .D))  

{  

 if  (Menu.SelectedItem != null )  

  Menu.SelectedItem.PerformOptionRight();  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǘƘƻǎŜ ǘǿƻ ǇƛŜŎŜǎ ƻŦ logic are even longer and utilize a lot of the same logic. This is truly the benefit of having 
the InputHelper class around. Imagine writing the contents of those three methods over and over into the if statements. 
 
Lastly we need to add the logic to actuaƭƭȅ ǎŎǊƻƭƭ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƴǳ ƛǘŜƳǎΦ !Ǝŀƛƴ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ŜƛǘƘŜǊ ƎŀƳŜ ǇŀŘΩǎ 
thumbstick or DPad as well as using the Up/Down arrows and W/S keyboard keys to allow the player a maximum 
number of choices for intput.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



if  ( InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .One,  

  Thumbstick .Left,  

  ThumbstickAxis .Y,  

  .3f) ||  

 InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .Two,  

  Thumbstick .Left,  

  ThumbstickAxis .Y,  

  .3f) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .On e, Buttons .DPadUp) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .DPadUp) ||  

 InputHelper .IsNewKeyPress( Keys .Up) ||  

 InputHelper .IsNewKeyPress( Keys .W))  

{  

 Menu.SelectPrevious();  

}  

 

if  ( InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .One,  

  Thumbstick .Left,  

  ThumbstickAxis .Y,  

  - .3f) ||  

 InputHelper .DidThumbstickPassThreshold(  

  PlayerIndex .Two,  

  Thumbstick .Left,  

  ThumbstickAxis .Y,  

  - .3f) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .DPadDown) ||  

 InputHelper .IsNewButto nPress( PlayerIndex .Two, Buttons .DPadDown) ||  

 InputHelper .IsNewKeyPress( Keys .Down) ||  

 InputHelper .IsNewKeyPress( Keys .S))  

{  

 Menu.SelectNext();  

}  

 
That was a lot of code, but now that we have it in a base class, we can easily re-use it for all of the menus our game may 
ƴŜŜŘΦ [ŀǎǘƭȅ ŦƻǊ ǘƘŜ aŜƴǳ.ŀǎŜDŀƳŜ{ǘŀǘŜ ƛǎ ǘƘŜ 5Ǌŀǿ ƳŜǘƘƻŘ ǘƻ ŘǊŀǿ ƻǳǘ ǘƘŜ ƳŜƴǳΩǎ ǘƛǘƭŜ ŀƴŘ ǘƘŜ ƳŜƴǳ ƛǘŜƳǎΥ 
 
public  override  void  Draw( GameTime gameTime)  

{  

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

 

 Vector2  titlePos = new Vector2 (GraphicsDevice.Viewport.Width / 2, 100f);  

 titlePos - = font.MeasureString(title) * .5f;  

 

 spriteBatch.DrawString(  

  font,  

  title,  

  titlePos,  

  Color .White);  

 

 spriteBatch.End();  

 

 Menu.Draw(spriteBatch, font);  

}  

 

Again we do some calculating to center the title on the screen and then we use the Menu.Draw method to render the 
menu and its items to the screen. Now we can finally move on to create our real menu game state. 
 
 



Main Destination  
Our MainMenuGameState is going to be where the player can choose to start either a single player or co-op game, move 
ǘƻ ǘƘŜ ƻǇǘƛƻƴǎ ǎŎǊŜŜƴ ƻǊ ŜȄƛǘ ǘƘŜ ƎŀƳŜΦ [ŜǘΩǎ ǎǘŀǊǘ ōȅ ŎǊŜŀǘƛƴƎ ŀ άaŀƛƴaŜƴǳDŀƳŜ{ǘŀǘŜέ ǘƘŀǘ ŜȄǘŜƴŘǎ ǘƘŜ 
MenuBaseGameState. We are also going to fill in the constructor to create all of the menu items for us. 
 
public  class  MainMenuGameState  : MenuBaseGameState  

{  

 public  MainMenuGameState( Game game, string  title)  

  : base (game, title)  

 {  

  MenuItem  item;  

 

  item = new MenuItem ( "Single Player" );  

  item.Activate += SinglePlayerActivated;  

  Menu.Items.Add(item);  

 

  item = new MenuItem ( "Co - Op");  

  item.Activate += CoopActivated;  

  Menu.Items.Add(item);  

 

  item = new MenuItem ( "Options" );  

  item.Activate += OptionsActivated;  

  Menu.Items.Add(item);  

 

  item = new MenuItem ( "Quit" );  

  item.Activate += QuitActivated;  

  Menu.Items.Add(item);  

 }  

}  

 
¸ƻǳΩƭƭ ǎŜŜ ǿŜ ŎǊŜŀǘŜŘ ŀƭƭ ŦƻǳǊ ƻŦ ƻǳǊ ƳŜƴǳ ƛǘŜƳǎ ŀƴŘ ƘƻƻƪŜŘ ǳǇ ǘƘŜ ŜǾŜƴǘ ƘŀƴŘƭŜǊǎ ǘƻ ǎƻƳŜ ƳŜǘƘƻŘǎΦ bŜȄǘ ƭŜǘΩǎ ŀŘŘ ŀƭƭ 
of the actual methods for handling the items: 
 
public  void  SinglePlayerActivated( object  sender, EventArgs  args)  

{  

}  

 

public  void  CoopActivated( object  sender, EventArgs  args)  

{  

}  

 

public  void  OptionsActivated( object  sender, EventArgs  args)  

{  

}  

 

public  void  QuitActivated( object  sender, EventArgs  args)  

{  

 Game.Exit();   

}  

 
¢ƘŜ ƻƴƭȅ ƻƴŜ ǿŜ ƘŀǾŜ ŦƛƭƭŜŘ ƻǳǘ ŦƻǊ ƴƻǿ ƛǎ ƻǳǊ vǳƛǘ!ŎǘƛǾŀǘŜŘ ƳŜǘƘƻŘΦ ²ŜΩƭƭ ŎƻƳŜ ōŀŎƪ ŀƴŘ Ŧƛƭƭ ƻǳǘ ǘƘŜ ǊŜǎǘ ƭŀǘŜǊΦ  
 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ƻǳǊ ¦ǇŘŀǘŜ ƳŜǘƘƻŘΦ ¢ƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ƛǎ ǎƛƳǇƭȅ ƎƻƛƴƎ ǘƻ ŀƭƭƻǿ ǳǎ ǘƻ ŜȄƛǘ ǘƘŜ ƎŀƳŜ ōȅ ŀƭǎƻ ǇǊŜǎǎ ŜƛǘƘŜǊ 
Back on the game pad or Escape on the keyboard. We also have to be very sure to call base.Update at some point to 
update all of our menu logic found in MenuBaseGameState. 
 
 
 
 



public  override  void  Update( GameTime gameTime)  

{  

 if  ( InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .Back) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .Back) ||  

  InputHelper .IsNewKeyPress( Keys .Escape))  

 {  

  Game.Exit();  

 }  

 

 base .Update(gameTime);  

}  

 
¢ƘŀǘΩǎ ƛǘ ŦƻǊ ƴƻǿΦ [ŜǘΩǎ ƳŀƪŜ ǎƻƳŜ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ DŀƳŜмΦŎǎ ŦƛƭŜ ŀƴŘ ǎŜŜ ǿƘŀǘ ǿŜΩǾŜ created. The first change is to add 
the new MainMenuGameState to the state manager and make sure the initial game state is set to the main menu. At 
ǘƘƛǎ Ǉƻƛƴǘ ƻǳǊ ƎŀƳŜΩǎ LƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘ ǎƘƻǳƭŘ ƭƻƻƪ ƭƛƪŜ ǘƘƛǎΥ 
 
protected  override  void  Initialize()  

{  

 base .Initialize();  

 

 stateManager.GameStates.Add(  

  AAGameState .Playing,  

  new PlayingGameState ( this ));  

 

 EndPlayingGameState  epgs = new EndPlayingGameState ( this );  

 stateManager.GameStates.Add( AAGameState .Win, epgs);  

 stateManager.GameStates.Add( AAGameState .Lose, epgs);  

 

 stateManager.GameStates.Add(  

  AAGameState .MainMenu,  

  new MainMenuGameState ( this , "Alien Aggressors!" ));  

 

 stateManager.CurrentState = AAGameState .MainMenu;  

}  

 
bŜȄǘ ƭŜǘΩǎ ƳŀƪŜ ǎƻƳŜ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ƎŀƳŜΩǎ ¦ǇŘŀǘŜ ƳŜǘƘƻŘΦ ²Ŝ ǿŀƴǘ ǘƻ ǊŜƳƻǾŜ the logic allowing us to quit from this 
Update method because we have the same functionality in the main menu game state. We also need to call our 
InputHelper.Update method to make sure we always have proper input states. This reduces our Update method to just 
this: 
 
protected  override  void  Update( GameTime gameTime)  

{  

 InputHelper .Update();  

 base .Update(gameTime);  

}  

 
Now you can run the game and see the wonder of your hard work. You will be presented with our main menu which you 
can navigate using up to two game pads as well as the keyboard. You can select the Quit item and activate it to exit the 
ƎŀƳŜ ŀǎ ǿŜƭƭ ƴƻǿΦ bŜȄǘ ƭŜǘΩǎ ǘƛŜ ƛƴ ƻǳǊ aŀƛƴaŜƴǳDŀƳŜ{ǘŀǘŜ ƛƴǘƻ ƻǳǊ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ǎƻ ǿŜ Ŏŀƴ ŀŎǘǳŀƭƭȅ ōŜƎƛƴ ŀ ƴŜǿ 
game. 
 

Starting Something  
Now that we have a menu, we need to allow it to start our game playing. To start this we first need to add the ability to 
ǊŜǎŜǘ ǘƘŜ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜΦ ¢Ƙƛǎ ǿƛƭƭ ŀƭƭƻǿ ǳǎ ǘƻ ǎǘŀǊǘ ƳǳƭǘƛǇƭŜ ƎŀƳŜǎ ǿƛǘƘƻǳǘ ŜȄƛǘƛƴƎ ǘƘŜ ƎŀƳŜΦ [ŜǘΩǎ ǎǘŀǊǘ ōȅ ǊŜŦŀŎǘƻǊƛƴƎ 
out some of the PlayingGameStateΩǎ ŎƻƴǎǘǊǳŎǘƻǊ ƛƴǘƻ ŀ ƴŜǿ ƳŜǘƘƻŘ ŎŀƭƭŜŘ LƴƛǘƛŀƭƛȊŜΥ 
 
 
   



public  PlayingGameState( Game game)  

 : base (game)  

{  

 Bullet .Texture = Content.Load< Texture2D >( "bullet" );  

 Bullet .Origin = new Vector2 ( Bullet .Texture.Width / 2, Bullet .Texture.Height / 2);  

 

 spriteBatch = new SpriteBatch (GraphicsDevice);  

}  

 

public  void  Initialize()  

{  

 player1 = new PlayerShip (  

  Content.Load< Texture2D >( "player1" ),  

  PlayerIndex .One);  

 player1.Position = new Vector2 (  

  GraphicsDevice.Viewport.Width / 2 -  player1.Bounds.Width / 2,  

  GraphicsDevice.Viewport.Height -  player1.Bounds.Height);  

 

 playerBullets.Clear();  

 alienBullets.Clear();  

 

 alienGrid.Initialize(Content.Load< Texture2D >( "alien" ), 10, 5);  

}  

 
Now we can call the Initialize method whenever we want to reset our game back to the default state. Next we can add 
ǘƘŜ ŎƻŘŜ ƛƴǘƻ ƻǳǊ Ƴŀƛƴ ƳŜƴǳΩǎ ŜǾŜƴǘ ƘŀƴŘƭŜǊ ŦƻǊ ǎǘŀǊǘƛƴƎ ŀ ǎƛƴƎƭŜ ǇƭŀȅŜǊ ƎŀƳŜ ǘƘŀǘ ǿƛƭƭ ƎŜǘ ŜǾŜǊȅǘƘƛƴƎ ǎŜǘ ǳǇ ŀƴŘ ōŜƎƛƴ 
our game: 
 
public  void  SinglePlayerActivated( object  sender, EventArgs  args)  

{  

 (Manager.GameStates [ AAGameState .Playing] as  PlayingGameState ).Initialize();  

 

 Manager.CurrentState = AAGameState .Playing;  

}  

 
All we do is ƎŜǘ ǘƘŜ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ŦǊƻƳ ǘƘŜ ƳŀƴŀƎŜǊ ŀƴŘ Ŏŀƭƭ ǘƘŜ LƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘΦ [ŀǎǘ ǿŜ ŎƘŀƴƎŜ ǘƘŜ ƳŀƴŀƎŜǊΩǎ 
CurrentState to the Playing state. !ǘ ǘƘƛǎ Ǉƻƛƴǘ ȅƻǳ ŀǊŜ ŀōƭŜ ǘƻ ǎǘŀǊǘ ŀ ƎŀƳŜ ōȅ ŀŎǘƛǾŀǘƛƴƎ ǘƘŜ ά{ƛƴƎƭŜ tƭŀȅŜǊέ ƳŜƴǳ ƛǘŜƳ 
in the main menu. 
 

Do Overs 
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ ƴƛŎŜ ƳŜƴǳ ǘƻ ǎǘŀǊǘ ƻŦŦ ƻǳǊ ƎŀƳŜΣ ƭŜǘΩǎ ŦƛȄ ǳǇ ǘƘŜ 9ƴŘtƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ǘƻ ŀƭƭƻǿ ǳǎ ǘƻ Ǝƻ ōŀŎƪ ǘƻ ǘƘŜ 
menu once a game has finished. To do this we just need to add a little bit of code to the Update method: 
 
public  override  void  Update( GameTime gameTime)  

{     

 if  ( InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .A) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .Start) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .A) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .Start) ||  

  InputHelper .IsNewKeyPress( Keys .Space) ||  

  InputHelper .IsNewKeyPress( Keys .Enter))  

 {  

  Manager.CurrentState = AAGameState .MainMenu;  

 }  

}   
 



All we are doing there is checking for the A and Start game pad buttons as well as the Enter and Space keyboard keys. 
bŜȄǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ǘƘŜ 5Ǌŀǿ ŎƻŘŜ ǘƻ ǿǊƛǘŜ ƻǳǘ ǎƻƳŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ǎƻ ǘƘŀǘ ǘƘŜ ǇƭŀȅŜǊ ƪƴƻǿs what to do at this screen. First 
we just generate the string and position for it: 
 
string  info = "Press A, Start, Enter, or Space to continue..." ;  

Vector2  halfInfoSize = spriteFont.MeasureString(info) / 2;  

Vector2  infoPos = centerScreen -  halfInfoSize + new Vector2 (0f, 100f);  

 
Then we can render it out to the screen: 
 
spriteBatch.DrawString(  

 spriteFont,  

 info,  

 infoPos,  

 Color .White);  

 
We added a few new variables to contain the information string and to position it on the screen a little ways down from 
the result string we drew earlier. You can now play the game as many times as you want without having to restart the 
whole program each time. 
 

 

Figure 12: Now we can lose over and over and ... 

  



Fleshing out the Rest of the Game 

Bring a Friend  
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ƛƴ ƻǳǊ ǎŜŎƻƴŘ ǇƭŀȅŜǊΦ ¢Ƙƛǎ ƛǎ ƻǾŜǊŀƭƭ ŀ ǾŜǊȅ ǎƛƳǇƭŜ ǇǊƻŎŜǎǎΣ ōǳǘ ǿƛƭƭ ŀƭƭƻǿ ǳǎ ǘƻ ƘŀǾŜ ƳǳŎƘ ƳƻǊŜ Ŧǳƴ ǿƛǘƘ 
ƻǳǊ ƎŀƳŜΦ CƛǊǎǘ ƳŀƪŜ ǎǳǊŜ ȅƻǳΩǾŜ ŀŘŘŜŘ ǘƘŜ ǇƭŀȅŜǊнΦǇƴƎ ǎǇǊƛǘŜ ǘƻ ȅƻǳǊ ƎŀƳŜΩǎ ŎƻƴǘŜƴǘ ǇǊƻƧŜŎǘΦ ¢ƘŜƴ ƭŜǘΩǎ ƘŜŀŘ ƻǾŜǊ ǘƻ 
thŜ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ŀƴŘ ŀŘŘ ŀƴƻǘƘŜǊ ǇƭŀȅŜǊ ǘƻ ƻǳǊ ŎƭŀǎǎΩǎ ŘŀǘŀΥ 
 

PlayerShip  player2;  

 
We also want to have a bool value to indicate whether or not we are doing a co-op game. This will let us use the same 
class for the single player and co-op game very easily: 
 

bool  coOp = false ;  
 
Now we need to make some changes to the Initialize method so we can tell the state whether or not we want a co-op 
game and also so it can create the second player: 
 

public  void  Initialize( bool  isCoOp)  

{  

 player1 = new PlayerShip (  

  Content.Load< Texture2D >( "player1" ),  

  PlayerIndex .One);  

 player1.Position = new Vector2 (  

  GraphicsDevice.Viewport.Width / 2 -  player1.Bounds.Width / 2,  

  GraphicsDevice.Viewport.Height -  player1.Bounds.Height);  

 

 coOp = isCoOp;  

 player2 = new PlayerShip (  

  Content.Load< Texture2D >( "player2" ),  

  PlayerIndex .Two);  

 player2.Position = new Vector2 (  

  GraphicsDevice.Viewport.Width / 2 -  player2.Bounds.Width / 2,  

  GraphicsDevice.Viewport.Height -  player2.Bounds.Height);  

 

 playerBullets.Clear();  

 alienBullets.Cle ar();  

 

 alienGrid.Initialize(Content.Load< Texture2D >( "alien" ), 10, 5);  

}  

 
All we really did was duplicate our player1 creation code and save the isCoOp value that was passed it to the method.  
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ǳǇŘŀǘŜ ŎƻŘŜ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ƴŜǿ ǇƭŀȅŜǊ ƛƴ ƻǳǊ Update method: 
 

if  (coOp  && player2.IsAlive )  

 player2.Update(gameTime, playerBullets, GraphicsDevice.Viewport.Width);  

 
Now we have to update our foreach loop that handled the alienBullets to take into account our second player: 
 
 
 
 
 
 
 
 
 
 



 
foreach  ( Bullet  b in  alienBullets)  

{  

 b.Update();  

 

 if  (!screenRect.Intersects(b.Bounds))  

  bulletsToRemove.Add(b);  

 else  if  ( player1.IsAlive && player1.CollideBullet(b))  

 {  

  bulletsToRemove.Add(b);  

  player1.ExtraLives -- ;  

  player1.Position.X = player1.Bounds.Width / 2;   

  CheckPlayerLives();  }  

 else  if  ( coOp && player2.IsAlive && player2.CollideBullet(b))  

 {  

  bulletsToRemove.Add(b);  

  player2.ExtraLives -- ;  

  player2.Position.X = player2.Bounds.Width / 2;   

  CheckPlayerLives();   

 }  

}  

 
First note the new else if statement to handle collisions with the second player. The other change is in our conditions for 
changing to the Lose game state. ̧ƻǳΩƭƭ ǎŜŜ ǿŜΩǾŜ ǊŜǇƭŀŎŜŘ ǘƘŜ ƻƭŘ ƭƻƎƛŎ ǿƛǘƘ ŀ Ŏŀƭƭ ǘƻ ŀ ƴŜǿ ƳŜǘƘƻŘ ŎŀƭƭŜŘ 
CheckPlayerLives. This new method is used to check for ouǊ ǇƭŀȅŜǊΩǎ ǘƻ ōŜ ŀƭƛǾŜΥ 
 
private  void  CheckPlayerLives()  

{  

 if  (coOp && !player1.IsAlive && !player2.IsAlive)  

  Manager.CurrentState = AAGameState .Lose;  

 else  if  ( !coOp && !player1.IsAlive)  

  Manager.CurrentState = AAGameState .Lose;  

}  

 
We check for whether or not we are playing a co-op game and use that to determine whether or not we need to check 
both ǇƭŀȅŜǊǎΩ IsAlive property. 
 
bŜȄǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ŘǊŀǿ ŎƻŘŜ ŦƻǊ ƻǳǊ ǇƭŀȅŜǊǎ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜȅ ŀǊŜƴΩǘ ŘǊŀǿƴ ǿƘŜƴ ŘŜŀŘ ŀƴŘ ǘƻ ƳŀƪŜ sure 
the player2 is drawn: 
 

if  (player1.IsAlive)  

 player1.Draw(spriteBatch);  

if  (coOp && player2.IsAlive)  

 player2.Draw(spriteBatch);  

 
The PlayingGameState is now functionally complete for our second player. We just need to go back and update our 
MainMenuGameState to handle the new Initialize method and let us start a co-op game: 
 
public  void  SinglePlayerActivated( object  sender, EventArgs  args)  

{  

 (Manager.GameStates[ AAGameState .Playing] as  PlayingGameState ).Initialize( false );  

 Manager.CurrentState = AAGameState .Playing;  

}  

 

public  void  CoopActivated( object  sender, EventArgs  args)  

{  

 (Manager.GameStates[ AAGameState .Playing] as  PlayingGameState ).Initialize( true );  

 Manager.CurrentState = AAGameState .Playing;  

}  

 



Now run the game and you can start up a co-op game with a friend. 
 

 
Figure 13: The two defenders. 

 

Keeping Score 
[ŜǘΩǎ ŦƛƴƛǎƘ ƻǳǘ ǘƘŜ ƎŀƳŜ ǇƻǊǘƛƻƴ ōȅ ŀŘŘƛƴƎ ŀ ǎŎƻǊŜ ǘƻ ǘƘŜ ƎŀƳŜ ŀǎ ǿŜƭƭ ŀǎ ŘƛǎǇƭŀȅƛƴƎ ǘƘŜ ŜȄǘǊŀ ƭƛǾŜǎ ŜŀŎƘ ǇƭŀȅŜǊ Ƙŀǎ ƭŜŦǘΦ 
CƛǊǎǘ ƭŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ǾŀǊƛŀōƭŜ ǘƻ ǘƘŜ PlayingGameState to store our current score as well as a SpriteFont for rendering it. 
 
int  score = 0;   

SpriteFont  spriteFont;  

 
[ŜǘΩǎ ŦƛǊǎǘ ŀŘŘ ǘƘŜ ŎƻŘŜ ǘƻ ƭƻŀŘ ǘƘŜ Ŧƻƴǘ ǘƻ ƻǳǊ ŎƻƴǎǘǊǳŎǘƻǊΥ 
 

spriteFont = Content.Load< SpriteFont >( "Courier New" );  
 
bŜȄǘ ƭŜǘΩǎ update our Initialize method to make sure we zero this out each time a new game starts: 
 

public  void  Initialize( bool  isCoOp, bool  newGame) 

{  

 //...  

 if  (newGame)  

 {  

  score = 0;  

 }  

}  

 

Since we changed the method signature for Initialize, make sure to go through and update the calls to that method. Any 
Ŏŀƭƭǎ ŦǊƻƳ ƻǳǊ aŀƛƴaŜƴǳDŀƳŜ{ǘŀǘŜ ǎƘƻǳƭŘ Ǉŀǎǎ ƛƴ ΨǘǊǳŜΩ ǿƘƛƭŜ ŀƴȅ Ŏŀƭƭǎ ŦǊƻƳ ǘƘŜ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ǎƘƻǳƭŘ Ǉŀǎǎ ƛƴ 
ΨŦŀƭǎŜΩΦ Next we can head down to the Update method and award points each time an alien ship is hit by a bullet: 
 
 
 



foreach  ( Bullet  b in  playerBullets)  

{  

 //...  

 else  if  (alienGrid.CollideBullet(b))  

 {  

  //...  

  score += 100;  

 }  

}  

 
In our case we have chosen to award 100 points ŜŀŎƘ ǘƛƳŜ ŀƴ ŀƭƛŜƴ ǎƘƛǇ ƛǎ Ƙƛǘ ōȅ ƻƴŜ ƻŦ ǘƘŜ ǇƭŀȅŜǊǎΩ ōǳƭƭŜǘǎΦ bŜȄǘ ƭŜǘΩǎ 
head down to our Draw method and render this out for the players to see: 
 
spriteBatch.DrawString(  

 spriteFont,  

 "Score: "  + score.ToString(),  

 new Vector2 (10f),  

 Color .White);  

 
Next we want to draw the number of lives each player has in the upper-right corner of the screen. We can do this by 
using a couple of simple loops: 
 
for  ( int  i = 1; i <= player1.ExtraLives; i++)  

{  

 spriteBatch.Draw(  

  player1.Texture,  

  new Rectangle (  

   GraphicsDevice.Viewport.Width -  (player1.Texture.Width * i),  

   10,  

   25,  

   25),  

  Color .White);  

}  

 

if  (coOp)  

{  

 for  ( int  i = 1; i <= player2.ExtraLives; i++)  

 {  

  spriteBatch.Draw(  

   player2.Texture,  

   new Rectangle (  

    GraphicsDevice.Viewport.Width -  (player2.Texture.Width * i),  

    35,  

    25,  

    25),  

   Color .White);  

 }  

}  
 
This draws each life going right to left in the upper corner. We only draw the lives for player2 if we are in a co-op game. 
Now we can run the game and see a score to indicate Ƙƻǿ ǿŜ ŀǊŜ ŘƻƛƴƎΦ [ŜǘΩǎ ŎƻƴǘƛƴǳŜ ōȅ ŘƛǎǇƭŀȅƛƴƎ ǘƘŜ Ŧƛƴŀƭ ǎŎƻǊŜ ƻƴ 
ƻǳǊ 9ƴŘtƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜΦ [ŜǘΩǎ ŀŘŘ ŀ ƴŜǿ ǾŀǊƛŀōƭŜ ǘƻ ǘƘŜ 9ƴŘtƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ŎƭŀǎǎΥ 
 
public  int  FinalScore = 0 ;  

 
Next we need to update our Draw method to generate the required data for drawing the score to the screen much like 
we did for the information earlier: 
 

 

 



string  score = "Final Score: "  + FinalScore.ToString();  

Vector2  halfScoreSize = spriteFont.MeasureString(score) / 2;   

Vector2  scorePos = centerScreen -  halfScoreSize -  new Vector2 (0f, 100f);  
 
Then we just render out the text like before: 
 
spriteBatch.DrawString(  

 spriteFont,  

 score,  

 scorePos,  

 Color .White);  

 
Last thing we need to do is make sure the score is set when the game ends. To do this we have to update a few places. 
CƛǊǎǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ǘƘŜ ŦƻǊŜŀŎƘ ƭƻƻǇ ǘƘŀǘ ƎƻŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇƭŀȅŜǊ.ǳƭƭŜǘǎ ŀƴŘ ŀŘŘ ƛƴ ǘƘŜ ǊŜǉǳƛǊŜŘ ŎƻŘŜ ǘƻ ǎŜǘ ƻǳǊ Ŧƛƴŀƭ ǎŎƻǊŜ 
there: 
 
foreach  ( Bullet  b in  playerBullets)  

{  

 //...  

 else  if  (alienGrid.CollideBullet(b))  

 {  

  //...  

  if  (alienGrid.Count == 0)  

  {   

   GameState  winState = Manager.GameStates[ AAGameState .Win];  

   (winState as  EndPlayingGameState ).FinalScore = score;     

   Manager.CurrentState = AAGameState .Win;  

  }  

 }  

}   
 
Next we need to update our CheckPlayersLives method to do the same thing. We can simplify this by just adding this 
piece of code to the end of that method: 
 

if  (Manager.CurrentState == AAGameState .Lose)  

{  

 GameState  loseState = Manager.GameStates[ AAGameState .Lose];  

 (loseState as  EndPlayingGameState ).FinalScore = score;  

}  

 
With that complete we now can see exactly how well we did after a game is complete. 
 
 
 



 
Figure 14: Final status report. 

 

Waves of Fleets 
Our game is nearing functional completion. All we need to add is support for multiple levels in our game. After all it 
ǿƻǳƭŘ ōŜ ǊŀǘƘŜǊ ōƻǊƛƴƎ ǘƻ ƻƴƭȅ ƘŀǾŜ ǘƘŜ ǎƛƴƎƭŜ ǿŀǾŜ ƻŦ ŜƴŜƳƛŜǎ ǘƻ ŦƛƎƘǘΦ [ŜǘΩǎ ŎǊŜŀǘŜ ŀ ǎȅǎǘŜƳ ǘƘŀǘ ƎƛǾŜǎ ƻǳǊ ƎŀƳŜ 
multiple levels where you can have almost ŀƴȅ ƭƛƳƛǘΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ƭƛƳƛǘ ƻǳǊǎ ǘƻ ǘŜƴ ŦƻǊ ƴƻǿΦ ¢ƻ ǎǘŀǊǘ ƭŜǘΩǎ Ǝƻ ǘƻ ǘƘŜ 
PlayingGameState class and add in these two new variables: 
 
int  level = 1 ;  

const  int  maxLevel = 10;  

 
Next we need to add the support for the levels to our Initialize method so that our alien grid is properly set up based on 
the level and also to make sure we reset the level each time. 
 
public  void  Initialize( bool  isCoOp , bool  newGame)  

{  

 //...  

 if  (newGame)  

 {  

  score = 0;  

  level = 1 ;  

 }  

 alienGrid.Initialize(  

  Content.Load< Texture2D >( "alien" ),  

  10 + (level / 3),  

  5 + (level / 2));  

}  
 
bƻǿ ǘƘŜ ŀƭƛŜƴ ƎǊƛŘΩǎ ǎƛȊŜ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŜǾŜƭ ǎǳŎƘ ǘƘŀǘ ŜǾŜǊȅ ǘƘƛǊŘ ƭŜǾŜƭ ŀŘŘǎ ŀƴƻǘƘŜǊ ŎƻƭǳƳƴ ŀƴŘ ŜǾŜǊȅ ƻǘƘŜǊ ƭŜǾŜƭ ŀŘŘǎ 
a row to the aliens.  



 
bŜȄǘ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ƭƻƎƛŎ ǘƻ ŀƭƭƻǿ ǳǎ ǘƻ progress through the different levels. We do this by adding more code to our 
foreach loop iterating over the playerBullets: 
 
foreach  ( Bullet  b in  playerBullets)  

{  

 //...  

 else  if  (alienGrid.CollideBullet(b))  

 {  

  //...  

  if  (alienGrid.Count == 0)  

  {  

   if  (level == maxLevel)  

   {  

    GameState  winState = Manager.GameStates[ AAGameState .Win];  

    (winState as  EndPlayingGameState ).FinalScore = score;  

    Manager.CurrentState = AAGameState .Win;  

   }  

   else  

   {  

    level++;  

    Initialize(coOp);   

    return ;  

   }  

  }  

 }  

}  

 
bƻǿ ŜŀŎƘ ǘƛƳŜ ǘƘŜ ŀƭƛŜƴ ƎǊƛŘ ƛǎ ŜƳǇǘȅΣ ǿŜ ŎƘŜŎƪ ǿƘƛŎƘ ƭŜǾŜƭ ǿŜΩǊŜ ƻƴΦ LŦ ǿŜΩǊŜ ƻƴ ǘƘŜ ƭŀǎǘ ƭŜǾŜƭΣ ǘƘŀǘ ƳŜŀƴǎ ǿŜ ƘŀǾŜ 
won so we perform our end-ƎŀƳŜ ƭƻƎƛŎ ƭƛƪŜ ƴƻǊƳŀƭΦ LŦ ǿŜ ŀǊŜƴΩǘ ƻƴ ǘƘŜ ƭŀǎǘ ƭŜǾŜƭΣ ǿŜ ƛƴŎǊŜƳŜƴǘ ǘƘŜ ƭŜǾŜƭ ŀƴŘ Ǌǳƴ ǘƘŜ 
Initialize method again using our coOp value as the parameter. We have to make sure to call ΨreturnΩ here since we 
modified the playerBullets collection in the Initialize method. If we forget that ΨreturnΩ statement, our game will throw 
an exception. 
 
hǳǊ ƎŀƳŜ ƴƻǿ Ƙŀǎ ǘŜƴ ƭŜǾŜƭǎ ƘƻǿŜǾŜǊ ƛǘΩǎ ŀ ǾŜǊȅ ŀōǊǳǇǘ ǎǿƛǘŎƘ ōŜǘǿŜŜƴ ǘƘŜƳΦ ²Ŝ Ŏŀƴ ǊŜƳŜŘȅ ǘƘƛǎ ōȅ ŀŘŘƛƴƎ ŀ ƴŜǿ 
Ŏƭŀǎǎ ǘƻ ŀŎǘ ŀǎ ŀ ǘǊŀƴǎƛǘƛƻƴ ōŜǘǿŜŜƴ ƭŜǾŜƭǎΦ [ŜǘΩǎ ŀŘŘ ŀ ά¢ǊŀƴǎƛǘƛƻƴDŀƳŜ{ǘŀǘŜέ ǘƻ ƻǳǊ ƎŀƳŜ ǇǊƻƧŜŎǘΥ 
 
public  class  TransitionGameState  : GameState  

{  

 SpriteBatch  spriteBatch;  

 SpriteFont  font;   

 

 public  string  Caption = string .Empty;  

 

 float  transitionTimer = 0f;  

 const float  transitionLength = 2f;  

 

 public  TransitionGameState( Game game)  

  : base (game)  

 {  

  spriteBatch = new SpriteBatch (GraphicsDevice);  

  font = Content.Load< SpriteFont >( " Courier New " );  

 }  

}  

 
We store inside the class a SpriteBatch and SpriteFont for rendering as well as a Caption string to write to the screen. 
We also store two float values which we will use to time how long the state has been up. This will make sure our state 
only stays on screen for a set amount of time (two seconds currently). 
 



bƻǿ ƭŜǘΩǎ ŎǊŜŀǘŜ ǘƘŜ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǘƻ ƘŀƴŘƭŜ ƻǳǊ ǘƛƳŜǊ ƭƻƎƛŎΥ 
 
public  override  void  Update( GameTime  gameTime)  

{  

 transitionTimer += ( float )gameTime.ElapsedGameTime.TotalSeconds;  

 

 if  (transitionTimer >= transitionLength)  

 {  

  transitionTimer = 0f;  

  Manager.CurrentState = AAGameState .Playing;  

 }  

}  

 
Next we just have to make the Draw command to render our caption to the screen: 
 
public  override  void  Draw( GameTime gameTime)  

{  

 spriteBatch.Begin( SpriteBlendMode .AlphaBlend);  

 

 Vector2  pos = new Vector2 (  

  GraphicsDevice.Viewport.Width / 2,  

  GraphicsDevice.Viewport.Height / 2);  

 

 pos - = font.MeasureString(Caption) * .5f;  

 

 spriteBatch.DrawString(font, Caption, pos, Color .White);  

 

 spriteBatch.End();  

}  

 
bŜȄǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ƻǳǊ Ƴŀƛƴ ƳŜƴǳ ŜǾŜƴǘ ƘŀƴŘƭŜǊǎ ǘƻ ǳǎŜ ǘƘŜ ƴŜǿ ǘǊŀƴǎƛǘƛƻƴ ƎŀƳŜ ǎǘŀǘŜ ǊŀǘƘŜǊ ǘƘŀƴ ƧǳƳǇƛƴƎ ǎǘǊŀƛƎƘǘ ƛƴǘƻ 
the game: 
 
public  vo id  SinglePlayerActivated( object  sender, EventArgs  args)  

{  

 (Manager.GameStates[ AAGameState .Playing] as  PlayingGameState ).Initialize( false );   

 (Manager.GameStates[ AAGameState .LevelTransition] as  TransitionGameState ).Caption =  

  "Level 1" ;  

 Manager.CurrentState = AAGameState .LevelTransition;  

}  

 

public  void  CoopActivated( object  sender, EventArgs  args)  

{  

 (Manager.GameStates[ AAGameState .Playing] as  PlayingGameState ).Initialize( true );   

 (Manager.GameStates[ AAGameState .LevelTransition] as  TransitionGameState ).Caption =  

  "Level 1" ;  

 Manager.CurrentState = AAGameState .LevelTransition;  

}  

 
The main difference there is that we are setting Manager.CurrentState to LevelTransition instead of Playing. We are also 
setting the caption of the ǘǊŀƴǎƛǘƛƻƴ ǎǘŀǘŜ ǘƻ ǎŀȅ ά[ŜǾŜƭ мέ.  
 
Next we need to update our PlayingGameState to use the transitions between levels. This will make the game much 
ŜŀǎƛŜǊ ǘƻ Ŧƻƭƭƻǿ ōȅ ŀƭƭƻǿƛƴƎ ǇƭŀȅŜǊǎ ǘƛƳŜ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ ŀ ƴŜǿ ǿŀǾŜΦ [ŜǘΩǎ ƘŜŀŘ ǘƻ ǿƘŜǊŜ ǿŜ ǿŜǊŜ ǳǇŘŀǘƛƴƎ ƻur level and 
program it to utilize this transition game state: 
 

 

 

 

 



level++;  

Initialize(coOp , false );  

GameState  transState = Manager.GameStates[ AAGameState .LevelTransition];  

(transState as  TransitionGameState ).Caption = "Level "  + level.ToString();  

Manager.CurrentState = AAGameState .LevelTransition;  
 
Now we get a nice pause in between all of our levels to give the player a few seconds to register that a new wave of 
aliens is about to appear. 
 
Lastly ƭŜǘΩǎ Ǝƻ ǘƻ ǘƘŜ DŀƳŜмΦLƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘ ŀƴŘ ŎǊŜŀǘŜ this transition object and put it into the manager: 
 

stateManager.GameStates.Add(  

 AAGameState .LevelTransition,  

 new TransitionGameState ( this ));  

 
bƻǿ ȅƻǳ Ŏŀƴ Ǌǳƴ ǘƘŜ ƎŀƳŜ ŀƴŘ ǎŜŜ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴǎ ŀǘ ǿƻǊƪΦ ²ƘŜƴ ȅƻǳ ǎǘŀǊǘ ŀ ƎŀƳŜ ȅƻǳ ƎŜǘ ǘƘŜ ά[ŜǾŜƭ мέ ŘƛǎǇƭŀȅ and 
ŜŀŎƘ ǘƛƳŜ ȅƻǳ ŦƛƴƛǎƘ ŀ ƭŜǾŜƭ ȅƻǳ ŀǊŜ ǘƻƭŘ ǿƘƛŎƘ ƭŜǾŜƭ ȅƻǳ ŀǊŜ ǎǘŀǊǘƛƴƎΦ ¢Ƙƛǎ ƛǎ ŀ ǾŜǊȅ ƴƛŎŜ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ƎŀƳŜΦ bŜȄǘ ǿŜΩƭƭ 
continue the polish by adding sound effects into our game. 
 

 
Figure 15: Now with level transitions. 

 

Make Some Noise 
hǳǊ ƎŀƳŜ ƛǎ ƴŜŀǊƛƴƎ ŎƻƳǇƭŜǘƛƻƴΣ ōǳǘ ǿŜΩǊŜ ƳƛǎǎƛƴƎ ŀ ƭŀǊƎŜ ǇŀǊǘ ƻŦ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ǘƘŀǘ ŎƻƳŜǎ ǿƛǘƘ ƎŀƳŜǎΥ ǎƻǳƴŘΦ ²Ŝ 
currently have a completely silent space battle ǿƘƛŎƘΣ ǿƘƛƭŜ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ƛǎ ǇǊƻōŀōƭȅ ŀŎŎǳǊŀǘŜΣ ƛǎƴΩǘ ǾŜǊȅ ƛƴǘŜǊŜǎǘƛƴƎΦ bƻǿ 
ƭŜǘΩǎ ŀŘŘ ǎƻƳŜ ǎƻǳƴŘ ǘƻ ǘƘƛǎΦ !ǎ ŀ ƴƻǘŜΣ ǘƘƛǎ ǎŜŎǘƛƻƴ ǿƛƭƭ ōŜ ŎƻǾŜǊƛƴƎ Ƨǳǎǘ Ƙƻǿ ǘƻ ƘŀƴŘƭŜ ǎƻǳƴŘ ƛƴ ƻǳǊ ƎŀƳŜ ŎƻŘŜΦ CƻǊ 
information about creating the sound effects and setting up the XACT project, please see Appendix B. 
 
The first step to adding audio is to make sure we have the file necessary to do this. We need to start by adding all of the 
files from the Audio folder found in the AlienAggressorsContent.zip folder to our Content folder. This folder contains our 
WAV files and the XACT project file needed by our game. At this point your content directory should contain all of these 
files: 



 

 
Figure 16: Our content files. 

 
bŜȄǘ Ǝƻ ƛƴǘƻ ȅƻǳǊ ƎŀƳŜΩǎ /ƻƴǘŜƴǘ ǇǊƻƧŜŎǘΣ ǊƛƎƘǘ ŎƭƛŎƪΣ ŀƴŘ ŎƘƻƻǎŜ !ŘŘ 9ȄƛǎǘƛƴƎ LǘŜƳ ŀƴŘ ŀŘŘ ǘƘŜ ·!/¢ ǇǊƻƧŜŎǘ ŦƛƭŜ to the 
content. You do not need, nor want, to add the WAV files themselves; they are referenced from the XACT project so 
ǿƘƛƭŜ ǿŜ ƴŜŜŘ ǘƘŜƳ ƛƴ ǘƘŜ ŘƛǊŜŎǘƻǊȅ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΣ ǿŜ ŘƻƴΩǘ ǿŀƴǘ ǘƘŜƳ ƛƴ ǘƘŜ ƎŀƳŜ ǇǊƻƧŜŎǘΦ 
Now that we have the audio content in plŀŎŜΣ ƭŜǘΩǎ ǎǘŀǊǘ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴ ƻǳǊ ǎƻǳƴŘ ǎǳǇǇƻǊǘΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ Řƻ ǘƘƛǎ ōȅ 
ŎǊŜŀǘƛƴƎ ŀ ά{ƻǳƴŘaŀƴŀƎŜǊέ Ŏƭŀǎǎ ǿƘƛŎƘ ǿƛƭƭ Ŏƻƴǘŀƛƴ ŀƴŘ ŎƻƴǘǊƻƭ ŀƭƭ ƻŦ ǘƘŜ ŀǳŘƛƻ Řŀǘŀ ŦƻǊ ƻǳǊ ƎŀƳŜΥ 
 
public  static  class  SoundManager  

{  

 static  AudioEngine  engine;  

 static  WaveBank waveBank;  

 static  SoundBank  soundBank;  

 

 static  Cue music;  

}  
 
Our manager just contains the three pieces of the audio system (an AudioEngine, WaveBank, and SoundBank) as well as 
a Cue for our background music. 
 
bŜȄǘ ƭŜǘΩǎ ŎǊŜŀǘŜ ŀƴ LƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘ ǘƘŀǘ will load all of these files for us: 
 
public  static  void  Initialize(  

 Game game,  

 string  engineFile,  

 string  waveBankFile,  

 string  soundBankFile)  

{  

 string  contentDir = game.Content.RootDirectory + "/" ;  

 

 engine = new AudioEngine (contentDir + engineFile);  

 waveBank = new WaveBank(engine, contentDir + waveBankFile);  

 soundBank = new SoundBank (engine, contentDir + soundBankFile);  

}  

 
We have the user pass in the Game instance as well as the names of the three files we need to load. We pass in the 
DŀƳŜ ǎƻ ǘƘŀǘ ǿŜ Ŏŀƴ ƎŜǘ ǘƘŜ ƎŀƳŜΩǎ ŎƻƴǘŜƴǘ Ǌƻƻǘ ŘƛǊŜŎǘƻǊȅΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ǳǎ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ŎƻƴǘŜƴǘ ǇǊƻƧŜŎǘΩǎ Ǌƻƻǘ ŘƛǊŜŎǘƻǊȅ 
without having to change all three file paths each time. 
 
bƻǿ ƭŜǘΩǎ ŀŘŘ ŀ ƳŜǘƘƻŘ ǘƻ Ǉƭŀȅ ƻƴŜ ƻŦ ƻǳǊ ǎƻǳƴŘǎΥ 
 
public  static  void  PlayCue( string  name)  

{  

 soundBank.PlayCue(name);  

}  



LǘΩǎ ǇǊŜǘǘȅ ǎƛƳǇƭŜ ŀǎ ȅƻǳ Ŏŀƴ ǎŜŜΦ ²Ŝ Ƨǳǎǘ Ŏŀƭƭ tƭŀȅ/ǳŜ ƻƴ ǘƘŜ ǎƻǳƴŘ.ŀƴƪ ŀƴŘ Ǉŀǎǎ ƛƴ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ǎƻǳƴŘ ǿŜ ǿŀƴǘ ǘƻ 
ǇƭŀȅΦ bŜȄǘ ƭŜǘΩǎ ŀŘŘ ƛƴ ǎƻƳŜ ƳŜǘƘƻŘǎ ŦƻǊ ŎƻƴǘǊƻƭƭƛƴƎ ƻǳǊ ōŀŎƪƎǊƻǳƴŘ ƳǳǎƛŎΥ 
 
public  sta tic  void  PlayMusic( string  name)  

{  

 music = soundBank.GetCue(name);  

 music.Play();  

}  

 

public  static  void  StopMusic()  

{  

 if  (music != null  && music.IsPlaying)  

 {  

  music.Stop( AudioStopOptions .Immediate);  

  music = null ;  

 }  

}  

 
This time we use GetCue to get a reference to the background music we want to use. Then we call Play on the Cue itself. 
We do this so that in StopMusic we are able to stop the music. We want to make sure that the music is non-null and 
IsPlaying before we stop it and set it to null. 
 
Now ƭŜǘΩǎ ŀŘŘ ŀ ŎƻǳǇƭŜ ƻŦ ƳŜǘƘƻŘǎ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ǾƻƭǳƳŜ ŦƻǊ ƻǳǊ ǎƻǳƴŘǎ11. 
 
public  static  void  SetSoundFXVolume( float  volume)  

{  

 engine.GetCategory( "SoundFx" ).SetVolume(volume);  

}  

 

public  static  void  SetMusicVolume( float  volume)  

{  

 engine.GetCategory( "Music" ).Se tVolume(volume);  

}   
 
The volume values we pass in should be in the range of [0, 1] where 0 is muted and 1 is full volume as defined in XACT. 
However the SetVolume method does allow for values larger than 1 in situations where we want to increase the volume 
beyond what was defined in XACT. 
 
The last method we need to write is an Update method which will update the audio system and ensure our sounds are 
played properly: 
 
public  static  void  Update()  

{  

 engine.Update();  

}  

 
!Ǝŀƛƴ ǘƘŜ ƳŜǘƘƻŘ ƛǎ Ƨǳǎǘ ŀ ǿǊŀǇǇŜǊ ŀǊƻǳƴŘ ǘƘŜ ŜƴƎƛƴŜΩǎ ¦ǇŘŀǘŜ ƳŜǘƘƻŘΦ  
 
To integrate this into our game we first need to make sure we are calling SoundManager.Initialize in our Game1.Initialize 
method: 
 
SoundManager .Initialize(  

 this ,  

 "AlienAggressors.xgs" ,  

 "AlienAggressors.xwb" ,  

 "AlienAggressors.xsb" );  

                                                           
11

 ¢ƘŜ ǎǘǊƛƴƎǎ ǿŜ ǳǎŜŘ όά{ƻǳƴŘC·έ ŀƴŘ άaǳǎƛŎέύ ǿŜǊŜ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ·!/¢ ǇǊƻƧŜŎǘΦ {ŜŜ !ǇǇŜƴŘƛȄ . ŦƻǊ ŘŜǘŀƛƭs. 



bŜȄǘ ƭŜǘΩǎ ǳǇŘŀǘŜ ƻǳǊ DŀƳŜмΦ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǘƻ Ŏŀƭƭ ƻǳǊ {ƻǳƴŘaŀƴŀƎŜǊΦ¦ǇŘŀǘŜ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŀǘ ǿŜ ŀǊŜ ŎŀƭƭƛƴƎ ǘƘŜ 
method each frame: 
 
protected  override  void  Update( GameTime gameTime)  

{  

 InputHelper .Update();  

 SoundManager .Update();  

 base .Update(gameTime);  

}  

 
bƻǿ ƭŜǘΩǎ ǎǘŀǊǘ ǳǎƛƴƎ ǘƘŜ {ƻǳƴŘaŀƴŀƎŜǊ ǘƻ Ǉƭŀȅ ǎƻƳŜ ǎƻǳƴŘǎ ƛƴ ƻǳǊ ƎŀƳŜΦ CƛǊǎǘ ƭŜǘΩǎ Ǝƻ ƛƴǘƻ ǘƘŜ {ƘƛǇ Ŏƭŀǎǎ ŀƴŘ ƘŀǾŜ ƛǘ 
play a sound each time a ship fires. To do this we add a call to SoundManager.PlayCue in our Fire method: 
 
 
 
 
 
public  void  Fire( List <Bullet > bullets)  

{  

 if  (fireTimer <= 0f)  

 {  

  fireTimer = fireRate;  

 

  Bullet  b = new Bullet ();  

  b.Position = Position + BulletOrigin;  

  b.Velocity = BulletVelocity;  

  b.Color = BulletColor;  

 

  bullets.Add(b);   

 

  SoundManager .PlayCue( "laser" );   

 }  

}  

 
bƻǿ ŀƭƭ ƻŦ ǘƘŜ ǎƘƛǇǎ ƻƴ ǘƘŜ ǎŎǊŜŜƴ ǿƛƭƭ Ǉƭŀȅ ǘƘŜ άƭŀǎŜǊέ ǎƻǳƴŘ ǿƘŜƴ ǘƘŜȅ ŦƛǊŜΦ bƻǿ ƭŜǘΩǎ ŀŘŘ ƛƴ ǘƘŜ ŜȄǇƭƻŘŜ ƴƻƛǎŜ ŜŀŎƘ 
time a ship is hit. We can do this by updating the CollideBullet method in the Ship class: 
 
public  bool  CollideBullet( Bullet  b)  

{  

 bool  hit = Bounds.Contains(( int )b.Position.X, ( int )b.Position.Y);  

 

 if  (hit)  

  SoundManager .PlayCue( "explode" );  

 

 return  hit;  

}  
 
[ŜǘΩǎ ŎƻƴǘƛƴǳŜ ōȅ ŀŘŘƛƴƎ ǎƻƳŜ ŀǳŘƛƻ ŦŜŜŘōŀŎƪ ŦƻǊ ƻǳǊ ƳŜƴǳǎΦ [ŜǘΩǎ ƻǇŜƴ ǳǇ ǘƘŜ aŜƴǳ.ŀǎŜDŀƳŜ{ǘŀǘŜ ŀƴŘ ǘŀƪƛƴƎ ŀ ƭƻƻƪ 
at the Update method. We want to add this line inside of each of the if statements in there so that any action will cause 
it to play: 
 
SoundManager .PlayCue( "bwoop" );   
 
[ŀǎǘƭȅ ƭŜǘΩǎ Ǉƭŀȅ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƳǳǎƛŎ ŦƻǊ ǘƘŜ ƎŀƳŜΦ [ŜǘΩǎ ƘŜŀŘ ōŀŎƪ ǘƻ ƻǳǊ DŀƳŜмΦLƴƛǘƛŀƭƛȊŜ ǎǘŀǘŜƳŜƴǘ ŀƴŘ ŀŘŘ ǘƘŜ Ŏŀƭƭ 
to SoundManager.PlayMusic: 
 
SoundManager .PlayMusic( "tear_it_down" );  

 



Now if we run the game we find that all of the actions create audio feedback and we have some fast-paced background 
music as well.  
  



Everyone Loves Options  
bƻǿ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀǳŘƛƻ ƛƴ ƻǳǊ ƎŀƳŜΣ ƭŜǘΩǎ ŀŘŘ ƛƴ ǘƘŜ ƻǇǘƛƻƴǎ ŦƻǊ ǘƘŜ ƎŀƳŜ ǎƻ ǘƘŀǘ ǇƭŀȅŜǊǎ Ŏŀƴ ŎƘƻƻǎŜ Ƙƻǿ ƭƻǳŘ ǘƘŜȅ 
ǿŀƴǘ ǘƘŜ ŀǳŘƛƻ ŀƴŘ ŀƭǎƻ ǿƘŜǘƘŜǊ ǘƘŜȅ ǿŀƴǘ ǘƻ Ǉƭŀȅ ƛƴ ŦǳƭƭǎŎǊŜŜƴ ƻǊ ƴƻǘΦ [ŜǘΩǎ ǎǘŀǊǘ by adding a new class called 
άhǇǘƛƻƴǎDŀƳŜ{ǘŀǘŜέ ǘƘŀǘ ŘŜǊƛǾŜǎ ŦǊƻƳ ƻǳǊ aŜƴǳ.ŀǎŜDŀƳŜ{ǘŀǘŜ ŎƭŀǎǎΥ 
 
public  class  OptionsGameState  : MenuBaseGameState  

{  

 int  soundFxVolume = 100;  

 int  musicVolume = 100;  

 

 MenuItem  soundFxItem;  

 MenuItem  musicItem;  

 

 public  OptionsGameState( Game game)  

  : base (game, "Options" )  

 {  

 }  

}  

 
Our state stores a couple of integer values which represent the volumes that we will display on screen. We also store a 
couple of references to the soundFxItem and musicItem which we will use to update the text whenever the volume 
ŎƘŀƴƎŜǎΦ bŜȄǘ ƭŜǘΩǎ Ŧƛƭƭ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƻǊ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƛǘŜƳǎ ǿŜ ǿŀƴǘΥ 
 
soundFxItem = new MenuItem ( "Sound FX Volume: 100%" );  

soundFxItem.OptionLeft += SoundFxOptionLeft;  

soundFxItem.OptionRight += SoundFxOptionRight ;  

Menu.Items.Add(soundFxItem);  

 

musicItem = new MenuItem ( "Music Volume: 100%" );  

musicItem.OptionLeft += MusicOptionLeft;  

musicItem.OptionRight += MusicOptionRight;  

Menu.Items.Add(musicItem);  

 

MenuItem  item = new MenuItem ( "Toggle Fullscreen" );  

item.Activate  += FullScreenActivate;  

Menu.Items.Add(item);  

 

item = new MenuItem ( "" );  

item.IsDisabled = true ;  

Menu.Items.Add(item);  

 

item = new MenuItem ( "Done" );  

item.Activate += DoneActivated;  

Menu.Items.Add(item);  

 
LǘΩǎ ǇǊŜǘǘȅ ǎƛƳƛƭŀǊ ǘƻ ǿƘŀǘ ǿŜ ŘƛŘ ƛƴ ǘƘŜ MainMenuGameState. One cool thing we do is create the blank menu item in 
between the Toggle Fullscreen and Done items. By giving it an empty string and specifying it as disabled, we have 
essentially added a blank space in our menu which will help make thinƎǎ ŜŀǎƛŜǊ ǘƻ ǊŜŀŘΦ bŜȄǘ ƭŜǘΩǎ ƳƻǾŜ ƻƴ ǘƻ ŎǊŜŀǘŜ ŀƭƭ 
ƻŦ ǘƘƻǎŜ ŜǾŜƴ ƘŀƴŘƭŜǊǎ ǿŜ ǳǎŜŘΦ [ŜǘΩǎ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ {ƻǳƴŘCȄhǇǘƛƻƴ[ŜŦǘ ŀƴŘ {ƻǳƴŘCȄhǇǘƛƻƴwƛƎƘǘΥ 
 
private  void  SoundFxOptionLeft( object  sender, EventArgs  e)  

{  

 soundFxVolume = ( int ) Math .Max(soundFxVolume -  10, 0);  

 soundFxItem.Name = string .Format( "Sound FX Volume: {0}%" , soundFxVolume);  

 SoundManager .SetSoundFXVolume(soundFxVolume / 100f);  

}  

 
 
 



private  void  SoundFxOptionRight( object  sender, EventArgs  e)  

{  

 soundFxVolume = ( int ) Math .Min(soundFxVolume + 10, 100);  

 soundFxItem.Name = string .Format( "Sound FX Volume: {0}%" , soundFxVolume);  

 SoundManager .SetSoundFXVolume(soundFxVolume / 100f);  

}  

 
In these methods we simply adjust our soundFxVolume variable while making sure it stays between 0 and 100. We then 
ǳǇŘŀǘŜ ǘƘŜ ƳŜƴǳ ƛǘŜƳΩǎ ƴŀƳŜ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ƴŜǿ ǾŀƭǳŜǎΦ [ŀǎǘƭȅ ǿŜ Ŏŀƭƭ ǘƘŜ {ƻǳƴŘaŀƴŀƎŜǊΦ{Ŝǘ{ƻǳƴŘC·±ƻƭǳƳŜ ƳŜǘƘƻŘ 
to update the volume in the audio system. We divide our volume by 100 so that we are in the range of 0-1 for the 
ƳŜǘƘƻŘΩǎ ƛƴǇǳǘΦ 
 
Next we do the music volume in a similar manner: 
 
private  void  MusicOptionLeft( object  sender, EventArgs  e)  

{  

 musicVolume = ( int ) Math .Max(musicVolume -  10, 0);  

 musicItem.Name = string .Format( "Music Volume: {0}%" , musicVolume);  

 SoundManager .SetMusicVolume(( float )musicVo lume / 100f);  

}  

 

private  void  MusicOptionRight( object  sender, EventArgs  e)  

{  

 musicVolume = ( int ) Math .Min(musicVolume + 10, 100);  

 musicItem.Name = string .Format( "Music Volume: {0}%" , musicVolume);  

 SoundManager .SetMusicVolume(( float )musicVolume / 100f);  

}  

 
Next we need to add the toggle fullscreen handler. This simply calls into the GraphicsManager.ToggleFullscreen method: 
 
private  void  FullScreenActivate( object  sender, EventArgs  e)  

{  

 GraphicsManager.ToggleFullScreen();  

}  

 
And finally we add the event handler for our Done button which takes us back to the main menu: 
 
private  void  DoneActivated( object  sender, EventArgs  e)  

{  

 Manager.CurrentState = AAGameState .MainMenu;  

}  

 
bƻǿ ǘƘŀǘ ƻǳǊ ŜǾŜƴǘ ƘŀƴŘƭŜǊǎ ŀǊŜ ǎŜǘ ǳǇΣ ƭŜǘΩǎ ŎǊŜŀǘŜ ŀƴ ¦ǇŘŀǘŜ ƳŜǘƘƻŘ ǘƻ ŀŘŘ ǎƻƳŜ ǳseability to the game. Rather than 
ǊŜǉǳƛǊŜ ǘƘŜ ǳǎŜǊ ǇǊŜǎǎ 5ƻƴŜ ŜŀŎƘ ǘƛƳŜΣ ǿŜΩƭƭ ŀƭƭƻǿ ǘƘŜƳ ǘƻ ŀƭǎƻ ǳǎŜ ǘƘŜ .ŀŎƪ ƻǊ . ƎŀƳŜ ǇŀŘ ōǳǘǘƻƴǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 
Escape keyboard key to go back to the main menu: 
 
public  override  void  Update( GameTime gameTime)  

{  

 if  ( InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .Back) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .Back) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons .B) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .B) ||  

  InputHelper .IsNewKeyPress( Keys .Escape))  

 {   

  DoneActivated( null , null );  

 }  

 

 base .Update(gameTime);  

}  



Why did we call DoneActivated manually instead of just changing the state? It lets us change the behavior for leaving the 
options state without having to update two places.  
 
bƻǿ ǘƘŀǘ ƻǳǊ Ŏƭŀǎǎ ƛǎ ǎŜǘ ǳǇ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ŎƻŘŜ ƛƴ DŀƳŜмΦLƴƛǘƛŀƭƛȊŜ ǘƻ ŎǊŜŀǘŜ ǘƘŜ new state for us: 
 

stateManager.GameStates.Add(  

 AAGameState .Options,  

 new OptionsGameState ( this ));  

 
bŜȄǘ ǿŜ Ƨǳǎǘ ŀŘŘ ƛƴ ǘƘŜ ŎƻŘŜ ǘƻ ƻǳǊ aŀƛƴaŜƴǳDŀƳŜ{ǘŀǘŜΩǎ hǇǘƛƻƴǎ!ŎǘƛǾŀǘŜŘ ŜǾŜƴǘ ƘŀƴŘƭŜǊ ǘƻ ǎǿƛǘŎƘ ƎŀƳŜ ǎǘŀǘŜǎΥ 
 

public  void  OptionsActivated( object  sender, EventArgs  args)  

{  

 Manager.CurrentState = AAGameState .Options;  

}  

 
Now we can run the game and use an options screen to change our audio volume levels and toggle in and out of 
fullscreen. 
 

 
Figure 17: Controlling our game options. 

 

Take a Break 
The last thing we want to do is allow our game to be paused while playing. This is always nice for those times when you 
are in the middle of a game and the telephone rings or perhaps your dinner is burning. To implement our paused system 
ǿŜ ǿƛƭƭ ŎǊŜŀǘŜ ŀ ƴŜǿ άtŀǳǎŜŘDŀƳŜ{ǘŀǘŜέ Ŏƭŀǎǎ ǘƘŀǘ ŜȄǘŜƴŘǎ ǘƘŜ άaŜƴǳ.ŀǎŜDŀƳŜ{ǘŀǘŜέ ŎƭŀǎǎΥ 
  



public  class  PausedGameState  : MenuBaseGameState  

{  

 public  PausedGameState( Game game)  

  : base (game, "Paused" )  

 {  

  MenuItem  item = new MenuItem ( "Continue" );  

  item.Activate += ContinueActivated;  

  Menu.Items.Add(item);  

 

  item = new MenuItem ( "Quit To Main Menu" );  

  item.Activate += QuitActivated;  

  Menu.Items.Add(item);  

 }  

 

 private  void  ContinueActivated( object  sender, EventArgs  e)  

 {  

  Manager.CurrentState = AAGameState .Playing;  

 }  

 

 private  void  QuitActivated( object  sender, EventArgs  e)  

 {  

  Manager.CurrentState = AAGameState .MainMenu;  

 }  

}  

 
This simple class just displays a menu allowing the player to resume the game or to exit out to the main menu. ²ŜΩƭƭ ŀƭso 
add in a simple Update method to allow the user to press Back or B on a game pad or Escape on the keyboard to return 
to the game: 
 
public  override  void  Update( GameTime gameTime)  

{  

 if  ( InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons.Back) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons.Back) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .One, Buttons.B) ||  

  InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons.B) ||  

  InputHelper .IsNewKeyPress(Keys.Escape))  

 {  

  Manager.CurrentState = AAGameState .Playing;  

 }  

 

 base .Update(gameTime);  

}  

 
bŜȄǘ ǿŜ ƴŜŜŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ǎǘŀǘŜ ŀƴŘ Ǉǳǘ ƛǘ ƛƴǘƻ ƻǳǊ ƎŀƳŜΦ [ŜǘΩǎ Ǝƻ ǘƻ ǘƘŜ DŀƳŜмΦLƴƛǘƛŀƭƛȊŜ ƳŜǘƘƻŘ ŀƴŘ ŎǊŜŀǘŜ ǘƘŜ ƴŜǿ 
state: 
 

stateManager.GameStates.Add(  

 AAGameState .Paused,  

 new PausedGameState ( this ));  

 
bƻǿ ƭŜǘΩǎ ŀŘŘ ǘƘŜ ŎƻŘŜ ǘƻ ƻǳǊ tƭŀȅƛƴƎDŀƳŜ{ǘŀǘŜ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ ǇŀǳǎŜŘ ǎǘŀǘŜ ǿƘŜƴŜǾŜǊ ǘƘŜ ǳǎŜǊ ǇǊŜǎǎŜǎ {ǘŀǊǘ ƻƴ ǘƘŜ 
ƎŀƳŜ ǇŀŘ ƻǊ 9ƴǘŜǊ ƻƴ ǘƘŜ ƪŜȅōƻŀǊŘΦ ²ŜΩƭƭ ǇƭŀŎŜ ǘƘƛǎ ŎƻŘŜ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ƻǳǊ ¦ǇŘŀǘŜ ƳŜǘƘƻŘΥ 
 
if  ( InputHelper .IsNewButto nPress( PlayerIndex .One, Buttons .Start) ||  

 InputHelper .IsNewButtonPress( PlayerIndex .Two, Buttons .Start) ||  

 InputHelper .IsNewKeyPress( Keys .Enter))  

{  

 Manager.CurrentState = AAGameState .Paused;  

 return ;  

}  

 



This code not only sets our state to paused, but it exits out of the update method ensuring that the game pauses as fast 
as it can without updating the rest of the PlayingGameState. 
 

 
Figure 18: Taking a moment to recover from the alien assault. 

 

Meeting Expectations  
At this point we can now pause our game and choose to continue it. One problem we have is that our pause menu 
ŘƻŜǎƴΩǘ ǊŜǎŜǘ ǘƘŜ ǎŜƭŜŎǘŜŘ ƛǘŜƳΦ {ƻ ƛŦ ȅƻǳ ŜȄƛǘ ǘƻ ǘƘŜ Ƴŀƛƴ ƳŜƴǳΣ ǎǘŀǊǘ ŀ ƴŜǿ ƎŀƳŜΣ ŀƴŘ Ƙƛǘ ǇŀǳǎŜ ȅƻǳ ǿƛƭƭ ǎŜŜ ǘƘŜ άvǳƛǘ 
¢ƻ aŀƛƴ aŜƴǳέ ƻōƧŜŎǘ ƛǎ ǎelected. This is not what most gamers would expect, so wŜΩǊŜ ƎƻƛƴƎ ǘƻ ŀŘŘ ŀ ƴŜǿ ƳŜǘƘƻŘ ǘƻ 
the Menu class that lets us set the selected item we want: 
 
public  void  SelectItem( int  index)  

{  

 if  (index >= 0 && index < Items.Count)  

 {  

  currentItem = index + 1;  

  SelectPrevious();  

 }  

}  

 
[ŜǘΩǎ ŜȄǇƭŀƛƴ ǘƘƛǎ ŎƻŘŜ ŀ ƭƛǘǘƭŜ ōƛǘΦ CƛǊǎǘ ǿŜ ǾŜǊƛŦȅ ǘƘŀǘ ǘƘŜ ŘŜǎƛǊŜŘ ƛƴŘŜȄ ƛǎ ƛƴ ǘƘŜ ǾŀƭƛŘ ǊŀƴƎŜ ƻŦ ƻǳǊ ƭƛǎǘΦ ²Ŝ ǘƘŜƴ ǎŜǘ ǘhe 
current item to be the index plus one and call the SelectPrevious method. Why did we do this? To handle situations 
where the index passed in references a disabled item. This way our method will go back through the list to find a valid 
item to select. If the desired index is valid, it will wind up selecting that one in the SelectPrevious method. 
 
Now we just have to update our PausedGameState event handlers to reset the menu item before changing state: 
 
private  void  ContinueActivated( object  sender, EventArgs  e)  

{  

 Menu.SelectItem(0);  

 Manager.CurrentState = AAGameState .Playing;  

}  



 

private  void  QuitActivated( object  sender, EventArgs  e)  

{  

 Menu.SelectItem(0);  

 Manager.CurrentState = AAGameState .MainMenu;  

}  

 
Now our paused state will always default to the Continue option, which is what most gamers would expect. This logic 
could also be applied to the OptionsGame{ǘŀǘŜ ŀǎ ǿŜƭƭΦ [ŜǘΩǎ ǳǇŘŀǘŜ ǘƘŜ 5ƻƴŜ!ŎǘƛǾŀǘŜŘ ŜǾŜƴǘ ƘŀƴŘƭŜǊ ǘƻ ǊŜǎŜǘ ǘƻ ǘƘŜ 
first item: 
 
private  void  DoneActivated( object  sender, EventArgs  e)  

{  

 Menu.SelectItem(0);  

 Manager.CurrentState = AAGameState .MainMenu;  

}  

 
Now our menus have been set up to better meet the expectations of the gamers using them.  
 
At this point our game is complete! We have menus, pausing, levels, co-op game play, an end-game status screen, and 
sounds. It took a while but we managed to fully complete a fun little game. 
  



Conclusions 
Now that we have gone though the fairly lengthy process of creating a game, hopefully it is becoming clearer to you, the 
reader, how to extend this example and others into creating the game you really want to produce. Game development 
ƛǎƴΩǘ ǘƘŜ ŦŀǎǘŜǎǘ ƻŦ ǘƘƛƴƎǎ ŦƻǊ ōŜƎƛƴƴŜǊǎ ǘƻ ƎŜǘ ǳǎŜŘ ǘƻΣ ōǳǘ ƛǘ ƛǎ ŀ ǾŜǊȅ Ŧǳƴ ŀƴŘ ǊŜǿŀǊŘƛƴƎ ƘƻōōȅΦ 
 
You can also continue in this book by reading the Appendixes following this conclusion. Appendix A shows how to use 
Paint.NET to create the sprites used in the game. Appendix B explains how you can create the sound effects used in this 
game using nothing but Audacity and a $20 microphone. Appendix C provides a few points for advanced topics to help 
make the code found in this game more reuseable. 
  



Appendix A  

Creating Sprites in Paint.NET  
When starting off making this game, I had questioned whether I wanted to utilize existing sprites or make my own. Being 
ŀ ǇǊƻƎǊŀƳƳŜǊ ǿƘƻ ƛǎƴΩǘ ǾŜǊȅ ƎƻƻŘ ǿƛǘƘ Ǿƛǎǳŀƭ ŀǊǘΣ L ǿŀǎ ƭŜŀƴƛƴƎ ǘƻǿŀǊŘǎ ŜȄƛǎǘƛƴƎ ƛƳŀges. However I decided that it 
would be more beneficial to me and the readers to create our own sprites and then show how it was done. ¢Ƙƛǎ ƛǎƴΩǘ 
intended to be a full guide to Paint.NET; just an introduction to show how to quickly use the tool to create your sprites. 
You can download Paint.NET from this website: http://www.getpaint.net/ . 
 
CƛǊǎǘ ƭŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ŦƻǊ tŀƛƴǘΦb9¢Υ 
 

 
Figure 19: The Paint.NET user interface. 

 
LΩǾŜ ƭŀōŜƭŜŘ ǘƘŜ ŦƛǾŜ ƪŜȅ ǇŀǊǘǎ ƻŦ ǘƘŜ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜΦ 

1. This is the canvas. This is the virtual paper onto which you draw your sprites. 
2. This is the Tool window. This gives you access to all of the tools you can use to modify your image. 
3. This is the History window. This lets you view (and undo) any actions you make on the image. 
4. This is the Layers window. You can use numerous layers to create your images which allows you to easily modify 

a single aspect of the image without affecting other parts. 
5. This is the Colors window. This is where you can choose colors for drawing. 

http://www.getpaint.net/

