Alien Aggressors:

The Making of aComplete Gameavith XNA Game Studio 2.0
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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
their favorite video game with no knowledge ofnaputer programming. Some are professional application developers
just looking for something different. In either case a similar problem generally arises. Howadmson learn the
process of creatingames?

Video gamesppearsimple from the outside. After all they are nothing more tharagesdrawnon a screenreacting to
player input. However game creation is not an immediately easy task for many beginners. Some people get caught up
code details such as maintaining preopebjectoriented design and avoiding static data while others struggle to
dzy RSNRAGF YR K2g G2 02y i NHte inifisk Bustratibr2causedl By these ark oh& Qurdleig & S
common problem faced by beginners. Those that are really dediqatesk on, while many choose to give up on game
creation.

Thisbook aims to assist those who wish to begin creating their own games. By the completion lmddkethe reader

will have created a fully functional gancemplete with cooperative playOur 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 bottomlike in the
classic Space Invadér®ur game will not feature any barriers bwill instead mixhe originalSpace Invaders ganpay
with that of a fasterpaced shooter such aszalaxiaAh h dzNJ 3 YSST K26SOSNE oAt 210
performed by theenemy ships in Galaxian.

Before we get furtherintthed 2 21 = f SG Q& G 1 S Ibothifad tAelbook dis wéllaSthe $eBdeiS O G I G A

Expectations

Expectations of the Reader

LF &2dz FNB NBIFIRAY3I (GKA& 022132 @&2dz aK2dz Rcufeyithmgrainfingd L
FoAfAGE@d L R2y QG SELISOG & tds lioak isin& gding t¥ bedtea@hiNg G# lor basNBENE TN
programming. For you to be successful, | have assumed you have at least a basic familiarity with the following concept

1 General C# syntax

1 .NET events and event handlers
1 Exceptions and exceptiorahdling
1 Objectoriented (OO) design

In addition to the above points, | will also assume you hanaperly installed XNA Game Studio “2abd created a
default XNA Game Studio 2.0 project and have learned the ideas behind the methods provided fomgdluaashasic
SpriteBatch functionalify, 2 dz R2y Qi ySSR (G2 06S Iy SELISNIZ odzi &2dz af
class is used for and be able to draw sprites to the screen.

If you are not confident in one of the aforementioned arealeageseek out additional resources to gain familiarity
before continuing with this book.

! Space Invaders is copyright of Taito Corporation and Midway Génttipg/en.wikipedia.org/wiki/Space Invaders

% Galaxians copyright of Namco Limited and Midway Gante://en.wikipedia.org/wiki/Galaxian

® For anintroductory tutorial series for C#, segere: http://www.csharp-station.com/T utorial.aspx

* Forinstructionson installing XNA Game Studio 2.0, beee: http://creators.xna.com/Education/newtoxna.aspx
®For an article to learn aboXNAD | YS  { (i dzR A 2 gameprojértiard Bhd FpriteBatdh functionality, see here:
http://msdn2.microsoft.com/enus/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 affuligtional game in XNA Game Studio 2.0.
This book aims to givehé 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 tt
game, and managing the overall state of the game.

Thebook also contains two appendixes which cover basic tutorials on how the assets for the game were created usil
the free tools Paint.NEEnd Audacity.

¢CKFEG alFAR GKA& 0221 A& y2i AYGiSYyRSR (2 0S5 olafydther ga@eNFF S
Ly GKS 62NIR 2F 3JFYS LINPINIYYAYI GKSNBE Aa 3ISYySNIffe

success is measured by your ability to create a fun and engaging experience for your users; not the methodologies
programming paradigms used to create that experience.

b2¢ GKIFIG ¢S IINB Fft 2y GKS ary$S LI 3IS: tSiQa o0S3IAy 2dz

Figure2: Space Invaders.

Figure3: Galaxian.

® Paint.NET is a free drawing program availdtelee: http://www.getpaint.net/ .
7Audacity is a free audio editing program available hatg://audacity.sourceforge.net/
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Getting Started

Creatin g the Project

Like all XNA Game Studio projects, Alien Aggressors begins its life inside of Visual Studio. XNA Game Studic
introduced support for all of the 2005 Visual Studio editions. However for this book, all screenshots will be taken usin
the freely available Visual C# Express 2005 so keep that in mind if you are using a differentjvegsiopRa 32 | KS

FyR ONBFGS I yS6 2AyR264 DIFEYS LINR2SOG OFttSR 4! tASy |
21|
Project types: Templates: E R
[l Visual C# Visual Studio installed templates =
- XNA Game Studio 2.0
Windows Windows ¥box 360 ¥box 360 Content
Game {2.0) Gamelibr... Game (2.0) Gamelibr... PipelineE...
" .
Spacewar Spacewar
Windo... ¥box 3.
My Templates b
% -
A project for creating an XMNA Framework 2.0 Windows game
Marme: I Alien Aggressors|
Location: IC:'lJ_lsers\,I'»lidd,Deskb:p ﬂ Browse... |
Solution Mame: I Alien Aggressors ¥ Create directory for selution

oK I Cancel |

Figure4: Creating the Alien Aggressopsoject.

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 s
ALINAGSD® {2 t£SGQa ONBFIGS | ySg OflFaa Ay 2dzNJ 3+YS LINR2E!

Each sprite is going tweed a few pieces of data. The first is a Texture2D so that the sprite is able to be drawn. The ne»
item is a position so we can move the sprite around on the screastly we need a variable to record the center
position of the sprite so our positonFeSNB (2 G6KSNBE 6S 41 yd (GKS YARRES 27
these items to our class:

public class Sprite

{ public  Vector2 Position = Vector2 .Zero;
Vector2 center;
Texture2D  texture = null
public  Texture2D  Texture
{ get { return texture;}
}

, 2dzQf £ yhmy Spir&classKPositiondisblic while center and texture are not. This is because our texture will be
passed in via the Sprite constructor and the center will be computdderconstructor from the textureThe Position,



on the other hand, will need to be accessed and updated from outside of our Besslso have a public property
which allows us to get the texture outside of the sprite instance.

[ SGQa O2yliAydzS o6& ONIBI (rikesdwe lare @ble to kréate dstaficesi NHzO G 2 NJ F2 NJ 2
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 giverldtar use and create a new center point using half of the
GSEGdzNBEQa 6ARIGK YR KSAIKG F2NJ 2dzNJ - FyR |, @l ftdsSao

Lastly we need to add a simple draw method to our Sprite. In our system, we are going to batch together all the drawir
into a single SpriteBatciH.0 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,
Of,
center,
if,
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 sprite
are drawing at valid pixel positions giving us a cleaner image. It is noteddaido this, so feel free to experiment.

b2g tSGQa FRR I yS¢g AYF3IS (2 2dz2NJ /2y iSyd LINB2SOG® 2.
NBLINB&SyY(d (KS?8 Foidblinig, righitclick & Nd@ &ontérk dubgroject, selexising ltem from the Add
menu, and select the playerl.png file. The file will be copied to your content directory and added to the project.

Solution Explorer - Content

= | & [F]

:,'] Solution 'Alien Aggressors' (1 project)
= 5_.’ Alien Aggressors

[+ [=d] Properties

|8l playeri.png

- |8| Game.ico

----- #] Gamel.cs

----- _'§| GameThumbnail.png
----- ] Program.cs

----- Cﬁ Sprite.cs

Figure5: The Solution Explorer after adding playerl.png to the Content project.

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



Now thatwe have an image to load, we can test out our new Sprite class. Open the Gamel.cs file and add a Spr
AyaiulyoS (2 @&2dzNJ 3FHySQa FAStRay

Sprite  playerl;

bSEG ¢S Ydzad ONBIFGS GKS {LINRGS a2 GKI G addstructiBequirgstaS
Texture2D object, we must create our Sprite in the LoadContent method:

protected override  void LoadContent()

{
spriteBatch = new SpriteBatch  (GraphicsDevice);
playerl = new Sprite (Content.Load< Texture2D >("playerl" ));
playerl.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);
playerl.Draw(spriteBatch);
spriteBatch.End();

Now build and ruré 2 dzNJ LINE 2S00 | yR 82dz aK2dA R 888 | aiy3afs ak.
YE1AYy3 2dzNJ 6F O1 INRdzyR F 6AG Y2NB F OO0dzNI S F2NJ 2dzNJ I

Creating a Starry Background

Alien Aggressors is set in outer space, so usiaglefault CornflowerBlue color for a background probabl§t whative

want to do. We could simply change the clear color to Black to better represent space, but this would still be a borin
background to play on. So to tackle this, we are going totera&lass that derives from Texture2D which will generate a
random field of stars for our background.

CANBRG FRR I yS¢g Ofraa G2 GKS LINRP2SOG OFftSR a{dl NNE. I
public class StarryBackground . Texture2D

{

}

L 2d2Qff y23A0S AT @82dz GNB (2 o6dAfR (KS LINRPeSOG e2dz IS
Gb2 20SNI2FR T2NJ YSGK2R Y¢SEGANBH5U GF{1Sa Und I NBE

This error indicates that the Texture2D class does not have a parafasteconstructor. So for our class teride from

it, we must create a constructor which calls one of the Texture2D constructors. Our constructor is going to require
GraphicsDevice reference, a width and height, and the number of stars to place in the texture. The constructor will the
calkS o6FasS OflaaQa O2yalNHzOG2 N



public  StarryBackground(

GraphicsDevice

int  width,

int height,

int

base (graphics,
width,
height,
0

numberOfStars)

TextureUsage .None,

SurfaceFormat

{
}

.Color)

graphics,

This constructor will themllocate a texture with the requested size ussgme commorvalues for the mipmap levels,
TextureUsage, and SurfaceFormathile these are common values, some machines may not accept théms throws
an exception on your machine, you may have to tweak or moreof the parameterd¢o accommodate your graphics

card.
bSEG f SG6Qa | RR
LIAESf Qa wX DX
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give the appearance of stars. We do this using an instance of the R&hiypmand looping over all the pixels until we
{ Si¢

K @S I RRSR

0KS NBIljdzSaidSR

)

if  (numberOfStars >= width * height || numberOfStars < 0
throw new Exception (
"numberOfStars must be in the range of [0, width * height
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 Vectord (value));
starsAdded++;
}
}
SetData(pixels);
CKFGQa A0 F2NJ GKS {dFNNE. I O13N
o O13ANRdzyR® [ SUiQa 6S3IAYy o6& | RR

StarryBackground stars;

I Y2 dzy i Opix€lrafa t € &

S OFff

1" )

0 S

Next we need to instantiate this object in the LoadContent method because its constructor requires a valic

GraphicsDevice reference:

° For more on the Texture2D constructor, see hériép:/msdn2.microsoft.com/enus/library/bb195755.aspx
Y For more on the Randotype, see herehttp://msdn2.microsoft.com/enus/library/system.random.aspx
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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,
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);
playerl.Draw(spriteBatch);
spriteBatch.End();
base .Draw(gameTime);

}

Ifyourunthe gamenow 2 dzQf £ aSS 2dzNJ aKALI A& y2¢ Ft2FG§Ay3 A Kso2 dzi
feel free to change the number of stars to whatever value you prefer. We chose 200 to start with, but you can easil
change this value to add more or fewstars to your game.

Figure6: 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 be
class for both types of shipgt RSNA @S FNRBY® ! RR | ySg Oflaa 2 &2dzNJ |
{LINAGS Oflaaod !'faz2 FTRR I o0lFlaA0 O2yaidNHzG2N) G2 OF f f
children types to use.

l.:.l
U

public class Ship : Sprite

{
public  Ship( Texture2D  spriteTexture)
base (spriteTexture)
{
}
public  virtual void Update( GameTime gameTime)
{
}
}

¢CKFGiQa Iff 6SQNB 3I2Ay3 (2 R2 6AGK (GKS { KAL) Of I aaint2N.
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 instanc
PlayerShip to a particular GamePad index forupdabn§.EG f SG Q& FTRR 'y 2@SNNARS (2
Player&ip can move around on the screen.

public override  void Update( GameTime gameTime)

{
GamePadState gps = GamePadGetState(index);
Position.X += gps.ThumbsSticks.Left.X * 3;
base .Update(gameTime);

}

,2dzQft 4SS 6S 3ISG UKS OHNNBBFUDIIKEAYORLAIOGS Ry RR2@%S 2
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 playerl object into a PlayerShip.o8o Gamel.cs file, we need to change
the declaration from

Sprite  playerl;
to
PlayerShip  playerl;

Similarly we need to update our instantiation code from



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

to
playerl = new PlayerShip (Content.Load< Texture2D >("playerl" ), Playerindex .One);
YR FAylLftfe S ySSR G2 FTRR I OFff G2 LXIF&@SNM®P! LIRIFGS |
protected override  void Update( GameTime gameTime)
{ if (GamePadGetState( Playerindex .One).Buttons.Back == ButtonState  .Pressed)
this .EXxit();

playerl.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 c
easily slide right off the side of the screen which R&E FAY A (1St & R2y Qi 4lFyliod ¢2 NBY
property to the Sprite class to give us the bounding rectangle around the sprite and then use that to keep the player o
the screen.

CANRG tSdiQa FRR I ySg LINRISIShNIpopedylsimplyS®urns & iy Rektanil@ setiioktte
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 );
}
}
bSEG 6SQftf IRR &42YS 0O2RS Ayid2 2dzNJ dzZLJRIFIGS O2RS G2 1S

Ship.Update method signature to this:

public  virtual void Update( GameTime gameTime, float fieldwidth)

The fieldWidth variable will be use@t G Sttt GKS { KAL)l K2g G6ARS 2F Iy | NBI
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 = GamePadGetState(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 playerl.Update from this

playerl.Update(gameTime);

to this

playerl.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 coulc
that they just prefer that input device. Luckily for XNA Game Studio developers, adding the option for keyboard inpL
Aay Qi ofiakhallenge. A 3

[ SG§Q&a dzZLRIFGS 2dzNJ t £ F@SNI KAL) Oflaa (2 o6S FtofS (G2 I 0OO0S
one for GamePad driven input and one for Keyboard driven input. We will choose based on whether or not the

A > LA

DIFYSt IR Aa O2aeyhs td rbeihdds weSieBdng to add to our PlayerShip class:

private  void UpdateKeyboard()

{
KeyboardState keyState = Keyboard .GetState();
if (keyState.IsKeyDown( Keys .A) || keyState.lsKeyDown( Keys .Left))
Position.X -=3;
if (keyState.IlsKkeyDown( 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 GamePad@dese we are going to get the gamle B Qa & i |
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 fieldwWidth)

{
GamePadState gps= GamePadGetState(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 yauldcalso 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 Gamel class provided for us by the penjgdate. 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 ha
to maintain. As such we are going to implement a game state system to allow us to Ipreaklel 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, or
for transitioning between levels in our game, one for the game during play, and one for after a game hasTéngled.
way we can keep our code clean and concise.

¢t2 0S3aAYy tSiQa FRR I yS¢ oadNrOG Otlaa OFrftftSR aDIl YSH
public  abstract class GameState

{

}

Each game state is going to act like a mini instance of a game class. For this to weddvte expose some basic data
inside of the class for the derived classeg dzaS® 2 S R2y Qi Odz2NNByidfe KIFgS | DI
FRR GKIFIG Ay GKS ySEG aSOGA2y a2 R2y Qi 62NNEB GKIG A&«

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;}
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public GameState( Game game)

{ this .game = game;
manager = game.Services.GetService(
content = game.Services.GetService(
graphics= game.Services.GetService(

) as GraphicsDeviceManager

typeof ( GameStateManager )) as GameStateManager ;

typeof ( ContentManager

typeof (IGraphicsDeviceService

)) as ContentManager ;

)

Our constructor simply takes in a Game instance and uses the Services collecttrietie rthe 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 upd:

and draw each state:

public  abstract void Update( GameTime gameTime);
public abstract void Draw( GameTime gameTime);
l'YR GKIFIGQa AGd 2SS y2g4

code.

The GameStateManager Class

b2¢ GKIFIG ¢S KIF @S
public class GameStateManager

public ~GameStateManager( Game game)

base (game)

{

}
}
2 S500S y2¢6 ONBIFGSR |
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enumeration will be used to set or change the

enumeration looks like:

public enum AAGameState

{
MainMenu,
Options,
LevelTransition,
Playing,
Paused,
Win,
Lose,

w
(s}
&\
w
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DrawableGameComponent

| cré&ate hé GaineSin®Maday@ §peeluged ih thdiG@ameState class:
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public class GameStateManager : DrawableGameComponent

{
public  Dictionary <AAGameState, GameState > GameStates =
new Dictionary <AAGameState, GameState >();
public AAGameState CurrentState = AAGameState .MainMenu;
}
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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 usethe TryGetValue method rather than indexing the dictionary so that we can avoid throwing exceptions in case
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 ofgamne class and into new game state classes. To start

ONBIGS | )/Sé Ot Faa OFftSR atf Ay 3aDI YS{ GrasSé¢ GKFG RSI
public class PlayingGameState : GameState
{

public  PlayingGameState( Game game)
base (game)
{

}

public override void Update( GameTime gameTime)

{
}

public  override void Draw( GameTime gameTime)

{
}
}

z
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SpriteBatch spriteBatch;
PlayerShip  playerl;
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after base.Initialize to ensure our GraphicsDevice is valid, so loading content in the constructor is perfectly acceptable.



public
{

b2go

public

public

}

PlayingGameState( Game game)
base (game)

spriteBatch = new SpriteBatch  (Gra phicsDevice);
playerl = new PlayerShip (
Content.Load< Texture2D >("playerl" ),
Playerindex .One);
playerl.Position = new Vector2 (100f);

7 ~
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override  void Update( GameTime gameTime)

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

override  void Draw( GameTime gameTime)

spriteBatch.Begin( SpriteBlendMode  .AlphaBlend);
playerl.Draw(spriteBatch);
spriteBatch.End();

To support the new statenanagement system, weeed to do sme updating to our game clabs CANB G f S Q3
PlayerShip declaration from the fields and add a new GameStateManager declaration. So now our game class has th
fields in it:

GraphicsDeviceManager graphics;

Sprit

eBatch spriteBatch;

StarryBackground stars;
GameStateManager stateManager;

bSEG 6SQNB 3FI2Ay3a (2 dzLRFGS GKS 3IFHYSQa 02y aidNHzOG2NI G2
the ContentManager as services:

public
{

}

Gamel()

graphics = new GraphicsDeviceManager  (this );
Content.RootDirectory = "Content" ;
stateManager = new GameStateManager (this );

Components.Add(stateManager);

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

bSEG 6S KSFIR G2 GKS LyAGAFtAT S YSGiK2R gKSNBE 6S | NB 3
instance of our PlayingGameState. Remember we must daftieisbase.Initialize in order to ensure our GraphicsDevic

is valid.



protected override  void Initialize()

{
base .Initialize();
stateManager.GameStates.Add(
AAGameState .Playing,
new PlayingGameState (this ));
stateManager.CurrentState = AAGamesState .Playing;
}

Next remove all of the code that dealiith creating, positioning, updating, or drawing playerl. If you do a build at this
point, the compiler will point out, as errors, all the lines where you are using playerl in Gamel.cs. Simply remove tho:
lines We want to leave the code for creating addhwing the stars background because we will be drawing this for
every game state.
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to use state management system.



Making the Game Play

Adding Bullets
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well as a position, velogit and color used for rendering. Lastly the Bullet will have a Bounds property to gendibg
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);
}
}
}
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out using a SpriteBatch:
public void Update()
{
Position += Velocity;
}
public  void Draw( SpriteBatch spriteBatch)
{
spriteBatch.Draw(
Texture,
Position,
null
Color,
O!
Origin,
1f,
SpriteEffects .None,
0);
}
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of bullets for the player:

List <Bullet > playerBullets = new List <Bullet >();
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two values:
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float  fireTimer = Of;
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;
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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 éguairo 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
change the Update method to take the bullet list as a parameter and also tatepie 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 atwdilet F A NB o6 dzf £ SG & @
Update method declaration to match the Ship class:



public class PlayerShip : Ship

{
é
public override void Update(
GameTime gameTime,
List <Bullet > bullets,
int fieldWidth)
{ e 1}
é
}
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some values for that in the constructor:

BulletColor = Color .Red;
BulletVelocity = new Vector2 (Of, - 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
the sprite.The BulletOrigin is an offset from the center of our sprite from which we will fire bullets. Bimg®sition is

I £t NEF R& GKS OSYUSNI 2F (KS &ALINRGSS ¢ We dsdzeiithe ¥@lalsSo bézRad 1 N
instead of the default Blue.

Now we can update our two input handling methods in PlayerShip to call the Fire mattddt us shoot some bullets:

private  void UpdateKeyboard( List <Bullet > bullets)

{
KeyboardState keyState = Keyboard .GetState();
if (keyState.IlsKkeyDown( Keys.A) || keyState.IlsKeyDown( Keys .Left))
Position.X -=3;
if (keyState.IsKeyDown( Keys.D) || keyState.lsKeyDown( Keys .Right))
Position.X += 3;
if (keyState.lsKeyDown( Keys .Space))
Fire(bullets);
}
private void UpdateGamePad( GamePadState gps, List <Bullet > bullets)
{
Position.X += gps.ThumbsSticks.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= GamePadGetState(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);
}
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screen where we want him when playing:

playerl.Position = new Vector2 (
GraphicsDevice.Viewport.Width / 2 - playerl.Bounds.Width / 2,
GraphicsDevice.Viewport.Height - playerl.Bounds.Height);

This code will plee our sprite gxactly in the center of the screen at the bottdfext we need to make sure we load in
0KS o0dzZf £ SG GSEGdzNE FyR aSi GKS o6dzt SG 2NRAIAY F2N NByI

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

Bullet .Origin = new Vector2 (Bullet .Texture.Width/2, Bullet .Texture.Height/ 2);
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public  override void Update( GameTime gameTime)

{
playerl.Update(gameTime, playerBullets, GraphicsDevice.Viewport.Width);
Rectangle  screenRect = new Rectangle (
Oa
Oa

GraphicsDevice.Viewport.Width,
GraphicsDevice.Viewport.Height);

List <Bullet > bulletsToRemove = new List <Bullet >();
foreach (Bullet b in playerBullets)
b.Update();

if  (IscreenRect.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 genere
second list of bullets that we want teemove. 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.
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public  overrid e void Draw( GameTime gameTime)

{ spriteBatch.Begin( SpriteBlendMode  .AlphaBlend);
foreach (Bullet b in playerBullets)
b.Draw(spriteBatch);
playerl.Draw(spriteBatch);
; spriteBatch.End();

Now when you run the game you are able to move sidsite 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 |
shoots.

Figure7: The player ship firing bullets.



A Lone Aggressor
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that move side to side, dropping down a row each time the grid hits the side of the screen. To begin workiisgwa th
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 (O, 5);
BulletColor = Color .Blue;

}

Next we add to our AlienShip class a static Random instance for generating the randdars for determining when

to fire as well as a value indicating the chance to f@ar 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 hardaltyifficd 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);
}
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player. First thing is to make sure that you add the alien.png file to your content project.

hyOS (KIF{iQa R2yS layigGandeStateclass and hdd in a e listioKb@llets and alien ship:

List <Bullet > alienBullets = new List <Bullet >();
AliensShip  alienShip;

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



bSEG tSiQa ONBFKGS GKS

FEASY

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

alienShip.Position = new Vector2 (
GraphicsDevice.Viewport.Width / 2 -
alienShip.Bounds.Height);

¢tKA&d ONBIGSa G4KS | fASy
ship as well as the alien bullets.

alienShip.Bounds.Width / 2,

AKALI AY

public override void Update( GameTime gameTime)

{
playerl.Update(
gameTime,
playerBullets,
GraphicsDevice.Viewport.Width);
alienShip.Update(
gameTime,
alienBullets,
GraphicsDevice.Viewport.Width);
Rectangle screenRect = new Rectangle (
Oa
Oa
GraphicsDevice.Viewport.Width,
GraphicsDevice.Viewport.Height);
List <Bullet > bulletsToRemove = new List <Bullet
foreach (Bullet b in playerBullets)
b.Update();
if  (IscreenRect.Intersects(b.Bounds))
bulletsToRemove.Add(b);
}
foreach (Bullet b in bulletsToRemove)
playerBullets.Remove(b);
bulletsToRemove.Clear();
foreach (Bullet b in alienBullets)
b.Update();
if  (IscreenRect.Intersects(b.Bounds))
bulletsToRemove.Add(b);
}
foreach  (Bullet b in bulletsToRemove)
alienBullets.Remove(b);
}

>();
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You can see we are basically duplicating the code used for the player in order to update the alien and its bullets. Nc
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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);

playerl.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 yc
can adjust the ChanceToFire variable to make the alien fire more or less frequently.

Enemy Fleet Approaching

We now havea single alien ship that is capable of firing at the player, butthiscor2 yS dG et S 3L YS 62«
as fun. What we need to do now is create a structure capable of holding a grid of aliens. If we think back to Spa
LY@l RSNEZ & 2 dafde ghmelplBy¥ Bithf a |8 grid flaliens moving back and forth on the screen. Each time
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public class AlienGrid . List <List <AlienShip >>

{

}
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to visualize this data structure:

b
b
b

b
b
b

Figure8: Our List<List<AlienShip>> visualized in Space Invaders.

In this diagram we can look at a single inner, red box as a List<AliedShip>i Qa | aAy 3t S 02f dzvy
blue box is the List<List<AlienShip>> (the AlienGrid class itself) because it contains hstdtipialiens.
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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 curr

Velocity of the grid. These are both defined as pixels per frame.
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afterwards:

public  bool Update(
GameTime gameTime,
List <Bullet >bul lets,
int fieldWidth,
int playerLine)

Of raay

{
if (this .Count==0)
return false ;
AlienShip leftMost = this [0][O];
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 ;
}
¢CKFGiQa [dzAdS | oAl 2F O2RS &z

declaration itself:
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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 &
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whether or not the aliens have won. For example if we return true the game will assume the ansdached 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 |
columns (and therefore ismpty) we just return false to end the method.

AlienShip leftMost = this [0][O];
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 oftheen. We test the velocity as well as the bounds to
Syada2NB (GKFd ¢S R2y Qi 3ISG addzd] 2y GKS SR3IS 2F GKS &0l
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 val
Currently we set this to .01f which wll cause the ships to accelerate slightly each time they reverse diredttomn.
second line apps 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 w
also check to see if the enemy has passed the player line and return true if that is the case. Lastly we return false
indicate that no alien has reached the player.
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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. Nextavep 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) posit
of the ship in the grid.

Now we are just going to add a Dramethod 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);
}
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the individual AlienShip we added previously. Leave the List<Bullet> as we need that for the grid, but remove tt
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AlienGrid alienGrid = new AlienGrid ();
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alienGrid.Initialize(Content.Load< Texture2D >("alien" ), 10, 5);
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alienGrid.Update(
gameTime,
alienBullets,
GraphicsDevice.Viewport.Width,
playerl.Bounds.Top);
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alienGrid.Draw(spriteBatch);

Now when you run the game you should have an entire alien fleet moving back and forth on the screen raining bulle
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and life system to the game along with the ability to win or lose.

Figure 9: The attacking alien fleet.



Taking Damage
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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 tf
code into your PlayerShip class:

public int ExtraLives = 3;

public  bool IsAlive

{
}

get { return ExtraLives >=0;}
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the player is alive as long as ExtralLives is greater than or equal to zero. Once it falls below zero, we know that the pla
has died.

Now that the proper data is in place, we need to start seeing if all those bullets are aually i A y3 | y& § KA Y
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 theK A LJQa o02dzyRa O2y il Ay G(KS odzZ ft SGQa LR2a
theshipb SEG f SG Q& dzLJRIGS 2dzNJ ' f ASYDNAR Of | S |
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 );
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to store the ship that is hit by the bullet. Next we loop through the grid of aliens and use the CollideBullet method to se
if the bullet hit the ship. If it did we store that ship as the collider and break out of the inapr 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 taat uee the
RemoveAt method and remove any empty columns. Lastly we return whether or not the collider is not null to tell oul
game whether or not we hit an alien ship.
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CollideBullet method:

foreach (Bullet b in playerBullets)
b.Update();

if  (IscreenRect.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 t
ILYS y26 I yR @2 dzQftd shadt3hé enériylstiips @nd lizve thRd diseppdarSrom 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 lik
0KS@QNB adzllll2aSR (20

Since our aliens are now vulnerable to bullefr f SG Q& R2 GKS alFyYS F2N) 0KS LX |
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foreach (Bullet b in alienBullets)
{
b.Update();
if  (IscreenRect.Intersects(b.Bounds))
bulletsToRemove.Add(b);
else if (playerl.IsAlive && playerl.CollideBullet(b))
bulletsToRemove.Add(b);
playerl.ExtralLives =
playerl.Position.X = playerl Bounds.Width / 2;
}
}
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screen.

We also want to change how we call the playerl.Update to make sure the player is alive before updating him. This w
be used later when we add the -ap:

if  (playerl.IsAlive)
playerl.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 alieiseynéite all gone.
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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;
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spriteBatch = new SpriteBaich  (GraphicsDevice);
spriteFont = Content.Load< SpriteFont  >( "Courier New" );
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for the name. This should create a new .spritefont file in your content project @ngier New for the font.

Add New Item - Content 21 |
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FigurelO: Creating the Courier New SpriteFont.
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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 tegidplay. 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 figur
out half of the size of that text. Then we render the text to the center of the screen tignignt we created.
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reached the player:
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if (alienGrid.Update(
gameTime,
alienBullets,
GraphicsDevice.Viewport.Width,
playerl.Bounds.Top))
Manager.CurrentState = AAGameState .Lose;
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look at the case where all of the aliens are dead. We do this by updating our foreach loop that iterates over th
playerBullets list:

foreach (Bullet b in playerBullets)

{
b.Update();
if  (IscreenRect.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.Coaatas If that reaches zero we know there are no
Y2NB tASya a2 ¢S agAliOK GKS alylF3aSNRa / dNNBydGa{dalds
over the alienBullets list:



foreach (Bullet b in alienBullets)

{
b.Update();
if (Iscre enRect.Intersects(b.Bounds))
bulletsToRemove.Add(b);
else if (playerl.IsAlive && playerl.CollideBullet(b))
{
bulletsToRemove.Add(b);
playerl.ExtraLives -
playerl.Position.X = playerl.Bounds.Width / 2;
if  (Iplayerl.IsAlive)
Manager.CurrentSt  ate = AAGameState .Lose;
}
}
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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);
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all the aliens, or let the aliens reach the bottom. At this point we have basically completed thepimmier Alien
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Figurell: We have failed humanity.
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Decisions, Decisions
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class which will represent a single option the user can select.

public class Menultem

{
public  string Name;
public event EventHandler  Activate;
public event EventHandler  OptionLeft;
public event EventHandler  OptionRight;
public  bool IsDisabled = false ;
public  Menultem( string name)
{

Name = name;

}

}

OurMenultem class is pretty basic. It contains a Name, some events for being activated and allow us to change optio
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a constructor to snply create the item with a given name.
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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 );
}
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public class Menu

{
public  List <Menultem > ltems = new List <Menultem >();
int currentltem = 0;
public  Menultem 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 proper
that returns the selected item if there is one or null if there is not a selected item.

bSEG f $rielrethdds¥dt mawng through the different items

public  void SelectNext()

{
if (Items.Count > 0)
{
do
{
currentltem = (currentltem + 1) % ltems.Count;
} while (Selectedltem.IsDisabled);
}
}
public void SelectPrevious()
{
if (Items.Count > 0)
{
do
{
currentltem  -- ;
if  (currentltem < 0)
currentltem = Items.Count - 1
} while (Selectedltem.IsDisabled);
}
}

In both of the Select methods we have a-while loop that will loop until we find a nedisabled 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 th
list back up to the sirt 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++)

{

Menultem item = ltems]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 == Selectedltem)
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 chan
fonts for your rendering. It then loops over all the items, rendering them in tcadlist 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 C
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public  static class InputHelper

{
public  static GamePadState GamePadStatel;
public  static GamePadState GamePadState2;
public  static KeyboardState KeyboardState;
public  static GamePadState LastGamePadStatel;
public  static GamePadState LastGamePadState2;
public  static KeyboardState LastKeyboardState;

}
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public  static void Update()

{
LastGamePadStatel = GamePadStatel;

LastGamePadState2 = GamePadState2;

LastKeyboardState = KeyboardState;

GamePadStatel = GamePadGetState( Playerindex .One);
GamePadState2 = GamePadGetState(  Playerindex .Two);
KeyboardState = Keyboard .GetState();

}

First we store the current values in the previous frame variables and tfen wJ2 f £ F2NJ G KS ySé
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  (GamePadStatel.IsButtonDown(button) &&
LastGamePadStatel.IsButtonUp(button));
else
return  (GamePadState2.IsButtonDown(button) &&
LastGamePadState2.I1sButtonUp(button));
}

The method takedn the index of the player to check and the button to check and then performs some simple logic to
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public  static bool IsNewKeyPress( Keys key)
{

}

return  (KeyboardState.IsKkeyDown(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 simil:
functionality for the game pad thumbsticks. The goal is to haweethod 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
use this to allow our thumbstick movements to only move a single item at a timerifieothis 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 thumbstickxande are trying to use.
b2¢ at SN GS dzlJ GKS YSGK2R AGaSt¥od LGQa LINBlGGe tSy3aidke



sense.

public  static bool DidThumbstickPassThreshold(
Playerindex index,
Thumbstick  thumbstick,
ThumbstickAxis axis,
float  thresho Id)
{
Vector2 lastThumbStick = Vector2 .Zero;
Vector2 newThumbStick =  Vector2 .Zero;
if  (thumbstick == Thumbstick .Left)
{
if (index == Playerindex .One)
{
lastThumbsStick = LastGamePadState1. ThumbsSticks.Left;
newThumbStick =  GamePadStatel. ThumbsSticks.Left;
}
else
lastThumbsStick = LastGamePadState2. ThumbsSticks.Left;
newThumbStick = GamePadState2. ThumbSticks.Left;
}
}
else
{
if (index == Playerindex .One)
{
lastThumbsStick = LastGamePadStatel. ThumbsSticks.Right;
newThumbsStick = GamePadStatel.ThumbsSticks.Right;
}
else
{
lastThumbStick = LastGamePadState2. ThumbsSticks.Right;
newThumbsStick = GamePadState2. ThumbSticks.Right;
}
}
float lastValue = Of, newValue = 0 f;
if (axis == ThumbstickAxis  .X)
{
lastValue = lastThumbsStick.X;
newValue = newThumbsStick.X;
}
else
{
lastValue = lastThumbsStick.Y;
newValue = newThumbsStick.Y;
}
if  (threshold < Of)
return  (lastValue > threshold && newValue < threshold);
else
return  (lastValue < threshold && newValue > threshold);
}
LGQa f20 2F O2RSZ odzi fdzO1Afe AdQa
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Vector2 lastThumbStick = Vector2 .Zero;
Vector2 newThumbStick =  Vector2 .Zero;

if  (thumbstick == Thumbstick .Left)
{
if (index == Playerindex .One)
{

lastThumbStick = LastGamePadStatel.ThumbsSticks.Left;
newThumbStick = GamePadStatel. ThumbSticks.Left;

}
else
{
lastThumbStick = LastGamePadState2. ThumbsSticks.Left;
newThumbsStick = GamePadState2. ThumbsSticks.Left;
}
}
else
{
if (index == Playerindex .One)
{
lastThumbStick = LastGamePadStatel.ThumbsSticks.Right;
newThumbStick = GamePadStatel. ThumbSticks.Right;
}
else
{
lastThumbStick = LastGamePadState2. ThumbsSticks.Right;
newThumbStick = GamePadState2. ThumbSticks.Right;
}
}

So this is the first part of the Amethod. All we are doinq is usingvthe thumbstick and inde3< parameters to determine the
thumbstO| Q& @I fdzS G(KA& FNIYS FyR flaid FNIYSe tNBlGe airavL

float lastValue = 0f, newValue = Of;

if (axis == ThumbstickAxis  .X)
{
lastValue = lastThumbStick.X;
newValue = newThumbStick.X;

}
else
{
lastValue = lastThumbStick.Y;
newValue = newThumbsStick.Y;
}

This part is also pretty simple. We just use the axis parameter to get the current and last value of the desired thumbstic
using the Vector2s we found above.

if  (threshold < Of)

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 ar
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

create a base class to share between the two of them. This will prevent us from writing the same code twice for eac
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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 SpriteBaich  (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
display at the top of the screen. The constructor simply takes in the game instance and the desired title.
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all of the menu controls:

public  override void Update( GameTime gameTime)

{
}
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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.Selectedltem != null )
Menu.Selectedltem.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
GKS alyYS (GKAyYy3 sAlGK2dzi GKS LyLdzil St LISNJ Of  884d bSEG o6
for the selectedtem. 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.Selectedltem != null )
Menu.Selectedltem.PerformOptionLeft();

}

if (InputHelper .DidThumbstickPassThreshold(
Playerindex .One,
Thumbstick .Left,
ThumbstickAxis . X,
30|
InputHelper  .DidThumbstickPassThreshold(
Playerindex .Two,
Thumbstick .Left,
ThumbstickAxis . X,
30|
InputHelper  .IsNewButtonPress( Playerindex .One, Buttons .DPadRight) ||
InputHelper  .IsNewButtonPress( Playerindex .Two, Buttons .DPadRight) ||
InputHelper  .IsNewKeyPress(  Keys.Right) ||
InputHelper  .IsNewKeyPress( Keys.D))

if (Menu.Selectedltem != null )
Menu.Selectedltem.PerformOptionRight();

,2dzQf £ aSS ( Hopid $e elea BngarJand Wifiva a 16t Bf 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 logicto actud @ & ONRff GKNRdJzZAK GKS YSydz AdSyYyao
thumbstick or DPad as well as using the Up/Down arrows and W/S keyboard keys to allow the player a maximu
number of choices for intput.



if  (InputHelper .DidThumbstickPassThreshold(
Playerindex .One,
Thumbstick .Left,
ThumbstickAxis .Y,
30|
InputHelper  .DidThumbstickPassThreshold(
Playerindex .Two,
Thumbstick .Left,
ThumbstickAxis .Y,
3O |
InputHelper  .IsNewButtonPress( Playerindex .One, Buttons .DPadUp) ||
InputHelper  .IsNewButtonPress( Playerindex .Two, Buttons .DPadUp) ||
InputHelper  .IsNewKeyPress(  Keys.Up) ||
InputHelper  .IsNewKeyPress( Keys.W))

{
}

if (InputHelper .DidThumbstickPassThreshold(
Playerindex .One,
Thumbstick .Left,
ThumbstickAxis .Y,
- .3f)
InputHelper  .DidThumbstickPassThreshold(
Playerindex .Two,
Thumbstick .Left,
ThumbstickAxis .Y,
- .30 ||
InputHelper  .IsNewButtonPress( Playerindex .One, Buttons .DPadDown) ||
InputHelper  .IsNewButto nPress( Playerindex .Two, Butions .DPadDown) ||
InputHelper  .IsNewKeyPress(  Keys.Down) ||
InputHelper  .IsNewKeyPress( Keys.S))

Menu.SelectPrevious();

{
}

Menu.SelectNext();

That was a lot of code, but now that we have it in a base class, we can eassly itsfor all of the menusur game may
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public  override void Draw( GameTime gameTime)

{
spriteBatch.Begin( SpriteBlendMode  .AlphaBlend);
Vector2 titlePos = new Vector2 (GraphicsDevice.Viewport.Width /2, 100f);
tittePos - = font.MeasureString(title) * .5f;
spriteBatch.DrawString(
font,
title,
tittePos,
Color .White);
spriteBatch.End();
Menu.Draw(spriteBatch, font);
}

Again we do some calculating to centhe 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 chiocstart either a single player or amp game, move
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MenuBaseGameState. We are also going to fill in the constructor to create all of the menu iterss for u

public class MainMenuGameState : MenuBaseGameState
{
public MainMenuGameState( Game game, string title)
base (game, title)
{

Menultem item;

item= new Menultem ("Single Player" );
item.Activate += SinglePlayerActivated,;
Menu.ltems.Add(item);

item= new Menultem ("Co- Op");
item.Activate += CoopActivated;
Menu.ltems.Add(item);

item= new Menultem ( "Options" );
item.Activate += OptionsActivated,;
Menu.ltems.Add(item);

item = new Menultem ("Quit" );
item.Activate += QuitActivated;
Menu.ltems.Add(item);
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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();
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Back on the game pad &scape on the keyboard. We also have to be very sure to call base.Update at some point t
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);
}

CKFGQa Al FT2NI y20 [SGQa YIS a2YS dekedyThsSHst chadge is ko&ddD |
the new MainMenuGamesState to the state manager and make sure the initial game state is set to the main menu. /
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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!" )i
stateManager.CurrentState = AAGameState .MainMenu;
}
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Update method because we have the same functionality in the main menu game state. We also need to call ol
InputHelper.Update method to make sure we always have proper input states. This reduces our Update méikbd to
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 yc
can navigate using up to twgame pads as well as the keyboard. You can select the Quit item and activate it to exit the
3rYS a ¢Sttt y26d bSEG fSGQa GAS Ay 2dzNJ al AyaSydzDl YS
game.

Starting Something

Now that we have a men we need to allow it to start our game playing. To start this we first need to add the ability to
NEASG GKS tfl@Ay3aDIYS{dGFriS® ¢KAA gAfft Fff2g dza G2 adl
out some of the PlayingGameSt&téé 02y a i NHzOG2NJ Ayd2 | ySg YSGK2R OFff S|



public  PlayingGameState(

base (game)

Game game)

Bullet

.Texture.Height / 2);

21

{
Bullet .Texture = Content.Load< Texture2D >("bullet* );
Bullet .Origin = new Vector2 (Bullet .Texture.Width/ 2,
spriteBatch = new SpriteBatch  (GraphicsDevice);
}
public  void Initialize()
{
playerl = new PlayerShip (
Content.Load< Texture2D >("playerl" ),
Playerindex .One);
playerl.Position = new Vector2 (
GraphicsDevice.Viewport.Width / 2 - playerl.Bounds.Width /
GraphicsDevice.Viewport.Height - playerl.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 gametbatle default state. Next we can add

GKS O2RS Ayid2 2dz2NJ YIFIAY YSydza S@Syi
our game:
public  void SinglePlayerActivated( object sender, EventArgs args)
{
(Manager.GameStates [ AAGameState .Playing] as PlayingGameState
Manager.CurrentState = AAGameState .Playing;
}
AlwedoisgSt GUKS tflF&@Ay3aD S{u GS FTNRY
CurrentState to the Playing state.i G KA & LIR2AYy (G @2dz I NB
in the main menu.
Do Overs
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).Initialize();
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menu once a game hdisished. 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,
InputHelper  .IsNewButtonPress( Playerindex .One,
InputHelper  .IsNewButtonPress( Playerindex .Two,
InputHelper  .IsNewButtonPress( Playerindex .Two,
InputHelper  .IsNewKeyPress( Keys.Space) ||
InputHelper  .IsNewKeyPress(  Keys .Enter))
{
Manager.CurrentState = AAGameState .MainMenu;
}

Buttons .A) ||

Buttons
Buttons
Buttons

.Start) ||
Al
.Start) ||



All we are doing there is checking for the A and Start game pad buttons as well as the Enter and Space keyboard k¢
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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 (Of, 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 fror
the result string we drew earlier. You can now play the game as many times as you want without having to restart th
whole program each time.

Press A, Start, Enter, or Space to continue...

Figurel2: Now we can lose over and over and ...



Fleshing out the Rest of the Game

Bring a Friend
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PlayerShip  player2;

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

bool coOp= false ;

Now we need to make some changes to the Initialize method so we can tell the state whether or not we wamp a co
game and also so it can create the second player:

public  void Initialize( bool isCoOp)
{
playerl = new PlayerShip (
Content.Load< Texture2D >("playerl" ),
Playerindex .One);
playerl.Position = new Vector2 (
GraphicsDevice.Viewport.Width / 2 - playerl.Bounds.Width / 2,
GraphicsDevice.Viewport.Height - playerl.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 playerl creation code and save the isCoOp value that was passed it to the methc
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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  (IscreenRect.Intersects(b.Bounds))
bulletsToRemove.Add(b);
else if (playerl.IsAlive && playerl.CollideBullet(b))
bulletsToRemove.Add(b);
playerl.ExtraLives -
playerl.Position.X = playerl 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 stateent to handle collisions with the second player. The other change is in our conditions for
changing to the Lose game state.2 dzQf f aSS 6SQ@S NBLI I OSR (KS 2ftR f:
CheckPlayerLives. This new method is used to check fbf ot F @ SNR& G2 06S | f ABSY

private void CheckPlayerLives()

{
if (coOp && Iplayerl.IsAlive && 'player2.1sAlive)
Manager.CurrentState = AAGameState .Lose;
else if (!coOp && Iplayerl.IsAlive)
Manager.CurrentState = AAGameState .Lose;
}

We check for whether or not we are playing aagmgame and use that to determine whether or nme¢ need to check
both LJt | &s3IN&pfbperty.
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the player2 is drawn:

if (playerl.IsAlive)
playerl.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 ¢
MainMenuGameState to handle the new Initialize method and let us start@pcgame:

public void SinglePlayerActivated( object sender, EventArgs args)

{
(Manager.GameStates] AAGamesState .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 agmgame with a friend.

Figurel3: The two defenders.

Keeping Score
[ 6604 FAYAAK 2dz2i GKS 3IHYS LRNIA2Y o6& FRRAy3 | a02NB
CANRG fSGQa | RPRPlayingGameéStats ko Nthré curfc@reni stordiak \Bell as a SpriteFont for rendering it.

int score =0;
SpriteFont spriteFont;

[ 604 FANEG RR GKS O2RS (G2 t2FR GKS F2yid (2 2dNJ 02y
spriteFont = Content.Load< SpriteFont  >( "Courier New" );

b S E (i upidaieid @ kitialize 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. Ar
Orftfta FTNRBY 2dzNJ alAyaSydsDlFYS{dFIiS akKz2dZ R LI} aa Ay WiN
WT | Next®@ahn headown to the Update method and award points each time an alien ship is hit by a bullet:



foreach (Bullet b in playerBullets)

{
/l...
else if (alienGrid.CollideBullet(b))
{
/...
score += 100;
}
}

o1

In our case we have chosen to award 100 pofts OK GAYS |y FTfASy aKALI Aa KA
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);

Nextwe want to draw the number of lives each player has in the upjgint corner of the screen. We can do this by
using a couple of simple loops:

for (int i=1;i<= playerl.ExtraLives; i++)
{
spriteBatch.Draw(
playerl.Texture,
new Rectangle (
GraphicsDevice.Viewport.Width - (playerl.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 areap gatoe.

Now we can run the game and see a score to indigag g ¢S | NBE R2Ay3Id [ SGQa O2yiGAy
2dzNJ 9y Rt £ F @Ay 3aADIYS{dlI S [ SGiQa IRR I yS¢g OFNARIofS (2

public int FinalScore =0 ;

Next we need to update our Draw method to generate the required datalfawing 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 (Of, 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 gtore is set when the game ends. To do this we have to update a few places.
CANBG fS0GQa dzZLRIGS GKS F2NBFOK f22L) GKIFIG 32Sa GKNRdJA
there:

foreach (Bullet b in playerBullets)

{
...
else if (alienGrid.CollideBullet(b))
{
/...
if  (alienGrid.Count == 0)
{
GamesState 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 tt
piece of code to the end of that method:

if (Manager.CurrentState == AAGameState .Lose)

GameState loseState = Manager.GameStates| AAGameStae .Lose];
(loseState as EndPlayingGameState ).FinalScore = score;

}

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



Final Score: 1900

Press A, Start, Enter, or Space to continue...

Figurel4: Final status report.

Waves of Fleets

Our game is nearinfunctional completion. All we need to add is support for multiple levels in our game. After all it
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multiple levels where you can have almésy @ f AYAG® 2 SQNB 3F2Ay3 (G2 fAYAG 2d
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 methothabour alien grid is proerly set up based on
the level and also to make sure we reset the level each time.

public  void Initialize( bool isCoOp, bool newGamg
{
...
if (newGame)
{
score = 0;
level =1 ;

alienGrid.Initialize(
Content.Load< Texture2D >("alien" ),
10 + (level / 3),
5 + (level / 2));
}
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bSEG fSGQ& I RR (i gr&ress shidugldtheldiferdnttldvetsgWeddd thisi % 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
}
}
}
}

b2g SFHOK GAYS GKS FTftASy 3INAR Aa SyLwiiezr S OKSO1l 6KAC
won so we performourend  YS £ 23A0 fA1S yYy2NXIfd LT ¢S FINByQi 2y
Initialize method agin using our coOp value as the paramelfe have to make sure to cateturnGhere since we
modified the playerBullets collection ithe Initialize method. If we forget thateturnQstatement, our game will throw

an exception.
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public class TransitionGameState : GameState

{

SpriteBatch spriteBatch;
SpriteFont font;

public  string Caption=  string .Empty;

float  transitionTimer = Of;

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 scre:
We also store two float valueshich 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).
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public override void Update( GaneTime gameTime)

{
transitionTimer += ( float )gameTime.ElapsedGameTime.TotalSeconds;
if  (transitionTimer >= transitionLength)
{
transitionTimer = Of;
Manager.CurrentState = AAGameState .Playing;
}
}

Next we just have to make the Draw commandéeader 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.DrawsString(font, Caption, pos, Color .White);

spriteBatch.End();
}
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the game:

public void 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;
}

Themaindifference there is that we are setting Manager.CurrentState to LevelTransition instead of Pl&giage also
setting the caption of thél NI yaA G A2y ad.l 4¢SS G2 are aoaf SOSt wmé

Next we need to update our PlayingGameState to use the transitions between levels. This will make the game mu
SFaASNI 12 F2ft2¢6 o0& Ftt26Ay3 LI IF&@8SNER GAYS (2 uléMddntt NB
program it to utilize this transition game state:



level++;

Initialize(coOp , false );

GameState transState = Manager.GameStates| AAGamesState .LevelTransition];
(transState as TransitionGameState ).Caption = "Level " + level. ToString();
Manager.CurrentState = AAGamesState .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
aliens is about to appear.
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stateManager.GameStates.Add(
AAGamesState .LevelTransition,
new TransitionGameState (this ));
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continue the polish by adding sound effects into our game.

Level 1

Figurel5: Now with level transitions.

Make Some Noise
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currently have a completely silent space batleK A OK> KAt S aOASYUGATFAOIf & Aa LIN
f SiQa FTRR a42YS az2dzyR (2 dKAad !'a I+ y20Ss GKAa aSO0A:
information about creating the sound effects and setting up the XACT project, please see Appendix B.

The first step to adding audio is thake 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 ou
WAV files and the XACT project file needgdbr game. At this point your contedtrectory shouldcontain all of these

files:



|¥ | alien

|E | bullet

|| Content.contentprogj
|| Courier Mew. spritefont
|E | player1

|E | player2
AlienAggressors, xap
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Figurel6: Our content files.
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content. You do not need, nor want, to add the WAV files themselves; they are referenced from the XACT project ¢
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Now that we have the audio contentinlplOS> t SG Q& adk NI LINBINI YYAYy3IA Ay 2 dzN
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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 we
a Cue for our background music.

bSEG f SGQa ONBI S willlgad all pfihésk filds foiuS: YSG K2R G KI

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
DI YS a2 GKIFIG ¢S OFry 3ISd GKS 3LYSQa 02y iSyid NR2d RANS
without having to change all three file paths each time.
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public  static void PlayCue( string  name)

{
}

soundBank.PlayCue(name);
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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 getederence 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 musiamig| ol
IsPlaying before we stop it and set it to null.

Nowf SGQa FTRR | 02dzLX S 2F YSiK2Ra (2 O2y(iNRft (KS @2f dzy:
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 XA
However the SetVolume method does allow for values larger than 1 in situations where we want to increase the volunr
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 al
played properly:

public  static void Update()
{

}

engine.Update();

3L Ay G(KS YSGK2R Aa 2dad F gNIFLILISNI I NRPdzyR GKS Sy3aySe

To integrate this into our game we first need to make sure we are calling SoundManager.Initialize in our Gamel.Initiali
method:

SoundManager .Initialize(
this
"AlienAggressors.xgs" ,
"AlienAggressors.xwb" ,
"AlienAggressors.xsh" );
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method each frame:

protected override  void Update( GameTime gameTime)

{
InputHelper  .Update();
SoundManager .Update();
base .Update(gameTime);
}

b2¢ SGQa adGl NI dzaAy3a GKS {2dzyRal ylFr3ISNJ G2 LXI& az2yYs
play a sound each time a ship fires. To do this we add tocatiundManager.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" );
}

b2¢g Fff 2F (KS aKALWA 2y (GUKS &AONBSy gAftf LXLre GKS af !l
time a ship is hit. We can do this by updating the CollideBuoi&thod 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;
}
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at the Update method. We want to add this line inside of each of the if statements in there so that any action will caus
it to play:

SoundManager .PlayCue( "bwoop" );
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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 sofpaciestbackground
music as well.



Everyone Loves Options
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public class OptionsGameState . MenuBaseGameState
{

int  soundFxVolume = 100;

int  musicVolume = 100;

Menultem soundFxltem;
Menultem musicltem;

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
couple of references to the soundFxitem and musicltem which we wiltausgpdate the text whenever the volume
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soundFxltem = new Menultem ("Sound FX Volume: 100%" );
soundFxItem.OptionLeft += SoundFxOptionLeft;
soundFxIltem.OptionRight += SoundFxOptionRight ;
Menu.ltems.Add(soundFxItem);

musicltem = new Menultem ("Music Volume: 100%" );
musicltem.OptionLeft += MusicOptionLeft;
musicltem.OptionRight += MusicOptionRight;
Menu.ltems.Add(musicltem);

Menultem item= new Menultem ("Toggle Fullscreen" );
item.Activate += FullScreenActivate;
Menu.ltems.Add(item);

item= new Menultem ("™ );
item.IsDisabled = true ;
Menu.ltems.Add(item);

item= new Menultem ( "Done" );
item.Activate += DoneActivated;
Menu.ltems.Add(item);

LGQ& LINBOGGe &AYAfMaNWeduBameMtated Ong Gol RikgRve doyis cieéteSthe blank menu item in
between the Toggle Fullscreen and Done items. By giving it an empty string and specifying it as disabled, we he
essentially added a blank space in our menu which will help mak8thin S+ 8A SNJ 12 NBIFR® bSEI
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private  void SoundFxOptionLeft( object sender, EventArgs e)

{
soundFxVolume = (  int ) Math.Max(soundFxVolume - 10, 0);
soundFxltem.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);
soundFxltem.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 th
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to update the volume in the audio system. We divide our volume by 100 so that we are in the randefof the
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Next we do thanusic volume in a similar manner:

private  void MusicOptionLeft( object sender, EventArgs e)

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

private void FullScreenActivate( object sender, EventArgs e)

{
}

GraphicsManager.ToggleFullScreen();

And finally we add the evemtandler for our Done button which takes us back to the main menu:

private void DoneActivated( object sender, EventArgs e)

{
}

Manager.CurrentState = AAGameState .MainMenu;
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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 t
options state without having to update two places.
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stateManager.GameStates.Add(

AAGameState .Options,
new OptionsGameState (this ));
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public  void OptionsActivated( object sender, EventArgs args)

{
}

Manager.CurrentState = AAGamesState .Options;

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

Sound FX Volume: 100%
Music Volume: 100%

Toggle Fullscreen

Done

Figurel7: Controlling our gameptions.

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 y
are in the middle of a game and the telephone rings or perhaps your dinner is buFoiimgplement our paused siem
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public class PausedGameState : MenuBaseGameState

{
public PausedGameState( Game game)
base (game, "Paused" )
{
Menultem item= new Menultem ("Continue" );
item.Activate += ContinueActivated;
Menu.ltems.Add(item);
item= new Menultem ("Quit To Main Menu" );
item.Activate += QuitActivated;
Menu.ltems.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 maih Bediof |

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 ret
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);
}
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state:

stateManager.GameStates.Add(
AAGameState .Paused,
new PausedGameState (this ));

e 1%
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if (InputHelper .IsNewButto nPress( Playerindex .One, Buttons .Start) ||
InputHelper  .IsNewButtonPress( Playerindex .Two, Buttons .Start) ||
InputHelper  .IsNewKeyPress(  Keys .Enter))
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Manager.CurrentState = AAGameState .Paused;
return ;



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

Paused

Continue
Quit To Main Menu

Figurel8: 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 mer
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the Menu class that lets us set the selected item we want:

public void Selectltem( int index)

{
if (index >= 0 && index < Items.Count)
{
currentltem = index + 1;
SelectPrevious();
}
}
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current item to be the index plus one and call the SelectPrevious method. Why did we do this? Te dimradions
where the index passed in references a disabled item. This way our method will go back through the list to find a val
item to select. If the desired index is valid, it will wind up selecting that one in the SelectPrevious method.

Now we jus$ have to update our PausedGamesState event handlers to reset the menu item before changing state:

private void ContinueActivated( object sender, EventArgs e)
{

Menu.Selectltem(0);

Manager.CurrentState = AAGameState .Playing;



private  void QuitActivated( object sender, EventArgs e)

{
Menu.Selectltem(0);

Manager.CurrentState = AAGameState .MainMenu;

}

Now our paused state will always default to the Continue option, which is what most gamers would expect. This log
could also be applied to the OptionsGamé S +a ¢Sttt o [ SiQa dzZJRIGS GKS 52
first item:

private  void DoneActivated( object sender, EventArgs e)

{
Menu.Selectltem(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, leveliy game play, an engame status screen, and
sounds. It took a while but we managed to fulymplete 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, tt
reader, how to extend this example and others into creating the game you really want to prdsame development |
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You can also continue in this book by reading the Appendixes following this conclusion. Appendix A shows how to L
Paint.NET to creatthe sprites used in the game. Appendix B explains how you can create the sound effects used in th
game using nothing but Audacity and a $20 microphone. Appendix C provides a few points for advanced topics to he
make the code found in this game morauseable.



Appendix A

Creating Sprites in Paint. NET

When starting off making this game, | had questioned whether | wanted to utilize existing sprites or make my own. Beir
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would be more beneficial to me and the readers to create our own sprites and then show how it wastddriea A a
intended to be a full guide to Paint.NET; just an introduction to show how to quickly use the tool to cveatspyites.

You can download Paint.NET from this webgit&://www.getpaint.net/.
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Figurel9: The Paint.NET user interface.
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This is the canvas. This is the virtual paper onto which you draw your sprites.

This is the Tool window. This gives you access to all of the tools you can use to modify your image.

This is the Historwindow. This lets you view (and undo) any actions you make on the image.

This is the Layers window. You can use numerous layers to create your images which allows you to easily moc
a single aspect of the image without affecting other parts.

5. This is theColors window. This is where you can choose colors for drawing.

PowpdE


http://www.getpaint.net/

