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will see what XNA is and how its basic features works to continue with the programming of your first
game, asimple PongOf 2y S F2NJ 2 AyR2g6ad | (i f tbék B6H anddVErQdwE
Phone 7. This tutorial assumes that the readers have a basic C#/.Net understanding. | hope that it will
help you to understand the basics of the framework and that it will motivate you to go further in. The
article should be suitable to complete beginners in game programming.

About this tutorial: when | was running my previous French blog, | wrote this tutorial. It was first
released by the time of XNA 2.0 and is still a nice French references to begin with XNA. | then had the
opportunity to teach video game programming to master degree students and choose to use this
tutorial as the introduction of the course. | rewrote it a bit for the need of my course and with the
coming of XNA 4.0 and the support of the Windows Phone 7 platform | felt like it would be nice to
rework it even more to fit actual standards.

English not being my native language, please forgive and/or report any English oddities.
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released. It uses some new features of XNA 4.0 so it will not run out-of-the-box on previous XNA
version (mainly due to the usage of Viewport.Bounds and changed SpriteBatch.Draw arguments
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order).
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The XNA framework

XNA is a free development framework by Microsoft, enabling cross-platform game development

thanks to simple and comprehensive programming tools. The supported LJt | G T2 N¥ya | NB 2 Ay R
the Xbox 360, Zune media players and Windows Phone 7. The framework integrates itself into Visual

Studio 2010 (as of XNA 4.0), including the free Express edition, and features the following

components:

9 A powerful .NET API to handle graphics, sounds, videos, inputs, networking and storage;

1 An audio development tool, XACT, to build complex cross-platform sound banks;

9 A debugger capable of remote debugging Xbox 360 and Zune games;
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games.

XNA has been designed for hobbyist and independent developers and builds upon a strong
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official XNA community, the creators club. If correctly and gently exposed, your problem will most

likely be resolved with the help of XNA experts or XNA team itself.

Last but not least, the creators club allows you to release and sell your creations on the Xbox 360 or
Windows Phone 7 marketplaces.

First steps to the XNA framework
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9 A DirectX 9.1c capable graphic card (or better) with up to date drivers and DirectX runtime; A
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9 Visual Studio 2010 (or the free-to-use Express edition);
T XNAA4.0.
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release of Visual Studio through the MSDN AA of your school (if it has subscribed to it). So go ask the
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follow the instructions).
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Express edition is fairly enough for XNA purpose. Another version ¢ 2 dzf RY Qi o NAYy 3 &2dz Y
unless you have other programming need than XNA.
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Note about the CTP: installing Visual Studio before XNA 4.0 is no longer required since XNA 4.0
comes in an all-in-one installation package.


http://creators.xna.com/
http://www.microsoft.com/windows/directx/
http://www.microsoft.com/express/
http://creators.xna.com/en-US/downloads
https://www.dreamspark.com/

Creating your first project
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have a list of the available project templates. Give the name and directory you want to your project
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360 and Windows Phone 7 marketplaces;
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This represents the Content Pipeline of your project, a very important XNA component.

The Content Pipeline

The Content Pipeline has an almost explicit name. Its purpose is to manage your game assets
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main features are:

9 Importing the most common asset file formats and transparently load them into

comprehensible C# objects;

Ease of use (one line asset loading);
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Ensures that your assets are cross-platform, loaded and displayed the same way;

Offers on-the-fly assets compression;

= =4 =4 4 =4

Bake up your assets and bundle it with you game.

The use of the Content Pipeline is mandatory for non-Windows deployment. You can still load your
FaasSia GKS aKINR gle&é¢ FTNRY FAtSa 2y t/ AT @&2dzQR

You can create as many Content projects as you want but it is more convenient to stick with one per
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project to your Content project. By default, your project is linked to the already created Content

project.
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2D graphics: .bmp, .png, .jpsg;
3D models: .x, .fbx;

Shaders: .fx;

Audio: .mp3, .wav, .wma;
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http://msdn.microsoft.com/en-us/library/bb203887%28v=XNAGameStudio.40%29.aspx
http://msdn.microsoft.com/en-us/library/bb203887%28v=XNAGameStudio.40%29.aspx

9 Video: .wmy;
9 Font: TrueType;
T Any XML, text or binary files.

You may find many other format importers on the web or code one yourself if you need to
(http://msdn.microsoft.com/en-us/library/bb447754.aspx).

Adding assets to your project
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and pick your assets. You can also organize your assets into folders or add assets just by
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The Game class

Now open up the Gamel.cs file. You should notice that the Gamel class is inherited from a class
named Game. The Game class is provided by XNA and manages the game loop (more generally the
game workflow). It is composed of the following methods:

9 Initialize: called after the construction of the class, it ensures that all the class fields are
constructed and ready to be initialized. The purpose of this method is (as you may have
guessed) to initialize class members (in the same way of the WinformsQnitialize method);
9 LoadContent: called after Initialize, this method is meant to be used to load your game
assets;
9 UnloadContent: called before during the disposal of the Game class and ensure that your
I3rYS raaSdia FNBE RAaLIRaSR O2NNBOGfe 4akKiBY &2dz
take care of your memory allocation);
9 Update: called every time before the Draw method and should be used to update your game
engine. This will be the place of collision handling, inputs handling, game world updating etc.

Its GameTime argument propose services to know the amount of time elapsed since the last
Update call. This is very useful to synchronize your game engine;

9 Draw: called in an infinite loop, it is meant to draw your game. Even if it is possible, for the
sake of clean code, you should avoid writing any logic update here.

The Update and Draw methods represent the Game Loop and are called in an infinite loop so that
your game is constantly refreshed and running. XNA default settings set the loop frequency to 60
loops per second, meaning that your game should run at 60 frames per second (as long as your
Update/Draw R 2 ytdRditoo much time). You can adjust the settings to void this limit so that your
game runs as fast as your Update/Draw allow A (i (i 2 I ndl ghiilg tadcdve® tRilSin this tutorial.

. 2dzQNB  F NB S Gainé clasf Butiit parad&s uséfi{ Srvices behind the Game Loop and if
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bothering re-writing the wheel? Plus the fact the Game class ensures the workflow of your game.

The Gamel class comes with two fields initialized:

{1 GraphicsDeviceManager graphics: manages what is calSR G KS & 3I NI LKA O f 02
accurately, it allows you to setup the graphics card states (i.e. screen resolution, vertical

synchronization, anti-aliasing, etc.) and to get information about the hardware capabilities;
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9 SpriteBatch spriteBatch: provides services for 2D drawings. This will be the most important
object covered by this tutorial.

Initializing and drawing 2D graphics

We will now take a look at how one can import 2D graphics and display it. You will need some game
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grab it there.

Now take a look at the file named texturel.bmp. It is a simple image with 2D graphics. Notice that
there are many single graphic entities inside the picture. An individual graphical entity is called a
sprite and if an image contains many sprites, wSr@in front of a sprite sheet.

Other terms do exist to describe sprites and sprite sheets. Like tiles and tile sets. If you have already
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set is an image containing several tiles, a tile being an independent rectangle of your image. To the

difference with sprites, tiles inside a tile set are usually the same size, forming a regular grid. You may

have noticed that tiles can be disposed side by side to form complex graphics, like a puzzle, using

several times the same tile. This technique is commonly used in 2D games (RPG, side-& ONR f f SNX 0O |
was historically used because of the lack of memory of the 8/16bit systems.
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and add the existing texturel.bmp to this folder. It should now appear in your project. Right click on
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corresponding to the filename without its file extension, but you can freely change it. Keep in mind it

has nothing to do with the filename.

Now, inside your Gamel class, as a class member, add a new member to host our texture. To this
purpose, the Texture2D is intended manage your 2D texture (as you could have found out by
yourself).

Texture2D myTexture ; |

We now need to code the actual loading of the asset, so go inside the LoadContent method and add
the following line of code:

myTexture = Content.Load< Texture2D >( @"Textures/ texturel "); |

The Content object is a default Game class member representing your Content project. Everything
linked to your Content project should be accessed through the Content member. Its Load function is
generic and will allow you to easily load any supported type of asset by specifying the wanted type to
the Load<Type> template. To load an asset, just specify the desired type and the asset name (not its
file name). Ifyoutryi 2 € 2F R Iy dzyadzLlJLI2 NI SR (@LJS F2NJ GKS 3IA¢
Fd NXzyGAYSd® ¢KS a%X¢é¢ 0ST2NB (KSatthéispeSalichayadtes8f A a |
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http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.graphics.spritebatch%28v=XNAGameStudio.40%29.aspx
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asset locations since it will avoid you from doubling all the dashes (making your code more readable).
Notice that you access assets as if they were files in the hierarchy of your Content project, but with
assets names as their filename (this may be a bit puzzling at first glance).

Take a look at the content of the Draw method:

protected override void Draw(GameTimegameTime)

{ GraphicsDevice.Clear(  Color .CornflowerBlue);
/l TODO: Add your drawing code here

} base.Dr aw(gameTime);

The first line cleans the entire buffer so that the whole screen is reset to a blue color (the infamous
CornflowerBlue). The last line calls the Game base Draw method and should always be the last
instruction of your Draw method. | will not cover this feature as we will not use inheritance and game
components.
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To draw 2D graphics, the only thing you will need is the { LINA (G S. I (i @dhdd Bk 6 0 X 0
beforehand, take a look at how the screen is addressed by XNA:

As you can see, the screen origin is in the upper left corner and goes positively to the opposite screen
O2NYSNXP ¢KAA A& | oohddartesiadl shsteryl. Bh8 unik iFthe dikldn@avibg thdza SR
(with default XNA screen resolution of 800x600) the X axis goes up to 800 and the Y one to 600.

Textures are addressed the same way.
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http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.game.draw%28v=XNAGameStudio.40%29.aspx
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http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.game.draw%28v=XNAGameStudio.40%29.aspx
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.graphics.spritebatch.draw%28v=XNAGameStudio.40%29.aspx
http://en.wikipedia.org/wiki/Cartesian_coordinate_system
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.graphics.spritebatch.draw%28v=XNAGameStudio.40%29.aspx

SpriteBatch.Draw(
Texture2D, // the texture to use for drawing

Rectangle, // the rectangle where you want to draw on the screen (in screen coordinate)
Rectangle, // the part of the texture you want to draw (in texture coordinate)
Color); // the color hue of the drawing, Color.White will give a default hue

~
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spriteBatch.Begin();
spriteBatch.Draw(
myTexture,
new Rectangle (10, 20, 50, 100),
new Rectangle (0, 0, 50, 100),
Color .White);
spriteBatch.End();

The main difficulty in understanding 2D drawing is to understand the difference between source and
destination rectangles. Have a look at the following illustration.

Source rectangle Destination rectangle

’r‘ VWndowsGamel
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portion of that texture. The source rectangle defines this portion and must use the texture

coordinates. Then, you define where on the screen you want that portion to be drawn by defining
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be as wide/high as the source rectangle. Different sizes will result in stretched drawing.
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You may notice that the SpriteBatch.Draw call is surrounded by two other methods, namely Begin
andEnd.BeginO2dzf R YSIFyYy d21 YAAaUSNI Dt!I® KFREER 66 RIZ2HzQNS
G2 RNl g AlGéod LG GSfta GKS Dt! G2 RN}Y¢ oKIGQa O3
AlphaBlend, the order in which the sprites are going to be drawn etc.

The End method tells to the GPU that the Draw calls are complete and that he can now draw
everything with the properties it have been configured.

You have to know that the CPU will tell the GPU what to draw only when you call the End method.
The result of this method is the transfer of the drawing primitives to the GPU and transferring data
between the CPU and the GPU is very expensive. So try to put as many Draw calls as possible
between the Begin and End statements, this will greatly improve your game performance by
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reducing transfers to the GPU. Using several Begin/End is mainly intended to use different drawing
parameters or to ensure that some elements are drawn before/after other elements.

Coding a Pong clone in 5 minutes
You should now master the basics of XNA. Despite tK S G AGE S 2F GKAa aSOlAzys:s
Pong clone in 5 minutes, but if you were confident in XNA, you should be able to do it.

Defining the basics
Ok, what do we need to make a Pong game?

Two playable bars (2 x Rectangle);
A ball (1 x Circle);

A tennis field;

A score display;

= =4 =4 4 =4

Motivated supporters.

Inside the assets package you should have already downloaded (if not so, grab it here), you should
find the following files:

Objects.png: an image file containing the graphics for the two bars and the ball;
Grass.png: an image file, a grass texture;
Bounce.wav: a sound file for ball bounces;

= =4 =4 =

Supporters.wav: a sound file for goals.
Add all of them to your Content project.

[ SGQa y26 RSTAYS I fas@akedaSsmémpdish A Sa Ay 2 dzNJ LINE

/I our pong entities

Rectangle blueBar;

Rectangle redBar;

Rectangle bal, YY OET AA OEAOARO 11 2AEOAI Ae Al AOO
with a bou nding rectangle box

/l our pong cl one textures
Texture2D grass;
Texture2D spriteSheet;

/I our sound effects
SoundEffect ballBounce;
SoundEffect playerScored;

pufi

We now need to initialize 2 dzNJ 0 KNBES wSOGF y3t S & idNan2d lddwsiEs X y
method:

protected override void Initialize()
{
/I initializing our entities
blueBar = new Rectangle (
32, [/ x coordinate of the upper left corner of our rectangle

1L
—_
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http://www.handcrafted-games.com/PongCloneContent.zip
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.game%28v=XNAGameStudio.40%29.aspx
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.game.initialize%28v=XNAGameStudio.40%29.aspx

GraphicsDevice.Viewport.Bounds.Height / 2 - 64, /Iy coordinate of the
upper left corner
32, /lits width
128); // and its height
redBar = new Rectangle (

GraphicsDevice.Viewport.Bounds.Width - 64, /I x coordinate of the
upper left corner of our rectangle
GraphicsDevice.Viewport.Bounds.Height / 2 - 64, //ycoordinate of the

upper left corner
32, /lits width
128); // and its height

ball= new Rectangle (
GraphicsDevice.Viewport.Bounds.Width / 2 - 16, /I x coordinate of the
upper left corner of our rectangle
GraphicsDevice.Viewport.Bounds.Height / 2 - 16, //y coordinate of the

upper left corner
32, /lits width
32); /l'and its height

base.Initialize();

Explanation:

We want our bars to be 32x128 pixels and be placed left and right to the screen and perfectly
centered. Defining a Rectangle consist of four parameter: the x coordinate of the upper left corner
(in screen coordinate), the y coordinate of the upper left corner, the width of the rectangle (32) and
its height (128).

Noticed this kind of math?

GraphicsDevice.Viewport.Bounds.Height / 2 Z 64

This is how we vertically center our bars. GraphicsDevice.Viewport.Bounds is a Rectangle provided by

XNA that will always represent the actual bounds of the screen. If the resolution of your game is

800x600, the bounds will be Rectangle(0, 0, 800, 600). So if we want to center something, we just

KIS (2 O2yaAARSNI 6KS KIEF 2F (KS &aONBSyYy:I YAydz
else only its upper left corner will be centered).

LT €2dz dzy RSNRG22R | ff (KAAX &2dz aKz2dzZ RyQid KI @S |
our ball to have a 32 pixels diameter so we bound it with a 32x32 Rectangle (since no circle class
exists in XNA, up to you write one).

[860a y26 t2FR GKS Fa24503 Lo&BSR mehSdF he/f@Igwing | NI A SN
code should be straightforward if you read the introduction of this article:

protected override void LoadContent()

{
Il Create a new SpriteBa tch, which can be used to draw textures.
spriteBatch = new SpriteBatch (GraphicsDevice);

/I load our textures from the Content Pipeline
grass = Content.Load<  Texture2D >( @"Textures/ Grass");
spriteSheet = Conten  t.Load< Texture2D >( @"Textures/ Objects ");
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/['load our sound effects from the Content Pipeline
ballBounce = Content.Load<  SoundEffect >(@"Sounds/Bounce");
playerScored = Content.Load<  SoundEffect >(@"Sounds/Supporters ");

Drawing the scene
At last, we will draw theentired OSYy S o6dzi 6 SF2NBKIFIYRXE LQff Ay dNRRdAzO

The LJ- A V (i S NID aven ifpoR nevierBedrd about it, you should be familiar to it. When a painter
would like to drawn a landscape on the background and a house in front of it, it has to first complete

the background and then paint the house over it. If he did the house first, he would encounter

problems detailingthe backgNB dzy R | i (KS K2dzaSQa SR3ISad DNI LIKAOaA
FNBE Y2NB NBAGNAOGAGSY SOSNRGKAY3I GKI G JdyouRNI gy ¢
have to draw graphics according to their distance from the camera.

Currently, whatL &F AR A& y20G O2YLX SGSt & (NUzS &arbyferS G KSNEX
which sorts everything out even if you draw everything in a random order. But the Z-buffer has been
RSAAIYSR F2NJ o5 LIzN1J2aSa |yR oKSyewiing vithy3 gAGK
coordinate so we have to sort this ourselves.

XNA offers mechanisms to sort 2D graphics via the SpriteSortMode argument of the
SpriteBatch.Draw method but it is cleaner to draw things in the right order and to tell XNA to draw
directly (SpriteSortMode.Immediate) because: 1) your code will be much more readable 2) it will be
faster at execution.

[ S { &wour Babkground first:

protected override void Draw(GameTimegameTime)

{

blue color

GraphicsDevice.Clear(  Color .CornflowerBlue); /I clear all the screen with a

/I draw the grass background
spriteBatch.B  egin();
spriteBatch.Draw(
grass, // use the grass texture
GraphicsDevice.Viewport.Bounds, /I stretch the texture to the whole
screen
Il GraphicsDevice.Viewport.Bounds is Rectangle corresponding to the
actual viewport (meaning the entire screen no matter the resolution), only available
as of XNA 4.0 CTP
Color .White);
spriteBatch.End();

2 KFGQa ySé KSND KewpodBRMNE asdndr Megtiatiod Ke&angle, why? Do you
remeYOSNJ GKIFIG GKAa wSOiGly3atsS Iftgleéda NBLNBaSyid GKS
Draw method to stretch the entire grass texture to the entre 8 ONBESYy ® ! yR $SQNBE R?2
background. At this state, if you try to run the game (by pressing F5 to debug it), it should display our

nice grass tennis field.
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What comes after the background? The bars and the ball should be on the same plane. We can draw

FE€f 2F GKSY |0 0KSoNRES GKANYIS (8KASRO 2 AISKNSBRthhe 40 dzl = ¢

SydadasSa IINB Ay GKS &aryvy$S aiay3atsS GSEGdNBo
NB O | yChbdk $hé iKtrodiiction if the answer is no). Before drawing our elements we need to
define a source rectangle for each of them to access individdzl £ L2 NI A2y 2F (GKS
inside the texture and how it is placed:

_l 32 l32 |32 "
32

128

The following three source rectangles should be easy to understand (define them as Gamel class
members):

I/l source rectangles of our graphics
Rectangle blueSrcRect = new Rectangle ( // blue bar src rectangle

0, /Il upper left corner x - coordinate of the blue bar inside the
spriteSheet

0, /l'upper left cornery - coordinate

32, [/ width

128); /I height
Rectangle redSrcRect= new Rectangle ( // red bar src rectangle

32, [/ upper left corner x - coordinate of the red bar inside the
spriteShee t

01
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32,
128);
Rectangle ballSrcRect=  new Rectangle ( // ball src rectangle
64, [/ upper left corner x - coordinate of the ball inside the spriteSheet
0,
32,
32);

Wey2g KI @S S
backgrounds drawing:

/I draw the entities (bars and ball)
spriteBatch.Begin(  SpriteSortMode .Immediate, BlendState .AlphaBlend); //
setup alpha blend t 0 support transparency
/I draw the red bar
spriteBatch.Draw(
spriteSheet, /I use the sprites texture
redBar, //the rectangle where to draw the bar on the screen
redSrcRect, //the sou rce rectangle of the bar inside the sprite sheet
Color .White);
/I draw the blue bar
spriteBatch.Draw(
spriteSheet,
blueBar,
blueSrcRect,
Color .White);
[/l draw the ball
spriteBatch.Draw(
spriteSheet,
ball,
ballSrcRect,
Color .White);
spriteBatch.End();

Press F5, and see that our game almost look like it is fA Y A a K
implementbutour 3 NJ LKA O&a FNBX aSddzd |y
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Coding the gameplay

Handling the inputs
b2g¢ (KIdonewih@dBawYSIK2RSE $SQf f Ubdate Bethdd, sédgd @the G (G KS
correspondingt Ay S 2F O2RSTI 6SQNB 3I2Ay3 (G2 SEIFIYAYS AGa F

if (GamePa@GetState( Playerindex .One).Buttons.Back == ButtonState .Pressed) // if the
Back gamepad button is pressed
this .Exit(); /[ exit our game

The GamePad class allows getting the current state of an Xbox 360 gamepad, being plugged to a PC
or to your 360. Its GetState(Playerindex) method returns the GamePadState of the player
corresponding to the given Playerindex.

A GamePadState object has a Buttons member, listing every up-down buttons and their state (A, B, Y,
X, RB, LB, Back, Start, and Buttons on Sticks). If you want to know if a button is pressed, just compare
a button to a ButtonState. Buttons of the directional pad works the same way and their states are

stored in the DPad member of a GamePadState® ¢ KS 2 G KSNJ Ay Llzia 2F | 3+ YS
O2yliAydzzdza o6{GA014Q - 9 , | ES& [|ByitenStétdshcAfy NB O & 2

are floating point values. When in default position, those controls have 0.0f value. Triggers go up to
1.0f when fully pressed and the axes range from -1.0f up to 1.0f depending the direction of the axes.
(X =1.0f and Y = -1.0f would mean that the stick is in the lower right corner).

Getting the keyboard state works LINB (i 1@ YdzOK GKS aryvy$S greo [SiQa |
default code:

if (GamePa@GetState( Playerindex .One).Buttons.Back == ButtonState .Pressed || Il if the
Back ga mepad button is pressed

Keyboard .GetState().IskeyDown(  Keys.Escape)) // or if the Escape key is
down

this .Exit(); /[ exit our game

Keyboard.GetState() should be simple to understand now. But what is this IskeyDown method?
Unlike a GamePadState, KeyboardState R2 Y Qi K2f R RANBOGf & FASEtRa gAlGK
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http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.input.keyboardstate%28v=XNAGameStudio.40%29.aspx

for a state with the IskeyDown / IskeyUp methods. Actually, GamePadState has a similar mechanism

and propose the IsButtonDown / IsButtonUp methods.

Moving the bars

Our bars are represented by the redBar and blueBar rectangles, so if we want them to move, when
need to modify their Y position (in a Pong game, bars only move along the Y axis). We will use the
keyboard as our main input method, up to you to add handle two different gamepads.

// handling keyboard inputs

if (Keyboard.GetState().Is  KeyDown{eys.E))
blueBar.Y -=10; // move the blue bar up

else if (Keyboard.GetState().IskeyDown( Keys.D))
blueBar.Y += 10; /I move the blue bar down

if (Keyboard.GetSta te().IskeyDown( Keys.Up))
redBar.Y -=10; // move the red bar up

else if (Keyboard.GetState().IsKkeyDown(  Keys.Down)) // Down key down ?
redBar.Y += 10; /I move the red bar down

/I E key down ?
/I D key down ?

/I Up key down ?

v dzA S & AtYIEJbudlaunkhdhé ghihe and try to move the bars (with the E/D and Up/Down
1S5ea0 e2dzftft y20A0S GKIG GKS o0FNJ OFy 32 0SKAYR
should stop at screen borders.

/I'limit the bars movement to the scr een bounds

if (redBar.Y <0)
redBar.Y = 0;

/I upper bound
/1 limit

if (blueBar.Y <0)
blueBar.Y = 0;

if (redBar.Y + redBar.Height > GraphicsDevice.Viewport.Bounds.Height)
redBar.Y = GraphicsDevice.Viewport.Bounds.Height - redBar.Height;

f (blueBar.Y + blueBar.Height > GraphicsDevice.Viewport.Bounds.Height)
blueBar.Y = GraphicsDevice.Viewport.Bounds.Height - blueBar.Height;

b2g¢ (GKS 0L NButsidk2hf @ridgen. Y2 @hly trick resides in the handling of the lower

62dzy RY R2y Qi TF2NAS( (hey cddinatesib@y M ohekoSthe aippdddefk S A 3 K (i
corner).

"ATT1 80 11 O06EII

In order to make the ball moving, we need something to represent its velocity. Using a 2D vector
seems to be the way to go. Fortunately, XNA already have everything at your disposal. Here we
define a 2D vector (Vector2) for our ball velocity (as a Gamel class member):

/l ball speed
Vector2 ballVelocity =

Vector2 .Zero;

And back in the Update method, we can now make our ball move by adding its velocity to its current
position:

/I move the ball
ball. X +=( int )ballVelocity.X;
ball.lY +=(  int )ballVelocity.Y;
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dzil = 2dzNJ 6Ftt AayQd NBIEf& Y20Ay3d & S.iWenedidoirOS

set a positive speed somewhere so the gameplay can begin. We will do this by adding a separate
method we can re-use to re-initialize the ball every time we need it (when players score):

/Il <summary>
/Il Initiliaze ball velocity and position
Il </[summary>
private  void InitBall()
{
int speed=5; // default velocity
Randomrand = new Randor();
/I randomize the ball orientation
switch  (rand.Next(4))
{
case O: ballVelocity.X = speed; ballVelocity.Y = speed,; break ;
case 1: ballVelocity.X = - speed; ballVelocity.Y = speed; break ;
case 2: ballVelocity.X = speed; ballVelocity.Y = - speed; break;
case 3: ballVelocity.X = - speed; ballVelocity.Y = - speed; break;
}
// initialize the ball to the center of the screen
ball.X = GraphicsDevice.Viewport.Bounds.Width / 2 - ball.Width / 2;
ball.Y = GraphicsDevice.Viewport.Bounds.Height / 2 - ball.Height / 2;
}

We have a default velocity defined and a random number generator to add some unpredictability to
the ball direction. In a switch statement, we make the ball go randomly in one of the four diagonal.

GF

¢KSys ¢S aSi GKS olftftQa LRarAdA2y liRgniKS OSydSN 2

We can now call our newly created method to initialize the game. Back in the Update method:

/I handling ball initia lization
if (Keyboard.GetState().IskeyDown(  Keys.Space))
InitBall();

This code means that every time we press the space bar, the ball is reset. Meaning that even during

the gameplay, onecanre-:A YA G (GKS ol ff® OBKOEDA2MNMRGdAzl @8 NR

aiming a playable game, not a polished one ;-). Keep in mind that this is for educational purpose.

Worlds collide
LT &2dz GNASR G2 NXizy GKS LINR2SOGZ @&2dzQf f a
Update method, we add the required code:

/I collision handling
if (ballY <O0]| /I if the ball reach the upper bou nd of the screen
ball.Y + ball.Height > GraphicsDevice.Viewport.Bounds.Height) Il or
the lower one
ballVelocity.Y = - ballVelocity.Y; /I make if bounce by inverting the Y
velocity
}
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This is similar to the way we managed 1 KS 01 NBQ Y2@0SYSyids> 6AGK
blocking the movement, we invert the Y velocity so the ball bounce.

2§ |faz2 YSSR G2 YIylr3aS GKS O2fftAarzy o6AGK
check for Rectangle to Rectangle collisions. To this purpose, XNA is making our life a lot easier since
the Rectangle class has a very useful method to test if two Rectangle are colliding:

if (ball.Intersects(redBar) || /I if the ball collide with blue bar
ball. Intersects(blueBar)) /1 or the red one
ballVelocity. X = - ballVelocity.X; /I make if bounce by inverting the X
velocity
}

Very simple: we just check if the ball (which is a Rectangle) is colliding with either one of the bars,
and invert the X velocity to make it bounce.

Here we are! We have a fully playable gameplay. The game only need some polish and it is almost

CI

KS

idKS

LJl
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NEIFRe& FT2NJ KdZAS O2YYSNDAIt &adz00Saa o0AF 6S 6SNB Ay

Scoring
¢2 FRR a42YS O2YLISGAlGA2YyY 6S oAttt KFIYyRES |
Gamel class members to manage the scores:

/] scores
int blueScore = 0;
int redScore =0;

~ A s ooaA =

2S ySSR (2 RSGSO0G AF¥ GKS olFff 32Sa 0SKAYR
do it in the Update method:

/I score handling
if (ball.X<0) I red scores

{
redScor e++;
InitBall(); /I re  -init the ball
else if (ball.X + ball.Width > GraphicsDevice.Viewport.Bounds.Width) 1l
blue scores
{
blueScore++;
InitBall(); /I re  -init the ball
}

Same math as before to check screen bounds. When the ball goes behind the left or right bound, a
player just scored and we re-initialize the ball.

Displaying the score involves to draw some text. Drawing text with graphics APl is a bit problematic,
text fonts are not ready-to-be-drawn graphics and their structure is not suitable with how graphics
cards operate. Prior to use a font, it has to be processed or converted to a suitable asset. Some tools
allow you to do so by generating a sprite sheet containing one sprite per character in the font. | let
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you imagine how boring it is to write a helper class able to seamlessly use this sprite sheet. Graphics
Pt L £A1S {5[] 2NJ hofdbeybdXput sBrie yiseXil libiar2s exist A & 2 dzil

XNA has the feature to handle fonts easily® [ S Q& K| WeSneet to 4d@asfecialtyipe oh i P

asset to our Content project: right on the Content project, add a new file, select the Sprite Font item

FYR yIFEYS AlG a{ O2NBC2yl daLiMkhguSattar youladlded it! Thisfilewail] FAE S
hold the properties of the font we want to use: the font name, its size, its type (bold, italicX) and

other not-so-important stuff. We want the score to be displayed with big readable font, so change
thesizetomy I YR (0 RSt (@b delSitivél)2 @

<Size >18</ Size >
A
<Style >Bold </ Style >

Like any asset, we have to define the corresponding variable and to load it. As a Gamel member:

SpriteFont  font; |

And then in the LoadContent method:

/' load our score font
font = Content.Load<  SpriteFont >( @"ScoreFont");

All we have to do now is to draw the text, the same way if it was 2D graphics with the SpriteBatch (in
l.:.l

theDrawYSG K2RX | FGSNJ GKS 3INFaa RNIgAy3d &z A Aay Qi

/I draw the score
spriteBatch .Begin( SpriteSortMode .Immediate, BlendState .AlphaBlend);
spriteBatch.DrawString( // draw our score string
font, // our score font
blueScore.ToString() + " - " +redScore.ToString(), // building the
string
new Vector2 ( // text position
GraphicsDevice.Viewport.Bounds.Width / 2 - 25, /I half the screen
and a little to the left
10.0f),
Color .Yellow);  // yellow text
spriteBatch.End();

Note that drawing text needs a dedicated method, DrawString. It takes as argument the font, the
string to display, a 2D vector for the screen coordinate where we want the text to be displayed
(remind that it consider the upper left corner of the text box), and finally, the color of the text.

Sound blasting

Last but not least, the sound. We already have our two SoundEffect ready (ballBounce &
playerScored). Since XNA 3.0, playing a sound is simple as pie: SoundEffect.Play(). All we have to do,

is to call the play methodwhen i1 KS o f f 062dzyO0S IyR ¢KSy | L} I &SN

/I collision handling |
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http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.audio.soundeffect%28v=XNAGameStudio.40%29.aspxhttp:/msdn.microsoft.com/en-us/library/microsoft.xna.framework.audio.soundeffect%28v=XNAGameStudio.40%29.aspx
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.audio.soundeffect.play(v=XNAGameStudio.40).aspx

if (ballY <O0]| /I if the ball reach the upper bound of the screen
ball.Y + ball.Height > GraphicsDevice.Viewport.Bounds.Heig ht) //or
the lower one

ballVelocity.Y = - ballVelocity.Y; /I make if bounce by inverting the Y
velocity

‘

if (ball.Intersects(redBar) || /I if the bal | collide with blue bar
ball.Intersects(blueBar)) /l or the red one
ballVelocity. X = - ballVelocity. X; /I make if bounce by inverting the X

velocity

‘

/I score handling
if (ball.X<0) // red scores

{
redScore++;
| plyerScored.Play(;  //huray!
InitBall(); /l're  -init the ball
}
else if (ball.X + ball.Width > GraphicsDevice.Viewport.Bounds.Width) I

blue scores

{

blueScore++;

InitBall(); /l're  -init the ball

Intermediary conclusion

Our Windows game is now complete! At least what | wanted to expose. Our prototype is far from
being perfect, but one of the goals of this article is to give you opportunity to express yourself in the

polishing of the game. You may copy/pasted everythingbutnow, A (1l Q& dzLJ G2 @&2dz {2

a list of thing you may consider doing:

19



9 Enhance collision handling: our model is very rough and far from a true physical model, plus
the fact that the bar-to-ball collision is poorly managed (if the ball collide with another
border than the front one, you can expect strange behaviors);
9 Enhance the beginning of the game: in a classic Pong, the ball should go randomly in any
direction while our game only throw the ball with 45° angles (more randomness is needed!);
when a player score, the ball should be thrown at the him next (and not randomly);
9 Addamenu;
f HandletheendofthegameY 2 dzNJ LINRPG2G@ LIS R2SayQil adGd2L) GKS

f Add an artificial intelligenceY LINBdGGe& Sl aesx 2dzad L)X e + Y20S
ball is up or down the middle of the bar;
T X

Porting our Pong clone to the Xbox 360 and testing it
To run a game on the Xbox 360, we need to setup a new project, a 360 one. When it comes to port
an existing project, XNA allow you to copy your current project and to create a port with one click.

wWAIKG Of AO1 2y @2dzNJ 2 AyR2ga LINR2SOGzZ FyR asStsSoi
82dzQ@S adz00S&aaFdzZ e LRNISR @2dzNJ AFYSP b2dGS (KL
the one from the originaf LINP 2S00 X (KS@QNB 2dzad akKlINBR 0Si(6SS
modify the Windows project, i KS OKIF y3Sa ¢gAftt o6S I LILXASR (G2 (GKS

that you know have two Gamel.cs files (one in the Windows project, and one in the 360 one) but
I OGdzZ t fex GKSNBQa 2yfteée 2yS FA{ST &aKINBR® ¢KS 7T
misleading.

Running the game on your 360

tftSrasS y24S GKFG GKS - b! n @ sdeploylhg gamiesl oh AINKbbx 360.3 F NB & K ¢
The following process is valid as of XNA 3.1 and should remain the same with the final XNA 4.0
GSNEA2Y® LQff dzLJRIFIGS GKS INIAOES 2y0S Al A& NBf S

Prior to be able to run code on your Xbox 360, you need your Xbox to be on the same LAN as your
computer (I suppose you know how to setup a network) and a Creators Club license. This license is
mandatory to publish games on the Xbox and Windows Phone marketplaces and to debug code on
the gaming console. This is because Microsoft host and promote your games on the marketplaces
and it is a good way to regulate the community by letting in only serious people (plus the fact that
aAONRaz2Fl olyldG G2 aidlre Ay O2yGNRBE 2F 6KIFGQa 0SA)
The license has a yearly cost of $99 and can be acquired from the Xbox Live marketplace or from

xbox.com.

CKSNBQa | LkRraaroAftAade G2 3ASG + FNBS OUNARIf fAOSy:
sell games (as well as not having access to premium content and forums on the creators club). You

Y& FAYR I 0 NR I € f AOSyasS Gal I a{5b ! I 002 dzy i =

4dz0 aONAOSR (2 GKS LINRPAINIXY® LF &2dz R2y Qi (y26 AT
GKS LISNBR2Y AY OKI PEES. Ardther waptdzitdialdidonkeds 2of(sflIfibe HudeMt
YR &dz0 AONAOGS (2 (GKS aAONRaz2FGQa 5NBFYaLll NJ LINES3
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Once you have successfully registered your license, you can start downloading the XNA launcher to

@2dzNJ ocnd® | 2dQff ERYRS2Vt K3 BAAYRAGKENLERAS DI YS
DFYS {GdzRA2 [/ 2yySOGéd ¢KAA LINRPINIY oAff 2yt e NI
connected GamerTag has a valid creators club license. Run it and go back to Visual Studio.

You now have to link your PC to your Xbox 360. This is to ensure that only trusted computer can
RSLJX 28 GNHzaGSR O2RS (G2 I GNHZAGSR O2yazftSeo LYy +A3

(] PongCione - Microsoft Visual Skidio 2010 Expr
File Edit View Project Debug Tools _ngdow .Help

P S B9 p

R el = . s )

Gamel.cs X

“% PongClone.Gamel

‘ spriteSheet, // use the sprites texture
redBar, // the rectangle where to draw the
redSrcRect, // the source rectangle of the
Color.White);

// draw the blue bar

soriteBatch.Draw(

%0q|oo] -

Choose to add an Xbox 360 console. Visual Studio should now ask you to enter a code, this code

AaK2dzZ R 0S RAALX @SR 2y @&2dz2NJ ocn AT &2dz2Q@S adz00S:
Gt ARIFGSD LT SOSNRBOKAY3I 6Syld 213 @2dz2OQNB y246 NBIF
If not, check out your network setup.

2 KSy &2dzQNB NBlI Réx asStS0OG G(GKS -062E ocn lFa GKS Gl

File Edit View Project Debug Tools Wmdow Help

s-iﬂ-_'-_-l' ?H@Hﬂ%iﬂ‘)-m-\b[xse 7, |
Oy slyih ‘A I [0 |3 | Any CPU
+ PE il lMlxed Platforms
Gamel.cs X "86
Xbox360 -

“%PongClone.Gamel ‘Conflguratlon Manager...
‘ spriteSheet, // use the sprites texture
redBar, // the rectangle where to draw the bar
redSrcRect, // the source rectangle of the bar

And run the Xbox 360 project. You now have your game running on your TV! You can also debug the
game like if it was running on the computer by putting some break points etc. Remote debugging

works pretty darn well.

2SS y2¢6 KIFI@S | LINReE Y YIIBBSIRARYDE G(KS 3ALYS AayQi
82dz Oy R2I A& (2 LINB&aa TthKupdatdiosimetdachievdzlii 12y G2 SEA

/l handling keyboar d and gamepad inputs
if (Keyboard.GetState().IskeyDown(  Keys.E) // E key down ?
|| GamePaGetState( Playerindex .One).DPad.Up == ButionState .Pressed)
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blueBar.Y -=10; // move the blue bar up

else if (Keyboard.GetState().IskeyDown( Keys.D) // D key down ?

blueBar.Y +=10; /I move the blue bar down
if (Keyboard.GetState().IsKkeyDown(  Keys.Up) // Up key down ?

redBar.Y -=10; // move the red bar up
else if (Keyboard.GetState().IskeyDown(  Keys.Down) // Down key down ?

redBar.Y += 10; /I move the red bar down

// handling ball initialization
if (Keyboard.GetState().IsKkeyDown(  Keys.Space)

InitBall();

Here it is, we can now play with two gamepad and our Xbox 360 port is complete!

Serious business: porting our game to Windows Phone 7

Before we proceed, another note about the CTP. Copying an existing project to a Windows Phone

one has a bug: manifest files are missing. If you want to correct this, read the release notes. The
aSO02yR FyR fl af LINPOofSY GKAa INIAOES Yre| SyO2d
automatic screen orientation. This means that our pong game can only run in portrait mode which

looks strange for a pong clone. These problems will be fixed in the final XNA 4 version.

As we did for the Xbox 360 port, create copy for Windows Phone of your project. If you try to run the

I3FYS Ay GKS SYdzZ I G2NE e&2dzQff YvYz2ad tA1Ste SyR dzJ
has incompatible graphics properties. To fix this, we need to switch to Windows Phone 7 specific

parameters, namely a screen resolution of 480x800 and a refresh rate of 30 frames per second. But

S R2y Qi ¢l yld G2 I LLIX & (FkGuatly O&kdaaIa ol AIdRNI 62NRK
that we only be considered by a specific port thanks to preprocessor statements. The changes will be

applied in the Gamel constructor:

public Gamel()
{

graphics = new GraphicsDeviceManager (this );
Content.RootDirectory = "Content" ;
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http://download.microsoft.com/download/D/9/2/D926FB38-BB43-4D87-AE5A-1A3391279FAC/ReleaseNotes.htm
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.game%28v=XNAGameStudio.40%29.aspx

Note that we also set the game to run in full screen mode. On Windows Phone 7, it means that the
oFrGGSNE aildldGda oAttt y20 aK2g dzlJ 290SNJ GKS 3IILYSO
hide our score display.

Try to run the game and look at our super portrait pong.

You may notice that the A Y LJdz{i &worlR SbiyieQWindows Phone 7 devices come with a physical
keyboard, but since some are not, XNA designer choose to not support keyboards as an input
method so that games are experienced the same way on all Windows Phone 7 devices. The only
method we have at our disposal if the multi-touch screen.

CANARGYE ¢S ySSR G2 RSaAdy az2yY$S a2Nl 2F AYGSNY OGA
upper left and lower left corner of the screen as our up and down buttons; the opposite corners will

0SS dzaSR G2 Y20S GKS NBR o0FNI (2 AYAGAFEATS (KS -
The following code comes right after the inputs handling in the Update method:

#if WINDOWS_PHONE
/I for each detected touch

TouchCollection  touchCollection = TouchPanel .GetState();
foreach (TouchLocation touchLocation in touchCollection)
{

Il upper left corner touche detection
if (touchLocation.Position.X < 50
&& touchLocation.Position.Y < 50)
blueBar.Y -=10; // move the blue bar up
/I lower left corner
else if (touchLocation.Position.X <50
&& touchLocation.Position.Y > 750)
blueBar.Y += 10; /I move the blue bar down

/I upper right corner touche detec tion

if (touchLocation.Position.X > 430
&& touchLocation.Position.Y < 50)
redBar.Y -=10; // move the red bar up

/I lower right corner

else if (touchLocation.Position.X > 430
&& touchLocation.Position.Y > 750)
redBar.Y += 10; /I move the red bar down

/I ball touch
if (touchLocation.Position.X < 260
&& touchLocation.Position.X > 2 20

&& touchLocation.Position.Y < 420
&& touchLocation.Position.Y > 380)
InitBall();

#endif

This is a quite rough technique® LF @2dz2QR fA1S (G2 o0SU0GSNhedzdaS (K
TryGetPreviousPosition method of a TouchLocation to follow a finger along the left or right corner of

the screen and make the bar follow the gesture.

By the way, our Pong clone is now fully playable on Windows Phone 7! And G K 0 Q& A ( &
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http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.game.update%28v=XNAGameStudio.40%29.aspx
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.input.touch.touchlocation.trygetpreviouslocation(v=XNAGameStudio.40).aspx
http://msdn.microsoft.com/en-us/library/microsoft.xna.framework.input.touch.touchlocation%28v=XNAGameStudio.40%29.aspx

Conclusion

Your Pong clone is now (almost) finished and working on three different platforms. There are still
many aspects to fine tune, but this up to you now. You should have the background to do basic 2D
games.

| 2 LISTdzA f @ T @ 2 defenfiry loXh® BISON dhlfad docunte@aYion as much as possible.
This was a secret message telling you that reading the documentation can save you much time and
avoid you some useless search on the internet. If you still have problems, search on the creators club
forum, or expose your problem on the forum.

L K2L GKIFd &2dz Sye2e8R FT2ftt29Ay3d GKAA Gdzi2NRI €
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