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• http://www.youtube.com/watch?v=JRAPnuwnpRs
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Arkanoid
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• http://www.youtube.com/watch?v=44rceRqY8_k



BREAKOUT IMPLEMENTATION
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Play Screen
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• �3! State Design Pattern �	ก"���ก���• �3! State Design Pattern �	ก"���ก���
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• The Incredible Machine

• Crayon Physics

• Pong• Pong

• Breakout

• Super Mario Brothers

• First Person Shooter .�"�;
• 
ก�.��/&!.�"�;



The Incredible Machine

• http://www.youtube.com/watch?v=EJbEDlDDVVc



Crayon Physics

• http://www.youtube.com/watch?v=sZaxO6wbxi8



Super Mario World’s Physics System

• http://www.youtube.com/watch?v=LmR2bt3-mXY
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CLASS ����� ���ก	 BREAKOUT



Class ����ก�����*��

• public abstract class GameObject

– ������������(�.'�����*���	
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• public interface Event• public interface Event

– ������������
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Class ����ก�����*��

• public class GameState

– ��"/	$�
�8	�$��(�
• GameObject ����*���	
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– Field �$�/,"��?
• List<GameObject> objects;

• List<Event> events;

• List<GameObject> objectsToAdd;

• List<GameObject> objectsToRemove;
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GameObject +� Breakout

• Bar = ��)	�$�&!�3!������

• Ball = �&ก���
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GameObject +� Breakout
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(!�� GameState

• private void UpdateObjects()

– ����/'"	���� GameObject ��ก.�(�$���&��	 GameState

• private void UpdateObject(GameObject obj)• private void UpdateObject(GameObject obj)

– ����/'"	���� obj 
�$���.�.�(
��

– ก"��,"�"	#��.ก.�"�ก�	."�3	����� obj

– ก��"(����," single dispatch ."� type ��� obj
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public GameState {
:
:

void UpdateObjects() {
foreach (GameObject obj in objects)

UpdateObject(obj);UpdateObject(obj);
}

void UpdateObject(GameObject obj) {
UpdateSpecificObject((dynamic)obj);

}

:
:

}
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void UpdateSpecificObject(GameObject obj) {

// NOP

}

void UpdateSpecificObject(Ball ball) {

ball.UpdatePosition(gameTime);

}

void UpdateSpecificObject(Item item) {

item.UpdatePosition(gameTime);

}

void UpdateSpecificObject(Bar bar) {

bar.Update(gameTime);

}
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void UpdateSpecificObject(GameObject obj) {void UpdateSpecificObject(GameObject obj) {

// NOP

}
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GameState

• void CheckCollisions()

– .�(#(�.'���ก�&��	 objects (�"�$.�( *	3	ก�	�!"�

– /,"*�����ก�&��$�3	ก�	 �*!/�!"� CollisionEvent ��!(�/����	 events

void CheckCollisions() {

int count = objects.Count;

for (int i = 0; i < count; i++)

for (int j = i + 1; j < count; j++)

if (GameObject.CheckColision(objects[i], objects[j]))

events.Add(new CollisionEvent(objects[i], objects[j]));

}



CollisionEvent

public class CollisionEvent : Event
{

private GameObject first;
public GameObject First
{

get { return first; }
}

private GameObject second;
public GameObject Secondpublic GameObject Second
{

get { return second; }
}

public CollisionEvent(GameObject first, GameObject second)
{

this.first = first;
this.second = second;

}
}



GameObject

• public static bool CheckCollision(

GameObject first, GameObject second)

– 
3%�(�" first 3	ก�� second *��� ��

– '!"3	��� true �$
3�		��	��� false– '!"3	��� true �$
3�		��	��� false

– ก"��,"�"	�-�	��&�ก��3	����� first ��� second

– ก��"(����," double dispatch

– 
�"�3! dynamic 
�����," double dispatch
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public static bool CheckColision(
GameObject first, GameObject second)

{
return CheckCollisionSpecific(
(dynamic)first, (dynamic)second);

}}

private static bool CheckCollisionSpecific(
GameObject first, GameObject second)

{
return false;

}
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• .�(���"� CheckCollisionSpecific ����&�(�.'�.�"�;

private static bool CheckCollisionSpecific(
Ball ball, Brick brick)

{
return brick.CollisionRect.Intersects(return brick.CollisionRect.Intersects(
        ball.CollisionRect);

}
private static bool CheckCollisionSpecific(
Brick brick, Ball ball)

{
return CheckCollisionSpecific(ball, brick);

}
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private static bool CheckCollisionSpecific(
Ball ball, Border border)

{
return !ball.StickingToBar && (

ball.Position.X - ball.Radius < border.Left ||
ball.Position.X + ball.Radius > border.Right ||ball.Position.X + ball.Radius > border.Right ||
ball.Position.Y - ball.Radius < border.Top);

}
private static bool CheckCollisionSpecific(
Border border, Ball ball)

{
return CheckCollisionSpecific(ball, border);

}
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GameState

• void HandleEvents()
– �-�
*.�ก"�71#"ก events �"�&�$��.�( ��!(#��ก"�ก����	 ��$��.�(

void HandleEvents()
{

int eventIndex = 0;int eventIndex = 0;
while (eventIndex < events.Count)
{
Event ev = events[eventIndex];
HandleEvent(ev);
eventIndex++;

}
}

• �," �
�" ���3! for *��� foreach ��	 while?
– ��*(�"�#��ก"�ก��
*.�ก"�71��&��"##��$
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GameState

• void HandleEvent(Event ev)

– #��ก"�ก��
*.�ก"�71 ev

– 
�>���$�4.�ก����.ก.�"�ก�	."� ev

– ก��"(���.!���," single dispatch �!(� ev– ก��"(���.!���," single dispatch �!(� ev

– 
�"�3! dynamic 
�����," single dispatch �$ก
3�	
��



HandleEvent �!� HandleSpecificEvent

void HandleEvent(Event ev)

{

HandleSpecificEvent((dynamic)ev);

}

void HandleSpecificEvent(Event ev)

{{

// NOP

}

void HandleSpecificEvent(CollisionEvent ev)

{

HandleSpecificCollision((dynamic)ev.First, (dynamic)ev.Second);

}



HandleSpecificEvent(CollisionEvent ev)

• ก"�#��ก"�
*.�ก"�71�$�(�.'�3	ก�	�-�	��&�ก��3	�����(�.'��$�3	ก�	
• ก�"(���
�".!���," double dispatch ."� ev.first ��� 

ev.second

• 
�"�3! dynamic 
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void HandleSpecificCollision(
GameObject first, GameObject second)

{
// NOP

}
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• .�(���"�ก"�#��ก"�ก"�3	ก�	���(�.'��&�.�"�;
void HandleSpecificCollision(Ball ball, Border border)
{

if (ball.Position.X < border.Left + ball.Radius)
{

ball.Position = new Vector2(border.Left + ball.Radius, ball.Position.Y);
ball.Velocity = new Vector2(Math.Abs(ball.Velocity.X), ball.Velocity.Y);

}}
if (ball.Position.X > border.Right - ball.Radius)
{

ball.Position = new Vector2(border.Right - ball.Radius, ball.Position.Y);
ball.Velocity = new Vector2(-Math.Abs(ball.Velocity.X), ball.Velocity.Y);

}
if (ball.Position.Y < border.Top + ball.Radius)
{

ball.Position = new Vector2(ball.Position.X, border.Top + ball.Radius);
ball.Velocity = new Vector2(ball.Velocity.X, Math.Abs(ball.Velocity.Y));

}
}
void HandleSpecificCollision(Border border, Ball ball)
{

HandleSpecificCollision(ball, border);
}
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void HandleSpecificCollision(Bar bar, Border border)
{
if (bar.Left < border.Left)

bar.Left = border.Left;
if (bar.Right > border.Right)

bar.Right = border.Right;
foreach (Ball ball in bar.GetStickingBalls())
{

if (ball.Left < border.Left)if (ball.Left < border.Left)
ball.Left = border.Left;

if (ball.Right > border.Right)
ball.Right = border.Right;

ball.UpdatePosition(gameTime);
}

}
void HandleSpecificCollision(Border border, Bar bar)
{

HandleSpecificCollision(bar, border);
}
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	(*�ก�� update �,������ GameState

public void Update(KeySensor keySensor,
GameTime gameTime)

{
objectsToAdd.Clear();
objectsToRemove.Clear();
events.Clear();

this.gameTime = gameTime;
ControlBar(keySensor);
UpdateObjects();
CheckCollisions();
HandleEvents();
RemovePendingObjects();
AddPendingObjects();

}



	(*�ก�� update �,������ GameState

void ControlBar(KeySensor keySensor)
{

if (keySensor.IsKeyDown(KeyMapping.leftKey))
bar.MoveLeft((float)ElapsedGameTimeInMilliseconds);

if (keySensor.IsKeyDown(KeyMapping.rightKey))
bar.MoveRight((float)ElapsedGameTimeInMilliseconds);

if (bar.HasStickingBalls &&
keySensor.IsKeyTyped(KeyMapping.launchKey))
{

Ball ball = bar.LaunchOneStickingBall();
AddEvent(new LaunchBallEvent(ball));

}
}



	(*�ก�� update �,������ GameState

void AddPendingObjects()

{

foreach (GameObject obj in objectsToAdd)

objects.Add(obj);

}

void RemovePendingObjects()

{

foreach (GameObject obj in objectsToRemove)

objects.Remove(obj);

}


