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1 Introduction

The Arcade Game Maker (AGM) product line of arcade games is a set of relatively simple systems. This version of the software architecture is likewise simple. It may become more complex as the change cases in the requirements model are planned and implemented. 

The architecture attains the qualities prescribed for it in the requirements document. The games operate sufficiently fast to be pleasing. The graphics are realistic so that the action of the game appears realistic to the player.

This document is volume two in the architecture documentation of the product line. This document provides detailed models of the architectural structures for the game products. Volume 1 provides a high-level introduction to the product line architecture.
This particular release of the architecture integrates changes that were made as a result of operating the wireless device iteration of the product line. In particular, there was no Common Language Runtime (CLR) for the wireless platforms so the core assets that were written in C# had to be re-implemented in Java. At the same time, the graphics implementations had to be renovated to accommodate the model used by Java Micro Edition. Finally, the notion of a mouse device was generalized to a locator device to accommodate the stylus and button style of the Palm devices.

2 System Deployment Overview

The game products in the Arcade Game Maker product line will all have the same relationships with the external environment. This is shown in Figure 1. This document details the software architecture of the portion provide by AGM. Therefore, it will focus only on the Game package and assume the availability of the Driver packages in the various infrastructures that will be used in the different iterations.
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Figure 1-Deployment Diagram for System

The Game responds to locator and keyboard events. The Game controls the display through calls provided in the language library. 

The first variation point is illustrated in Figure 2. The wireless device iteration of products needs the stylus form of device while the other products use the mouse driver. 
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Figure 2 - LocatorDevice Variation Point

3 Module Decomposition View

We begin by considering a generic game product. In this section we describe the basic structure of a game product. The basic approach to variation is specialization. The structures shown here will be specialized to provide the behaviors specific to a game.

In Figure 1 we show the Game component as the representation for the game product. In Figure 2 we show the interface of that component as the top-level interface of the system. That interface is defined in section 5. Figure 2 also shows the other major interfaces that are at the first level of decomposition within the GameInterface. Each of these is defined in sections later in this document.
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Figure 3- Module View Decomposition of Game Component

The GameBoard interface is the primary interface used by the Game. The GameBoard is a container component that holds all of the elements needed for the Game.  Figure 3 shows the decomposition of GameBoard. The GameBoard aggregates a set of MovableSprites and a set of StationarySprites. The actual objects that are provided in each set varies over several classes but GameBoard sees them as the type of the set.

The Game delegates all event handling except for events related to the window, which the Game owns, to the GameBoard. The GameBoard provides an event handler object at construction time. This is indicated by the aggregation of the EventHandlerInterface in Figure 3.
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Figure 4 - Decomposition of GameBoard

The ScoreBoard interface is a simple single component that is defined in section 6. When the change case for saving the score to a file is implemented, this component will access the file of scores.

The SpeedControl interface is simple as well. This control simply changes how often a tick is issued to the GameBoard. The SpeedControl simply sends a message to the Game and changes the frequency of the ticks.

We supplement the definitional views shown in the above figures with an operational view, shown in Figure 4, using a component-port-role view. This view provides a more realistic view of how computation flows through the system. In Figure 4 the Game component is shown as containing the GameBoard component and delegating to it how to respond to messages that enter on the LocatorEvent and KeyBoardEvent interfaces.

In a specific product the Game component will be replaced by the Brickles component, the Pong component, etc. The Game-specific component uses the GameBoard and loads the appropriate Sprites for that game. Most of the Sprites are not game-specific. The ones that are, only specialize a small portion of their parent’s behavior.
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Figure 5 - Operational View

4 Sprite Decomposition

All of the graphical elements in a game definition, and some invisible elements, are some specialization of Sprite. In Figure 3 the two top level specializations, MovableSprite and StationarySprite, appear. In this section we describe these elements.

4.1 MovableSprite View Packet

Figure 5 gives the context for this view packet.  All of the modules in this view packet represent specializations of Sprite that move during the game. Figure 6 shows the specializations of MovableSprite.
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Figure 6-Context for MovableSprite View Packet
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Figure 7- MovableSprite Generalization View

The principle elements that move are paddles, pucks, and bowling balls. These may be further specialized for other games.

Figure 7 presents the abstract algorithm for moving Sprites around the gameboard.
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Figure 8 - Basic Move Algorithm for MovableSprites

4.2 StationarySprite View Packet

Figure 8 illustrates the context for the StationarySprite view packet. This view packet describes the specializations of Sprites that do not move. 
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Figure 9 - Context for the StationarySprite View packet

StationarySprites provide the building blocks of the playing field for a game.
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Figure 10 - StationarySprite Generalization View
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Figure 11 - Collision Detection Algorithm

Figure 10 shows the role of the StationarySprites in detecting collisions. After each tick, the GameBoard first updates the position of each MovableSprite to its new location. Then the GameBoard compares the BoundingBox of each MovableSprite with the BoundingBox of every StationarySprite. When an overlap occurs, a collision has been detected. A CollisionException is thrown. 

Figure 11 shows how a collision is handled. The CollisionException is caught and a message sent to the StationarySprite involved in the collision. The StationarySprite follows its behavior and sends the appropriate message to the MovableSprite. 


[image: image12.wmf] 


Figure 12 - Handling a Collision

5 GameBoard Interface

5.1 Interface Identity



GameBoard

5.2 Resources provided

5.2.1 Resource syntax


Board(Point p, Size s,EventHandlerDefinitions ehd)


void startMovement()


void stopMovement()


void setSpeed(int newValue)


int getSpeed()


void tick()


void addMovablePiece(IComponent ic, String s)


void addMovablePiece(IComponent ic)


void removeMovablePiece(IComponent ic)


void addStationaryPiece(IComponent ic, String s)


void addStationaryPiece(IComponent ic)


void removeStationaryPiece(IComponent ic)


void resetList()


boolean isMember(Icomponent ic)


boolean isMoving()

5.2.2 Resource semantics


Board(Point p, Size s,EventHandlerDefinitions ehd)


Pre: true


void startMovement()


Post: self.isMoving = true


Pre: true


void stopMovement()


post: isMoving = false


pre: true


void setSpeed(int newValue)


post: self.getSpeed() = newValue


pre: true


int getSpeed()


post: return speed


pre: true


void tick()


post: none


pre: true


void addMovablePiece(IComponent ic, String s)


post: self.isMember(ic) = true


pre: true


void addMovablePiece(IComponent ic)


post: self.isMember(ic) = true


pre: self.isMember(ic)


void removeMovablePiece(IComponent ic)


post: self.isMember(ic) = false


pre: true


void addStationaryPiece(IComponent ic, String s)


post: self.isMember(ic) = true


pre: true


void addStationaryPiece(IComponent ic)


post: self.isMember(ic) = true


pre: self.isMember(ic)


void removeStationaryPiece(IComponent ic)


post: self.isMember(ic) = false


pre: true


void resetList()


post: forall ic.isMember(IComponent) self.isMember(ic)=false


pre: true


Boolean isMember(Icomponent ic)


Post: return true if ic is in Board


Pre: true


Boolean  isMoving()


Post: return true if this is in moving state
5.2.3 Resource usage restrictions

· Only one instance of a GameBoard may be present in one system.

· This component has no dependencies on the physical rules nor the game rules

5.3 Locally defined data types

	Type
	Definition Location

	EventHandlerDefinitions
	See section 11

	MovableSprite
	See section 7

	StationarySprite
	See section 8


5.4 Error handling

Sprites may throw exceptions. These are not caught by the GameBoard implementation. The exceptions thrown by the Sprites are caught by the Game. These exceptions are NOT errors.  They are an integral part of the logic of the game being played.

5.5 Variability provided

The main variability in GameBoard is the set of event handlers. These are defined in a single object that is provided as a parameter to the constructor. The definitions cover all mouse events and keyboard events.

5.6 Quality attribute characteristics

The GameBoard is the basis for the animation. It is responsible for providing an implementation that results in the smooth movement of the moving Sprites. 


5.7 What the element requires

GameBoard requires: 

System.ComponentModel.Container from the .Net library.

System.ComponentModel.IComponent from the .Net library.

The Container holds the IComponents. The list facilities of the Container manipulate the Sprites.
5.8 Rationale and design issues

The GameBoard interface provides a single point to which games come to place elements on the GameBoard shown to the GamePlayer. The interface separates the creation of the GameBoard object from the configuration process.

5.9 Usage guide

The rules of the game are distributed among the game elements, the Sprites. The GameBoard is a container for the action. As such there are few constraints on the use of the container. The state machine for the GameBoard is shown in Figure 12.
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Figure 13- Usage of the GameBoard

The state machine is purposely simple. There is no need to preclude future games from adding Sprites while the game is in motion; however, the current games do not do this.

6 Sprite Interface

6.1 Interface Identity

Sprite

6.2 Resources provided

6.2.1 Resource Syntax 

Sprite(Point p,Size s)
void collideWith(Sprite m);

void paint(PaintEventArgs e);

void setBoundingBox();

PictureBox getPicture();

Rectangle getBoundingBox();

Rectangle getBoundingBox(Sprite s);

bool overLaps(Sprite s);

bool overLaps(Rectangle r);

6.2.2 Resource semantics

Pre: true

Sprite(Point p,Size s)

Post: self exists
Pre: true

void collideWith(Sprite m);

post: 

pre: true

void paint(PaintEventArgs e);

post: current state of self is represented on screen

pre: true

void setBoundingBox();

post: self’s bounding box is updated

pre: true

PictureBox getPicture();

Post: return the bounding box of image

Pre: true

Rectangle getBoundingBox();

Post: return the bounding box of Sprite

Pre:true

Rectangle getBoundingBox(Sprite s);

Post: return self.boundingBox

Pre: true

bool overLaps(Sprite s);

post: return true if s.getBoundingBox().overlaps(self.getBoundingBox()) 

pre: true

bool overLaps(Rectangle r);

post: return true if self.getBoundingBox().overlaps(r))
6.2.3 Resource usage restrictions

This interface specifies abstract concepts. It is not intended to be used.

6.3 Locally defined data types

none 

6.4 Error handling

none

6.5 Variability provided

At this level, there is no variability.

6.6 Quality attribute characteristics

6.7 What the element requires

Definition of Rectangle

6.8 Rationale and design issues

This definition fills an important domain role. It represents the Sprite concept, which has a long history in computer-bases games in our design.

6.9 Usage guide

Sprite is used as the basis for concrete component definitions.

7 MovableSprite Interface

7.1 Interface Identity

MovableSprite which is a specialization of Sprite, section 6.

7.2 Resources provided

7.2.1 Resource Syntax 

MovableSprite(Point p, Size s)
void paint(PaintEventArgs e)
bool moving()
void startMoving()
void stopMoving()
void reverseX()
void reverseY()

void move()
7.2.2 Resource semantics

Pre: true

MovableSprite(Point p, Size s)

Post: self exists

Pre: true
void paint(PaintEventArgs e)

post: current state of self is represented on screen

pre: true
bool moving()

post: return true if self is moving otherwise false

pre: true

void startMoving()

post: self.moving = true

pre: true
void stopMoving()

post: self.moving = false
pre: true

void reverseX()

post: X component of direction is reversed

pre: true
void reverseY()
post: Y component of direction is reversed

pre: self.moving = true

void move()

post: self has moved to new Location
7.2.3 Resource usage restrictions

A MovableSprite can be used anywhere a Sprite can be used or where a MovableSprite is specifically specified.

7.3 Locally defined data types 

none

7.4 Error handling

none

7.5 Variability provided

The MovableSprites differ from each other in three ways. Trivially, each type of MovableSprite has its own icon on the screen. Second, each provides its own behavior when it is involved in a collision. Third, each provides its own algorithm that controls the path it follows as it moves.

7.6 Quality attribute characteristics

The division between stationary and movable sprites is a performance enhancement effort.

7.7 What the element requires

No additional state variables, beyond those in Sprite, are required.

7.8 Rationale and design issues

Stationary and movable Sprites are treated separately for efficiency. Most games score points by having stationary and moving Sprites collide. By dividing the group of Sprites into the two separate groups, checking for a collision takes less time. Since this must be done after each movement, this is a significant point at which to enhance performance. 

7.9 Usage guide

MovableSprites are the main actors in a game. They give the action that keeps the player’s attention. MovableSprites are added to the GameBoard at product creation time by the product builder.

8 StationarySprite Interface

8.1 Interface Identity

StationarySprite which is a specialized version of Sprite, see section 6.

8.2 Resources provided

8.2.1 Resource Syntax 

StationarySprite(Point p, Size s)

8.2.2 Resource semantics

Pre: true

StationarySprite(Point p, Size s)

Post: self exists
8.2.3 Resource usage restrictions

A StationarySprite can be used anywhere a Sprite can be used or where a StationarySprite is specifically specified.

8.3 Locally defined data types 

none

8.4 Error handling

none

8.5 Variability provided

Each StationarySprite can be instantiated as either absorbing or non-absorbing. When an absorbing StationarySprite collides with a MovableSprite, the MovableSprite is deleted from the game.

8.6 Quality attribute characteristics

The division between stationary and movable sprites is a performance enhancement effort.

8.7 What the element requires

No additional state variables, beyond those in Sprite, are required. 

8.8 Rationale and design issues

Stationary and movable Sprites are treated separately for efficiency. Most games score points by having stationary and moving Sprites collide. By dividing the group of Sprites into the two separate groups, checking for a collision takes less time. Since this must be done after each movement, this is a significant point at which to enhance performance. 

8.9 Usage guide

StationarySprites form boundaries and obstacles in a game. StationarySprites are added to a GameBoard during construction of the game.

9 ScoreBoard interface

9.1 Interface Identity

Scoreboard

9.2 Resources provided

9.2.1 Resource syntax

ScoreBoard(String newFileName, String initialScore)

void storeScore()

void getScore()

void setScore(String newScore)

void showScores()

9.2.2 Resource semantics

Pre: there exists a file with name newFileName

ScoreBoard(String newFileName, String initialScore)

Post: self.getScore() = initialScore 

Pre: true

void storeScore()

post: score has been stored

pre: true

int getScore()

post: return current score

pre: true

void setScore(String newScore)

post: self.getScore() = newScore

pre: true

void showScores()

post: true

9.2.3 Resource usage restrictions

File system must have 1KB available space

9.3 Locally defined data types

none

9.4 Error handling

An exception is thrown if the newFileName parameter either does not exist or there are insufficient permissions to create that file.

9.5 Variability provided

Only the string that represents the file in which the score is stored and the initial value for the score change. No variability.

9.6 Quality attribute characteristics

none

9.7 What the element requires

The element requires the file system API to open and close the file.

The element is a specialization of the Panel component. This component provides windowing capability.

9.8 Rationale and design issues

The score is maintained as a string within the scoreboard. This allows different games to have different formats for their scores. Each game is responsible for converting their score to a string. It also allows different games to have a different number of scores. Brickles has a single score, Pong has two scores simultaneously while Bowling must display numbers for all 10 frames.

9.9 Usage guide

This simple component provides a simple interface. The component is placed in the Game window.

10 SpeedControl Interface

10.1 Interface Identity

SpeedControl

10.2 Resources provided

10.2.1 Resource Syntax 

10.2.2 Resource semantics

10.2.3 Resource usage restrictions

10.3 Locally defined data types 

10.4 Error handling

10.5 Variability provided

10.6 Quality attribute characteristics

10.7 What the element requires

10.8 Rationale and design issues

10.9 Usage guide

11 LocatorDevice Interface

11.1 Interface Identity

LocatorDevice

11.2 Resources provided

11.2.1 Resource Syntax 

11.2.2 Resource semantics

11.2.3 Resource usage restrictions
11.3 Locally defined data types
The locatordevice interface also defines the coordinate data types that are used by the devices.  

11.4 Error handling

The locatordevice handles out of bounds events by not reporting those to the application.
11.5 Variability provided

As shown in Figure 14, there are two variants at this variation point. A product may include either a mouse or a stylus as the locator device.
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Figure 14 - LocatorDevice Variability
11.6 Quality attribute characteristics

The LocatorDevice interface is event-based. This allows the device to respond quickly to user actions.
11.7 What the element requires

This element must be connected to a physical device through some type of interrupt handler and event queue. Usually a “driver” object is supplied by the manufacturer of the device for each of several popular languages.
11.8 Rationale and design issues

Due to their event-based nature, the locatordevice objects can overwhelm the application with events. The typical design pattern is to compare successive events in the event queue. If they represent very small changes in location, the application code may be designed to delete some of those events, maybe 4 out of 5 move events if the differences are very small.
12 EventHandlerDefinitions

12.1 Interface Identity

EventHandlerDefinitions

12.2 Resources provided

12.2.1 Resource syntax

void MouseDown(object sender,MouseEventArgs e);

void MouseUp(object sender,MouseEventArgs e);

Rectangle MouseMove(object sender,MouseEventArgs e); 

void MouseEnter(object sender,EventArgs e);

void MouseLeave(object sender,EventArgs e);

void KeyDown(object sender,KeyEventArgs e);

12.2.2 Resource semantics

pre: mouse is attached and mouse driver has been loaded

void MouseDown(object sender,MouseEventArgs e);

post: MouseDown action has been executed

pre: self.isInvoked(MouseDown())

void MouseUp(object sender,MouseEventArgs e);

post: MouseUp action has been executed

pre: mouse is attached and mouse driver has been loaded

Rectangle MouseMove(object sender,MouseEventArgs e); 

Post: MouseMove action has been executed

pre: mouse has entered the window for which this is the mouse event handler

void MouseEnter(object sender,EventArgs e);

post: MouseEnter action has been executed

pre: mouse has left the window for which this is the mouse event handler

void MouseLeave(object sender,EventArgs e);

post: MouseLeave action has been executed

pre: keyboard is attached and the keyboard driver has been loaded and a key has been down

void KeyDown(object sender,KeyEventArgs e);

post: KeyDown action has been executed

12.2.3 Resource usage restrictions

· devices must be attached

12.3 Locally defined data types

None

12.4 Error handling

There is no error handling in the module.

12.5 Variability provided

The actions taken as a result of each of the hardware events can be redefined in each new implementation of this interface. In fact, each of the games utilizes a different implementation of this interface. An implementation of this interface is provided as a parameter for the GameBoard component.

12.6 Quality attribute characteristics

Performance – each handler routine should be as efficient as possible. The MouseMove event will be particularly frequent so that implementation must be very efficient.  

12.7 What the element requires

No outside elements are required by the routines because of the interface. Each implementation may use some outside elements but those are not known in general.

12.8 Rationale and design issues

This interface allows the GameBoard component to be generic. Each game requires a different set of actions when the mouse moves or a buttom is pressed or released. Placing these actions in an object allows the GameBoard to be a container that delegates the events to the parameter object.

12.9 Usage guide

This interface is stateless.  The methods are invoked by whichever events occur in whatever order they happen to occur.

13 Eventual Architecture

The requirements model defines a couple of change cases. The high-level architecture shown in Figure 1 will change when those change cases are implemented. The architecture will evolve to the more complex structure shown in Figure 13. This architecture contains the database in which the scores and state of the game will be stored. 
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Figure 15-Evolved architecture
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