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Clients
Note that when a client calls the creator classes, it needs to pass an instance of the
stage to the draw( ) method as a parameter. If your client is the document class for a
Flash document, it should have access to the stage using the this.stage property. In
ActionScript 3.0, the stage isn’t globally accessible. It can only be accessed by objects
that are already attached to the display list.

// instantiate concrete shape creators
var unfilledShapeCreator:ShapeCreator = new UnfilledShapeCreator( );
var filledShapeCreator:ShapeCreator = new FilledShapeCreator( );

// draw unfilled shapes
unfilledShapeCreator.draw(UnfilledShapeCreator.CIRCLE, this.stage, 50, 75);
unfilledShapeCreator.draw(UnfilledShapeCreator.SQUARE, this.stage, 150, 75);

                trace("Creating new square shape");
                return new SquareWidget( );
            } else {
                throw new Error("Invalid kind of shape specified");
                return null;
            }
        }
    }
}

Example 2-28. FilledShapeCreator.as

package shapecreators
{
    public class FilledShapeCreator extends ShapeCreator
    {
        public static const CIRCLE        :uint =  0;
        public static const SQUARE        :uint =  1;

        override protected function createShape(cType:uint):ShapeWidget
        {
            if (cType == CIRCLE)
            {
                trace("Creating new filled circle shape");
                return new FilledCircleWidget( );
            } else if (cType == SQUARE) {
                trace("Creating new filled square shape");
                return new FilledSquareWidget( );
            } else {
                throw new Error("Invalid kind of shape specified");
                return null;
            }
        }
    }
}

Example 2-27. UnfilledShapeCreator.as
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// draw filled shapes
filledShapeCreator.draw(FilledShapeCreator.CIRCLE, this.stage, 50, 200);
filledShapeCreator.draw(FilledShapeCreator.SQUARE, this.stage, 150, 200);

As in previous examples, you can extend this application to draw different kinds of
sprites with different behaviors without much effort. We will use the sprite factory in
our final example, a vertical shooter game.

Example: Vertical Shooter Game
The next application will demonstrate the usefulness of the factory method pattern
when designing fast-paced action games, as many sprites on the screen are created at
runtime based on user input. When an application doesn’t know which objects to
create until runtime, the factory method design pattern light bulb should go off in
your head. We will develop a portion of a vertical shooter game in the best tradi-
tions of the original Space Invaders. The game will be based on the sprite factory
example, as all interactive objects that appear on the Flash Stage are derived form the
Sprite class. This will not be a complete game, but the parts that show the utility of
the factory method pattern, such as creating different space ships, including the dif-
ferent projectiles that the ships shoot at each other, will be fully developed.

The game will consist of one hero ship located at the bottom of the stage (see
Figure 2-10) that can be moved horizontally using the mouse. Five alien ships are
placed in a row at the top of the stage. The alien ships shoot alien cannon balls
(unfilled circles) and alien mines (unfilled squares that rotate). Clicking the mouse
will make the hero ship shoot hero cannon balls (filled circles). In this example, we
will not implement collision detection (aka hit testing) to figure out if projectiles hit
the ships.

Figure 2-10. Screenshot of Vertical Shooter example showing space ships and projectiles
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Figure 2-11 shows the Project window for the example. It consists of two packages
that encapsulate space ships and projectiles. The weapons package makes use of the
factory method pattern, and defines creator classes (weapons platforms) that pro-
duce different projectiles. The ships package uses a variation on the factory method
pattern to create different spaceships.

Product Classes
The example consists of two different products: projectiles and space ships. Each
product is visible as a sprite on the Stage.

Projectiles

The Projectile class shown in Example 2-29 defines the abstract interface for the
concrete projectile classes. It should behave as an abstract class and is declared as a
subclass of Sprite. The class defines the nSpeed property to hold the speed of the pro-
jectile in pixels per second. The drawProjectile( ) method should behave as abstract
and has to be implemented in a subclass. The class also defines several methods with
default implementations. The setLoc( ) method sets the X and Y coordinates of the
sprite. The arm( ) method specifies the default speed of the projectile and sets it to 5
pixels per frame. The release( ) method attaches an EnterFrame event handler called
doMoveProjectile( ) to move the projectile vertically by nSpeed pixels on each
EnterFrame event. The doMoveProjectile( ) also performs the important function of

Figure 2-11. Vertical Shooter Project window
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checking if the projectile has gone beyond the top or bottom boundaries of the stage.
If so, it removes the sprite object as an event listener, and removes it from the dis-
play list of the stage. Because there are no references to the projectile object at this
point, the Flash garbage collector will recover the memory it occupied.

Example 2-29. Projectile.as

package weapons
{
    import flash.display.Sprite;
    import flash.events.*;

    // ABSTRACT Class (should be subclassed and not instantiated)
    internal class Projectile extends Sprite
    {
        internal var nSpeed:Number // holds speed of projectile

        // ABSTRACT Method (must be overridden in a subclass)
        internal function drawProjectile( ):void {}

        internal function arm( ):void
        {
            // set the default speed for the projectile (5 pixels / fame)
            nSpeed = 5;
        }

        internal function release( ):void
        {
            // attach EnterFrame event handler doMoveProjectile( )
            this.addEventListener(Event.ENTER_FRAME, this.doMoveProjectile);
        }

        internal function setLoc(xLoc:int, yLoc:int):void
        {
            this.x = xLoc;
            this.y = yLoc;
        }

        // update the projectile sprite
        internal function doMoveProjectile(event:Event):void
        {
            this.y += nSpeed; // move the projectile
            // remove projectile if it extends off the top or bottom of the stage
            if ((this.y < 0) || (this.y > this.stage.stageHeight))
            {
                // remove the event listener
                this.removeEventListener(Event.ENTER_FRAME,
                                         this.doMoveProjectile);
                this.stage.removeChild(this); // remove sprite from stage
            }
        }
    }
}
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The default behaviors defined in the Projectile class are suitable for most of the
derived concrete projectile classes (Examples 2-30 through 2-32). So the derived pro-
jectile classes are much simpler. They simply draw the projectile by overriding and
implementing the drawProjectile( ) method. The arm( ) method is overridden to set
a different speed. The advantage of using abstract classes should be noted here, as
the code required to add new projectiles is minimal because in most cases, the
desired action will be to inherit default behavior.

Example 2-30. HeroCannonBall.as

package weapons {

    internal class HeroCannonBall extends Projectile {

        override internal function drawProjectile( ):void
        {
            graphics.beginFill(0xFFFF00);
            graphics.drawCircle(0, 0, 5);
            graphics.endFill( );
        }

        override internal function arm( ):void {
            nSpeed = -10; // set the speed
        }
    }
}

Example 2-31. AlienCannonBall.as

package weapons {

    internal class AlienCannonBall extends Projectile {

        override internal function drawProjectile( ):void
        {
            graphics.lineStyle(3, 0xFF00FF);
            graphics.drawCircle(0, 0, 5);
        }

        override internal function arm( ):void {
            nSpeed = 8; // set the speed
        }
    }
}

Example 2-32. AlienMine.as

package weapons {

    import flash.events.*;

    internal class AlienMine extends Projectile {
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Projectiles are drawn using methods available in the Graphics class accessible via the
graphics property. The projectile speed is set to a negative value for the
HeroCannonBall class as it moves from the bottom to top of the stage (Example 2-30).
In contrast, alien projectiles move from top to bottom (See Figure 2-10 to see the
locations of the space ships). Also note the overridden doMoveProjectile( ) method
in the AlienMine class. It calls the default behavior in the superclass using the super
property, but adds a statement to make the sprite rotate. So, alien mines spin slowly
as they move.

Space ships

The Ship class shown in Example 2-33 defines the abstract interface for the concrete
space ship classes. The Ship class should behave as an abstract class and is declared
as a subclass of Sprite. It defines a setLoc( ) method to set the X and Y coordinates
of the sprite. It also defines two methods without implementations that should
behave as abstract methods. The drawShip( ) method should be overridden and
implemented to draw the ship. Similarly, the initShip( ) method should be overrid-
den to initialize ship behavior such as attach event handlers.

        override internal function drawProjectile( ):void
        {
            graphics.lineStyle(3, 0xFF0000);
            graphics.drawRect(-5, -5, 10, 10);
        }

        override internal function arm( ):void {
            nSpeed = 2; // set the speed
        }

        override internal function doMoveProjectile(event:Event):void {
            super.doMoveProjectile(event);
            this.rotation += 5; // rotate
        }
    }
}

Example 2-33. Ship.as

package ships
{
    import flash.display.Sprite;
    import flash.events.*;

    // ABSTRACT Class (should be subclassed and not instantiated)
    internal class Ship extends Sprite
    {
        internal function setLoc(xLoc:int, yLoc:int):void
        {
            this.x = xLoc;

Example 2-32. AlienMine.as (continued)
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The AlienShip (Example 2-34) and HeroShip (Example 2-35) classes extend the Ship
(Example 2-33) class.

            this.y = yLoc;
        }

        // ABSTRACT Method (must be overridden in a subclass)
        internal function drawShip( ):void {}

        // ABSTRACT Method (must be overridden in a subclass)
        internal function initShip( ):void {}
    }
}

Example 2-34. AlienShip.as

package ships
{
    import flash.display.*;
    import flash.events.*;
    import weapons.AlienWeapon;

    public class AlienShip extends Ship
    {
        private var weapon:AlienWeapon;
        // available projectiles
        private const aProjectiles:Array = [AlienWeapon.CANNON, AlienWeapon.MINE];

        override internal function drawShip( ):void
        {
            graphics.beginFill(0xFFFFFF); // white color
            graphics.drawRect(-5, -10, 10, 5);
            graphics.drawRect(-20, -5, 40, 10);
            graphics.drawRect(-20, 5, 10, 5);
            graphics.drawRect(10, 5, 10, 5);
            graphics.endFill( );
        }

        override internal function initShip( ):void
        {
            // instantiate the alien projectile creator
            weapon = new AlienWeapon( );
            // attach the doFire( ) method on this object
            // as an ENTER_FRAME handler of the stage
            this.stage.addEventListener(Event.ENTER_FRAME, this.doFire);
        }

        protected function doFire(event:Event):void
        {
            // fire randomly (4% chance of firing on each enterframe)
            if (Math.ceil(Math.random( ) * 25) == 1)
            {
                // select random projectile

Example 2-33. Ship.as (continued)
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                var cProjectile:uint =
                  aProjectiles[Math.floor(Math.random( ) * aProjectiles.length)];
                weapon.fire(cProjectile, this.stage, this.x, this.y + 15);
            }
        }
    }
}

Example 2-35. HeroShip.as

package ships
{
    import flash.display.*;
    import weapons.HeroWeapon;
    import flash.events.*;

    internal class HeroShip extends Ship
    {
        private var weapon:HeroWeapon;

        override internal function drawShip( ):void
        {
            graphics.beginFill(0x00FF00); // green color
            graphics.drawRect(-5, -15, 10, 10);
            graphics.drawRect(-12, -5, 24, 10);
            graphics.drawRect(-20, 5, 40, 10);
            graphics.endFill( );
        }

        override internal function initShip( ):void
        {
            // instantiate the hero projectile creator
            weapon = new HeroWeapon( );
            // attach the doMoveShip() and doFire( ) methods on this object
            // as MOUSE_MOVE and MOUSE_DOWN handlers of the stage
            this.stage.addEventListener(MouseEvent.MOUSE_MOVE, this.doMoveShip);
            this.stage.addEventListener(MouseEvent.MOUSE_DOWN, this.doFire);
        }

        protected function doMoveShip(event:MouseEvent):void
        {
            // set the x coordinate of the sprite to the
            // mouse relative to the stage
            this.x = event.stageX;
            event.updateAfterEvent( ); // process this event first
        }

        protected function doFire(event:MouseEvent):void
        {
            weapon.fire(HeroWeapon.CANNON, this.stage, this.x, this.y - 25);
            event.updateAfterEvent( ); // process this event first
        }
    }
}

Example 2-34. AlienShip.as
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Note the initShip( ) methods in both derived classes attach event handlers to inter-
cept events. The event handlers on the HeroShip class respond to MOUSE_MOVE and
MOUSE_DOWN events sent to the stage. Intercepting these stage events is necessary as the
hero ship should respond to mouse events even when the mouse focus is not on the
sprite. In addition, the initShip( ) method initializes the corresponding creator class
for creating projectiles. The ENTER_FRAME event handler on the AlienShip class is the
doFire( ) method. It fires a random projectile from the available projectile list using
the projectile creator class.

Creator Classes
We end up with two sets of creator classes corresponding to the two product types.
One creator class encapsulates the creation of projectiles and the other encapsulates
space ship creation.

Weapon

The Weapon class (Example 2-36) is the abstract interface that encapsulates projectile
creation. The weapon is better described as a weapons platform that can fire differ-
ent kinds of projectiles. The publicly accessible fire( ) method calls the
createProjectile( ) factory method.

Example 2-36. Weapon.as

package weapons
{
    import flash.display.Stage;
    import flash.errors.IllegalOperationError;

    // ABSTRACT Class (should be subclassed and not instantiated)
    public class Weapon
    {

        public function fire(cWeapon:uint, target:Stage, xLoc:int, yLoc:int):void
        {
            var  projectile:Projectile = this.createProjectile(cWeapon);
            trace("Firing " + projectile.toString( ));
            // draw projectile
            projectile.drawProjectile( );
            // set the starting x and y location
            projectile.setLoc(xLoc, yLoc);
            // arm the projectile (override the default speed)
            projectile.arm( );
            // add the projectile to the display list
            target.addChild(projectile);
            // make the projectile move by attaching enterframe event handler
            projectile.release( );
        }
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The AlienWeapon (Example 2-37) and HeroWeapon (Example 2-38) classes extend the
Weapon class (Example 2-36) and implement the createProjectile( ) factory method.

        // ABSTRACT Method (must be overridden in a subclass)
        protected function createProjectile(cWeapon:uint):Projectile
        {
            throw new IllegalOperationError("Abstract method:
                                             must be overridden in a subclass");
            return null;
        }
    }
}

Example 2-37. AlienWeapon.as

package weapons
{
    public class AlienWeapon extends Weapon
    {
        public static const CANNON    :uint =  0;
        public static const MINE        :uint =  1;

        override protected function createProjectile(cWeapon:uint):Projectile
        {
            if (cWeapon == CANNON)
            {
                trace("Creating new alien cannonball");
                return new AlienCannonBall( );
            } else if (cWeapon == MINE) {
                trace("Creating new alien mine");
                return new AlienMine( );
            } else {
                throw new Error("Invalid kind of projectile specified");
                return null;
            }
        }
    }
}

Example 2-38. HeroWeapon.as

package weapons
{
    public class HeroWeapon extends Weapon
    {
        public static const CANNON    :uint =  0;

        override protected function createProjectile(cWeapon:uint):Projectile
        {
            if (cWeapon == CANNON)
            {
                trace("Creating new Hero cannonball");

Example 2-36. Weapon.as (continued)
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ShipCreator

The concrete class ShipCreator (Example 2-39) encapsulates ship creation. We don’t
need to encapsulate knowledge about hero ships and alien ships at this point. After
all, we have only one hero ship and one kind of alien ship.

                return new HeroCannonBall( );
            } else {
                throw new Error("Invalid kind of projectile specified");
                return null;
            }
        }
    }
}

Example 2-39. ShipCreator.as

package ships
{
    import flash.display.Stage;

    public class ShipCreator
    {
        public static const HERO        :uint =  0;
        public static const ALIEN    :uint =  1;

        public function addShip(cShipType:uint, target:Stage, xLoc:int, yLoc:int):void
        {
            var ship:Ship = this.createShip(cShipType);
            ship.drawShip( ); // draw ship
            ship.setLoc(xLoc, yLoc); // set the x and y location
            target.addChild(ship); // add the sprite to the stage
            ship.initShip( ); // initialize ship
        }

        private function createShip(cShipType:uint):Ship
        {
            if (cShipType == HERO)
            {
                trace("Creating new hero ship");
                return new HeroShip( );
            } else if (cShipType == ALIEN) {
                trace("Creating new alien ship");
                return new AlienShip( );
            } else {
                throw new Error("Invalid kind of ship specified");
                return null;
            }
        }
    }
}

Example 2-38. HeroWeapon.as (continued)
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Concrete Creator Classes
Until we encountered the ShipCreator class (Example 2-39), the examples defined
creator classes as abstract. Concrete creator classes implement the factory method as
opposed to leaving the implementation to subclasses. So, adding new products
requires changing the factory method in a concrete class. Changing existing code is
not as elegant a solution as extending an abstract class to accommodate changes.
Concrete creator classes are useful when the design’s only motivation is to decouple
concrete classes from the clients that use them. When you add the possibility of
changing requirements to this equation, in most cases the abstract creator classes are
the more prudent choice.

Clients
We have multiple clients accessing the creator classes. Clients can use the
ShipCreator class (Example 2-39) to place space ships on the stage.

// instantiate ship creator
var shipFactory:ShipCreator = new ShipCreator( );

// place hero ship
shipFactory.addShip(ShipCreator.HERO, this.stage,
                this.stage.stageWidth / 2, this.stage.stageHeight - 20);
// place alien ships
for (var i:Number = 0; i < 5; i++)
{
    shipFactory.addShip(ShipCreator.ALIEN, this.stage,
        120 + 80 * i, 100);
}

In addition, the hero and alien spaceships access their corresponding weapons classes
to create and fire projectiles. The spaceships are the clients for the projectile classes.

Summary
Change is inevitable in software design. Requirements change during the course of
application development, and, in some cases, ugly hacks are used to effect changes
that the original design didn’t anticipate. The antidote to this common issue is
robust design that stands up to changes and modifications. The best way to handle
changing requirements is to manage the dependencies between code segments. Con-
sider the example of a Client class creating a new instance of a Product class using
the new keyword, and saving the resulting object in a variable. This is a very common
practice that creates a strong dependency between the two classes. This is also
known as strong or tight coupling. Changes to either class will most likely propagate
to the other class as well. The factory method pattern is an excellent way to manage
these types of dependencies, as it introduces a firewall between classes that depend
on each other. The pattern does not prevent the classes from depending on each
other, but it provides a framework by which this dependency can be managed.
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