***copy edit AMS...28 June

***production code:
[em] = em dash
[ms] = minus sign
[1/4] = true fraction
[CN]Chapter 17

[CT]Animation

Animation is one of the things that makes Java attractive to Web developers. After you understand some basic principles, you can animate your programs in a number of very interesting ways. In this chapter, you will see a general strategy for animation in Java, and you will practice implementing that strategy in several ways. You will see the three main types of animation, and you will expand on your understanding of arrays. Finally, you will look at how you can let HTML authors customize your applets without getting into your code.
Specifically, you will learn the following skills:

***PD: Begin bulleted list

*
How to build a framework for animation that can be extended for many kinds of animation
*
How to draw figures directly on a surface with graphics commands.  

*
How to swap between images to get the illusion of continuous motion.
*
How to move objects on the screen.
*
How arrays can be used to work with all kinds of objects in java.

*
How to use HTML parameters to give your applets more flexibility.

***PD: end bulleted list
???Andy: As always, we need a bulleted list of topics covered in the chapter. --AMS

[1]Project: The CustomBounce Applet
Here is an applet that shows some animation, and it also has some other interesting features.
EQ:  I wonder if we need some intro text here..  (hee hee)
???Andy: Guess what? We need some intro text here, something that lets us know something about the bouncing ball and brick applets and that warns us why you're showing us HTML code and not the java code first--AMS

[2]A Bouncing Ball
This applet shows a ball bouncing around the screen.  As the ball bounces off a wall, it makes a very satisfying "boing" sound, and changes directions, until it hits another wall.  There is also something a little unusual about the HTML that called this applet.
???Andy: We needed two [2] headings under the [1]Project heading, so I inserted the preceding one. The problem now is that we need some text to introduce the bouncing ball version of the CustomBounce applet--AMS
***PD: please insert figure jafe1701.pcx screenshot of CustomBouncer1
???Melody: Andy wrote "how can we show movement here?" on fig 1701. Can the art dept draw the lines Andy has shown on this fig?—AMS
Shouldn’t be a problem. I’ll ask the layout tech to see what she can do. Melody
[a]In this applet, a ball bounces around the screen.
[b]When it hits a border, the ball makes a "boing" noise.
[c]The ball then bounces off the wall and continues in another direction.

***PD: please insert figure jafe1702.pcx source of CustomBounce1.html

[a]This is the HTML code for the bouncing ball page. Notice that <param> tags have been added to the HTML code.
[b]The <param> tags go inside the <applet></applet> set of tags.
[c]The page calls the CustomBounce class.
[d]This <param> tag specifies an image called ball.gif.
[d]This <param> tag specifies a sound called boing.au.
[2]A Bouncing Brick
Here's another applet that looks different, but it isn't.  This applet shows the same kind of behavior, but this time it's a brick moving around the screen, and it makes a thud sound when it hits the walls.
???Andy: In the intro text you'll write for this section, tell us something about the bouncing brick applet (I see it has the same name as the ball applet); why show the same applet with a different image?--AMS
***PD: please insert figure jafe1703.pcx screenshot of CustomBounce2

[a]This looks a lot like the bouncing ball applet, but the graphic and sound are different.  .

???Andy: I don't understand "similar but different page." It's the same applet, is it not (at least, it is by the applet name on the top of the page)--AMS
[b]Now it is a brick, not a ball, that is bouncing around.
[c]The brick makes a "thud" noise when it hits a wall.

***PD: please insert figure jafe1704.pcx source of CustomBounce2.html

[a]This is the HTML code for the bouncing brick page. Notice that this page uses exactly the same class as the bouncing ball page: CustomBounce!

[b]The <param> tags specify different image and audio files than were used with the bouncing ball page.
[c]The applet was written so that the HTML author can set parameters to vary the look of the applet.

In the rest of this chapter, you will look at a number of techniques to various kinds of animations, as well as this clever little HTML trick.

[1]The Graphics Class Drawing Commands

The first thing to do when considering how to approach animation is to revisit the Graphics object. You have played around with it a couple of times already, but you have not yet seen all it can do. If you haven't done so already, look it up in the help system and then write an applet that displays the items shown in the DrawDemo applet here.

***PD: please insert figure jafe1705.pcx Screenshot of DrawDemo

[a]Here's a straight line.
[b]This is a rectangle shape.
[c]This oval is filled in, and it is blue.
[d]Here's a rounded rectangle; it's a rectangle, but the corners are rounded off.
[e]Here is some text in red.
[f]This is a pre-existing image that is displayed on the page.
[2]Using the paint() Method

Every component (including the applet itself) has a paint() method that provides a Graphics object as a parameter. By manipulating methods of the Graphics object, you can draw on the component.

***PD: please insert figure jafe1706.pcx source of DrawDemo.java paint, line, and rectangle

[a]The paint() method is automatically called each time the applet is resized, moved, or becomes visible. It's the best place to put graphic commands because you can be assured that the graphics will be automatically refreshed every time it's needed. You might have noticed that when you moved another window over the graphics in chapter 12, or in chapter 16, anything that had been drawn  with a graphics command (text in chapter 12, images in chapter 16) disappeared.  By putting the graphics commands in the paint() method, you are ensuring that any graphics commands will be redrawn any time they might have been obscured by another window.
???Andy: Which "earlier programs" do you refer to? Please clarify so that the reader doesn't spend too much time trying to figure this out. I sure don't remember which applet you're talking about <grin>--AMS
Haven't you been taking notes?  <grin>  -Andy
[b]The drawLine() method draws a line. The line goes from position 10, 10 to position 110, 10 on the screen.
[c]The drawRect() method draws a rectangle. The rectangle has a corner at position 10, 20, has a width of 100, and has a height of 20.
***PD: please insert figure jafe1707.pcx Source of DrawDemo, color, oval, roundRect
[a]The setColor() method changes the drawing color to blue.
[b]The fillOval() method draws a filled oval. Each of the draw commands has a matching fill command that draws the shape and fills it in with the current drawing color.
[c]The oval is described by a bounding rectangle. There are a couple of ways to describe the size of an oval mathematically, but the easiest for most people is to imagine a rectangle inside which the oval would fit. This is how Java does it, so this oval fits in a box that has a corner at position 10, 50, that has a width of 100, and that has a height of 20.

[d]The drawRoundRect() method makes a rounded rectangle. The first four parameters are just like a normal rectangle (x, y, width, height) but the last two specify the width and height of the arcs used to trim the corners. Small values here result in sharp corners, and larger values result in more rounded corners.
***PD: begin note

The arc's height and width parameters define a bounding rectangle around each corner of the box that the rounded edge fits inside.  If you define the arc width to be half of the rectangle width, and arc height to be half of the rectangle height, you would end up with an oval.  Height and width of zero would give you right angles.  Intermediate values give you much more control over the shape that is drawn.

***PD: end note

??Andy: Maybe a note box here that talks more about the arc height and width params? What is the max value these params can be? These values apparently have little to do with the actual position of the rectangle on the canvas, they just describe a curve that's applied to the corners of the rectangle, regardless of where that figure is drawn, correct?--AMS
***PD: please insert figure jafe1708.pcx source of DrawDemo red, drawString, drawImage

[a]The setColor() method is again used, this time to change the drawing color to red.
[b]The drawString() method draws the string "Hi there" starting at position 10, 120
[c]The getImage() method 
creates an Image object based on the file called "Java.jpg" in the same directory as the DrawDemo class.
[d]The drawImage() method draws the image retrieved by the preceding line at position 125, 10 resizes the image to  100 pixels tall by 100 wide.
???Andy: I'm not sure if the last sentence is technically correct as I've phrased it. Does drawImage() really specify the canvas size?-_AMS
There's no canvas here, but it does determine the size of the image.  -Andy
[1]The Animation Loop

Although the drawing commands we've just reviewed are very useful, they can't be considered animation because the graphics they generate do not change in real time. Java programmers have recognized definite patterns for animation. One very common pattern is often called the basic animation loop. If you understand this pattern, you can apply it to any applet and generate all kinds of animations. Take a look at the pattern, but don't worry if it doesn't make sense to you yet. You will write several programs based on this pattern, and by the time you get a few applets working, the concept will be clear.

***PD: please insert figure jafe1709.pcx AnimLoop.html class init start stop

[a]At the class level, you make a set of animation variables. These variables might control the size and position of various elements on the screen. They must be defined at the class level because they will be used in various methods. In addition to the animation variables, you must also create a thread and a special boolean variable called keepGoing (or something like that).

[b]In the init() method, you initialize all the animation variables to appropriate starting values. If you have any image or sound files, this is the place to load them up. If you are using arrays (more on that later in this chapter), here is where you fill them up.

[c]In the start() method of the applet, you begin the thread. You instantiate it and run its start() method.  Remember, the two start() methods are different.  An applet's start() method can be overriden to indicate code that should happen whenever the focus is started or re-started.  A thread's start() method is invoked to start the thread up.  
???Andy: Revisit this description of the start() method. Does the start() method really instantiate the thread and start another start() method?--AMS
[d]In the stop() method, you set the keepGoing variable to false, which causes the thread to stop if you have set up the run() method correctly.

***PD: please insert figure jafe1710.pcx AnimLoop.html Run and paint
[a]The run() method is where the action happens. In this method, you create a while loop based on the keepGoing variable.

[b]In the run() method, you'll want to pause the thread momentarily. Use the sleep() method to do this. The length of time you pause depends on how quickly you want your animation to execute. If you want a fast animation, use a smaller sleep() value.

[c]Modify your animation variables. Although you won't actually move any objects in the run() method, you will change variables that you'll use in the paint() method.

[d]Check your variables so that they do not get out of bounds. For example, if you are moving something, make sure that it doesn't leave the screen. This check is usually done with a set of if statements.

[1]Drawing with the Animation Loop

One basic kind of animation simply calls for drawing commands. Each time the paint() method is called, a different value is in certain parameters of the drawing commands so that an animation appears to happen.

[2]The RotRing Applet
The RotRing applet uses exactly this type of technique to simulate a rotating ring.  We'll draw an oval several times in succession, changing the parameters each time so the oval shrinks and grows vertically.  If we change both the size and the position of the oval's bounding box carefully, we can simulate a ring rotating around its X axis.
???Andy: Please tell us a little about the RotRing applet you show in the next couple figs. I assume it's one of those "basic kinds of animation" you mentioned in the [1] section?--AMS
***PD: please insert figure jafe1711.pcx screenshot of RotRing short oval

[a]The RotRing applet starts out with an oval on the screen.
***PD: please insert figure jafe1712.pcx screenshot of RotRing circle

[a]As time passes, the oval changes to a circle and then drops back to being an oval.
[b]This applet forms the illusion of a ring rotating on the X axis.
[2]Instance Variables
***PD: please insert figure jafe1713.pcx source of RotRing class level

[a]The RotRing class definition statement implements the Runnable interface. Most animation applets implement Runnable or have an inner class that extends Thread, because animation is a perfect match for threading.

[b]These statements make the necessary animation variables. Each time the loop occurs (the looper thread), the ring might appear to get taller or shorter (that s, the ringSize might change). The difference in the ring size (the dSize variable) might change, and the location of the ring (the ringY variable) might change. If you want, you could actually write the run() method first so that you know which variables you need; just remember to define the variables here at the class level.

[c]Make the boolean keepGoing variable. This is an example of a sentry variable. It is often used just to keep track of a boolean value in while loops. In this applet, the keepGoing variable makes it easier to control the thread. Here we initialize keepGoing to true because we want to start the program with the animation running.

[2]The start() and stop() Methods

???Andy: In the intro text for this section, explain what's so special about the start() and stop() methods-_AMS
***PD: please insert figure jafe1714.pcx source of RotRing start and stop methods

[a]The start() method is called when the applet starts, even before the init() method is executed.  In fact, there is no init() at all in this particular applet.  In this particular situation, we were able to do all initialization when we declared the variables, and there were no components to add, so init() isn't necessary.  Still, it will usually be there in an animation loop, as you'll see in some other examples.
???Andy: I added the last clause and then looked through the code to find init(); am I overlooking it? I can't find init() in the RotRing applet--and I thought nothing happened in an applet until init() was completely finished--AMS
init() is overriden, so there already is an init() there.  It's just empty.  Nothing shows up until init() finishes, but since init is empty, that happens pretty quickly.

-Andy
[b]This if clause checks whether the looper Thread object already exists.
[c]If the looper thread does not already exist, this statement makes a new thread called looper.
[d]The keepGoing variable is set to true.
[e]The start() method starts the thread. Starting the thread calls the run() method of the applet.
[2]The run() Method

The run method is the real key to the animation in this applet, and in the animation loop in general.

***PD: please insert figure jafe1715.pcx source of RotRing run method through ringSize

[a]The while condition reads like this: "as long as keepGoing is true." Here's the sentry variable, keepGoing, at work.

[b]In the try/catch block, the sleep() method pauses the thread for 1/10 second (100 milliseconds). The sleep() method has two main effects: It pauses the animation so that you can control the animation's speed, and it allows other processes a chance at the processor. Remember that smaller numbers in the sleep() method mean faster animation but require more of the processor. The sleep() method must go in a try block because it might throw an exception.

[c]This statement increments the ringSize variable by the value of the dSize variable. Keep in mind that dSize might be negative, which decreases the ring size.

***PD: please insert figure jafe1716.pcx source of RotRing run (sounds like Astro from the Jetsons: "RotRing Run, Reorge!") boundary checking to repaint call
[a]This if statement checks the boundaries of the applet window to make sure that ringSize doesn't get bigger than we can display onscreen.
[b]If ringSize is bigger than the height of the applet window minus a cushion of 10 pixels on either side, set dSize to [ms]10, which causes the ringSize to get smaller on the next few passes through the loop.

???Andy: That if statement is actually checking to see whether ringSize is bigger than the height of the window minus 20; why the minus 20?--AMS
[c]If ringSize is smaller than 20, set dSize to 10, which causes the ring to keep growing.
[d]This statement recalculates the ring's vertical position. This formula moves the top of the ring so that the center of the ring stays at the center of the applet.
The ringSize variable just controls the size of the bounding rectangle that the ring will be drawn inside.  If we left the ringY variable alone, the ring be in a bounding rectangle that always started at the same place, so it would appear to be swinging back and forth, but would not have the rotating effect (change the code and see for yourself).  To give the appearance of rotating around the X axis, the bounding rectangle that surrounds the ring must move farther down as the ring gets smaller and higher up as the ring gets larger.  Fortunately, this isn't difficult to calculate.  The position for the top of the box should be halfway between the current height of the ring and the current height of the applet.  This formula will do these calculations, even as the ring is changing and the applet is resized!
???Andy: What do you mean "moves the top of the ring"? If the ring is an oval/circle, don't you move both the top and bottom edges? If you don't, you end up with a lopsided ring, don't you? Please explain the logic of this equation a bit more--AMS  

You asked for it!!  -Andy
[e]This line calls the repaint() method of the applet. The repaint() method calls another method called update(), which clears the screen and calls the paint() method. You'll learn more about this process in the next chapter.

[2]The paint() Method
The paint() method is automatically supplied by the Applet class, but the default value of paint() is blank.  You aren't required to override it, but you can, and if you do, any code in paint will happen automatically when the applet's visible screen is changed (the applet is resize, it is hidden and re-shown, or the applet is originally drawn).  The code in paint can also be called explicitly via the repaint() method.  repaint() does some housekeeping and then calls paint().
???Andy: In the intro text for this section, talk a bit about the paint() method; is it one of those "got to be overridden" methods?-_AMS

***PD: please insert figure jafe1717.pcx source of RotRing paint method

[a]The paint() method is called automatically by the repaint() method.
[b]The drawOval() method draws the oval using four parameters.
[c]Almost everything in paint() is a variable. This is why you created the animation variables in the first place. The run() method changes the variables, and the paint() method draws with the values of the variables.  This is typical of animation programs in java.  The paint() does all the drawing through a series of variables that have been modified by the run method.
[1]Arrays in Java

Before you get to the next type of animation, it will be helpful to review the concepts of arrays. You looked briefly at an array in Chapter 11. Arrays are very powerful in java.  You can make an array of any primitive, or of any class.  Although java does not place explicit limits on the size of arrays, they do take up memory and resources, so you don't want to be making an array of a thousand Threads unless you have a darn good reason.  (You could make such an array, but if you try to run them all at once, I'm not responsible for the consequences.)  Now you will see more fully what an array is and how to create one.
???Andy: You've never told us that you can make an array out of any data type or object type. Some may think that Array[] is a type in and of itself, but I don't think it is. 
It actually is an object in java.  -Andy

For example, you can make an array of int and an array of Image. Can you make an array of Thread? Are there limits to the size of an array? Give us a bit more practical info about arrays here--AMS
[2]Looking at the ArrayDemo Applet
As you recall, an array is a list of similar variables.  Anything that can be in a variable (that is, any primitive or class) can be placed in an array.  All the elements in an array have the same name, but a different numeric index.  The following applet demonstrates an array of Strings.
???Andy: Start this section off with a definition of an array, then introduce the ArrayDemo applet that follows--AMS

***PD: please insert figure jafe1718.pcx screenshot of arrayDemo "zero"

[a]The applet starts off with the label saying zero.
[b]The applet also has a Next button.
***PD: please insert figure jafe1719.pcx screenshot of ArrayDemo "one"

[a]When the user clicks on the button, the label changes to one.
[b]Subsequent clicks change the label to read two, three, four, and zero.
[2]Initializing an Array
Arrays are not difficult to make, but they can be slightly confusing.  When you create an array, you are creating an indexed list of references to objects, not the objects themselves.  Usually, arrays must be initialized themselves, and you will then have to initialize all the elements in the array, usually with a for loop.
???Andy: Add some intro text that explains any array-initializing snafus the reader may encounter--AMS

***PD: please insert figure jafe1720.pcx source of ArrayDemo class level

[a]The code for the ArrayDemo applet creates the label and button in the normal way.
[b]This statement creates an array called phrase of five String objects. An array is just a list. All the items in the array have the same name, so they are referred to by a numeric index.

[c]This statement does not initialize the strings in the array! It only makes a new array object which has the capacity to point to five string values. You must still make the individual strings.

[d]Changing the number here changes the number of String objects created.

[e]This counter variable will be used to specify the members of the array. Note that it is initialized to 0 so that it can point to the first member of the array.
***PD: begin tip

Here's a good way to understand arrays: The boxer George Foreman named several of his sons George. I suspect that when Mrs. Foreman wants the trash taken out, she says something like "Hey, George #1! Take out the trash, please." That's an array: All the guys have the same name, so she refers to them by number.

***PD: end tip


[2]Initializing the Members of the Array

You might wonder why you should bother with an array; why not just give everything a different name? Sometimes, using an array makes the code much easier to write. Arrays have a direct application in animation, as you'll see shortly.

***PD: please insert figure jafe1721.pcx source of ArrayDemo init method

[a]Members of the array are referred to with this syntax. The square brackets [] are used to indicate the index of the array.
[b]Array indices start at 0.
[c]The largest index value for this array is 4. You created an array of 5 objects, and their index values go from 0 to 4.

[2]Responding to Actions

The action in this applet occurs when the user clicks on the Next button. The actionPerformed() method is called whenever that button is clicked.

***PD: please insert figure jafe1722.pcx source of ArrayDemo actionPerformed

[a]The first line of the actionPerformed() method increments the counter variable by 1.
[b]This statement checks the boundaries of the variable. Any time you increment or decrement a variable, it's a good idea to make sure that it doesn't get out of bounds. In this example, if the counter variable is incremented to 5 (that is, if it attempts to point to the nonexistent sixth element in the array), we set the variable back to 0 so that it point once again to the initial element of the array.

[c]The setText() method sends the string value located in the specified element of the array to the output label. For example, if the counter variable has been incremented to 3, the label displays the String value "Three".
???Andy: I extended the second callout to try to explain that boundary-checking thing you set up. I'm not sure the additions clarify things all that much. Too, I added a callout to refer to the last statement in the actionPerformed() method. Additions okay?--AMS  
Lovely.  It's strange but true that the first element has an index of zero.  That means the 'first' element (the one with the index of 1) is really the second element, and the zeroth element is the first.  Aaaaargh!  -Andy
[1]Image Swapping

Now you are ready to put together the animation loop and arrays. The SpinBall applet is an example of the second major type of animation, image swapping. This is how TV and movies work: By sending a large number of images in quick succession, the eye "fills in" the blanks between the images. You can achieve the same effect by making an array of images and displaying them in sequence with an animation loop.


***PD: please insert figure jafe1723.pcx screenshot of SpinBall "JA"

***PD: please insert figure jafe1724.pcx SpinBall showing "VA"
???Melody: Note that these two images should appear somehow stacked. There are only two short callouts, one to each image. The effect we're trying to show here is of that ball spinning. It's not worth all the space on the page to show each of these figs at 100%--AMS
If we need to convert the callouts to plain text, that might help.  
[a]The ball seems to be spinning.
[b]Actually, the illusion of a spinning ball is created by showing five images in quick succession.
[2]Creating the Graphics

Start planning for the SpinBall applet by making several images that will look good in sequence. For this example, we need five images, each with the text in a different position on the curved surface of a ball.
***PD: please insert figure jafe1725.pcx makeBall.pcx

[a]I used the Spinning Globe  macro in the Gimp graphics software (included on the CD-ROM that accompanies this book) to make these five images.
???Andy: Is Spinning Globe a font or a script? I guessed "font" was the term to be used, but now I wonder if "script" means something other than a style of characters--AMS
I'm such a geek!  It never occurred to me that anyone would think a script is anything but a little program!  It is called a "script" in the Gimp (the scripting language is called script-fu -- I love that program!)  If the term "script" will cause confusion, we can use the more generic term macro, but it is on the scripts menu in the program.  

[b]To create your own images, you can also use a ray tracer (such as POV-Ray, also included in the CD-ROM that accompanies this book), work with a morphing program, experiment with the iwarp filter in the Gimp or generate frames by hand.
[c]Save the images as .gif or .jpg files and give them filenames with a sensible scheme so that you can tell the order in which they go.
[2]Initialization
The only job init() has to do is initialize all the elements of the ball array.  This is done with a series of calls to the getImage() method.
???Andy: Give us some intro text here about the initialization aspect of the applet--AMS
***PD: please insert figure jafe1726.pcx source of SpinBall class level and init

[a]This statement makes an array of six Image objects. Recall that you can make arrays of any kind of object. Because I saved the graphic files with filenames numbered 1 through 5, I made an array of six elements and will ignore the first element (element 0) to make the numbering more consistent.

[b]Make a thread, counter, and sentry variable just like you always do for an animation loop.
[c]The start() and stop() methods in this applet are exactly like they were in the RotRing applet or any other program using an animation loop.

[2]The run() and paint() Methods
As usual in animation programs, the run() method pauses and does some calculations, and the paint() method uses the resulting variables to do some drawing on the screen.
???Andy: Give us some intro text here about these two methods and why they're unique in this applet--AMS

***PD: please insert figure jafe1727.pcx source of SpinBall run and paint methods

[a]In the run() method, the sleep() method puts the looper thread to sleep for [1/4] second (250 milliseconds).
[b]This statement increments the counter variable by 1.
[c]This if statement checks to make sure that the counter variable is within its boundaries (that is, that it has a value between 1 and 5).
[d]The drawImage() method draws the current element of the image array. This is why arrays are so handy. You can manipulate the numeric index very easily, and then your paint() method can simply use the index.

[1]The BounceBall Applet

A third kind of animation is motion. This simply involves taking images and moving them around inside an animation loop.

***PD: please insert figure jafe1728.pcx screenshot of BounceBall

[a]In this BounceBall applet, the ball is moving around the screen.
[b]When it hits an edge of the screen, it changes direction.
[c]The ball also makes a "boing" sound when it hits one of the edges.

[2]Instance Variables

???Andy: Give us some intro text here about the special instance variables the motion animation needs--AMS

To get the motion working correctly, we will need to think about the things that will change.  Clearly, we will need variables to mark the x and y position of the ball.  The drawImage method will use these variables to place the upper left corner of the ball image on the applet's Graphics object.  
We will also use some variables to keep track of the direction and velocity of the ball.  The dX variable will be positive when the ball should be moving to the right, and negative when it should be moving to the left.  If the value of dX is small, the ball will move fewer pixels on each spin of the loop, so it will appear to go more slowly.  A larger value of dX makes the ball appear to move more quickly.  Of course the dY variable works the same way, but controls direction and velocity in the Y axis, or up and down.
***PD: please insert figure jafe1729.pcx source of BounceBall class level and init

[a]The dx variable stands for difference in X (that is, it tracks the horizontal direction and velocity of the ball).
[b]The dy variable stands for difference in Y (it tracks the vertical direction and velocity of the ball).
[c]The ballX variable is the current X coordinate of the ball.
[d]The ballY variable is the current Y coordinate of the ball.
[e]These statements create variables that will hold the images and sound files for the applet.
[2]The start() and stop() Methods
These are the same old start() and stop() methods you've grown to love in threaded applications.
???Andy: Tell us something special about the start() and stop() methods. You'll also have to expand that callout, even if you do so by telling the reader to go back to an earlier example in this chapter--AMS

***PD: please insert figure jafe1730.pcx source of BounceBall.java start and stop methods

[a]The start() and stop() methods for this applet are a typical animation loop.  If you are still foggy on how they work, refer back to the explanation of RotRing.java towards the beginning of the chapter.
[2]The run() Method
The run method will do some math.  Each time through the loop, it adds the value of dX to X and the value of dY to Y.  If the ball bumps into a side wall, dX is inverted, causing the ball to go in the opposite direction horizontally.  If the ball hits the top or bottom, a similar calculation is performed on dY.  
???Andy: Give us some intro text here that talks about the run() method--AMS

***PD: please insert figure jafe1731.pcx source of BounceBall run method to inc dx, dy

[a]In the run() method, the while loop is the main loop. It runs as long as keepGoing is true.
[b]The sleep() method pauses the looper thread for 1/10 second (100 milliseconds).
[c]This statement increments ballX (the current X coordinate of the ball) by dx amount.
[d]This statement increments ballY (the current Y coordinate of the ball) by dy amount.
[2]Boundary Checking
With the ball moving all over the place, it's going to wander off the screen sooner or later.  We need to have code in place to do something when that occurs.  Generally, you can do one of three things:
***PD: begin numbered list
Freeze the image so it stays at that point
Wrap it around (if it went off the left side, bring it back on the right side)

Bounce the image, so it's trajectory changes in a somewhat realistic fashion.  (how realistic it is depends on how much physics you remember from high school).  
***PD: end numbered list

We'll do a simplified version of the bounce technique.  (The game in chapter 18 demonstrates variations of the other techniques).
???Andy: Add some intro text here that reminds us why you have to check boundaries--AMS

***PD: please insert figure jafe1732.pcx source of BounceBall run boundary to end of run

[a]This if statement checks whether the ball is on the right wall. The right wall calculated by taking the width of the applet and subtracting the width of the ball. Remember that ballX and ballY refer to the  upper-left corner of the ball, so if you let  ballX go all the way to the maximum width of the screen, the ball would not be visible.
???Andy: When you say "you are placing the upper-left corner of the ball" I'm not sure what you mean. Do you mean that you assign the ball a position on the screen by referencing its top-left corner?--AMS
[b]If the ball is indeed on the right wall, this statement sends the ball in the opposite direction. If dx was positive (as it was when the applet started), this statement makes it negative. The nice thing about taking care of the motion of the ball in this way is that it is independent of the value of dx; the program could be easily updated to handle speed changes, for example, simply by changing the value of dx.

[c]This statement plays the "boing" sound.
[d]These three if statements repeat the check for the other three walls.

???Andy: How can ballX be less than 0? Wouldn't that mean that its top-left corner is off the screen? 
That's exactly the situation we're preventing.

Too, I'm not sure I understand really how this ball moves. It seems that it would just go back and forth across the screen without changing its angle of motion (it hits one wall and then goes back at 180 degrees to the opposite wall, ad infinitum). 
It starts with a diagonal motion, not vertical.  Each bounce will change the vector by 90 degrees.  (Oooh, I said "vector."  I promised myself I wouldn't get too mathematical in a beginning book.  It doesn't count if it's part of a query, does it?)

When or how does the ball change direction? 
only when it hits a wall

When is the ball drawn in the middle of the screen (that is, where are dx and dy incremented by some value and not just reversed with the addition of a minus sign)?--AMS
dx and dy are not changed in this applet.  ballX and ballY are.  It's the value of ballX and ballY that determine the position of the ball.  dx and dy determine what will happen to ballX and ballY next time through the loop.
Do my additions to the text make that clear enough, or do we need to add some of this?

-Andy
[e]This statement calls the applet's repaint() method, which will call the paint() method.

[2]The paint() Method
All the math we did in the run method pays off here.  By the time the paint method is called, there's guaranteed to be legal values in ballX and ballY that will place the ball at the right point.
???Andy: Add some intro text here that tells us why the paint() method is so important--AMS

***PD: please insert figure jafe1733.pcx source of BounceBall paint method

[a]The drawImage() method draws the ball at the coordinates specified by ballX and ballY.
[b]As usual, no literal values are used here. The other methods in the applet (particularly the run() method) set up the values, and the paint() method takes advantage of them to draw the screen.

***PD: begin note

If you have done animation in other languages, you might be surprised that you did not need to erase the old image. The call to repaint() in Java calls another method, update(), which automatically clears the screen for you.

***PD: end note

[1]Getting Values from the HTML Code

It would be a reasonably trivial thing to change the image and the sound for the applet. All you need to do is change the source in the getImage() and getAudioClip() methods. The problem is that when you do so, you have to recompile the source code each time. It would be cool if you could let the HTML author determine certain parameters in the Web page. Then your applets would be very easy to customize.


***PD: please insert figure jafe1734.pcx screenshot of CustomBounce1

[a]Here we are back with the CustomBounce applet that made its debut at the beginning of this chapter. The applet looks just like the BounceBall applet we just finished dissecting.
[b]The image and sound files are not "hard-wired" into the applet.
***PD: please insert figure jafe1735.pcx source of CustomBounce1.html

[a]In the HTML code for this applet page, the <applet> tag now includes <param> tags.
[b]This tag specifies a parameter called "Image".
[c]The value of the "Image" parameter is "ball.jpg".
[d]The value of the "Sound" parameter is "boing.au".
[2]A Change to the HTML Code
The fun happens when we change the parameters.  If we design the applet properly, it can dynamically change itself based on parameters send through the HTML.
???Andy: I changed the heading because we're really not referencing anything called CustomBouce2; we've just changed the HTML code, correct? In any case, we need some text here to introduce this new set of figs--AMS


***PD: please insert figure jafe1736.pcx source of CustomBounce2.html

[a]Here's another version of the HTML code for the applet page. Note that the same "Image" and "Sound" parameters are available.
[b]Now the value of "Image" is "brick.jpg".
[c]The value of "Sound" is "thud.au".
***PD: please insert figure jafe1737.pcx screenshot of CustomBounce2

[a]When the second version of the HTML code is used, it references the same CustomBounce applet code. The .java file did not need to be recompiled.

[b]The changes to the HTML code made the applet have a different sound and image.
[2]The init() Method of CustomBounce

If a change to the HTML code can affect the images that the applet itself uses, there must have been some change to the BounceBall applet described earlier in this chapter. All the changes to the applet code have taken place in the init() method of the CustomBounce applet.
***PD: please insert figure jafe1738.pcx source of CustomBounce.java init method

[a]The getParameter() method gets the "Image" parameter from the HTML page. This method looks on the HTML page for a <param> tag with a name containing the string "Image". The method then returns the value associated with that <param> tag. getParameter() always returns a string value, so if you want to get something else, you must do a conversion.
[b]This statement gets the value of the "Sound" parameter in the same way.
[c]This if statement checks for null values. If the HTML author did not put a <param> tag in, the getParameter() method will return a null object. If the imageName or soundName variable contains null, you know that the user forgot the <param> tag, misspelled the filename, or something similar. These kinds of mistakes happen so often that you should always plan a backup, as we do here: If the getParameter() method  returns a null, we assign the imageName and soundName variables values we know exist (in effect, we assign a default image and a default sound).

[d]The rest of the code for the CustomBounce applet does not change a bit from the code in BounceBall.

[1]Summary

This chapter took you through the basic animation loop and implemented it in a number of ways. You looked at how to achieve animation through direct drawing, image swapping, and movement of images. You experimented with arrays, and you looked at how you can use HTML parameters to give your applets more flexibility.

***end file***

