




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































302 Clapter d

fCurrBnds.right = h + fCurrWidth;

fEraseBnds = fCurrBnds;
fPrevBnds = fCurrBnds;

The sprite’s bounding box is adjusted to match the new position
and then those bounds are copied to the erasure and previous posi-
tion rectangles maintained by the sprite. This copying wipes out
any history previously maintained by the sprite. So if the sprite was
already in a play field it won’t be erased correctly before being
moved. If you wish to move a sprite that already has a position es-
tablished in a play field, you'll want to use the MoveTo function.
This function is to be used only for establishing the sprite’s initial
position within the play field.

SetAutoMove

Setting the number of pixels you want the sprite to move on each
timer heartbeat is easy enough with a call to SetAutoMove. This
function takes the number of pixels you want the sprite to be off-
set by on each cycle of the movement timer. Negative values rep-
resent movements to the left and up, and positive values move
the sprite to the right and down, just like QuickDraw relative
movements.

void CSprite::SetAutoMove (short dh, short dv)

{
fMoveHoriz = dh;
fMoveVert = dv;

The function only assigns the deltas you pass to the fields main-
tained by the sprite. Notice that the sprite is not moved by a call to
this function. The actual sprite movement doesn’t take place until
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the sprite’s main movement function, Move, is called from the
play field’s MoveSprites function during your game loop.

SetAuto MoveTime

Establishing the frequency at which you want your sprite to move
is done through SetAutoMoveTime. You need to pass the function
the number of milliseconds delay you require between sprite move-
ments. If you pass the flag kASAP as the delay amount you'll force
the sprite to be moved as often as possible, which really means the
sprite will be moved on every call to the play field’s MoveSprites
function. Which as far as your game is concerned is as often as
possible.

If you don’t want your sprite to move at all, pass in the enumer-
ated value kNoMovement. With this delay value your sprite’s delay
is now, depending on how you look at it, either zero or an infinite
delay. Either way the timer will never fire and your sprite’s core
movement function, Move, will never be called.

If you end up passing a real delay value and not one of the enu-
merated constants you'll force the sprite’s movement timer to be
reestablished using the delay you passed in.

void CSprite::SetAutoMoveTime (long moveDelay)
{
if (moveDelay == kASAP)
{
fTimerMoveFlag = TRUE;
}
else if (moveDelay <= kNoMovement)
{
// if the task is primed.
if (IsTaskPrimed(&fMoveTimer))
{
RmvTime ( (QElemPtr)&fMoveTimer) ;
InsTime ( (QElemPtr)&fMoveTimer) ;
}

// Don’'t let the sprite ever move
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fTimerMoveFlag = FALSE;

}
// Use the delay passed in

else if (!IsTaskPrimed(&fMoveTimer))

{
// Force the sprite to allow movement.
// This will force a reset of the timer
// task on the next pass of the game loop
fTimerMoveFlag = TRUE;

}

fMoveDelay = moveDelay;

Internally the function works by dispatching upon the delay
passed in and setting up the sprite timer values appropriately. The
first test is against kASAP. If the test is true the sprite’s timer flag,
fTimerMoveFlag, is set indicating to the world outside of the
sprite that the sprite’s timer has fired. Every time the play field in-
quires if enough time has passed between sprite movements it will
be told yes, forcing the sprite to be moved as fast as the play field
can manage.

Next the delay value is checked against the kNoMovement flag.
If the delay indicates that the caller does want the sprite to freeze at
its current location and stay there until told otherwise, the function
first checks to see if the movement timer is currently active. If so,
the function removes it and disables the timer with calls to the time
manager functions RmvTime and InsTime. The first function re-
moves the task from the time manager list of active tasks. The next
line reinserts the function back into the same queue. The newly in-
stalled task will just take up space in the time manager’s queue un-
til a call to PrimeTime is performed on the task. The sprite’s
movement timer flag, fTimerMoveFlag, is then forced to false.
With this flag set to false every inquiry performed by the play field
to the sprite asking if the sprite needs to be moved will be rebuked,
forcing the sprite to remain frozen at its current location.

If the caller did bother to pass in an actual delay amount, the
function will check if a timer task is currently pending. If not, the
fTimerMoveFlag is forced to true. This will force a reestablish-
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ment of the timer with its new delay amount on the next pass
through the game loop. If there is a timer task pending, nothing is
done. The new delay value will be established after the current
timer task is spent. This means that if you accidentally pass in a
huge value for the delay amount, like say MaxLong, you'll have to
wait 24 days before you can establish a new movement delay.

After handling all the combinations of possible delay values,
the function finally assigns the new delay amount to the sprite’s
movement delay slot, fMoveDelay.

Mowesment Central

All of the sprite’s automatic movement functions eventually get the
sprite animating through its Move function. This function is move-
ment central for all of the other movement functions. The other au-
tomatic functions only set variables maintained by the sprite that
are used by the Move function.

void CSprite::Move()

{

if (fMoveHoriz || fMoveVert)

{
OffsetRect (&fCurrBnds, fMoveHoriz, fMoveVert);
fDrawMe = TRUE;

}

if (fMoveDelay > kASAP)
{

// Reset timer
fTimerMoveFlag = FALSE;

PrimeTime ( (QElemPtr) &fMoveTimer, fMoveDelay) ;

If either of the two automatic delta variables has a variable
greater than zero, the sprite’s bounding rectangle is offset by the
amount stored in those variables. To make sure that the sprite will
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be redrawn on the next animation cycle, the sprite flag, fDrawMe,
which says to the world, “Hey, I need to be redrawn,” is set to true.

Next the function check to see if the sprite’s movement delay is
a real delay value. If so, the timer is reset by first clearing the
sprite’s timer flag and then starting up the sprite’s time manager
task with a call to PrimeTime.

Direct Spmrite Movement

MoveTo

To complement the automated ways of moving a sprite there are
other sprite movement functions, MoveTo and Of fset. Both func-
tions move the sprite’s bounding rectangle to a new on-screen posi-
tion, effectively moving the sprite. And like the other sprite
movement functions these two functions don’t perform any blit-
ting, instead setting the sprite’s internal flags that reflect that the
sprite needs to be blitted.

As previously mentioned, the MoveTo method of the sprite lets
you move the sprite to an absolute location within the sprite’s play
field. On the next pass trough the game loop the sprite will be
erased at its previous location and redrawn at the one specified by
the arguments to MoveTo.

void CSprite::MoveTo(short h, short v)
{
if(h || v
{
fCurrBnds.top = v
fCurrBnds.left =
fCurrBnds.bottom = v + fCurrHeight;
fCurrBnds.right = h + £CurrWidth;

’
’

fDrawMe = TRUE;
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The code for MoveTo moves the sprite by reconstructing the
sprite’s bounding rectangle with its upper-left corner matching the
horizontal and vertical positions passed in. After that the sprite
drawing indicator flag is set to true so that on the next pass of the
play field animation cycle the sprite can inform the play field that it
needs to be redrawn.

One problem that can arise with MoveTo is if you decide to
move the sprite in large chunks while the sprite is visible. Doing this
will end up creating a blitting bounds that is the union of the sprite’s
previous location and its new location. If you moved the sprite from
the lower-right corner up to the upper left you’d end up creating a
blit from the working buffer to on-screen that is about the same size
as the whole screen. Can you say incredibly slow? To avoid this par-
ticular situation you’'d be better off hiding the sprite than moving it.

Rounding out the finalists in the sprite movement hit parade is the
sprite function Of £set. This nice little function offsets the sprite
from its current position by the number of pixels specified by the
horizontal and vertical deltas passed into the function.

void CSprite::0ffset(short dh, short dv)

{
if (dh || av)
{
OffsetRect (&fCurrBnds, dh, dv);
fDrawMe = TRUE;

Like the function MoveTo this function repositions the sprite’s
bounding rectangle to reflect the sprite’s movement. And after the
changes to the bounding rectangle, the sprite’s drawing flag is set
to reflect that the sprite’s current on-screen position is stale and
needs to be updated at the play field’s earliest convenience.
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Clanging the Sprite’s Cel
The other aspect of sprites controlled by a timer is the rate at which
the sprite cycles through the cels owned by the sprite. Like sprite

movement the sprite cels can be cycled automatically or manually.
It’s up to you.

SeACelCycleTime

A call to SetCelCycleTime tells the sprite how long it should
wait before cycling to the next sprite cel. This method of the sprite
is a mirror function of the sprite’s SetAutoMoveTime function. It
even takes the same parameters: the number of milliseconds of de-
lay between changes or the enumerated constant kASAP to indicate
that the sprite should cycle through the cels as fast as it possibly
can, and the other constant kNoMovement to tell the sprite that you
never want the sprite’s cel to change.

void CSprite::SetCelCycleTime(long cycleDelay)
{
if (cycleDelay == kASAP)
{
fTimerCelFlag = TRUE;
}
else if(cycleDelay <= kNoMovement)
{
// if the task is primed..
if (IsTaskPrimed(&fCelTimer))
{
RmvTime ( (QElemPtr) &fCelTimer) ;
InsTime ( (QElemPtr) &fCelTimer) ;
}

// Don’'t let the sprite ever move
fTimerCelFlag = FALSE;

}
// Use the delay passed in

else if (!IsTaskPrimed(&fCelTimer))
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// Force the cel to change
// This will force a reset of the timer
// task on the next pass of the game loop
fTimerCelFlag = TRUE;

}

fCelDelay = cycleDelay;

The function’s implementation is also a mirror of SetAutoMove-
Time. Depending on the value of the delay, the sprite’s cel change flag
fTimerCelFlag is either permanently set to true or permanently set
to false and the timer task shut down. Or if you pass in an actual mil-
lisecond amount, the flag is set and the timer reset. Somewhere at the
end of the function the code finally gets around to copying over the
new delay amount to the sprite’s new £CelDelay variable.

SeACurnrent (el

You specify which cel of the sprite is to be used by the sprite by
passing the cel’s index in the sprite’s cel list to the function
SetCurrentCel. The indices start at one and rise to the number of
cels. If you pass in an index less than one you'll get the first cel.
Pass in an index larger than the number of cels and you'll get
handed back the last cel in the cel list.

If you have established an automatic cel change with a call
SetCelCycleTime this function serves to set the starting cel for
the cel changing animation. After the proper delay the sprite will
switch to the next cel in the list. When the sprite cel cycling reaches
the last cel the sprite starts over at the beginning of the cel list.

On the other hand if you don’t have the cel cycling timer run-
ning SetCurrentCel serves to tell the sprite to use the cel pointed
at by the passed index. Without the timer the sprite will use the re-
quested cel indefinitely.
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CtCumentCellndes snd CetCurreritCel

Use the sprite’s GetCurrentCelIndex function to determine the
index of the cel that the sprite is displaying. If you want access to
the current cel instead of its index, use GetCurrentCel instead.

The GetCurrentCelIndex function is useful when you want
to cycle through the cels manually.

sprite->SetCurrentCel ( sprite->GetCurrentCelIndex() + 1);

Both GetCurrentCelIndex and GetCurrentCel are imple-
mented as inline functions. And since their only code is a return
statement the compiler should have no problem actually inlining
these functions.

short GetCurrentCellIndex() { return fCellIndex; }

CSpriteCel *GetCurrentCel() { return fCurrentCel; }

Be aware that GetCurrentCel could potentially return a nil
sprite cel object if the sprite doesn’t go to the effort of building a
couple of sprite cels. It could happen, so code accordingly.

The function ChangeCel, like its sprite movement counterpart
Move, is the core function used by the play field to cycle through
the cels owned by each sprite. The play field calls the sprite’s
ChangeCel once each time through its event loop for each sprite
that returns true to its IsTimeToChangeCels function.

void CSprite::ChangeCel ()
{

fCelIndex++;
if (fCelIndex > fCels->GetObjectCount ())
fCelIndex = 1;
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SetCurrentCel (fCelIndex) ;

if (fCelDelay > kASAP)

{
// reset the timer
fTimerCelFlag = FALSE;

PrimeTime ( (QElemPtr) &fCelTimer, fCelDelay);

The ChangeCel function bumps the sprite’s current cel index
by one, and if the new index is still within range the cel is changed
with a call to SetCurrentCel. After the cel is changed the timer
flag for cel cycling is reset and the cel timer reset through a call to
the time manager’s PrimeTime routine.

Spoite Visibility
You control the sprite’s on-screen visibility with the sprite’s twin
complementary functions, Hide and Show. These two functions are
about as self-explanatory as you can get. The only note, indicated
by their implementation, is that the sprites don’t change their visi-
bility directly through these functions. The sprites won’t change
their on-screen state until the next go-through of the play field’s an-
imation loop.

These two functions come in handy when you would like to
reposition a sprite without having to move it on-screen. Also
they’re awfully useful during collisions. After detecting a colli-
sion you can get rid of the collided with sprite with a quick call
to Hide.

void Hide()

{
fvisible = FALSE;
fDrawMe = TRUE;
fEraseMe = TRUE;
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void Show()

{
fvisible = TRUE;
fDrawMe = TRUE;
fEraseMe = FALSE;

Both functions work by toggling the appropriate sprite’s visibil-
ity flags. To hide the sprite the visibility flag, fVisible, is set to
false, telling the sprite to act like it’s invisible. The drawing and
erasing flags, fDrawMe and fEraseMe, are set to true so that on the
next pass through the animation loop the now visible sprite will be
erased from the screen.

Making a sprite visible on-screen is performed with a simple in-
version of the sprite’s Hide implementation. Flip the flags and on
the next animation cycle the sprite will pop on-screen.

Sprite Miscellany

Sprite [Ds

The base sprite class has only a couple of functions that fail to fall into
any of the categories presented earlier. To avoid coming up with a po-
tentially original category let’s just throw these few functions under
the sprite mélange banner and be done with it. Mélange. What a great
word. Would make a great name for a new programming language.

“What did you program that incredible game in?”

“Mélange.”

“Uhm, yeah, right.”

It’s better than Dylan and odds are that there won’t be any off-
key, own-press-believing folk singers dragging themselves out of
impending obscurity to sue you.

When two sprites slam face-first into each other, you might want to
know who ran into what. That’s where the first two functions of
our sprite’s mélange (it’s still a great word) come in handy.
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I've referred to the sprite identification field as its dog tag for
no other reason than that I liked the idea of programmers” having
to check the sprite’s dog tags after a fatal collision. Ignoring the
overly macho name, a sprite’s dog tag is simply a four-character
identifier like the ones you use with the Mac’s resource manager.
You can tag the sprite with any value that fits within a long inte-
ger, but I like to use tags that I can read in the debugger. Tags like
‘rock” and ‘ship” are so much more readable at 3 A.Mm. than a tag
like 2,345,235,678.

To assign a sprite’s dog tag use the inline function SetDogTag.

void SetDogTag(SpriteID id) { fDogTag = id; }

Retrieving a sprite’s dog tag is done by the simple replacement
of the S in the previous function’s definition with a G, turning Set-
DogTag into GetDogTag.

SpritelD GetDogTag() { return fDogTag; }

Like setDogTag, GetDogTag is implemented as an inline dec-
laration so that you won't feel tempted to make the £DogTag field
visible to the public.

Meovesment Extents

Just like small children and programmers, sprites need to know
their limits. In a sprite’s case its limits are expressed as a rectangle
that defines the extent that the sprite should be allowed to move.
You establish a sprite’s bounding limits with a call to the sprite’s
SetSpriteExtent method.

void SetSpriteExtent (const Rect * extent)
{
fMoveExtent = *extent;

}
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Following suit with the sprite’s dog tag functions, retrieving the
sprite’s cautionary boundaries is provided with a Get instead of a
Set.

void GetSpriteExtent (Rect * extent)

{
*extent = fMoveExtent;

}

The default sprite implementation, again like small children
and programmers, ignores the limits established by the boundary
rectangle. These functions are provided as a convenience for future
sprite classes you might concoct that have a need to know their
place and how far they are allowed to wander within it.
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Time to put all that sprite code to some use. A use, and maybe even
a good one, would be a simple example game that ties in most of
the pieces of the sprite class kit. And as fortune and preplanning
would have it, that is exactly what this chapter does.

I thought a fitting first example would be to produce a version
of the first video game, Pong. What could be a better example than
coding up a tribute to the game that started it all. Somewhat like a
rite of passage for the budding game programmer. Pong has all the
essentials for a great first example: small number of objects on-
screen, not a lot of complicated algorithms to get in the way, and lit-
tle chance of any of Atari’s lawyers showing up at my doorstep.

315
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And to doubly insure that my entryway remains an attorney-free
zone, let’s name this copy of Pong “Ping.” Did I say “copy”? Sorry,
I meant homage. Let’s name this homage to Pong “Ping.”

Géme Rules

For those of you who somehow missed the ‘70s here is a quick
overview of how Pong plays out. The game has only three elements
on-screen: two paddles and one ball. The game begins with the ball
being fired at one of the paddles. The paddles can only move up
and down. You want to move your paddle so that it deflects the
path of the ball toward the other paddle. If you miss the ball the
other players scores a point. First player to score eleven points
wins. Amazingly, a copy of this simple game made it into almost
every home in America. I personally believe the hypnotic simplicity
of this game was directly responsible for Jimmy Carter’s being
elected and the success of Abba.

Figure 10-1. Pong

In Figure 10-1 the player controls the paddle on the left side of
the screen with the Mac’s mouse, with the computer controlling the
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paddle on the right, leaving the ball controlled by some incredibly
simplified rules of physics.

This example skips all those fluffy game details like scoring,
menu bars, high scores, or anything else that would have you con-
fuse it with anything other than what it really is, an excuse to try
out all that sprite code. Fire up the game and you're instantly play-
ing, first mouse click and the game quits. Can’t get much simpler
than that. Try it once or twice before heading on to the other sec-
tions of this chapter.

Pirng's Code—Overview

To build the game Ping you'll need three sprites, one window, one
play field, and a couple of sprite groups. Mix together with only a
few pages of code and you end up with a cheap silicon souvenir of
the seventies.

The game design breaks down into four problems:

¢ Tracking the mouse’s movements with the player’s paddle
¢ Making the computer’s paddle play a reasonable game

¢ Collisions between the ball and paddles

¢ Bouncing the ball off the edges of the window

Let’s be original and handle the last problem first: how to get the
darn ball to bounce off the edges of the window. First off the ball
will have to be moving. Easy enough, use the sprite’s SetAuto-
Move function with a predefined speed. With the ball moving
you'll need a point for checking if the sprite has hit the bottom
or top edges of the play field. Overriding the sprite’s Move func-

tion provides a perfect vantage point for keeping the sprite in
check.
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Ball width

Ball c

height

Figure 10-2. Perceived play field

The ball’s movement will need to be checked against the
bounds of the user-perceived play field. Which is not to be con-
fused with the actual play field. The perceived play field for the ball
is shown in Figure 10-2 by the dotted rectangle. This rectangle is the
sprite’s extent rectangle and is calculated by insetting the right and
bottom edges of the play field by the width and height of the sprite.
With this extent rectangle the Move method can use the sprite’s top-
left corner as the test case against all the extent’s edges.

void CBall::Move()
{
// See if the ball has banged into
// the walls or past a paddle
if (f£CurrBnds.top > fMoveExtent.bottom)
{
// Flip the sprite’s direction
fMoveVert = -fMoveVert;

// Correct the sprite’s position
OffsetRect (&fCurrBnds, O,
- (fCurrBnds.bottom - fMoveExtent.bottom));
}
else if (fCurrBnds.top <= fMoveExtent.top)
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// Flip the sprite’s direction
fMovevVert = -fMoveVert;

// Correct the sprite’s position
OffsetRect (&fCurrBnds, O,
fMoveExtent.top - fCurrBnds.top);

}

// See if the ball made it past a paddle
if (fCurrBnds.left < fMoveExtent.left)

{
// Made it past the player’s paddle.
// Reset the ball’'s position
MoveTo (fMoveExtent .right + 40,
fMoveExtent.top - 40);
SetAutoMove (-kBallDelta, -kBallDelta);

}
else if (fCurrBnds.left > fMoveExtent.right)

{
// Made it past the computer’s paddle

MoveTo (fMoveExtent.left - 40,
fMoveExtent.top - 40);
SetAutoMove (kBallDelta, kBallDelta);

else
inherited: :Move() ;

During the Move function the ball’s current position is checked
against its extent. When the ball slams into the top or the bottom
you'll just need to flip the direction of the sprite’s vertical compo-
nent of its automatic movement pair. A negative velocity—pro-
pelling the ball upward—will be inverted when the ball hits the top
of the window, giving the ball a positive velocity. Ditto but in re-
verse for the bottom. While the flipping of the sprite’s velocity
leaves a little to be desired in the physically accurate department, it
looks and acts accurate enough for our game’s needs.

Once the ball has been checked against the top and bottom ex-
tents, it’s time to see if the ball has made it past either of the pad-
dles with a check of the ball’s left edge. If the ball has made it past
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one of the paddles the function resets for the next serve of the ball.
If the ball scored for the player, the next serve will be toward the
computer. Reverse that if the computer sneaked one past the player.
In a real game this is the point you would change the scoreboard
and check to see if the game has been won. But this is only an ex-
ample so we do squat besides changing the serving direction.

Mowse TM

Getting the player’s paddle to echo the mouse’s movements is an-
other task custom-made for overriding the sprite Move method. In-
stead of giving the player’s paddle an automatic velocity you'll use
the Move function to look at the mouse’s current vertical position—
with a call to GetMouse—and then position the paddle to match
with a call to the sprite’s MoveTo method. Since the paddles only
move up and down, the mouse’s horizontal position is completely
ignored.

void CPlayerPaddle: :Move()
{

Point mouse;
GetMouse (&mouse) ;

// If the mouse is trying to move the paddle
// past its limit then pin the paddle within the
// sprite’'s extent
if (mouse.v < fMoveExtent.top)
MoveTo (£CurrBnds.left, fMoveExtent.top);
else if (mouse.v > fMoveExtent.bottom)
MoveTo (fCurrBnds.left, fMoveExtent.bottom) ;
else
// Move the paddle to its new location
MoveTo (fCurrBnds.left, mouse.v);

// Make sure we get redrawn
fDrawMe = TRUE;
inherited: :Move() ;
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The only matter that’ll you'll have to worry about is whether
your window is smaller than the screen it resides on. Which will be
true for this example. In this case GetMouse can give you coordi-
nates that would fling your paddle right off the play field. So after
adjusting the paddle to match the mouse you’ll want to pin the
paddle’s sprite to the visible portion of the window. After adjusting
the paddle make sure you indicate that you want the sprite re-
drawn on the next cycle of the game loop.

The illusion of the player’s paddle moving smoothly is attained
by the assumption that the mouse hasn’t had a chance to move too
much between frames of animation. This, of course, depends on
sampling the mouse position frequently as the player moves it. Too
much time between mouse-position snapshots and the paddle will
appear to jump around the screen instead of smoothly sliding into
position. '

To make Ping a game worth playing for three minutes (that’s
about all it’s worth) the computer needs to be able to hit the ball
with its paddle. More accurately, you want the computer to have
to move its paddle in the same manner as the human player. You
can’t just plop the computer’s paddle right in front of the ball at
the last minute. That would be cheating. You need for the com-
puter to track the ball with its paddle, smoothly bringing the pad-
dle from one end of the screen to the other so it can get a good
whack at the ball.

void CComputerPaddle: :Move()
{
Rect ballBnds;

// The computer’s paddle moves by tracking the ball’s
// position. If the ball is moving towards the

// computer’s paddle and it has passed center ice
// start the paddle moving up or down.

gBall->GetPosition(&ballBnds) ;
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if ( ballBnds.right > gHalfWindowSize &&
gBall->GetAutoMoveHorz () > 0)
{
// Determine which direction the paddle should
// be moving. The function MissFactor() gives a
// random error term that allows the computer’s
// paddle to occasionally miss.

if (ballBnds.top + MissFactor() < fCurrBnds.top)
fMoveHoriz = -kComputerPaddleSpeed;
else if (ballBnds.bottom -
MissFactor () > fCurrBnds.bottom)
fMoveHoriz = kComputerPaddleSpeed;
else
fMoveHoriz = 0;

}
else
fMoveHoriz = 0;

inherited: :Move() ;

Since the computer will be moving the paddle it makes sense to
override the computer paddle’s Move function for our ball tracking.
Within this function you'll get the ball’s position and compare it to
the computer’s paddle. Based on the difference between the ball’s
position and the computer’s paddle, the Move function will adjust
the paddle’s vertical velocity direction so that the paddle moves in
the direction of the ball.

You'll notice that the function doesn’t start tracking the ball po-
sition unless it is traveling toward the computer’s paddle. It would
look very mechanical for the paddle to be tracking the ball when it
doesn’t have to. As another realistic touch, the function delays
tracking a ball heading toward it until the ball has passed the play
field center line. This small addition stops the computer from jitter-
ing its paddle like it’s hopped up on Jolt cola.

The final attempt at simulating a human foe is giving the com-
puter a way to fail. On each look at the ball’s position the function
will make a call to the ball’s private MissFactor function. This
function randomly returns a factor that is applied to the paddle’s
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top position. This fudge factor adds some random slop to the pad-
dle’s tracking, allowing it to occasionally miss the ball.

short CComputerPaddle: :MissFactor ()
{

return Random() % 2 == 0 ? 8 : 0;

}

The best way to understand these simplistic attempts at a realis-
tic opponent is to comment them out and watch the game’s reaction.
You’ll then notice that this simple feedback loop is a reasonable
compromise between a passable implementation and getting a de-
gree in artificial intelligence.

Our only remaining challenge is making sure that the ball bounces
off the paddles instead of traveling right through them. Testing
whether two sprites have touched each other? Sounds like collision
detection to me. But what to test, the paddles or the ball? It’s an ex-
istential problem. Is the ball colliding with the paddle or is the pad-
dle colliding with the ball? I'm a ball-hitting-the-paddle kind of
guy. I also always see the glass as half full and think that a tree does
make a sound and you can fit only fifty-five angels on a pin, but
only if they know each other rather well.

To provide for the thrill of Ping volleys let’s override the ball’s
Collision function. With the paddles being the only other sprites
around for miles, you can be pretty sure when the ball’s Col11i-
sion method is called you have had a legitimate head-on with one
of the paddles. Which one is irrelevant.

void CBall::Collide(CSprite * source)

{
short paddleSpeed;

// Flip the ball’s direction
fMoveHoriz = -fMoveHoriz;
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// Use the paddle’s momentum to change the ball’s
// relection angle and speed

// Scale the paddle’s delta to calculate
// a psuedo speed for the paddle
paddleSpeed = (source->fCurrBnds.top -
source->fPrevBnds.top) / 4;
if (paddleSpeed && paddleSpeed < 4)
fMoveVert += paddleSpeed;

Offset (fMoveHoriz, 0);

When the ball hits the paddle, and not the other way around,
the ball’s horizontal direction is reversed by inverting the ball’s
horizontal velocity. After giving the ball a 180, the Collision
function tries to impart a little variation in the ball’s vertical veloc-
ity. This change in velocity is based on the speed the paddle was
moving at the time of collision. The speed of the paddle is faked by
subtracting the paddle’s previous position from its current position.
This difference, or faux speed, is then scaled down by a factor of
four, and if the scaled value is under the arbitrary threshold (in this
case I again chose four) the scaled speed factor is combined with
the ball’s vertical velocity component.

The three sprites’ class definitions are pretty simple to deter-
mine from the five member functions provided.

class CBall : public CSprite {

public:
virtual void Collide(CSprite * source);
virtual void Move();

};

class CPlayerPaddle : public CSprite {
public:
virtual void Movel();

};

class CComputerPaddle : public CSprite {
public:

virtual void Movel();
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private:
short MissFactor();
};

With these three Ping sprites fully defined let’s move on to the
fun part—stitching these sprites into a play field and finally into a
game. A simple game, but a game nonetheless.

PA’4«5«'4« Cod&—-w&wwo/w

With a cache of Ping custom-designed sprites you now have the
parts for building this fun little exercise in Newtonian mechanics.
Though a game of Pong based on quantum mechanics would be a
blast to play. But would the ball travel as a particle or a wave? I
guess you wouldn’t know until you ran the game.

Mair, Where 1t Alwiys Begine

The main for Ping does all the good things a well-behaved main
function should. First let’s fire up the Mac with a call to our handy-
dandy utility function InitMacApplication. In this example the
memory needs are simple so only two master pointer blocks and a
overly generous stack of fifty kilobytes are generated.

void main()
{
// fire up all the mac managers.
InitMacApplication(2, 50 * 1024);

// Install error handler
SetSLVGErrorHandler (PingErrorHandler, OL);

// Create the play field and sprites
BuildPingParts();

// Play game
GameLoop() ;
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// Throw away the play field and sprites
(gPingField) ;

// Clean up any stray mouse clicks or key presses
FlushEvents (everyEvent, 0);

Before launching into the game-part building code, main estab-
lishes the error handler for the sprite library used for this example.
As you can see the error handling is incredibly robust. The kind
you would expect in a Dorf on Mac Programming videotape.

void PingErrorHandler (OSErr error, long refcon)

{
DebugStr (“\pFatal Error. See Yal!”);
ExitToShell () ;

After installing the error handler the game parts are built
through a call to BuildPingParts. This function will construct
Ping’s window, play field, and any needed sprites.

With the window and play field up and walking, the real action
can finally begin. The function GameLoop launches into—you
guessed it—Ping’s game loop. The program will live in this loop
until the user clicks the mouse button or hits the command option
escape key combination. Either way the loop will exit.

If the player was kind enough to exit the game loop in the
proper manner, control will return to main where it can clean up
before hitting its final brace. Before that brace we get overly fastidi-
ous and throw away Ping’s play field, disposing of the play field
and all of its associated sprites and offscreens. This of course isn't
necessary; quitting the game will nuke the entire heap of our
sprites, offscreens, and anything else that was left lying around.

As a final nicety to the user before quitting, main flushes any
events lying around in the event queue. This prevents the user who
banged on the mouse like it was a stuck telegraph key from getting
those extra mouse clicks sprinkled within the program that become
active after Ping quits.
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Building the parts used for Ping is the responsibility of Build-
PingParts. It constructs all the necessary game elements: window
(got to have a window), sprites, play field, sprite groups. And ties
all these necessary elements together. Along the way the function

also caches most of these elements into global variables for easy re-
trieval at a later day.

void BuildPingParts ()
{

Rect windowBnds;
CSpriteGroup * paddleGroup;
CSpriteGroup * ballGroup;

// Create Window
gPingWindow = GetNewCWindow (kPingWindowID, nil,
(WindowPtr) -1L) ;
windowBnds = gPingWindow->portRect;
gHalfWindowSize =
(windowBnds .right - windowBnds.left) / 2;

// Create play field for game
gPingPlayfield = new CPlayField( gPingWindow,
&windowBnds) ;

Before we build any of Ping’s animation elements, we need to erect
a window on the screen to hold those elements. After the window has
been reincarnated from its resource template description, half of its
width is measured and stashed away in the global gHal fwindow-
Size for use with the computer paddle’s ball-tracking code. With a
Windex-clean window on-screen a play field is then constructed that
takes up all the visible space within the window. The global gPing-
Playfield will hold the reference to this new play field.

// Create the play field’s sprite groups;
paddleGroup = new CSpriteGroup;
ballGroup = new CSpriteGroup;

// Create ball sprite
gBall = new CBall (kBallTemplateID);
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gBall->SetAutoMove (-kBallsSpeed, kBallsSpeed) ;

// Create player'’s paddle sprite
gPlayerPaddle = new CPlayerPaddle (kPlayerPaddlelD);

// Create computer’s paddle sprite

gComputerPaddle = new CComputerPaddle
(kComputerPaddlelID) ;

gComputerPaddle->SetAutoMove (0, kComputerPaddleSpeed) ;

Before creating Ping’s sprites, we need a couple of sprite groups
to hold those sprites. One group will hold the paddle sprites, the
other the ball. I guess in that group’s case the term sprite group is a
misnomer. A whole group that holds only one lonely sprite. Seems
kind of cruel. Oh well, game programming is cruel.

With a cruelly created sprite group just itching to get its hands
on some new sprites, BuildPingParts does the right thing and
creates the three sprites for the game. All three are constructed
through sprite templates, avoiding a whole bunch of boring initial-
ization code. Speaking of boring initialization code, here’s some
now that establishes the auto-movement rates of the ball and the
computer’s paddle. Remember that the player’s paddle is moved by
tracking the mouse and doesn’t need or want any initial velocities.

// Fix up the sprite’s movement extents
Rect paddleExtent = windowBnds;

// Assumes that the two paddles are the same height
paddleExtent .bottom -= gPlayerPaddle->GetHeight();
gPlayerPaddle->SetSpriteExtent (&paddleExtent) ;
gComputerPaddle->SetSpriteExtent (&paddleExtent) ;

Rect ballExtent = windowBnds;

// Suck in the the ball’s extent at
// the right,left and bottom edges
ballExtent.bottom -= gBall->GetHeight();

ballExtent.right -= gBall->GetWidth() +
kPlayfieldMargin;

ballExtent.left += gBall->GetWidth() +
kPlayfieldMargin;

gBall->SetSpriteExtent (&ballExtent) ;
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After establishing the sprite’s initial velocities BuildPing-
Parts goes the extra mile and calculates the movement extent rec-
tangles for each sprite. The two paddle sprites are able to use the
same extent bounds as long as they’re the same height. If you de-
cide to give the computer or the player a handicap by shortening
one of the paddles, make sure you account for the new sizes in the
paddle’s extent calculation code. Luckily there is only one ball in-
volved so its extent is adjusted for its height and width and then
handed to the ball sprite. It'll know what to do with it.

// Add the sprites to their proper groups
paddleGroup->AddSprite(gPlayerPaddle) ;
paddleGroup->AddSprite (gComputerPaddle) ;

ballGroup->AddSprite(gBall) ;

// Add the groups to the playfield
gPingPlayfield->AddGroup (paddleGroup) ;
gPingPlayfield->AddGroup (ballGroup) ;

gPingPlayfield->HandlePlayFieldUpdate (&windowBnds) ;

The sprites are assigned to their proper sprite groups, and these
groups are then placed in the care of the game’s play field. Before
returning to the caller BuildPingParts makes sure the window
is correctly showing the beginning of the game with a call to the
play field update method HandlePlayFieldUpdate.

Play That Game

Actual game play is accomplished from the GameLoop function.
Here the program is held in a loop until the mouse button is de-
tected as being held down. During that potentially endless loop the
game executes the three necessary steps for getting the sprites to do
their thing. All other needed sprite handling will be performed by
the sprites themselves. After performing the requisite sprightly du-
ties required of a proper game loop, the loop attempts to behave
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like a proper Mac citizen and gives some processing time to the Op-
erating System with a call to Mac’s SystemTask function. Failure
to do this could cause some of your background programs to start
skipping a few beats. Not a problem if you're downloading a fresh
batch of “art” from alt.binaries.pictures.your.mom.would.not.want.
you.to.be.looking.at, but a major problem if you're experimenting
with that new Mac heart monitor.

void GameLoop ()
{
while(!Button())
{
gPingField->MoveSprites|();
gbPingField->CheckForCollisions() ;
gPingField->ShowNextFrame () ;
SystemTask() ;

In a real game—wait, this is a real game—in a good game you
would have the break condition tied to actual elements of the game,
like the number of lives and the pause key. Future game loops will
cover this.

With a fully functioning game example under wraps it’s now time
to show off the advantages of the sprite library. In the folder next to
the Ping project is the alternative Ping project, Wacky Ping, which is
based on the same source as the original Ping. All that’s been
changed are the sprite templates. You can think of this as a beauty
makeover for Ping. Just like on Jenny Jones. We started out with the
Plain Jane or Plain Joe look of our original Ping and performed a
pixel makeover.
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The two paddles are now constructed out of some really nice
scans of fine polished exotic wood. Brushed steel seemed too cold
for a friendly game of Ping. The ball sprite has been given the ap-
pearance of a real tennis ball, complete with a few additional sprite
cels to give it that slowly-rotating-ball-in-zero-gravity-with-
absolutely-no-friction look.

Now the game not only looks better—well, if not better at least
different—and with its new look it now takes up twice as much
disk and memory space as the “before” version. Bigger is better.
Right?

Experiment
Now it’s your turn. Take this simple example and do something
goofy with it. Maybe you can build a cross between Mortal Kombat
and Pong. Call it Primal Pong. You could have the paddles spew
blood every time they return a volley. The ball could be one of those
polished chrome Phantasm Swiss Army Knife death balls. I hate

that ball. I still break out in a cold sweat whenever I'm in a room
with some ball bearings.
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Sound is the second most essential element of any game, the first
being graphics. If you could make a game that used only sound,
then sound would obviously be the most important element of that
game, but for now I'm sticking with my original assertion. You can
create a game without sound just like you can have sex without
moaning, pizza without pepperoni, and Pink Floyd without Roger
Waters, but why on earth would you want to? Sound is the essen-
tial icing for the great game recipe. The graphics of a game hold
your interest, the design of the game play brings the players back
for more, but it is sound that provides the total immersive experi-
ence that a great game gives you.

333
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This chapter will help you on that road to the total Mac game
experience. So drop some Hendrix into your CD player, crank the
volume up to eleven, and start reading.

What by Sound)

Time for an eighth-grade science review of sound. Put a CD on
your stereo that has a good beat and that you can dance to. I would
suggest some Parliament. George Clinton (no relation to Bill that
I'm aware of) is great for science experiments. Remove the cover
from one of your speakers and find the big speaker cone that is
beating in a funkadelic fashion. Lightly put your hand on the
speaker cone. On second thought, maybe you shouldn’t perform
this experiment on your own stereo. Try your local electronics
megastore instead. They’ll have much larger speakers and private
little rooms with lots expensive speakers for you to experiment
with. Remember to bring your own CD or you might be forced to
listen to Dan Fogerty. No matter whose speaker cone you're de-
stroying, your fingertips will feel the pulsating rhythm (unless
you're listening to Dan) of the speaker cone as it moves back and
forth in time to the beat. The motion of the speaker cone is produc-
ing the deep bass rhythms you are hearing. The higher-pitched
sound is the store’s manager. Ignore him for now as we’ll get to
pitch and frequency a little later in the chapter.

As the speaker cone vibrates back and forth in time to the mu-
sic, it is pushing and pulling at the air surrounding the surface of
the speaker cone. Air is composed of (use your best Carl “Humor-
less” Sagan here) billions and billions of tiny molecules. So when
the speaker cone pushes forward, billions of those air molecules
next to the surface of the cone are crammed together. These mole-
cules react to the cramming by pushing against the molecules in
front of them, and they then start pushing against their neighbors
until a veritable riot of pushing molecules ensues. This riot sets a
sound compression wave on its journey to your ear.

The single compression wave produced by the forward move-
ment of the speaker cone will not be detected by your ear as sound.
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As the cone continues to wiggle back and forth, each forward
movement generates another compression wave moving toward
your ear. Between each pair of these waves is an area of relative
peace and calm where the air molecules have been spread apart
more than they usually like. These moments of peace match the
movement of the speaker cone inward. And it is the combinations
of these compression waves and bits of silence that make up what
your ear hears as sound. You can take your fingers off the speaker
now.

Before you can talk about sound—"talk about sound,” isn’t that re-

dundant?—you need to get the important sound terminology
down.

If you were to put the output of your stereo into an oscilloscope
you would see your stereo generating a picture of the sound like
the one in Figure 11-1. Well, probably not like that unless you were
listening to the emergency broadcasting signal.

Figure 11-1 represents the sound as a waveform display, what
you would see with the oscilloscope coming out of your stereo,
with time represented by the horizontal axis and the strength of the
sound using the vertical axis. The vertical axis is what we’re inter-
ested in at the moment—the strength of the sound signal given by
the amplitude of the wave. The amplitude of the signal is what you
are adjusting when you turn up the volume of your stereo. Some
stereos even name that control the amplitude knob. No matter what
it is called, the amplitude reflects the loudness of the sound signal.

The loudness of the signal is strictly a function of the height, or
amplitude, of the waveforms that make up the sound. In Figure
11-2 the sound on the right is louder than the sound on the left.
Though both are pretty boring sounds.
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The loudness of a sound is measured in bels. Named after
Alexander Graham Bell (why they dropped the second [ is a mys-
tery to me). Actually one bel is too large to measure sound, so its
smaller metric cousin the decibel (abbreviated dB, pronounced dee-
bee) is used instead. The bel is a logarithmic scale of measurement.
To increase the loudness of a signal by one whole bel, or ten deci-
bels, you would have to increase the power of the signal ten times.

The human ear can only detect changes in the loudness of a sig-
nal of about one decibel. Below that the increase in power is indis-
tinguishable. By increasing a signal’s loudness by one decibel you
are increasing the sound’s strength by about 26 percent. The impact
on the human ear means that while it isn’t all that sensitive to incre-
mental changes in volume, it has the ability to cover a large dy-
namic range of sound levels.

Your ears can hear a whisper across a room with a signal
strength of 20 dB. They easily manage a normal conversation of
about 40 dB. And they tolerate traffic noise at a busy intersection
measuring in at 70 dB. You can even manage to be next to a small
explosion that propels violent shock waves of 120 dB without going
permanently deaf. Anything above 120 decibels becomes painful.
Which would place a good Nine Inch Nails concert at 125 dB and
worth every one.

What's 1he Frequency, Kesnnetd)

Measuring the amplitude of a sound will only tell you how loud
the sound is. To get a mathematical representation of what the
sound actually sounds like you need to examine the frequency of
the sound wave.

To measure the frequency of a sound you first need to know
what the period of the wave is. The period of a waveform is the dis-
tance the waveform traverses to complete one full cycle, or you can
measure it (see Figure 11-3) as the distance from one peak of the
wave to the next.

The frequency of a sound is then expressed as the number of pe-
riods or cycles the sound goes through in one second. The number
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Figure 11-3. Measuring frequency

of cycles per second is usually expressed in units called Hertz (Hz),
named after Heinrich Hertz, who after coining this term went on to
make his fortune renting carriages to tourists visiting Hamburg.

Depending on how close to the concert speakers you were dur-
ing your youth, you may be able to hear sounds with frequencies as
low as a gut-vibrating 20 Hz to the high of a screeching 20 kilohertz
(kHz). Pretty good range; not as good as my Labrador retriever,
Bob, who can hear you thinking about food, but pretty good.

All of the sounds your ears hear are analog sounds. Even if they are
generated from digital sources, like your Mac, the sounds end up as
analog waveforms bouncing off your eardrum. Problem is, your
Mac isn’t an analog computer. It can’t store a sound as a continuous
analog function. The best it can do is store a digital approximation
of an analog sound.
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For sound to come out of its speaker, the Mac has to convert the
discrete digital representation of the sound it has stored into a contin-
uous analog signal that your ears can understand. Somewhere in
your Mac is a piece of silicon that does just that; it converts the digital
sound in the Mac to analog impulses that drive the speaker. This
nifty piece of circuitry is called a digital-to-analog converter or DAC
for short. You have another DAC converting the digital frame buffer
of your Mac into an analog signal that your monitor can display.

That explains how the Mac plays digital sounds, but how does
it create them? Glad you asked.

An analog sound source is converted to digital by first being con-
verted to an electrical signal; that’s what a microphone does. Then
that signal is converted into its digital counterpart when the analog
signal is sampled. Sampling is the process of capturing the signal’s
voltage, which equals the signal’s amplitude, as a stream of digital
samples, or numbers. Each of the numbers in this stream is a snap-
shot of the original signal’s voltage at that specific moment in time.
The hardware that produces this stream is referred to as an audio
digitizer. Feed the captured numeric stream from a digitizer back
out through the Mac’s DAC and speaker combination and you will
hear a signal that approximates the original.

And it is this approximation part that makes digital sound
tricky. You want the digital sound to be as nearly accurate as the
original as possible. The two factors that determine the accuracy of
your digital copy are the sampling rate used to sample the original
signal and the resolution that those samples are stored at.

Sampling Rate

The more frequently you can sample a sound source, the more ac-
curate the digital representation will be. In Figure 11-4 a low sam-
pling rate has produced a stream of samples that would not very
accurately represent the original source signal.
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Figure 11-4. Low sampling rate

By increasing the sampling rate, or sampling frequency, as
shown in Figure 11-5, you get a digital representation that can faith-
fully reproduce the original source signal. The rate or frequency that
the sound is sampled at is measured in hertz. Just like the frequency
of the analog source, isn’t that convenient. The higher the frequency,
the better the sound reproduction. For computers, common low-
quality sampling rates are 7 and 11 kHz. These rates will give you
about the same quality of playback as your telephone does. Good
enough for a SysBeep but not much else. A medium-quality sam-
pling rate is 22 kHz. This is the natural sampling rate of the Mac,
and though you wouldn’t want to listen to any music that you care
about at this rate, it's good enough for most games. Commercial-
quality audio is sampled at audio CD rates, 44.1 kHz, and digital
audio tape rates of 48 kHz. Both provide sampling rates frequent
enough to capture any source frequency that your ears could detect.

In a perfect world your sampling rate would be continuous,
giving you an infinite number of samples for any slice of sample
time. Of course you would need an infinite amount of memory and
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disk space to store and play back this perfect sound. Without infi-
nite storage you need to determine the proper sampling rate for a
signal that will accurately represent that signal upon playback.

So what sampling rate will adequately represent the original
signal? I don’t know but a smart guy named H. Nyquist did.
Nyquist derived that the minimum sampling rate is twice that of
the highest frequency that the source signal contains. So if your
source signal’s highest possible frequency is 22.05 kHz (the highest
frequency most people can perceive), then the minimum sampling
rate would be twice that or 44.1 kHz. This calculated rate is known
as the Nyquist rate.

If you decide to ignore Mr. Nyquist in order to save a few bytes
you'll end up with a sample stream that cannot accurately repre-
sent the original source. In fact, the samples will sound like an alto-
gether different sound. You will have created a clone or an alias of a
lower-frequency sound. Having this happen is known as aliasing.
The technique of trying to interpolate the needed extra information
between the infrequent samples is known as antialiasing.
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Sample Resolution

Sample frequency is only one part of the sampling Oreo cookie.
The cream for that cookie is made from the sampling resolution.
Each sample point must be contained in a finite-sized number of
bits, which means that the voltage of the sound has to be scaled or
quantized into that number of bits. If you use the Mac’s typical
sample size of 8 bits you'll have to map the strength of the source
signal at each sample point into only 255 different values. You can
think of the sample resolution as being the error term for each
sample. In Figure 11-6 the quantizing error has been exaggerated
to show the effects that 8-bit samples could have on a digitized
signal.

The same signal sampled at the same frequency but with 16-bit
samples would provide signal samples with almost no perceptible
level of error (see Figure 11-7). Remember, it’s not the number of
bits that is important but the numeric range that those bits provide.
With 16 bits the sample range has been extended from 255 different

[TV

Figure 11-6. 8-bit sample size
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voltage representations to a whopping 65,535. So by doubling the
number of bits the sample’s potential range has increased 256
times.

Why You Cane

Why would you care all about this digital audio trivia? One simple
reason is that sound quality equals space used—used by the mem-
ory that your game requires and the space that your game files take
up on disk.

Since for reasonable playback on the Mac you must have the
sounds you want to play resident in memory before you try to play
them, the amount of memory they use is important. Digitized
sounds can easily end up using more memory than the offscreen
buffers used by the sprite engine.

Disk space is really only a problem in delivery. The larger your
game, the more disks it takes to ship on, which can drastically affect
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the shipping cost of goods and thus your profits. Or in the case of
shareware the larger the sounds, the longer your players will have
to spend on-line downloading your game. Stuff your game with big
enough sounds and you could end up limiting your audience to
those with super-fast modems. Though with a compressed installer
the disk problem isn’t as big an issue as the sounds chewing up
run-time memory. Luckily, sounds compress rather well, usually
yielding a 30- to 50-percent on-disk space savings. Regrettably, de-
compression takes time and can’t be used at run time.

So the trick is to figure out what is a reasonable sample rate and
size for your game that will provide enough audio fidelity and yet
not eat up all your disk and memory space. On the Mac this isn't
much of a trick. Most games use 8-bit samples at 22 kHz for all
sounds. This is the natural rate and size that the Mac sound system
expects to see. Try to feed it anything else and you'll slow down
playback. Slow down playback and your sprites will start to creep
across the screen. All the examples presented will be based around
8-bit samples with a 22 kHz frequency.

Sound on e Mac

Sound has always been an integral part of the Mac experience, from
the startup gong to when it spoke those three famous words on its
unveiling: “Hello, I'm Macintosh.”

From that initial halting speech the Mac team has always made
sure that the Mac was able to make noise. And with each new
model the Mac’s sound capabilities have increased. The software
interface for these ever-increasing sound capabilities has always
been through the Mac’s Sound Manager.

Sound Marager: A Brief History

The Mac sound system has had an interesting past. From a simple
driver that barely kept the speaker fed to the CD-quality sound
playback systems of the current Mac lineup, it’s been a case of
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“You've come a long way, baby.” So on with our history tour of the
Sound Manager. Keep your hands in the vehicle at all times and
please, no flash photography.

Sound Driver

The original Mac came with a sound driver. You wouldn’t want to
call it a Sound Manager as it barely managed play sounds. The
original, phone-book edition of Inside Mac documented the sound
driver’s simple square wave synthesizer, which could produce
Atari 2600-like buzzing sounds. It contained a four-tone synthe-
sizer that allowed the programmer to set the waveform that
would be used for each of the four channels. You could use any 8-
bit sample you wanted as long as it fit into 255 bytes. And the
coolest part of the Mac’s sound driver was the sampled sound
playback. With this part of the driver you could play back 22 kHz
8-bit samples that sounded really impressive. Unless your Mac
was parked next to an Amiga.

You could play back sampled sounds with the sound driver but
you had no built-in way of recording them. You’d have to drop
$125 and buy yourself a MacNifty sound digitizer if you wanted to
record annoying sounds for your Mac.

Sound Manager

Time marched on and the Mac Il rolled out. Along with a 68020
and color displays, the Mac IT had the first Apple sound chip,
known as the Apple Sound Chip or the ASC by the technologi-
cally hip. With the chip came a whole redesign of the sound
driver to support it. The new software interface to the sound
hardware was so impressive that the name changed from the
sound driver to the Sound Manager and a gained a huge chapter
in the new Inside Mac, volume V. Trouble was, the only thing this
new Sound Manager managed to do was lie. The documentation
for the Sound Manager was not just slightly wrong, it outright
lied. And where it did document features that actually existed, it
was usually wrong.
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Apple tried to fix up the Sound Manager with the release of
System 6.0. Strike one. Not only were old bugs not fixed but they
introduced new ones. Apple tried again with system 6.0.2. Strike
two, a total whiff. Fixed more bugs and added a few more, though
6.0.2 did fix more bugs than it introduced. The preliminary new In-
side Mac Sound Manager managed to lie about only a few things.
Strike three, you're outta’ here. Next batter.

Sownd Méanager Pant (|

The next Sound Manager to take the plate was the one contained in
system 6.0.7, Sound Manager version 2.0. This Sound Manager
came with a whole new chapter in the new Inside Mac, volume VI, a
tome so large it has its own climate. This new manager docu-
mented how you could record sounds from your Mac without buy-
ing a third-party digitizer. How you could play sound files directly
off the disk. How you could compress sounds in a format that the
Mac could play back from other programs. How you could play
multiple channels of sound. And for the game programmer, an ap-
proved way to handle double buffering. The best part about these
features was that they actually existed. You could read about them
and spend a few evenings coding and actually get sounds out of
the speaker just as it was documented. This Sound Manager wasn'’t
a home run, but it was a legitimate stand-up triple.

Sownd Manager Part (1

The pitch: low and inside. The swing. Whack! It's going . . . going
... gone. With Sound Manager 3.0 Apple said good-bye to Mr.
Spaulding and said hello to a whole feast of features. Backwards-
compatible with Sound Manager 2.0, it also managed to squeeze in
support for 16-bit, 44.1 kHz sound. A plug-in sound component ar-
chitecture. Support for third-party sound boards. And best of all a
two- to threefold increase in speed. This gain in speed allowed
many game programmers to stop handling their own sound pro-
cessing and use the Mac’s. Which was the goal of the Sound Man-
agers from day one.



Playing Sound

Sournd 347

Enough history. Let's make some noise. This section will give you
an overview of how to use the Sound Manager to produce sounds
for your games. The information covered here will be used in the

next section to construct a sound kit specific to games.

Sound Commandy

Sound is generated by the Sound Manager through the use of sound
commands. Every sound you play on the Mac is ultimately pro-
duced by directing sound commands at the Sound Manager. The
commands supported by the Sound Manager are listed in the table.

enum {

nullCmd
gquietCmd
flushCmd
reInitCmd
waitCmd
pauseCmd
resumeCmd
callBackCmd
syncCmd
availableCmd
versionCmd
totalLoadCmd
loadCmd
fregDurationCmd
restCmd
freqCmd
ampCmd
timbreCmd
getAmpCmd
volumeCmd
getVolumeCmd
waveTableCmd
phaseCmd
soundCmd

40,

46,
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bufferCmd = 81,
rateCmd = 82,
continueCmd = 83,
doubleBufferCmd = 84,
getRateCmd = 85,
rateMultiplierCmd = 86,
getRateMultiplierCmd = 87,
sizeCmd = 90,
convertCmd = 91

When you pass one of these 33 commands to the Sound Man-
ager you do so by first wrapping the command in a SndCommand
structure. This structure has not only space for the command but
space for two additional parameters that can go along with the
command. Not all commands require parameters, but all communi-
cations with the Sound Manager must take place through this
structure.

typedef struct {
unsigned short cmd;
short paraml;
long param2;
} SndCommand;

We’ll be using only a few of these commands in this chapter, so
if you want the full dope on all of these commands drag out your
copy of Inside Mac: Sound.

You can only send sound commands to the Sound Manager
through three entry points. The first, SndDoCommand, executes the
commands sent with it in FIFO order. This allows you to stack com-
mands up faster than the hardware can process them without hav-
ing to worrying about the Sound Manager dropping commands.
Unless of course the command queue is full, in which case you'll be
handed back a queueFull error. That is, you'll get that error back
if you pass in True for the queue waiting parameter. Otherwise
sndDoCommand will wait until an earlier posted command has
been processed and removed from the queue in order to insert the
fresh command you passed in.
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OSErr SndDoCommand( SndChannelPtr chan,
const SndCommand *cmd,
Boolean noWait) ;

All commands handed to SndDoCommand are executed at interrupt
level by the Sound Manager asynchronously to the main thread of
your program.

The second method of executing sound commands is with a
call to SndDoImmediate. As its name implies this function allows
you to cut to the front of the command line and have your com-
mand executed without waiting for any commands in the queue to
be processed. This function is useful for things like quickly shut-
ting down sound playback.

OSErr SndDoImmediate( SndChannelPtr chan,
const SndCommand *cmd) ;

The third command-processing entry point is to package your
commands in a snd resource that you then play back with a call to
the Sound Manager’s SndPlay command. The snd resource con-
tains all the sound commands that you want to execute along with
their parameters and any needed data.

OSErr SndPlay( SndChannelPtr chan,
SndListHandle sndHdl,
Boolean async);

The commands contained in the resource are executed from the
start of the resource to the end. These commands will either be exe-
cuted synchronously or asynchronously depending on the value of
the Boolean passed as the async parameter. To refresh your mem-
ory, calling the SndPlay synchronously will force the caller of
SndPlay to wait until the Sound Manager is done processing the
commands contained within the snd resource. Calling SndPlay
asynchronously lets the Sound Manager return control immediately
to the calling function, with the Sound Manager executing the snd
commands at interrupt time parallel to your program’s execution.
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The function SndControl was introduced as another method
of sending commands to the Sound Manager with version 2.0. With
Sound Manager 3.0 it is being phased out.

Sound harmels

As you probably noticed, all the methods of passing sound com-
mands to the Sound Manager require a sound channel. Before you
can generate any sounds on the Mac you have to open a path to the
Sound Manager for your sound to travel. That path is a sound
channel. Commands are sent to the Sound Manager through a
sound channel, which manages the commands in a FIFO queue
(unless the command was sent with SndDoImmediate). The
Sound Manager finds all its commands within sound channels.
Even calls to the Sound Manager that don’t require you to pass in a
sound channel will probably construct one internally.

typedef struct {
struct SndChannel *nextChan;

Ptr firstMod; // Used internally
SndCallBackUPP callBack;

long userInfo; // Refcon

long wait;

SndCommand cmdInProgress;

short flags;

short gLength;

short gHead;

short gTail;

SndCommand queue [stdQLength] ;

} SndChannel ;

If you use the Sound Manager at a high level you'd probably
never need to know what a sound channel is. But game program-
mers never get to use the high-level functions. In order to play
sounds asynchronously you'll need to get down and dirty with the
sound channels.
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The Esy Wiy

The easiest way to play a sound from the Mac is to copy the sound
you want to play into the system. Select that sound as the alert
sound from the sound control panel. Call SysBeep. Bingo, your
sound will beep. Easy, but not very practical.

The second-easiest way is to have your sound stored as a snd
resource and to play it back with a call to SndPlay.

// Play back a snd resource with SndPlay
SndListHandle sndResource;

sndResource = GetResource(‘'snd ‘', 1000);
if (sndResource)
{

OSErr err;

HLock( (Handle) sndResource ) ;

err = SndPlay( nil, sndResource, FALSE);
HUnlock ( (Handle) sndResource );
ReleaseResource( (Handle) sndResource);

In this example the sound channel parameter of SndPlay is nil,
which is the signal to SndPlay that you are too lazy to build your
own sound channel and that it will need to build a temporary one
for you. SndPlay will only perform this kindness if you ask it to
play the sound synchronously. If you attempt to play the sound
asynchronously and still ask SndP1lay to create the sound channel,
you'll be indirectly forcing it to ignore you and play the sound
synchronously.

From 4 Dask

One of the cooler things introduced with version 2.0 of the
Sound Manager was the ability to play sounds larger than avail-
able memory directly from disk. You always could do this before
2.0, it was just that you’d probably prefer an IRS audit to the
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task of writing all the interrupt level code necessary to perform
such a feat. With 2.0 playing from disk is about as easy as using
SndPlay.

To play a file from disk you'll first need a sound file to play. Be-
fore you scream “Duh!” at me you need to know that you have sev-
eral choices of sound files to choose from. You can use a resource
file with a snd resource contained within it. Otherwise if you prefer
your sounds in the data fork or if you really miss programming an
Amiga you can put your sounds into an AIFF files or its com-
pressed cousin, an AIFF-C file. To convert your sound into an AIFF
file you can use any one of the public domain utilities written to
convert sound files; my favorite is Sound App by Norman Franke.
Or you can use the program that originally created the sound file.
Most can also save the file as AIFF or AIFF-C.

The Sound Manager’s function to play back an AIFF file is
SndStartsSndFilePlay. Don’t be intimidated by all those argu-
ments in the prototype. Most of them you can set to nil and let the
Sound Manager do all the hard work for you. The only two param-
eters you have to provide are an open file reference and whether
you want to play the sound synchronously or asynchronously. You
might need to pass in the resource id of the snd if you're not play-
ing back an AIFF file. SndStartFilePlay, like SndPlay, will
only let you play the file synchronously if you ask it to build a tem-
porary sound channel for you.

OSErr SndStartFilePlay(SndChannelPtr chan,

short fRefNum,

short resNum,

long bufferSize,

void *theBuffer,
AudioSelectionPtr theSelection,
FilePlayCompletionUPP theCompletion,
Boolean async);

Playing a disk file is then as simple as opening the file, calling
SndstartFilePlay, waiting for the sound to play, and then
cleaning up by closing the input file.
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// Give an FSSpec play back the AIFF file it points to
short refNum;

if( FSpOpenDF (&fileSpec, fsRdPerm, &refNum) == noErr)
{

OSErr err;

err = SndStartFilePlay(nil, refNum, 0, 0, nil,
nil, nil, nil, FALSE);
FSClose (refNum) ;

The processor resources required to play a file directly from
disk rule this out as a core technique for high-speed action
games. But other types of games without as many processing de-
mands could probably benefit greatly from this nifty and easy-to-
use capability.

Aasyncbronowily—QGet Used 10 1t

While your game sound effects are playing you still want to have
your sprites running around on the screen. This requires that you
play all your sounds asynchronously. Asynchronous sounds are
played at interrupt level by the Sound Manager while control of the
main thread of execution is returned to your game.

Playing a sound asynchronously is easy enough. Create a sound
channel. Load in the sound resource. Call SndPlay, passing it the
sound channel you created, as well as the loaded sound, and setting
the function’s asynchronous flag to true. If everything goes accord-
ing to plan SndPlay will return immediately to the function that
called it and you'll have a sound playing in parallel with your
program.

The problem with asynchronous sound (you knew there had to
be a problem) is deciding when the sound is done playing. Without
this knowledge you would never know when you could start play-
ing your next sound effect. A game that can only play one sound
would have to be a very short game.
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What you would like is a notification from the Sound Manager
when it is done playing your sound. And that is exactly what the
Sound Manager provides. When you create your own sound chan-
nel you are given the chance to install a “sound done playing” noti-
fication function with the sound channel. You would think that
your installed callback function would be called as soon SndPlay
was done playing. You'd think that. But no, that would be too easy.

The callback function associated with your sound channel will
only be executed by the Sound Manager when the channel pro-
cesses a command of the type callBackCmd. When the Sound
Manager is handed a callBackCmd it immediately calls the call-
back function tied to the sound channel that the cal1BackCmd
came from.

This method is a lot more flexible than having a simple comple-
tion function called when the channel is done processing sound
commands. With this method you can have your callback function
executed at any point in the sound processing stream. All you have
to do is embed the callBackCmd into the channel’s playback
queue whenever you would like to be called back.

In your case you would like to be called back right after the
sound is done playing, simulating a completion routine. This can be
done by making sure that you insert cal1BackCmd as the absolute
last sound command given to the sound channel. As commands are
processed in a FIFO order your callback will be the last command
extracted from the sound channel’s queue. From this you can see
that you must use the SndDoCommand, which places commands in
the queue, and not SndDoImmeadiate, which calls your callback
immediately and defeats the whole purpose of the callback.

Let’s look at an example that plays a sound resource. The exam-
ple will keep playing back a sound resource until you click the
mouse button or hit the restart button.

/*

Simple driver function to test Asynch sound
*/
OSErr PlaySoundForever (short sndID)
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OSErr err = noErr;

while(!Button() && err == noErr)

{
if (gChannel.stillPlaying == FALSE)
err = PlaySndAsynch(sndID) ;
}

return err;

The test function for the asynchronous sound playback takes a
resource id of the sound that you would like to hear endlessly. This
function watches the stillPlaying flag contained within the
global AsynchChannel structure. When this flag is false the sound
channel is done playing the sound and you're free to replay it.

typedef struct ({
SndChannelPtr channelUsed;
Boolean stillPlaying;
} AsynchChannel;

AsynchChannel gChannel = { nil, FALSE };

The AsynchChannel structure is a convenient way of passing
a global flag to the callback without having to worry about A5
worlds.

To play the sound, the test function uses PlaySndAsynch,
passing it the resource id of the sound it wants played. Before
PlaySndAsynch starts whipping up a fresh sound channel, the
global sound channel reference is checked to see if a channel al-
ready exists.

Play a ‘snd’ asynch with the global channel

OSErr PlaySndAsynch (short sndID)
{

OSErr err = noErr;
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// Create a sound channel for playback

if (gChannel.channel == nil)
err = SndNewChannel (&gChannel.channel,
sampledSynth,
0,
DonePlaying) ;

If a sound channel does need to be created a call is made to
SndNewChannel. By passing a pointer to a nil channel pointer,
PlaySndAsynch is requesting that the Sound Manager create the
memory needed for the sound channel and pass back a pointer to
it. After the channel pointer you need to specify to SndNewChan-
nel what type of synthesizer, or type, of sound you'll be playing
through the channel. In this case you'll be playing back sampled
sound, so you need to use the sampled synthesizer. Next you pass
any channel initialization flags that you want used to configure
the sound channel. In this example zero is passed, telling Snd-
NewChannel to take its best guess according to the Mac’s hard-
ware on how to initialize the channel. The last parameter for
creating a sound channel is the address of the function that you
want the sound channel to execute whenever it encounters a
callBackCmd.

The prototype of the callback function must match this declara-
tion. When the callback is executed it is handed a pointer to the
sound channel that the callback was associated with and a pointer
to a copy of the sound command structure that contains the call-
BackCmd. So along with the command your callback gets handed
a pointer to the two parameters that are in every sound command.

pascal void CallBack(SndChannelPtr channel,
SndCommand * cmd) ;

Using the sound command’s parameters is how our callback
communicates with the global sound done flag. Our sound callback
function, DonePlaying, casts the second parameter of the sound
command as a pointer to an AsynchChannel structure. From this
pointer the flag that indicates whether the sound is still playing is
set to false. This method, while little more indirect than setting and
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restoring the A5 world, is a heck of a lot faster. I always hated mess-
ing with A5 anywise.

pascal void DonePlaying (SndChannelPtr channel,
SndCommand *cmd)

{
( (AsynchChannel *)cmd->param2)->stillPlaying = FALSE;
}

The really important thing you have to remember about sound
callback functions is that they operate as interrupt-level. Which
makes sense as the callback is called from an interrupt handler.
Since the function is interrupt-level code, you can’t do anything
with the memory manager or resource manager, really anything
that would be cool. Just stay away from all Toolbox calls unless you
check that they are interrupt-safe, and you should be safe.

if (err == noErr && gChannel.stillPlaying == FALSE)
{
SndListHandle sndHandle;

// Load in the resource
sndHandle = (SndListHandle) GetResource(‘'snd ‘',
sndID) ;
if (sndHandle)
{
SndCommand cmd;

HLock ( (Handle) sndHandle) ;

// Play the sound
err = SndPlay (gChannel.channel,
sndHandle, TRUE) ;

// Install call back

if (err == noErr)

{
gChannel.stillPlaying = TRUE;
cmd.cmd = callBackCmd;
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cmd.param2 = (long)&gChannel;
err = SndDoCommand (gChannel .channel,
&cmd, FALSE) ;

}
else
gChannel.channel = nil;

return err;

The rest of the function P1aySndAsynch loads the sound han-
dle into memory and then makes an asynchronous call to SndPlay
using the sound channel created earlier. If SndPlay returns the all-
clear sign, PlaySndAsynch sets the global flag stillPlaying to
true, indicating to the outside world that the sound is currently
playing. The callback is initiated by building a sound command that
contains a pointer to the gChannel structure in its second parame-
ter. This is the pointer that will be passed to your callback function
when SndPlay is done playing. The command is then inserted into
the sound channel’s queue with a call to SndDoCommand. On insert-
ing the command the function requests that SndDoCommand not
wait until there is room in the channel’s queue. If the sound you
passed in happened to have more than the default number of sound
commands (around 128) SndDoCommand would return an error. You
needn'’t concern yourself, though, as sampled sounds usually use
two or three commands at most. Most of the space used by the snd
resource is dedicated to sample data used by the commands, which
don’t eat up much of the sound channel’s command queue.

Sound Class Kit: "The Pudience b Listerning”

For the game class kit to be complete you need an interface for
playing sounds. That condition is satisfied with the inclusion of the
CSoundFX class. This class will manage all the sounds tasks needed
by our examples and provide a sound platform for you to build
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upon in the future. Sound platform. Get it? Oh never mind, it’s late
and you have better things to read than bad puns. Like that upcom-
ing bold section heading.

PW azo

About the only new wrinkle that the CSoundFX class brings to
sound playback is the idea of sound priorities. Each sound that is
played by the class must be assigned one of the priorities defined
by the class’s interface. This assignment is done at the time the
sound is played with the priority usually determined at compile
time.

typedef enum {
kLowestPriority = 0
kMedPriority,
kHighPriority,
kExplosionPriority,
kBonusPriority,
kAlarmPriority = 255

} SoundPriority;

Sound priorities come into play when all of the sound channels
are busy playing and you want to play back yet another sound. The
CSoundFX class will take your sound and its priority and look for a
sound channel that is currently playing a lower-priority sound. If it
finds one the class will interrupt the lower-priority sound and start
playing back your sound immediately. If your sound ends up hav-
ing a priority lower than all the sounds currently playing, your play
request is dropped into the bit bucket.

When you write your code you have to decide at what priority
you want each sound to be played. General background and envi-
ronment noises should be given the lowest priority. Give average
sound effects like missiles shots and laser beams a rating around
the mid-range. You want actions that signify accomplishments and
disappointments—blowing up an enemy ship or having your ship
destroyed—to have a high sound priority. Can’t have your player
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missing a significant event like that. The highest priority is the
kAlarmPriority, which should only be used to indicate some-
thing really important that the player has to be aware of. Winning a
free life would be play back a sound of an alarm priority.

Stéarting U
Initializing is done by creating an instance of CSoundFX class. You
should do this at the beginning of your program. It would be best if
you created only one instance of the class and kept a global refer-
ence to it that the rest of the objects have access to. You don’t want
to be creating a CSoundFX class, playing a sound, and throwing the
class away. You could do it that way, but it would be painful.

All of the sound channels used by the class are contained in a
wrapper similar to the one used in the asynchronous playing exam-
ple. It’s even called the same thing and used for the same purpose:
communicating the state of the channel between the callback rou-
tine and the rest of the code.

typedef struct {

SndChannelPtr channelUsed;
Boolean stillPlaying;
SoundPriority priority;
SndListHandle currSnd;

} AsynchChannel;

The first two fields you already know about; the first of the
other two tells us the priority of the sound currently playing, with
the remaining field keeping a copy of the sound handle that is be-
ing played. The handle is kept around so the class can unlock it af-
ter it is done playing back.

CSoundFX: :CSoundFX()
{

OSErr err = noErr;

fSoundStopped = FALSE;
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for(short i = 0; i < kMaxChannels; i++)
{

fChannels[i] .channelUsed = nil;
fChannels[i] .stillPlaying = FALSE;
fChannels[i] .priority = kNothingPlaying;
fChannels[i] .currSnd = nil;

// Create all the channels upon creation

err = SndNewChannel (&fChannels[i].channelUsed,
sampledSynth,
initMono + initNoInterp,
DonePlaying) ;

if (exrr != noErr)

{
PostFatalError (err) ;
break;

}

if (err == noErr)
fSoundStopped = TRUE;

The constructor for CSoundFX is the only initialization needed
to use the class. The constructor creates a number of sound chan-
nels for use with the sampled sound synthesizer in the same man-
ner as before, letting SndNewChannel create the memory used by
the channel.

Each channel is initialized at creation so that it will play back a
sound in mono and skip interpolating the samples. Normally a
channel will attempt to convert sounds that are sampled at a rate
lower than 22 kHz up to 22 kHz during playback by interpolating
between the missing samples. With interpolation off, the Sound
Manager will instead duplicate existing samples to make up for the
missing samples. This does result in audible degradation of sounds
sampled at rates lower than 22 kHz, but is much faster than inter-
polating. You shouldn’t be able to notice the difference with noisy
sounds like explosions.

The same callback routine is used by all the sound channels.
This is one of the benefits of passing at the address of the sound
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done flags instead of depending on setting up and global world. To
use an A5 world in the manner that Inside Mac: Sound suggests, you
would need a separate callback function for each channel allocated.

If any problems are encountered during channel creation, the
constructor will call PostFatalError, the same function used by
the play field and sprite classes to report error conditions. This
function will call the error handler that you installed at the begin-
ning of the program to handle any sprite or play field problems. So
your error handler will now be doing double duty, watching out for
any problems with the graphics system and now the sound system.

With all the channels successfully erected, the constructor en-
ables the master sound playback switch by setting £ Sound-
Stopped to true. It had set this to false at the beginning of the
constructor in case of any trouble.

W Do

At the end of your game you’ll want to free the sound channels
used by the sound class by freeing the class. The class’s destructor
will handle the rest.

CSoundFX: : ~CSoundFX ()
{

Silence() ;

for(short 1 = 0; 1 < kNumChan; i++)
{

OSErr err;

err = SndDisposeChannel (
fChannels[i] .channelUsed, TRUE);

fChannels[i] .channelUsed = nil;
fChannels[i].stillPlaying = FALSE;
fChannels[i] .priority = kNothingPlaying;
fChannels[i] .currSnd = nil;
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Handling the rest means shutting up any sounds that are cur-
rently playing with a call to Silence. After any remaining rogue
sounds are clammed up, the channels used by the class are then
disposed of with a few quick calls to the Sound Manager’s Snd-
DisposeChannel.

It would have been safe to dispose of the channels without si-
lencing them, as SndDisposeChannel is capable of silencing the
channel before throwing it on the bit heap. That's exactly what the
last parameter tells SndDisposeChannel to do. If you pass true as
this parameter the channel will be immediately shushed before be-
ing disposed of. Pass in false and the channel will wait until it has
finished all of the commands in its queue.

Playing Sounds
The main sound playback function of the CSoundFX class is the
Playsnd function. All you need to pass to the function is the re-
source id of the sound you want to play and the priority that you
want the sound associated with.

Playing the sound is accomplished by first seeing if the class
wants any sound at all to be played with a quick check of the
fSoundStopped sound-enable flag. If it’s true, then the class
doesn’t want any more sounds being played, so the function bails
early.

CSoundFX: : PlaySnd (short sndID, SoundPriority priority)

{
SndListHandle sndH;
AsynchChannel * channel = nil;

if (£SoundStopped)
return;

Next the desired sound is loaded into memory from whatever
resource file it lies in. After the sound resource is successfully
grabbed, the handle is locked down. Sound handles you don’t want
wandering around while you're trying to play them back asynchro-
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nously. If you want playback to occur reliably you'll want to pre-
load your sounds by either marking them to be preloaded with
your favorite resource editor or loading them programmatically at
the start of your game or at the beginning of each level.

sndH = (SndListHandle) GetResource(‘'snd ‘', sndID);
if(sndH == nil)
{

PostFatalError (ResError());

return;

}
HLock ( (Handle) sndH) ;

For playback a free channel must be found. First check all the
channels to see if any if them are already free. If one is found its ad-
dress is assigned to the local channel pointer.

// Find a channel to play from, first looking for one
// that isn’t already busy
channel = nil;
for(short i = 0; i1 < kNumChan; i++)
{
if (fChannels([i] .stillPlaying == FALSE)
{
channel = &fChannels[i];
break;

If all the channels are currently busy, the code starts to look for
a channel that is playing a sound of lower priority than the one that
has been requested to be played.

// If all the channels were busy try to find one with
// a lower priority snd

if (channel == nil)

{

for(short i = 0; i < kNumChan; i++)
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if (fChannels[i] .priority < priority)
{
channel = &fChannels[i];
break;

With a channel found ready for playback, you need to know if
it's already busy playing. If so, the channel is silenced by immedi-
ately sending a quiet command to the channel. Following that com-
mand is the flush command, which wipes all the commands still
lying around in the channel’s queue.

// If a channel was found silence it if necessary and
// then start playback

if (channel)

{

OSErr err;

// Shutdown a channel that is still playing
if (channel->stillPlaying)
{

SndCommand cmd;

cd.cmd = quietCmd;

cmd.paraml = 0;

cmd.param2 = 0;

err = SndDoImmediate (channel->channelUsed,
&cmd) ;

cmd.cmd = f£lushCmd;

err = SndDoImmediate (channel->channelUsed,
&cmd) ;

With the channel successfully shushed and flushed the sound is
set to begin playing with a call to SndPlay. Other than copying a
reference to the sound handle and its priority, this playback code
works just like the previous asynchronous example.
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Playing back sounds efficiently on the Mac is a matter of keeping the
Apple Sound Chip fed and happy. The ASC is happy and at its best
when it gets fed regularly and in the right proportions.

Any sound you feed to the ASC that isn’t at its natural appetite
of 22 kHz it will have to rate-convert. This is time-consuming. The
best way to avoid this delay is to always feed the ASC a diet of 22
kHz sounds. The next best substitute is to turn off rate-sampling in-
terpolation when creating the sound channel, as the sample code
does.

The ASC has a 1-K appetite. All sound data fed to it is done so in
1-K chunks. When the ASC is done processing half of this chunk it will
interrupt the Sound Manager and ask for seconds, thirds, etc. This
large appetite means that smaller sounds or sounds that don’t end on
1-K boundaries could end up feeding the remainder of a padded buffer
before the next sound in the queue can be processed. This padding will
be silence and will sound like a pop between sounds.

By feeding the ASC high-nutrition 22-kHz sounds that are larger
than 1K you can keep it happily playing 100 percent of the recom-
mended daily allowance of game sounds.

The channel’s flags are set before SndPlay is called to prevent
a potential race condition. This condition could occur if the chan-
nel’s flag was set after the callback command is set. The race is be-
tween the point the callback command is sent to the channel and
the amount of time needed to set the callback flags. If the channel’s
callback function is called before that flag can be set, which could
happen for very short sounds, then the channel’s callback will exe-
cute, marking the channel as no longer busy. When the Sound
Manager’s interrupt handler finishes up, control will be passed
back to the code, which will dutifully mark the channel as busy,
even though the callback has already completed. With no chance of
a callback, the channel will remain marked as busy and only a
sound of a higher priority could ever grab the channel back. Nasty.
Try to avoid it.
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noErr)

//
//
//
//

Show that the sound is playing before
calling SndPlay. This avoids a
potential race condition that would
close off the channel forever

channel->stillPlaying TRUE;
channel->priority = priority;
channel->currSnd = sndH;

err = SndPlay (channel->channelUsed,
sndH,
TRUE) ;

if (err == noErr)

{
cmd.cmd = callBackCmd;
cmd . param2 (long) channel;
err SndDoCommand (
channel->channelUsed, &cmd,
FALSE) ;

}

else // SndPlay failed for some reason,
// mark channel as unused

{

channel->stillPlaying FALSE;
HUnlock ( (Handle) channel->currSnd) ;
channel->currSnd = nil;
PostFatalError (err) ;

PostFatalError (err) ;

During your game loop or event loop you'll want to make periodic
calls to CSoundFX’s SoundFXTask function. This function cleans
up after any sound channels that are no longer being used.
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void CSoundFX::SoundFXTask()
{
) for(short i = 0; i1 < kNumChan; i++)
{
if (fChannels[i] .stillPlaying == FALSE)
{
// Mark the channel as empty
fChannels[i] .stillPlaying = FALSE;
fChannels[i] .priority = kNothingPlaying;
if (fChannels[i] .currSnd)
HUnlock( (Handle)
fChannels[i] .currSnd) ;
fChannels[i] .currSnd = nil;

For our sounds the channels are marked as being completely
free. If a sound handle is still hanging around it is unlocked and all
references to it are forgotten.

Silence lo Goldes.

At any point you can silence all playback channels with one call to
the class’s Silence method. From this method all the channels are
checked to see if any sounds are currently playing back and if so,
they are silenced with a quiet command followed by a flush
command.

void CSoundFX::Silence()
{ for(short i = 0; i1 < kNumChan; i++)
{ if (fChannels[i] .stillPlaying)
{ SndCommand cmd;
OSErr err;

cmd.cmd = quietCmd;
cmd.paraml = 0;
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cmd.param2 = 0;

err = SndDoImmediate(
fChannels[i] .channelUsed,
&cmd) ;

cmd.cmd = flushCmd;

err = SndDoImmediate (
fChannels[i].channelUsed,
&cmd) ;

// Mark the channel as empty
fChannels[i].stillPlaying = FALSE;
fChannels[i] .priority = kNothingPlaying;
HUnlock( (Handle) fChannels[i] .currSnd) ;

The only functions of the class left are the ones that enable and dis-
able master playback. By using the functions Enable and Disable

you simply toggle the variable that controls whether any future
sounds can be played through the P1aySnd method.
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In this chapter it all comes together. Here a complete example
game is built that uses all the techniques discussed so far plus a
few others yet to be covered. The arcade game presented here is a
compromise between a full-featured game and a teaching exam-
ple with enough features to be interesting. Which means that this
example is rather large in scope in comparison to the other exam-
ples presented earlier. With such a large example only the essen-
tial core code of the game will be covered in detail in this chapter.
For the rest you can wander around the full source provided on

disk.

37
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Géme Rules

Digger, the name of this chapter’s example, is based on an old ar-
cade game, Dig-Dug. If you've ever played that arcade relic, this
game will seem immediately familiar.

The rules for Digger are simple. You control Doug, who loves to
dig in his backyard. Trouble is, deep in his backyard are buried
alive some ferocious fire-breathing monsters that don’t much ap-
preciate Doug’s digging around in their territory.

Doug’s mission, if he decides to accept it, is to dig a network of
tunnels throughout the underground of his backyard and rid him-
self of these fire-breathing pests. To help with this job Doug is
equipped with a freeze ray that his sister built from the spare Nin-
tendo cartridges lying around his garage. By shooting the freeze ray
at a monster Doug can start to turn it into a chunk of prehistoric ice.
If the ray is applied long enough, the monster will freeze solid and
shatter. No more monster. If Doug doesn’t freeze a monster solid it
will eventually melt the block of ice surrounding it and return to
the task of trying to fricassee Doug. Doug’s freeze ray has a limited
range and takes a while to fully freeze a monster. While Doug is us-
ing his freeze ray he has to remain calm and still, which makes him
a perfect target for any other monsters still stalking around.

Doug’s other advantage is his tunneling speed. Doug is one fast
digger. He can dig tunnels slightly faster than the monsters can fol-
low. Doug uses this speed advantage by digging tunnels under the
boulders lying around in his yard and moving out of the way in the
nick of time. The boulders come crashing down and with luck squish
any monsters that were trailing Doug. But if Doug isn’t careful the
boulders can as easily end up bashing in his noggin. Boulders don't
squish people. Gravity does.

The monsters occupying Doug’s backyard aren’t without their
own arsenal. Their first line of offense is some really offensive breath.
Every so often these babies can shoot a stream of fire that’ll deep-fry
Doug in no time. Their other evolutionary advantage over Doug is
their ability to change their density and pass right through the earth
that makes up Doug’s yard. They can only stay in this ghost state for
short periods of time, but usually long enough to get Doug a-running.
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That’s the basic plot line. You control Doug’s movements with
the four arrow keys. Doug will automatically dig a tunnel wherever
he goes. You fire Doug’s freeze ray by pressing and holding the
space bar. Pause the game with the escape key.

You score a fresh new Doug on the first 10,000 points and every
20,000 more after that. Squishing a monster with rocks is worth
more than simply turning them into popsicles. Freezing them from
the side is worth more than doing it by sneaking up on them from
the top or bottom. But it’s more dangerous too, since a monster can
only breathe fire to the left or right.

Doug goes on to the next level when all the rocks have been re-
leased or all the monsters removed, whichever occurs first. Doug
loses a life if a boulder pounds him into the ground or a monster
sautés him with fire or even touches him. When Doug loses all his
lives the game is over.

Dats Shuctunres

The main data structure Digger works with is the TunnelState.
The play field is divided into a two-dimensional array of cells that
hold a TunnelState.

typedef enum {
Blocked = 0,
OpenOnLeft = 1,
OpenOnRight = 1<<1,
OpenOnTop = 1<<2,
OpenOnBottom = 1<<3,
PlayerScent = 1l<<4

}TunnelState;

As Doug digs his network of tunnels each cell is marked with the
proper tunnel state for the path passing through that cell. If Doug
makes a long tunnel from left to right all the cells he digs through will
be marked as OpenOnLeft and OpenOnRight except for the end
points of the tunnel. Those points will be blocked at one of the ends
and will only be marked OpenOnLeft or OpenOnRight but not both.
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A tunnel cell is initially marked as Blocked, indicating that no
tunneling has occurred in that cell. The state of the tunneling is cu-
mulative upon the cell. A cell that Doug has dug through from top
to bottom will first be marked as OpenOnTop as Doug digs through
the top of the cell. When Doug makes his way through to the bottom
of the cell it is then marked as also being OpenOnBottom. If at a
later time Doug were to dig through the left side of the same cell, it
would be indicated by marking the cell OpenOnLeft. If Doug con-
tinues on to the right side of the cell, the creation of a four-way inter-
section will be celebrated by tagging the cell as OpenOnRight. So
with four least significant bits set in this cell, the game’s code will
know that this cell is open on the top, bottom, left, and right.

The game’s code uses this array of TunnelStates to deter-
mine where the monster can stroll, how far the fire and freeze rays
can travel before running into a wall, and whether a rock can start
falling and after it starts falling when it runs into the ground.

Tousnmnel Layout

The game’s main data structure for keeping track of the tunnels is
maintained by the global gPathArray. This is the array that is
marked up; Doug moves around within it.

TunnelState gPathArray[kRowCnt] [kColumnCnt] ;

This is also the array that will be checked before moving any of
the monsters to see if there is a clear path in the direction the mon-
ster is trying to move.

One of the limits of using a cell-based data structure like this to
indicate play field state is that the player’s and monsters’ move-
ments must happen on grid boundaries. When you tap the dig
right key for Doug he will dig to the right one full cell width as de-
fined by kGridwidth. Ditto for monster movement, they’ll always
advance the distance of one full cell. This would look pretty bad if
the sprite representing these characters jumped a whole cell dis-
tance every time the sprite moved. Since it would look bad the
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game doesn’t do that. When a sprite decides to move it moves a
few pixels at a time until is has crossed one full cell. To the player
the characters are moving smoothly and yet are still constrained to
the grid enforced by the play field.

Level Tesmplate

Each level of Digger is described by a template resource. This al-
lows each level to be constructed with ResEdit or any other re-
source editor.

typedef struct {
short tunnelStartX;
short tunnelStartY;
short tunnelEndX;
short tunnelEndY;
}TunnelRec, *TunnelRecPtr;

typedef struct {
short tunnelCount;
TunnelRec tunnels;

}TunnelLayout, *TunnelsPtr;

typedef Point RockPos;
typedef PointPtr *RockPosPtr;

typedef struct {
short rockCount;
RockPos rocks;

} RockLayout, *RockLayoutPtr;

typedef Point MonsterPos;
typedef PointPtr *MonsterPosPtr;

typedef struct {
short monsterCount;
Point monsters;
} MonsterLayout, *MonsterLayoutPtr;

The level resource (type Levl) starts with a TunnelLayout as
the header. The first field of the header gives how many tunnels are
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preexisting for this level. A tunnel must exist in order to have a
monster. You can’t have a monster suspended in the middle of
bedrock. Following the tunnel count in the resource is a variable
length array of TunnelRec structures. These structures define the
bounds of the tunnel and are expressed in grid coordinates, not pix-
els. A tunnel record is either vertical or horizontal and cannot be
wider or taller than one grid height.

After the tunnels are the rock positions for this level. Like the
tunnel structure, the rock structure starts with a rock count and
then a variable length array of rock positions. Like the tunnels the
rock positions are given in grid coordinates, not pixels.

Following the rocks are the monsters, which are packed into the
level resource in the same manner: monster count followed by an
array of monster grid positions.

000 from Digger.m.rsrc

Tunnel Count ©
- Tunnel Count ¥1

:{ Tunnel Start ‘X’ position 9
i Tunnel Start ‘Y’ position 3

Tunnel End ‘X’ position 10

Tunnel End ‘Y’ Position 10

wow - Tunnel Count BD s
: Tunnel Start ‘X’ position 2
{ Tunnel Start ‘Y’ position 9
: Tunnel End “X” position 11
: Tunnel End ‘Y’ Position 10
5 Tunnel Count D e ann s ann i ok s snns st s s i e
Tunnel Start ‘X’ position 4
Tunnel Start ‘Y’ position 5
Tunnel End ‘X’ position S
Tunnel End ‘Y’ Position S
Tunnel Start ‘X’ position 4
Tunnel Start ‘Y’ position 11
Tunnel End ‘X’ position &
Tunnel End ‘Y’ Position 12

= Tunnel Count *5 .
Tunnel Start ‘X’ position 14
i Tunnel Start ‘Y’ position 4
{ Tunnel End “X’ position 18
i Tunnel End ‘Y’ Position 5

. Tunnel Start ‘X’ position 14
| Tunnel Start ‘Y’ position 10
i Tunnel End ‘X’ position 15
. Tunnel End ‘Y’ Position 13

Figure 12-1. Digger levels
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With the levels as resources it only takes a few clicks with your

favorite resource editor to construct a new level (see Figure 12-1).
Much better than encoding all the information in the source code.

Building Levels

At the start of each level of the game the gPathArray is initialized
by setting all the cells representing dirt to the Blocked state. After
all the tunnels are cleared, the new level is constructed with a call to
SetupNextLevel. This function does as its name says, taking the
level number and converting it to a resource id of the new level
template and constructing that level by parsing the template.

void SetupNextLevel (short currentLevel)

{

short i;

Handle levelHandle;
TunnelsPtr tunnels;
RockLayoutPtr rocks;
MonsterLayoutPtr monstersPtr;
long finalTicks;

// Get the level layout resource
levelHandle = GetResource (kLevelResType,
currentLevel + kBaseLevellD);

if (!levelHandle)

return;
HLock (levelHandle) ;
// Setup ptrs to the elements in the layout
tunnels = (TunnelsPtr) *levelHandle;

rocks = (RockLayoutPtr) ((*levelHandle) +
(tunnels->tunnelCount * sizeof (TunnelRec) +
sizeof (short)));

monstersPtr = (MonsterLayoutPtr) (((char *)rocks) +
rocks->rockCount * sizeof (MonsterPos) +
sizeof (short)));
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The first phase of building a level is getting pointers to the tun-
nel, rock, and monster positions within the level template. This is
done by first starting with a pointer to the head of the tunnel sec-
tion at the start of the resource. The start of the rock section is found
by adding the size of the tunnel section to the start of the resource.
The tunnel section size is calculated by taking the number of tun-
nels and multiplying by the size of the tunnel structure and finally
adding the size of the tunnel count itself into the equation.

The start of the monster section is found in a similar manner by
calculating a pointer that skips over the rock section.

// Clear out the tunnels
gDiggerPF->PreDrawOnBackground () ;

for(i = 0; i < tunnels->tunnelCount; i++)
DigOutTunnel (&tunnels->tunnels(i]);
gDiggerPF->PostDrawOnBackground () ;

With the proper pointers pointing at the proper things, the code
can now start constructing the level. First it loops through all the
tunnels in the template and has them dug out with a call to
DigOutTunnel. Dig out tunnel will mark the cells properly and
even blacken in the tunnel that it has dug in the background off-
screen from the play field. That is why before the loop was started
PreDrawOnBackground was called. Wouldn’t want the on-screen
buffer screwed up. After the tunnels are dug, the proper graphics
port is restored with a call to PostDrawOnBackground.

// Position the monstersPtr in the tunnels

for(i = 0; i < monstersPtr->monsterCount; i++)

{

if (AddMonsterToLevel (
monstersPtr->monsters[i] .h,
monstersPtr->monsters([i].v,
gSpriteGroup ) != noErr)
break;
}

// Position the rocks
for(i = 0; i < rocks->rockCount; i++)
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if (AddRockToLevel (rocks->rocks[i] .h,
rocks->rocks[i] .v,
gSpriteGroup ) != noErr)

break;

Then the monsters and rocks are put in their proper positions.

gBonusSprite->Hide() ; .
gBonusSprite->SetStartingPosition (kPlayerHorzStart,
kPlayerVertStart) ;

In case the bonus gem sprite was left visible at the end of the pre-
vious level, it is hidden and then positioned to its default location.

HUnlock (levelHandle) ;
ReleaseResource (levelHandle) ;

// Set up the player to the correct position
InitPlayer () ;

// Force redraw of play field
gDhiggerPF->HandlePlayFieldUpdate (
MainWindow->portRect) ;

With the level resource now done, it is unlocked and set free.
The player’s sprite is then reinitialized with InitPlayer. This
function sets back to its proper state for the start of a new level.

The fully constructed level is then copied on-screen through the
play field’s update mechanism, HandlePlayFieldUpdate.

Game Loof

As you can see, this game loop is a little more complicated than the
others you've encountered. It has to be. This one handles more situ-
ations when a game is paused, when the player loses a life, when
the game is over. And moving to the next level.
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void RunGameLoop (void)

{
gGameRunning = TRUE;
InitPlayer () ;

HideMenuBar (gMainWindow) ;
HideCursor () ;

gDhiggerPF->HandlePlayFieldUpdate (
gMainWindow->portRect) ;

gSound->Silenece() ;
PerformLevelGetReady (2) ;

At the start of the game loop the global, gGameRunning, that
tells the rest of the game that the game loop is running is set to true.
The player’s sprite is moved to its starting blocks. And then the

-screen is prepared for the game to begin by hiding the menu bar
and hiding the cursor. The menu bar is hidden so that the Mac
looks like a real arcade game and to indicate to the user that the
game is currently playing, as well as to indicate that if the player
wants to switch to another program he or she must first pause the
game. The cursor is hidden to avoid having it flicker or interfere
with the game sprites.

In further preparation for the game loop, the screen is updated
and currently playing sounds are shut down.

At the start of the game, and the start of every level afterward,
PerformLevelGetReady is used to warn the player that the level
is about to begin. You pass the function the number of seconds you
wish it to delay and it waits that long. While it is waiting it puts up
a display that prepares the player for the impending melee.

while (gGameRunning && gPlayerLives > 0)
{
if (KeyIsDown (kEscapeKey) )
{
RemoveGemFromPlayField() ;
gSound->PlaySnd (kPauseGame,
kAlarmPriority);
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gGameRunning = FALSE;

The game loop is controlled by two factors, the game running
global and the number of the player’s lives. The first factor just in-
dicates if the game has been paused or not. If the game is paused
you don’t want to be going inside the game loop. The resume menu
command turns the game back on by simply setting gGameRun-
ning to true again.

The second control is the number of lives the player has. When
the player’s number dwindles down to zero the game is over and
there is no need to stay in the game loop.

The first action of the game loop is to check if the user wants the
game paused. If so, the code removes any bonus gems from the
play field. Why? Because I'm mean. There should be a penalty for
pausing. After the bonuses are snatched away, the pause sound is
requested to be played and the global pause flag is set to false so
that on the next pass of the game loop, pause will finally take effect.

if (LevelComplete())
{
while (RocksAreStillFalling())
{
gDiggerPF->MoveSprites () ;
gDiggerPF->ShowNextFrame () ;
}

if (!LastLevel())

{
++gCurrentLevel;
InitPlayField();
SetupNextLevel (gCurrentLevel) ;
PerformLevelGetReady(2) ;

else

InitPlayField() ;
CelebratelLastLevelPlayed() ;
gCurrentLevel = 0;

gScore = 0;
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SetupNextLevel (gCurrentLevel) ;
break;

Next the game loop handles the level checking code. If the cur-
rent level is complete the game loop waits for all the rocks to finish
falling and then checks to see if this was the last level of the game.
If not, then the level indicator is bumped up by one and the next
level is constructed. Before starting the new level the game is once
again paused so that the player can catch his or her breath before
starting again.

If the level completed was the last level, the game is over. To
handle this case the game loop cleans up the play field and then
calls CelebrateLastLevelPlayed. Which does just that. After
the celebration, which isn’t much for this example (but then again
there are only three levels so it isn’t much a challenge to complete
them all), the game is reset back to the starting level and the game
loop is exited.

gDiggerPF->CheckForCollisions () ;
gDiggerPF->MoveSprites () ;
gDiggerPF->ShowNextFrame () ;
gSound->SoundFXTask () ;

if (gBonusSprite->IsVisible() &&
(TickCount () - gBonusTimer > (60 * 10)))
RemoveGemFromPlayField () ;

SystemTask () ;

With all the level-handling code out of the way, the game loop
gets down to the trinity of any game loop: checking for collisions,
moving the sprites, and showing the results on-screen. Added to
this trinity is the new task of cleaning up after the sound system.

Every pass through the game loop, the program checks to see if
the bonus gem is on-screen. The gem should only stay on-screen for
the length of gBonusTimer. If enough time has passed, the game
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needs to deprive the player of one bonus gem. You snooze, you
lose.

The Toolbox function SystemTask is called as part each cycle
through the game loop so that any of those pesky background tasks
that need some time, get some.

ShowCursor () ;
ShowMenuBar (gMainWindow) ;

// If the player runs out of lives,

// perform a game over celebration

if (gPlayerLives == 0)
PerformGameOverCelebration() ;

When code breaks out of the game loop the main screen is re-
stored to its proper state by restoring the cursor and the menu bar.
Before leaving RunGameLoop it checks to see if the player left the
game loop by running out of lives, and if so a game-over celebration
is performed before returning control back to the main event loop.

Sprite States
You probably noticed that the game loop doesn’t have any code
that seems to deal with any of the actions of the main character
sprites used by the game. You’'d be right. All of the actions of the
sprites are contained within the sprites themselves.

Each character sprite operates within the game through the use
of states. A state is the mode that the sprite is in at a certain point in
time. For the player sprite it could potentially be in moving-left
state or shooting-a-freeze-ray state or being-squished-by-a-rock
state. Everything the player’s sprite can do is a state (even standing
still is a state), and the sprite can only be in one state at a time. The
player can’t be moving left while shooting and being squished at
the same time. With only one state at a time possible the sprite han-
dles transitioning from one state to the next as the core part of its
state handling.



384 Clapter 12

Player

If you're familiar with finite-state machines you’ll feel right at
home. Well, maybe not right at home unless your home is deco-
rated with state-transition diagrams.

The player sprite will be our first chance to look at a state-driven
character. But before diving into the states and their transitions you
need to know how the sprites are constructed.

The player sprite has several sprite cels that cover all states that
the sprite can be in except firing the freeze ray. The freeze ray is a
separate sprite that is managed by the player sprite. Normally this
sprite is hidden and only becomes visible when the player hits the
freeze ray firing key. When that key is hit the player detects it and
positions the freeze ray sprite in its correct orientation with respect
to the player’s position. Then if the firing key is still down the freeze
ray sprite is made visible and starts its journey toward a monster.

Here is a list of all the possible states that the player and freeze
ray combo can possibly be in.

typedef enum {
movingLeft,
movingRight,
movingUp,
movingDown,
standingStill,
shootingLeft,
shootingRight,
shootingUp,
shootingDown,
retractingLeft,
retractingRight,
retractingUp,
retractingDown,
playerPushedByRock,
playerSquishing,
playerDying,
killPlayer

}MovementState;
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The ordering of these states is important, as you'll see. The
states are grouped within state groups, which will allow quick test-
ing of where the sprite is currently.

The states of the sprite are maintained through its overridden
methods, Move and Collide, with most of the action happening
within Move.

void CPlayer: :Move ()

{
#define kTunnelWidth 32
#define kTunnelHeight 32

switch(fPlayerState)
{

case movingLeft:
case movingRight:
case movingUp:
case movingDown:
DigTunnel () ;
break;

case shootingRight:

case shootingDown:

case shootingLeft:

case shootingUp:
ShootRay () ;
break;

case playerPushedByRock:
PushByRock () ;
break;

case playerSquishing:
Squish();
break;

case playerDying:
Dying () ;
break;

case killPlayer:
KillOoffCurrentPlayer() ;
break;
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The player’s movement function first handles the state that it is
currently in. Each state set is managed by a separate method within
the sprite. After the state switch code is done, the Move function
starts dealing with key presses that activate the player sprite’s

movements.

if (fPlayerState == standingStill)

{

if (IsFiringFreezeRay())

{

A player can only transition to another state if it is currently
standing still. Don’t worry, this sounds worse than it looks. At the
completion of the movement state in the previous switch code, the
state is always reverted to the standing-still state when the player

StartFiringRay() ;
if (MovingRightKey())
fPlayerState = movingRight;
if (MovingLeftKey())
PlayerState = movingLeft;
if (MovingUpKey () )
PlayerState = movingUp;
if (MovingDownKey () )

PlayerState = movingDown;

moves to a full grid coordinate.

if (!EqualRect (&fCurrBnds,

{

Rect tunnelRect;

gDiggerPF->PreDrawOnBackground() ;

&fPrevBnds) )
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tunnelRect.top = fCurrBnds.top + 4;
tunnelRect.left = fCurrBnds.left + 2;
tunnelRect.right = tunnelRect.left +
kPlayerWidth;
tunnelRect.bottom = tunnelRect.top +
kPlayerHeight;

// Now adjust the top
tunnelRect.top = Max(tunnelRect.top,
kTopOfGround) ;

PaintRoundRect (&tunnelRect,10,10);
gDiggerPF->PostDrawOnBackground () ;

Once all the state and keyboard handling is done, the Move
function checks to see if any of the previous code bothered to move
the sprite. A sprite that moved needs to paint the background black
at its previous location to give the illusion that Doug is digging. Be-
fore background is painted, a check is made to see if Doug is above
ground. Can’t dig tunnels above ground. At least not one the player
should see.

The function that handles the sprite movements is DigTunnel.
This function handles movement of the player. In this extract from
the function the code is handling moving to the left. All the other
directions are clones of this section with only the names changed.

if ((fCurrBnds->left - fkeyDownPt.h == 0) ||
Abs (fCurrBnds->left - fkeyDownPt.h) >= kTunnelHeight)
{
//Clear the Tunnel section we just left
ClearTunnel (&fkeyDownPt, OpenOnLeft) ;

//Clear the Tunnel wall we are going to move through
ClearTunnel (TopLeft (£CurrBnds) , OpenOnRight) ;
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gPlayerState = standingStill;

}
else
Of fsetRect (&fCurrBnds, -kPlayerSpeed, 0);

The sprite’s current position is checked to see if it has moved
one full grid cell to the left from the point the move-left key was
pressed. If it has, then the cell array is marked showing that a tun-
nel has been dug from left to right on the cell that the player cur-
rently occupies.

If the sprite hasn’t moved a full cell’s width yet, it is simply pushed
a little more to the left by offsetting the sprite’s current bounds.

Freee Ray

Shooting the freeze ray is handled by the ShootRay. This function
manages the positioning of the player’s water sprite and shooting
it. The shooting of the freeze ray is simulated by changing the
sprite’s current cel index. Each cel is slightly longer than the next
until the index kShootingRightLastFrame is reached.

This extract from ShootRay only shows firing the ray to the
right, but all of the other directions are managed in the same manner.

if (fWaterSprite->GetCurrentCelIndex() <
kShootingRightLastFrame && !fFreezingMonster)
{

Point futurePos;

fWaterSprite->SetCurrentCel (
fWaterSprite>GetCurrentCelIndex() + 1);

fWaterSprite->MoveTo( fCurrBnds.left + kPlayerWidth/2,
fCurrBnds. top) ;

if (! fWaterSprite->IsVisible())
fWaterSprite->Show() ;

futurePos.h = gWaterSprite->fCurrBnds.right;

futurePos.v = gWaterSprite->fCurrBnds.top;

if( ! CanMoveToRight (&futurePos, 0))
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fWaterSprite->SetCurrentCel (
fWaterSprite->GetCurrentCelIndex() -1);
fPlayerState = retractingRight;
}
}
else if (!fWaterInflating || !fSpaceKeyDown)
fPlayerState = retractingRight;

If the water/freeze ray sprite is not at its rightmost position and
a monster is not in the process of being frozen (EFreezingMon-
ster shows this), then the freeze ray’s cel is moved to the next one.
The ray sprite is moved to its correct position next to the sprite. If it
isn’t already visible it is made so. Next the path of the ray is
checked to see if it is a clear shot. A collision with a wall or rock
prevents the ray from firing. To show this the sprite state is re-
versed by setting the player’s state to retractingRight.

The same retraction state is set if the ray has reached the limit of
its range or the ray-firing key was released.

FAM Rock

When a rock collides with the player the collision method will
change the state of the players to reflect that the player is now be-
ing pushed by a sprite. The PushByRock function handles all as-
pects of the player on its way to being squished.

void CPlayer: : PushByRock ()
{
TunnelState section;
Point tempPos = TopLeft (£CurrBnds) ;

tempPos.v += fCurrBnds.bottom - fCurrBnds.top;
section = gPathArray
[ (tempPos.v + kPlayerSpeed) / kGridHeight]
[tempPos.h / kGridwidth];

if( fCurrBnds->top >= fMoveExtent.bottom ||
section == Blocked)
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fPlayerState = playerSquishing;
SetCurrentCel (kStartPlayerSquishFrame) ;
}

OffsetRect (&fCurrBnds, 0, kRockSpeed) ;
SetAutoMoveTime (Max (
playerSpriteP->moveTimeInterval -1,
kMaxFallRate)) ;

The whole goal of this function is to detect when the player has
finally hit a hard place—the bottom of a screen or a blocked piece of
earth. When between a rock and a hard place the sprite’s state tran-
sitions to the playerSquishing state. If the player has not yet
fallen to the bottom, it is moved in synchronization with the rate
that rocks fall. This gives the illusion of the rock pushing the player
down the screen.

When the rock is pounding the player into a pancake it is in the
squishing state. In this state the function Squish is called until the
player displays all of its squishing cels; then the player is hidden
and the rest of the game is notified of the player’s untimely demise
with a call to KillOffCurrentPlayer.

void CPlayer::Squish()
{
if (fCelIndex < kLastPlayerSquishFrame)
{
SetCurrentCel (fCelIndex + 1);
}
else
{
Hide () ;
KillOffCurrentPlayer() ;
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Dealing with the player’s death is the responsibility of the Dying
function. Like the Squish function (don’t you just love these
names) this function cycles through the player’s death cel sequence
before hiding the player’s ray gun and the player itself. Finally true
death occurs by transitioning to the killPlayer state.

void CPlayer: :Dying()
{
if (fCelIndex < kLastDieingFrame)

{
SetCurrentCel (fCelIndex + 1);

}

else

{
fWaterSprite->Hide() ;
Hide () ;
fPlayerState = killPlayer;

Upon the loss of the one of the player’s lives the Move function will
make a call to the function Kill0ffCurrentPlayer. This func-
tion decrements the global count of player’s lives by one, and if the
player still has any lives left the level is restarted by repositioning
the monsters to their original locations. The rocks are not reset. The
player’s sprite is then reinitialized and the player is given warning
that the level is about to start over with the call to PerformLevel -
GetReady.

void KillOffCurrentPlayer (void)
{

gPlayerLives—;

ResetMonstersToStart () ;
if (gPlayerLives)
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Meonsters

InitPlayer () ;
PerformLevelGetReady(2) ;
}

gDhiggerPF->HandlePlayFieldUpdate (
&gMainWindow->portRect) ;

With the level reset, the screen needs to be updated to reflect
this fact to the user before letting the game loop take over again.

The monsters are almost complete code clones of the player sprite.
They carry around an invisible fire sprite that is positioned when
the monster decides it is time to relieve itself. This fire sprite is
managed in the exact manner that the player sprite manages its
freeze ray sprite. The shootings are retractions done in a similar
manner. The only difference is that monster can only spew fire to
the left or right while the player can fire the freeze ray in all four
directions.

The monsters move in the same manner as the player sprite,
sliding along until the sprite reaches a grid point and then deciding
where to go next. The only added wrinkle is that the monsters
move in the direction of the player’s sprite and do not respond to
the player’s keyboard presses.

Rocks squish monsters as easily as they can squish you. Ex-
cept that when a monster gets squished you get bonus points;
when you get squished you get a headache and a chance to try
again.

For the full tour of monsters check out the source file
CMonster.cp & .h. Any questions you have will be answered
there.
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That about covers Digger. The best way to discover every nook and

cranny of the code is to experiment with it by adding new features
or adjusting the existing ones. Some suggestions are listed below.

¢ Add new monster types
¢ Create new falling objects, like bowling balls

¢ Add an instant-replay feature

*

Give the player new weapons

<

Add new types of bonuses

¢ Have lava rise up from the bottom if the player takes too long

Or you can skip trying to alter this game and start on your own
game.

Géme Duvern

You've made it through the whole book (or you're cheating and
you skipped to the end to see who did it) and are just itching to
start writing your own games. Great, have at it. The only piece of
advice I can offer is always program games you would want to
play. That way you're guaranteed to have at least one person who
likes it. The only other piece of advaice I have to offer is not to try
and create your dream game on your first outing. Too many begin-
ning game programmers start with wanting to create their ultimate
fantasy game. “This game will be the coolest. It'll have the action of
DOOM but the depth of chess. You'll be able to fly your F-16 from
site to site, battling enemy planes all the way. And if your F-16 is
shot down you'll have to fight your way out of the prison camp by
competing in a martial arts tournament. And it’ll have graphics bet-
ter than Myst, but combined with full-motion video and full 16-bit
sound. Oh, and 3D. It'll come with 3D glasses and when you're in
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the space battle mode the asteroids will be flying right at you.
That'll be nifty.” You might want to try and scale down your first
attempt, to start with something do-able. Then do another game.
After a few more you can start digging out those 3D glasses. But no
matter what you decide to program, make sure you have fun doing
it. After all, it’s only game.
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Atari, classic games (continued)
FoodFight, 21-22
Joust/Joust II, 22-23
Marble Madness, 23
Missile Command, 24
Tempest, 29-31, 4445

origin, 14-16

Battlezone (Atari classic), 17-18
Bit banging. See Blitting; Blitters
Bitmaps, 63
bounding rectangles, 63-64
building, 64-66
colorizing black-and-white, 129
pixel maps compared to, 73-74
rowBytes field, 64
Black-and-white/color compatibility, 62—63, 83, 87
Black-and-white colorizing, 129
Blitters, 57, 107, 121-23
See also CopyBits
CopyBits as, 125-27
hardware, 160-63
making (BrainDead examples), 123-25, 16364,
171-72
masked, 132-37
Blitting, 107, 121-23. See also Blitters; CopyBits;
Sprite blitters
Bounding rectangles
bitmaps and, 6364
sprites and, 159-60
collisions, 230-31
Buffered animation
See also Offscreen buffers; Color offscreen
buffers
double-buffered, 260-62
memory usage, 55-56
performance costs, 54, 56-57
setup, 51-53
speed of, 54, 56-57
Buffering. See Offscreen buffers; Color offscreen
buffers
Bushnell, Nolan (arcade game god), 12-16

C++ and games programming, 248-54
Centipede (Atari classic), 18-19

CGrafPorts (color graphic ports), 82-84
fields, 83-84
making, 90-92
Chunky pixel layout, 75, 76
Cinematronics classic games, 28-29
Class inheritance, 249-54
Class library, 247
C++ implementation, 248-54
classes for, 254
class hierarchy, 255
class inheritance, 249-54
design goals, 248
error handling, 257-58
list class, 255-57
play field class, 259
See also Play fields
Clipping
pixels/images, 128-29, 140-42
sprites, 223-27
Collision detection. See Sprite collision detection
Color/black-and-white compatibility, 62-63, 83, 87
Color graphics ports (CGrafPorts), 82-84
fields, 83-84
making, 90-92
Colorizing black-and-white bitmaps, 129
Color mapping problems (CopyBits), 14344
Color offscreen buffers, 68
black-and-white/color compatibility, 83, 87
color options, 68-70, 84-86
color tables, 70-72
inverse, 71-73, 100
error result for, 101-2
example of use, 104-8
graphic device in, 100
indirect colors in, 70, 72
inverse color tables, 72-73, 100
memory usage, 68-70
pixel depths, 88-90
pixel maps (PixMaps), 73-76
making, 93-97
transparency of graphics images, 86
using (example), 104-8
Color tables, 70-73
color mapping problems, 14344
creating and copying, 92-93



graphics devices and, 100
gray-scale, 93
inverse, 71-73
Compression of sound, 34344
Conventions used in book, xxi—xxii
CopyBits, 53-54, 108, 125-27, 138
anti-aliasing text, 130
as benchmark for blitters, 148
blitting bounds, 13940
blitting with, 125-27
color mapping, 14244
CopyMask and, 149-51
flowchart, 138
functions, 127
accelerator card speedup, 131
clipping, 128-29
colorizing, 129
cross-monitor blitting, 130
depth conversion, 129-30
dithering, 130
overlapping source and destination, 130,
130-31
scaling, 127-28
transfer modes, 128
hardware speedup, 14648
limitations, 131-32
mask blitting with, 132-37
memory alignment, 145-46
pixel depth, 140
regions and, 151-56
speeding up, 13749
screen bypass, 146
sprite blitters and, 222
sprites and, 165-68
text (anti-aliasing), 130
unmasking regions, 151-56
CopyDeepMask, 136-37, 149-51
CopyMask, 135-36, 156
flowchart, 150
speeding up, 149-51
Crazy Climber (Taito classic), 19
CSoundFX class, 358
See also Sound
Apple Sound Chip and, 366
cleaning up, 367-68
disenabling playback, 369
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enabling playback, 369
playing sounds, 363-67, 369
priorities, 359-60

shutting down, 362-63
silence, 365, 368—69

starting up, 36-62

Death Race (Exidy classic), 19

Debabelizer (graphics coversion program), 45

DEC’s PDP-1 and the origins of arcade games,
1

Defender (Williams classic), 19-20

Depth conversions of pixels, 129-30

Device drivers. See GDevices

DigDug (Atari classic), 20

Direct pixels, 85-86

Dithering, 130

Donkey Kong (Nintendo classic), 21

Double-buffered animation, 260-61

Error handling in C++, 257-58
Exclusive-or animation. See Xor animation
Extinction and the timing of rewards, 35-36

Flickering in animation, 4849, 50, 51
FoodFight (Atari classic), 21-22
Frame buffer (video memory), 59-62
Frame rates

limits, 4243

sprite collisions and, 235, 24546

sprites and, 159-60

sprite timers and, 298
Fun and games psychology, 3240

Galaga (Midway classic), 22
Game loops, 260, 378-83
Game playing psychology, 3240
Game types
See also Arcade games
adventure, 24
arcade, 940
interactive fiction, 2-3
puzzle, 9
role-playing, 4
simulation, 4-5
sports, 8
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Game types (continued)
strategy, 5-6
war, 6-8
GDevices (graphics devices), 77-79
current, 81
data structures in, 80-82
device drivers and, 78, 79
fields, 77-78, 79-80
setting, 99-100
GDevice list, 81
Main, 81
making, 97-101
private, 80-81
public, 80-81
GrafPorts (graphics ports), 66-68
fields, 6667
Graphics conversion program (Debabelizer), 45
Graphics Devices. See GDevices
Graphics environment for bitmaps. See GrafPorts
Graphics ports (grafPorts), 66—68
See also Color graphics ports
in clipping (CopyBits), 14042
fields, 67-68
Graphic Worlds. See GWorlds
Gray-scale color table, 93
Gworlds (Graphic Worlds), 110
backward compatibility, 113
caveat, 113-14
fields, 111-12
function calls, 110
DisposeGWorld, 112
NewGWorld, 111-12
UpdateGWorld, 113
using (star field example), 114-21

Indirect colors (in color offscreens), 70, 72
Invariant expressions in sprite blitters, 177-81
Inverse color tables (in offscreens), 72-73, 100

Joust/Joust II (Atari classic), 22-23
Levels of the game (example), 375-83

Library for programming. See Class library
Linear key (alpha channel) pixels, 86

Logical masking, 164-72

See also Masking
Loop unrolling in sprite blitters, 184-88
Lottery as gaming metaphor, 35-36, 38-39

Marble Madness (Atari classic), 23
Mask blitters, 132-37, 163-227

See also Masking; Sprite blitters
Masking

class hierarchy for masks, 255

CopyDeepMask, 136-37

CopyMask, 135-36, 149-51

logical, 169-73

mask blitters, 132-35

See also Sprite blitters

mask compiling, 200-217

run length masking, 190-221

sprite collisions and, 232-35

unmasking, 151-56
Memory usage

See also Offscreen buffers

animation, 4546, 50, 51, 55-56

blitting (CopyBits), 14546

buffered animation, 55-56

digital sound, 34344

offscreens, 60

color, 6869

sprites, 222-23

video cards, 86-87, 14647
Memory-mapped video, 4546
Midway classic games

Galaga, 22

PacMan/Ms. PacMan, 24-25
Missile Command (Atari classic), 24
MIT and the origins of arcade games, 11-12
Monitors. See GDevices; Pixels

Nintendo’s Donkey Kong, 21
NuBus card
memory mode setting, 87

speed compared to built-in video card, 14647

Offscreen buffers, 59-60
advanced, 109-56
See also Blitters; Color offscreen buffers;
CopyBits; GWorlds



basics (QuickDraw originals), 62—-68
bitmaps, 63-68
color, 73-74

black-and-white/color compatibility, 6263,

83,87
blitters and blitting, 121-56
building an offscreen, 87-102
color graphics ports (GrafPorts), 82-84
making, 93-97
color offscreens, 68-75
using, 104-8
color options, 68-70, 84-86
CopyBits, 12648, 151-56
CopyMask, 149-51, 156
destroying an offscreen, 102—4
direct pixels, 85-86
erasing, 52
frame buffers. 60—62
GDevices, 77-82
making, 97-101
GWorlds, 109-21
memory usage, 60
color, 68-70
pixel maps, 73-76
making, 93-97
pixel memory usage, 55-56
play fields and, 260-64, 270-73, 278-80
QuickDraw versions and, 62
setup, 51-53
transparency of graphics images, 86
video memory and, 60-62
virtual screens, 51-52
Offscreen pixel buffers. See Offscreen buffers
Offscreens. See Offscreen buffers

PacMan/Ms. PacMan (Midway classic), 24-25
PDP-1 and the origins of arcade games, 11
Performance (speed)
animation, 54-55
blitting
CopyBits, 137-40
CopyMask, 149-51
collision detection, 235, 238-43
sprites, 221-22
video cards, 86-87, 14647
Pixel maps (PixMaps), 73-74

Inder 399

bitmaps compared to, 73-74
building, 93-97
color ports for, 90-92
color tables for, 92-93
fields, 74, 75, 76
setting, 95-97
pixel layout types, 75-76
pixel size, 75

Pixels

blitting.See Blitters; CopyBits; Offscreen
buffers
buffering.See Offscreen buffers
clipping,128-29, 140-42
copying. See CopyBits
depths, 88-90, 140
conversions, 129-30
direct, 85-86
dithering, 130
layout, 60-62
layout types (in PixMaps), 75-76
offsetting, 302-3, 307
scaling, 127-28, 144
size (in PixMaps), 75
transfer modes, 128, 14445
unused bits of (alpha channel pixels), 86

PixMaps. See Pixel maps
Planar/chunky pixel layout, 76
Planar pixel layout, 75-76

Play fields

See also Sprite animation
class definition (code), 280-81
class hierarchy, 255
collision checking, 275-76
creating, 261-64
disposal, 264
host window drawing, 280
offscreen buffers, 260-61
drawing in, 278-80
on-screen copying, 271-73
play field creation and, 262-63
sprites in
adding, 26465
animating, 267-75
removing, 265-66
update events handling, 276-78
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Pong, 12-16

rules, 316-17

tribute to, 317-31
Ports. See Graphics ports; Color graphics ports
Primitive animation, 50-51
Programming examples

major (DigDugout), 371-94

minor (Pongoid), 315-31 .
Psychological undo as gaming motivation, 38-39
Psychology of game playing, 3240

Qix (Taito classic), 25-26

Raster animation

buffered, 51-57

primitive, 50-51

xor (exclusive-or), 46-50
Regions, 152-56

unmasking, 151-56
Regret as gaming motivation, 38-39
Reinforcement and gaming psychology, 32-35
Robotron 2084 (Williams classic), 26-27
Russel, Steve (“Slug”) and Spacewar, 11

Sampling sound, 33944
rate, 33941
standard (22-Hz), 344, 366
resolution, 342-43
Scaling pixels/images, 127-28, 144
Silence, 365, 368—69
Sound, 333. See also CSoundFX class
amplitude, 335-37
asynchronous, 353-58
basics, 334-38
channels, 350
commands, 347-50
CSoundFX class, 358-69
digital sound, 33844
file choices, 352-53
frequency, 337-38
memory usage, 343-44
physics, 334-38
playing back, 351-53
asynchronous, 353-58

CSoundFX class, 358-69
from disk, 351-53
functions for, 363—68
priorities, 35960
sampling, 339-44
rate, 33941, 344, 366
resolution, 34243
silence, 365, 368-69
Sound Manager, 344-50
channels, 350
commands, 347-50
Space Invaders (Taito classic), 27
Spacewar (MIT proto-game), 11-13
Speed of performance. See Performance
Sprite animation, 267
copying sprites to onscreen, 271-73
drawing sprites, 270-72
erasing sprites, 26870
moving, 273-75
Sprite blitters, 157
See also Masking; Sprite compiling
clipping, 223-27
coding assumptions, 168
debugging tip, 167
examples, 16364, 315-31
logical masking, 169-73
long word alignment, 181-84
mask blitting, 132-35, 163-227
mask compiling, 199-217
memory, 222-23
optimizations, 173
code moving, 177-81
long word alignment, 181-84
loop unrolling, 184-89
run length masking, 190-221
time per loop, 173-77
run length masking, 190-221
speed, 221-22
sprite compiling, 199-200, 217-219
Sprite cels, 287
building, 287-92
changing, 308-11
cel cycle time, 308-9
current cel, 309-10



class hierarchy, 255
lists, 295-96
Sprite class library. See Class library
Sprite collision detection, 229-30, 235-36
bounding rectangles and, 230
collisions defined, 230
CopyBits and, 222, 232
designing to simplify, 243-45
frame rates and, 235, 24546
masks and, 232-35
nonlinear growth of, 235
speeding up, 238
sectoring, 24043
sorting, 23840
speed of collisions, 235
time costs, 235-38
Sprite compiling, 199-200
cleaning up after, 217-19
mask compiling, 200-17
core, 206-17
prologue, 202-6
use of results, 219-21
Sprite movement, 300-1
animation, 267-75
See also Sprite animation
automatic, 300-6
movement frequency, 3034
pixel offset, 302-3
starting position, 301-2
direct, 301, 306
absolute, 306-7
offset, 307
movement extents, 313-14
sprite timers, 298-300
by external clock, 298-99
by frames, 298
Sprite play fields. See Play fields
Sprites, 157-60
activity (cels), 283-314
in animation, 267-75
See also Sprite animation
blitting, 163227
bounding rectangle, 159-60
in collisions, 230-31
cels, 283-314
See also Sprite cels
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class hierarchy, 255
class library. See Class library
clipping, 223-27
cloning, 293-95
collisions, 229-46
sprite visibility, 311
compiling, 199-221
copying
cloning as, 293-95
offscreen to on-screen, 271-73
creating, 28487
templates for, 285-87
drawing, 270-71
drawing order priorities, 160
elements, 158-60
erasing, 268-70
frame masks, 159
frame rates, 159-60
hardware sprites, 160-63
identification field, 312-13
invariant expressions, 177-81
library. See Class library
location onscreen, 160
movement, 300-7, 313-14, 387-88
cels and, 283-314, 384-87
See also Sprite movement
offscreen to on-screen copying, 271-73
play fields and, 259-82
See also Play fields
position onscreen, 160
priorities (drawing order), 160
software, 163227
states of, 383-87
templates, 285-87
timers, 298-300
velocity, 159
visibility onscreen, 311-12
Stargate (Williams classic), 20

Tail Gunner (Cinematronics classic), 28-29
Taito classic games

Qix, 25-26

Space Invaders, 27
Tempest (Atari classic), 29-31, 4445
Text (anti-aliasing) with CopyBits, 130
Time Manager and sprite timers, 298
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Transfer modes for pixels, 128, 14445 Video games. See Game types; Arcade games
Transparency of graphics images, 86 Video memory (frame buffer), 59-62
Virtual screen buffer, 51-52
U.S. Army and Battlezone, 18
University of Utah and the origins of arcade games, =~ Williams classic games

11-12 Defender /Stargate, 19-20
Unmasking regions, 151-56. See also Masking Robotron 2084, 26-27
Vector graphics animation, 4445 Xor (exclusive-or) animation, 46-50
Video cards, 86-87 flickering in, 4849

CopyBits and, 14647 limitations, 50, 57

Video frame rates. See Frame rates settings for, 47
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