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CTabHandle theColorTable;

Fixed hRes;

Fixed vRes;

short depth;

Rect sourceRect;
long textCount;
long lineCount;
long rectCount;
long rRectCount;
long ovalCount;
long arcCount;

long polyCount;
long regionCount;
long bitMapCount ;
long pixMapCount ;
long commentCount ;
long uniqueComments;
Comment SpecHandle commentHandle;
long uniqueFonts;
FontSpecHandle fontHandle;
Handle fontNamesHandle;
long reservedl;
long reserved2;

}
PictInfo, *PictInfoPtr, **PictInfoHandle;

A Picture account can be opened with NewPictInfo(), make deposits
with RecordPictInfo() or RecordPixMapInfo(), request account bal-
ance information with RetrievePictInfo(), and close the account with
DisposePictInfo(); unfortunately, there is no way to withdraw money
from a Picture account.

NewPictInfo() opens a Picture account. The trap is defined as:

OSErr NewPictInfo(
PictInfolD *pictInfolD,

short verb,

short colorsRequested,
short colorPickMethod,
short version );

The “verb” argument specifies the kind of information you are
interested in: font, comment, and/or color. The “colorsRequested”
argument is the maximum number of colors to be requested with a
call to the RetrievePictInfo() trap. Some color-sampling methods
(described in a following section) use this information to determine
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how much memory they need to allocate. In System 7.0, “colorPick-
Method” can be one of three predefined types, or a resource ID (in the
range [128..32767]) of a custom color-sampling method. The “version”
argument should be set to zero for the System 7.0 Picture Utilities.

The NewPictInfo() trap returns a new PictInfolD in the location
pointed to by the “pictinfolD” argument. This is analogous to a bank
account number, and you must use this value anytime you access this
account, much like a File System refNum value. v

There are two traps that allow information to be added into the
account: RecordPixMaplInfo() and RecordPictInfo(). They are defined as:

OSErr RecordPixMapInfo (
PictInfoID pictInfolD,
PixMapHandle thePixMapHdl ) ;

OSErr RecordPictInfo(
PictInfolD pictInfolD,
PicHandle thePictHdl );

The “pictInfolD” argument is the account number returned by
NewPictInfo() and the PixMapHandle or PicHandle is the reference to
the PixMap or picture that is being added. The information is added
to a Picture account each time one of these traps is called.

You can request the information about the current account balance
using the RetrievePictInfo() trap. This trap can be made after each
item is added, or once after all recording is finished, depending on
your needs. The trap is defined as:

OSErr RetrievePictInfo (
PictInfolID pictInfolID,
PictInfo *thePictInfo,
short colorsRequested ) ;

The results of this trap are returned in the “PictInfo” argument. The
“pictInfolD” argument contains the account number returned by
NewPictInfo(), as always. The “colorsRequested” argument is the
number of colors desired in the ColorTable or palette. This number
must be equal to or smaller than the value passed for the
“colorsRequested” argument to NewPictInfo().

When an application no longer needs a Picture account, it should
close it using the DisposePictInfo() trap, defined as:

OSErr DisposePictInfo(
PictInfolD thePictInfolD );
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This disposes of all the memory used by the Picture account. It
doesn’t dispose of memory returned by calls to RetrievePictInfo().

There are also two traps that open an account, record information
for one picture or PixMap, retrieve the requested values, and then
dispose of the account. One trap is for pictures, the other for PixMaps.
These are useful if you want to profile only one picture or PixMap.
They are defined as follows:

OSErr GetPixMapInfo (
PixMapHandle thePixMapHdl,

PictInfo *thePictInfo,
short verb,

short colorsRequested,
short colorPickMethod,
short version );

OSErr GetPictInfo(

PicHandle thePictHdl,
PictInfo *thePictInfo,
short verb,

short colorsRequested,
short colorPickMethod,
short version );

From the definitions you can see that the only difference between
the traps is that one takes a “PicHandle” argument while the other
takes a PixMapHandle argument. The arguments to these traps are the
same as the arguments with the same name used by the previously
described Picture Utilities traps.

Count of Basic QuickDraw Objecfs

The Picture Utilities always return information about the different
QuickDraw objects contained in a picture. For example, this informa-
tion might be useful for a Draw-type application. You could deter-
mine whether the picture contains anything other than BitMaps and
PixMaps and then allocate memory for the objects and extract them
individually.

Getting information about the types of objects in a picture using the
Picture Utilities is easy. The routine shown in Listing 8-2 gets a
PictInfoID from the Picture Utilities using the NewPictInfo() trap.
Then it loads two pictures from resources and adds them to the
Picture account (using RecordPictInfo()), retrieving cumulative pic-
ture information after loading each Picture (using RetrievePictInfo()).
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The information is displayed using another routine (not shown
here) called PrintPictInfo(). This routine would display the contents of
the PictInfo structure in a manner deemed appropriate to the applica-
tion, perhaps as fields in a simple dialog.

If an error occurs anywhere along the way, the code jumps to Dispos-

PictInfo() to clean up the memory allocated by the initial NewPictInfo()
trap.
Finally, the PictInfolD is disposed of using the DisposPictInfo()
trap. Note that the pictures themselves are not disposed of since they
come from resources and the memory is the property of the Resource
Manager. In a commercial application, the pictures would probably
come from disk or the Scrapbook, rather than a resource.

Listing 8-2. Determining numbers of picture-based objects

/*
** Display information from consecutively numbered
** PICT resources.

*/
OSErr PrintObjectCounts (
short pictRsrcID )
{
PicHandle myPicHandle;
PictInfolID myPictInfolID;
PictInfo myPictInfol, myPictInfoBoth;
OSErr errStat;

errStat = NewPictInfo( &myPictInfoID, 0, 0, 0, 0 );
if (errStat != noErr)
return errStat;

/* load Picture from designated resource */
myPicHandle = GetPicture( pictRsrcID );
if (myPicHandle == NULL)
{
/* failed -> exit */
errStat = resNotFound;
DisposPictInfo( myPictInfoID );
return errStat;
}

errStat = RecordPictInfo( myPictInfoID, myPicHandle );
if (errStat != noErr)
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/* failed -> exit */
DisposPictInfo( myPictInfoID );
return errStat;

}

RetrievePictInfo( myPictInfoID, &myPictInfol, 0 );
PrintPictInfo( &myPictInfol, 10, 10 );

/* Do the next PICT resource */

myPicHandle = GetPicture( pictRsrcID + 1 );

errStat = RecordPictInfo( myPictInfoID, myPicHandle );

if (errStat != noErr)

{
/* failed -> exit */
DisposPictInfo( myPictInfoID
return errStat;

~
~

}

RetrievePictInfo( myPictInfoID, &myPictInfoBoth, 0 );
PrintPictInfo( &myPictInfoBoth, 100, 10 );

DisposPictInfo( myPictInfoID );
return errStat;

» Color Analysis

Probably the most useful feature of the Picture Utilities is the ability to
determine the best set of colors for displaying a picture. For example,
if you are writing a scanner application that scans in images at 32 bits
per pixel but displays them as 8-bit images, you are faced with the
problem of determining which 256 colors to use to display the image.
Or, if the image spans several screens of varying characteristics, you
can use the Picture Utilities to get the best color set for each screen,
and then display the result using the DeviceLoop() trap (described in
Chapter 7).

There are many ways determine the best colors for a given image.
The Picture Utilities currently support two methods: Popular and
Median Cut. You can also choose the System method, which will
itself choose the best method available. Currently, it always selects the
Median Cut method, but that may change: If better color selection
methods are available in the future, the System method will choose
the best one available. If you are undecided about which method to
use, use the System method.
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Color Plates CP-7A through CP-7D show 32-bit source image ren-
dered using the various Color pick methodologies. CP-7A shows the
original source image. CP-7B displays the image with the standard 16-
entry ColorTable. CP-7C displays the image with the 16 most popular
colors. CP-7D displays the image with the 16 colors generated using
the Median Cut method.

All images were drawn without dithering. It's important to under-
stand that the colors returned by the Picture Utilities are generated by
statistics described in the following section; this doesn’t imply that the
colors are guaranteed to make a picture look good on a GDevice with
a limited number of entries. For most pictures, the colors returned by
the Picture Utilities are a substantially closer match than the standard
16-entry ColorTable.

Popular

The popular method of color selection chooses the most frequently
occurring colors. The Picture Utilities accomplish this by producing a
histogram of color usage. When profiling a picture containing a single
indexed PixMap, the histogram is calculated to the resolution of the
PixMap’s ColorTable. If the picture contains direct PixMaps or mul-
tiple indexed PixMaps, the histogram is calculated to the most signifi-
cant 5 bits of each RGB component.

When a fixed number of colors is requested, the histogram is searched
for the colors most frequently used until the requested number of
colors is found. If more colors are requested than occur in the picture,
the remaining entries are filled with black.

Median Cut

The median cut method returns a well-distributed set of colors. The
Picture Utilities accomplish this by grouping all picture colors into the
smallest RGB box that holds them. The length of each side of the box
is determined by the distance between the smallest and largest color
value in that axis. For example, if the color with the largest red
component has a red value of 63488, and the color with the smallest
red component has a red value of zero, the length of the red side of
the RGB box is 63488 — 0, or 63488.

After the length of each side of the box is determined, the box is
split in two along the longest edge. The box is split so that half the
colors fall in each of the new boxes. This process is repeated, always
splitting along the longest edge of all the RGB boxes, until there are as
many boxes as there are colors requested.
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Once the desired number of boxes is obtained, the average of all the
colors in each box is used to represent that box.

Listing 8-3 shows an example routine that sets the palette of the
frontmost window to the number of colors requested, using the se-
lected pick method. Note that the “suppressBlackAndWhite” flag is
set since black and white are always available. For a 16-color display,
an application would call the AttachPalette() routine with a “numColors”
argument value of 14.

Listing 8-3. Creating a palette using Picture Utilities

OSErr AttachPalette(

short numColors,
PicHandle myPicHandle,
short method )
{
WindowPtr curFrontWindow;
PaletteHandle oldPaletteHdl;
PictInfolID myPictInfoID;
PictInfo myPictInfo;
PictInfo myPictInfoBoth;
Rect boundsR;
OSErr errStat;

/* test to make sure that there is a front window! */
curFrontWindow = FrontWindow() ;
if (curFrontWindow == NULL)

return (OSErr) (-1);

/* Palettes already have black and white entries, */
/* so there is no need to return it */
errStat =
NewPictInfo(
&myPictInfoID, returnPalette, numColors,
method | suppressBlackAndwhite, 0 );
if (errStat != noErr)
return errStat;

errStat = RecordPictInfo( myPictInfoID, myPicHandle );
if (errStat != noErr)
{

/* failed -> exit */

DisposPictInfo( myPictInfolID );

return errsStat;
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RetrievePictInfo( myPictInfoID, &myPictInfo, numColors );

/* Dispose of old palette */
oldPaletteHdl = GetPalette( curFrontWindow );
if (oldPaletteHdl != NULL)

DisposePalette( oldPaletteHdl );

/* Attach new palette and get color updates */

SetPalette( curFrontWindow, myPictInfo.thePalette, TRUE );
boundsR = (**myPicHandle) .picFrame;

OffsetRect ( &boundsR, -boundsR.left, -boundsR.top );
DrawPicture( myPicHandle, &boundsR );

DisposPictInfo( myPictInfolID );
return errStat;

The palette returned by the Picture Utilities has tolerant entries with
a tolerance value of zero. See Chapter 4 and Inside Macintosh, Volume
VI, for more information about the Palette Manager.

Custom

The two standard color pick methods produce good results for a large
class of images. But there are certainly a number of other techniques
for color selection. The Picture Utilities allow you to write a custom
pick method, much as you can write your own 'WDEF' or 'MDEF'.
Custom pick methods are kept in resources of type 'CPMT' and have
resource ID numbers in the 128 to 32767 range, inclusive. To select a
custom method, simply pass the resource ID of the method you want
to use for “method” argument when calling the Picture Utilities.

Writing custom pick methods requires some knowledge of assembly
language. The following pick method is written in Think C, which
readily allows mixing assembly and C. Modifying this sample method
to meet your own needs should be straightforward. This example
returns the first n unique colors (defined by a globally accessible
value; in this case, a global variable “gColorCount”) encountered in
the picture and is given for illustrative purposes; it is not generally
useful. The first thing in a 'CPMT' resource is the main entry point.
This routine will be called with a selector in register DO0. Listing 8-4
defines the four possible messages.
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Listing 8-4. PickColors selector values

typedef enum

{
InitColors =
RecordColors =
CalculateColors =
KillColors =

~

w N = o

}
PickColors_Selectors;

The Dispatch routine and the routines associated with the four
selector values have the following prototypes:

pascal void Dispatch( void );

pascal OSErr InitColors(

short colorsRequested,
long *dataRef,
short *colorBankType );

pascal OSErr RecordColors(

long dataRef,

RGBColor *colors,

unsigned long colorCount,

long *uniqueColorsPtr );

pascal OSErr CalculateColors(

long dataRef,
short colorsRequested,
short *colorBankPtr,

ColorSpec *resultPtr );

pascal OSErr KillColors(
long dataRef );

The Dispatch() routine is organized to maximize performance. Since
color recording is the most common message the color pick method
will receive, this is the first thing checked. The Dispatch() routine is
shown in Listing 8-5.
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Listing 8-5. Custom color pick dispatch routine

/* Dispatch() routine */
pascal void main( void )

{

asm {
cmpi.w #1,D0
begq recordColors

cmpi.w #2,D0
beqg calcColors

move.w DO, DO
beqg init

cmpi.w #3,D0
beg kill

The first message sent to the color pick method is Init, which is
associated with some InitColors() routines. This routine is responsible
for allocating memory the color method requires. Since code that
resides in a resource does not typically have its own A5 world and
thus does not have global variables, the memory reference is passed
via the “dataRef” argument. All of the color pick method routines take
the dataRef as a parameter. In this example the memory is large
enough for “gColorsCount”: colors+1. The extra entry is used to keep
a count of the number of colors in the RGBColor array.

The second task that the InitColors() routine must perform is to
return the type of color bank the pick method will use. There are two
default color banks, or you can specify a custom color bank. They are
specified by the values in Listing 8-6.

Listing 8-6. ColorBank values

typedef enum
{

ColorBankIsCustom = -1,
ColorBankIsExactAnd555 = 0,
ColorBankIs555 =1

}
ColorBank_Types;
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The “ColorBanklIs555” value indicates that the Picture Utilities should
keep a histogram of colors accurate to 5 bits each of red, green, and blue.

The “ColorBankIsExactAnd555” value indicates that the Picture Utili-
ties should keep an exact color bank, unless either one of the follow-
ing conditions is met:

* more than one indexed PixMap is being profiled, or
¢ a direct PixMap is being profiled.

If one of these two cases is true, the color bank is converted to a 5-5-5
histogram and the results are the same as if “ColorBankIs555” were
selected.

If either “ColorBanklIs555” or “ColorBankIsExactAnd555” is speci-
fied, the Picture Utilities will record the colors and the 'CPMT' will not
be called with the “recordColors” message.

This sample color pick method simply records the first unique
gColorCount colors encountered. Thus, it uses a custom color bank.
Listing 8-7 shows an example InitColors() routine.

Listing 8-7. Example InitColors() routine

/* application global value */
short gColorCount;

pascal OSErr Init(
short colorsRequested,
long *dataRef,
short *colorBankType )
{
Handle cSpecHdl;

*colorBankType = ColorBankIsCustom;
*dataRef = (long)O0;

cSpecHdl =
NewHandleClear (
sizeof (RGBColor) * (gColorCount + 1) );
errStat = MemError();
if (errStat != noErr)
return errStat;

/* first free index */
(* (RGBColor**)cSpecHdl) [0] .red = 1;
*dataRef = (long)cSpecHdl;
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return noErr;

}

Since this pick method uses a custom color bank, it needs a Record-
Colors() routine. This routine takes the following four arguments:

* data reference (which was determined by the Init routine),
* a pointer to an array of RGBColors,
¢ a count of colors in the RGBColor array, and

* a pointer to a long integer variable that will be used to hold the
number of unique colors.

Since the color banks used by the Picture Utilities are only accurate
to the most significant 5 bits each of RGB component, unique colors
are distinguished only to that resolution. With a custom color bank,
you can use whatever method you like to count the unique colors in
the picture or PixMap.

The RecordColors() routine is called for every pixel in the picture.
To minimize the effects of execution overhead, the Picture Ultilities
passes an array of RGBColors to the RecordColors() routine. The number
of colors in the array is indicated by the value of the “colorCount”
argument.

Listing 8-8 shows an example of a RecordColors() routine. It com-
pares each of the colors with the colors in the array to determine if it’s
unique. The first “colorCount” unique colors are put in the myColors
array, which is pointed to by the “dataRef” argument.

Listing 8-8. Example RecordColors() routine

pascal OSErr RecordColors(

long dataRef,

RGBColor *colors,

unsigned long colorCount,

long *uniqueColorsPtr )
{
RGBColor *myColors;
RGBColor anRGB;
unsigned long arrayIndex;
short index, 1i;
Boolean gotUniqueColor;

myColors = *(RGBColor**)dataRef;
index = myColors([0].red;
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arrayIndex = 0;

while (index <= COLOR_COUNT && arrayIndex < colorCount)

{
gotUniqueColor = FALSE;

while (arrayIndex < colorCount)
{
gotUniqueColor = TRUE;
anRGB = colors[arrayIndex];
for (i=1; (i<=index) && gotUniqueColor; i++)
{
if ((anRGB.red == myColors[i].red) &&
(anRGB.green == myColors[i].green) &&
(anRGB.blue == myColors[i] .blue))
gotUniqueColor = FALSE;
}
if (gotUniqueColor)
break;
else
arrayIndex++;

}

if (gotUniqueColor)

{
myColors[index] = colors[arrayIndex];
index++;
(*uniqueColorsPtr) += 1;

}

else
break;

}

myColors[0] .red = index;

return noErr;

The Picture Utilities will call the CalcColors() routine to get the best
colors. The “dataRef” argument is the same as that returned by the
Init() routine; the “colorsRequested” argument specifies the number
of colors to return; the “colorBankPtr” argument is a pointer to the
color bank if the Picture Utilities kept the color bank; the “resultPtr”
argument contains the address of a 16-bit (short) integer variable

where the 'CPMT' should put the result.
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Listing 8-9 shows an example implementation of a custom histo-
gram calculation method. The CalculateColors() routine returns the
unique colors stored in the color bank by the RecordColors() routine.
If less than the number of colors requested are stored in the color
bank, the extra entries are cleared to zero.

Listing 8-9. Example CalculateColors() routine

pascal OSErr CalculateColors(

long dataRef,
short colorsRequested,
register short *colorBankPtr,

register ColorSpec  *resultPtr )
{
register RGBColor **colors;

register short i;
short maxValue;
short colorsStored;

maxValue = colorsRequested;
colors = (RGBColor**)dataRef;
colorsStored = (*colors)[0].red - 1;

if (colorsRequested > colorsStored)
maxValue = colorsStored;

for (i=0; i<maxvValue; i++)

{
resultPtr[i].rgb = (*colors)[i + 1];
resultbPtr[i].value = i;

}

/* fill in the great unwashed masses */
for (i=maxValue; i<colorsRequested; i++)
{

resultbPtr[i)] .rgb.red =

resultPtr[i] .rgb.green =

resultPtr[i) .rgb.blue = 0;

resultPtr[i].value = 1i;

return noErr;
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Note »

The KillColors() routine is called when the Picture Utilities are done
with the color pick method when the application calls DisposPictInfo().
It’s responsible for disposing of any memory that the color pick method
allocated. Listing 8-10 shows an example of a KillColors() routine.

Listing 8-10. Example KillColors() routine

pascal OSErr KillColors(
long dataRef )

{

OSErr errStat;

errStat = noErr;
if (dataRef != NULL)
DisposHandle( (Handle)dataRef );

return errStat;

}

Using Deep PixMaps on Classic
QuickDraw Machines

A major deficiency of Classic QuickDraw is the ability to manipulate
deep PixMaps. Anyone who has attempted to develop an application
that runs on both Classic QuickDraw and Color QuickDraw machines
has run into this problem. While the ultimate solution (implementing
Color QuickDraw on 68000 machines) has not yet taken place, this
section presents a simple idea that can assist with displaying PixMaps
on Classic QuickDraw machines.

The idea is to take advantage of the fact that Classic QuickDraw can
display version 2 pictures. Thus, to display a PixMap on a Classic
QuickDraw machine, you simply need to create a picture that contains
the PixMap and then call DrawPicture(). The routine in Listing 8-11
creates a version 2 picture containing a given PixMap.
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Listing 8-11. CreatePICT2() routine

#define CLIPSIZE 12

#define PIXMAPRECSIZE 50
#define HEADERSIZE 40

#define MAXCOLORTABLESIZE 256*8+8 /* size of 256 entry */
/* ColorTable */
#define OPCODEMISCSIZE 2+8+8+2 /* opcode+srcRect+ */
/* dstRect+mode */
#define ENDOFPICTSIZE 2
#define PICSIZE \
PIXMAPRECSIZE + HEADERSIZE + MAXCOLORTABLESIZE + \
ENDOFPICTSIZE + OPCODEMISCSIZE + CLIPSIZE

PicHandle CreatePICT2 (
PixMap *srcBits,

Rect *srcRect,
Rect *dstRect,
short mode )

{
PicHandle thePictHdl;

long curPictSize;
short *picPtr, *ctPtr, *pixMapPtr;
short myRowBytes, picPosition, iii;

/* determine rowbytes value with flag bits stripped */
myRowBytes = srcBits->rowBytes & Ox3fff;

/* allocate worst case memory scenario */
curPictSize =

PICSIZE + ((myRowBytes / 127) + 2 + myRowBytes)

* (srcBits->bounds.bottom - srcBits->bounds.top) ;
thePictHdl = (PicHandle)NewHandle( curPictSize );
if (thePictHdl == NULL)

return NULL;

/* skip picSize and put out picFrame (10 bytes) */
picPtr = (short*) (((char*)*thePictHdl) + 2);
*picPtr++ = srcRect->top;

*picPtr++ = srcRect->left;

*picPtr++ = srcRect->bottom;

*picPtr++ = srcRect->right;

/* put out header (30 bytes), this could be done from a */
/* resource, or taken from an existing picture */
*picPtr++ = 0x0011; /* version opcode */
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*picPtr++ = 0x02ff; /* version number */
*picPtr++ = 0x0C00; /* header opcode */

/* the rest of the header is ignored, 0 it out */
for (iii=12; iii>0; iii--)
*picPtr++ = 0; /* write out 24 bytes of 0 */

/* put out a clip region: containing a bounds rectangle */
/* and zero bytes of scan line data */

*picPtr++ = 0x0001;

*picPtr++ = 0x000A;

*picPtr++ = srcBits->bounds.top;

*picPtr++ = srcBits->bounds.left;

*picPtr++ = srcBits->bounds.bottom;

*picPtr++ = srcBits->bounds.right;

/* put out "packBitsRect" opcode: $0098 */
*picPtr++ = 0x0098;

/* put out PixMap */
*picPtr++ = srcBits->rowBytes | 0x8000; /* always make */
/* PixMaps */
*picPtr++ = srcBits->bounds.top; /* emit bounds rect */
*picPtr++ = srcBits->bounds.left;
*picPtr++ = srcBits->bounds.bottom;
*picPtr++ = srcBits->bounds.right;
*picPtr++ = 0; /* version number */

/* put out PixMap's data pack information */
if (myRowBytes < 8)

*picPtr++ = 1; /* unpacked format */
else

*picPtr++ = 0; /* standard format */
*picPtr++ = 0; /* packed size */

*picPtr++ = 0;

*picPtr++ = 0x0048; /* horizontal resolution: $0048 0000 */
*picPtr++ = 0;

*picPtr++ = 0x0048; /* vertical resolution: $0048 0000 */
*picPtr++ = 0;

*picPtr++ = 0; /* pixel type: chunky */

/* these fields are different for BitMap/PixMap */
if ((srcBits->rowBytes & 0x8000) != 0)
{

/* do PixMap */
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*picPtr++ = srcBits->pixelSize; /* pixel size */
*picPtr++ = srcBits->cmpCount; /* number of components */
*picPtr++ = srcBits->cmpSize; /* size of each component */
}
else

{
/* do BitMap */

*picPtr++ = 1; /* pixel size */
*picPtr++ = 1; /* number of components */
*picPtr++ = 1; /* size of each component */

/* the remainder are the same */

*picPtr++ = 0; /* offset to next plane */
*picPtr++ = 0;

*picPtr++ = 0; /* ColorTable */

*picPtr++ = 0;

*picPtr++ = 0; /* reserved */

*picPtr++ = 0;

/* emit ColorTable */
if ((srcBits->rowBytes < 0) && (srcBits->pmTable != NULL))
{

/* obtain pointer to ColorTable */

ctPtr = (short*)*(srcBits->pmTable);

*picPtr++ = *CtPtr++; /* copy ctSeed */
*picPtr++ = *CctPtr++;

*picPtr++ = *CtPtr++; /* copy ctFlags */

i1ii = *ctPtr;

*picPtr++ =
for ( ; iii

{

*ctPtr++;
>= 0; iii--)

/* put out all entries */

*picPtr++
*picPtr++
*picPtr++
*picPtr++
}
}
else

= *CtPtr++;
*CtPtr++;
*CtPtr++;
= *CtPtr++;

/* put out an empty ColorTable:

for (iii=8;
*picPtr++

iii>0; iii--)

:O,’

/*

/*
/*
/*
/*

8 words of

copy ctSize */

pixel value */
red */

green */

blue */

0 */
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/* put out srcrect, dstrect, and mode */
*picPtr++ = srcRect->top;

*picPtr++ = srcRect->left;

*picPtr++ = srcRect->bottom;

*picPtr++ = srcRect->right;

*picPtr++ = dstRect->top;
*picPtr++ = dstRect->left;
*picPtr++ = dstRect->bottom;
*picPtr++ = dstRect->right;

*picPtr++ = mode;

/* put out PixData */
if (myRowBytes < 8)
{
/* no packing */
pixMapPtr = (short*) (srcBits->baseAddr);
iii =
(myRowBytes *
(srcBits->bounds.bottom - srcBits->bounds.top)) / 2;
for ( ; iii > 0; iii--)
*picPtr++ = *pixMapPtr++;
}
else
{
/* use packbits to compress the data */
Ptr srcPtr, dstPtr, packBuf, tempPicPtr;
short packedSize, jjj;

tempPicPtr = (char*)picPtr;
srcPtr = srcBits->baseAddr;
HLock ( (Handle)thePictHdl );
packBuf = NewPtr( myRowBytes * 2 );
if (packBuf == NULL)
{
DisposHandle( thePictHdl );
return NULL;

/* Must use only byte accesses to avoid */
/* address errors on machines with 68000 CPUs */

iii = srcBits->bounds.bottom - srcBits->bounds.top;
for ( ; iii > 0; iii--)
{

dstPtr = packBuf;
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PackMoreBits( &srcPtr, &dstPtr, myRowBytes );
packedSize = (long)dstPtr - (long)packBuf;
if (packedSize < 250)
/* put a byte to the picture */
*tempPicPtr++ = (unsigned char)packedSize;
else
{
/* put a word to the picture */
*tempPicPtr++ = (unsigned char) (packedSize >> 8);
*tempPicPtr++ = (unsigned char)packedSize;

}

/* put the packed data out */
dstPtr = packBuf;
for (jjj = packedSize; jjj > 0; jjji--)
*tempPicPtr++ = *dstPtr++;
}
DisposPtr( packBuf );
HUnlock( (Handle)thePictHdl );

/* perform long alignment */
if ((long)tempPicPtr & (long)0x0001)
tempPicPtr++;
picPtr = (short *)tempPicPtr;
}

/* All done! Put out "end of picture" opcode: $00FF */
*picPtr++ = O0x00FF;

/* resize handle down to the amount actually used */
curPictSize = (long)picPtr - (long)*thePictHdl;
SetHandleSize( thePictHdl, curPictSize );

* ((short*) *thePictHdl) = (short)curPictSize;

/* mission accomplished: return the pict to the caller */

return thePictHdl;

void PackMoreBits (

{

Ptr *srcPtr,
Ptr *dstPtr,
short myRowBytes )

short smallRowBytes, iii;
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/* first do the odd (remainder) amount */
smallRowBytes = myRowBytes % 127;
for (iii = myRowBytes/127; iii >= 0; iii--)
{
PackBits( srcPtr, dstPtr, smallRowBytes );
smallRowBytes = 127;
}

This routine has a calling interface similar to StdBits() except that it
doesn’t take a region parameter and it returns a PicHandle. If your
application needs to use regions, you can modify the code to use the
“PickBitsRgn” opcode $99 and to put the region into the picture just
before the pixel data.

Another limitation is that this routine only accepts BitMaps and
PixMaps of depths 8-bits or less. For direct PixMaps you need to
modify the routine to use the “DirectPackBitsRect” opcode $009A and
change the packing as described in Inside Macintosh, Volume VI. If you
decide to do this, be sure to assign the baseAddr field — it’s not used
for opcodes $0098 and $0099 — with value $000000FF. See Inside
Macintosh, Volume VI. Creating direct PixMaps to pass to the CreatePICT2()
routine is much easier than creating indexed PixMaps since you don’t
need to generate a ColorTable. But Classic QuickDraw machines be-
fore System 7.0 can’t display pictures containing direct PixMaps. And
that is why this approach was chosen here.

The first section of this routine makes a worst-case memory guess. It
assumes a worst-case packing scenario that can slightly increase the
picture size. This memory management strategy is used because it’s
much faster to allocate a large Handle to begin with than to attempt to
continually adjust the size of a Handle that is too small. Furthermore,
it greatly simplifies the code that adds data to the picture since it
doesn’t constantly have to check if there’s enough space. A possible
negative side effect is that there might not be enough memory for the
requested block, although there is enough memory for the picture.
You could rewrite the code to make a different tradeoff if you wish.
Another improvement would be writing the PICT directly to disk. You
could then spool the picture from disk when playing it back as de-
scribed in Inside Macintosh, Volume V. While this is slightly slower due
to disk access time, it uses only a minimal amount of memory.

The routine puts out the picture’s picFrame next. The picPtr variable
is used to put data into the picture. The Picture’s picSize field, which is
the first word of the picture data, is skipped since the final size of the
picture is not known yet. It will be the last thing written to the picture.
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In this case, the picFrame field is simply the srcRect passed to the
routine. When pictures are created via QuickDraw, the picFrame is
passed as an argument to OpenPicture(). Next the routine puts out a
standard PICT2 header as described in the Color QuickDraw chapter
of Inside Macintosh, Volume V, followed by a clipping region the size of
the bounds rectangle. Setting a clipping region avoids a bug in Classic
QuickDraw that prevents pictures from drawing in certain circum-
stances. Specifically, when a wide-open region is scaled or translated,
the region operations overflow and the resulting region is empty.

The PackBitsRect opcode, $0098, follows the clipping region. The
opcode is followed by the PixMap record. Note that the baseAddr field
is not stored in the picture for opcodes $0098 and $0099. For opcode
$009A and $009B (used for direct PixMaps) you must set the PixMap's
baseAddr field to $000000FF. This allows machines that are not aware
of the $009A and $009B opcodes to terminate picture playback, rather
than crash. These opcodes are further described in Inside Macintosh,
Volume VI. The CreatePICT2() routine can take either a BitMap or a
PixMap as the “srcBits” argument. If a BitMap is passed, it's added to
the picture data as though it were a 1-bit/pixel PixMap.

After the PixMap record and ColorTable are put to the picture, the
srcRect, dstRect, and transfer mode are put out. Like the PixMap,
these arguments are passed to CreatePICT2().

The next section of code puts out the actual PixMap data and
Handles packing. QuickDraw uses the PackBits() trap to pack each
scanline of pixel data when rowBytes is greater than eight. If the
rowBytes value is less than eight, the data is put into the picture
without packing. On Classic QuickDraw machines, the PackBits() trap
can only pack a maximum of 127 bytes at a time. The PackMoreBits()
routine takes care of larger packing runs by calling the standard
PackBits() trap multiple times. Packing in groups a maximum of 127
bytes in length is slightly less efficient than allowing arbitrarily sized
groups. The initial worst-case memory scenario takes this into ac-
count. Finally an EndOfPicture opcode, $00FF, is put to the picture.
The size of the picture is calculated, and the Handle is resized; the
Handle is always made smaller since the original allocation assumed
worst case.

Once the picture is created, it can be treated like any other picture: It
can be displayed using DrawPicture(), or saved to disk and displayed
in full color on a Color QuickDraw machine.

Generating the PixMap to pass to CreatePICT2() can be a little tricky
on Classic QuickDraw machines. The easiest way to do this is by
putting a generic PixMap in a resource and then modifying relevant
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fields to meet your needs. The ColorTable can be handled in the same
fashion. Alternatively, the PixMap and ColorTable can be constructed
manually if desired.

One problem you will encounter is mapping colors to indices. Recall
that QuickDraw does this by using an inverse lookup table. Since
none of the inverse table functionality exists on Classic QuickDraw
machines, you're on your own. You may simply want to do an exhaus-
tive search of the ColorTable for the closest match for each pixel. Slow,
but simple and functional.

If you are running on a System 7.0 version of Classic QuickDraw
you can use the Picture Utilities to help with the ColorTable construc-
tion. The previous section in this chapter as well as Inside Macintosh,
Volume VI, describes how to do this.

Or, if you are running System 7.0 you can create pictures with direct
PixMaps. Direct PixMaps are much easier to create since you don’t
have to map colors back into a ColorTable.

This routine also provides a solid starting point for implementing a
version of CopyBits() which accepts any depth PixMap as the source
for Classic QuickDraw machines. You could patch StdBits() and look
at the depth of the source PixMap. If it is 1 bit, then the StdBits() trap
is called. If it’s deeper than 1 bit, create a picture as just discussed,
draw the picture, and then throw the picture away.

Summary

This chapter described many of the inner workings of pictures and
how to access the information contained within them, using the Pic-
ture Utilities package new to System 7.0. The Picture Utilities provide
an easy way to profile the contents of a picture. This makes it easier
for an application to intelligently deal with the contents of a picture.
Perhaps the most useful aspect of the Picture Utilities is that they will
return the best color set for displaying the picture. For example, if you
want to display a 32-bit PixMap on a 16-bit screen, the Picture Utilities
can give you the best palette to do so. There are two standard color
pick methods. If neither is suitable for your application, you can write
your own.

Finally, this chapter presented code for creating a picture containing
a deep PixMap. This allows an application to display PixMaps on
Classic QuickDraw machines using DrawPicture().



Compatibility and
Configuration Issues

One of the greatest virtues of commercial microcomputer architectures
is openness, that is, the ability to add or change components freely in
order to suit the user and/or owner. Unfortunately, this virtue is
arguably the biggest headache for microcomputer applications devel-
opers. A launched application is thrust into an uncertain environment
whose features and services vary from machine to machine and may
have even been changed since the last time the application was
launched. In order to meet this challenge, applications must test for all
operating system services that aren’t guaranteed to be present on
launch, and they must take appropriate action should those services
be absent or defective. As a developer, if you ignore Memory Manager
errors or if you access QuickDraw traps that are not present on the
current machine, a system error is the usual result. Failure to follow
such programming essentials should be considered unacceptable ap-
plication behavior under virtually all circumstances.

Striving to meet the goal of wide-range compatibility can involve a
significant amount of additional special-case coding and careful struc-
turing. You should consider both your programming resources and
market forces when making application compatibility decisions. What
percentage of the targeted users are running the required System
software configuration? How much development time is available?
What are the best case and worst case scenarios?

385



386

» Chapter9 Compadtibility and Configuration Issues

» Hardware Configuration

Apple has sold upwards of ten different Macintosh CPU “boxes”
under the Macintosh name. When cross-combined with only the Apple
hardware options (hard disk drives, video cards, display monitors,
and so forth), the real number of different Macintosh hardware con-
figurations is huge.

It's a tribute to Apple System Software that the details of a particu-
lar hardware configuration are almost completely transparent to the
application. For example, there are many different kinds of disk drives
that can be connected to the Macintosh — from 400K floppy disks to
magneto-optical disks with over 1 gigabyte of storage — but the
operating system manages the differences between these devices and
applications need deal only with a standard interface provided by (in
this case) the File Manager. The same is true for video cards and
monitors. Macintosh displays range in size from 512-by-342 mono-
chrome to 1152-by-870 (or even larger) in 32-bit color. Fortunately
QuickDraw handles all of the device dependent aspects of drawing
and presents a standard graphics environment to the application.

It’s important for applications to follow the well-behaved applica-
tion rules described in the following section to reap the benefits of
device independence as Apple expands its System Software. If your
application is dependent on a new piece of hardware (such as a frame
grabber) for which there is no standard interface in the Toolbox, you
will need to write custom routines. This is what developers did in the
interim between the advent of 32-bit display cards and direct pixel
support in QuickDraw.

This scenario appears again and again. As of this writing, there is no
support in the Toolbox to support video overlay or frame grabbing,
yet these cards are becoming increasingly popular. To support such
special video modes, developers are currently forced to write their
own graphics routines. It's only a matter of time before Apple pro-
vides guidelines for producing such hardware and a standard soft-
ware interface for dealing with the new capabilities.

Once these standard guidelines are published, it is important that
your application abides by them. Any rules your application breaks
increases the probability that it will not be compatible with a future
version of System Software.
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» The Well-Behaved Application

With respect to graphics, Apple has developed a set of behavioral
guidelines that describe the well-behaved application. The rules for
well-behaved applications aren’t really that restrictive, and the ben-
efits include not merely future compatibility, but also improved per-
formance on systems with graphics acceleration hardware that
conforms to these guidelines.

The performance of QuickDraw graphics has enormous potential for
performance enhancement; a well-behaved application may be able to
realize a more than 100-fold improvement in its graphics-intensive
code over that of unaccelerated performance. The fundamental crite-
rion is that performance improvements must be accessible to applica-
tions within the Macintosh graphics environment, and that they require
no additional programming beyond the techniques prescribed by the
well-behaved application guidelines described in this section.

There are two strategies that can be undertaken by a hardware
manufacturer to speed up Macintosh system graphics:

* Achieve faster execution cycle time by incorporating faster dedi-
cated graphics processing units.

* Minimize NuBus traffic via cached data structures. When graph-
ics data are transferred from application RAM to the video memory
resident on display cards, they travel across the NuBus. These
transfers are significantly slower than those in main memory. By
keeping up-to-date copies of large graphics data structures on the
video card itself, accelerators can realize significant performance
improvements.

From a software developer’s perspective, hardware accelerators
shouldn’t be a concern: Either the user’s machine has the hardware or
it doesn’t. Graphics hardware accelerators function in a transparent,
device-independent fashion if you follow the well-behaved applica-
tion rules.

Accelerators achieve performance improvements to all applications
(for example, faster line and polygon drawing), by patching QuickDraw
traps when the system boots up. Additional graphics capabilities that
aren’t standard in QuickDraw (for example, video frame capture or
specialized image processing operations) are implemented by defin-
ing new device driver calls. Of course, these features are accessible to
only those applications that “understand” them and have tested for
the presence of that specific hardware.
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The primary focus of Apple’s “good behavior” guidelines is to
provide developers with rules that guarantee compatibility with accel-
erators and future versions of System Software. To allow accelerators
to maintain accurate, effective graphics data caching, applications
must carefully limit the direct modification of the following important
Graphics Toolbox data structures:

* GDevice

¢ GrafPort and CGrafPort
e ColorTable

¢ PixPat

If an application needs to modify one of these data structures, it can
inform the Graphics Toolbox via one of the appropriate traps listed
here:

* GDeviceChanged()
¢ PortChanged()

¢ CTabChanged()

¢ PixPatChanged()

Caching these data structures allows the Graphics Toolbox to main-
tain them on the display card itself, rather than having to copy them
across the NuBus for every graphics operation. Calling one of these
new “DataStructureChanged” traps directs the Graphics Toolbox to
reestablish consistency within the data structure and to update any
cache that the data structure may be residing in.

Apple has decreed direct data structure modifications, other than
these four data structures, as threatening to future compatibility. For-
tunately, most cases where an application might consider direct data
structure modification can be addressed with a trap call. On two
different occasions, Apple has published a list of traps that should be
called in such circumstances, shown here in Listing 9-1. The first
section of code is from System 7.0 8eta2 CD and d e v e [ 0 p magazine;
the second is from System 7.0 eta2 CD; and the third is fromdevelop
magazine.
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Listing 9-1. Well-behaved application traps

AddComp () AddSearch() BackColor ()
BackPat () BackPixPat () ClipRect ()
ColorBit () CopyPixPat () DelComp ()
DelSearch() ForeColor () HidePen()
HiliteColor () MakeRGBPat () MovePortTo ()
OpColor() PenMode () PenNormal ()
PenPat () PenPixPat () PenSize()
PortSize() RGBBackColor () RGBForeColor ()
SetClip() SetOrigin() SetPenState ()
SetPortBits () SetPortPix() ShowPen ()
CharExtra() GrafDevice() HideCursor ()
Move () MoveTo () ObscureCursor ()
SetCCursor () SetClientID() SetDeviceAttribute()
SetCursor() SetGDevice () SetPort ()
ShowCursor () SpaceExtra() TextFace()
TextFont () TextMode () TextSize()
PMgrDispatch GWorldDispatch

InitGDevice() DisposGDevice ()

DisposPixPat () CopyBits () CopyPixMap ()
DrawPicture () OpenPicture() OpenPoly ()
StdLine() StdBits() StdText ()
StdRgn () StdArc () StdRRect ()
stdoval () StdPoly () StdRect ()
OpenRgn () CopyRgn () DiffRgn()
XorRgn () RectRgn () SectRgn ()
UnionRgn () OffsetRgn () InsetRgn()

389

If we examine these traps in terms of the data types that they
operate on, the list of traps transforms into a prescription for dealing
with Macintosh data structures. The data structures and the prescrip-
tion are as follows:

o GrafPorts, CGrafPorts, PixPats, ColorTables — Protected, but
accessible. Use the appropriate “Changed” trap after direct modi-
fications are performed.

e GWorlds, Regions, Pictures, Palettes, Polygons — Absolutely
protected. Don’t change them in any way, except via the traps
provided.
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Important »

We must also realize that there is a physical limit to the number of
data structures that can be cached at one time. Developers should
assume a “most recently used” caching strategy. The best way to
account for this in application code is to group drawing operations so
that operations within each GrafPort and GDevice are performed
together. Examples of good and bad technique are shown in Listing 9-2.

Listing 9-2. Efficient and inefficient graphics code

/* global variables */

/* previously assigned */
PicHandle gBackgroundPict;
Rect gBasicR;

void Doit_Good (
GWorldPtr gwArrayl[],

short gwCount )
{
GDHandle savedGDev;
GrafPtr savedPort;
Rect pictBoundsR, currentR;
short 1 T 6T

GetGWorld( &savedGDev, &savedPort );

pictBoundsR = (**gBackgroundPict) .picFrame;
OffsetRect ( &pictBoundsR, -pictBoundsR.left, -pictBoundsR.top ) ;
for (i=0; i<gwCount; i++)
{
SetGWorld( gwArray[i], NULL );

/* draw background picture */
DrawPicture( gBackgroundPict, &pictBoundsR );

/* draw some lines */
for (j=0; 3j<10; j++)
{
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MoveTo( j*10 + 30, j*10 + 30 );
Line( 20, 10 );
}

/* £ill some rectangles */
currentR = gBasicR;
for (k=0; k<5; j++)
{
PaintRect ( &currentR ) ;
OffsetRect ( &currentR, 10, 10 );

SetGWorld( savedGDev, savedPort );
}

void Doit_Bad( void )
GWorldPtr gwArrayll],

short gwCount )
{
GDHandle savedGDev;
GrafbPtr savedPort;
Rect pictBoundsR, currentR;
short i, 3, k;

GetGWorld( &savedGDev, &savedPort );

pictBoundsR = (**gBackgroundPict) .picFrame;
OffsetRect ( &pictBoundsR, -pictBoundsR.left, -pictBoundsR.top ) ;

for (i=0; i<gwCount; i++)
{
‘SetGWorld( gwArray([i], NULL );

/* draw background picture */
DrawPicture( gBackgroundPict, &pictBoundsR );
}

for (i=0; i<gwCount; i++)
{
SetGWorld( gwArray[i], NULL );

/* draw some lines */
for (j=0; 3j<10; j++)
{
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Note »

MoveTo( j*10 + 30, j*10 + 30 );
Line( 20, 10 );

}

for (i=0; i<gwCount; i++)
{
SetGWorld( gwArray[i], NULL );

/* £fill some rectangles */
currentR = gBasicR;
for (k=0; k<5; Jj++)
{
PaintRect ( &currentR ) ;
OffsetRect ( &currentR, 10, 10 );

}

SetGWorld( savedGDev, savedPort );

To summarize, graphics-intensive applications should be able to
take maximum advantage of the available graphics hardware. This
advantage can be realized only when applications, System Software,
and graphics hardware cooperate with one another. Within the context
of this cooperation, applications are responsible for the maintenance
of graphics data structures. They shouldn’t perform direct modifica-
tions to them, particularly when those modifications can be performed
by a trap. If such modifications are absolutely necessary, then the
application must inform the Graphics Toolbox. For the highest level of
Toolbox software and graphics hardware support and cooperation,
applications should group graphics operations by destination and
functionality.
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> Software Compatibility

Apple has published guidelines on how to write applications that will
stay compatible with future System software and Macintosh family
hardware. These guidelines are essentially an open agreement
between Apple and its developers stating what actions developers
and Apple must undertake to maintain future compatibility. The guide-
lines aren’t published collectively, but are available separately in a
number of Inside Macintosh chapters and Tech Notes. Many of the
guidelines pertinent to graphics programming don’t specifically focus
on graphic issues; as a consequence, many graphics developers aren’t
familiar with the guidelines and the rules that they prescribe.

In the course of graphic software component design, software devel-
opers should imagine the likely configuration of graphics hardware
that their user’s systems will have. They should also be concerned
with the minimum configuration, not to mention illegal configura-
tions. Accounting for ideal system configurations is perhaps a luxury,
but it is important to consider nonetheless.

This variety of display setups usually causes developers to react in a
number of ways. They create software that can run on:

® One system configuration only, but the application crashes or
behaves weirdly on most other systems — This scenario often
results when lone developers throw up their hands and say, “I
give up. So it’ll only run on my system!”

® One configuration only, but it exits from other systems on ini-
tialization with a nice “Bye-bye, no can do!” alert — This sce-
nario is essentially Case #1, except that the programmer has
learned how to use SysEnvirons() or Gestalt() to check for nomi-
nal System Software and hardware features.

e Many different systems, but the application causes other appli-
cations to visually degrade and behave strangely — The pro-
grammers have some nifty tricks up their sleeves, but their
applications prefer to take direct control of display GDevices.

¢ Every known configuration and a few impossible ones (such as
a 512K machine with a 68882 math chip) to boot — The software
team implemented graphics-intensive routines to support 1-, 2-,
4-, 8-, 16-, and 32-bit depths and they developed color-matching
strategies to make 32-bit images appear almost realistic on mono-
chrome machines. The drawback: The application took forever to
write, ran as slow as molasses, and took up over 2000K on disk.
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The point here is that most applications need to meet some basic
goals. They need to:

¢ Look really good on an ideal system — A 24-bit scanning applica-
tion looks best on a high-resolution display driven by a 24-bit
video controller.

* Look pretty good on most systems — If graphics aren’t a major part
of a program, then it should be easy to use QuickDraw techniques
that require a minimum of colors in the most flexible way.

 Exit gracefully on some systems — Maybe a floral-arrangement
design application doesn’t need to work on a Macintosh Plus or a
Classic...

Developers strive for the most direct means to meet these goals,
while at the same time avoid implementing parallel versions of indi-
vidual graphics algorithms.

» Detecting and Handling Limited System Software

One of the difficulties involved with Macintosh applications develop-
ment is handling the wide range of System software configurations
that an application can encounter. It's desirable to develop applica-
tions that can run under the largest number of reasonable System
software configurations. We say “reasonable” because there are people
out there who are still running System 3.3 and Finder 4.2, and there’s
no way that a color application is going to operate under that configu-
ration short of implementing its own version of Color QuickDraw.
There is also a large number of systems out there on which users have
loaded numerous INITs and perhaps even some viruses that may
prevent applications from behaving properly or in a manner that
makes the danger undetectable to applications.

No Color or 32-bit QuickDraw

A lack of Color QuickDraw is typically intolerable for graphics-intensive
applications. This means that such applications won’t run on any
machine in the current Macintosh Classic family. You should consider
whether your application is truly graphics-intensive before you de-
cide to turn your back on this large installed base. If it can make do
with eight colors, you may consider selecting colors using the Classic
color model discussed in Chapter 3. An example of such testing is
shown in Listing 9-3.
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Listing 9-3. Drawing under black-and-white and Color QuickDraw

#define PORT_IS_COLOR(A) \
((((CGrafPtr) (A))->portVersion & 0xC000) == 0xC000)

void SafeDrawingRoutine( void )
{

RGBColor curPenRGB;

Rect boxR;

Boolean isColorPort;

/* determine whether the current port is */
/* a CGrafPort or GrafPort */
isColorPort = PORT_IS_COLOR( thePort );

if (isColorPort)

{
/* set a cyan pen color */
curPenRGB.red = 0x0000;
curPenRGB.green = OxFFFF;
curPenRGB.red = OxFFFF;
RGBForeColor( &curPenRGB ) ;

}
else

{

/* set a cyan pen color, use a pen pattern to */
/* distinguish it further from solid black and white */
ForeColor( cyanColor );
PenPat ( ltGray );
}

/* draw using traps available to all QuickDraw versions */
SetRect ( &boxR, 0, 0, 40, 40 );

OffsetRect ( &boxR, 80, 30 );

FillRect ( &boxR );

Notice the use of the pen pattern in the black-and-white condition in
this code fragment. You can often achieve adequate results when the
display’s pixel depth is less than ideal.

Using 32-bit QuickDraw is another matter; its reliance on 68020 code
means that Apple isn’t likely to develop a version that runs on 68000
CPUs. The tendency is for applications that are graphics-intensive to
require 32-bit QuickDraw in order to run. If the application requires
the Direct color model, then it requires 32-bit QuickDraw and must
test for it on startup.
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Old System Software

This is a more general version of the 32-bit QuickDraw present condi-
tion, except that in addition to QuickDraw, the developer has to
consider whether the functionality of the trap patches found in a
particular system service are adequate. Some of the more important
features that have changed over minor System Software releases in-
clude the following:

e Color and grayscale printing require LaserWriter 6.0, which in
turn requires System 6.0.3.

e The Palette Manager has had a number of significant enhance-
ments up through version 6.0.5. In particular, the Palette Manager
from Systems 6.0.3 and earlier wouldn’t always release entries
back to the System, even after the owning application quits.

Imposing Configuration Requirements

In the final analysis, you may conclude that there are certain software
and hardware resources that your application requires and others that
are desirable but whose absence can be tolerated.

Minimum RAM

An applications developer should determine as accurately as possible
the recommended and minimum heap size necessary for the applica-
tion to operate meaningfully and set the values in the 'SIZE' resources
numbered 0 (recommended size) and —1 (minimum size). In particu-
lar, the maximum and minimum number of offscreen image buffers
should be accounted for in these size requirements because they are
by far the largest consumers of heap memory. The main stumbling
block here is that this number changes drastically for different pixel
depths. For example, imagine an application with two to eight offscreen
image buffers, each with dimensions of 512 pixels wide by 512 tall
(see Table 9-1).

Table 9-1. Heap memory requirements

4 bits per pixel 8 bits per pixel 32 bits per pixel
2 buffers 256K 512K M
8 buffers M M SM
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As you can see, such an application could perform well under most
circumstances with a heap size of 2 megabytes. If the user wanted to
work with 32-bit images, the application should probably instruct the
user to set the size resource directly, via the entry in the application
file’s Finder Get Info window. The Finder’s About... memory status
dialog can be used to verify these memory usage calculations.

Minimum System Software

As stated earlier, Apple considers it perfectly acceptable to check for
and, if necessary, require the user to install a system version greater
than or equal to the one that the application deems necessary for
survival. This has the added benefit of encouraging users to keep their
System Software current.

Monitor Configurations

Applications (with the possible exception of palette animators) should
never require the user to set a particular pixel depth, and they should
never use SetDepth() to change display depths without the user’s
explicit permission to do so. In the past, when GDevices weren’t well
understood and GWorlds weren’t available, a number of graphics
applications commandeered the current GDevice (usually the main
GDevice) and changed its characteristics to suit its needs. There is no
longer any excuse for that kind of hardware control strategy. Create a
GWorld if your application requires precise graphics environment
control. Don’t directly mess with public display GDevices. Enough said.

32-Bit Addressing Issues

The Macintosh runs in two modes, 24 bit and 32 bit. In 24-bit mode
only 24 address bits are used, while in 32-bit mode all 32-bit address
bits are used. Thus, in 32-bit mode, the address space is 256 times
larger than it is in 24-bit mode.

The problem is that the memory map changes considerably between
the two modes, and the Toolbox must know which addressing mode
its parameters are in. For compatibility reasons, the assumption is that
calls to all Toolbox traps are made in the mode the Macintosh started
up in and that addresses passed into Toolbox traps are valid in that
addressing mode. :

One difficulty with this technique is that if the Macintosh was
booted in 24-bit mode the base addresses of PixMaps can be in only
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24-bit space, while video cards may require 32-bit addressing to access
all of their memory. As a result, there are several memory-addressing
environments that QuickDraw must deal with.

e If the base address is the same as the QuickDraw application
global variable “scrnBase,” which it will be for all onscreen ports
and PixMaps, the base address is assumed to be 32 bit. 32-bit
QuickDraw and later versions always enter 32-bit mode before
drawing to the screen.

* Any other base address is assumed to be valid in the processor
mode on boot unless Bit 2 of a PixMap’s pmVersion field is set. If
that bit is set, then the address is 32 bit and QuickDraw will enter
32-bit mode before accessing the pixel-image memory pointed to
by the PixMap’s baseAddr field.

The offscreen GWorld traps also use the pmVersion field to keep state
information about the baseAddr for internal use. Thus, the application
should set bit 2 pmVersion only for those PixMaps that it creates.
Applications should never change the pmVersion value for a PixMap
belonging to an offscreen GWorld.

» A Short History

The 68000 memory addressing architecture used in the Classic Macintosh
family maintains a 32-bit address internal to the processor but has
only 24 physical address lines actually connected to motherboard
RAM. These 24 lines can address a range from $0 to $00FFFFFF. To
conserve memory, many older Toolbox traps (mostly those described
in Inside Macintosh, Volumes I, II, and III) use the high byte of the
address to keep additional information.

Later processors in the 68000 family use all 32 processor address lines.
This gives the processor an address range from $0 to $FFFFFFFF hexa-
decimal. The A/UX operating system was the first environment that
required Macintosh applications to be 32-bit clean. For the A/UX release,
the portions of the Toolbox that use the high byte of the address were
revised. Unfortunately, some applications assumed they could still use
the high byte of the address. These applications don’t run under A /UX.

In System 7.0, the user can use the Memory Control Panel Device
(cdev) to set whether 24-bit (which uses the 24-bit Memory Manager)
or 32-bit (which uses a 32-bit clean Memory Manager) addressing
mode should be used. Users with more than 8 megabytes of RAM
need to use 32-bit addressing mode.
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» Addressing Video Display Memory

As if the existence of two different addressing modes doesn’t compli-
cate matters enough, it turns out that slot space, where video memory
usually resides, sometimes requires 32-bit addressing.

This information can be extracted from the video cards associated
with GDevice driver, in the manner shown in Listing 9-4.

Listing 9-4. Determining a video card’s slot number

unsigned short GDev_GetSlotID(
GDHandle theGDev )

{
AuxDCEHandle theDrvrHdl;
short slotNum;

if (theGDev != NULL)
{
theDrvrHdl =
(AuxDCEHandle)GetDCt1lEntry ( (**theGDev) .gdRefNum );
if (theDrvrHdl != NULL)
return (**theDrvrHdl) .dCtlSlot;
}

return 0x0000;
}

In 24-bit addressing mode, slot space ranges from $900000 to $EFFFFF,
with one megabyte per slot. Valid 24-bit addresses are within the
range $s00000 to $sFFFFF, where “s” is a valid slot number: $9 to $E
hexadecimal.

In 32-bit addressing mode, slot space ranges from $F9000000 to
$FEFFFFFF, with 16 addressable megabytes per slot; in this mode,
valid slot addresses range between $Fs000000 and $FsFFFFFF, where
“s” is a valid slot number.

However, there is also what’s known as super slot space. The super
slot space is accessible only in 32-bit addressing mode and ranges
from $90000000 to $EFFFFFFF, with 256 megabytes per slot: valid slot
addresses range between $s0000000 to $sFFFFFFF, where “s” is a valid
slot number.

When 32-bit QuickDraw (or System 7.0) is not around, 24-bit slot
space is used (old QuickDraw always accesses the screen in 24-bit
addressing mode). However, 24-bit slot space doesn’t permit access to
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more than 1 megabyte of video memory, preventing the support of 32
bits per pixel. So 32-bit QuickDraw always accesses the screen in 32-
bit addressing mode, using either the 32-bit slot space or the super
slot space base address as defined by the video display card ROM’s
initialization code.

For example, the original Macintosh High-Resolution Video Card
uses 24-bit slot space, with a slot base address of $Fss00000. In 24-bit
addressing mode, the stripped address is $s00000, which maps to slot
“s” in 24-bit slot space. But that address still works with 32-bit Quick-
Draw because $Fss00000, if used in 32-bit addressing mode, happens
to map into 32-bit slot space as well.

The 824 card uses $Fss00000 (24-bit slot space) when 32-bit Quick-
Draw isn’t installed, in which case 32-bit-per-pixel mode is not avail-
able, and $Fs000000 (super slot space) when 32-bit QuickDraw is
available.

When an address is passed to a QuickDraw trap, it's assumed to be
a valid 24-bit mode address. In order to pass a PixMap reference that
contains a 32-bit baseAddr value into CopyBits() or some other Quick-
Draw trap, an application must set bit 2 of the PixMap’s pmVersion
field (pmVersion = 4) to inform the QuickDraw trap that the address is
a 32-bit address and not a 24-bit one.

Handling 32-Bit Addressing Mode

If you have read this far in this book, you are surely aware that your
application should never write directly to the screen. Thus, you might
think you never need to worry about whether you are in 32-bit mode
or not. This is true as long as your application is 32-bit clean, with one
exception.

The exception occurs when applications use the GWorld traps to
create a GWorld and then access the GWorld'’s pixels directly. To get
the baseAddr of such a PixMap, applications must call GetPixBaseAddr()
rather than copying the embedded PixMap’s baseAddr field value. This
trap returns an address that is valid only in 32-bit addressing mode.
This causes problems if the application tries to use the address in 24-
bit mode. The bug will not appear until the application encounters an
accelerator card which implements GWorlds on the card’s memory
such as Apple’s 824 GC card with a 2 MB DRAM upgrade kit.
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To avoid these problems, applications should use the following

strategy:

1. Call the GetPixBaseAddr() trap to get the PixMap’s address valid

only in 32-bit addressing mode.

2. Switch to 32-bit addressing mode with the SwapMMUMode() trap.
3. Perform the intended task. You must call StripAddress() trap on

any singly dereferenced Handle (master pointer) value.

4. Call SwapMMUMode() to restore the previous addressing mode.

Furthermore, an application cannot make any other system calls
after it has switched to 32-bit mode since traps expect to be called in
whatever mode the Macintosh was started in. Applications that make
other trap calls after switching to 32-bit mode are likely to crash if the
machine was started in 24-bit mode. The routine in Listing 9-5 shows

how these calls should be used.

Listing 9-5. Using CopyBitsQ for colorizing

OSErr DoColorizedCopyBits( void )
{

Rect srcRect, dstRect;
ColorSpec savedFgColor;
RGBColor coloredRGB;
GDHandle 0ldGD;

GWorldPtr 0ldGW, myOffGWorld;
PixMapHandle myPixMapHandle;
OSErr errStat;

short iii;

long jij:

long *bitsPtr;
unsigned short myRowBytes;

char mmuMode ;

SetRect ( &srcRect, 0, 0, 1, 256 );

errStat = NewGWorld( &myOffGWorld, 32, &srcRect, NULL, NULL, OL );

if (errStat != noErr)
return errStat;

#ifdef _GET_GWPM_FIXED_

myPixMapHandle = GetGWorldPixMap( myOffGworld );
#else

myPixMapHandle = myOffGWorld->portPixMap;
#endif _GET_GWPM_FIXED_



402 » Chapter9 Compatibility and Configuration Issues

Important »

/* get baseAddr good in 32-bit mode */

LockPixels ( myPixMapHandle ) ;

bitsPtr = (long*)GetPixBaseAddr ( myPixMapHandle ) ;
myRowBytes = (**myPixMapHandle) .rowBytes & Ox3fff;

/* switch to 32-bit addressing mode to access pixel values */
/* mmuMode contains previous mode */

mmuMode = true32b;

SwapMMUMode ( &mmuMode ) ;

for (jjj = 256-1; 3jj >= 0; jjj--)
{

*bitsPtr = jjj | (33j<<8) | (3ij<<16);

bitsPtr = (long *) ((char *)bitsPtr + myRowBytes) ;
}

/* switch back to previous addressing mode: 24- or 32-bit */
SwapMMUMode ( &mmuMode ) ;
SaveFore( &savedFgColor );
coloredRGB.red = OXFFFF;
coloredRGB.green = 0;
coloredRGB.blue = 0;
RGBForeColor ( &coloredRGB ) ;
CopyBits(
*myPixMapHandle, & (thePort->portBits),
&srcRect, &(thePort->portRect), srcCopy, NULL );
RestoreFore( &savedFgColor );
UnlockPixels( myPixMapHandle ) ;

DisposGWorld( myOffGWorld ) ;

return errstat;
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» Other Issues

There are a number of other small but significant facts that graphics
developers might want to consider when designing the software ar-
chitecture of their next smash application:

¢ Don’t overload the Memory Manager — The performance of
software that relies on a large number of small, dynamically
allocated data objects can degrade significantly when its heap
becomes full. The penalty is usually paid by the application when
it tries to allocate large relocatable blocks or make the existing
one larger.
This has a number of implications for graphics applications de-
sign, especially when object-oriented software methodologies are
employed. Many object-oriented development systems provide
Handle-based support for individual objects.

* Get others to test your work during development — The only
way to guarantee any degree of functionality across most of the
Macintosh family is to test your software regularly and thor-
oughly on many different configurations. While it's unfortunate
that it’s so easy to write software that performs differently under
even slightly differing configurations, denying this fact only leads
to rude awakenings near project’s end — even the most experi-
enced Macintosh programming teams can become afflicted with
compatibility shock. Begin the testing phase of software develop-
ment as soon as possible so that you and your team can find and
correct incompatible implementations.

* Make the application fit the user — Consistent with the Macin-
tosh spirit is the idea that the best applications are designed and
developed by people who understand their customers and appre-
ciate those customers’ needs and desires. Graphics-intensive ap-
plications get the most “oohs” and “ahhs” — people expect a
bigger bang out of 3-D rendering and animation programs than
they do out of word processors and spreadsheets, despite all
advertising to the contrary. Computer graphics users tend to
place a higher value on aesthetic components than do business
computer users. A powerful interface is more important to a
radically new visualization tool than it is to familiar tools such as
databases and calculators. This doesn’t mean that you need to go
crazy with ornamentation: showy color, pop-up controls, and
animation effects don’t constitute a solid user interface, they merely
augment one. Do your interface homework.
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Developing applications that will maintain their functionality over
the numerous Macintosh configurations is a daunting task, but the
rewards to the customer are numerous. Most important, customers
should not encounter problems because they are running on configu-
rations that differ from the developer’s. A second developer mandate
is to hold support questions and maintenance releases to a minimum.

Summary

This chapter presented a number of guidelines that Apple has put
forth in order to help developers solve compatibility problems and
deal with related issues effectively. The primary issues covered were
determining reliance on System Software and display hardware, ac-
cessing system graphics data structures properly, and handling the
differences between 24-bit and 32-bit addressing modes.
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Abstract differentiation
irregular shapes, 270-284
overview, 256
regular shapes, 256-270
selection tools, 284-309

Abstract superclass, 234, 254

Activate events, 221-222

Additive color, 94

addPin / addOver mode, 128

adMax / adMin mode, 128-129

aGDevice, 175

Alias
overview, 326-328
rasterizing, 328-331
regions, 331-332

~ waveforms, 329

alignPix, 176

Altering images with CopyBits()
color separation, 320
colorizing, 320-321, 322-326
posterizing, 322

Anchored-line drawing tool, 265-270

Anchored-line sketching, 267

And-intersect, 32

Animating palette entry, 186-187,
194
Animation, 195-196
Ant pattern logic, 298
Ant patterns, 295
Antialiased lines, 332-334
Antialiased text, 334-338
Antialiasing by oversampling, 330
Application traps, 389
Arcs and wedges, 55-57
Arithmetic drawing. See adMax /
adMin
Arithmetic modes, 127-133
ArtToy, 205-207
Atomic data types, 20
Attributes
computer-generated shapes, 29
font, 64
GDevice, 109, 113
AugmentWindow(), 245

B
baseAddr, 28, 29
BasicMouseTool class, 253

BitMap data structure, 28
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Bitmap font, 64

BitMaps, 28-29, 63
BitMapToRgn() trap, 350-352
bkColor, 318

Blend mode, 129-130

Blend transfer mode, 132
Blitters, 157 ’
Blitting routine, 157-158
Border, 29

Bottleneck, 77-78, 160-163
Boundaries and coordinates, 73-75
Bounding box, 44

bounds, 28, 29, 137
boundsRect, 175

Brightness, 93

C

‘cctb' type, 203

CDEE, 215

‘cdev’, 215

CGrafPort
associating palettes with, 192
data structure, 122-124
PixPats, 147

Chroma, 93

Chromaticity and primary colors,

94-96

Chunky, 139

CIE chromaticity diagram, 94

Class family tree, 266

Classic color model, 89, 92

Classic QuickDraw, 84

Clip, 176

Clipboard operations, 230

Clipping, 75-77, 211, 319

clipRgn, 76, 210, 317

CLUT color model, 90

cmpCount, 138

cmpSize, 138

CMY colorspace, 104

'CNTL' resource, 203

Collected points, 270-284

Color
addition, 128
animation, 186-187
blending, 130
chromaticity, 95
contention, 181
cycling, 195
display limits, 99-100
mapping, 88
requests, 182-183
separation, 320, 323
software components of, 82-89
subtraction, 128
theory, 93-100
thresholding, 129
updates, 184
Color analysis
custom, 369-376
median cut, 367-369
popular, 367
Color-inhibited, 187
Color LookUp Table, 90
Color Manager, 87
Color mapping
GDevice ColorTables, 113-114
inverse tables, 114-119
overview, 113
search and complement pro-
cedures, 119-122
Color models
classic, 92
direct, 90-91
fixed, 92
indexed, 89-90
overview, 89
Color patterns
CGrafPort PixPats, 147
custom PixPats, 148
overview, 146
PixPats, 147
Color Picker, 87, 100-104
Color QuickDraw, 84, 86
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ColorBank values, 371
Colorizing
overview, 320-321
techniques, 322-326
with CopyBits(), 401
Colorspace, 100
ColorTable
ctSeed ID numbers, 201-202
data structure, 104-105
GDevice, 203
specialized, 201-204
user interface, 203-204
colrBit, 318
Comments, 13
Compatibility
hardware configuration, 386-
392
overview, 385
software, 393-397
summary, 404
32-bit addressing issues, 397-
402
Configuration
hardware, 386-392
overview, 385
requirements, 396-397
software compatibility, 393-397
summary, 404
32-bit addressing issues, 397-
402
Content region, 210
Control Manager, 20
Control Panel, 217
Control points, 29
Conversions
CTable, 189
Depth, 338-349
palette, 189
PostScript conversion, 21-22
QuickDraw-to-PostScript, 21-22
Coordinate systems, 73-75
CopyBits(), 149-150, 152-156

CopyBits() spatial scaling, 151

CopyDeepMask(), 314

CopyMask(), 314

Courteous colors, 186, 193

'CPMT!' resource, 369

Create(), 238-239

CreateRes(), 238-239

cTable argument, 175

CTable conversions, 189

ctFlags, 105

ctSeed, 105

ctSize, 105

ctTable, 105

Current GDevice, 109

Custom color selection, 369-376

Custom PixPats, 148

CWindowRecord data structure,
208-209

Cyan-magenta-yellow colorspace,
104

D

D/A, 166

Data structures
BitMap, 28
CGrafPort, 122-124
ColorTable, 104
CWindowRecord, 208-209
GDevice, 107
GrafPort, 70-71, 122-124
InverseTable, 114
pattern, 34
PictInfo, 361
picture, 65
PixMap, 136-137
PixPat, 146
polygon, 53
print, 232-233
Rect, 40
Region, 43
RGBColor, 97
versus objects, 16-20
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Debugging, 14 Dither
Depth conversion and dithering CopyBits(), 342-343
CopyBits(), 342-343 error diffusion, 341-342
depth conversion cases, 338-341 flag bits, 176

dithered patterns, 348-349
error diffusion, 341-342
image resizing, 343-348
overview, 338
Desktop interactions
display boundaries, 224-226
windows, palettes, and
monitors, 226-227
Destination ColorTable, 319
destRect, 315
Device loop traps, 352-355, 366
Device loops, 352-355
Device-relative, 147
Dialog Manager, 21
Dialogs, 213
Difference, 32
Difference image, 135
Difference pattern, 298
DiffRgn, 47-48
Digital images, 26, 135-136
Digital-to-analog hardware, 166
Direct color, 90, 99
Direct color model, 89-91
Direct GDevices, 193-194
Direct images, 346
Direct depth conversion, 340
Dispatch() routine, 371
Display boundaries, 224-226
Display control
application display, 178-180
ColorTables, 201-204
GDevice settings, 178-179
GWorlds, 170-178
HasDepth() and SetDepth(),
179-180
overview, 165-170
Palette Manager, 180-201

image resizing, 343-348
overview, 338
patterns, 348-349
shrinking, 346
DoClipCopy(), 240-241
Document organization
rasterizing, 228-229
rendering techniques, 229-230
Document windows, 213
DoEvent(), 241-242
DoPrint(), 240-241
DoUpdate(), 240-241
Drag region, 209
Dragging
outline, 300
selected pixels, 304-305
selected region, 300-307
DRAM, 400, 402
DrawChar(), 58-59
Drawing, color
ColorTables, 104-105
digital images, 135-136
GrafPorts, 122-135
graphic devices, 106-122
models, 89-92
overview, 81,
patterns, 146-148
picker, 100-104
pixels, 148-163
PixMaps, 136-146
software components, 82-89
summary, 163-164
theory, 93-100
Drawing technique
basic operations, 29
GrafPort, 69-78
overview, 23
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raster graphics, 24-29

summary, 78

using shapes, 29-69
Drawing tools

irregular shapes, 270-284

overview, 256

regular shapes, 256-270

selection tools, 284-309
DrawPicture() trap, 349-350
DrawString(), 58-59
DrawText(), 59
dstMap, 314-315

Empty rects, 52
Encapsulation, 227
Entry ’
color, 185-186
stealing, 183-184
tolerance, 187
usage, 186-187
Erase (GrafVerb), 30-31
EraseRgn, 44
Error diffusion, 341-342
Error reporting, 88
Error traps, 88
Explicit arguments
image buffers, 314-315
mask region, 317
rectangles, 315
transfer mode, 315-317
Explicit color, 186, 194
Extended, 20

F

False-color images, 136
fgColor, 318

Fill (GrafVerb), 30-31
Fillets, 42

Filling pattern, 29
FillRgn, 44 '

FindWindowEvent(), 241-242

Fixed, 20

Fixed color model, 89, 92
Flicker, 166-168

float, 20

Focused views, 220

Font, 60

Font attributes, 64

Font Manager, 21

Frame, 166

Frame (GrafVerb), 30-31
FrameRgn, 44

Framing, 42

Free-line drawing, 279-281

G
GDevice. See Graphics Devices
gdFlags, 113, 175
gdPMap, 108
gdRect, 108
gdType, 108
GetGWWorld(), 247
GetRenderBounds(), 239-240
Global arguments
“theGDevice”, 319
“thePort”, 317-319
Go away box, 209
GrafPort
bottleneck procedures, 77-78
boundaries and coordinates,
73-75
clipping, 76-77
color, 122-135
data structure of, 70-71, 122-124
drawing technique, 69-78
overview, 69-73
regions, 212
visible area, 75
GrafVerbs, 30-31
Graphics devices
accessing the GDevice list, 111-
112
attributes, 109, 113
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color mapping, 113-122
ColorTables, 203
ColorTables and color
mapping, 113-114
creation and initialization, 109-
111
data structure, 107
list, 109, 111-112
Manager, 86-87, 107-113
overview, 106
settings, 178-179
Graphics environments, 2, 4-12
Graphics, mouse-based
drawing tools and abstract
differentiation, 256-309
overview, 249-250
sketching, 250-256
summary, 310
tools, 250
Graphics programming, 1-22
Graphics techniques
ArtToy, 205-207
document organization, 227-
230
GWorld window object, 243-247
overview, 205
printing, 230-234
summary, 247
window fundamentals, 207-
227
window object, 234-242
Graphics Toolbox, 82-88
grayishTextOr, 130
Grayscale-inhibited, 187
Grayscale remapping, 325
Grow icon, 209
GWorld
components, 171-173
errors, testing for, 173-174
NewGWorld() and Update-
GWorld(), 175-176

overview, 170
PixMap alignment, 176-177
PixMapHandle, 172-173
purgeable and locked PixMaps,
177-178
stretch, clip, and dither, 176
- techniques, 173-178
usage summary, 178
using, 170-173
window object, 243-247

H
Handle-based access, 108
Handles, 43
Hardware configuration
overview, 386
well-behaved application traps,
389
well-behaved applications, 387-
392
HasDepth(), 179-180
hblank, 166
Heap memory requirements, 396
Hidden colors, 115, 117
HidePen, 46
Highlighting color, 127-128
Hilite, 130
Horizontal and vertical scaling, 151
Horizontal blanking interval, 166
hRes, 138, 160
HSL colorspace, 103
HSV colorspace, 103
Hue, 93

|
Image buffer, 137
Image buffers: srcMap, maskMap,
dstMap, 314-315
Image compositing, 314
Image processing
aliasing, 326-332
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antialiased lines, 332-334
antialiased text, 334-338
deep PixMaps on Classic
machines, 349-350
depth conversion and
dithering, 338-349
device loops, 352-355
overview, 311-312
pixel-processing traps, 312-326
summary, 355
Image resizing
dithered smoothing, 347-348
image shrinking, 344-347
image stretching, 344
Index space, 134-135
Indexed color model, 89-91
Indexed depth conversion, 339
Indexed images, 345
Indexed PixMap, 152
Inherit, 243
Init(), 238
Inset, 32
InsetRgn, 49
Instance variables, 16
Integer, 20
International Utilities, 22
Inverse tables
index, 116
index values, 117
installing, 118
resolution, 115
using, 118
InverseTable data structure, 114
Invert (GrafVerb), 30-31
Inverting, 322
InvertRgn, 44
Irregular shapes
free-line drawing, 279-281
overview, 270
polygon drawing, 281-284
IsEmptyShape, 32
IsWindowEvent(), 241-242

L
Lasso
ArtToy’s, 292-294
deep pixels, 289-292
monochrome, 288-289
Lightness, 103
Line-drawing traps, 38-39
Lines, 38-39
Location (pen), 33
Locked PixMaps, 177-178
Logical transfer modes, 133-135
long, 20
long fixed point, 20
long floating point, 20
Longlnt, 20
long integer, 20

M
Macintosh graphics environments,
4-9
Main GDevice, 109
Managers
Color, 87
Control, 20
Dialog, 21
Font, 21
Graphic Device, 86-87, 107-113
International Utilities, 22
Memory, 21
Palette, 87, 180-201
Print, 21-22
Process, 6
Resource, 21
Slot, 86
TextEdit, 21
Toolbox, 9, 20-22
Window, 20
Window trap, 234
Mapped color model, 90
MapRgn, 49
Marquee, 286-287
Mask region, 317
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maskMap, 314-315
maskRect, 315
Median cut color selection, 367-369
Memory management, 88
Memory Manager, 21
Methods, 16
Modal control panels, 214
Modeless control panels, 214
Monitor configurations, 397
Mouse-based graphics
drawing tools, 256-309
overview, 249-250
sketching, 250-256
tools, 250
Mouse-based objects, 253-256
Multi-bit pixels, 88-89
MultiFinder see: Process Manager

N

Naming conventions, 14-15
Nested structures, 88
NewGWorld(), 175-176
NewPtr(), 28

NewRgn, 47

NotPatBic, 36

notPatCopy, 36

NotPatOr, 36

NotPatXor, 36

NotSrcBic, 36

NotSrcCopy, 36

NotSrcOr, 36

NotSrcXor, 36

NULL, 13

NULL pointer references, 88

o
Object-oriented programming soft-
ware, 15-20
Objects
GWorld window, 243-247
mouse-based, 253-256
RectangleTool, 262-265

versus data structures, 16-20
window, 234-242
Offscreen drawing
application display, 178-180
basic procedures, 168-170
ColorTables, 201-204
flicker, 166-168
GWorlds, 170-178
overview, 165-170
Palette Manager, 180-201
summary, 204
video display, 166
Offscreen PixMaps, 142-146
offscreenGWorld, 175
Offset, 32
OffsetRgn, 49
1-bit images, 345
OOPS, 15-20
OpColor(), 132
Operand color, 127
Or-union, 32
Outline font, 64
Oval shapes, 42
OvalTool class, 260-261
OvalTool Draw() methods, 261
Override, 243

P
'PACK' resource, 358
packType, 139
Paint (GrafVerb), 30-31
Paint application, ArtToy, 205-207
PaintRgn, 44
Palette Manager
basic concepts, 181-187
earlier versions, 190-191
overview, 180-181
traps, 187-189
using palettes, 191-201
Palettes
activation, 189
animation, 195-196
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assignment, 188
associating with windows,
191-192
CGrafPorts, 192
conversions, 189
creating, 187
data structure, 185
direct GDevices, 193-194
disposing, 187
earlier versions, 190
entry control, 189
'pltt’ resources, 194-195
usages and tolerances, 192
windows, 191-192
patBic, 36
patCopy, 36
patOr, 36
Pattern (pen), 33, 34
Pattern data structure, 34
patXor, 36
Pen
color control, 126
color traps, 124
sizes, 33
transfer modes, 36
Pens and PenStates, 33-38
PenState
location, 33
pattern, 33, 34
size, 33
transfer mode, 35-36
visibility, 33
picFrame, 383
PicHandle argument, 364
picSave, 318
picSize field, 67
PICT data format, 360
Pict opcodes, 360
PictInfo data structure, 361
Picture data structure, 65
Picture Utilities, 87, 358-376

Pictures
deep PixMaps on Classic
machines, 376-384
limits, 68-69
overview, 65-67, 357-358
picture utilities, 358-376
resources, 68
summary, 384
Pixel image buffer, 137
Pixel index value, 114
Pixel-processing traps
altering images with Copy-
Bits(), 320-326
CopyDeepMask() and Copy-
Mask(), 314
explicit arguments, 314-317
global arguments, 317-319
overview, 312-313
Pixel value mapping, 88-89
pixelDepth, 175
Pixels, 26
Pixels, moving
CopyBits(), 149-150, 152-156
performance, 157-160
PixMap resolution, 160-163
scaling, 151
StdBits() bottleneck, 160-163
pixelSize, 138
pixelType, 139
PixMap
alignment, 176-177
creating, 142-143
data structure, 136-140
drawing, in color, 136-146
GWorld PixMapHandle, 172
indexed, 152
management, 140-141
memory diagram, 141
offscreen, 142-146
on Classic machines, 349-350,
376-384
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overview, 136-137
purgeable and locked, 177-178
resolution, 160-163
traps, 140-141
PixPat data structure, 146
PixPat traps, 147
PixPats, custom, 148
planeBytes, 139
'pltt' resources, 194-195
pmReserved, 140
pmTable, 140
pmVersion, 140
PointInShape, 32
Points, 26-27
Polygon
data structure, 53
drawing, 281-284
traps, 54-55
Popular color selection, 366-367
Port-relative, 147
Posterizing, 322
PostScript translation, 21-22, 63
PrCloseDoc(), 233
PrClosePage(), 234
PrDefault(), 233
PrGeneral(), 234
Print Manager, 21-22
Print
data structures, 232-233
overview, 230-232
rendered documents, 230
traps, 233-234
Private GDevice, 109
PrJobDlog(), 233
Process Manager, 6
Programming
atomic data types, 20
naming conventions, 14-15
object-oriented, 15-19
practical guidelines, 12-20
PrOpenDoc(), 233
PrOpenPage(), 234

PrStiDlog(), 233

PrValidate(), 233

PtInRect(), 52

PtInRgn(), 52

Public GDevice, 108

Public methods
AugmentWindow(), 245
GetGWWorld(), 247
Render(), 245-246
SetOffGWorld(), 247
SetScreenGWorld(), 247

Purgeable PixMaps, 177-178

Q

qdGrafVars, 78

qdProcsPtr, 77

QuickDraw-to-PostScript transla-
tion, 21-22, 63

QuickDraw versions, 84-86

R
RAM, 396-397
Raster graphics
BitMaps, 28-29
digital images, 26
overview, 24-25
points, 26-27
Raster-scan displays, 24
Rasterizing, 328-331
Real, 20
Rect data structure, 40
Rectangle-based shapes
emptiness, 52
overview, 41-42
region calculation traps, 49-50
region problems, 53
regions, 43-46
regions and set theory traps,
47-48
using, 50-51
Rectangles: srcRect, maskRect,
destRect, 315
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RectangleTool class, 260-261
RectangleTool Draw() methods, 261
RectangleTool object, 262-265
Rectangular marquee, 286-287
Rectangular shapes, 258-262
RectMouseTool sketch() method,
259-260
Region
aliased, 331-332
bounding box, 43
calculation traps, 49-50
clipping, 211, 319
content, 210
creating, 45
data structure, 43
drag, 209
dragging, 300-307
GrafPort, 212
mask, 317
rectangle-based, 43-50
structure, 209
theRgn instance variable, 285,
287
update, 211-213
visible, 210, 319
window, 209-213
RegularMouseTool class, 257-258
Regular shapes
anchored-line drawing tool,
265-270
RectangleTool, 262-265
rectangular, 258-262
Render(), 239-240, 245-246
Resolution, 27, 160-163
Resource Manager, 21
rgbBkColor, 318
RGB color
addition, 128
blending, 130
cube, 97-98
overview, 93-94
subtraction, 128

thresholding, 129
values, 97-99
RGBColor data structure, 97
rgbFgColor, 318
rgnBBox, 43
rgnData, 45
RgnHandles, 43
Rounded rectangles, 41
Routine, 24
rowBytes, 28, 137-138
Running ants, 295-299

S
Saturation, 93
Scaling, 151
Scan line, 166
Screen font, 63
Search and complement proce-
dures, 119-122
Search procedure
drawing and, 120
example, 121-122
techniques, 121
traps, 121
SearchProcs, 120
SectRgn, 47-48
Selection tools
dragging a selected region,
300-307
lasso, 288-295
rectangular marquee, 286-287
running ants, 295-299
using, 308-309
Set theory traps, 47-48
SetDepth(), 179-180
SetOffGWorld(), 247
SetScreenGWorld(), 247
Shapes
arcs and wedges, 55-57
attributes, 29
GrafVerbs, 30-32
irregular, 270-284
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lines, 38-39 System (color selection) method,
pens and PenStates, 33-38 366
Pictures, 65-69 System 7 QuickDraw, 86
polygons, 53-55 System Software versions
rectangle-based, 41-53 detecting, 394-396
rectangles, 40-41 no color or 32-bit QuickDraw,
regular, 256-270 394-395
text, 57-65 old, 396

short, 20 overview, 394

short fixed point, 20

short floating point, 20 T

ShowPen(), 46 Text

Shrinking, 344-347 mixed typefaces, 60-63

Size (pen), 33 overview, 57-58

Sketching, 250-256 traps, 58-59, 61

Slot Manager, 86 typeface management, 63-65

SmallFract, 20 TextBox(), 59

Smoothing, 347-348 TextEdit, 21

Software compatibility “theGDevice”, 319
detecting System Software “thePort”, 317-319

versions, 394-396 theRgn instance variable, 285, 287
imposing configuration 32-bit addressing
requirements, 396-397 history, 398

overview, 393-394
srcBic, 36
srcCopy, 36, 62
srcMap, 314-315
srcOr, 36, 62
srcRect, 315
srcXor, 36
StdBits() bottleneck, 160-163
StdText() bottleneck, 132
Stretch, 176
Stretch traps, 313, 338
Stretching, 344
Structure region, 209
subPin / subOver, 128
Subpixel stretching, 347
Subtractive color, 94
Super slot space, 399
Support, 1

mode, 400-402
overview, 397-398
video display memory, 399-
400
32-bit QuickDraw, 86
Tolerant colors, 186, 193
Tool palettes, 213
Toolbox Managers, 9, 20-22
Tools
anchored-line drawing, 265-
270
drawing, 256-309
Graphics Toolbox, 82-88
mouse-based, 250
palettes, 213
selection, 284-309
Toolbox, 9, 20-22
TPrInfo, 232
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TPrint, 232

TPrPort, 233

Transfer mode
argument, 315-317
arithmetic, 127-133
logical, 133-135
overview, 127
pen, 35-36

Translation, 21-22, 27

Transparent, 130

Trap, 24

Traps
application, 389
BitMapToRgn(), 350-352
device loop, 352-355, 366
DrawPicture(), 349-350
error, 88
line-drawing, 38-39
Palette Manager, 187-190
pen color, 124
pixel-processing, 312-326, 338
PixMaps management, 140-

141

PixPat, 147
polygon, 54-55
print, 233-234
region calculation, 49-50
search procedure, 121
set theory, 47-48
stretch, 313, 338
text, 58-59, 61
well-behaved application, 389
window, 210
Window Manager, 234

True color, 98

24-bit color, 98

Type size, 60

Type style, 60

Typeface control, 62

Typefaces, 60-65

U

Undersampled, 328

Unfocused views, 220

UnionRgn, 47-48

Update events, 222-224, 229-230

Update region, 211-213, 223

UpdateGWorld(), 175-176

User alerts, 214

User interface ColorTables, 203-
204 .

\")

vblank, 166

Vertical blanking interval, 166
Video display, 166

Video display memory, 399-400
Video display scan pattern, 166
Video RAM, 107

Views, 215

Virtual method, 238, 239
Visibility (pen), 33

Visibility, 75

Visible area, 75

Visible region, 210, 319

visRgn, 75, 210, 223, 317
VRAM, 107

vRes, 138, 160

w
WaitMouseUp() loop, 251-252
WDEF, 223
Wedges, 55-57
Where field, 26
Window fundamentals
color requests, 182-183
desktop interactions, 224-227
event-handling techniques,
221-224
focusing, 218-221
graphic foundations, 208-209
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Manager, 20

Manager traps, 234
overview, 207-208

regions, 209-213

traps, 210

types and presentation, 213
views, 214-217

Window object

class definition, 235-237

objectives, 234
public methods, 238-242

X
Xor, 32
XorRgn, 47-48

4

Zoom/unzoom box, 209
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