CHAPTER 5

Ink Objects

This chapter describes ink objects and the functions you can use to manipulate them.
Read this chapter if you create or use any kind of ink object for the QuickDraw GX
shapes you create. Read this chapter also if you want to understand how QuickDraw GX
uses transfer modes in drawing shapes.

Before reading this chapter, you should be familiar with the information in the chapter
“Introduction to QuickDraw GX” in this book. You should also be familiar with shapes,
as discussed in the chapter “Shape Objects” in this book.

Although colors are contained in ink objects, they are not discussed here. Colors are
discussed in the chapter “Colors and Color-Related Objects” in this book. Other than
that chapter, this chapter constitutes the complete discussion of ink objects for
QuickDraw GX. Unlike for shape objects and style objects, there is no separate
discussion in other books of any specific graphic or typographic uses for inks.

This chapter introduces QuickDraw GX ink objects and describes their properties. It also
describes how transfer modes work in QuickDraw GX. It then shows how to use the
QuickDraw GX ink-manipulation functions to

= create and manipulate ink objects
= manipulate ink object properties
= get and set an ink object’s color

» work with transfer modes

About Ink Objects

An ink object exists to provide color information about a shape. Each QuickDraw GX
shape consists of a shape object, a style object, an ink object, and a transform object; the
ink object associated with a shape defines the color with which the shape is drawn, as
well as the transfer mode used to draw it.

QuickDraw GX identifies an individual ink object through an ink reference. To obtain
information about an ink object, you must send its reference as a parameter to a
QuickDraw GX function (except that you can determine if two references identify the
same ink object simply by comparing them for equality, and you can examine a reference
toseeifitisnil ).

Inks are device independent. Their information is not affected by the properties of the
display device to which the shapes they modify are drawn. When it draws a shape on a
device, QuickDraw GX approximates as closely as possible the color specified by the
shape’s ink. Device-specific color characteristics are accounted for by attaching color
profiles to ink objects and by using a device’s color profile when drawing; see the
chapter “Colors and Color-Related Objects” in this book for more information.
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Ink Properties

The interface to ink objects is entirely procedural. You manipulate the information in an
ink object by modifying its properties using QuickDraw GX functions.

Ink objects have five accessible properties, as shown in Figure 5-1. Note that, because
an ink is an object and not a data structure, the order of the properties as shown in
Figure 5-1 is completely arbitrary. Properties in italics are references to other objects.

5-6

Figure 5-1 The ink object and its properties
ﬁ Shape object Ink object
— Coﬂlor profile
Color object

Transfer mode
Attributes Co_lor set
object

Owner count

Tag list

These are the five accessible properties in an ink object:

= Color. A data structure that specifies the color to use for drawing the shape associated
with this ink object. Besides the numeric value of the color itself, the color structure
includes a specification of the color space the color is defined in terms of, as well as
optional references to two other QuickDraw GX objects, a color set and a color profile.

s Transfer mode. The way, or mode, of transferring the color to its destination (the
screen or printed page or other location into which the shape associated with this ink
is drawn). Transfer mode is a specification (such as “copy” or “XOR” or “blend”) of
the interaction between the color in this ink object and the existing color or colors of
the destination. With transfer mode you can make a shape opaque or transparent,
draw only part of it, change its color, or combine its color with the destination color in
many different ways.

The transfer mode also includes a specification of a color space and may include
references to a color set and a color profile.

» Attributes. A set of flags that allow you to control certain properties of view ports that
affect how colors appear when a shape is drawn.

s Owner count. The number of existing references to this ink object.

» Tag list. A list of references to custom information about this ink object, stored in
private data structures called tag objects. The chapter “Tag Objects” in this book
describes tag objects in general and how you can use them to add custom information
to objects.

QuickDraw GX provides functions to manipulate each of these ink object properties.
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Color

One main purpose of an ink object’s existence is to specify the color of a shape. Because

there is only one ink object per shape, it follows that each QuickDraw GX shape can have

only one color. The only exception to this is for bitmap shapes, which use pixel values

rather than an ink object to specify colors. (Picture shapes have no color at all apart from

the colors of their component shapes, and thus do not use their ink object.)

The color in an ink object is defined with a gxCol or structure:

struct gxCol or{

gxCol or Space

gxCol orProfile

uni on {
struct gxCMYKCol or
struct gxRGBCol or
struct gxRGBACol or
struct gxHSVCol or
struct gxHLSCol or
struct gxXYzCol or
struct gxYXYCol or
struct gxLUVCol or
struct gxLABCol or
struct gxYl QCol or
gxCol or Val ue
struct gxG ayACol or
unsi gned short
unsi gned | ong
struct gxl ndexedCol or
gxCol or Val ue

} el enment;

space;

b

profile;

cnyk;

r gb;
rgba;
hsv;

hl s;
XyZ;
yXy;

l uv;

| ab;
yiq;
gray;
graya;
pi xel 16;
pi xel 32;
i ndexed;
conponent [ 4] ;

The color structure specifies three characteristics of a color:

= the color’s color space, which tells what kind of format the color has—such as
red-green-blue (RGB), hue-saturation-value (HSV), or luminance (grayscale).

= areference to a color profile object that contains information for converting the
device-independent color in this ink object into color-corrected values on a particular

output device. If the reference is ni | , the QuickDraw GX default color profile is used.

= the numeric color values that (for the given color space) specify the color of this ink
object. An individual color has one number for each dimension, or color component,
in the color’s color space; for example, an RGB color value consists of three color
component values. A color may consist of a maximum of four components.

About Ink Objects
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To set and manipulate the color of an ink object requires an understanding of how color
works in QuickDraw GX. The color structure, color spaces, and color profiles are all
described in detail in the chapter “Colors and Color-Related Objects” in this book.

Transfer Mode

The transfer mode in an ink object is contained in a gx Tr ansf er Mode structure:

struct gxTransfer Mbde{

gxCol or Space space,

gxCol or Set set;

gxCol orProfile profile;

Fi xed sourceMatrix[5][4];
Fi xed devi ceMatri x[ 5] [ 4] ;
Fi xed resul t Matri x[ 5] [4];
gxTransfer Fl ag fl ags;

struct gxTransfer Conponent conponent|4];

b

Like the color structure just described, the transfer mode structure specifies a color
space, and may contain a reference to a color profile object or a color set object, which
contains an array of available colors. A transfer mode specifies its own color space
because it can perform its operations according to its own definitions of color,
independent of the color specifications in the rest of the ink object.

The transfer mode structure contains three 5 x 4 matrices (5 rows, 4 columns), the source
matrix, device matrix, and result matrix, which it can use to transform colors for special
effects, by blending proportions of the colors” components. In addition, it contains a set
of transfer mode flags that control several aspects of the transfer mode operation.

The structure also contains up to four transfer components, used along with the
matrices in the transfer mode operation. Transfer components contain the actual
specification of the mode of transfer to use when drawing. Transfer components are
defined by the gxTr ansf er Conponent structure:

struct gxTransfer Conmponent {
gxConponent Mode node;
gxConponent Fl ag fl ags;

gxCol or Val ue sour ceM ni mum
gxCol or Val ue sour ceMaxi mum
gxCol or Val ue devi ceM ni mum
gxCol or Val ue devi ceMaxi mum
gxCol or Val ue cl ampM ni num
gxCol or Val ue cl ampMaxi num
gxCol or Val ue oper and;
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A transfer component contains a component mode specifying the type of transfer mode
(like “copy” or “XOR”) to use, an operand to apply (if the type calls for an operand), a
set of maximum and minimum color values, and a set of flags. There is one transfer
component for each color component (dimension) in the transfer mode’s color space.
Each of the transfer components in the transfer mode structure may specify a different
component mode, which means that each dimension of a color space can be drawn with
a different transfer mode when a shape is drawn.

How these parts of the transfer mode structure and transfer component structure define

the transfer mode for drawing, and how you can use transfer modes to obtain the proper
effect when drawing, are described in the section “About Transfer Modes” beginning on
page 5-11.

Ink Attributes

Each ink object has a set of ink attributes, a group of flags that affect the dithering and
halftoning behavior when the shape associated with the ink is drawn. Dithering is the
use of repeating patterns of differently colored pixels to simulate colors not available in a
view device’s color space. Halftoning is the process of representing varying color
intensity with evenly spaced dots of one color (but of different sizes) separated by a
background of another color. The dither level and the halftone characteristics for all
drawing to a view port are specified in the view port object, but you can use an ink
object’s attributes to affect them for individual shapes that use that ink.

Ink attributes allow you to turn halftoning or dithering on or off, and to affect both the
number of colors used in dithering and the alignment of the patterns of dithered pixels.
Table 5-1 lists the ink attribute constants and describes what each one means. The
constants are defined in the gxI nkAt t ri but es enumeration.

Table 5-1 Ink attributes
Constant Value Explanation 5
gxPort Al i gnDi t her | nk 0x0001 If set, QuickDraw GX aligns the dither S
pattern to the view device coordinates. <
If this attribute is clear (the default), &
QuickDraw GX aligns the dither pattern
to the view port coordinates.
gxFor ceDi t her I nk 0x0002 If set, QuickDraw GX forces the dithering

operation to use exactly the number of
colors specified by the view port’s

dither level. If this attribute is clear,
QuickDraw GX may use fewer colors (in a
simpler dither pattern) when constructing
the dither pattern.

continued
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Table 5-1 Ink attributes (continued)

Constant Value Explanation

gxSuppressDi t herl nk 0x0004 If set, QuickDraw GX ignores the view port
dither level, if any, and draws without
dithering.

gxSuppr essHal ft onel nk 0x0008 If set, QuickDraw GX ignores the view
port halftone, if any, and draws without
creating a halftone.

IMPORTANT

Make sure that the gxPor t Al i gnDi t her | nk attribute is cleared in
ports associated with windows, so that if the window is dragged,
updates using dithered drawing will match the existing parts of the
drawing. (The attribute is clear by default.) a

Dithering, dither level, and halftones are described in more detail in the chapter
“View-Related Devices” in this book.

The Default Ink Object

When QuickDraw GX first creates an ink object, that object has default characteristics
defined by QuickDraw GX. A default ink object has the following properties:

= No attributes set.
= An empty tag list.
= An owner count of 1.

= Color space set to gxRGBSpace with each color component set to 0, which represents
black in this color space.

= Transfer mode set to gxCopy Mode, with identity transfer mode matrices, color limits
of 0 to OxFFFF, and all flags cleared. Copy mode is the default transfer mode assigned
to all color components of an ink object, because it is most common and fastest.

Transfer modes, matrices, color limits, and flags are described in subsequent sections of
this chapter. Color spaces and color components are described in the chapter “Colors
and Color-Related Objects” in this book.

To reset an ink object to its default properties, use the GXReset | nk function, described
on page 5-60.

About Ink Objects
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About Transfer Modes

Basically, ink objects exist to specify two important characteristics of a shape: its color
and the transfer mode to draw it with. Colors are described in the chapter “Colors and
Color-Related Objects” in this book. Transfer modes are described here.

Transfer modes specify how a shape’s color is transferred onto a device. The color of a
shape to be drawn (the source color) interacts with the existing color (the destination
color) on the device it is drawn to. The color that results from that interaction is called
the result color. The result color is the color of the destination after the drawing occurs.

Note that colors from different color spaces can be used. The source and destination
colors are converted to the transfer mode’s color space, and the resulting color is then
reconverted to the destination color space.

Bitmaps and the ink object

Abitmap shape does not use the color in its ink object, but it does use
the ink’s transfer mode. Transfer modes work the same for the pixels of
bitmaps as they do for colors in ink objects. For more information, see
the bitmap shapes chapter of Inside Macintosh: QuickDraw GX Graphics. O

QuickDraw GX allows you to influence the transfer mode operation in very flexible and
powerful ways. By manipulating different parts of the transfer mode structure, you can
specify

= the type of transfer mode to apply to each color component

= the color space in which to perform the transfer-mode calculations

= limits on the values of color components that can be permitted in the source,
destination, or result colors

= values for the source, destination, or result matrices that can allow you to perform
sophisticated transformations within and across color components

= values for flags that affect several aspects of the transfer mode operation

The rest of this section discusses these five aspects of transfer modes. The section
concludes with a summary diagram (Figure 5-18 on page 5-37) of the transfer mode
process.

Transfer Mode Types

Transfer modes can be specified by type, also called component mode. Transfer mode
types in QuickDraw GX are called component modes because QuickDraw GX allows
each color component to have its own transfer mode type. In RGB color space, for
example, the red component of the color may be drawn with a different transfer mode
type than the blue component.

About Transfer Modes 5-11
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QuickDraw GX supports several conceptual categories of component modes:
» arithmetic

= Boolean

= pseudo-Boolean

= highlight

= alpha-channel

The characteristics of and most typical uses for the component modes within each
category are summarized in the following subsections.

Copy mode is the default

Even though QuickDraw GX supports 18 different component modes,
most applications in most situations need only one, an arithmetic mode
called copy mode. In copy mode, the source color completely replaces
the destination color. Copy mode is the default transfer mode in
QuickDraw GX; therefore, you need information about other transfer
modes only if you want them for special effects. O

Arithmetic Transfer Modes

In arithmetic transfer modes, the numerical values of source and destination for a

color component are combined arithmetically to determine the result value for that color
component. In most color spaces, a color component value can vary from 0 (no intensity)
to OXFFFF (maximum intensity). You can also use the constant gxCol or Val uel to
represent maximum intensity (OXFFFF).

Figure 5-2 shows examples of drawing with the arithmetic transfer modes. In each case,
the source image (left) combines with the destination image (center) to produce the
result image (right). You can think of the images either as two bitmaps, or as two source
shapes (cloud and background) that are drawn over two destination shapes (letter and
background).

Each example shows how transfer mode affects drawing within a single color
component (reflected as shades of gray in the figure, where black equals 0 and white
equals OXFFFF). The constant that specifies the transfer mode type is shown to the right
of each example. Note also that two of the arithmetic transfer modes use an operand, a
numerical value that affects the outcome of the transfer-mode operation.
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Figure 5-2 Arithmetic transfer modes
Source Destination Result
gxNoMbde
gxCopyMode
gxAddMbde
gxBl endMbde

(operand = 0.5)

gxM gr at eMbde
(operand = 0.25)

gxM ni mumvbde

gxMaxi mumvbde

e rHEY Y
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The constants that define transfer mode type are defined in the gxConponent Modes
enumeration. The arithmetic modes have the following values and meanings:

Constant Value
gxNoMode 0
gxCopyMode 1
gxAddMode 2
gxBl endMbde 3
gxM gr at eMbde 4
gxM ni munmivbde 5
gxMaxi mumivbde 6

5-14 About Transfer Modes

Explanation

No mode. No transfer occurs. For this component of
the color, the destination is left as it was. This mode is
useful for suppressing drawing when certain logical
conditions are met, or for not drawing one color
component while allowing other components to be
drawn.

Copy mode. The source color component is copied to
the destination. The destination component is ignored.
This is the most common transfer mode, and is the
default for QuickDraw GX.

Add mode. The source color component is added to
the destination component, but the result is not
allowed to exceed the maximum value (OxFFFF or
gxCol or Val uel; white in Figure 5-2).

Blend mode. The result is the average of the source

and destination color components, weighted by a ratio
specified by the operand component (0.5 in Figure 5-2).
The operand varies from 0 (all destination) to OXFFFF or
gxCol or Val uel (all source), although it is customary
to interpret it as varying between 0 and 1.

Migrate mode. The destination color component is
moved toward the source component by the value of
the step specified in the operand component (0.25, or
0x4000 in Figure 5-2). Migrate mode is similar to blend
mode, except that the change in destination component
is an absolute amount, rather than a proportion of the
difference between it and the source component. If the
source has a greater color component value than the
destination, the migration is positive; if the destination
has a greater value than the source, the migration is
negative. In either case, the amount of migration cannot
be greater than the difference between the destination
and the source values.

Minimum mode. The source component replaces the
destination component only if the source component
has a smaller value. (In Figure 5-2, drawing occurs only
within the area occupied by the cloud.)

Maximum mode. The source component replaces the
destination component only if the source component
has a larger value. (In Figure 5-2, drawing occurs only
outside of the area occupied by the cloud.)
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The oper and parameter is used by blend mode to specify the ratio of source and
destination component. It is used by migrate mode to specify the step size by which

the destination component moves toward the source component. Figure 5-3 shows
examples of the result of drawing with blend mode, using several different values for the
operand. (Color Plate 1 at the front of this book shows the same example in color.)

Figure 5-3 Blend example with different operand values

B B (P

1.0 (= source) 0.8 0.6

0.2 0.0 (= destination)

Highlight Transfer Mode

The highlight transfer mode is used for highlighting in color applications. It is most
commonly used to draw (and clear) a colored rectangle around a selection, without
altering the color of the item or items selected. In text, it gives the effect of drawing over
the letters with a highlighting pen.

Like some of the arithmetic transfer modes, highlight mode uses an operand to control
the outcome of the highlighting operation. Highlight mode operates by replacing the
source color with the operand color, and the operand color with the source color, in the
destination.

The upper row of images in Figure 5-4 shows a simple example of the application of
highlight mode. The operand value is represented with shading rather than as a number,
to illustrate how its color affects colors in the image. The source shape is a white
rectangle that is drawn over the two middle letters in the destination image. (The gray
letters in the line of text in the destination image represent the same color-component
value as the operand, and the white area around the letters in the destination represents
the same color-component value as the source.)

About Transfer Modes 5-15
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Figure 5-4 Highlight transfer mode

5-16

Source Destination Result
gxHi ghl i ght Mode
Source Destination Result (operand =)

Note that black in the destination is unaffected, whereas white becomes gray and gray
becomes white. A single constant specifies highlight mode, with the following value and
meaning:

Constant Value Explanation

gxHi ghl i ght Mode 7  Highlight mode. The source component and operand
component are swapped in the destination. Other
components in the destination are ignored.

In highlight mode, the source color can be thought of as the “background” color that is
to be highlighted, and the operand color is the color of the highlighting pen. As the
lower set of images in Figure 5-4 shows, redrawing a highlighted selection causes the
source and operand colors to swap once more, effectively removing the highlighting.

The operand for highlight mode is a normal color component value that varies from 0
(no intensity) to the maximum intensity permitted for that component (normally OxFFFF,
or gxCol or Val uel).

QuickDraw GX applies highlight mode only if all components in the color space specify
it. An error occurs if some components specify highlight mode and others do not.

Boolean Transfer Modes

In Boolean transfer modes, the result value for a color component is determined by bit
operations performed on the source and destination component values. Boolean transfer
modes are most common in black-and-white drawing; in any bit depth other than 1, they
yield results that can be difficult to predict because they depend on the states of the
individual bits in each color-component value.

About Transfer Modes
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Figure 5-5 shows examples of drawing with the Boolean transfer modes at a bit depth
of 1. In each case, the source image combines with the destination image to produce the
result image. In these examples, black represents a bit value of 0 (clear), and white
represents a bit value of 1 (set). The constant that specifies the transfer mode type is
shown to the right of each example.

Figure 5-5 Boolean transfer modes (1-bit depth)

Source Destination Result

= . . o
= . . o
\ gxXor Mbde

.\L

A A

The Boolean modes have the following values and meanings:

Constant Value
gxAndMode 8
gxOr Mode 9
gxXor Mode 10

About Transfer Modes

Explanation

AND mode. The bits of the source color and destination color
are combined using an AND operation. Only bits that are set
in both source and destination remain set in the result.

OR mode. The bits of the source color and destination color
are combined using an OR operation. Bits that are set in
either the source or the destination or in both are set in the
result.

XOR mode. The bits of the source color and destination color
are combined using an exclusive-OR (XOR) operation. Bits
that are set in the source but not the destination, and bits that
are set in the destination but not the source, are set in the
result. All other bits are cleared in the result.

5-17
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Even though they are most easily explained in terms of single-bit depths, Boolean
modes are not restricted to 1-bit drawing. They can be used with any kind of color
values, and are useful for manipulating colors in an indexed color space.

Pseudo-Boolean Transfer Modes

In pseudo-Boolean transfer modes, the result value for a color component is determined
by normalizing the source and destination values and performing a simple arithmetic
operation, to achieve consistent and predictable results analogous to 1-bit Boolean
operations.

Figure 5-6 shows examples of drawing with the pseudo-Boolean transfer modes. In each
case, the source image combines with the destination image to produce the result image.
The constant that specifies the transfer mode type is shown to the right of each example.

5-18

Figure 5-6 Pseudo-Boolean transfer modes
Source Destination Result
n . o
gxRanmpOr Mbde

20 RanpXor Mod
L gxRanpXor e
" A
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The constants for the pseudo-Boolean component modes have the following values and

meanings:

Constant Value
gxRanpAndMbde 11
gxRampOr Mode 12
gxRanpXor Mode 13

Explanation

Ramp-AND mode. The source and destination color
components are treated as ranging from 0 to 1; their
product (source x destination) is returned.

Ramp-OR mode. The source and destination color
components are treated as ranging from 0 to 1; the
result of (source + destination — source x destination)
is returned.

Ramp-XOR mode. The source and destination color
components are treated as ranging from 0 to 1; the result
of (source + destination — 2 X source x destination) is
returned.

Note that the pseudo-Boolean and Boolean modes are similar in several ways:

» The mode gxRanmpAndMbde is similar to gxAndMbde in that nonzero values occur in
the result only where both source and destination are nonzero.

= The mode gxRanmpOr Mode is similar to gxOr Mode in that nonzero values occur in the
result wherever either the source or the destination is nonzero.

» The mode gxRanpXor Mode is similar to gxXor Mode in that the result is close to zero
wherever the source and destination are close to each other in value.

The difference between the pseudo-Boolean and Boolean modes is that, for multi-bit
pixel depths, the results for gxRanpAndMbde, gxRanpOr Mbde, and gxRanpXor Mode
are predictable and vary smoothly and continuously with component intensity. For 1-bit
depths, these modes are identical to their Boolean equivalents.

The pseudo-Boolean modes are commonly used as component modes for alpha channels
in color spaces that have an alpha channel. See “Alpha-Channel Transfer Modes” (next).

About Transfer Modes
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Alpha-Channel Transfer Modes

Several QuickDraw GX color spaces (gx RGBASpace, gxARGB32Space and

gxG ayASpace) have an alpha channel. This is an additional color component that
controls the opacity or transparency of a color. For example, a red pixel in a source image
can be completely opaque, in which case it typically retains its red color when drawn
over a blue pixel in the destination image. Or, the pixel can be completely transparent, in
which case it typically loses all its color and turns totally blue when drawn over a blue
pixel. Or, it can have an opacity of, say, 0xX7FFF (50%), in which case it typically turns
magenta when drawn over a blue pixel.

Alpha channel values can be used to allow parts of one image to show through “holes”
in another, to show translucency in objects that are drawn over other objects, and to
perform anti-aliasing (smoothing of jagged edges) by giving feathered, semi-transparent
borders to opaque objects.

When assigning transfer modes to colors with an alpha channel, you typically use two
different kinds of modes:

= To get the proper result color for each color component, you use an alpha-channel
transfer mode. These modes take alpha-channel values into account when calculating
result values for the color components.

= To get the proper result opacity for the alpha channel itself, you typically use an
arithmetic or pseudo-Boolean transfer mode.

This section describes how the different modes within each category work to give you
the results you want.

Modes for the Color Components

Figure 5-7 shows examples of how values for a color component might be calculated,
given a source image and a destination image consisting of objects (or pixels) that differ
in opacity. In each example, the source image (an opaque, light gray cloud against a
transparent black background) combines with the destination image (an opaque, dark
gray “A” on a transparent black background), to form the result image. The constant that
specifies the transfer mode type is shown to the right of each example.

About Transfer Modes
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Each example shows how the alpha-channel transfer mode affects drawing within a
single color component. The mode takes into account not only the source and destination
color components, but the source and destination opacities as well.

Figure 5-7 Alpha-channel transfer modes

Source Destination Result

= . u o

= . . o
s gxExcl udeMbde

= .

= . = o
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The constants for the alpha-channel component modes have the following values and
meanings:

Constant Value Explanation

gxOver Mode 14  Over mode. The source color is copied to the
destination, and the source transparency controls
where the destination color shows through. Where
both are transparent, no drawing occurs (result equals
destination).

gxAt opMbde 15 Atop mode. The source color is placed over the
destination, but the resulting destination retains the
original destination’s transparency. The effect is that
opaque parts of the source are clipped to cover only
opaque parts of the destination.

gxExcl udeMode 16 Exclude mode. The destination color remains visible
only where the source is transparent, and the source
color is copied anywhere the destination is transparent.
Where both are transparent, no drawing occurs (result
equals destination); where both are opaque, the result
color is 0 (no intensity).

gxFadeMbde 17 Fade mode. The source is blended with the destination,
using the relative alpha values as the ratio for the blend.
Where both are transparent, the result is the average
of the source and the destination).

As Figure 5-7 shows, the gxOver Mode mode is similar to the arithmetic transfer mode
gxCopyMdde, except that it allows for transparency in the source image. Likewise, the
gxAt opMode mode is similar to gxCopyMde, but it preserves the transparency of
the destination image by clipping the opaque source to the destination image. The
gxExcl udeMode mode is somewhat like the Boolean transfer mode gxXor Mode, in
that opaque parts of each image appear only where the other is not opaque. The
gxFadeMdde mode is like the arithmetic gxBl endMbde, except that the operand that
controls the blend ratio is determined by the relative opacities.

Note that the images shown in Figure 5-7 are very simple and their opacities are either 0
(completely transparent) or gxCol or Val uel (completely opaque). Because an alpha
component can have a wide range of partial opacities, very sophisticated translucency
and color-blending effects are possible, as well as the simple masking effects shown here.

The exact formulas for determining result color are the following. In these
formulas, SA= source alpha-channel value; dA= destination alpha-channel value;
s C = source color-component value; dC = destination color-component value;
and r C= result color-component value.

= For gxOver Mode:

rc = (sAx (sC- dAx dCG + dA x dC) / (sA + dA - sA x dA)
= For gxAt opMode:

rc = dC + sAx (sC - dQ
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» For gxExcl udeMode:

rc= (sAx sC+ dA x dCG sA x dA x (sC + dQ)) [/
(sA + dA - sA x dA)

» For gxFadeMbde:
rc =sAx sC+ dA x dC/ (sA + dA

Modes for the Alpha Channel

For calculating the result value for the alpha channel itself, you typically use one of the

arithmetic or pseudo-Boolean transfer modes presented in the previous sections—one
that takes into account only the source and destination opacities. Figure 5-8 shows

typical modes used and their effects on opacity, using the same images is those presented
in Figure 5-7. In this figure, black represents complete transparency and white represents

complete opacity. (If alpha-channel values between the two extremes existed in these

examples, they would be shown in shades of gray.)

Figure 5-8 Typical modes used to determine result opacity for the alpha channel

Source Destination Result

gxRampOr Mbde

(used with gxOver Mode)

gxNoMode

(used with gx At opMbde)

A gxRanpXor Mode

': ‘ (used with gxExcl udeMbde)
A A

gxAddMbde

(used with gxFadeMbde)

. Transparent

D Opaque
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Note from Figure 5-8 that the mode you use to determine the result opacity of the alpha
channel usually depends on what alpha-channel mode you use to get color-component
values:

s Use gxRanpOr Mode to calculate result alpha-channel values if you want the opacities
of both source and destination summed proportionally (in a pseudo-Boolean manner;
see the description of gxRanpOr Mode on page 5-19) to achieve a result opacity. Thus,
if you use gxOver Mode for the color-components, you would typically use
gxRampOr Mode for the alpha channel.

= Use gxNoMbde to calculate result alpha-channel values if you want the opacity of the
destination to remain unchanged. Thus, if you use gxAt opMde for the
color-components, you would typically use gxNoMbde for the alpha channel.

= Use gxRanpXor Mbde to calculate result alpha-channel values if you want a
maximum result opacity where there is a maximum difference in opacities between
source and destination. Thus, if you use gxExcl udeMdde for the color-components,
you would typically use gxRanmpXor Mode for the alpha channel.

» Use gxAddMbde to calculate result alpha-channel values if you want the result
opacity to reflect the sum of the opacities of the source and destination (pinned to the
maximum permitted value). Thus, if you use gxFadeMde for the color-components,
you would typically use gxAddMbde for the alpha channel.

Note

When converting a color from a color space that does not have an alpha
channel to one that does, QuickDraw GX sets the alpha channel
intensity to maximum (opaque). When a color is converted from a color
space that does have an alpha channel to one that does not, the alpha
channel is lost. O

Transparency Ramps and Anti-Aliasing

Two common applications for alpha-channel colors involve making objects or images
partially opaque to give a translucent effect, and smoothing jagged edges on objects
drawn at low resolution.

You can create a bitmap in which the alpha-channel values of the pixels vary smoothly in
one or more directions, thus creating a transparency ramp that allows the destination
image to show through the source image to varying degrees across the bitmap. Color
Plate 2 at the front of this book, for example, shows the kind of effect that can be
achieved with a simple alpha-channel ramp.

The smoothing of jagged edges on displayed objects is called anti-aliasing. You can
perform anti-aliasing by modifying the alpha-channel values of the pixels surrounding
the edges of an opaque object. You make an individual pixel more or less opaque, based
on the proportion of that pixel that the object is computed to cover.

In Figure 5-9, for example, the left image shows the computed position of the edge of a
shape in a bitmap. The center image shows how that edge is displayed normally, given
the resolution of the bitmap. The right image shows that edge as it might be displayed
with anti-aliasing applied. The apparent jaggedness is decreased because pixels near the
edge allow the background to show through to varying degrees.
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Figure 5-9 Anti-aliasing

Sharp edge As drawn (normal) As drawn (anti-aliased)

Transfer Mode Color Space

The space field in the transfer mode structure specifies the color space the transfer
mode calculations take place in. This space does not need to be the same as the color
space specified by the ink’s color, or the destination color space as specified by the view
port or view device with which the ink is associated. The source and destination colors
are converted into the color space that provides the context for the transfer, and the
resulting color is then reconverted to the destination color space. Keep in mind that all
transfer mode computations take place in the transfer mode’s color space.

You needn’t convert color values among different spaces yourself in order to use a
different transfer mode. The transfer mode operation automatically converts colors from
the ink’s color space and the view device’s color space, manipulates them, and then
converts the result color back to the view device’s color space for drawing. In creating
shapes, you can work in whatever color space is convenient for you; when drawing, you
can use any transfer mode color space you want; and neither color space need be the
same as the color space used by the view device to which you are drawing.

5199100 U -

Figure 5-10, for example, shows a source color in RGB space as specified in an ink object,
a destination color in RGB space as specified by a monitor, and a transfer mode color
space of HSV, as specified by the application. The component modes selected mean that
the hue and saturation of the destination are preserved, but the value (lightness) of the
source is maintained. QuickDraw GX automatically performs all necessary conversions.
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Figure 5-10 Automatic conversion of color values during a transfer mode operation

Source color (RGB) Destination color (RGB)
R 32767 R 0
G 32767 G 0
B 0 B 65535

% %

Transfer mode (color space = HSV)

2 "
A 10023 | T [LoxNoNbde | <3 [T ageen

65535 | £> | gxNoMbde | <3 65535

\% 32767 |:> gxCopyMode <:‘ \Y 65535

n
(93]

Result color (HSV)
H 43691
S 65535
\% 32767
g
Result color
as drawn (RGB)

R 0

G 0

B 32767

The transfer mode color space defines how many components are required to perform
the transfer mode operation. Monochromatic (grayscale) color spaces and indexed
color space require only one component to be filled out. Alpha-channel spaces and
CMYK space require four components to be filled out. All other spaces require three
components to be filled out. (Color spaces are described in the chapter “Colors and
Color-Related Objects” in this book.)
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Remember that if the transfer mode’s color space is gx| ndexedSpace, the transfer
mode structure must contain a reference to a color set object.

Note

Choosing a different color space can radically affect the behavior of a
transfer mode. For example, if your transfer mode uses RGB space,
and you have specified gxCopyMde for the component mode of
conponent [ 0] and gxNoMode for the other components in the transfer
mode structure, drawing will transfer only the red component of your
source image to the destination, and leave the blue and green
components of the destination as they are. If you then change the
transfer mode color space to HSV and redraw, all hues in your source
image will be transferred to the destination, but with the brightnesses
and saturations of the original destination image. O

Color Limits

Transfer mode operations allow you to specify limits on the acceptable input values for
the source or destination color, and on the acceptable output values for the result color.
For example, in converting CMYK color to RGB, you may wish to limit the intensities to
values that can be displayed without oversaturating the phosphors on a monitor’s
screen. Or, to create a special effect, you may want to draw only the extreme light and
dark portions of an image, leaving out its midrange entirely.

Each color component in the conponent field of the transfer mode structure can have a
maximum and a minimum permitted value. The permissible ranges can be interpreted
as shown in Figure 5-11. In the figure, the large cube represents all of RGB space; the
small cube represents one possible example of the limits that could be imposed on
allowable values for all three components.

5199100 U -
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Figure 5-11 Maximum and minimum color-component values in RGB space

Green maximum ——

Green minimum ——

Red minimum

R Blue maximum
G B Blue minimum

In the case of source and destination colors, color values outside the range of acceptable
values (that is, outside the small cube in Figure 5-11) are ignored; if any single
component value is outside of its acceptable range, no drawing occurs at all for that
color. In the case of the calculated colors that result from a given transfer mode
operation, color values outside of the acceptable range are pinned to, or moved so that
they don’t exceed, the nearest acceptable value (the closest edge of the small cube). See
Figure 5-12.
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Figure 5-12

How minimum and maximum color limits affect drawing

Source or destination

Color ignored
(no drawing)

OXFFFF 0
\ \

Result

Color pinned
to maximum

i@ OXFFFF

I I I
Minimum Maximum Minimum

I
Maximum

For a given component, the maximum value for a color limit can be either greater or
smaller than the minimum. If the maximum is less than the minimum, only the extreme
color values (that is, values outside of the small cube area in Figure 5-11) are allowed. See

Figure 5-13.

Figure 5-13

How reversed minimum and maximum color limits affect drawing

Source or destination

Color ignored
(no drawing)

OXFFFF 0

Result

Color pinned
to minimum

@i OXFFFF

I I I
Maximum Minimum Maximum

I
Minimum

Each of the components in a color space can have its limits set entirely independently
of the others. Figure 5-14 shows the effects of reversing, in turn, the maximum and
minimum values for each of the three axes in RGB space.
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Figure 5-14 The effects of reversing maximum and minimum in a color space

5-30

A)
Max
Me_tx — Min
Min

Max — N\ Min
Min ——— Max

Max

0 Min

. Min
Min
Max | Max
Min Min
Max Max

Where the words Min and Max are bold in Figure 5-14, the minimum is greater than the
maximum. Refer to Figure 5-11 on page 5-28 for the positions of the color axes on the
RGB cube in this figure:

= In drawing (A), all minimum limits are less than their respective maximums; the
allowable color ranges form a small cube, just as in Figure 5-11.

= In drawing (B), the maximum on the red axis is less than the minimum; only red color
values outside of the range of the small cube are permitted, whereas blue and green
must still be within the limits of the small cube. The acceptable color values form two
rectangular solids within RGB space.
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s In drawing (C), the maximum and minimum on the green axis are also reversed; the
acceptable color values form a more complicated set of solids.

s In drawing (D), all maximum and minimum color limits are reversed. In that case,
only color values at the outer corners of the color space (all components outside of the
range of the small cube) are acceptable.

Source Color Limits

The sour ceM ni numand sour ceMaxi numfields in a color component’s

gxTransf er Conmponent structure define the allowable range of values for source color

in that component. Color values outside of the range cause no drawing to occur. If

sour ceMaxi mumis less than sour ceM ni num the range allowed consists of values less
than sour ceMaxi mumor greater than sour ceM ni mum Figure 5-15 shows the effect of

sour ceM ni numand sour ceMaxi numon drawing using blend mode.

Figure 5-15 The effect of source color limits on drawing

Source Destination Result Cloud

0 i OXFFFF
| |
\ |
sour ceM ni mum sour ceMaxi mum

W
W *

0 i OXFFFF
\
| \
sour ceMaxi mum sourceM ni mum

Note in Figure 5-15 that, when sour ceM ni mumis less than sour ceMaxi mum only the
cloud in the source image is within the source limits, so only the cloud is blended with
the destination image to create the result. Conversely, when sour ceMaxi numis less
than sour ceM ni mum the cloud in the source image is outside the source limits, so it
is the only part of the source that is not blended with the destination image when
creating the result.
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Destination Color Limits

The devi ceM ni numand devi ceMaxi numfields in a color component’s

gxTr ansf er Conponent structure define the allowable range of values for destination
color in that component. Destination color values outside of the range cause no drawing
to occur for that color. If devi ceMaxi mumis less than devi ceM ni num the range
allowed consists of values less than devi ceMaxi mumor greater than devi ceM ni mum
Figure 5-16 shows the effect of devi ceM ni numand devi ceMaxi numon drawing
using blend mode.

Figure 5-16 The effect of destination color limits on drawing

Source Destination Result N

0 OXFFFF
| |
\ |
devi ceM ni nrum devi ceMaxi mum
0 i OXFFFF
\ |
| \
devi ceMaxi num devi ceM ni mum

Note in Figure 5-16 that, when devi ceM ni mumis less than devi ceMaxi mum only the
letter “A” in the destination image is within the destination limits, so the source is
blended with the destination image only within the limits of the “A” to create the result.
Conversely, when devi ceMaxi numis less than devi ceM ni mum the “A” is outside the
destination limits, so it is the only part of the destination not blended with the source to
create the result.

g

>

Vo
W

Result Color Limits

The cl anpM ni numand cl anpMaxi numfields in a color component’s

gxTr ansf er Conmponent structure define the allowable range of values for the result
color in that component. Color values outside of the range are pinned to the nearest
clamp limit. If cl anpMaxi numis less than ¢l anpM ni mum the range allowed consists
of values less than ¢l anpMaxi mumor greater than cl anpM ni num Figure 5-17 shows
the effect of cl anpM ni numand cl anpMaxi numon drawing using blend mode.
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Figure 5-17 The effect of result color limits on drawing

Source Destination Result Cloud pinned “A” pinned
0 i@i i@i OXFFFF
\ \
W \ \
cl ampM ni num cl ampMaxi mum
Cloud pinned Background pinned
0 i@ :>i OXFFFF
ah |
W - — \
cl ampMaxi mum cl ampM ni num

Note in Figure 5-17 that, when cl anpM ni mumis less than ¢l anpMaxi mum extreme
color values cannot occur in the result. The portions of the “A” outside of the cloud are
darker than they would normally be with blend mode, and the portions of the cloud
outside of the letter are lighter than they would normally be. Conversely, when

cl anmpMaxi mumis less than cl anpM ni mum midrange values are not possible in the
result. The background in the result is lighter than it would normally be with blend
mode, and the portions of the cloud outside of the “A” are darker than they would
normally be.

Note

Pinning restricts the value of the computation, not necessarily the value
allowed for the actual pixel. The pixel value is the closest found to the
computation, which may be outside of the range of cl anpM ni numand
cl ampMaxi mum O

Transfer Mode Matrices

QuickDraw GX provides three matrices in the transfer mode structure to give you great
freedom in controlling, modifying, and combining source, destination, and result color
components when performing a transfer mode operation.

The source matrix, device matrix, and result matrix provide a way of scaling, weighting,
swapping, and averaging the components of a color space before or after the transfer
mode operation. Each matrix is a 5 X 4 array that specifies the mixture of each of the (up
to 4) components, plus an offset.
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An identity matrix, one that has values of 1.0 along the diagonal and zero values
elsewhere, has no effect. Here it is applied to a color in CMYK space:

10 0.0 0.0 00

0.0 1.0 0.0 0.0
lcmyk1[00001000 = [cy mK

0.0 0.0 00 10

0.0 0.0 0.0 0.0

The values for all color components after the matrix multiplication are the same as
before. All transfer mode matrices in the default ink object are identity matrices.

The bottom row of the matrix specifies an offset value. The following matrix replaces
cwith1/2 ¢ +1/2 m; it also scales k by 0.8 and adds 0.2 to it:

05 0.0 0.0 00
05 1.0 0.0 00

lcmyk1][00001000| = [(05c+05m) my (08k+0.2)]
0.0 0.0 0.0 08
0.0 0.0 0.0 02

The source and device matrix are applied before the transfer mode calculation and after
applying source minimum and source maximum. The result of the transfer mode
calculation is run through the result matrix. The use of matrices allows you to apply
sophisticated mapping operations—analogous to the scaling, rotation, translation, and
distortion of shapes discussed in the chapter “Transform Objects” in this book—to the
colors involved in a transfer mode operation. Matrices are also used to create color
separations, and to map source color ranges to spot colors.

Note

Although color components are described by unsigned shorts (16-bit
positive numbers), the math internal to transfer modes is performed
with longs (32-bit signed numbers) to minimize overflow or roundoff
error. As an example, elements in the source matrix could multiply by a
large number, and elements in the result matrix could divide by a large
number, without creating an overflow condition. O

Flags

QuickDraw GX provides two sets of flags in the transfer mode structure that control
certain aspects of the transfer mode operation. One set operates on individual color
components; the other set operates on the source or destination color as a whole, taking
into account all of the components.
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Transfer Component Flags

The transfer component flags are a set of flags in the gxTr ansf er Conponent structure
(in the conponent field of the transfer mode structure) that alter the source, destination,
or result value for an individual color component. There are two constants for these
flags, defined in the gxConponent Fl ags enumeration:

Constant Value Explanation

gxOver Resul t Conponent 0x01 QuickDraw GX performs an AND operation
between the result color and OXFFFF before
clamping.

gxRever seConponent 0x02 QuickDraw GX reverses the source and
destination values before performing the
transfer mode operation.

Specifying gxOver Resul t Conponent allows the result of transfers using gxAddMbde
to wrap around (from OxFFFF to 0x0000) instead of remaining clamped at OxFFFF.

Specifying gxRever seConponent allows you to apply a transfer mode backwards—
from the destination to the source—for a particular component. It is most useful for
component modes that depend on order, like gxM gr at eMbde, or gxAddMode when
used for subtraction.

Transfer Mode Flags

The transfer mode flags are a set of flags in the f | ags field of the transfer mode
structure. They affect how color limits are used and whether a single component mode is
to be used for all color components. There are three values for the flags, defined in the
gxTr ansf er Fl ags enumeration:

Constant Value Explanation

gxRej ect Sour ceTr ansf er 0x0001 Negate the results of sour ceM ni num
and sour ceMaxi mumfor all
components. Accept only values
outside of the specified ranges.

gxRej ect Devi ceTr ansf er 0x0002 Negate the results of devi ceM ni num
and devi ceMaxi mumfor all
components. Accept only values
outside of the specified ranges.

gxSi ngl eConponent Tr ansf er 0x0004 Use a single transfer component for
all color components. Duplicate
conponent [ 0] in the transfer mode
structure for all components in the
transfer mode’s color space.
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Setting the gxRej ect Sour ceTr ansf er or gxRej ect Devi ceTr ansf er flag causes an
inversion of the acceptable color ranges for source or destination color, respectively. For
example, in Figure 5-14 on page 5-30, setting the gxRej ect Sour ceTr ansf er or

gxRej ect Devi ceTr ansf er flag would cause the white (empty) portions of the large
cubes that represent RGB space to be within range, instead of the gray (filled) portions.

The effect is similar to, although not exactly the same as, individually reversing the
minimum and maximum values for the color components. If the transfer mode flag is
cleared, drawing occurs only when all components are inside the allowed ranges—that
is, inside the darker gray portions of the large cubes in Figure 5-14. With the flag set,
drawing occurs any time at least one component is outside of its allowed range—that is,
with values anywhere outside of the dark gray areas in Figure 5-14.

The gxSi ngl eConponent Tr ansf er flag is provided as a convenience. You can set
the flag when you don’t need the flexibility (and extra effort) of specifying different
transfer modes for different color components. In this case you need set up only one
gxTransf er Conponent structure, instead of one for each component in the transfer
mode’s color space.

Summary of Transfer Mode Operation

Figure 5-18 shows how all the parts of the transfer mode structure work together when a
color is drawn.

1. The source color is converted to the transfer mode’s color space, if they are not
already the same. Each component of the source color is then compared to the
acceptable range of source colors, modified if appropriate by the values of the transfer
mode flags. The resulting source components are then multiplied by the source matrix
to yield the corrected source components for the transfer mode operation.

2. The destination color is converted to the transfer mode’s color space, if necessary.
Each component of the destination color is then compared to the acceptable range of
destination colors, modified if appropriate by the values of the transfer mode flags.
The resulting destination components are then multiplied by the device matrix to
yield the corrected destination components for the transfer mode operation.

3. The pairs of source and destination components are each combined, according to the
selected component mode, and the value of the operand if the component mode takes
one. (Source and destination values for a component are swapped before combining if
the gxRever seConponent component flag is set.)

4. The components that result from the transfer mode operation are each multiplied by
the results matrix to yield the corrected result components (and then ANDed with
gxCol or Val uel (OxFFFF) if the gxOver Resul t Conponent flag is set for that
component.) Each component is then pinned, if necessary, to the acceptable range of
result colors. Finally, the result color is converted to the color space of the view device,
and the color is drawn.
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Figure 5-18

Summary of transfer mode operation
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Using Ink Objects
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This section describes how to create and use ink objects that support graphic or
typographic shapes. This section describes how you can

= create and manipulate ink objects
= manipulate ink object properties
» get and set an ink’s color

= work with transfer modes to achieve particular graphic effects

Creating and Manipulating Ink Objects

This section describes how you can create and interact with ink objects as whole
entities—to create, dispose of, copy, compare, and clone them. Manipulating the
individual properties of ink objects is described under “Manipulating Ink Object
Properties” beginning on page 5-40.

Creating and Disposing of Ink Objects

QuickDraw GX provides the GXNewl nk function to allow you to create a new ink object.
You can also create a new ink object by copying an existing one with the GXCopy Tol nk
function. Once you have created an ink object, you can customize its features using the
techniques described in the section “Manipulating Ink Object Properties” beginning on
page 5-40.

To delete your application’s reference to an ink object, call the GXDi sposel nk function,
which may or may not actually release the memory allocated for that ink object,
depending on the ink’s owner count. The GXDi sposel nk function decreases the ink
object’s owner count by 1; if that brings the owner count to zero, the ink is completely
deleted and its memory released. See “Manipulating an Ink Object’s Owner Count”
beginning on page 5-41.

The following code fragment creates three ink objects in turn, gives each a color, assigns
each to a shape (Wi ndowShapel, wi ndowShape2, and wi ndowShape3), adds each to a
picture shape (gQur House), and then disposes of each ink reference because it is no
longer needed. The code calls the library function Set | nkConmonCol or to assign
colors to the individual ink objects.

gxl nk redl nk = GXNew nk();

Set | nkCommonCol or (redl nk, red);

GXSet Pi ctur ePart s(gQur House, 0, 0, 1, &wi ndowShapel,
nil, &edlnk, nil);

GXDi sposel nk(redl nk);
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gxl nk graylnk = GXNew nk();

Set | nkComonCol or (grayl nk, gxGay);

GXSet Pi ct ur ePart s(gQur House, 0, 0, 1, &w ndowShape?2,
nil, &raylnk, nil);

GXDi sposel nk( grayl nk);

gxl nk turquoiselnk = GXNewl nk();

Set | nkComonCol or (t ur quoi sel nk, turquoise);

GXSet Pi ct urePart s(gQur House, 0, 0, 1, &w ndowShape3,
nil, &t urquoiselnk, nil);

GXDi sposel nk(turquoi sel nk) ;

The GXNewl nk function is described on page 5-56. The GXDi sposel nk function is
described on page 5-57. The GXSet Pi ct ur ePar t s function is described in the picture
shapes chapter of Inside Macintosh: QuickDraw GX Graphics.

Copying, Comparing, and Cloning Ink Objects

You can use the GXCopy Tol nk function to copy information from one ink object to
another or to create a new copy of an ink object.

You can test if two ink-object references refer to the same ink object by simply testing the
references for equality. You can also compare two different ink objects for equality with
the GXEqual | nk function. For two ink objects to be equal, their attributes, colors, color
spaces, and transfer modes must have identical values, although their general object
properties (owner count and tag list) do not need to be identical. Ink object copies
created with the GXCopy Tol nk function are always equal to the ink from which they
were copied.

The following code fragment effectively changes the default ink for a certain shape type.
It makes a copy (t enpl nk) of the default ink object, modifies its color and transfer
mode, and then assigns the modified copy to the default shape object for line shapes.
After it makes the assignment, the code disposes of t enpl nk. The code makes use of the
library functions Set | nkCommonCol or and Set | nkConmonTr ansf er to set the ink’s
color and transfer mode.

tenpl nk = GXCopyTol nk(nil,
GXGet Shapel nk( GXCGet Def aul t Shape( gxLi neType)));
Set | nkComonCol or (t enpl nk, gxBl ack);
Set | nkCommonTr ansf er (t enpl nk, xor Mode) ;
GXSet Shapel nk( GXCGet Def aul t Shape( gxLi neType), t enpl nk) ;
GXDi sposel nk(t enpl nk) ;

In certain circumstances, you may want to copy a reference to an ink object without
actually copying the ink object. For example, you may want two variables to refer to the
same ink object, so that editing one of them affects both. This is called cloning an ink,
rather than copying an ink. You can use the GXCl onel nk function to clone an ink object.
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Functionally, GXCl onel nk does nothing more than increase the owner count of an ink
object. For more information about cloning objects, see the chapter “Introduction to
Objects” in this book. For information on manipulating ink owner counts, see the section
“Manipulating an Ink Object’s Owner Count” beginning on page 5-41 of this chapter.

The GXCopy Tol nk function is described on page 5-58. The GXEqual | nk function is
described on page 5-59. The GXCl onel nk function is described on page 5-59.

Loading and Unloading Ink Objects

Although you rarely need to, you can influence memory-allocation decisions involving
objects that you have created. If your application needs to have an ink object in memory,
you can force QuickDraw GX to load it into memory. When your application no longer
needs the ink object in a loaded state, you can instruct QuickDraw GX to unload it.

You call the GXLoadI nk function to make sure that an ink object is in memory; if
necessary, QuickDraw GX brings the object into memory from an unloaded state. You
can call the GXUnl oadl nk function to instruct QuickDraw GX that it is free to unload
the ink object at any time. These functions are described in the memory management
chapter of Inside Macintosh: QuickDraw GX Environment and Utilities.

Manipulating Ink Object Properties

This section describes how to manipulate the common object properties of ink objects:
attributes, owner count, and tag list.

To manipulate the color of an ink, see the section “Getting and Setting an Ink Object’s
Color” beginning on page 5-42. To manipulate the transfer mode of an ink, see the
section “Getting and Setting an Ink Object’s Transfer Mode” beginning on page 5-43.

For manipulating an ink object as a whole, see “Creating and Manipulating Ink Objects”
beginning on page 5-38.

Getting and Setting an Ink Object’s Attributes

You can use the GXGet | nkAt t ri but es function to find the attributes of an existing ink
object, and the GXSet | nkAt t r i but es function to set the attributes of an ink. The
following statements return the attributes for the sour ce shape’s ink:

gxl nkAttri bute what Attri butes;
what Attri butes = GXGet | nkAttri but es( GXGet Shapel nk(source));

As an example, to clear the gxSuppr essHal f t onel nk attribute of an ink referenced by
the variable t ar get, you could use the following statement:

GXSet | nkAttri butes(target,
GXGet I nkAttributes(target) & ~gxPortAlignDitherlnk);
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Conversely, to set the gxSuppr essHal f t onel nk attribute, you could use the following
line of code:

GXSet | nkAttri but es(target,
GXGet I nkAttri butes(target) | gxSuppressHal ftonel nk);

Ink attributes are described in the section “Ink Attributes” beginning on page 5-9. The
GXGet | nkAt t ri but es function is described on page 5-61. The GXSet | nkAt t ri but es
function is described on page 5-62.

Manipulating an Ink Object's Owner Count

The owner count of an object indicates the number of current references to that object. In
general, QuickDraw GX manages owner counts for you. For example, when you create a
new ink object, QuickDraw GX sets the owner count of the new ink to 1. When you
assign an existing ink object to a shape, QuickDraw GX increments the ink’s owner
count, corresponding to the new reference to the ink contained in the shape object.

If you want to manage an ink’s owner count directly, or if you want to know whether an
ink object is shared, you can use the GXGet | nkOaner s function to determine the owner
count of an ink, and the GXCl onel nk and GXDi sposel nk functions to change the
owner count of an ink. The GXO onel nk function increments the ink’s owner count, and
the GXDi sposel nk function decrements the ink’s owner count, freeing the memory
used by the ink if the owner count goes to 0.

The GXCGet | nkOaner s function is described on page 5-64.

In the chapter “Style Objects” in this book, the section on manipulating a style object’s
owner count discusses two common owner-count problems and how to avoid them. The
problems are discussed in terms of style objects, but they apply equally well to ink and
transform objects. Refer to that discussion if you find that ink objects you create have
owner counts that are higher or lower than you expect.

Getting and Setting an Ink Object’s Tag References

You can examine the list of references to tag objects currently associated with an ink
object using the GXGet | nkTags function. Once you create a tag object, you can attach it
to an ink object using the GXSet | nkTags function. You can attach as many tag objects
as you like to an ink object.

Tag objects and the basic functions for manipulating them are described in the chapter
“Tag Objects” in this book. That chapter also lists the common tag types defined and
reserved by Apple Computer, Inc.

The GXCet | nkTags function is described on page 5-65. The GXSet | nkTags function is
described on page 5-66.
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Getting and Setting an Ink Object’s Color

You can use the GXGet | nkCol or function to retrieve the color (as a gxCol or
structure) of an existing ink object; you can use the GXGet ShapeCol or function to
retrieve the color of the ink object associated with a particular shape. You can use
the GXSet | nkCol or function to assign a color to an ink; you can use the

GXSet ShapeCol or function to assign a color to the ink object associated with a
particular shape.

To simply get the color of an existing ink (referenced here by ny| nk) requires defining a
color structure, then calling the GXGet | nkCol or function to fill it:

gxCol or myl nkCol or;
GXCet | nkCol or (nyl nk, &myl nkCol or);

If you want to obtain some part of the ink’s color structure, such as its color space, you
could make calls like this:

gxCol or Space nyl nkSpace;
gxCol or nyl nkCol or;
nyl nkSpace = GXGet | nkCol or (nmyl nk, &myl nkCol or) - >space;

Conversely, to assign some portion of an ink’s color structure, such as its color profile
(here called newPr of i | e), you could make these calls:

gxCol or myl nkCol or;

GXCet | nkCol or (nyl nk, &nmyl nkCol or);
nyl nkCol or. profile = newProfile;
GXSet | nkCol or (nyl nk, &nyl nkCol or);

You can give a shape a specific color by setting the individual values of its ink’s color
components. For a shape (my Shape) whose ink uses an RGB color space, you could do
something like this (with numeric color values newRed, newBl ue, and newGr een):

gxCol or newCol or;

newCol or. space = gxRGBSpace;

newCol or. profile = nil;

newCol or. el enent.rgb.red = newRed;
newCol or . el ement . rgh. green = newG een;
newCol or. el emrent . r gb. bl ue = newBl ue;
GXSet ShapeCol or (myShape, &newCol or);

The GXGet | nkCol or function is described on page 5-68; the GXCGet ShapeCol or
function is described on page 5-70. The GXSet | nkCol or function is described on
page 5-69; the GXSet ShapeCol or function is described on page 5-71.

Colors and how to program with them are not described further in this chapter; for
complete information, see the chapter “Colors and Color-Related Objects” in this book.
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Getting and Setting an Ink Object’s Transfer Mode

You can use the GXGet | nkTr ansf er function to retrieve the transfer mode

(as a gxTr ansf er Mbde structure) of an existing ink object; you can use the

GXCet ShapeTr ansf er function to retrieve the transfer mode of the ink object
associated with a particular shape. You can use the GXSet | nkTr ansf er function

to assign a transfer mode to an ink; you can use the GXSet ShapeTr ansf er

function to assign a transfer mode to the ink object associated with a particular shape.

To simply get the transfer mode of an existing ink (referenced here by ny| nk) requires
defining a transfer mode structure, then calling GXGet | nkTr ansf er to fill it:

gxTransf er Mode nyl nkTransfer;
GXCet | nkTransf er (nmyl nk, &myl nkTransfer);

If you want to obtain some part of the ink’s transfer mode structure, such as its color
space, you could make calls like this:

gxTransf er Mode nyl nkTransfer;
gxCol or Space nyTr ansf er Space;
nmyTr ansf er Space = GXCet | nkTr ansfer (nmyl nk, &myl nkTransfer)->space;

Conversely, to set some portion of an ink’s transfer mode structure, such as one of its
transfer component structures (in an array here called newConponent s), you could
make these calls:

gxTransfer Mode nyl nkTransfer;

GXGet | nkTransfer (nyl nk, &nyl nkTransfer);

myl nkTr ansf er. conponent [ 2] = newConponent s[ 2] ;
GXSet | nkTransf er (nyl nk, &yl nkTransfer);

You can alter a shape’s transfer mode type by setting the component mode for one
component of its ink’s transfer mode. For example, you can change the transfer mode
type of the first color component of the shape myShape to gxM ni nunivbde with calls
like this:

gxTransf er Mode nyShapeTransfer;

GXCGet ShapeTr ansf er (myShape &nmyShapeTr ansfer);
nyShapeTr ansf er. conponent [ 0] . nrode = gxM ni munivbde;
GXSet ShapeTr ansf er (myShape, &myShapeTransfer);

The GXCet | nkTr ansf er function is described on page 5-72; the

GXCet ShapeTr ansf er function is described on page 5-74. The GXSet | nkTr ansf er
function is described on page 5-73; the GXSet ShapeTr ansf er function is described on
page 5-75.

Transfer modes and the transfer mode structure are described in the section

“About Transfer Modes” beginning on page 5-11. The next section describes how to

use transfer modes to get particular drawing effects.
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Working With Transfer Modes

This section describes some of the ways to use transfer modes for drawing. Note that
there are many ways to use transfer modes in drawing; this section mentions only a few
of the more common possibilities.

See “About Transfer Modes” beginning on page 5-11 for a discussion of the complex
process by which QuickDraw GX performs transfer mode calculations.

Simple Source-to-Destination Transfers

To simply draw a color, shape, pattern, or bitmap to the destination, regardless of what
the destination currently contains, use gxCopy Mbde for all color components. Use
identity matrices and make sure all your source colors are within any color limits you are
using. Clear all flags (except gxSi ngl eConponent Tr ansf er, if you are using it to
make sure all your components use gxCopyMdde with the same color limits and
component flags). If your application is drawing or painting with a single color,
gxCopyMyde means that the color is applied without modification to all parts of the
destination you are drawing to.

Copy mode is especially fast and efficient for drawing because the characteristics of the
destination are not taken into account.

You can also use gxAddMbde, gxBl endMode, or gxM gr at eMbde to draw the entire
source, but in ways that combine the source and destination. If your application is
drawing or painting with a single source color, these modes cause the drawn color or
colors to be some combination of the source and the destination. For example, drawing a
red apple onto a blue background, using gxAddMbde in RGB space, results in a magenta
apple against a blue background.

You can use gxBl endMbde mode, for example, to lighten or darken all shapes in a
picture by some ratio compared to the background (destination). The following code
fragment sets the transfer mode of a shape (t heShape) so that the shape’s color is
blended in a given percentage (t hePer cent age, normalized to gxCol or Val uel) with
the destination color.

gxTransf er Mode shapeTransfer;
GXCGet ShapeTr ansf er (t heShape, &shapeTransfer);

/* use single-conponent transfer, blend node */
shapeTransfer. flags = gxSi ngl eConponent Tr ansfer;
shapeTr ansf er. conponent [ 0] . nbde = gxBl endMode;

shapeTransfer. conponent[0].flags = O;

shapeTr ansf er. conponent [ 0] . sour ceM ni mum = O;

shapeTr ansf er. conponent [ 0] . sour ceMaxi mum = gxCol or Val uel;
shapeTr ansf er. conponent [ 0] . devi ceM ni nrum = 0;

shapeTr ansf er. conponent [ 0] . devi ceMaxi mum = gxCol or Val uel,;
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0;
gxCol or Val uel;

shapeTransf er. conponent [ 0] . cl anpM ni nmum

shapeTransf er. conponent [ 0] . cl anmpMaxi mum

shapeTr ansf er. conmponent [ 0] . operand =
((unsi gned | ong) gxCol or Val uel) * thePercentage)/100;

GXSet ShapeTr ansf er (t heShape, &shapeTransfer);

Drawing Selected Parts of the Source

There are many ways to transfer only parts of the source image to the destination.

You can use gxM ni numivbde to transfer only those parts of the source that are darker
than the destination; if your application is drawing or painting with a single source
color, gxM ni mumvbde has the effect of darkening and coloring the lighter parts of the
destination.

You can use gxMaxi numivbde to transfer only those parts of the source that are lighter
than the destination; if your application is drawing or painting with a single source
color, gxMaxi mumvbde has the effect of lightening and coloring the darker parts of the
destination.

You can use gxCopyMdde but set source color limits so that only colors within certain
ranges are transferred. If, for example, part of your source image is bright red, you can
set a maximum limit on red intensity in the source; drawing will not occur where that
bright red exists, and your destination image will “show through” in those places. You
can work in HSV space and set limits on source luminance, so that, for example, your
destination image will “show through” the highlights or the shadows of your source
image after drawing.

If you are drawing in black and white, you can use gxAndMbde or gxRanpAndMbde

to transfer only those white parts of the source that are identical to the destination.
Alternatively, you can use gxXor Mode or gxRanpXor Mode to transfer only those white
parts of the source that are different from the destination. The modes gxCOr Mode and
gxRanpOr Mode transfer all of the white parts of the source to the destination. (For
colors other than black and white, Boolean modes give unpredictable results, and
pseudo-Boolean modes give results that look like blended versions of black-and-white
Boolean.)

5199100 U -

If you want to mask off parts of the source image that cannot be defined simply, in terms
of color or intensity, you can use alpha-channel modes. See the section “Masking” on
page 5-48.

Preserving Selected Parts of the Destination

Preserving parts of the destination image is equivalent to drawing only parts of the
source, except that it is the characteristics of the destination, not the source, that
determine where drawing does and does not occur.
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The modes gxM ni munivbde and gxMaxi munivbde base drawing on destination
characteristics as well as on source characteristics, so you can pick mode and source
colors to make sure that desired parts of the destination remain unchanged after
drawing. For example, if your destination has bright blue letters on a black background,
you can replace that background by drawing with gxMaxi nurmvbde and using any color
or image darker than the letters. If you are working in HSV space, you could, for
example, turn the background to a different color (of any intensity) by drawing with
gxMaxi mumvbde, and using a color (such as yellow) whose hue value is less than that of
the blue letters. You could even leave the background black and change the color of the
letters by specifying gxM ni mumvbde for the saturation component and using any
source color less saturated than the blue of the letters.

You can use gxCopyMode but set destination color limits so that drawing occurs only
where the destination colors are within certain ranges. If, for example, the black parts of
your destination image must be preserved, you can set a minimum limit on the
luminance of the destination; drawing will not occur where that black exists, letting the
black parts of the destination “show through” the source image after drawing. If you
want to preserve only the summer sky in a destination image, set the destination color
limits to block drawing in the blue range.

If you are drawing in black and white, you can use gxAndMbde or gxRanpAndMbde to
preserve only those white parts of the destination that are identical to the source.
Alternatively, you can use gxXor Mode or gxRanpXor Mode to preserve only those white
parts of the destination that are different from the source (and to turn black any white
parts of the destination that are also white in the source). The modes gxOr Mode and
gxRanpOr Mode preserve all of the white parts of the destination, adding to them all of
the white parts of the source. (For colors other than black and white, Boolean modes give
unpredictable results, and pseudo-Boolean modes give results that look like blended
versions of black-and-white Boolean.)

Copying or Preserving Luminance

In some cases you may want to alter the colors but not the lightness of an image, or you
may want to apply a color, pattern, or texture to an object in a grayscale image. What
you are doing is preserving the luminance in either the source or destination, while
letting other color components vary when you draw.

If, for example, your source image is a picture of a teapot, and your destination image is
a color or pattern, you can color the teapot by drawing (in HSV space) with gxNoMbde
in the hue and saturation components, and gx CopyMode in the value (intensity)
component.

Alternatively, if the color to apply is in the source image and the teapot is in the
destination image, you could use gx Copy Mbde in the hue and saturation components,
and gxNoMbde in the value component. (Or you could draw as described in the previous
paragraph, but set the gxRever seConponent flag in each component before drawing,
although that is a less efficient way to draw.) Figure 5-19 shows an example of drawing
by preserving destination luminance in that way. Color Plate 3 at the front of this book
shows the same drawing sequence in color.
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Figure 5-19 Applying color by preserving luminance in the destination
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If your application is drawing or painting with a single source color, you can apply that
color to the destination image—making it a single hue, but not otherwise changing the
destination—by applying gxCopyMode to the hue component, and gxNoMbde to the
other components, including luminance.

Modifying Luminance

Modifying luminance can be used to make a dark image lighter or to make a light image
darker, to increase its brightness range (contrast), or to create an overlay or blend of one
image onto another, without affecting the hue or saturation of the destination. You can
change the luminance of a destination image in several ways, most easily from within
HSV or HLS color space.

You can draw to the destination using a source image that has any hue or saturation but
the desired luminance, using gx CopyMbde for luminance and gxNoMode for the other
components. (That's the same as preserving the luminance of the source, as described in
the previous section.)

You can draw to the destination with a source image whose luminance is equal to (or
some multiple of, or some absolute amount above or below) the destination image, and
use gxAddMode or gxCopyMode. The effect is to uniformly increase or decrease the
luminance of the destination image. (Negative luminances are not permissible inputs to
transfer mode calculations, although you can achieve the same effect by multiplying
luminance by -1 in the transfer mode matrices.) The same effect can be achieved,
however, by drawing with gxNoMbde for all components and then applying the result
matrix to add to the luminance or multiply it by some factor.

Isolating and Modifying Color Ranges

You can restrict drawing to individual colors or ranges of colors in a number of ways.
For example, in RGB space you can draw mostly the reds by specifying very restrictive
low source color limits for the other components, although this method wouldn’t
prevent dark non-red colors from being drawn. To draw mostly yellows, you could
convert to CMYK space and do the same.
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In HSV space, you can set the source (or destination) color limits on the hue component,
in order to draw (or preserve from drawing) an exact range of hues, independent of their
brightness or saturation. You could, for instance, isolate greens in a source landscape
image in order to draw fields and trees but not sky; or you could isolate flesh tones in a
destination portrait image in order to change hair and clothing colors but not skin color.

You can change the colors in the range you have isolated by using the source, device, or
result matrices to shift the hue component. Thus you could change green fields to shades
of tan and brown, or even change tan and brown skin to shades of green.

Masking

You can draw an irregular portion of a source image over a destination image, letting the
destination show around the edges of the source portion and through holes in it, in
several ways. In simple situations, selecting the right transfer mode can accomplish what
you need, as discussed under “Drawing Selected Parts of the Source” on page 5-45 and
“Preserving Selected Parts of the Destination” on page 5-45.

Drawing parts of a complex image on a complex background usually requires the use of
a mask image that controls what parts of the source get drawn and what parts do not.
QuickDraw GX allows you to integrate a mask with any source or destination image by
storing transparency information in the alpha channel of each pixel’s color.

You can make parts of your source image transparent and other parts opaque by placing
either 0 or gxCol or Val uel, respectively, in the alpha-channel component of each
pixel’s color. Then, when you draw your source image to the destination, use one of

the alpha-channel transfer modes to get the masking effect you want. The mode

gxOver Mode is probably the most common transfer mode you’ll use; it’s like
gxCopyMde with transparency added.

The destination image may have transparency also, and if you want to use the result
image as a source image for subsequent drawing, you need to calculate the result
alpha-channel values as well. With gxOver Mobde for the color components, the most
likely mode to use on the alpha channel itself is gxRanpOr Mode.

Partial Transparency

Besides masking, you can use alpha-channel values to draw images transparently over
other images, to give a translucent “stained-glass” or ghostly effect, or to draw a pattern
or texture as a transparent surface effect or shadow on an image.

In simple situations, just using gxBl endMbde or gxM gr at eMbde might give the
translucent effect you need; the intersection of a white rectangle and a black rectangle

is gray, which might be enough. For more sophisticated effects, you can define
alpha-channel values in your source image that let the destination image show through
partially or completely, and then pick an alpha-channel transfer mode that is
appropriate, given the transparency of both source and destination and the transparency
you want the result to retain.
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Anti-Aliasing

Alpha-channel values and alpha-channel modes are also used for anti-aliasing, a
drawing technique that minimizes jagged edges around objects drawn on the screen.
Type at large sizes is typically drawn with anti-aliasing to smooth its appearance.

For anti-aliasing, you first set alpha-channel values to create a mask that defines the
opaque parts of your image. Then, at the edges of the opaque portions, you define a zone
of partial transparency, one or more pixels wide, that creates a transition from opacity
within to transparency without. The color and transparency of each pixel are commonly
computed based on the portion of the pixel that the opaque object is calculated to cover.
Figure 5-9 on page 5-25 shows an example of this effect.

When you then draw the object with an alpha-channel transfer mode, its edges are
feathered, with colors transitional between the source and destination colors. Diagonal
lines and curves thus appear smoother and less jagged.

Making Color Separations

Creating color separations from images is fundamentally straightforward with
QuickDraw GX. For CMYK color separations, you can use a transfer mode structure that
works with CMYK color space and draw your image four times, each time using
gxCopyMode for all components but modifying the source matrix each time to pass
through only the component that you want.

You can also create halftones for each separation. See the chapter “View-Related
Devices” in this book for a discussion of halftones in QuickDraw GX.

Transfer Modes and Printing

Printers are imaging devices, and the printing components of QuickDraw GX support all
transfer modes. When an image is printed, the original state of the destination (paper) is
treated as if it were a white image—equivalent to OXFFFF or gxCol or Val uel in all
components of RGB space, for example. QuickDraw GX then accumulates all drawing
commands before actually printing the page. As it draws each shape on the page,
QuickDraw GX combines the source image with the destination, which may be white or
may reflect the results of previous drawing, according to the transfer mode selected.
After the last shape is drawn, QuickDraw GX prints the result. Thus all transfer modes,
and even alpha-channel values, can be accounted for in printing.

-
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Even vector devices such as plotters can support transfer modes. The color of each shape
the plotter is to draw is combined with the destination according to whatever transfer
mode is selected, and at the end the resulting color is printed using one of the available
pen colors and patterns.
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Printing in QuickDraw GX is optimized for certain transfer mode configurations. In
general, printing is fastest using the default ink object’s transfer mode (gx Copy Mbde for
all components, identity matrices, wide-open color limits). In addition, for fastest
printing of 1-bit-per-pixel bitmaps, QuickDraw GX recognizes a special configuration
that replicates the QuickDraw srcOr transfer mode on the Macintosh: gxCopy Mode in all
components and source color limits set so that only the “on” or “foreground” bits of the
image are printed.

For more information on printing for applications, see Inside Macintosh: QuickDraw GX
Printing. For more information on printing for printer drivers and extensions, see Inside
Macintosh: QuickDraw GX Printing Extensions and Drivers.

Ink Objects Reference

This section provides reference information about the data structures and functions that
allow you to create and manipulate ink objects, and to work with transfer modes. It
includes

= descriptions of the constants and data types used by ink objects

s descriptions of the QuickDraw GX functions that operate on ink objects, including
those that manipulate ink color and transfer mode

Constants and Data Types

This section describes the constants and data types that define
= ink attributes

» the color structure

= transfer modes

The documentation for transfer modes is complete in this section; the documentation for
colors is summary only. Additional reference information on colors is found in the
chapter “Colors and Color-Related Objects” in this book.

The Ink Object

5-50

QuickDraw GX provides you with access to an individual ink object through an ink
reference:

typedef struct gxPrivatel nkRecord *gxl nk;

In this type definition, gx| nk is a type-checked reference, not an actual pointer to any
defined structure. The contents of the ink object are private.
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Ink Attributes

Each ink object has a set of ink attributes, defined in the gxI nkAt t ri but es
enumeration. The attributes specify how to handle dithering and halftoning.

enum gxl| nkAtt

ri butes{

gxPort Al i gnDi t her | nk

gxForceDi t

her | nk

gxSuppr essDi t her | nk

gxSuppr essHal ft onel nk

0x0001,
0x0002,
0x0004,
0x0008

typedef |ong gxlnkAttribute;

The individual ink attributes are described in the section “Ink Attributes” beginning on

page 5-9.

Color Structure

The color property of an ink object is specified with a color structure (type gxCol or ):

struct gxCol or{
gxCol or Space space;

gxCol orProfile profile;

uni on {
struct
struct
struct
struct
struct
struct
struct

gxCMYKCol or
gxRGBCol or
gxRGBACoI or
gxHSVCol or
gxHLSCol or
gxCl ECol or

gx Yl QCol or

gxCol or Val ue
struct gxG ayaCol or
unsi gned short
unsi gned | ong
struct gxl ndexedCol or i ndexed;
gxCol or Val ue

} el ement;

b

cnyk;
rgb;
rgba;
hsv;
hl's;
cie;
yig;
gray,
graya;
pi xel 16;
pi xel 32;

conmponent [ 4] ;

The fields of the color structure are described briefly in the section “Color” beginning on
page 5-7 of this chapter, and defined in more detail in the chapter “Colors and
Color-Related Objects” in this book.

Ink Objects Reference
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Transfer Mode Structure

5-52

The transfer mode structure (data type gxTr ansf er Mode) specifies the transfer mode
property of an ink object.

struct gxTransfer Mode{

gxCol or Space space,

gxCol or Set set;

gxCol orProfile profile;

Fi xed sourceMatri x[5][4];
Fi xed devi ceMatri x[ 5] [ 4] ;
Fi xed resul t Matri x[ 5][4];
gxTransferFl ag fl ags;

struct gxTransfer Conponent conponent|4];

b

Field descriptions
space

set

profile

sourcelatri x

devi ceMatri x

resul tMatri x

flags

Ink Objects Reference

The color space used by this transfer mode. The color spaces
defined by QuickDraw GX are listed in the color structure definition
shown in the previous section, and are described in the chapter
“Colors and Color-Related Objects” in this book. A transfer mode’s
color space need not be the same as the color space of the ink object
the transfer mode is part of.

A reference to a color set, an object that defines a list of colors
available for use by this transfer mode. This field has meaning only
if the transfer mode’s color space is gx| ndexedSpace; if the value
in this field is ni | , there is no color set associated with the transfer
mode. Color sets are described in the chapter “Colors and
Color-Related Objects” in this book.

A reference to a color profile, an object that specifies
color-correction information. If the value in this field is ni | , there is
no color profile associated with the color space of this transfer
mode. Color profiles are described in the chapter “Colors and
Color-Related Objects” in this book.

A5 x 4 matrix that specifies how to transform the source color
before applying the component modes to the components. See
“Transfer Mode Matrices” beginning on page 5-33.

A5 x 4 matrix that specifies how to transform the destination color
before applying the component modes to the components. See
“Transfer Mode Matrices” beginning on page 5-33.

A5 x 4 matrix that specifies how to transform the result color after
applying the component modes to all components. See “Transfer
Mode Matrices” beginning on page 5-33.

The transfer mode flags; they specify how to handle color limits and
whether multiple transfer components are needed. The transfer
mode flags are described in the section “Transfer Mode Flags” on
page 5-35.
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conponent An array of four transfer component structures, each specifying the
type of transfer mode to apply to a single color component of the
transfer mode’s color space. The transfer component structure is
described next.
Transfer Mode Flags

The transfer mode flags are defined in the gxTr ansf er Fl ags enumeration:

enum gxTr ansf er Fl ags{

gxRej ect Sour ceTransfer = 0x0001, /* = 1 source conponent
nmust be out of range */
gxRej ect Devi ceTransfer = 0x0002, /* = 1 device conponent

must be out of range */

gxSi ngl eConponent Transfer= 0x0004 /* transfer conponent[O0]
= all conponents */

b
typedef | ong gxTransferFl ag;
The individual transfer mode flags are described in the section “Transfer Mode Flags” on

page 5-35.

Transfer Component Structure

There are up to four transfer component structures in a transfer mode structure. Each
transfer component structure describes how the transfer mode operation is to be applied
to a given component in the transfer mode’s color space. The transfer component
structure is of data type gxTr ansf er Conponent :

struct gxTransfer Conponent {
gxConponent Mode node;
gxConponent Fl ag fl ags;

gxCol or Val ue sour ceM ni num
gxCol or Val ue sour ceMaxi mum
gxCol or Val ue devi ceM ni mum
gxCol or Val ue devi ceMaxi mum
gxCol or Val ue cl ampM ni num
gxCol or Val ue cl ampMaxi num
gxCol or Val ue oper and;
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Field descriptions
node

flags

sour ceM ni num

sour ceMaxi num

devi ceM ni num

devi ceMaxi mum

cl anpM ni mum

cl ampMaxi mum

oper and
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The component mode (type of transfer mode, such as gxCopyMode
or gxBl endMbde) to apply to this color component. Component
modes are described in the section “Transfer Mode Types”
beginning on page 5-11.

The component flags, which control clamping behavior and
whether source and destination are to be reversed for this
component. The component flags are described in the section
“Transfer Component Flags” on page 5-35.

The minimum acceptable value for source color in this color
component. No drawing occurs if the source component value is
below sour ceM ni num For more information, see “Color Limits”
beginning on page 5-27, and “Source Color Limits” on page 5-31.
The maximum acceptable value for source color in this color
component. No drawing occurs if the source component value is
greater than sour ceMaxi mum For more information, see “Color
Limits” beginning on page 5-27, and “Source Color Limits” on
page 5-31.

The minimum acceptable value for destination color in this color
component. No drawing occurs if the destination component value
is below devi ceM ni mum For more information, see “Color
Limits” beginning on page 5-27, and “Destination Color Limits” on
page 5-32.

The maximum acceptable value for destination color in this color
component. No drawing occurs if the destination component value
is greater than devi ceMaxi mum For more information, see “Color
Limits” beginning on page 5-27, and “Destination Color Limits” on
page 5-32.

The minimum acceptable value for result color in this

color component. If the result component value is below

devi ceM ni num it is pinned, or clamped, to the value

of devi ceM ni num For more information, see “Color Limits”
beginning on page 5-27, and “Result Color Limits” on page 5-32.
The maximum acceptable value for result color in this

color component. If the result component value is greater

than devi ceMaxi mum it is pinned, or clamped, to the value of
devi ceMaxi mum For more information, see “Color Limits”
beginning on page 5-27, and “Result Color Limits” on page 5-32.

A value used as an input to the gxBl endMbde, gxM gr at eMode,
and gxHi ghl i ght Mode component modes. If you are using these
modes, you must supply a proper value for oper and. For more
information, see “Arithmetic Transfer Modes” beginning on

page 5-12, and “Highlight Transfer Mode” on page 5-15.
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Component Modes (Transfer Mode Types)

QuickDraw GX supports the following types of transfer modes, defined in the
gxConponent Modes enumeration:

enum gxConponent Modes{
gxNoMbode = O,
gxCopyMode,
gxAddMode,
gxBl endMode,
gxM gr at eMbde,
gxM ni mumvbde,
gxMaxi mumivbde,
gxHi ghl i ght Mode,
gxAndMode,
gxOr Mode,
gxXor Mode,
gxRanpAndMbde,
gxRampOr Mode,
gxRanpXor Mode,
gxOver Mode,
gxAt opMode,
gxExcl udeMde,
gxFadeMode

b
t ypedef unsi gned char gxComponent Mode;

7

The individual component modes are described in the section “Transfer Mode Types’
beginning on page 5-11.

Transfer Component Flags

The transfer component flags are part of the transfer component structure (data type
gxTr ansf er Conponent ). The flags are defined in the gxConponent Fl ags
enumeration:

enum gxConponent Fl ags{
gxOver Resul t Conponent = 0x01, /* AND result conponent with
OxFFFF before clanping */
0x02 /* Reverse source and device
conponents before node */

gxRever seConponent

}s

t ypedef unsi gned char gxComponent Fl ag;
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The individual transfer component flags are described in the section “Transfer
Component Flags” on page 5-35.

This section describes the QuickDraw GX functions you can use to

= create and manipulate an ink object

manipulate the common object properties of an ink object

get and set the color of an ink object

get and set the transfer mode of an ink object

Creating and Manipulating Ink Objects

GXNewlInk

This section describes the functions that manipulate inks as objects in memory. With the
functions in this section, you can create and dispose of an ink object, and copy, compare,
and clone ink objects.

To associate an ink object with a QuickDraw GX shape object, use the GXGet Shapel nk
and GXSet Shapel nk functions, described in the chapter “Shape Objects” in this book.

DESCRIPTION

5-56

You can use the GXNew nk function to create a new ink object with default properties.

gxl nk GXNewl nk(voi d);

function result A reference to a newly created copy of the default ink object.

The GXNewl nk function creates an ink object with an owner count of 1. All other
properties of the ink are set to their default values:

= No attributes set.
= An empty tag list.
= An owner count of 1.

= Color space set to gxRGBSpace with each color component set to 0, which represents
black in this color space.

= Transfer mode set to gxCopy Mode, with identity transfer mode matrices, color limits
of 0 to OxFFFF (gxCol or Val uel), and all flags cleared.

Ink Objects Reference
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SPECIAL CONSIDERATIONS
If no error occurs, the GXNewl nk function creates an ink object; you are responsible for
disposing of that object when you no longer need it.

ERRORS, WARNINGS, AND NOTICES

Errors
out _of nenory

SEE ALSO
Default ink values are described in the section “The Default Ink Object” on page 5-10.

GXDisposelnk

You can use the GXDi sposel nk function to release a reference to an ink object.

voi d GXDi sposel nk(gxl nk target);

t ar get A reference to the ink object to dispose of.

DESCRIPTION
The GXDi sposel nk function decrements the owner count of the ink object specified by
the t ar get parameter and releases any memory used by it if the owner count goes to 0.

ERRORS, WARNINGS, AND NOTICES

Errors
ink_is_nil

SEE ALSO
Owner counts for ink objects are discussed in the section “Copying, Comparing, and
Cloning Ink Objects” beginning on page 5-39, and in the section “Manipulating an Ink
Object’s Owner Count” beginning on page 5-41. To examine the owner count of an ink,
use the GXGet | nkOwner s function, described on page 5-64.
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GXCopyTolnk

DESCRIPTION

You can use the GXCopyTol nk function to create a copy of an existing ink object.

gxl nk GXCopyTol nk(gxl nk target, gxlnk source);

t ar get A reference to the ink object to copy the sour ce contents into. If you
specify ni | for this parameter, the GXCopyTol nk function creates a new
ink object.

source A reference to the ink object whose contents you want to copy.

function result A reference to the copy (that is, the target ink).

The GXCopyTol nk function copies the contents of an existing ink object to another, or it
creates a new ink object and copies the contents of an existing ink object to it. The
function copies the color, transfer mode, attributes, and tag list (but not the owner count)
of the ink object specified by the sour ce parameter into the ink object specified by the

t ar get parameter. It clones, but does not copy, the tag objects in the tag list.

If you specify ni | for thet ar get parameter, the GXCopy Tol nk function creates a new
ink object and copies the source properties, including owner count and tag list, into it.

You can use the GXCopy Tol nk function to create a copy of an ink object so you can
modify it without changing the original.

SPECIAL CONSIDERATIONS

If you specify ni | for thet ar get parameter and no error occurs, the GXCopy Tol nk
function creates an ink object; you are responsible for disposing of that object when you
no longer need it.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

5-58

Errors
out _of _nenory
ink is nil

To create a new ink that is a copy of the default ink instead of a copy of an existing ink,
use the GXNewl nk function, described on page 5-56.

To compare two ink objects, use the GXEqual | nk function, described in the next section.
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GXEquallnk

DESCRIPTION

You can use the GXEqual | nk function to determine whether two ink objects are equal.

bool ean GXEqual I nk( gxl nk one, gxlnk two);

one A reference to one of the ink objects to test for equality.

t wo A reference to the other ink object to test for equality.

function result t r ue if the ink specified by the one parameter is equal to the ink
specified by the t wo parameter; otherwise f al se.

The GXEqual | nk function returns as its function result a Boolean value indicating
whether the ink object specified by the one parameter is equal to the ink object specified
by the t wo parameter.

For two ink objects to be equal, they must have identical colors, transfer modes, and
attributes, although their owner count and tag list need not be identical.

ERRORS, WARNINGS, AND NOTICES

Errors
out _of nenory
ink_is_nil

SEE ALSO
To make a copy of an ink object that is equal by the criteria of this function, use the
GXCopyTol nk function, described in the previous section.

GXClonelnk

You can use the GXCl onel nk function to clone an ink object—that is, to add a reference
to it and increment its owner count.

gxl nk GXd onel nk(gxl nk source);

source A reference to the ink object to clone.

function result A reference to the cloned ink.
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The GXO onel nk function increments the owner count of the ink referenced in the
sour ce parameter. You typically use this function when you want to create another
reference to an existing ink instead of creating a distinct copy of the ink.

This function returns as its function result a reference to the ink—the same reference you
pass in as the sour ce parameter. It also increments the ink’s owner count.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
ink_is_nil

Owner counts for ink objects are discussed in the section “Copying, Comparing, and
Cloning Ink Objects” beginning on page 5-39, and in the section “Manipulating an Ink
Object’s Owner Count” beginning on page 5-41.

To examine the owner count of an ink, use the GXGet | nkOwner s function, described on
page 5-64. To decrement the owner count of an ink, use the GXDi sposel nk function,
described on page 5-57.

Manipulating Ink Object Properties

GXResetInk

The functions described in this section allow you to
= reset an ink’s properties to their default values

= manipulate the common object properties of an ink object: attributes, owner count,
and tag list

DESCRIPTION

5-60

You can use the GXReset | nk function to reset the properties of an ink to their default
values.

voi d GXReset | nk(gxlnk target);

target A reference to the ink object whose properties you want to reset.

The GXReset | nk function resets the color, transfer mode, and attributes of the ink object
specified by the t ar get parameter to match the properties of the default ink object:

= No attributes set.
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= Color space set to gxRGBSpace with each color component set to 0, which represents
black in this color space.

= Transfer mode set to gxCopyMdde, with identity transfer mode matrices, color limits
of 0 to OXFFFF (gxCol or Val uel), and all flags cleared.

The GXReset | nk function does not change the t ar get ink’s owner count or tag list.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of _nenory
ink is nil

Default ink properties are described in the section “The Default Ink Object” on page 5-10.

GXGetInkAttributes

You can use the GXGet | nkAt t ri but es function to examine which attributes of an ink

object are set.
gxl nkAttribute GXGetlnkAttributes(gxlnk source);

source A reference to the ink to find the attributes of.

function result The ink attributes of the source ink object.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of nenory
ink _is _nil

Ink attributes are described in the section “Ink Attributes” beginning on page 5-9.
To change the attributes of an ink object, use the GXSet | nkAt t ri but es function,
described in the next section.

To examine the attributes of the ink object associated with a specified shape, use the
GXGet Shapel nkAt t ri but es function, described on page 5-62.
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GXSetInkAttributes

DESCRIPTION

You can use the GXSet | nkAt t ri but es function to set or clear the attributes of an ink
object.

voi d GXSet I nkAttributes(gxlnk target, gxlnkAttribute attributes);

t ar get A reference to the ink object to change the attributes of.
attributes The new ink attributes to be assigned.

The GXSet | nkAt t ri but es function sets the attributes of the ink object referenced in
the t ar get parameter to those specified in the at t r i but es parameter. If you pass
gXNoAt t ri but es for the at t ri but es parameter, all attributes are cleared.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of _nenory

ink_is_nil

par anet er _out _of range (debugging version)
Notices (debugging version)

attributes_al ready_set

Ink attributes are described in the section “Ink Attributes” beginning on page 5-9.

To examine the attributes of an ink object, use the GXCGet | nkAt t ri but es function,
described in the previous section.

To change the attributes of the ink object associated with a specified shape, use the
GXSet Shapel nkAt t ri but es function, described on page 5-63.

GXGetShapelnkAttributes

5-62

You can use the GXGet Shapel nkAt t ri but es function to examine the attributes of the
ink associated with a shape.

gxl nkAttri but e GXGet Shapel nkAttri but es(gxShape source);

source A reference to the shape whose ink object you want the attributes of.

function result The attributes of the ink object associated with the source shape object.
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of nenory
shape_is_nil

To set the attributes of the ink object associated with a shape, use the
GXSet Shapel nkAtt ri but es function, described next.

To examine the attributes of an ink object itself, use the GXGet | nkAt t ri but es
function, described on page 5-61.

Ink attributes are described in the section “Ink Attributes” beginning on page 5-9.

GXSetShapelnkAttributes

DESCRIPTION

You can use the GXSet Shapel nkAt t ri but es function to set or clear attributes of the
ink associated with a shape.

voi d GXSet Shapel nkAttri but es(gxShape target,
gxl nkAttribute attributes);

t ar get A reference to the shape whose ink object you want to change the
attributes of.

attributes The new ink attributes to be assigned.

The GXSet Shapel nkAt t ri but es function assigns the ink attributes specified by the
attri but es parameter to the ink object associated with the shape referenced in the
t ar get parameter. It is almost equivalent to the following call:

GXSet | nkAt t ri but es( GXGet Shapel nk(target), attri butes);

The only difference is that, if the source shape’s ink object is shared with other shapes,
GXSet Shapel nkAt t ri but es creates a new copy of the ink object, attaches it to the
source shape, and changes the attributes of the copy. That way, calling this function does
not produce side effects on other shapes.
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of nenory

shape_is_nil

par anet er _out of range (debugging version)
Notices (debugging version)

attributes_al ready_set

To examine the attributes of the ink object associated with a shape, use the
GXCet Shapel nkAt t ri but es function, described in the previous section.

To set the attributes of an ink object itself, use the GXSet | nkAt t ri but es function,
described on page 5-62.

Ink attributes are described in the section “Ink Attributes” beginning on page 5-9. The
GXSet | nkAt t ri but es function is described on page 5-62.

The GXGet Shapel nk function is described in the chapter “Shape Objects” in this book.

GXGetInkOwners

DESCRIPTION

You can use the GXGet | nkOaner s function to determine the number of references to a
particular ink object.

| ong GXGet | nkOmner s(gxl nk source);

sour ce A reference to the ink to find the owner count of.

function result The owner count of the source ink object.

The GXGet | nkOmer s function returns as its function result the current number of
references to the ink object.

ERRORS, WARNINGS, AND NOTICES

5-64

Errors
ink_is_nil
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Owner counts for ink objects are discussed in the section “Copying, Comparing, and
Cloning Ink Objects” beginning on page 5-39, and in the section “Manipulating an Ink
Object’s Owner Count” beginning on page 5-41.

GXGetInkTags

DESCRIPTION

You can use the GXCet | nkTags function to examine one or more of the tag objects
associated with an ink object.

| ong GXGet | nkTags(gxlnk source, |ong tagType, |ong index,
| ong count, gxTag itenms[]);

source A reference to the ink object whose tag list you want to examine.

t agType The type of tag object to search for. A value of 0 indicates that you want to
look for all tag types.

i ndex The (1-based) index of the first such tag reference to return.
count The number of tag references to return.

items An array to hold the returned tag references.

function result The number of tag references found that fit the criteria.

The GXGet | nkTags function searches the tag list of the sour ce ink object for references
to tag objects with the tag type specified by the t agType parameter. If you specify 0 for
the t agType parameter, the GXGet | nkTags function searches all tag types.

You can use the i ndex and the count parameters to specify which tag references of the
appropriate type the GXGet | nkTags function should return. The i ndex parameter
indicates the first tag reference to return and the count parameter indicates how many
tag references to return. The i ndex parameter must be greater than 0. The count
parameter must be greater than 0 or equal to the gxSel ect ToEnd constant (-1), which
indicates that all tag references (starting with the tag reference indicated by the i ndex
parameter) should be returned.

The function result is the number of tag references found that fit the criteria. If you pass
a value other than ni | for the i t ens parameter, the GXGet | nkTags function returns in
the i t ems parameter the tag references that were found.

Typically, you call this function once with a ni | value for the i t ens parameter to
determine the number of matching tag references. Then you allocate an appropriately
sized array and call the function a second time to obtain the references themselves.
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ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory

ink is nil

i ndex_is_| ess_than_one (debugging version)

count _is |less than_one (debugging version)

Warnings
i ndex_out _of range
count _out_of range

SEE ALSO
Tag objects are discussed in the chapter “Tag Objects” in this book.
To change the set of tag references associated with an ink, use the GXSet | nkTags
function, described in the next section.
GXSetInkTags
You can use the GXSet | nkTags function to add, remove, or replace tag objects
associated with an ink object.
voi d GXSet | nkTags(gxlnk target, |ong tagType, |ong index,
| ong ol dCount, |ong newCount,
const gxTag itens[]);
t ar get A reference to the ink object whose tag list you want to alter.
t agType The type of tag objects to replace. A value of 0 indicates that you want to
replace tags of all types.
i ndex The (1-based) index of the first tag reference (to a tag object of the
appropriate type) to replace.
ol dCount The number of tag references to replace. A value of 0 specifies that you
want to insert tag references before the tag reference indicated by the
i ndex parameter, rather than replace tag references. A value of -1 (the
gxSel ect ToEnd constant) specifies that all tag references of the
requested type, starting with the tag reference indicated by the i ndex
parameter, should be replaced.
newCount The number of tag references to insert. A value of 0 specifies that there are
no tag references to insert; the existing tag references that match the
criteria you specify are removed from the sour ce shape’s tag list and
disposed of.
itens An array of tag references to insert in the tag list.
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The GXSet | nkTags function allows you add tag references to an ink object’s tag list, to
remove tag references from the list, or to replace tag references in the list with new tag
references. In any of these three cases, the t ar get parameter specifies the ink object to
be modified, the newCount parameter specifies the number of tag references to add, and
the i t ens parameter provides the new tag references.

= To add tag references, set the ol dCount parameter to 0. Use the t agType and the

i ndex parameters to specify where to add the new tag references. (For example, if
you specify ni | for the t agType parameter and 1 for the i ndex parameter, this
function inserts the new tag references before the current tag references. If you specify
a value other than ni | for the t agType parameter and a value of 2 for the i ndex
parameter, the function inserts the new tag references before the second tag reference
with a tag type matching the t agType parameter.)

To remove tag references, set the newCount parameter to 0 and the i t ens parameter
toni | . You can use the i ndex and the ol dCount parameters to specify which tag
references (of the specified type) should be removed. The i ndex parameter indicates
the first tag reference (of the specified type) to remove and the ol dCount parameter
indicates how many tag references (of the specified type) to remove.

To replace tag references, use the t agType, i ndex, and ol dCount parameters to
indicate which tag references to replace, and use the newCount and it ens
parameters to specify the new tag references to add. If newCount is greater than
ol dCount, the extra tag references are placed immediately adjacent to the last tag

reference replaced.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of _nenory

ink_is_nil

tag_is_ni

paraneter _is_nil (debugging version)
i nconsi stent _paraneters (debugging version)
par anet er _out _of range (debugging version)
index_is_|less_than_zero (debugging version)
cannot _di spose_| ocked_t ag (debugging version)

Warnings
i ndex_out _of range
count _out _of range

Notices (debugging version)
tag_al ready_set

Tag objects are discussed in the chapter “Tag Objects” in this book.

To examine the set of tag references associated with an ink, use the GXGet | nkTags

function, described in the previous section.
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Getting and Setting an Ink’s Color

The functions described in this section allow you to get and set the color structure from a
specified ink object, or from the ink object attached to a specified shape.

GXGetInkColor

DESCRIPTION

You can use the GXGet | nkCol or function to examine the color of an ink object.

gxCol or *GXCGet | nkCol or (gxI nk source, gxColor *data);

source A reference to the ink whose color you want.
dat a A pointer to a color structure. On return, the structure contains the color
of the ink object.

function result The color of the source ink object.

The GXGet | nkCol or function returns, as its function result and in the structure pointed
to by the dat a parameter, the color of the ink referenced in the sour ce parameter.

If the ink object reference or the pointer to the color structure is ni |, an error is posted,
and ni | is returned as the function result.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

5-68

Errors

out _of _nenory
ink is nil
color_is_nil

Ink colors are introduced in the section “Color” beginning on page 5-7, and described
fully in the chapter “Colors and Color-Related Objects” in this book.

To assign a color to an ink object, use the GXSet | nkCol or function, described next.

To examine the color of the ink object associated with a shape, use the
GXGet ShapeCol or function, described on page 5-70.
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GXSetInkColor

DESCRIPTION

You can use the GXSet | nkCol or function to assign a color to an ink object.

voi d GXSet | nkCol or (gxIl nk target, const gxCol or *data);

t ar get A reference to the ink to assign the color to.

dat a A pointer to a color structure containing the color to assign to the ink.

The GXSet | nkCol or function assigns the color pointed to by the dat a parameter to the
ink object referenced in the t ar get parameter. If the color references a color set or color
profile object, QuickDraw GX increases the owner count of the referenced object.

SPECIAL CONSIDERATIONS

If the color space of the color pointed to by the dat a parameter is gxNoSpace, this
function posts a col or Space_out _of _r ange error.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of _nenory

ink is nil

color_is_nil

col or Space_out _of _range (debugging version)
col or Set _access_restricted (debugging version)
colorProfile_access_restricted (debugging version)

Notices (debugging version)
col or _al ready_set

Ink colors are introduced in the section “Color” beginning on page 5-7, and described
fully in the chapter “Colors and Color-Related Objects” in this book.

To examine the color of an ink object, use the GXGet | nkCol or function, described in the
previous section.

To assign a color to the ink object associated with a shape, use the GXSet ShapeCol or
function, described on page 5-71.
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GXGetShapeColor

DESCRIPTION

You can use the GXGet ShapeCol or function to examine the color of an ink object
associated with a shape.

gxCol or *GXCGet ShapeCol or (gxShape source, gxCol or *data);

sour ce A reference to the shape whose ink you want the color of.

data A pointer to a color structure. On return, the structure contains the color
of the ink object associated with the shape.

function result The color of the ink object associated with the source shape object.

The GXGet ShapeCol or function returns, as its function result and in the structure
pointed to by the dat a parameter, the color of the ink object associated with the shape
object referenced in the sour ce parameter.

This call is equivalent to
nmyCol or = GXGet | nkCol or ( GXGet Shapel nk( myShape), nyCol or) ;

If the shape object reference or the pointer to the color structure is ni |, an error is
posted, and ni | is returned as the function result.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

5-70

Errors

out _of nenory
shape_is_nil
color_is nil

To assign a color to the ink object associated with a shape, use the GXSet ShapeCol or
function, described next.

To examine the color of an ink object directly, use the GXGet | nkCol or function,
described on page 5-68.

Ink colors are introduced in the section “Color” beginning on page 5-7, and described
fully in the chapter “Colors and Color-Related Objects” in this book.

The GXGet Shapel nk function is described in the chapter “Shape Objects” in this book.
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GXSetShapeColor

DESCRIPTION

You can use the GXSet ShapeCol or function to assign a color to the ink object
associated with a shape.

voi d GXSet ShapeCol or (gxShape target, const gxCol or *data);

t ar get A reference to the shape whose ink object you want to assign the color to.
data A pointer to a color structure containing the color to assign to the shape’s
ink object.

The GXSet ShapeCol or function assigns the color pointed to by the dat a parameter to
the ink object associated with the shape referenced in the t ar get parameter.

Calling this function is almost equivalent to
GXSet | nkCol or ( GXGet Shapel nk( myShape), t heCol or) ;

except that, if the source shape’s ink object is shared with other shapes,

GXSet ShapeCol or creates a new copy of that ink object and attaches it to the source
shape before changing its color. That way, calling this function does not produce any side
effects on other shapes.

If the color pointed to by the dat a parameter references a color set or color profile object,
QuickDraw GX increases the owner count of the referenced object.

SPECIAL CONSIDERATIONS

If you use this function to try to assign a color to a bitmap shape, the function posts an
i Il egal _type_for_shape error. If the color space of the color pointed to by the dat a
parameter is gxNoSpace, the function posts a col or Space_out _of _r ange error.

ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory
shape_is_nil
color_is nil

col or Space_out _of _range (debugging version)
col or Set _access_restricted (debugging version)
colorProfile_access_restricted (debugging version)
illegal type for_shape (debugging version)

Notices (debugging version)
col or _al ready_set
color_is nil
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To examine the color of the ink object associated with a shape, use the
GXCGet ShapeCol or function, described in the previous section.

To assign a color to an ink object directly, use the GXSet | nkCol or function, described
on page 5-69.

Ink colors are introduced in the section “Color” beginning on page 5-7, and described
fully in the chapter “Colors and Color-Related Objects” in this book. Assigning colors to
bitmaps is discussed in the bitmap shapes chapter of Inside Macintosh: QuickDraw GX
Graphics.

The GXCet Shapel nk function is described in the chapter “Shape Objects” in this book.

Getting and Setting an Ink’s Transfer Mode

The functions described in this section allow you to get and set the transfer mode
structure from a specified ink object, or from the ink object attached to a specified shape.

GXGetInkTransfer

DESCRIPTION

5-72

You can use the GXGet | nkTr ansf er function to examine the transfer mode of an ink
object.

gxTransfer Mode *GXGet | nkTransf er (gxl nk source, gxTransferMde
*dat a) ;

source A reference to the ink whose transfer mode you want.

dat a A pointer to a transfer mode structure. On return, the structure contains
the transfer mode of the ink object.

function result The transfer mode of the source ink object.

The GXGet | nkTr ansf er function returns, as its function result and in the structure
pointed to by the dat a parameter, the transfer mode of the ink referenced in the sour ce
parameter.

If the ink object reference or the pointer to the transfer mode structure is ni | , an error is
posted, and ni | is returned as the function result.
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ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory

ink is nil
transferMde_is_nil

SEE ALSO
Transfer modes are described in the sections “About Transfer Modes” beginning on
page 5-11, and “Working With Transfer Modes” beginning on page 5-44.
To assign a transfer mode to an ink object, use the GXSet | nkTr ansf er function,
described next.
To examine the transfer mode of the ink object associated with a shape, use the
GXGet ShapeTr ansf er function, described on page 5-74.

GXSetInkTransfer
You can use the GXSet | nkTr ansf er function to assign a transfer mode to an ink object.
voi d GXSet | nkTransfer(gxlnk target, const gxTransferMde *data);
t ar get A reference to the ink to assign the transfer mode to.
dat a A pointer to a transfer mode structure containing the transfer mode to

assign to the ink.

DESCRIPTION
The GXSet | nkTr ansf er function assigns the transfer mode pointed to by the dat a
parameter to the ink object referenced in the t ar get parameter.

SPECIAL CONSIDERATIONS

The color space of the transfer mode pointed to by the dat a parameter cannot be
gxNoSpace or any of the packed color spaces (such as, for example, gxRGB16Space). If
you specify gxHi ghl i ght Mode in some but not all components of the transfer mode,
this function posts an i nconsi st ent _par anet er s error.
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ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory

ink is nil

transferMde_is_nil

par anet er _out _of range (debugging version)
i nconsi stent _par aneters (debugging version)
i nval i d_transferMbde_col or Space (debugging version)
col or Space_out _of range (debugging version)
col or Set _access_restricted (debugging version)
colorProfile_access_restricted (debugging version)

SEE ALSO
Transfer modes are described in the sections “About Transfer Modes” beginning on
page 5-11, and “Working With Transfer Modes” beginning on page 5-44.
To examine the transfer mode of an ink object, use the GXGet | nkTr ansf er function,
described in the previous section.
To assign a transfer mode to the ink object associated with a shape, use the
GXSet ShapeTr ansf er function, described on page 5-75.
Color spaces are described in the chapter “Colors and Color-Related Objects” in this
book.

GXGetShapeTransfer

5-74

You can use the GXGet ShapeTr ansf er function to examine the transfer mode of the
ink object associated with a shape.

gxTransf er Mode *GXGet ShapeTr ansfer (gxShape source,
gxTransf er Mode *dat a) ;

source A reference to the shape whose ink object you want the transfer mode of.

dat a A pointer to a transfer mode structure. On return, the structure contains
the transfer mode of the shape’s ink object.

function result The transfer mode of the ink object associated with the source shape
object.
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The GXGet ShapeTr ansf er function returns, as its function result and in the structure
pointed to by the dat a parameter, the transfer mode of the ink object associated with the
shape referenced in the sour ce parameter.

If the shape object reference or the pointer to the transfer mode structure is ni | , an error
is posted, and ni | is returned as the function result.

This function is equivalent to

t heMbde = GXGet | nkTr ansf er ( GXGet Shapel nk( myShape), t heMbde) ;

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of _nenory
shape_is_nil
transferMde is nil

Transfer modes are described in the sections “About Transfer Modes” beginning on
page 5-11, and “Working With Transfer Modes” beginning on page 5-44.

To assign a transfer mode to the ink object associated with a shape, use the
GXSet ShapeTr ansf er function, described next.

To examine the transfer mode of an ink object directly, use the GXGet | nkTr ansf er
function, described on page 5-72.

The GXCet Shapel nk function is described in the chapter “Shape Objects” in this book.

GXSetShapeTransfer

You can use the GXSet ShapeTr ansf er function to assign a transfer mode to the ink
object associated with a shape.

voi d GXSet ShapeTr ansf er (gxShape target, const gxTransferMde
*dat a) ;

t ar get A reference to the shape whose ink object you want to assign the transfer
mode to.
dat a A pointer to a transfer mode structure containing the transfer mode to

assign to the shape’s ink.
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The GXSet ShapeTr ansf er function assigns the transfer mode pointed to by the
dat a parameter to the ink object associated with the shape referenced in the t ar get
parameter.

Calling this function is almost equivalent to:
GXSet | nkTr ansf er ( GXCGet Shapel nk( myShape), t heMvbde) ;

except that, if the source shape’s ink object is shared with other objects,

GXSet ShapeTr ansf er creates a new copy of that ink object and assigns it to the shape
before changing its transfer mode. That way, calling this function does not produce any
side effects on other shapes.

SPECIAL CONSIDERATIONS

The color space of the transfer mode pointed to by the dat a parameter cannot be
gxNoSpace or any of the packed color spaces (such as, for example, gxRGB16Space). If
you specify gxHi ghl i ght Mode in some but not all components of the transfer mode,
this function posts ani nconsi st ent _par anet er s error.

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

5-76

Errors

out _of nenory
shape_is_nil
transferMde_is nil

par anet er _out _of range (debugging version)
i nconsi stent _paraneters (debugging version)
i nval i d_transferMde_col or Space (debugging version)
col orSet _access restricted (debugging version)
col or Space_out _of _range (debugging version)
colorProfile_access_restricted (debugging version)

Transfer modes are described in the sections “About Transfer Modes” beginning on
page 5-11, and “Working With Transfer Modes” beginning on page 5-44.

To examine the transfer mode of the ink object associated with a shape, use the
GXCet ShapeTr ansf er function, described in the previous section.

To assign a transfer mode to an ink object directly, use the GXSet | nkTr ansf er
function, described on page 5-73.

The GXGet Shapel nk function is described in the chapter “Shape Objects” in this book.
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Constants and Data Types

The Ink Object

typedef struct gxPrivatel nkRecord *gxl nk;

Ink Attributes

enum gxl nkAttri but es{
gxPort Al i gnDi t her | nk
gxForcebDi t her| nk
gxSuppressDi t her | nk
gxSuppr essHal ft onel nk= 0x0008

t ypedef

The Color Structure

struct gxCol or{

}s

gxCol or Space space;
gxCol orProfile profile;
uni on {

gxCMYKCol or
gxRGBCol or
gxRGBACoI or
gxHSVCol or
gxHLSCol or
gxCl ECol or
gxYl QCol or
gxCol or Val ue
gxG ayACol or
unsi gned short
unsi gned | ong
gx| ndexedCol or
gxCol or Val ue

} el enent;

= 0x0001,
= 0x0002,
= 0x0004,

[ ong gxI nkAttribute;

cnyk;
rgb;
rgba;
hsv;
hls;
cie;
yia;
gray;
graya;
pi xel 16;
pi xel 32;
i ndexed;
conponent [ 4] ;

t ypedef unsi gned char gxComponent Mode;
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The Transfer Mode Structure

struct gxTransfer Mode{

gxCol or Space
gxCol or Set
gxCol orProfile
Fi xed

Fi xed

Fi xed
gxTransferFl ag

space;
set;

profile;

sourceMatri x[5][4];
devi cematri x[ 5] [ 4];
resul tMatrix[5][4];

flags;

struct gxTransfer Conponent conponent|4];

}s

Transfer Mode Flags

enum gxTr ansf er Fl ags{

oxRej ect Sour ceTransfer = 0x0001,

gxRej ect Devi ceTr ansf er

0x0002,

gxSi ngl eConponent Tr ansf er = 0x0004

b

typedef |ong gxTransf

er Fl ag;

The Transfer Component Structure

struct gxTransfer Component {

gxConponent Mode
gxComponent Fl ag
gxCol or Val ue
gxCol or Val ue
gxCol or Val ue
gxCol or Val ue
gxCol or Val ue
gxCol or Val ue
gxCol or Val ue

node;

flags;

sour ceM ni mum
sour ceMaxi mnum
devi ceM ni mum
devi ceMaxi num
cl ampM ni num
cl anpMaxi mum
oper and;

5-78 Summary of Ink Objects

/* At | east one source conponent
nmust be out of range */

/* At | east one device conponent
nmust be out of range */

/* duplicate gxTransferConponent[ 0]
for all conmponents in transfer */



CHAPTER 5

Ink Objects

Component Modes

enum gxConponent Modes{
gxNoMbde = O,
gxCopyMode,
gxAddMode,
gxBl endMode,
gxM gr at eMbde,
gxM ni mumvbde,
gxMaxi mumvbde,
gxHi ghl i ght Mode,
gxAndMode,
gxOr Mode,
gxXor Mode,
gxRanpAndMbde,
gxRampOr Mode,
gxRanmpXor Mode,
gxOver Mode,
gxAt opMbde,
gxExcl udeMode,
gxFadeMode

Transfer Component Flags

enum gxConponent Fl ags{
gxOver Resul t Conponent = 0x01, /* AND the result component with
OxFFFF before clanping */
gxRever seConponent = 0x02 /* Reverse source and devi ce conponents
bef ore applying transfer node */

}s

t ypedef unsi gned char gxConponent Fl ag;

Functions

Creating and Manipulating Ink Objects

gxl nk GXNewi nk (voi d);

voi d GXDi sposel nk (gxl nk target);

gxl nk GXCopyTol nk (gxl nk target, gxlnk source);
bool ean GXEqual I nk (gxI nk one, gxlnk two);

gxl nk GXd onel nk (gxl nk source);
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Manipulating Ink Object Properties

voi d GXReset | nk (gxl nk target);

gxI nkAttribute GXCGetl nkAttributes
(gxl nk source);

voi d GXSet | nkAttri butes (gxInk target, gxlnkAttribute attributes);

gxl nkAttri bute GXGet Shapel nkAttri butes
(gxShape source);

voi d GXSet Shapel nkAttri butes (gxShape target, gxlnkAttribute attributes);

| ong GXCet | nkOmner s (gxl nk source);

| ong GXCet | nkTags (gxl nk source, long tagType, |ong index,
I ong count, gxTag itens[]);

voi d GXSet | nkTags (gxInk target, long tagType, |ong index,

| ong ol dCount, |ong newCount,
const gxTag items[]);

Getting and Setting an Ink’s Color

gxCol or *GXCet | nkCol or (gxl nk source, gxColor *data);

voi d GXSet | nkCol or (gxl nk target, const gxCol or *data);
gxCol or *GXCGet ShapeCol or (gxShape source, gxCol or *data);

voi d GXSet ShapeCol or (gxShape target, const gxCol or *data);

Getting and Setting an Ink’s Transfer Mode
gxTransf er Mbde *GXCet | nkTr ansf er
(gxl nk source, gxTransferMde *data);
voi d GXSet | nkTr ansf er (gxInk target, const gxTransferMde *data);

gxTransf er Mode *GXGet ShapeTr ansfer
(gxShape source, gxTransferMde *data);

voi d GXSet ShapeTr ansf er (gxShape target, const gxTransferMbde *data);
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