CHAPTER 4

Geometric Operations

This chapter describes the functions that allow you to perform geometric operations

on shapes. Some of the geometric operations described in this chapter work on all

types of shapes. Read this chapter if you perform any kind of geometric manipulation on
the shapes you create.

Before reading this chapter, you should be familiar with the QuickDraw GX object
architecture as described in Inside Macintosh: QuickDraw GX Objects. You should also be
familiar with the information in the chapters “Geometric Shapes” and “Geometric
Styles” in this book.

For more information about geometric manipulation of shapes, you might want to read
the chapter “Transform Objects” in Inside Macintosh: QuickDraw GX Objects and the
chapter “QuickDraw GX Mathematics” in Inside Macintosh: QuickDraw GX Environment
and Utilities.

This chapter introduces the basic categories of geometric operations and shows how to
use these operations to

» determine and reverse the contour direction of a shape’s contours
» simplify the geometric description of a shape
= incorporate style information into a shape’s geometry

» obtain geometric information about a shape’s geometry, such as contour length and
area

» determine and alter the bounding rectangle of a shape
= inset a shape’s geometry

» determine if two shapes touch

» determine if one shape contains another

» perform geometric arithmetic, such as intersection and union, on shapes

Finally, this chapter contains a complete reference for the geometric operations.
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About Geometric Operations

The geometric operations allow you to obtain geometric information about geometric
shapes and perform geometric calculations on them without having to manipulate shape
geometries directly.

The geometric operations fall into five main categories:

= operations that affect contours and contour direction

» operations that simplify the drawing of shapes

» operations that determine and alter basic geometric information about shapes
» operations that test for intersection and inclusion

» operations that perform geometric arithmetic on shapes

The next five sections discuss these categories.

Contours and Contour Direction

With the exception of empty, full, and point shapes, geometric shapes are made up of
contours. Line, curve, and rectangle shapes have a single contour, while polygon and
path shapes can have zero, one, or more contours. Every contour is defined by an
ordered series of on-curve or off-curve geometric points, or a combination of both.
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For example, the geometry of a line shape contains two (on-curve) geometric points—a

first point and a last point. The contour of a line shape is the line segment connecting

these two points. Since the line has a first point and a last point, it also has a direction, a

right side, and a left side, as shown in Figure 4-1.

Figure 4-1 Line contours

Last point

First point

Left side Left side

Right side Right side

First point
A line geometry Another line geometry
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As another example, a path shape can have multiple contours; each path contour is
defined by a series of on-curve and off-curve points. As with line contours, each path
contour has a direction, a right side, and a left side. Notice that the order of the
geometric points decides which side is the left side and which side is the right side, as
shown in Figure 4-2.

Figure 4-2 A path shape with two contours

4-6

Left side

Right side

Right side

Contour 1 Contour 2

Each contour of a polygon or path shape has an implied line (or curve) connecting the
last geometric point of the contour to the first geometric point of the contour.
QuickDraw GX uses this implied line (or curve) when the shape fill of the polygon or
path shape is the closed-frame shape fill or any of the solid shape fills. These implied
lines are shown in gray in Figure 4-2.

Notice that the right side of the first contour falls inside the area enclosed by the contour
and the right side of the second contour falls outside the area enclosed by the contour.
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All contours have either a clockwise or a counterclockwise contour direction. Sometimes
the contour direction of a contour is obvious, such as the contour directions of the
contours in Figure 4-2. In this figure, the first contour has a clockwise contour direction
and the second contour has a counterclockwise contour direction. However, sometimes
the contour direction is not so obvious. Figure 4-3 gives an example.

Figure 4-3 A path whose contour direction is not immediately obvious
1o _
" Right side
Left side
Right side )
3 .,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, m2

The upper half of the contour shown in Figure 4-3 seems to have a counterclockwise
direction while the lower half of the contour seems to have a clockwise direction. In
cases like this one, QuickDraw GX assigns an arbitrary contour direction to the entire
contour. You can use the GXGet ShapeDi r ect i on function, described on page 4-68, to
find the contour direction that QuickDraw GX has assigned to a particular contour.
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QuickDraw GX uses contour direction for a number of purposes—for example, when
filling shapes that have a winding shape fill. The path shape shown in Figure 4-4
contains an inner contour with the same contour direction as the contour that surrounds
it. When drawing this path using a winding fill, QuickDraw GX ignores the inner

contour.
Figure 4-4 A path whose inner contour has the same contour direction as its outer contour
Path geometry with two As drawn with winding fill
contours having the
same contour direction

To indicate that QuickDraw GX should not ignore the inner contour, you could change
the shape fill to even-odd fill, or you could reverse the contour direction of the inner
contour, as shown in Figure 4-5.

Figure 4-5 A path shape whose inner and outer contours have different contour directions
Path geometry with two As drawn with winding fill
contours having opposite
contour directions
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QuickDraw GX lets you reverse a contour’s direction by reversing the order of the
geometric points in the contour.

Note

QuickDraw GX always considers line shapes to have a clockwise
contour direction, regardless of the order of the geometric points in

the line’s geometry. Therefore, you cannot change the contour direction
of line shapes. However, a line contour in a polygon or a path does have
a clockwise or a counterclockwise direction (which QuickDraw GX
assigns to it depending on the other contours in the shape); therefore,
you can change the contour direction of line contours in polygons and
paths. O

In certain situations, QuickDraw GX needs to know which side of a contour is the inside
and which is the outside—for example, when drawing a geometric shape that has the
inside-frame style attribute set. The default assumption is that the right side of a contour
is the inside—which works well for clockwise contours but can produce surprising
results with counterclockwise contours. The auto-inset style attribute indicates that
QuickDraw GX should find the true inside for each contour of a shape, rather than
assuming the right side is the inside. The true inside of a contour is defined to be the
right side of the contour if the contour direction is clockwise and the left side of a
contour if the contour direction is counterclockwise.

You can find more information about the inside-frame style attribute and the auto-inset
style attribute in Chapter 3, “Geometric Styles,” in this book.

The section “Determining and Reversing Contour Direction” beginning on page 4-23
contains programming examples relating to contour direction.

Reducing and Simplifying Shape Geometries

QuickDraw GX allows you to change shape geometries to simpler forms. You can reduce
the number of geometric points in a shape by removing unnecessary ones. You can also
simplify a shape’s geometry by removing unnecessary contour breaks, eliminating
crossed and overlapping contours, and even simplifying the shape’s shape type, if
possible.

About Geometric Operations 4-9
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Figure 4-6 shows the difference between reducing a shape’s geometry and simplifying a

shape’s geometry.

Figure 4-6 Effects of reducing and simplifying shape geometries
2
1 3 1 2 1
6 4 4 3 2
5

Polygon geometry

After reducing
(no unnecessary points)

After simplifying
(type now rectangle)

Path geometry

After reducing (no change)

Contour 1

Contour 2,7/

After simplifying
(two contours; no crossing)
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In this figure, the polygon geometry has two unnecessary geometric points, which are
removed in the reduced polygon. Since the polygon is actually a square, simplifying this
polygon converts the polygon geometry to the simplest type of geometry necessary—
which in this case is a rectangle geometry.

The path geometry in the lower part of Figure 4-6 has a crossed contour, but no
unnecessary geometric points. Reducing this path results in the same path geometry,
whereas simplifying this path reorders the geometric points and breaks the geometry
into two path contours so that no contour crossing occurs. Also notice that, because the
original path geometry starts with an off-curve control point, simplifying the path adds
an initial on-curve geometric point. The new initial geometric point is halfway between
the point that was originally at the end of the contour and the point that was originally
at the beginning of the contour. Although adding this new complexity might not seem
like a simplification, removing crossed contours does result in more predictable drawing
results, as shown in Figure 4-7.

Figure 4-7 How simplifying a shape can produce more predictable results when drawing
,,,,,,,,,,/.4
,,,,,,,,,,,,,,,,, :\,. 2
Path geometry As drawn with pen width 10.0 As drawn with same
and inside-frame style attribute set properties, but simplified

Figure 4-7 shows the path geometry from Figure 4-6. When this path is drawn with a pen
width of 10.0 and the inside-frame style attribute set, the upper half of the path is inset,
but the lower half of the path is outset, because of the crossed contour. Simplifying the
shape uncrosses the contour, which results in both halves of the path shape being inset
when drawn.

For more examples of the effect of simplifying shapes on drawing, see the section
“Simplifying Shapes” beginning on page 4-33, as well as in the pen placement examples
in Chapter 3, “Geometric Styles,” in this book.
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The Primitive Form of Shape Geometries

QuickDraw GX provides a mechanism for incorporating the stylistic variations
contained in a style object directly into the geometry of a shape object. This mechanism is
the GXPri ni t i veShape function. When the geometry of a shape has its stylistic
variations incorporated into it, it is said to be in primitive form. Shapes in primitive
form include

» empty shapes and full shapes, which are described in Chapter 2, “Geometric Shapes”

» filled rectangle, polygon, and path shapes, which are also described in Chapter 2,
“Geometric Shapes”

» hairline framed shapes, which are described in Chapter 3, “Geometric Styles”
» glyph shapes, which are described in Inside Macintosh: QuickDraw GX Typography

Figure 4-8 shows a simple example of the GXPr i mi t i veShape function. This figure
shows a line geometry as drawn with a pen width of 10.0. Converting this line shape to
its primitive form results in a rectangle shape with an even-odd fill; the pen width has
been incorporated into the geometry of the shape.
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Figure 4-8 Simple example of the GXPri mi t i veShape function
0
Shape object
Type = gxLi neType e I
* Original line geometry As drawn
Geometry
Fill = gxOpenFr aneFi | |
Style » Style object
Ink Pen width = 10.0
Transform Cap=ni
Attributes Join=ni |
Owner count Dash =ni |
Tag list Pattern = ni |
Curve error =0
Attributes = default
@
@
o
3
| S 3
Shape object o
I ®
Type = gxPol ygonType Primitive rectangle As drawn g
Geometry geometry %
Fill = gxEvenCddFi | |
Style > Style object
Ink Pen width = 10.0
Transform Cap=ni |
Attributes Join=ni |
Owner count Dash = ni |
Tag list Pattern = ni |
Curve error =0
Attributes = default
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Figure 4-9 shows a more involved example—a line shape dashed with diamond-shaped
polygons. Converting this line shape to its primitive form results in a polygon shape
with multiple contours—one contour for each dash.
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Figure 4-9

More involved example of the GXPri m t i veShape function

Shape object

Type = gxLi neType

Geometry

Fill = gxOpenFr ameFi | |

Style

Ink

Transform

Attributes

Owner count

Tag list

Shape object

Type = gxPol ygonType

Geometry

Fill = gxEvenQddFi | |

Style

L

Ink

Transform

Attributes

Owner count

Tag list

Original line geometry

Style object

Pen width = 10.0

Cap=ni |

Join=ni |

Dash= ¢

Pattern = ni |

Curve error=0

Attributes = default

ol e R el

Primitive polygon
geometry

Style object

Pen width =10.0

Cap=ni |

Join=ni |

Dash = ¢

Pattern = ni |

Curve error =0

Attributes = default

L A 2B 2B <

As drawn

L A 2B 2B <

As drawn

About Geometric Operations

suoneladQ JBWO099 -



4-16

CHAPTER 4

Geometric Operations

Notice that, even though the geometry of the shape has changed significantly, the shape
appears the same when drawn. Also notice that the GXPri m t i veShape function
affects only the shape type, shape geometry, and shape fill of a shape—it does not affect
the shape’s associated style object. In the example in Figure 4-9, the result of the

GXPri mi ti veShape function has a pen width of 10.0 and dash shape. However,

since the shape fill was changed to even-odd fill, these aspects of the style are ignored
when the shape is drawn.

For a complete description of the primitive forms of shapes, see the reference description
of the GXPri mi t i veShape function, which is on page 4-79. For some examples that
demonstrate when it is necessary to use primitive shapes, see the descriptions of caps,
joins, dashes, and patterns in Chapter 3, “Geometric Styles,” in this book, and the
description of clip shapes in Inside Macintosh: QuickDraw GX Objects.

For programming examples illustrating shapes in their primitive form, see “Converting
a Shape to Primitive Form” beginning on page 4-38.

Geometric Information

QuickDraw GX lets you calculate specific geometric information about a shape, or about
the contour of a shape. You can

» find the length of all of a shape’s contours or of a particular contour of a shape
= locates the point that falls at a given distance along a particular contour of a shape

» calculates the area contained by the contours of a shape’s geometry or by a particular
contour of a shape’s geometry

» find the center point of a shape or of a particular contour of a shape

» find the bounding rectangle of a shape
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Figure 4-10 illustrates the geometric information you can obtain about a shape.

Figure 4-10 Geometric information available about a path shape

1 2
(0.0,0.0) B~ <=~ (20.0, 0.0)
<'>A |
(0.0,20.0) W---== S (20.0, 20.0) e
4 3
Path geometry Length = 64.51 Length to point
(0.0, 0.0) r j (20.0, 0.0
(0.0, 20.0) L J (20.0, 20.0)
Area = 333.33 Center point = (10.0, 10.0) Bounding rectangle

Notice in Figure 4-10 that, because the first point of the path shape is an off-curve control
point, the length-to-point operation starts its calculation at an initial on-curve point,
halfway between the original first and last points of the contour.
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QuickDraw GX also allows you to set the bounding rectangle of a shape, and therefore
move and scale the shape, as shown in Figure 4-11.

Figure 4-11 A path shape resized by changing its bounding rectangle

(0.0, 0.0) (0.0, 0.0)

(20.0, 20.0)

(40.0, 20.0)

Original shape with New bounding rectangle Shape after setting
bounding rectangle bounding rectangle

For programming examples of obtaining geometric information about shapes, see
“Finding Geometric Information About a Shape” beginning on page 4-41.

For programming examples of setting the bounding rectangle of a shape, see “Setting a
Shape’s Bounding Rectangle” beginning on page 4-47.

Touching and Containing

QuickDraw GX allows you to determine if the area enclosed by the contours of one
shape touch the area enclosed by the contours of another shape. You can also determine
if one shape’s area contains the area of another shape.

In particular, you can
» determine if a point touches the area enclosed by a rectangle

» determine if the area enclosed by the contours of a shape touches the area enclosed by
a rectangle

= determine if the areas of two shapes touch
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Figure 4-12 shows the results of testing to see whether pairs of different geometric
shapes touch. In this figure, a solid rectangle shape is tested for touching with both a
framed path and a solid path, and a solid path is tested for touching with a solid

polygon.

Figure 4-12 Testing whether one shape touches another

Solid rectangle,
framed path

Shapes do Shapes touch Shapes touch Shapes touch Shapes touch
not touch
Solid rectangle,
solid path
Shapes do Shapes touch Shapes touch Shapes touch Shapes touch
not touch

Solid path,
solid polygon
Shapes do Shapes touch Shapes touch Shapes touch Shapes do
not touch not touch

QuickDraw GX also allows you to determine whether or not
= one rectangle contains another
» arectangle contains the area covered by a shape

» the area covered by one shape contains the area covered by another shape.

About Geometric Operations
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Figure 4-13 shows the results of testing pairs of shapes to see if one shape contains
another.

Figure 4-13 Testing whether one shape contains another

Solid rectangle,
framed path

Rectangle does not Rectangle contains Rectangle contains Rectangle does not
contain circle circle circle contain circle

Solid rectangle,

solid path
Rectangle does not Rectangle contains Rectangle contains Rectangle does not
contain circle circle circle contain circle
Solid path,
solid polygon
Path does not Path contains Path does not Path does not
contain polygon polygon contain polygon contain polygon

Notice the first diagram in the third row of Figure 4-13. A shape does not contain another
shape if it merely surrounds the other shape; the area covered by the first shape as
drawn must contain the area of the second shape as drawn.

Note

QuickDraw GX defines empty shapes as touching no shapes and full

shapes as touching any shape except an empty shape. QuickDraw GX
also defines full shapes as containing any shape and empty shapes as
being contained by any shape except other empty shapes. O
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For programming examples of testing shapes for intersection, see “Determining Whether
Two Shapes Touch” beginning on page 4-53.

For programming examples of testing shapes for inclusion, see “Determining Whether
One Shape Contains Another” beginning on page 4-58.

Geometric Arithmetic

QuickDraw GX provides six different arithmetic operations that you can perform on
geometric shapes. These operations are: intersection, union, difference, reverse
difference, exclusion, and inversion. With these operations, you can

= find the intersection of two rectangles

= find the union of two rectangles

= find the area common to two shapes

= find the combined area of by two shapes

= find the area covered by one shape that is not also covered by another
= find the area covered by one shape or another, but not both

= find the area not covered by a shape

Figure 4-14 illustrates the first five of these arithmetic operations.

Figure 4-14 Geometric arithmetic with two solid shapes

4

Geometries Intersection Union

d 4

Difference Reverse difference Exclusion
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Figure 4-14 shows geometric arithmetic with two solid shapes. You can also perform
some geometric arithmetic on a filled shape and a solid shape, as shown in Figure 4-15.

Figure 4-15 Geometric arithmetic with a framed shape and a solid shape

o

Original shapes Intersection Difference

Figure 4-16 illustrates the geometic inversion—the area not covered by a shape. The
inverted shape extends to the limits of its clip shape or the limits of the view port to
which it is drawn.

Figure 4-16 Geometric inversion

. &

Geometry Inversion

For programming examples of geometric arithmetic, see “Performing Geometric
Arithmetic With Shapes” beginning on page 4-60.
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Using Geometric Operations

This section shows you how to apply geometric operations to shapes. In particular, this
section shows you how to

= determine and reverse the contour direction of a shape’s contours
» break a contour into multiple contours

» reduce and simplify the geometric description of a shape

» incorporate style information into a shape’s geometry

» obtain geometric information about a shape’s geometry, such as contour length and
area

s determine and alter the bounding rectangle of a shape

= inset a shape’s geometry

» determine if two shapes touch

» determine if one shape contains another

= perform geometric arithmetic, such as intersection and union, on shapes

Many of the sample functions in this section create geometric shapes, and to do so, they
specify geometric points for the shapes’ geometries. Since a geometric point contains two
fixed-point values, the sample functions in this section must convert integer constants

to fixed-point constants when specifying a geometric point. QuickDraw GX provides the
GXI nt ToFi xed macro, which performs this conversion by shifting the integer value 16
bits to the left:

#defi ne GXI nt ToFi xed(a) ((Fixed) (a) << 16)
QuickDraw GX also provides the f f macro as a convenient alias:
#define ff(a) GXlntToFi xed(a)

The f f macro is used throughout this section.

Determining and Reversing Contour Direction

The contours of geometric shapes have contour direction: either clockwise or
counterclockwise, as described in “Contours and Contour Direction” beginning on
page 4-4. QuickDraw GX allows you to determine the contour direction of a specific
contour of a shape and also allows you to change the direction of a shape’s contour by
reversing the order of the geometric points in the geometry defining the contour.
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The sample function in Listing 4-1 creates a polygon shape with two contours—one
having a clockwise contour direction and the other having a counterclockwise contour
direction.

Listing 4-1 Creating a polygon shape with two contours having opposite contour directions

4-24

voi d CreateConcentricTriangl es(void)

{
gxShape twoTri angl es;
long twoTriangl esGeonetry[] = {2, /* nunber of contours */
3, /* nunber of points */
ff(50), ff(200),
ff(110), ff(100),
ff(170), ff(200),
3, /* nunber of points */
ff(90), ff(178),
ff(130), ff(178),
ff(110), ff(145)};
twoTri angl es = GXNewPol ygons( (gxPol ygons *)
twoTri angl esGeonetry);
GXSet ShapeFi I | (twoTri angl es, gxWndingFill);
GXDr awShape(twoTri angl es) ;
GXDi sposeShape(twoTri angl es) ;
}
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The result of this sample function is shown in Figure 4-17.

Figure 4-17 A polygon shape whose two contours have opposite contour directions

2
3
1 2
1 3
Polygon geometry Drawn with winding fill

QuickDraw GX provides the GXGet ShapeDi r ect i on function to allow you to
determine the contour direction of a specific contour in a shape. This function takes two
parameters: the first parameter is a reference to the shape and the second parameter is
the index of the contour whose contour direction you want to find. In the example from
Listing 4-1, the first contour (the outer contour) has a clockwise contour direction.
Calling the function

GXCet ShapeDi recti on(twoTri angl es, 1);

returns the constant gxCd ockwi seDi recti on.

The second contour (the inner contour) has a counterclockwise direction. Calling the
function

GXCet ShapeDi recti on(twoTri angl es, 2);

returns the constant gxCount er cl ockwi seDi r ecti on.
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You can reverse the direction of a contour by reversing the order of the contour’s
geometric points. For this purpose, QuickDraw GX provides the GXRever seShape
function. This function also takes two parameters: a reference to the shape and the index
of the contour to reverse. Specifying 0 as the number of the contour to reverse causes the
GXRever seShape function to reverse all the contours of a shape. For example, you can
add the following function call to the sample function in Listing 4-1:

GXRever seShape(twoTri angl es, 0);

The result is shown in Figure 4-18.

Figure 4-18 A polygon shape with the direction of both contours reversed
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2
1
3 2
3 1
Polygon geometry Drawn with winding fill
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Since both contours are reversed in this example, the shape appears the same when
drawn as it did before the contours were reversed.

However, reversing only the inner contour of this polygon by calling
GXRever seShape(twoTri angl es, 2);

results in the polygon shown in Figure 4-19.

Figure 4-19 A polygon shape with the direction of the inner contour reversed

2
1
3 2
1 3
Polygon geometry Drawn with winding fill

Reversing the contour of a shape by calling the GXRever seShape function almost
always changes the result of the GXGet ShapeDi r ect i on function. One important
exception, however, is that line shapes always have a clockwise direction. The order of a
line shape’s geometric points does not affect the result of the GXGet ShapeDi r ect i on
function.

For a discussion of contour direction, see “Contours and Contour Direction” beginning
on page 4-4.

For more information about the GXGet ShapeDi r ect i on function, see page 4-68. For
more information about the GXRever seShape function, see page 4-70.
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Breaking Shape Contours

Polygon and path shapes can contain many contours. Each contour of a polygon shape
can be made up of many lines and each contour of a path shape can be made up of many
lines and curves.

QuickDraw GX provides a method for breaking a single contour of a polygon or path
shape into two contours at a specified geometric point in the original contour.

As an example, the sample function in Listing 4-2 creates a path shape with a single
contour. This contour contains six geometric points and is made up of a curve, a line, and
another curve.

Listing 4-2 Creating a path shape with a single contour

4-28

voi d Creat eSi ngl eCont our Pat h( voi d)

{
gxShape aPat hShape;
static | ong oneContourGeonetry[] = {1, /* nunber of contours */
6, /* nunmber of points */
0x48000000, /* 0100 1000 */
ff(100), ff(150), /* on */
ff(50), ff(100), /* off */
ff(100), ff(50), /* on */
ff(200), ff(50), /* on */
ff(250), ff(100), /* off */
ff(200), ff(150)};/* on */
aPat hShape = GXNewPat hs( (gxPat hs *) oneCont our Geonetry);
GXSet ShapeFi | | (aPat hShape, gxd osedFraneFill);
GXDr awShape( aPat hShape) ;
GXDi sposeShape( aPat hShape) ;
}
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The result of this function is shown in Figure 4-20.

Figure 4-20 A path shape with a single contour

2.// \\. 5

Path geometry As drawn with closed-frame fill

The GXBr eak Shape function allows you to break a single contour into two contours at a
specified geometric point. Adding the function call

GXBr eakShape( aPat hShape, 4);

to the sample function in Listing 4-2 breaks the single contour of the path shape into two
contours at the fourth geometric point, as shown in Figure 4-21.

Figure 4-21 A path shape broken into two contours

Contour 1 Contour 2

Path geometry As drawn with closed-frame fill
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After the call to the GXBr eak Shape function, the path shape has two contours, each
with three geometric points. Calling the function

GXCount ShapeCont our s( aPat hShape) ;

returns the value 2.

In addition to breaking the contours of polygon and path shapes, you can also use the
GXBr eak Shape function to break line shapes and curve shapes. For example, if the
variable aLi ne references a line shape, the function call

GXBr eakShape(aLi ne, 1);

converts the line shape to a polygon shape with two contours. The first contour is empty
(that is, it has no geometric points) and the second contour is the original line. Calling
the function

GXCount ShapeCont our s( aLi ne);

returns the value 2.

For a discussion of contours, geometric points, and the GXCount ShapeCont our s
function, see Chapter 2, “Geometric Shapes,” in this book.

You can also use the GXSet Pol ygonPar t s, GXSet Pat hPart s, and
GXSet ShapePar t s functions to break a shape’s contours. These functions are also
described in Chapter 2, “Geometric Shapes,” in this book.

For more information about the GXBr eak Shape function, see page 4-72.

Eliminating Unnecessary Geometric Points

There are many ways in which polygon and path shapes can contain more geometric
points than necessary to describe their underlying geometry. Two common examples are

» duplicate points—sequential points with the same coordinates

= colinear points—points that lie in a straight line between a preceding point and
subsequent point
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The sample function in Listing 4-3 creates a polygon shape with a single contour that has

six geometric points, two of which are unnecessary.

Listing 4-3 Creating a polygon with redundant geometric points

voi d ReduceUnnecessar yPoi nt s(voi d)

{
gxShape squar eShape;
static | ong paddedSquareCeonetry[] = {1, /* # of contours */
6, /* # of contours */
ff(50), ff(50),
ff(100), ff(50),
ff(150), ff(50),
ff(150), ff(150),
ff(150), ff(150),
ff(50), ff(150)};
squar eShape = GXNewPol ygons( (gxPol ygons *)
&paddedSquar eCeonet ry) ;
GXSet ShapeFi | | (squar eShape, gxEvenQddFill);
GXDr awShape( squar eShape) ;
GXDi sposeShape( squar eShape) ;
}

The resulting polygon shape is shown in Figure 4-22.

Figure 4-22 A polygon shape with unnecessary geometric points

2
le ° o3
6e .4
5
Polygon geometry As drawn with even-odd fill
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QuickDraw GX provides the GXReduceShape function so you can eliminate
unnecessary duplicate and colinear points. The GXReduceShape function takes two
parameters: a reference to the shape containing the contour whose unnecessary
geometric points you want to eliminate and an index specifying the contour itself. If you
supply the value 0 for the second parameter, the GXReduceShape function eliminates
unnecessary geometric points from all the contours of a shape.

As an example, adding the function call
GXReduceShape( squar eShape, 0);

to the sample function in Listing 4-3 results in the polygon shape shown in Figure 4-23.

Figure 4-23 A polygon shape with the unnecessary geometric points removed

4-32
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4e ®3

Polygon geometry As drawn with even-odd fill

The unnecessary duplicate geometric point and the unnecessary colinear geometric point
are gone, but the polygon still appears the same when drawn. Although the resulting
geometry could be described by a rectangle shape, the shape in this example remains a
polygon shape. The GXReduceShape function does not convert the shape type of the
original shape. (However, the GXSi npl i f yShape function, shown in the next section,
does convert shape type, when possible.)

The GXReduceShape function considers two points to be duplicate points if they are
within the distance from each other specified by the curve error property of the shape’s
style object. See Chapter 3, “Geometric Styles,” in this book for a discussion of curve
error.

For a discussion of geometric points, see Chapter 2, “Geometric Shapes,” in this book.

For more information about the GXReduceShape function, see page 4-74.
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Simplifying Shapes

In addition to unnecessary geometric points, there are other aspects of shape geometries
that complicate the definition and drawing of a shape. Some examples are:

» an unnecessary contour break, where an open-framed contour ends on the same point
where the subsequent contour begins

= a crossed contour, where a contour crosses over itself or another contour of the same
shape

= overlapping contours, where inner contour loops have the same contour direction as
the contour that contains them

The sample function in Listing 4-4 creates a polygon shape with a single contour that
crosses over itself.

Listing 4-4 Creating a polygon shape with a crossed contour

voi d Creat eHour gl assPol ygon(voi d)

{
gxShape aPol ygonShape;
static | ong hourglassCGeonetry[] = {1, /* nunber of contours */
4, [* nunmber of points */
ff(50), ff(50),
ff(150), ff(50),
ff(50), ff(150),
ff(150), ff(150)};
aPol ygonShape = GXNewPol ygons( ( gxPol ygons *)
hour gl assCGeonetry);
GXSet ShapeFi | | (aPol ygonShape, gxC osedFraneFill);
GXDr awShape( aPol ygonShape) ;
GXDi sposeShape( aPol ygonShape) ;
}
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The resulting polygon shape is shown in Figure 4-24.

Figure 4-24 A polygon shape with a crossed contour

Polygon geometry

QuickDraw GX provides the GXSi npl i f yShape function so you can eliminate
unnecessary contour breaks, crossed contours, and overlapping contours. This function
takes one parameter: a reference to the shape you want to simplify.

As an example, adding the function call
GXSi npl i f yShape(aPol ygonShape) ;

to the sample function in Listing 4-4 creates the polygon shown in Figure 4-25.

Figure 4-25 A polygon shape with no crossed contours

1 2
Contour 1
Contour 2
3 2
Simplified polygon geometry
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Notice that although this polygon shape is simplified, it contains more geometric points
and more contours than the original polygon. However, the crossed contour is
eliminated.

As another example, the sample function in Listing 4-5 creates a path shape with two
concentric contours: an outer contour and an inner contour, both of which have a
clockwise contour direction.

Listing 4-5 Creating a path shape with two clockwise contours

voi d CreateConcentri cPat hs(voi d)

{

gxShape aPat hShape;

static long twoCircleCeonetry[] = {2, /* # of contours */
4, [* # of points */
OxFO00000O0, /* 1111 ... */
ff(50), ff(50), [* off */
ff(150), ff(50), [/* off */
ff(150), ff(150), /* off */
ff(50), ff(150), [* off */
4, [* # of points */
OxFO00000O0, /* 1111 ... */
ff(65), ff(65), [* off */
ff(135), ff(65), [/* off */
ff(135), ff(135), /* off */
ff(65), ff(135)}; /* off */

aPat hShape = GXNewPat hs((gxPaths *) twoCircl eCeonetry);

GXSet ShapeFi | | (aPat hShape, gxEvenCQddFill);

GXDr awShape( aPat hShape) ;

GXDi sposeShape( aPat hShape) ;

}
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Figure 4-26 shows the result of this sample function.

Figure 4-26 A path shape with two concentric clockwise contours and even-odd shape fill

Path geometry As drawn with even-odd fill

Applying the GXSi npl i f yShape function to the path shape in Figure 4-26 reverses the
contour direction of the inner contour, so that it is no longer an overlapping contour with
the same contour direction. The result is shown in Figure 4-27.

Figure 4-27 A path shape with two concentric contours with opposite contour direction

Simplified path geometry As drawn with even-odd fill
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However, imagine that the path shape defined in Listing 4-5 originally had a winding
fill, as shown in Figure 4-28.

Figure 4-28 A path shape with two concentric clockwise contours and winding shape fill

Path geometry As drawn with winding fill

In this case, the GXSi npl i f yShape function removes the inner contour entirely, as it
not necessary to describe the shape as drawn. The result is shown in Figure 4-29.

Figure 4-29 A path shape simplified to a single clockwise contour

Simplified path geometry As drawn with winding fill

The GXSi npl i f yShape function can change the shape type of a shape, as well the
geometry of shape, if the shape can be expressed by a simpler shape type. For exampl
polygon shape is converted to a rectangle shape or a line shape, if possible. Similarly,
path shape is converted to a polygon shape if it has no off-curve control points.

is

e a
a

For a discussion of shape fills and contour direction, see Chapter 2, “Geometric Shapes,”

in this book.
For more information about the GXSi npl i f yShape function, see page 4-76.
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Converting a Shape to Primitive Form

QuickDraw GX requires that certain shapes (such as cap shapes, join shapes, dash
shapes, pattern shapes, and clip shapes) be in primitive form—that is, they must have all
of their style modifications incorporated into their geometries. Before you set a cap
shape, join shape, dash shape, and so on, you must ensure that the shape is in primitive
form.

As an example of converting a shape to primitive form, the sample function in
Listing 4-6 creates a polygon shape that is not in primitive form. The polygon has one
contour, a closed-frame shape fill, and a pen width of 15.0.

Listing 4-6 Creating an hourglass polygon shape with a thick pen width

4-38

voi d Creat eHour gl assPol ygon(voi d)

{

gxShape aPol ygonShape;

gxJoi nRecord theJoi nRecor d;

static | ong hourglassCGeonetry[] = {1, /* nunber of contours */
4, [* nunmber of points */
ff(50), ff(50),
ff(150), ff(50),
ff(50), ff(150),
ff(150), ff(150)};

aPol ygonShape = GXNewPol ygons( (gxPol ygons *)

hour gl assCGeonetry);

GXSet ShapeFi | | (aPol ygonShape, gxC osedFraneFill);

GXSet ShapePen( aPol ygonShape, ff(15));

t heJoi nRecord. attri butes = gxSharpJoi n;

t heJoi nRecord.join = nil;

t heJoi nRecord. miter = gxPositivelnfinity;

GXSet ShapeJoi n( aPol ygonShape, &t heJoi nRecord);

GXDr awsShape( aPol ygonShape) ;

GXDi sposeShape( aPol ygonShape) ;

}
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The result of this sample function is shown in Figure 4-30.

Figure 4-30 A hourglass-shaped polygon with a thick border

Polygon geometry As drawn with pen width 15.0

The polygon shape defined in Listing 4-6 is not in primitive form because an element
of the polygon’s style (the pen width) is not incorporated into the polygon’s geometry.

QuickDraw GX provides the GXPri ni t i veShape function so you can incorporate the
elements of a shape’s style into the shape’s geometry. For example, adding the function
call

GXPrim tiveShape(aPol ygonShape);

to the sample function in Listing 4-6 creates the polygon shown in Figure 4-31.

Figure 4-31 A polygon shape with style information incorporated into its geometry

Primitive geometry As drawn with winding fill
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As shown in Figure 4-31, the GXPri mi t i veShape function has incorporated the pen
width into the geometry of the polygon; the resulting polygon has two contours whereas
the original had one, and the resulting polygon has a winding fill instead of a
closed-frame fill.

Notice that the primitive form of this polygon is not simplified because the
GXPri m ti veShape function does not simplify its result. You can simplify the result of
this function by calling

GXSi npl i f yShape(aPol ygonShape) ;
Figure 4-32 shows the resulting shape—the primitive form of the polygon with no

crossed or overlapping contours.

Figure 4-32 The primitive form of the polygon shape after simplification

4-40
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Simplified primitive geometry As drawn with pen width 15.0

The polygon shape now has three contours—which do not cross or overlap—and yet it
appears the same as the original polygon shape when drawn.

For a discussion of style modifications and more examples of the GXPr i mi t i veShape
function, see Chapter 3, “Geometric Styles,” in this book.

For more information about the GXPr i mi t i veShape function, see page 4-79.
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Finding Geometric Information About a Shape

QuickDraw GX provides a number of functions that allow you to determine geometric
information about a shape, such as the length of a contour or the area covered by a shape.

The sample function in Listing 4-7 creates a path shape with two concentric contours, the
outer contour having a clockwise contour direction and the inner contour having a
counterclockwise contour direction. This path shape is used in subsequent sections to
illustrate the geometric information functions.

Listing 4-7 Creating a path shape with two contours having opposite contour directions

voi d CreateConcentricCi rcles(void)

{
gxShape aPat hShape;
static long twoC rcleCGeonetry[] = {2, /* nunber of contours */
4, [* nunmber of points */
0xF0000000, /* 1111 ... */
ff(50), ff(50), [* off */
ff(150), ff(50), [/* off */
ff(150), ff(150), /* off */
ff(50), ff(150), [/* off */
4, /* nunmber of points */
0xF0000000, /* 1111 ... */
ff(65), ff(135), [* off */
ff(135), ff(135), /* off */
ff(135), ff(65), [* off */
ff(e5), ff(65)};, [/* off */
aPat hShape = GXNewPat hs((gxPaths *) twoC rcl eGeonetry);
GXDr awShape( aPat hShape) ;
GXDi sposeShape( aPat hShape) ;
}
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The resulting shape geometry is shown in Figure 4-33.

Figure 4-33 A path with an outer clockwise contour and an inner counterclockwise contour

Path geometry

Finding the Length of a Contour

QuickDraw GX provides the GXGet ShapeLengt h function so you can measure the
length of a contour. This function takes three parameters: a reference to the shape
containing the contour you want to measure, an index indicating which contour you
want to measure, and a pointer to a variable of type gxW de to store the result.

For example, if you add the declaration

gxW de | engt h;

and the function call

GXGet ShapelLengt h( aPat hShape, 1, & ength);

to the sample function in Listing 4-7, the value returned in the | engt h parameter is
approximately 322.543, which is the length (the circumference) of the outer contour.

For more information about the GXGet ShapeLengt h function, see page 4-83.

Finding the Point at a Certain Distance Along a Contour

QuickDraw GX provides the GXShapeLengt hToPoi nt function that allows you to
calculate the position of the point that falls at a specified distance along a contour. This
function also calculates the tangent of the contour at that point.
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As an example, adding the function call

GXShapelLengt hToPoi nt (aPat hShape, 1, ff(120),
& hePoi nt, & heDirection);

to the sample function in Listing 4-7 determines the point that falls along the first
contour at a distance of 120.0 points from the start of the contour, and stores the resulting
point in the t hePoi nt parameter. Also, in the t heDi r ect i on parameter, this function
stores a tangent vector indicating the direction of the contour at that point.

The result of this function is shown in Figure 4-34.

Figure 4-34 Finding a specified point on a path contour

Distance of
120 points .-~

(0.0,0.0) (1.0,0.0)

(.7255, .6884)
(0.0, 1.0)

Direction of tangent

For more information about the GXShapeLengt hToPoi nt function, see page 4-85.

Finding the Bounding Rectangle and Center Point of a Shape

QuickDraw GX provides functions for finding the bounding rectangle of a shape and the
center point of a shape. The bounding rectangle is the smallest rectangle that contains
the shape. The center point of a shape is not the center of the shape’s bounding rectangle;
rather it is the “center of gravity” of a shape. QuickDraw GX guarantees that the center
point of a shape remains the same even if the shape is rotated.

You can use the GXGet ShapeBounds function to find the bounding rectangle of a shape.
As an example, if you apply the function

GXGet ShapeBounds( aPat hShape, 0, &t heBounds);

to the path shape from Listing 4-7, the result is a rectangle with the coordinates (50.0,
50.0, 150.0, 150.0). Similarly, if you apply the function

GXGet ShapeCent er (aPat hShape, 0, &t hePoint);

to the same path shape, the result is the point: (100.0, 100.0).
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The results of these functions are depicted in Figure 4-35.

Figure 4-35 Finding the bounding rectangle and the center point of a path

Bounding rectangle

@ Center point

If you move the inner contour of the path shape to right, the center point moves to the
right as well, effectively moving with the combined “center of gravity” of the two
contours, as shown in Figure 4-36.

Figure 4-36 Finding the center point of two contours

4-44

Center point

Notice that the center point lies somewhere between the center of the outer contour and
the center of the inner contour.

For more information about the GXGet ShapeBounds function, see page 4-90. For more
information about the GXGet ShapeCent er function, see page 4-87.
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Finding the Area of a Shape

QuickDraw GX provides the GXGet ShapeAr ea function so you can determine the area
covered by a shape.

With the path shape from Listing 4-7 (on page 4-41), applying the function
GXCGet ShapeAr ea( aPat hShape, 1, &t heArea);

results in the value 4250.0. This value represents the area of the outer contour minus the
area of the inner contour, as shown in Figure 4-37.

Figure 4-37 Finding the area of a path, two contours with same contour direction

g

|
e

Path geometry Areaincluded in Get ShapeAr ea result

In effect, the function finds the area covered by the shape as if it were filled with the
winding shape fill.

Therefore, if you reverse the direction of the inner contour of this path with the function
call

GXRever seShape( aPat hShape, 2);
then the function call

GXGet ShapeAr ea( aPat hShape, 1, &theArea);

results in the value 12416.6666. This value represents the area of the outer contour plus
the area of the inner contour—the area covered by the inner contour is counted twice.
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The area included in this calculation is depicted in Figure 4-38.

Figure 4-38 Finding the area of a path, two contours with opposite contour direction

Area of
outer contour

plus

Area of
inner contour

equals

Total area

Path geometry Areaincluded in Get ShapeAr ea result

Note that the GXGet ShapeAr ea function does not consider the shape fill when
calculating area—it includes this overlapping area twice whether the shape fill is
winding fill, even-odd fill, open-frame fill, or closed-frame fill.

You can correct this calculation by calling the GXSi npl i f yShape function first. For
example, if you set the shape fill to winding fill with the function call

GXSet ShapeFi | | (aPat hShape, gxW ndi ngFill);
and then call the GXSi npl i f yShape function:
GXSi npl i f yShape( aPat hShape) ;

the GXSi npl i f yShape function removes the inner contour, as shown in Figure 4-39.

Figure 4-39 Finding the area of a simplified path

4-46

Simplified path geometry Area included in Get ShapeAr ea result
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Once this inner contour is removed, you can call the GXCet ShapeAr ea function, and
the area of the original outer contour (8333.3333) is returned.

For more information about the GXGet ShapeAr ea function, see page 4-88.

Setting a Shape’s Bounding Rectangle

The GXGet ShapeBounds function, illustrated on page 4-44, allows you to determine the
bounding rectangle of a shape. Similarly, the GXSet ShapeBounds function allows you
to alter the bounding rectangle of a shape, thereby scaling the shape to a new size and
moving it to a new location.

As an example, the sample function in Listing 4-8 creates a path with a single circular
contour.

Listing 4-8 Creating a circular path

voi d CreateCrcul arPat h(voi d)

{
gxShape aPat hShape;
static long circularCeonetry[] = {1, /* # of contours */
4, [* # of points */
0xF0000000, /* 1111 ... */
ff(50), ff(50), [* of f */
ff(150), ff(50), [/* off */
ff(150), ff(150), /* off */
ff(50), ff(150)}; /* off */
aPat hShape = GXNewPat hs((gxPaths *) circul ar Geonetry);
GXDr awShape( aPat hShape) ;
GXDi sposeShape( aPat hShape) ;
}
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The result of this function is shown in Figure 4-40.

Figure 4-40 A circular path

Path geometry As drawn with even-odd fill

The bounding rectangle of this shape, which you can determine by calling
GXGet ShapeBounds( aPat hShape, 0, &t heBounds);

is (50.0, 50.0, 150.0, 150.0). You can move and resize this shape by declaring a new
bounding rectangle

gxRect angl e newBounds = {ff(60), ff(60), ff(110), ff(110)};

and then calling the function

GXSet ShapeBounds( aPat hShape, &newBounds);

The geometry of the altered shape is centered around the point (85.0, 85.0) and is smaller

than the original shape, as showin in Figure 4-41.

Figure 4-41 A circular path after bounding rectangle changed

4-48

Path geometry after

. . As drawn with even-odd fill
changing bounding rectangle
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In this example, the GXSet ShapeBounds function actually alters the geometry of the
original shape. If you call

GXGet ShapeAr ea( aPat hShape, 0, &theArea);

the area returned in the t heAr ea parameter reflects the area of the new, smaller,
geometry.

However, if you set the gxMapTr ansf or nShape shape attribute of the path shape
before setting the shape bounds, QuickDraw GX moves and resizes the shape by
changing the information in the shape’s transform—not by changing the geometric
points of the shape’s geometry. In this case, calling the GXCGet ShapeAr ea function,
which examines only a shape’s geometry and ignore its transform mapping, results
in the area of the original geometry. The result of declaring a new bounding rectangle
and then calling

GXSet ShapeAtt ri but es(aPat hShape,
GXGet ShapeAtt ri but es(aPat hShape) |
gxMapTr ansf or mShape) ;

GXSet ShapeBounds( aPat hShape, &newBounds);
GXGet ShapeAr ea( aPat hShape, 0, &theArea);

is shown in Figure 4-42.

Figure 4-42 A path shape with a transform mapping

Path geometry examined Mapping applied to As drawn with
by GXCet ShapeAr ea geometry even-odd fill

For more information about the GXSet ShapeBounds function, see page 4-92. For more
information about the GXGet ShapeBounds function, see page 4-90.

For more information about the gxMapTr ansf or nShape shape attribute, see the
chapter “Shape Objects” and the chapter “Transform Objects” of Inside Macintosh:
QuickDraw GX Objects.
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Insetting Shapes

Whereas the GXSet ShapeBounds function, illustrated in the previous section, provides
a way to scale a shape, the GXI nset Shape function provides a way to resize a shape
relative to its original contours.

The sample function in Listing 4-9 creates a curve shape to use as an example.

Listing 4-9 Creating a tight curve shape

4-50

voi d Creat eATi ght Curve(voi d)

{
gxShape curveShape;
const gxCurve tightCurveCeonetry = {ff(90), ff(200),
ff(110), ff(0),
ff(120), ff(200)};
curveShape = GXNewCurve( &t i ght CurveCeonetry);
GXSet ShapeFi I | (curveShape, gxOpenFrameFill);
GXDr awShape( cur veShape) ;
GXDi sposeShape( cur veShape) ;
}
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The result of this function is shown in Figure 4-43.

Figure 4-43 A tight curve

If you apply
GXl nset Shape(curveShape, ff(10));

to this curve, the function insets the curve a distance of 10.0 points from the original
geometry, as shown in Figure 4-44. The resulting shape is a path shape with 16 geometric
points.

Figure 4-44 An inset curve shape
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You can use a shape’s curve error to control the number of geometric points in the shape
resulting from the inset operation. The result of the GXI nset Shape function has no two
consecutive points closer than the distance indicated by the shape’s curve error.

The GXI nset Shape function considers the contour direction when calculating an inset
contour. For example, if you use

GXRever seShape( cur veShape, 1);
to reverse the direction of the curve from Listing 4-9 before you inset the curve, the

resulting path shape is actually outset from the original curve, as shown in Figure 4-45.

Figure 4-45 An outset curve

4-52

The contours created by the GXI nset Shape function lie to the right of the original
contours if you specify a positive distance and to the left of the original contours if you
specify a negative distance. You can alter this behavior by setting the auto-inset style
attribute, as described in Chapter 3, “Geometric Styles,” in this book.

For more information about the GXI nset Shape function, see page 4-94.
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Determining Whether Two Shapes Touch

QuickDraw GX provides three functions to help you determine whether the areas of two
shapes touch—that is, whether they intersect, even at a single point.

The GXTouchesRect angl ePoi nt function determines whether a point lies within
the boundaries of a rectangle.

The GXTouchesBounds Shape function determines whether the area covered by a
shape touches the area covered a rectangle.

The GXTouchesShape function determines whether one shape touches another shape

This section shows examples of using the GXTouches Shape function. The sample
function in Listing 4-10 defines a rectangle and a circular path shape to use for these
examples.

Listing 4-10 Creating a rectangle and a circular path shape

voi d Creat eBoxedCircl e(void)

{

gxShape alLargeGircle;

static gxRectangl e | argeBounds = {ff(50), ff(50),
ff(150), ff(150)};

static long largeCircleCGeonetry[] = {1,/* nunber of contours */
4,/* nunber of points */
0xF0000000, /* 1111 ... */
ff(50), ff(50), [* off */
ff(150), ff(50), /* off */
ff(150), ff(150),/* off */
ff(50), ff(150)};/* off */

aLargeCircle = GXNewPat hs((gxPaths *) |argeGCircl eGeonetry);
GXSet ShapeFi | | (aLargeCircle, gxd osedFraneFill);

GXDr awRect angl e( & ar geBounds, gxC osedFraneFill);
GXDr awsShape(aLargeCircl e);
GXDi sposeShape(aLargeCircle);
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The result of this function is shown in Figure 4-46.

Figure 4-46 A rectangle containing a circular path

o
]

Geometries

You can call the GXTouchesBounds Shape function to test whether the rectangle and
the path shape defined in Listing 4-10 touch:

GXTouchesBoundsShape( & ar geBounds, alLargeCircle)

This function call returns t r ue; the area of the rectangle does intersect the area of the

path.
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When calculating whether a rectangle and a shape intersect, the

GXTouchesBounds Shape function assumes that the rectangle has an even-odd shape
fill. The following code defines another, smaller, path shape to test for intersection with
the rectangle defined in Listing 4-10:

gxShape aSmal | G rcl e;

static long small CircleGeonetry[] = {1, /* nunber of contours */
4, [* nunber of points */
0xF0000000,
ff(65), ff(65), [* off */
ff(135), ff(65), /* off */
ff(135), ff(135),/* off */
ff(65), ff(135)};/* off */

asSmal | CGircle = GXNewPat hs((gxPaths *) small G rcl eGeonetry);
GXSet ShapeFi |l | (aSmal | Circle, gxd osedFraneFill);

The call
GXTouchesBoundsShape( & ar geBounds, aSmal | Circle);
returns t r ue because the smaller path shape touches the area contained by the rectangle,

as shown in Figure 4-47.

Figure 4-47 A rectangle that touches a circular path shape

Geometries
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The GXTouchesBounds Shape function returns t r ue even if the rectangle and the path
shape share only an edge or even a single point. For example, if you move the small
circle to the right by a distance of 85.0 points by calling

GXMoveShape(aSmal | Circle, ff(85), 0);
as depicted in Figure 4-48, then the call
GXTouchesBoundsShape( & ar geBounds, aSmal | Circle)

still returns t r ue.

Figure 4-48 A rectangle and a circular path touching at a single point

Geometries

The GXTouches Shape function works similarly to the GXTouchesBounds Shape
function, but it determines whether any two shapes intersect.
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As an example, if you give the path shapes defined earlier in this section the even-odd
shape fill by calling

GXSet ShapeFi | | (aLargeCi rcle, gxEvenOddFill);
GXSet ShapeFil | (aSmal | Circle, gxEvenOddFill);

then the call
GXCont ai nsShape(aLargeCircle, aSmallCircle)
returns t r ue; the small path intersects the area contained in the large path, as shown in

Figure 4-49.

Figure 4-49 A large circular path shape touching a smaller circular path shape

Larger path geometry Smaller path geometry As drawn

For information about the GXTouchesRect angl ePoi nt function, see page 4-96. For
more information about the GXTouchesBounds Shape function and the
GXTouchesShape function, see page 4-97 and page 4-98, respectively.

Using Geometric Operations 4-57

suoneladQ JBWO099 -



CHAPTER 4

Geometric Operations

Determining Whether One Shape Contains Another

QuickDraw GX also provides three functions to help you determine whether one area
contains another:

= The GXCont ai nsRect angl e function determines whether one rectangle contains
another.

= The GXCont ai nsBoundsShape function determines whether the area covered by a
rectangle contains the area covered by a shape.

= The GXCont ai nsShape function determines whether the area covered by one shape
contains the area covered by another shape.

The sample function in Listing 4-11 creates a small circular path and a larger,
donut-shaped path to test for containment.

Listing 4-11 Creating a path shape with two contours and a smaller concentric rectangle shape

voi d CreateMultipl ePat hs(voi d)

{
gxShape twoCircl eShape, snal | Squar eShape

static rectangl e small SquareCGeonetry[] = {ff(90), ff(90),
ff(110), ff(110)};

static long twoCrcleCGeonetry[] = {2, /* # of contours */
4, [* # of points */
0xF0000000, /* 1111 ... */
ff(50), ff(50),
ff(150), ff(50),
ff(150), ff(150),
ff(50), ff(150),
4, [* # of points */
0xF0000000, /* 1111 ... */
ff(65), ff(65),
ff(65), ff(135) ,
ff(135), ff(135),
ff(135), ff(65)};

twoGi rcl eShape = GXNewPat hs((gxPaths *) twoCircl eGeonetry);
GXSet ShapeFi | | (twoCi rcl eShape, gxEvenQddFill);
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snal | Squar eShape = GXNewRect angl e( &nmal | Squar eGeonetry) ;
GXSet ShapeFi | | (smal | Squar eShape, gxEvenCOddFill);

GXDr awsShape(t woCi r cl eShape) ;

GXDi sposeShape(twoCi rcl eShape) ;

GXDr awShape( smal | Squar eShape) ;

GXDi sposeShape( snal | Squar eShape) ;
}

The results of this sample function are shown in Figure 4-50.

Figure 4-50 A path shape with two contours and a smaller concentric rectangle shape

Path and rectangle geometries As drawn with even-odd fill

Since the GXCont ai nsShape function considers shape fill when calculating whether
one shape contains another, the following function call:

GXCont ai nsShape(twoCi r cl eShape, snall erCircl eShape);

returns f al se; the area covered by the larger path does not contain the area covered by
the smaller path.

For more information about the GXCont ai nsShape function, see page 4-103.

The functions GXCont ai nsRect angl e and GXCont ai nsBounds Shape work similarly
to the GXCont ai nsShape function, except the input parameters to these functions are
rectangle geometries, rather than shapes. The GXCont ai nsRect angl e function
compares two rectangle geometries and the GXCont ai nsBounds Shape compares a
rectangle geometry to a shape.

For more information about the GXCont ai nsRect angl e function and the
GXCont ai nsBoundsShape function, see page 4-100 and page 4-101, respectively.
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Performing Geometric Arithmetic With Shapes

QuickDraw GX provides six arithmetic operations you can apply to geometric shapes:
union, intersection, difference, reverse difference, exclusion, and inversion.

To illustrate these operations, the sample function in Listing 4-12 creates two shapes: a
diamond-shaped polygon and a circular path.

Listing 4-12 Creating a diamond-shaped polygon and a circular path that intersect

4-60

voi d Creat eDi anondAndGi rcl e(voi d)

{

gxShape di anondShape, circl eShape;

static long circleCGeonetry[] = {1, /* nunber of contours */
4, [* nunmber of points */
0xF0000000, /* 1111 ... */
ff(100), ff(100), /* off */
ff(200), ff(100), /* off */
ff(200), ff(200), /* off */
ff(100), ff(200)}; /* off */

static | ong di anondGeonetry[] = {1, /* nunber of contours */
4, /* nunmber of points */
ff(50), ff(150),
ff(100), ff(100),
ff(150), ff(150),
ff(100), ff(200)};

di anmondShape = GXNewPol ygons( (gxPol ygons *) di anondGeonetry);
ci rcl eShape = GXNewPat hs((gxPaths *) circl eCeonetry);

GXDr awShape( di anondShape) ;

GXDi sposeShape( di anmondShape) ;

GXDr awShape( ci rcl eShape) ;
GXDi sposeShape(circl eShape) ;
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The resulting shapes are shown in Figure 4-51.

Figure 4-51 A diamond-shaped polygon geometry and a circular path geometry

Polygon and path geometries

The GXI nt er sect Shape function finds the area common to two shapes. This function
takes two parameters—the shapes to intersect—and stores the result in the first
parameter.

If you apply the GXI nt er sect Shape function to the diamond-shaped polygon and the
circular path from Listing 4-12 by calling

GXl nt er sect Shape( di anondShape, circl eShape);
GXDr awShape( di anondShape) ;

you get the resulting shape shown in Figure 4-52.

Figure 4-52 The intersection of a diamond-shaped polygon and a circular path

Geometry As drawn with even-odd fill
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Implementation Note

Due to a implementation limit with QuickDraw GX version 1.0, you can
find the intersection of two framed shapes only if the shapes are points,
lines, or curves. You can, however, find the intersection of a framed
shape and a filled shape; the intersection is the part of the framed shape
contained in the filled shape. In this case, the target shape must be the
framed shape and the operand shape must be the filled shape. O

You can find the intersection of two rectangle geometries—without having to
encapsulate those geometries into shapes—using the GXI nt er sect Rect angl e
function, which is described on page 4-105. Similarly, you can find the union of two
rectangle geometries (which is the considered to be the smallest rectangle that contains
them both) using the GXUni onRect angl e function, which is described on page 4-106.

The GXUni onShape function combines the areas covered by two shapes. This function
also takes two parameters—the shapes to combine—and stores the result in the first
parameter.

If you apply the GXUni onShape function to the diamond-shaped polygon and the
circular path from Listing 4-12 by calling

GXUni onShape( di anmondShape, circl eShape);
GXDr awShape( di anondShape) ;

you get the resulting shape shown in Figure 4-53.

Figure 4-53 The union of a diamond-shaped polygon and a circular path

Geometry As drawn with even-odd fill

4-62

Although you cannot find the union of a framed shape and a solid shape, you can find
the union of two framed shapes. If the diamond-shaped polygon and the circular path
from Listing 4-12 had closed-frame fills, the resulting union would appear as shown in
Figure 4-54.
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Figure 4-54 The union of a framed diamond-shaped polygon and a circular path

Geometry As drawn with closed-frame fill

The GXDi f f er enceShape function subtracts the area of one shape from the area of
another. This function takes two parameters—the shape to subtract from and the shape
to subtract—and stores the result in the first parameter.

If you apply the GXDi f f er enceShape function to the diamond-shaped polygon and
the circular path from Listing 4-12 by calling

GXDi f f er enceShape( di anondShape, circl eShape);
GXDr awShape( di anondShape) ;

you get the resulting shape shown in Figure 4-55.

Figure 4-55 The result of subtracting a circular path from a diamond-shaped polygon

Geometry As drawn with even-odd fill
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The GXRever seDi f f er enceShape function is similar to the GXDi f f er enceShape
function, except the GXRever seDi f f er enceShape function subtracts the first
parameter from the second parameter. Like GXDi f f er enceShape, it also stores the
result in the first parameter.

If you apply the GXRever seDi f f er enceShape function to the diamond-shaped
polygon and the circular path from Listing 4-12 by calling

GXRever seDi f f er enceShape( di anobndShape, circl eShape);
GXDr awShape( di anondShape) ;

you get the resulting shape shown in Figure 4-56.

Figure 4-56 The result of subtracting a diamond-shaped polygon from a circular path

Geometry As drawn with even-odd fill

The GXExcl udeShape function performs the exclusive-OR operation on the areas of
two shapes—that is, it finds the area that is covered by one shape or the other, but not by
both shapes.
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If you apply the GXExcl udeShape function to the diamond-shaped polygon and the
circular path from Listing 4-12 by calling

GXExcl udeShape( di anondShape, circl eShape);
GXDr awShape( di anondShape) ;

you get the resulting shape shown in Figure 4-57.

Figure 4-57 The result of the exclusive-OR operation on a polygon and a path

Geometry As drawn with even-odd fill

Finally, QuickDraw GX provides the GXI nver t Shape function which inverts the area
covered by a shape—that is, the resulting shape covers all of the area not covered by the
original shape. This function takes one parameter—the shape to invert—and stores the
result in this parameter.
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If you apply the GXI nver t Shape function to the diamond-shaped polygon from
Listing 4-12 by calling

GXl nvert Shape(di anondShape) ;

you get the resulting shape shown in Figure 4-58. Notice that this shape extends to the

full extent of its view port.

Figure 4-58 An inverted diamond

E————————— Diamond

For more information about these arithmetic operations, see the function descriptions in
“Performing Geometric Arithmetic With Shapes” beginning on page 4-104.
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Geometric Operations Reference

QuickDraw GX allows you to determine geometric information about and perform
geometric manipulations on shapes. This section describes the data types and functions
that are related to these operations.

Constants and Data Types

This section describes the enumeration QuickDraw GX uses to specify information about
contour direction.

Contour Directions

QuickDraw GX assigns a contour direction to every contour in a shape: contours are
either clockwise or counterclockwise.

Contour directions are specified by the gxCont our Di r ect i ons enumeration, which is
defined as follows:

enum gxCont our Di recti ons {
gxCount er cl ockwi seDi recti on,
gxCl ockwi seDi rection

b

t ypedef |ong gxContourDirection;

Constant descriptions
gxCount er cl ockwi seDi rection
A counterclockwise contour direction.
gxCl ockwi seDi rection
A clockwise contour direction.
For more information about the contours of the various geometric shapes, see Chapter 2,
“Geometric Shapes,” in this book.

For more information about contour direction, see “Contours and Contour Direction”
beginning on page 4-4.

For more information about how QuickDraw GX uses contour direction, see the
description of the GXRever seShape function on page 4-70.
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QuickDraw GX provides functions you can call to perform geometric operations on
geometric shapes and their geometries. This section includes descriptions of the
functions that allow you to

= determine and alter the contour direction of a shape’s contours
= reduce and simplify a shape’s geometry

= incorporate style information into a shape’s geometry

= Obtain geometric information about a shape’s geometry

= determine and alter the bounding rectangle of a shape

= inset a shape’s geometry

= perform geometric arithmetic on shapes

Determining and Reversing Contour Direction

The contours of geometric shapes have a contour direction: clockwise or
contourclockwise. The following factors determine the contour direction of a contour:

» the order and position of the geometric points that make up the contour

» the contour’s relative position to other contours in the shape if the shape has multiple
contours

For a discussion of geometric points, see Chapter 2, “Geometric Shapes,” in this book.

The GXGet ShapeDi r ect i on function allows you to determine the contour direction of
a specified contour of a shape.

The GXRever seShape function allows you to reverse the order of the geometric points
that define a contour and therefore reverse the contour’s direction.

GXGetShapeDirection

4-68

You can use the GXGet ShapeDi r ect i on function to determine whether a contour has a
clockwise or counterclockwise direction.

gxCont our Di recti on GXCGet ShapeDi recti on( gxShape source,
| ong contour);

sour ce A reference to the shape containing the contour.

cont our The contour index of the contour whose direction you want to determine.
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function result The direction of the contour, either gxCl ockwi seDi r ecti on or
gxCount er cl ockwi seDi rection

The GXGet ShapeDi r ect i on function indicates whether QuickDraw GX considers the
contour indicated by the cont our parameter of the shape indicated by the sour ce
parameter to be clockwise or counterclockwise. You can use this information to
determine how QuickDraw GX will draw a shape that has the gxI nsi deFr ameSt yl e
or gxQut si deFr ameSt yl e style attribute set, or how the GXI nset Shape function
affects a shape.

For empty and full shapes, this function posts the error
graphi c_type_does_not _have_nulti pl e_cont ours.

For point shapes and line shapes, this function always returns

gxC ockwi seDi rect i on. Although the order of the geometric points in a line shape’s
geometry does not affect the result of this function, it may affect how QuickDraw GX
draws the line. For example, if the line is dashed, the order of the geometric points
determines the end of the line at which dashing begins. Also, if the line has a pen width
and the gx| nsi deFr aneSt yl e or gxQut si deFr anmeSt yl e style attribute is set, the
order of the geometric points determines the side of the geometry on which
QuickDraw GX draws the line.

For rectangle shapes, the result of this function is determined by examining which
corners are specified by the geometric points. For a rectangle whose geometry includes
the upper-left point and the lower-right point, this function returns

gxC ockwi seDi recti on, regardless of the order of the two points in the geometry. For
a rectangle whose geometry includes the upper-right point and the lower-left point, this
function returns gxCount er cl ockwi seDi r ect i on, again regardless of the order of
the two points.

For curve shapes, polygon shapes, and path shapes, reversing the order of any contour’s
geometric points reverses the result of this function.

If you provide a source shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error

graphi c_type_does_not _have_multiple_contours
picture Posts the error

graphi c_type_does_not _have_nul ti pl e_contours
text Posts the errori | | egal _t ype_f or _shape
glyph Posts the errori | | egal _type_for_shape
layout Posts the errori | | egal _type_for_shape
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of nenory
shape_is_nil

contour_is less than_zero (debugging version)
illegal _type_for_shape (debugging version)
graphi c_type_does_not_have_nul ti pl e_contours (debugging version)
Warnings

contour _out_of range

For examples using this function, see “Determining and Reversing Contour Direction”
beginning on page 4-23.
To reverse the order of geometric points in a shape’s geometry, use the

GXRever seShape function, described in the next section.

For a description of the GXI nset Shape function, see page 4-94. For a description of the
gxl nsi deFrameSt yl e and gxQut si deFr aneSt yl e style attributes, see Chapter 3,
“Geometric Styles,” in this book.

GXReverseShape

DESCRIPTION

4-70

You can use the GXRever seShape function to reverse the order of the geometric points
in a shape’s contour.

voi d GXRever seShape( gxShape target, |ong contour);

t ar get A reference to the shape containing the contour.

cont our The number of the contour you want to reverse. You may specify a value
of 0 for this parameter to indicate all contours.

The GXRever seShape function reverses the order of the geometric points of the contour
specified by the cont our parameter in the shape specified by the t ar get parameter.

If you specify a value of 0 for the cont our parameter, this function reverses the order of
the geometric points in each contour of the target shape, but does not affect the order

of the contours themselves. If the target shape is a rectangle shape, this function converts
it to a polygon shape before reversing the direction.
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You can use this function to control how QuickDraw GX
= draws shapes with a winding shape fill

= draws shapes with the gxI nsi deFr ameSt yl e or gxQut si deFr ameSt yl e style
attribute set

= places dashes on a dashed contour
= insets shape geometries

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the errori | | egal _type_for_shape
picture Posts the errori | | egal _type_for_shape
text Posts the errori | | egal _type_for_shape
glyph Posts the errori | | egal _t ype_f or _shape
layout Posts the errori | | egal _type_for_shape

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of nenory
shape_is_nil

contour _is less than_zero (debugging version)
illegal _type_for_shape (debugging version)
Warnings

contour _out_of range
shape_access_not _al | owed

For examples using this function, see “Determining and Reversing Contour Direction”
beginning on page 4-23.

To determine the direction of a contour, use the GXGet ShapeDi r ect i on function,
described on page 4-68.

For a discussion of geometric points, see the Chapter 2, “Geometric Shapes.”

For a discussion of contour direction, see “Contours and Contour Direction” beginning
on page 4-4.

For a discussion of dashes and the gxI nsi deFr aneSt yl e or gxQut si deFraneStyl e
style attributes, see the Chapter 3, “Geometric Styles,” in this book.

For a description of the GXI nset Shape function, see page 4-94.
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Breaking Shape Contours

Each contour of a polygon or path shape can be made up of many parts: each polygon
contour can contain many lines and each path contour can contain many lines and
curves.

The GXBr eak Shape function allows you to specify a geometric point at which to break a
single contour into two contours.

GXBreakShape

DESCRIPTION

4-72

You can use the GXBr eak Shape function to break a single contour into two contours.
voi d GXBr eakShape(gxShape target, |ong index);

t ar get A reference to the shape containing the contour to break.

i ndex The geometry index of the point at which to break the contour.

The GXBr eak Shape function breaks an existing contour into two contours at a specified
geometric point.

This function can convert the shape type of the target shape. For example, you can break
line shapes at their first point by specifying a geometry index of 1 for the i ndex
parameter. The result is a polygon shape with two contours: the first contour is empty
and the second contour is the original line. If you specify a value of 2 for the i ndex
parameter, this function posts the notice shape_al r eady_br oken, and the original
line is unaffected.

Similarly, you can break curve shapes at their first point; the result is a path shape with
two contours. You can also break curve shapes at the off-curve control point by
specifying a value of 2 for the i ndex parameter. The resulting path shape has two
contours: the first contour ends at the off-curve control point, and the second contour
begins at the off-curve control point. You must add on-curve geometric points at the end
of the first contour and the beginning of the second contour before drawing this path
shape.

The function affects polygon and path shapes in the following ways:

» If the geometry index you specify corresponds to the first point of a contour, this
function inserts an empty contour into the shape before the specified point.

» If the geometry index you specify corresponds to the last point of a contour, this
function posts a shape_al r eady_br oken notice, and the original shape is
unaffected.

» If the geometric index you specify corresponds to a point between the first and last
points of a contour, this function breaks the existing contour into two contours. The
specified point becomes the first point of the new second contour.

Geometric Operations Reference



CHAPTER 4

Geometric Operations

For empty, full, and point shapes, this function posts the error
gr aphi c_t ype_does_not _cont ai n_poi nt s. For rectangle shapes, this function
posts arect angl es_cannot _be_i nsert ed_i nt o notice.

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error gr aphi c_t ype_does_not _contai n_points
picture Posts the error gr aphi c_t ype_does_not _cont ai n_poi nts
text Posts the errori | | egal _type_for_shape
glyph Posts the errori | | egal _type_for_shape
layout Posts the errori | | egal _type_for_shape

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of _nenory
shape_is_nil

i ndex_is_|ess_than_one (debugging version)
shape_access_not _al | owed (debugging version)
rectangl es_cannot _be_inserted_into (debugging version)
graphi c_type_does_not _contai n_poi nts (debugging version)
illegal type for_shape (debugging version)
Warnings

shape_access_not _al | owed
i ndex_out _of _range
cont our _out _of _range

Notices (debugging version)
shape_al ready_br oken

For an example using this function, see “Breaking Shape Contours” beginning on
page 4-28.

For a discussion of geometric points, see Chapter 2, “Geometric Shapes,” in this
book. For other methods of breaking contours, see the shape-editing functions also
described in that chapter.

To learn how this function works for the typographic shapes, see Inside Macintosh:
QuickDraw GX Typography.
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Reducing and Simplifying Shapes

The geometries of QuickDraw GX shapes can contain many unnecessary or complicating
elements:

» duplicate geometric points

= unnecessary colinear geometric points

= crossed contours

= overlapping contours

= unnecessary contour breaks

» a more complex shape type than necessary

The GXReduceShape function eliminates unnecessary geometric points.

The GXSi npl i f yShape function eliminates crossed contours, overlapping contours,
unnecessary contour breaks, and also sets a shape’s shape type to the simplest type
necessary to describe the shape’s geometry.

GXReduceShape

DESCRIPTION

4-74

You can use the GXReduceShape function to remove unnecessary geometric points
from a polygon or path contour.

voi d GXReduceShape(gxShape target, |ong contour);

t ar get A reference to the polygon or path shape containing the contour whose
unnecessary geometric points you want to eliminate.

cont our The index of the contour you want to reduce. You may specify a value
of 0 for this parameter to indicate all contours.

The GXReduceShape function removes unnecessary geometric points from the contour
indicated by the cont our parameter of the shape indicated by the t ar get parameter.
The geometric points removed by this function include both duplicate and colinear
geometric points. Duplicate geometric points are sequential geometric points in the same
contour with the same (x, y) coordinate pair. Colinear geometric points are

sequential geometric points that fall on the same line as the preceding and the
subsequent geometric point. Although this function may affect the geometry of a shape,
the resulting shape appears the same as the original shape when drawn, unless the curve
error of the target shape is nonzero.
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Note

Under certain circumstances, the GXReduceShape function actually
increases the number of geometric points used to define a shape. For
path shapes, the number of geometric points in the resulting shape can
be up to one third more than the number of points in the original shape.
Even in this case, the resulting shape appears the same as the original
shape when drawn. O

The GXReduceShape function does consider the curve error of the target shape when
selecting which geometric points to remove. If the distance between a point and a
neighboring point is less than that indicated by the curve error, the GXReduceShape
function considers them to be duplicate points. If you specify a target shape with a
nonzero curve error, the resulting shape may draw differently than the original shape—
the greater the curve error, the more drastic the difference may be. For shapes with many
points within a distance of less than that indicated by the curve error, the resulting shape
can sometimes degenerate to a surprising result.

The shape fill of the target shape can also affect the results of this function. For example,
if the first point and the last point of a contour are the same geometric point, this
function removes the last point if the target shape has a closed-frame fill or any of the
solid fills. However, if the target shape has an open-frame fill, this function does not
remove the last point.

Similarly, if one or more of the points at the end of a contour is colinear with one or more
points at the beginning of that contour, this function considers them all to lie on the same
line if the target shape has a closed-frame fill or any of the solid fills and the unnecessary
points are removed—even the first and last point of the original contour can be removed.
However, if the target shape has an open-frame fill, the first and the last points of a
contour are never removed.

This function operates only within individual contours; it never combines contours or
compares points from different contours. Also, this function does not convert between
shape types. The resulting shape always has the same shape type as the original shape.

If you specify a source shape that is not a polygon or a path shape, this function posts
the error gr aphi ¢c_t ype_cannot _be reduced.

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error gr aphi c_t ype_cannot _be_reduced
picture Posts the error gr aphi c_t ype_cannot _be_r educed
text Posts the error gr aphi ¢c_t ype_cannot _be_reduced
glyph Posts the error gr aphi ¢c_t ype_cannot _be_reduced
layout Posts the error gr aphi c_t ype_cannot _be_r educed
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of nenory

shape_is_nil

size_of path_exceeds_inplenmentation_ limt
nunber _of _poi nts_exceeds_i npl ementation_limt

graphi c_type_cannot _be_reduced (debugging version)

Warnings

unabl e_to traverse_open_contour_that _starts or_ends_off_the curve
(debugging version)

cont our _out _of range
shape_access_not _al | owed

For examples using this function, see “Eliminating Unnecessary Geometric Points”
beginning on page 4-30.

For more information about reduced and simplified shapes, see “Reducing and
Simplifying Shape Geometries” beginning on page 4-9.

For a discussion of geometric points and contours, see Chapter 2, “Geometric Shapes,” in
this book.

GXSimplifyShape

4-76

You can use the GXSi npl i f yShape function to eliminate from a shape any unnecessary
contour breaks, contour crossings, and internal contour loops.

voi d GXSi npl i f yShape(gxShape target);

t ar get A reference to the shape you want to simplify.
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The GXSi npl i f yShape function performs operations on the geometry of the shape
specified by the t ar get parameter and simplifies the description of the shape,
sometimes changing the shape type, without affecting how the shape is drawn.

Most importantly, the resulting shape has no crossed contours. The GXSi npl i f yShape
function adds geometric points and changes contour directions to redefine the shape’s
geometry so that no contour crosses over itself or any other contour.

This function also removes unnecessary contour breaks. If the last point of one contour is
identical to the first point of the next contour, this function combines the two contours
into a single contour.

Note

Under certain circumstances, the GXSi npl i f yShape function actually
increases the number of geometric points and the number of contours
used to defined a shape. However, the simplified shape still appears the
same as the original shape when drawn. O

If the geometry of the original shape can be expressed as a geometry of a simpler shape
type, this function converts the shape to the simpler type. For example, if the shape
referenced by the t ar get parameter is a polygon, but the geometry of that polygon
defines a simple square, the GXSi npl i f yShape function converts the shape to a
rectangle type and redefines the geometry as appropriate. As another example, a path
shape with no curved contours is converted to a polygon shape type.

The shape fill of the target shape also affects the simplifications. For example, if the
target shape has two circular, concentric contours (an inner contour and an outer
contour) and both contours have the same contour direction, the following occurs:

» If the shape has a winding shape fill, the inner contour does not affect how the shape
is drawn. In this case, the GXSi npl i f yShape function removes the inner contour.

s If the shape has an even-odd shape fill, the inner contour does affect how the shape is
drawn. In this case, the GXSi npl i f yShape function maintains the inner contour, but
it reverses the direction of that contour.

As a result of these simplifications, changing the shape fill of a simplified shape from
winding fill to even-odd fill or from even-odd fill to winding fill does not affect the
appearance of the shape when drawn.
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If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Chooses smaller color set if possible, if the pixel size is 1, 2, 4, or 8; posts
the notice shape_al ready_i n_si npl e_f or mif the pixel size is 16 or
32; converts to a rectangle shape if every pixel in the bitmap has the

same color
picture Posts the notice shape_al ready_in_sinple form
text Simplifies to the empty shape if appropriate; posts the notice

shape_al ready_i n_si npl e_f or motherwise

glyph Simplifies to the empty shape, a text shape, or a simpler glyph shape as
appropriate; posts the notice shape_al ready_i n_si npl e_f or mif no
simplification possible

layout Simplifies to the empty shape if appropriate; posts the notice
shape_al ready_i n_si npl e_f or motherwise

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

4-78

Errors

out _of nenory

shape_is_nil

nunber _of _contours_exceeds_i npl ementation_limt
nunber _of points_exceeds_inpl enentation_|init
size_of path_exceeds_inplenmentation limt

si ze_of pol ygon_exceeds_inplenmentation_ limt
shape_access_not _al | owed

functionality_uninpl ement ed (debugging version)

Warnings

unabl e_to_traverse_open_contour _that_starts_or_ends_off_the_curve
(debugging version)

Notices (debugging version)
shape_al ready_in_sinple_form

For examples using this function, see “Simplifying Shapes” beginning on page 4-33.

For more information about simplified shapes, see “Reducing and Simplifying Shape
Geometries” beginning on page 4-9.

For a discussion of geometric points and contours, see Chapter 2, “Geometric Shapes,” in
this book.

To remove unnecessary geometric points but not perform other simplifications, use the
GXReduceShape function, described on page 4-74.
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Incorporating Style Information Into Shape Geometries

QuickDraw GX requires that shapes used for certain purposes (caps, joins, dashes,
patterns, and clips) be in primitive form—that is, their style modifications must be
incorporated into their geometries. For example, the GXSet ShapeDash function
requires that the shape used for dashing be in primitive form; the GXSet ShapeCap,
GXSet ShapeJdoi n, and GXSet ShapePat t er n functions are similar.

For more information about the primitive form of shapes and for examples of functions
that use shapes in their primitive form, see Chapter 3, “Geometric Styles,” in this book.

The GXPri mi t i veShape function converts a shape to its primitive form, incorporating
the modifications made by the shape’s style into the shape’s geometry.

GXPrimitiveShape

DESCRIPTION

You can use the GXPr i mi t i veShape function to convert a shape to its primitive form.
void GXPrimtiveShape(gxShape target);

t ar get A reference to the shape to convert to primitive form.

The GXPri m t i veShape function converts the shape referenced by thet ar get
parameter to its primitive form—that is, it changes the geometry, shape fill, and shape
type of the target shape to incorporate the information from the original shape’s style
(including pen width, dashes, joins, and so on).

For example, a horizontal line shape with a greater-than-zero pen width becomes a filled
rectangle shape. A diagonal line shape with a greater-than-zero pen width becomes a
filled polygon shape. A curve shape with a greater-than-zero pen width becomes a filled
path shape. A framed shape dashed with rectangles becomes a polygon shape with
multiple contours—each contour representing one of the original dashes.

For the geometric shapes, the shape resulting from this function can be a hairline shape
or a solid-filled shape. In either case, the information from the style object is no longer
necessary because it has been incorporated into the shape object itself.

Implementation Note

In version 1.0 of QuickDraw GX, this function posts an error of

functionality_uni npl enent ed for picture shapes. O

The result of the GXPr i mi t i veShape function is not simplified, nor are its unnecessary
geometric points removed. You may want to simplify or reduce the resulting shape by
calling the GXSi npl i f yShape function or the GXReduceShape function.
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The following table gives information about this function for each type of geometric
shape:

Shape type Action taken

empty If the shape fill is the noFi | | shape fill, this function posts the notice
shape_al ready_i n_pri m tive_f or mIf the shape fill is either of
the inverse shape fills, this function returns a full shape (unless the
shape has a pattern, in which case the function returns the shape
described by the pattern).

full If the shape fill is the noFi | | shape fill or any of the inverse fills, this
function returns an empty shape. Otherwise, the function posts the
notice shape_al ready_i n_pri m ti ve_f or m(unless the shape has
a pattern, in which case the function returns the shape described by the
pattern).

point If the shape fill is the noFi | | shape fill, this function returns an empty
shape. If the pen width is greater than zero and the shape has a start
cap, the function returns the start cap. If the pen width is zero or the
shape has no start cap, the function returns an empty shape.

If the shape has a pen width of zero, no start cap, and a solid pattern,
the function returns a point as indicated by the pattern. If the shape has
a framed pattern, the function posts the

clip_to_frame_shape_uni npl ement ed error. Bitmap patterns are
ignored.

If one of the grid-constraining attributes is set, this function constrains
the point geometry to the grid.

line If the shape fill is the noFi | | shape fill, this function returns an empty
shape. If the pen width is greater than zero, the function returns a
polygon shape (or a path shape depending on the start and end caps).

If the pen width is zero and the shape has a solid pattern, the function
returns a point or a line as indicated by the pattern. If the shape has a
framed pattern, the function posts the

clip_to_frame_shape_uni npl ement ed error. Bitmap patterns are
ignored.

If one of the grid-constraining attributes is set, this function constrains
the geometry to the grid.
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Shape type

curve

rectangle

polygon

path

Geometric Operations Reference

Action taken

If the shape fill is the noFi | | shape fill, this function returns an
empty shape. If the pen width is greater than zero, the function returns
a path shape.

If the pen width is zero and the shape has a solid pattern, the function
returns a point, line, curve, or path line as indicated by the pattern. If
the shape has a framed pattern, the function posts the
clip_to_frame_shape_uni npl emrent ed error. Bitmap patterns are
ignored.

If one of the grid-constraining attributes is set, this function constrains
the geometry to the grid.

If the shape fill is the noFi | | shape fill, this function returns an empty
shape. If the shape fill is one of the framed fills and the pen width is
greater than zero, the function returns a polygon shape (or a path shape
depending on the join shape).

If the rectangle has a solid pattern, the function returns a point, line, or
polygon as indicated by the pattern. If the rectangle is framed, has a pen
width of zero, and has a framed pattern, the function posts the
clip_to_frame_shape_uni npl ement ed error. Bitmap patterns are
ignored.

If one of the grid-constraining attributes is set, this function constrains
the geometry to the grid.

If the shape fill is the noFi | | shape fill or the shape has no contours,
this function returns an empty shape. If the shape fill is one of the
framed fills and the pen width is greater than zero, the function returns
a polygon shape (or a path shape depending on the caps and join).

If the shape has a solid pattern, the function returns a point, line, or
polygon as indicated by the pattern. If the polygon is framed, has a pen
width of zero, and has a framed pattern, the function posts the
clip_to_frame_shape_uni npl ement ed error. Bitmap patterns are
ignored.

If one of the grid-constraining attributes is set, this function constrains
the geometry to the grid.

If the shape fill is the noFi | | shape fill or the shape has no contours,
this function returns an empty shape. If the shape fill is one of the
framed fills and the pen width is greater than zero, the function returns
a path shape.

If the shape has a solid pattern, the function returns a point, line, or
polygon as indicated by the pattern. If the path is framed, has a pen
width of zero, and shape has a framed pattern, the function posts the
clip_to_frame_shape_uni npl emrent ed error. Bitmap patterns are
ignored.

If one of the grid-constraining attributes is set, this function constrains
the geometry to the grid.
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If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitma Constrains the bitmap position to an integer grid position if one of the
P ) he bitmap positi ger grid p
grid-constraining attributes is set
picture Posts the notice shape_already _in_primtive form
text Converts to glyph shape; constrains the text position to an integer grid

position if one of the grid-constraining attributes is set; converts to an
empty shape if appropriate

glyph Constrains the glyph positions to integer grid positions if one of the
grid-constraining attributes is set; eliminates any nil styles and complex
styles; converts to an empty shape if appropriate

layout Converts to a glyph shape; converts to an empty shape if appropriate

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

4-82

Errors

out _of nenory
shape_is_nil
shape_access_not _al | owed

functionality_uninpl ement ed (debugging version)

clip_to_frane_shape_uni npl enent ed (debugging version)

Warnings

unabl e_to traverse_open_contour_that _starts or_ends_off_the curve
(debugging version)

face override_style font_nust_natch_style

Notices (debugging version)
shape_already_in_primtive_form

For examples using this function, see “Converting a Shape to Primitive Form” beginning
on page 4-38.

For more information about the primitive form of shapes and for examples of functions
that use shapes in their primitive form, see Chapter 3, “Geometric Styles,” in this book.

To eliminate unnecessary geometric points, use the GXReduceShape function, described
on page 4-74. To simplify a shape’s contours, use the GXSi npl i f yShape function,
described on page 4-76.
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Finding Geometric Information About Shapes

The functions described in this section calculate geometric information about a shape.

The GXGet ShapelLengt h function calculates the length of a particular contour or of all
contours in a shape.

The GXShapelLengt hToPoi nt function determines the point that falls at a specified
distance along a particular contour or along all combined contours of a shape.

The GXGet ShapeCent er function determines the center point of a particular contour of
or all combined contours of a shape’s geometry.

The GXCet ShapeAr ea function calculates the area covered by a particular contour or by
all combined contours of a shape’s geometry.

You can also use the GXGet ShapeBounds function, described on page 4-90, to find
geometric information about a shape—in this case, the shape’s bounding rectangle.

GXGetShapeLength

DESCRIPTION

You can use the GXGet ShapelLengt h function to determine the length of a particular
contour or of all contours of a shape.

gxW de *GXGet ShapelLengt h(gxShape source, |ong index,
gxW de *length);

source A reference to the shape containing the contour.

i ndex The index of the contour you want to measure. You may specify a value
of 0 for this parameter to measure all contours.

I ength A pointer to a gxW de value. On return, this value indicates the length of
the indicated contour.

function result The length of the indicated contour.
The GXCGet ShapeLengt h function returns as the function result the length of the
perimeter of a particular contour of a shape. This function calculates the length of the

contour as defined in the shape’s geometry; it does not consider transformations to the
shape made by the shape’s transform.
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For empty and full shapes, this function posts the warning

shape_does_not _have_I engt h. For point shapes, it returns zero. For solid polygon
and path shapes, this function calculates the length as if the shape had the closed-frame
shape fill.

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the warning shape_does_not _have_| engt h

picture Returns the length of the specified picture item or the sum of the length
of all picture items

text Posts the warning shape_does_not _have_| engt h

glyph Posts the warning shape_does_not _have_| engt h

layout Posts the warning shape_does_not _have_l engt h

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

4-84

Errors
out _of _nenory
shape_is_nil

paraneter _is_nil (debugging version)

contour_is less _than_zero (debugging version)

Warnings

cont our _out _of _range

shape_does_not _have | ength (debugging version)

unabl e_to traverse_open_contour_that _starts or_ends_off_the curve
(debugging version)

For an example using this function, see “Finding the Length of a Contour” beginning on
page 4-42.

For information about the contours of the various geometric shapes, see Chapter 2,
“Geometric Shapes,” in this book.
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GXShapeLengthToPoint

DESCRIPTION

You can use the GXShapeLengt hToPoi nt function to determine the point that falls at a
certain distance along a contour of a shape.

gxPoi nt *GXShapelLengt hToPoi nt (gxShape target, |ong index,
Fi xed | ength, gxPoint *location,
gxPoi nt *tangent);

target A reference to the shape containing the contour you want to examine.

i ndex The number of the contour within the shape. You may specify a value of 0
for this parameter to indicate that the function should start measuring at
the beginning of the first contour and continue through all contours.

[ ength The distance along the specified contour.

| ocation  Apointer to a gxPoi nt structure. On return, this structure contains the
point that lies along the contour at the specified distance.

t angent A pointer to a gxPoi nt structure. On return, this structure contains a
point that specifies a tangent vector representing the slope of the contour
at the specified distance.

function result The point that lies along the contour at the specified distance. (This value
is the same as the value returned in the | ocat i on parameter.)

The GXShapelLengt hToPoi nt function returns the location of the point that lies at the
distance specified by the | engt h parameter along the contour specified by the i ndex
parameter of the target shape.

If you provide a pointer for the t angent parameter that is not ni |, this function returns
the slope of the specified contour at that point, in the form of a tangent vector. (The
tangent vector implicitly starts at point (0.0, 0.0) and ends at the point indicated by the
returned t angent parameter.)

This function measures the contour length as defined in the shape’s geometry; it does
not consider transformations to the shape made by the shape’s transform.
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If the target shape has the noFi | | shape fill, this function posts the error
shape fill _not _all owed.

If the target shape is an empty shape or a full shape, this function posts the warning
shape_does_not _have_|I engt h.

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the warning shape_does_not _have_| engt h
picture Posts the warning shape_does_not _have_l engt h
text Posts the warning shape_does_not _have_| engt h
glyph Posts the warning shape_does_not _have_| engt h
layout Posts the warning shape_does_not _have_l engt h

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

4-86

Errors
out _of _nenory
shape_is_nil

length_is_less_than_zero (debugging version)
paraneter _is_nil (debugging version)
shape_fill _not_al |l oned (debugging version)
Warnings

cont our _out _of _range
| engt h_out of range

shape_does_not _have | ength (debugging version)
unabl e_to_traverse_open_contour_that_starts _or_ends_off_the_curve
(debugging version)

For an example using this function, see “Finding the Point at a Certain Distance Along a
Contour” beginning on page 4-42.

For information about the contours of the various geometric shapes, see Chapter 2,
“Geometric Shapes,” in this book.

To measure the length of a contour, use the GXGet ShapeLengt h function, described on
page 4-83.
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GXGetShapeCenter

DESCRIPTION

You can use the GXGet ShapeCent er function to determine the center of a specified
contour of a shape.

gxPoi nt *GXCGet ShapeCent er (gxShape source, |ong index,
gxPoi nt *center);

source A reference to the shape containing the contour whose center you want to
find.

i ndex The number of the contour whose center you want to find. You may
specify a value of 0 to indicate you want to find the center of the entire
shape.

center A pointer to a gxPoi nt structure. On return, this structure contains the

point that falls at the center of the specified contour.

function result The point that falls at the center of the specified contour. (This value is
the same as the value returned in the cent er parameter.)

The GXCet ShapeCent er function determines the point that falls at the center of the
contour specified by the i ndex parameter of the shape specified by the sour ce
parameter. If you specify a value of 0 for the i ndex parameter, this function finds the
center point of the entire source shape.

The center point of a shape is not merely the center of the shape’s bounding rectangle;
rather it is the “center of gravity” of a shape. QuickDraw GX guarantees the center point
of a shape does not change even if the shape is rotated.

This function finds the center of a shape (or of a particular contour) as defined by the
source shape’s geometry; it does not consider shape fill or transformations to the shape
made by the shape’s transform. For point shapes, this function returns a copy of the
point’s geometry. For line and rectangle shapes, this function returns the midpoint of the
geometry. For empty and full shapes, this function posts the error

shape_does_not have_| engt h.
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If you provide a target shape that is not one of the geometric shape types, this function

performs the actions described in the following table:

Shape type Action taken

bitmap Returns midpoint of bounding rectangle

picture Posts the errori | | egal _type_for_shape

text Returns midpoint of the bounding rectangle of the specified glyph
glyph Returns midpoint of the bounding rectangle of the specified glyph
layout Converts to glyph shape and returns midpoint of the bounding

rectangle of the specified glyph

ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory

shape_is_nil

parameter _is_nil

illegal type for_shape

contour | ess_than_zero

graphi c_type_does_not _contain_points

Warnings
cont our _out _of _range

(debugging version
(debugging version)
(debugging version)
(debugging version)

unabl e_to_traverse_open_contour_that_starts_or_ends_off_the_curve

(debugging version)
SEE ALSO
For examples using this function, see “Finding the Bounding Rectangle and Center Point
of a Shape” beginning on page 4-43.
To find the bounding rectangle of a shape or a contour of a shape, use the
GXGet ShapeBounds function described on page 4-90.
GXGetShapeArea
You can use the GXGet ShapeAr ea function to determine the area covered by a specific
contour of a shape’s geometry.
gxW de *GXGet ShapeAr ea(gxShape source, |ong index, gxWde *area);
source A reference to the shape containing the contour whose area you want to
determine.
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i ndex The number of the contour whose area you want to determine. You may
specify a value of 0 for this parameter to indicate you want to determine
the area of the entire shape.

area A pointer to a gxW de value. On return, this value indicates the area
covered by the contour.

function result The area covered by the contour. (This value is the same as the value
returned in the ar ea parameter.)

The GXGet ShapeAr ea function returns the area covered by the contour specified by the
i ndex parameter of the shape indicated by the sour ce parameter. This function
considers only the geometry of the source shape—it does not consider the shape fill of
the shape. The same geometry returns the same area whether the shape has one of the
framed fills, an even-odd fill, a winding fill, or one of the inverse fills.

Some shapes have overlapping contours with the same contour direction. (When
drawing these shapes, QuickDraw GX fills these overlapping areas if the shape has a
winding fill and does not fill these areas if the shape has an even-odd fill.) The

GXCGet ShapeAr ea function counts these overlapping areas twice. To correct this
calculation, call the GXSi npl i f yShape function before calling the GXCGet ShapeAr ea
function:

= For shapes with a winding shape fill, the GXSi npl i f yShape function eliminates the
inner contour and, therefore, the GXCGet ShapeAr ea function counts the overlapping
area only once.

= For shapes with an even-odd shape fill, the GXSi npl i f yShape function reverses the
contour direction of the internal contour, and therefore the GXGet ShapeAr ea
function does not count the overlapping area at all.

This function measures the shape area as defined in the shape’s geometry; it does not
consider transformations to the shape made by the shape’s transform.

For empty shapes, point shapes, and line shapes, this function posts the error
shape_does_not _have_ar ea. For full shapes, it posts the error
illegal _type for_shape.

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Returns the bitmap height multiplied by the bitmap width
picture Returns the sum of the areas of the picture items

text Converts to path shape and finds area

glyph Converts to path shape and finds area

layout Converts to path shape and finds area
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of nenory

shape_is_nil

paraneter _is_nil

shape_does_not _have_area (debugging version)
Warnings

i ndex_out _of range

contour _out_of range

For examples using this function, see “Finding the Area of a Shape” beginning on
page 4-45.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book

To simplify a shape before measuring its area, use the GXSi npl i f yShape function,
described on page 4-76.

Getting and Setting Shape Bounds

Every shape has a bounding rectangle—the smallest rectangle that contains the shape.
The functions in this section allow you to determine and alter a shape’s bounding
rectangle.

The GXGet ShapeBounds function finds the bounding rectangle of a shape, or of a
specified contour of a shape.

The GXSet ShapeBounds function allows you to alter a shape’s bounding rectangle (and
thereby move and resize the shape).

GXGetShapeBounds

4-90

You can use the GXGet ShapeBounds function to determine the bounding rectangle of a
shape or of a specified contour of a shape.

gxRect angl e * GXGet ShapeBounds(gxShape source, |ong index,
gxRect angl e *bounds) ;

source A reference to the shape containing the contour whose bounding
rectangle you want to find.

i ndex The number of the contour whose bounding rectangle you want to find.
You may specify a value of 0 to indicate you want to find the bounding
rectangle of the entire shape.
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bounds A pointer to a gxRect angl e structure. On return, this structure contains
the bounding rectangle of the specified contour.

function result The bounding rectangle of the specified contour. (This value is the
same as the value returned in the bounds parameter.)

The GXGet ShapeBounds function determines the bounding rectangle of the contour
specified by the i ndex parameter of the shape specified by the sour ce parameter. If
you specify a value of 0 for the i ndex parameter, this function finds the bounding
rectangle of the entire source shape.

The bounding rectangle of a shape (or of a contour of a shape) is the smallest rectangle
that contains the geometry of the shape (or of the contour).

This function finds the bounding rectangle of the source shape (or a contour of the
source shape) as defined by the source shape’s geometry; it does not consider shape fill
or transformations to the shape made by the shape’s transform.

For empty shapes and full shapes, this function posts the warning
shape_passed_has_no_bounds. For full shapes, it returns an infinitely large
rectangle; for empty shapes, it returns the inverse rectangle.

If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Returns the bounding rectangle

picture Returns the bounding rectangle for the entire picture

text Returns bounding rectangle of specified glyphs

glyph Returns bounding rectangle of specified glyphs

layout Posts the error f unct i onal i t y_uni npl enent ed if the index

parameter is not zero; returns bounding rectangle of glyphs otherwise

ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory
shape_is_nil
contour_is_less_than_zero

paraneter_is_nil (debugging version)

functionality_uni npl enented (debugging version)

Warnings

cont our _out _of _range

shape_passed_has_no_bounds (debugging version)

unabl e_to_traverse_open_contour_that_starts_or_ends_off_the_curve
(debugging version)
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SEE ALSO
For a discussion of rectangles and bounding rectangles, see Chapter 2, “Geometric
Shapes,” in this book.
To find the center of a shape or a contour of a shape, use the GXGet ShapeCent er
function, which is described on page 4-87.
To change the bounding rectangle of a shape, use the GXSet ShapeBounds function,
described in the next section.
GXSetShapeBounds
You can use the GXSet ShapeBounds function to change a shape’s bounding rectangle,
thereby moving and resizing the shape.
voi d GXSet ShapeBounds(gxShape target,
const gxRect angl e *newBounds);
source A reference to the shape whose bounding rectangle you want to change.
newBounds The new bounding rectangle.
DESCRIPTION
The GXSet ShapeBounds function changes the bounding rectangle of the shape
specified by the sour ce parameter to be the rectangle specified by the newBounds
parameter.
How this function changes the bounding rectangle is determined by the source shape’s
gxMapTr ansf or nBhape shape attribute:
= If the gxMapTr ansf or nShape shape attribute is not set, the function changes the
geometry of the source shape to fit the new bounding rectangle.
= If the gxMapTr ansf or nShape shape attribute is set, the function does not alter the
shape’s geometry directly; instead, it changes the mapping of the shape’s transform
object to scale the shape to fit in the new bounding rectangle.
By changing a shape’s bounding rectangle, you can move the shape as well as scale it in
the horizontal and vertical dimensions.
For empty and full shapes, this function does nothing,.
If you provide a point shape as the target shape and a new bounding rectangle that has
height or width, this function posts the warning scal e_shape_out _of _r ange.
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If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Calls the GXMapShape function
picture Calls the GXMapShape function
text Converts to a path shape if necessary (when the ratio between the

height of the new bounding rectangle and the height of the original
bounding rectangle is not the same as the ratio between the width of the
new bounding rectangle and the width of the original bounding

rectangle)
glyph Converts to a path shape if necessary
layout Converts to a path shape if necessary

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of _nenory
shape_is_nil

shape_access_not _al | owed (debugging version)
functionality_uni npl enented (debugging version)
Warnings

scal e_shape_out _of _range
character _substitution_took place

font _substitution_took place

unabl e_to traverse_open_contour _that _starts or_ends off_the curve
(debugging version)

shape_passed_has_no_bounds (debugging version)

For examples of this function, see “Setting a Shape’s Bounding Rectangle” beginning on
page 4-47.

For a discussion of rectangles and bounding rectangles, see Chapter 2, “Geometric
Shapes,” in this book.

For a discussion of the gxMapTr ansf or nShape shape attribute, see the chapters
“Shape Objects” and “Transform Objects” in Inside Macintosh: QuickDraw GX Objects.

To determine the bounding rectangle of a shape, use the GXGet ShapeBounds function,
described on page 4-90.
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Insetting Shapes

The GXI nset Shape function, described in this section, provides a way to inset or
outset the contours of a shape a specified distance from the original contours.

GXlInsetShape

DESCRIPTION

4-94

You can use the GXI nset Shape procedure to inset a shape’s geometry.
voi d GXl nset Shape(gxShape target, Fixed inset);

source A reference to the shape whose geometry you want to inset.

i nset The distance to inset the geometry of the shape.

The GXI nset Shape function insets the geometry of the shape specified by the t ar get
parameter by the distance specified in the i nset parameter. The on-curve geometric
points of the resulting geometry are the specified distance inside the contour of the
original geometry.

You can specify a positive or negative value for the i nset parameter: positive values
move the geometry to the inside of the original geometry; negative values move it
outside the original geometry.

QuickDraw GX uses the direction of a contour to define which side is the inside
of a contour: the inside is the side to the right of the contour. As a result, insetting
clockwise contours by a positive amount makes them smaller while insetting
counterclockwise contours by a positive amount makes them larger.

You can override this behavior by setting the gxAut ol nset St yl e style attribute. If you
set this style attribute for a shape, QuickDraw GX finds the true inside of the contour,
regardless of its contour direction. With this attribute set, insetting a contour by a
positive amount makes it smaller, whether it has a clockwise direction or a
counterclockwise direction.

If the target shape has the noFi | | shape fill, this function posts the error
shape _fill _not _al |l owed.

For empty, full, and point shapes, this function posts the error
gr aphi c_t ype_cannot _be_i nset . Line shapes and rectangle shapes are converted
to polygon shapes; curve shapes are converted to path shapes.
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If you provide a target shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error gr aphi c_t ype_cannot _be_i nset
picture Posts the error gr aphi c_t ype_cannot _be_i nset
text Posts the error gr aphi c_t ype_cannot _be_i nset
glyph Posts the error gr aphi c_t ype_cannot _be_i nset
layout Posts the error gr aphi c_t ype_cannot _be_i nset

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of nenory
shape_is_nil

graphi c_type_cannot _be_i nset (debugging version)

shape_fill _not_al | owed (debugging version)

shape_access_not _al | owed (debugging version)

Warnings

unabl e_to traverse_open_contour _that _starts or_ends _off_the curve
(debugging version)

Notices (debugging version)
geonetry_unaf f ect ed (debugging version)

For examples using this function, see “Insetting Shapes” beginning on page 4-50.

For a discussion of contours and contour direction, see Chapter 2, “Geometric Shapes,”
in this book.

For a discussion of the gxAut ol nset St yl e style attribute, see Chapter 3, “Geometric
Styles,” in this book.

To change the bounding rectangle of a shape, use the GXSet ShapeBounds function,
described on page 4-92.

Determining Whether Two Areas Touch

The functions described in this section determine if two areas touch.

The GXTouchesRect angl ePoi nt function determines whether the area covered by a
rectangle touches a point.

The GXTouchesBounds Shape function determines whether the area covered by a
rectangle touches a shape.
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The GXTouches Shape function determines whether the area covered by one shape
touches the area covered by another.

The GXI nt er sect Shape function, which is described on page 4-107 in the section
“Performing Geometric Arithmetic With Shapes,” determines not only if two shapes
intersect but also what their intersection is.

GXTouchesRectanglePoint

You can use the GXTouchesRect angl ePoi nt function to determine if a point lies
within or on the edge of a rectangle.

gxBool ean GXTouchesRect angl ePoi nt (const gxRectangl e *target,
const gxPoint *test);

target A pointer to the rectangle to test as the container.

t est A pointer to the point to test for inclusion.

function result A Boolean value indicating whether the point touches the rectangle.

DESCRIPTION

The GXTouchesRect angl ePoi nt function returns t r ue as its function result if the
point specified by the t est parameter lies within or on the edge of the rectangle
specified by the t ar get parameter, and returns f al se otherwise.

Notice that the parameters to this function are not shapes; they are pointers to a
gxPoi nt or to a gxRect angl e structure.

ERRORS, WARNINGS, AND NOTICES

Errors
paraneter _is_nil

SEE ALSO

For a discussion of the gxPoi nt and gxRect angl e data structures, see Chapter 2,
“Geometric Shapes,” in this book.

To determine if a rectangle touches a shape, use the GXTouchesBounds Shape function,
described in the next section.

To determine if a rectangle contains a shape, use the GXCont ai nsBounds Shape
function, described on page 4-101.
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GXTouchesBoundsShape

DESCRIPTION

You can use the GXTouchesBounds Shape function to determine if a rectangle and a
shape touch.

gxBool ean GXTouchesBoundsShape(const gxRectangle *target,
gxShape test);

t ar get A pointer to the rectangle to test to determine if it touches a shape.

t est A reference to the shape to test to determine if it touches the rectangle.

function result A Boolean value indicating whether the shape touches the rectangle.

The GXTouchesBounds Shape function returns t r ue as its function result if the
rectangle specified by the t ar get parameter touches the shape specified by the t est
parameter—even if they share only an edge or a point—and returns f al se otherwise.

This function considers the shape fill, the style modifications, and the transform
mapping of the test shape. Only areas that are drawn are considered when determining
touching.

If you provide a test shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Compares bounding rectangle of bitmap
picture Posts the errori | | egal _type_f or_shape
text Converts to path shape

glyph Converts to path shape

layout Converts to path shape
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors
out _of nenory
shape_is_nil

paraneter _is _nil (debugging version)
illegal type_for_shape (debugging version)
shape_nmay_not _be a_picture (debugging version)

For an example using this function, see “Determining Whether Two Shapes Touch”
beginning on page 4-53.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.

For a discussion of transform mappings, see the chapter “Transform Objects” in Inside
Macintosh: QuickDraw GX Objects.

To determine if a rectangle touches a point, use the GXTouchesRect angl ePoi nt
function, described on page 4-96.

To determine if a rectangle contains a shape, use the GXCont ai nsBounds Shape
function, described on page 4-101.

To determine if two shapes touch, use the GXTouches Shape function, described in the
next section.

GXTouchesShape

4-98

You can use the GXTouchesShape function to determine if two shapes touch.

gxBool ean GXTouchesShape(gxShape target, gxShape test);

t ar get A reference to one shape to test to determine if it touches another.

t est A reference to the other shape to test.

function result A Boolean value indicating whether the shapes intersect.
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The GXTouches Shape function returns t r ue as its function result if the shape specified
by the t ar get parameter touches the shape specified by the t est parameter—even if
they share only an edge or a point—and returns f al se otherwise.

This function considers the shape fill, the style modifications, and the transform
mapping of the target and test shapes. Only areas that are drawn are considered when
determining touching.

For example, if the target shape has an even-odd fill and contains an overlapping
contour, then the shape has an internal area that is not drawn. If the test shape lies
entirely within this area, the GXTouches Shape function returns f al se.

As another example, if the test shape lies entirely within the target shape, but the target
shape has an inverse shape fill, the GXTouches Shape function returns f al se.

If you provide a target or test shape that is not one of the geometric shape types, this
function performs the actions described in the following table:

Shape type Action taken

bitmap Compares bounding rectangle of bitmap
picture Posts the errori | | egal _type_for_shape
text Converts to path shape

glyph Converts to path shape

layout Converts to path shape

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of _nenory

shape_is_nil

illegal type for_shape (debugging version)
shape_may _not _be a picture (debugging version)

For examples using this function, see “Determining Whether Two Shapes Touch”
beginning on page 4-53.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.

For a discussion of transform mappings, see the chapter “Transform Objects” in Inside
Macintosh: QuickDraw GX Objects.

To determine if a rectangle touches a shape, use the GXTouchesBounds Shape
function, described on page 4-97.

To determine if a shape contains another shape, use the GXCont ai nsShape function,
described on page 4-103.
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Determining Whether One Shape Contains Another

The functions described in this section determine if one area contains another.

The GXCont ai nsRect angl e function determines whether the area covered by one
rectangle contains the area covered by another.

The GXCont ai nsBounds Shape function determines whether the area covered by a
rectangle contains the area covered by a shape.

The GXCont ai nsShape function determines whether the area covered by one shape
contains the area covered by another.

GXContainsRectangle

DESCRIPTION

4-100

You can use the GXCont ai nsRect angl e function to determine if one rectangle contains
another.

gxBool ean GXCont ai nsRect angl e(const gxRect angl e *cont ai ner,
const gxRectangle *test);

cont ai ner A pointer to the rectangle to test as the container.

t est A pointer to the rectangle to test for inclusion.

function result A Boolean value indicating whether the container rectangle contains
the test rectangle.

The GXCont ai nsRect angl e function returns t r ue as its function result if the rectangle
specified by the t est parameter lies within the rectangle specified by the t ar get
parameter, and f al se otherwise.

This function may return t r ue even if the container and test rectangles share one or
more edges. This function returns t r ue when the container and test rectangles are
defined by the same coordinates.

Notice that the parameters to this function are not shapes; they are pointers to
gxRect angl e structures.
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ERRORS, WARNINGS, AND NOTICES

Errors
parameter _is_nil

SEE ALSO

For a discussion of the gxRect angl e data structure, see Chapter 2, “Geometric Shapes,”
in this book.

To determine if a rectangle touches a point, use the GXTouchesRect angl ePoi nt
function, described on page 4-96.

To determine if a rectangle contains a shape, use the GXCont ai nsBoundsShape
function, described in the next section.

GXContainsBoundsShape

You can use the GXCont ai nsBoundsShape function to determine if a rectangle
contains a shape or a particular contour of a shape.

gxBool ean GXCont ai nsBoundsShape( const gxRectangl e *cont ai ner,
gxShape test, long index);

cont ai ner A pointer to the rectangle to test as the container.
t est A reference to the shape containing the contour to test for inclusion.

i ndex The number of the contour to test for inclusion. You may specify a value
of 0 to indicate you want to test the entire shape for inclusion.

function result A Boolean value indicating whether the container rectangle contains
the specified contour of the test shape.

DESCRIPTION

The GXCont ai nsBoundsShape function returns t r ue as its function result if the
rectangle specified by the cont ai ner parameter contains the contour indicated by the
i ndex parameter of the shape specified by the t est parameter and returns f al se
otherwise.

This function may return t r ue even if the container rectangle and the indicated contour
of the test shape share one or more edges.
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This function considers the shape fill, the style modifications, and the transform
mapping of the test shape. Only areas that are drawn are considered when determining
whether the container rectangle contains the specified contour.

If you provide a test shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Compares bounding rectangle of bitmap
picture Compares bounding rectangle of entire picture
text Converts to path shape

glyph Converts to path shape

layout Converts to path shape

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

4-102

Errors
out _of _nenory
shape_is_nil

paraneter _is_nil (debugging version)
illegal type for_shape (debugging version)
shape_operator_may_not _be_a_picture (debugging version)

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.

For a discussion of transform mappings, see the chapter “Transform Objects” of Inside
Macintosh: QuickDraw GX Objects.

To determine if a rectangle touches a shape, use the GXTouchesBounds Shape function,
described on page 4-97.

To determine if a shape contains another shape, use the GXCont ai nsShape function,
described in the next section.
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GXContainsShape

DESCRIPTION

You can use the GXCont ai nsShape function to determine if the area covered by a shape
contains the area covered by another shape.

gxBool ean GXCont ai nsShape( gxShape cont ai ner, gxShape test);

cont ai ner  Areference to the shape to test as the container.

t est A reference to the shape to test for inclusion.

function result A Boolean value indicating whether the container shape contains
the test shape.

The GXCont ai nsShape function returns t r ue as its function result if the shape
specified by the cont ai ner parameter contains the shape specified by the t est
parameter, and returns f al se otherwise.

This function may returnt r ue even if the container shape and the test shape share one
or more edges; it returns t r ue if they are the same shape.

This function considers the shape fill, the style modifications, and the transform
mapping of the container and test shapes. Only areas that are drawn are considered
when determining whether the container shape contains the test shape.

The container shape must have one of the solid shape fills (even-odd, winding, inverse
even-odd, or inverse winding). The test shape may have any shape fill.

If the test shape has a framed shape fill, this function returns t r ue if the frame lies
entirely within the area of the container shape, or along the edges of the container shape.
As a result, a solid shape contains its own frame.

If you provide a test shape that is not one of the geometric shape types, this function
performs the actions described in the following table:

Shape type Action taken

bitmap Compares bounding rectangle of bitmap
picture Posts the errori | | egal _type_for_shape
text Converts to path shape

glyph Converts to path shape

layout Converts to path shape
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of nenory

shape_is_nil

illegal type for_shape (debugging version)
shape_operator_may_not _be_a_picture (debugging version)

For examples using this function, see “Determining Whether One Shape Contains
Another” beginning on page 4-58.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.

For a discussion of transform mappings, see the chapter “Transform Objects” in Inside
Macintosh: QuickDraw GX Objects.

To determine if a rectangle contains a shape, use the GXCont ai nsBounds Shape
function, described on page 4-101.

To determine if one shape touches another, use the GXTouches Shape function,
described on page 4-98.

Performing Geometric Arithmetic With Shapes

4-104

QuickDraw GX provides six arithmetic operations you can apply to geometric shapes:
intersection, union, difference, reverse difference, exclusion, and inversion.

The GXI nt er sect Rect angl e and GXUni onRect angl e perform the intersection and
union operations on rectangle structures.

The other functions described in this section perform the arithmetic operations on
shapes:

» The GXI nt er sect Shape function finds the area common to the shapes.
= The GXUni onShape function finds the smallest area that contains both the shapes.

» The GXDi f f er enceShape function finds the area covered by the first shape that is
not covered by the second shape.

s The GXRever seDi f f er enceShape function finds the area covered by the second
shape that is not covered by the first shape.

» The GXExcl udeShape fucntion finds the area covered by one shape or the other, but
not by both.

» The GXI nver t Shape function finds the area not covered by a shape.
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GXIntersectRectangle

DESCRIPTION

You can use the GXI nt er sect Rect angl e function to find the intersection of two
rectangles.

gxBool ean GXI nt ersect Rect angl e( gxRect angl e *t ar get,
const gxRectangl e *source,
const gxRectangl e *operand);

t ar get A pointer to a gxRect angl e structure. On return, the intersection of the
source and operand rectangles. You may specify the value ni | for this
parameter if you do not want the intersection to be calculated. Depending
on the result of the intersection operation, this pointer may point to the
source or operand rectangle.

source A pointer to one of the rectangles to intersect.

oper and A pointer to the other rectangle to intersect.

function result A Boolean value indicating whether the rectangles intersect.

The GXI nt er sect Rect angl e function returns t r ue as its function result if the source
rectangle and the operand rectangle intersect, and returns f al se otherwise.

If you provide a pointer for the t ar get parameter that is not ni |, this function returns
the intersection of the source and operand rectangles in the gxRect angl e structure
pointed to by the t ar get parameter.

If the source rectangle and the operand rectangle do not intersect or share only one edge,
this function returns f al se and does not affect the target rectangle.

You may specify the source rectangle or the operand rectangle as the target rectangle. In
this case, the function calculates the intersection of the original rectangles and then
places the calculated intersection into the source or operand rectangle, as specified.

Notice that the parameters to this function are not shapes; they are pointers to
gxRect angl e data structures.

ERRORS, WARNINGS, AND NOTICES

Errors
paraneter _is_nil
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For a discussion of the gxRect angl e data structure, see Chapter 2, “Geometric Shapes.”

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

To find the intersection of two shapes, use the GXI nt er sect Shape function, described
on page 4-107.

To find the union of two rectangles, use the GXUni onRect angl e function, described in
the next section.

GXUnionRectangle

DESCRIPTION

4-106

You can use the GXUni onRect angl e function to find the smallest rectangle that
contains two other rectangles.

gxRect angl e *GXUni onRect angl e( gxRect angl e *target,
const gxRectangl e *source,
const gxRectangl e *operand);

t ar get A pointer to a gxRect angl e structure. On return, the smallest rectangle
containing both the source and operand rectangles.

source A pointer to one of the rectangles to combine.

oper and A pointer to the other rectangle to combine.

function result The smallest rectangle containing both the source and operand
rectangles. (This rectangle is the same as the rectangle returned in
the t ar get parameter.)

The GXUni onRect angl e function calculates the smallest rectangle containing both the
source rectangle and the operand rectangle and stores the results int ar get parameter.
This function also returns the calculated rectangle as its function result.

You may specify the source rectangle or the operand rectangle as the target rectangle. In
this case, the function calculates the smallest rectangle containing both of the original
rectangles and then places the calculated rectangle into the source or operand rectangle,
as specified.

Notice that the parameters to this function are not shapes, but pointers to the
gxRect angl e data structures.
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ERRORS, WARNINGS, AND NOTICES

Errors
parameter _is_nil

SEE ALSO

For a discussion of the gxRect angl e data structure, see Chapter 2, “Geometric Shapes,”
in this book.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

To find the intersection of two rectangles, use the GXI nt er sect Rect angl e function,
described in this previous section.

To find the union of two shapes, use the GXUni onShape function, described on
page 4-1009.

GXlntersectShape

You can use the GXI nt er sect Shape function to find the intersection of two shapes.
voi d GXlI nt er sect Shape(gxShape target, gxShape operand);

t ar get On input, a reference to one of the shapes to intersect. On output, a
reference to the intersection of the input target shape and the operand
shape.

oper and A reference to the other shape to intersect.

DESCRIPTION

The GXI nt er sect Shape function finds the intersection of the target shape and the
operand shape, reduces and simplifies the result, and stores it in the target shape. If the
original target shape and the operand shape do not intersect, the resulting target shape is
an empty shape.

If the target shape and the operand shape share only an edge, and if both have a solid
fill, the resulting target shape is an empty shape. However, you can provide a framed
target shape and a solid operand shape—the result being a framed shape.

This function considers the shape fill, the style modifications, and the transform
mapping of the target and operand shapes. Only areas that are drawn are considered
when determining intersection.

Implementation Note

Due to an implementation limit with QuickDraw GX version 1.0, you
can find the intersection of two framed shapes only if the shapes are
points, lines, or curves. O
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If you provide a target or operand shape that is not one of the geometric shape types,
this function performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error shape_oper at or _nmay_not _be_a_bi t map

picture Posts the error shape_operator _may _not _be_a picture

text Converts to path shape if other parameter is not an empty shape or a
full shape

glyph Converts to path shape if other parameter is not an empty shape or a
full shape

layout Converts to path shape if other parameter is not an empty shape or a
full shape

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

4-108

Errors
out _of _nenory
shape_is_nil

nunber _of contours_exceeds_inplenentation_ limt

nunber _of poi nts_exceeds i nplenmentation limt
size_of path_exceeds_inplenmentation_limt
si ze_of _pol ygon_exceeds_i npl ementation_limt

fill _type_not_all owed (debugging version)
shape_access_not _al | owed (debugging version)
clip_to_franme_shape_uni npl enent ed (debugging version)
shape_operator_nmay _not _be_a_ bitmap (debugging version)
shape_operator_may_not _be_a_ picture (debugging version)

Warnings
character_substitution_took_place
font _substitution_took place

unabl e_to traverse_open_contour_that _starts or_ends_off_the curve

(debugging version)

For an example using this function, see “Performing Geometric Arithmetic With Shapes”

beginning on page 4-60.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on

page 4-21.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.

For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.
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For a discussion of transform mappings, see the chapter “Transform Objects” in Inside
Macintosh: QuickDraw GX Objects.

To determine if two shapes touch, use the GXTouches Shape function, described on
page 4-98.

To find the union of two shapes, use the GXUni onShape function, described in the next
section.

GXUnionShape

DESCRIPTION

You can use the GXUni onShape function to find the union of two shapes.
voi d GXUni onShape( gxShape target, gxShape operand);

t ar get On input, a reference to one of the shapes to combine. On output, a
reference to the union of the input target shape and the operand shape.

oper and A reference to the other shape to combine.

The GXUni onShape function finds the union of the target shape and the operand shape,
reduces and simplifies the result, and stores it in the target shape.

This function considers the shape fill, the style modifications, and the transform
mapping of the target and operand shape. Only areas that are drawn are considered
when calculating the union.

The target shape and the operand shape must both have solid fills (even-odd, winding,
inverse even-odd, or inverse winding) or both have framed fills (open-frame or
closed-frame); one of each type of fill is not allowed.

If you provide a target or operand shape that is not one of the geometric shape types,
this function performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error shape_oper at or _nmay_not _be_a_bi t map

picture Posts the error shape_operator _may_not _be_a picture

text Converts to path shape if other parameter is not an empty shape or a
full shape

glyph Converts to path shape if other parameter is not an empty shape or a
full shape

layout Converts to path shape if other parameter is not an empty shape or a
full shape
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of nenory

shape_is_nil

nunber _of contours_exceeds_i npl ementation_limt
nunber _of _poi nts_exceeds_i npl ementation_limt
size_of path_exceeds_inplenmentation_limt

si ze_of _pol ygon_exceeds_i npl enentation_|init

fill _type_not_all owed (debugging version)
shape_access_not _al | owed (debugging version)
clip_to_frame_shape_uni npl enent ed (debugging version)
shape_operator_may_not _be_a_bitmp (debugging version)
shape_operator_nmay_not _be_a picture (debugging version)
Warnings

character_substitution_took place

font _substitution_took place

unabl e_to_traverse_open_contour_that_starts or_ends_off_the_curve
(debugging version)

For examples using this function, see “Performing Geometric Arithmetic With Shapes”
beginning on page 4-60.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.
For a discussion of transform mappings, see Inside Macintosh: QuickDraw GX Objects.

To find the intersection of two shapes, use the GXI nt er sect Shape function, described
on page 4-107.

GXDifferenceShape

4-110

You can use the GXDi f f er enceShape function to find the geometric difference
between two shapes.

voi d GXDi ff erenceShape(gxShape target, gxShape operand);

t ar get On input, a reference to the shape to subtract from. On output, a reference
to a shape describing the difference between the two shapes.

oper and A reference to the shape to subtract.
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DESCRIPTION

The GXDi f f er enceShape function subtracts the operand shape from the target shape,
reduces and simplifies the result, and stores it in the target shape.

The initial target shape does not have to contain the operand shape; the result of this
function is the intersection of the target and operand shapes subtracted from the target
shape.

This function considers the shape fill, the style modifications, and the transform
mapping of the target and operand shapes: only areas that are drawn are considered
when calculating the difference.

The operand shape cannot have one of the framed shape fills (open-frame or
closed-frame). The target shape can have one of the framed fills; in this case, the
resulting shape is the part of the frame that does not lie within the operand shape.

If you provide a target or operand shape that is not one of the geometric shape types,
this function performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error shape_operator _nmay_not _be_a bitmap

picture Posts the error shape_operat or _nmay_not _be _a picture

text Converts to path shape if other parameter is not an empty shape or a
full shape

glyph Converts to path shape if other parameter is not an empty shape or a
full shape

layout Converts to path shape if other parameter is not an empty shape or a
full shape

ERRORS, WARNINGS, AND NOTICES

Errors

out _of nenory

shape_is_nil

nunber _of contours_exceeds_i npl ementation_limt
nunber _of _poi nts_exceeds_i npl ementation_limt
si ze_of pat h_exceeds_inplenmentation_limt

si ze_of pol ygon_exceeds i nplenmentation_ limt

fill_type_not_all owed (debugging version)
shape_access_not _al | owed (debugging version)
clip_to_frane_shape_uni npl enent ed (debugging version)
shape_operator _may_not _be_a_bit map (debugging version)
shape_operator_nmay _not _be a picture (debugging version)
Warnings

character_substitution_took place

font _substitution_took place

unabl e_to_traverse_open_contour_that_starts_or_ends_off_the_curve
(debugging version)
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For examples using this function, see “Performing Geometric Arithmetic With Shapes”
beginning on page 4-60.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.
For a discussion of transform mappings, see Inside Macintosh: QuickDraw GX Objects.

For information about related routines, see the description of the GXI nt er sect Shape
function on page 4-107, the GXUni onShape function on page 4-109, and the
GXRever seDi f f er enceShape function in the next section.

GXReverseDifferenceShape

DESCRIPTION

4-112

You can use the GXRever seDi f f er enceShape function to find the geometric
difference between two shapes.

voi d GXReverseDi fferenceShape(gxShape target, gxShape operand);

t ar get On input, a reference to the shape to subtract. On output, a reference to a
shape describing the difference between the two shapes.

oper and A reference to the shape to subtract from.

The GXRever seDi f f er enceShape function subtracts the target shape from the
operand shape and stores the result in the target shape.

The initial operand shape does not have to contain the target shape; the result of this
function is the intersection of the target and operand shapes subtracted from the
operand shape.

This function considers the shape fill, the style modifications, and the transform
mapping of the target and operand shapes. Only areas that are drawn are considered
when calculating the difference.

Neither the target shape nor the operand shape have one of the framed fills (open-frame
or closed-frame).
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If you provide a target or operand shape that is not one of the geometric shape types,
this function performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error shape_oper at or _nmay_not _be_a_bi t map

picture Posts the error shape_operator _may _not _be_a picture

text Converts to path shape if other parameter is not an empty shape or a
full shape

glyph Converts to path shape if other parameter is not an empty shape or a
full shape

layout Converts to path shape if other parameter is not an empty shape or a
full shape

ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of _nenory

shape_is_nil

nunber _of contours_exceeds_inplenentation_ |imt
nunber _of poi nts_exceeds i nplenmentation limt
size_of path_exceeds_inplenmentation_ limt

si ze_of _pol ygon_exceeds_i npl ementation_limt

fill _type_not_all owed (debugging version)
shape_access_not _al | owed (debugging version)
clip_to_franme_shape_uni npl enent ed (debugging version)
shape_operator_nmay_not _be_a_bitmap (debugging version)
shape_operator_may_not _be_a_ picture (debugging version)
Warnings

character_substitution_took_place

font _substitution_took place

unabl e_to traverse_open_contour_that _starts or_ends_off_the curve
(debugging version)

For examples using this function, see “Performing Geometric Arithmetic With Shapes”
beginning on page 4-60.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.

For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.
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For a discussion of transform mappings, see the chapter “Transform Objects” in Inside
Macintosh: QuickDraw GX Objects.

For information about related functions, see the description of the GXI nt er sect Shape
function on page 4-107, the GXUni onShape function on page 4-109, and the
GXDi f f er enceShape function on page 4-110.

GXExcludeShape

You can use the GXExcl udeShape function to find the result of performing the
exclusive-OR operation on two shapes.

voi d GXExcl udeShape( gxShape target, gxShape operand);

t ar get On input, a reference to one of the shapes on which to perform the
exclusive-OR operation. On output, a reference to a shape describing
the exclusive-OR of the two shapes.

oper and A reference to the other shape on which to perform the exclusive-OR
operation.

DESCRIPTION

The GXExcl udeShape function performs an exclusive-OR operation on the target and
operand shapes, and stores the result in the target shape.

The exclusion of two shapes (the result of the exclusive-OR operation) is the area
contained by the union of the two shapes less the area contained by the intersection of
the two shapes.

This function considers the shape fill, the style modifications, and the transform
mapping of the target and test shapes. Only areas that are drawn are considered when
calculating the difference.

Neither the target shape nor the operand shape may have one of the framed fills
(open-frame or closed-frame).

If you provide a target or operand shape that is not one of the geometric shape types,
this function performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error shape_oper at or _nmay_not _be_a_bit map

picture Posts the error shape_oper at or _nmay_not _be_a_picture

text Converts to path shape if other parameter is not an empty shape or a
full shape

glyph Converts to path shape if other parameter is not an empty shape or a
full shape

layout Converts to path shape if other parameter is not an empty shape or a
full shape
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ERRORS, WARNINGS, AND NOTICES

SEE ALSO

Errors

out _of nenory

shape_is_nil

nunber _of contours_exceeds_i npl ementation_limt
nunber _of _poi nts_exceeds_i npl ementation_limt
size_of path_exceeds_inplenmentation_limt

si ze_of _pol ygon_exceeds_i npl enentation_|init

fill _type_not_all owed (debugging version)
shape_access_not _al | owed (debugging version)
clip_to_frame_shape_uni npl enent ed (debugging version)
shape_operator_may_not _be_a_bit mp (debugging version)
shape_operator_nmay_not _be_a picture (debugging version)
Warnings

character_substitution_took place

font _substitution_took place

unabl e_to_traverse_open_contour_that_starts _or_ends_off_the_curve
(debugging version)

For examples using this function, see “Performing Geometric Arithmetic With Shapes”
beginning on page 4-60.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.
For a discussion of style modifications, see Chapter 3, “Geometric Styles,” in this book.

For a discussion of transform mappings, see the chapter “Transform Objects” in Inside
Macintosh: QuickDraw GX Objects.

For information about related functions, see the description of the GXI nt er sect Shape
function on page 4-107, the GXUni onShape function on page 4-109, the

GXDi f f er enceShape function on page 4-110, and the GXRever seDi f f er enceShape
function on page 4-112.
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GXlInvertShape

You can use the GXI nver t Shape function to invert a shape.
voi d GXl nvert Shape(gxShape target);

t ar get A reference to the shape to invert.

DESCRIPTION

The GXI nver t Shape function inverts the target shape and stores the resulting shape
in the target shape. Typically, this function changes the shape fill of the target shape. It
also converts empty shapes to full shapes and full shapes to empty shapes.

If the target shape has one of the framed shape fills (open-frame or closed-frame), this
function posts the error shape_cannot _be_i nvert ed.

For empty shapes, this function coverts the shape to a full shape; for full shapes, it
comverts to empty shapes.

If you provide a target or operand shape that is not one of the geometric shape types,
this function performs the actions described in the following table:

Shape type Action taken

bitmap Posts the error shape_cannot _be i nvert ed
picture Posts the error shape_cannot _be i nverted
text Posts the error shape_cannot _be_i nverted
glyph Posts the error shape_cannot _be i nvert ed
layout Posts the error shape_cannot _be i nverted

ERRORS, WARNINGS, AND NOTICES

Errors

out _of _nenory

shape_is_nil

shape_cannot _be_inverted (debugging version)
shape_access_not _al | owed (debugging version)

SEE ALSO

For an example using this function, see “Performing Geometric Arithmetic With Shapes”
beginning on page 4-60.

For a discussion of geometric arithmetic, see “Geometric Arithmetic” beginning on
page 4-21.

For a discussion of shape fills, see Chapter 2, “Geometric Shapes,” in this book.

4-116 Geometric Operations Reference



CHAPTER 4

Geometric Operations

Summary of Geometric Operations

Constants and Data Types

Contour Directions

enum gxCont our Di rections {
gxCount er cl ockwi seDi recti on,
gxC ockwi seDi rection

}s

typedef |ong gxContourDirection;

Functions

Determining and Reversing Contour Direction

gxCont our Di recti on GXCGet ShapeDirection

(gxShape source, |ong contour);

voi d GXRever seShape (gxShape target, |long contour);

Breaking Shape Contours

voi d GXBr eakShape (gxShape target, |ong index);

Reducing and Simplifying Shapes

voi d GXReduceShape (gxShape target, |long contour);

voi d GXSi mpl i f yShape (gxShape target);

Incorporating Style Information Into Shape Geometries

void GXPrimtiveShape (gxShape target);

Finding Geometric Information About Shapes

gxW de *GXGet ShapelLength (gxShape source, |ong index,

gxPoi nt *GXShapelLengt hToPoi nt
(gxShape target, |ong index,

gxWde *length);

Fi xed | engt h,

gxPoi nt *| ocation, gxPoint *tangent);

gxPoi nt *GXGet ShapeCent er (gxShape source, |ong index,
gxW de *GXGet ShapeArea (gxShape source, |ong index,

Summary of Geometric Operations

gxPoint *center);
gxW de *area);
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Getting and Setting Shape Bounds

gxRect angl e *GXGet ShapeBounds
(gxShape source, |ong index,
gxRect angl e *bounds);

voi d GXSet ShapeBounds (gxShape target, const gxRectangle *newBounds);
Insetting Shapes
voi d GXlI nset Shape (gxShape target, Fixed inset);

Determining Whether Two Shapes Touch

gxBool ean GXTouchesRect angl ePoi nt
(const gxRectangle *target,
const gxPoint *test);

gxBool ean GXTouchesBoundsShape
(const gxRectangle *target, gxShape test);

gxBool ean GXTouchesShape (gxShape target, gxShape test);

Determining Whether One Shape Contains Another

gxBool ean GXCont ai nsRect angl e
(const gxRectangl e *contai ner,
const gxRectangle *test);

gxBool ean GXCont ai nsBoundsShape
(const gxRectangl e *contai ner, gxShape test,
| ong i ndex);

gxBool ean GXCont ai nsShape (gxShape contai ner, gxShape test);

Performing Geometric Arithmetic With Shapes

gxBool ean GXI nt ersect Rect angl e
(gxRectangl e *target, const gxRectangle *source,
const gxRectangl e *operand);

gxRect angl e *GXUni onRect angl e
(gxRectangl e *target,
const gxRectangl e *source,
const gxRectangl e *operand);

voi d GXlI nt er sect Shape (gxShape target, gxShape operand);
voi d GXUni onShape (gxShape target, gxShape operand);
voi d GXDi f f er enceShape (gxShape target, gxShape operand);

voi d GXReverseDi f f er enceShape
(gxShape target, gxShape operand);

voi d GXExcl udeShape (gxShape target, gxShape operand);
voi d GXlI nvert Shape (gxShape target);
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