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Advanced AWT

In this chapter:

® The Rendering Pipeline, page 550

* Shapes, page 553

® Areas, page 570

® Strokes, page 572

* Paint, page 581

e Coordinate Transformations, page 583

* Clipping, page 589

* Transparency and Composition, page 592
® Rendering Hints, page 601

* Readers and Writers for Images, page 608
* |mage Manipulation, page 619

® Printing, page 636

¢ The Clipboard, page 672

* Drag and Drop, page 689

¢ Platform Integration, page 707

You can use the methods of the Graphics class to create simple drawings. Those
methods are sufficient for simple applets and applications, but they fall short
when you create complex shapes or when you require complete control over the
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appearance of the graphics. The Java 2D APl is a more sophisticated class library
that you can use to produce high-quality drawings. In this chapter, we will give
you an overview of that APL.

We'll then turn to the topic of printing and show how you can implement printing
capabilities in your programs.

We will cover two techniques for transferring data between programs: the system
clipboard and the drag-and-drop mechanism. You can use these techniques to
transfer data between two Java applications or between a Java application and a
native program. Finally, we cover techniques for making Java applications feel
more like native applications, such as providing a splash screen and an icon in
the system tray.

1.1 The Rendering Pipeline

The original JDK 1.0 had a very simple mechanism for drawing shapes. You se-
lected color and paint mode, and called methods of the Graphics class such as drawRect
or filloval. The Java 2D API supports many more options.

* You can easily produce a wide variety of shapes.

* You have control over the stroke—the pen that traces shape boundaries.

* You can fill shapes with solid colors, varying hues, and repeating patterns.
* You can use transformations to move, scale, rotate, or stretch shapes.

* You can clip shapes to restrict them to arbitrary areas.

* You can select composition rules to describe how to combine the pixels of a
new shape with existing pixels.

* You can give rendering hints to make trade-offs between speed and drawing
quality.

To draw a shape, you need to go through the following steps:

1. Obtain an object of the Graphics2D class. This class is a subclass of the Graphics

class. Ever since Java SE 1.2, methods such as paint and paintComponent automat-
ically receive an object of the Graphics2D class. Simply use a cast, as follows:

public void paintComponent(Graphics g)
{
Graphics2D g2 = (Graphics2D) g;

}
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2. Use the setRenderingiiints method to set rendering hints—trade-offs between
speed and drawing quality.

RenderingHints hints = . . .;
g2.setRenderingHints(hints);

3. . Use the setStroke method to set the stroke. The stroke draws the outline of the
shape. You can select the thickness and choose among solid and dotted lines.

Stroke stroke = . . .;
g2.setStroke(stroke);

4. Use the setPaint method to set the paint. The paint fills areas such as the stroke
path or the interior of a shape. You can create solid color paint, paint with
changing hues, or tiled fill patterns.

Paint paint = . . .;
g2.setPaint(paint);
5. Use the clip method to set the clipping region.
Shape clip=. . .;
g2.clip(clip);
6. Use the transforn method to set a transformation from user space to device

space. Use transformations if it is easier for you to define your shapes in a
custom coordinate system than by using pixel coordinates.

AffineTransform transform = . . .;
g2.transform(transform);
7. Use the setComposite method to set a composition rule that describes how to
combine the new pixels with the existing pixels.
Composite composite = . . .;
g2.setComposite(composite);

8. Create a shape. The Java 2D API supplies many shape objects and methods
to combine shapes.

Shape shape = . . .;

9. Draw or fill the shape. If you draw the shape, its outline is stroked. If you
fill the shape, the interior is painted.

g2.draw(shape) ;

g2.fi11(shape);
Of course, in many practical circumstances, you don’t need all these steps. There
are reasonable defaults for the settings of the 2D graphics context; change the
settings only if you want to deviate from the defaults.
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transform clip fill compose

"

Figure 7.1 The rendering pipeline

In the following sections, you will see how to describe shapes, strokes, paints,
transformations, and composition rules.

The various set methods simply set the state of the 2D graphics context. They
don’t cause any drawing. Similarly, when you construct Shape objects, no drawing
takes place. A shape is only rendered when you call draw or fill. At that time, the
new shape is computed in a rendering pipeline (see Figure 7.1).

In the rendering pipeline, the following steps take place to render a shape:

15
2
3.

4.
b:

The path of the shape is stroked.
The shape is transformed.

The shape is clipped. If there is no intersection between the shape and the
clipping area, the process stops.

The remainder of the shape after clipping is filled.

The pixels of the filled shape are composed with the existing pixels. (In

Figure 7.1, the circle is part of the existing pixels, and the cup shape is
superimposed over it.)

In the next section, you will see how to define shapes. Then, we will turn to the
2D graphics context settings.

java.awt.Graphics2D 1.2

void draw(Shape s)

draws the outline of the given shape with the current paint.
void fi11(Shape s)

fills the interior of the given shape with the current paint.
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7.2 Shapes

Here are some of the methods in the Graphics class to draw shapes:

drawLine
drawRectangle
drawRoundRect
draw3DRect
drawPolygon
drawPolyline
drawQval
drawArc

There are also corresponding fill methods. These methods have been in the
Graphics class ever since JDK 1.0. The Java 2D API uses a completely different,
object-oriented approach. Instead of methods, there are classes:

Line2D
Rectangle2D
RoundRectangle2D
Ellipse2D

Arc2D
QuadCurve2D
CubicCurve2d
GeneralPath

These classes all implement the Shape interface.

Finally, the Point2D class describes a point with an x and a y coordinate. Points are
used to define shapes, but they aren’t themselves shapes.

To draw a shape, first create an object of a class that implements the Shape interface
and then call the draw method of the Graphics2D class.

The Line2D, Rectangle2D, RoundRectangle2d, Ellipse2d, and Arc2D classes correspond to the
drawline, drawRectangle, drawRoundRect, drawOval, and drawArc methods. (The concept of a “3D
rectangle” has died the death that it so richly deserved—there is no analog to the
draw3DRect method.) The Java 2D API supplies two additional classes, quadratic
and cubic curves, that we will discuss in this section. There is no Polygon2D class;
instead, the GeneralPath class describes paths made up from lines, quadratic and
cubic curves. You can use a GeneralPath to describe a polygon; we’ll show you how

later in this section.
The classes

Rectangle2D
RoundRectangle2D
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E111pse2D
Arc2D

all inherit from a common superclass RectangularShape. Admittedly, ellipses and arcs
are not rectangular, but they have a bounding rectangle (see Figure 7.2).

Each of the classes with a name ending in “2D"” has two subclasses for specifying
coordinates as float or double quantities. In Volume I, you already encountered
Rectangle2D, Float and Rectangle2D.Double.

The same scheme is used for the other classes, such as Arc2D.Float and Arc2D,Double.

Internally, all graphics classes use float coordinates because float numbers use
less storage space but have sufficient precision for geometric computations.
However, the Java programming language makes it a bit more tedious to manip-
ulate float numbers. For that reason, most methods of the graphics classes use
double parameters and return values. Only when constructing a 2D object must
you choose between the constructors with float and double coordinates. For
example,

Rectangle2D floatRect = new Rectangle2D.Float(5F, 10F, 7.5F, 15F);
Rectangle2D doubleRect = new Rectangle2D.Double(5, 10, 7.5, 15);

The Xxx2D.Float and Xxx20.Double classes are subclasses of the Xxx20 classes. After
object construction, essentially no benefit accrues from remembering the subclass,
and you can just store the constructed object in a superclass variable as in the
code example above.

As you can see from the curious names, the Xxx20.Float and Xxx20.Double classes are
also inner classes of the Xxx20 classes. That is just a minor syntactical convenience
to avoid inflation of outer class names.

Figure 7.3 shows the relationships between the shape classes. However, the Double
and Float subclasses are omitted. Legacy classes from the pre-2D library are
marked with a gray fill.

Figure 7.2 The bounding rectangle of an ellipse and an arc
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GeneralPath

Path2D.Float

Path2D l

.......... [ SR
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A 1

Quad | Cubic
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Point2D
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Round 1
Rectangle2D

| | [
Arc2D

l Ellipse2D '

Rectangle2D

Rectangle

Figure 7.3 Relationships between the shape classes

7.2.1 Using the Shape Classes

You already saw how to use the Rectangle2D, E11ipseD, and Line2D classes in Volume I,
Chapter 7. In this section, you will learn how to work with the remaining 2D
shapes.

For the RoundRectangle2 shape, specify the top left corner, width, height, and the x
and y dimensions of the corner area that should be rounded (see Figure 7.4). For
example, the call :
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RoundRectangle2D r = new RoundRectangle2D.Double(150, 200, 100, 50, 20, 20);
produces a rounded rectangle with circles of radius 20 at each of the corners.

To construct an arc, specify the bounding box, the start angle, the angle swept
out by the arc (see Figure 7.5), and the closure type—one of Arc2D.0PEN, Arc2D.PIE, or
Arc2D. CHORD.

Arc2D a = new Arc2D(x, y, width, height, startAngle, arcAngle, closureType);
Figure 7.6 illustrates the arc types.

CAUTION: If the arc is elliptical, the computation of the arc angles is not at all

0 straightforward. The AP| documentation states: “The angles are specified relative
to the nonsquare framing rectangle such that 45 degrees always falls on the line
from the center of the ellipse to the upper right corner of the framing rectangle.
As a result, if the framing rectangle is noticeably longer along one axis than the
other, the angles to the start and end of the arc segment will be skewed farther
along the longer axis of the frame.” Unfortunately, the documentation is silent
on how to compute this “skew.” Here are the details:

Suppose the center of the arc is the origin and the point (x, y) lies on the arc.
You can get a skewed angle with the following formula:

skewedAngle = Math.toDegrees(Math.atan2(-y * height, x * width));

The result is a value between -180 and 180. Compute the skewed start and end
angles in this way. Then, compute the difference between the two skewed angles.
If the start angle or the difference is negative, add 360 to the start angle. Then,
supply the start angle and the difference to the arc constructor.

If you run the example program at the end of this section, you can visually check
that this calculation yields the correct values for the arc constructor (see
Figure 7.9 on p. 561).

The Java 2D API supports quadratic and cubic curves. In this chapter, we do not
get into the mathematics of these curves. We suggest you get a feel for how the
curves look by running the program in Listing 7.1. As you can see in Figures 7.7
and 7.8, quadratic and cubic curves are specified by two end points and one or
two control points. Moving the control points changes the shape of the curves.

To construct quadratic and cubic curves, give the coordinates of the end points
and the control points. For example,

QuadCurve2D q = new QuadCurve2D.Double(startX, startY, controlX, controlY, endX, endY);:
CubicCurve2D c = new CubicCurve2D.Double(startX, startY, controllX, controllY,
control2X, control2Y, endX, endY);



7.2 Shapes
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Figure 7.7 A quadratic curve



