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Foreword

Why Qt? Why do programmers like us choose Qt? Sure, there are the obvious
answers: Qt’s single-source compatibility, its feature richness, its C++ perfor-
mance, the availability of the source code, its documentation, the high-quality
technical support, and all the other items mentioned in Trolltech’s glossy mar-
keting materials. This is all very well, but it misses the most important point:
Qt is successful because programmers like it.

How come programmers like one technology, but dislike another? Personally, I
believe software engineers enjoy technology that feels right, but dislike every-
thing that doesn’t. How else can we explain that some of the brightest program-
mers need help to program a video recorder, or that most engineers seem to have
trouble operating the company’sphone system? I for one am perfectly capable of
memorizing sequences of random numbers and commands, but if these are re-
quired to control my answering machine, I’d prefer not to have one. At Trolltech,
our phone system forces us to press the ‘∗’ for two seconds before we are allowed
to enter the other person’s extension number. If you forget to do this and start
to enter the extension immediately, you have to dial the entire number again.
Why ‘∗’? Why not ‘#’, or ‘1’, or ‘5’, or any of the other 20 keys on the phone? Why
two seconds and not one, or three, or one and a half? Why anything at all? I
find the phone so irritating that I avoid using it whenever I can. Nobody likes
having to do random things, especially when those random things apparently
depend on some equally random context you wish you didn’t have to know about
in the first place.

Programming can be a lot like using our phone system, only worse. And this is
where Qt comes to the rescue. Qt is different. For one thing, Qt makes sense.
And for another, Qt is fun. Qt lets you concentrate on your tasks. When Qt’s
original architects faced a problem, they didn’t just look for a good solution, or
a quick solution, or the simplest solution. They looked for the right solution,
and then they documented it. Granted, they made mistakes, and granted, some
of their design decisions didn’t pass the test of time, but they still got a lot of
things right, and what wasn’t right could and can be corrected. You can see
this by the fact that a system originally designed to bridge Windows 95 and
Unix/Motif now unifies modern desktop systems as diverse as Windows Vista,
Mac OS X, and GNU/Linux, as well as small devices such as mobile phones.

Long before Qt became so popular and so widely used, the dedication of Qt’s
developers to finding the right solutions made Qt special. That dedication is
just as strong today and affects everyone who maintains and develops Qt. For
us, working on Qt is a responsibility and a privilege. We are proud of helping
to make your professional and open source lives easier and more enjoyable.
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One of the things that makes Qt a pleasure to use is its online documentation.
But the documentation’s focus is primarily on individual classes, with little said
about how to build sophisticated real-world applications. This excellent book
fills that gap. It shows you what Qt has to offer, how to program Qt the “Qt way”,
and how to get the best from Qt. The book will teach a C++, Java, or C# pro-
grammer how to program Qt, and provides enough advanced material to satisfy
experienced Qt programmers. The book is packed with good examples, advice,
and explanations—and it is the text that we use to induct all new programmers
who join Trolltech.

Nowadays, a vast number of commercial and free Qt applications are available
for purchase or download. Some are specialized for particular vertical markets,
while others are aimed at the mass-market. Seeing so many applications built
with Qt fills us with pride and inspires us to make Qt even better. And with the
help of this book, there will be more and higher-quality Qt applications than
ever before.

Matthias Ettrich
Berlin, Germany
November 2007
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Preface

Qt is a comprehensive C++ application development framework for creating
cross-platform GUI applications using a “write once, compile anywhere” ap-
proach. Qt lets programmers use a single source tree for applications that
will run on Windows 98 to Vista, Mac OS X, Linux, Solaris, HP-UX, and many
other versions of Unix with X11. The Qt libraries and tools are also part of
Qt/Embedded Linux, a product that provides its own window system on top of
embedded Linux.

The purpose of this book is to teach you how to write GUI programs using
Qt 4. The book starts with “Hello Qt” and quickly progresses to more advanced
topics, such as creating custom widgets and providing drag and drop. The text
is complemented by a set of examples that you can download from the book’s
web site, http://www.informit.com/title/0132354160. Appendix A explains how
to download and install the software, including a free C++ compiler for those
using Windows.

The book is divided into three parts. Part I covers all the fundamental concepts
and practices necessary for programming GUI applications using Qt. Knowl-
edge of this part alone is sufficient to write useful GUI applications. Part II cov-
ers central Qt topics in greater depth,and Part III provides more specialized and
advanced material. You can read the chapters of Parts II and III in any order,
but they assume familiarity with the contents of Part I. The book also includes
several appendixes, with Appendix B showing how to build Qt applications and
Appendix C introducing Qt Jambi, the Java version of Qt.

The first Qt 4 edition of the book built on the Qt 3 edition, although it was
completely revised to reflect good idiomatic Qt 4 programming techniques and
included new chapters on Qt 4’s model/view architecture, the new plugin frame-
work, embedded programming with Qt/Embedded Linux, and a new appendix.
This extended and revised second edition has been thoroughly updated to take
advantage of features introduced in Qt versions 4.2 and 4.3, and includes new
chapters on look and feel customization and application scripting as well as two
new appendixes. The original graphics chapter has been split into separate 2D
and 3D chapters, which between them now cover the new graphics view class-
es and QPainter’s OpenGL back-end. In addition, much new material has been
added to the database, XML, and embedded programming chapters.

This edition, like its predecessors, emphasizes explaining Qt programming and
providing realistic examples, rather than simply rehashing or summarizing
Qt’s extensive online documentation. Because the book teaches solid Qt 4
programming principles and practices, readers will easily be able to learn the
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new Qt modules that come out in Qt 4.4, Qt 4.5, and later Qt 4.x versions. If
you are using one of these later versions, be sure to read the “What’s New in
Qt 4.x” documents in the reference documentation to get an overview of the new
features that are available.

We have written the book with the assumption that you have a basic knowl-
edge of C++, Java, or C#. The code examples use a subset of C++, avoiding many
C++ features that are rarely needed when programming Qt. In the few places
where a more advanced C++ construct is unavoidable, it is explained as it is
used. If you already know Java or C# but have little or no experience with C++,
we recommend that you begin by reading Appendix D, which provides sufficient
introduction to C++ to be able to use this book. For a more thorough introduction
to object-oriented programming in C++, we recommend C++ How to Program by
P. J. Deitel and H. M. Deitel (Prentice Hall, 2007), and C++ Primer by Stanley
B. Lippman, Josée Lajoie, and Barbara E. Moo (Addison-Wesley, 2005).

Qt made its reputation as a cross-platform framework,but thanks to its intuitive
and powerful API, many organizations use Qt for single-platform development.
Adobe Photoshop Album is just one example of a mass-market Windows appli-
cation written in Qt. Many sophisticated software systems in vertical markets,
such as 3D animation tools,digital film processing,electronic design automation
(for chip design), oil and gas exploration, financial services, and medical imag-
ing, are built with Qt. If you are making a living with a successful Windows
product written in Qt, you can easily create new markets in the Mac OS X and
Linux worlds simply by recompiling.

Qt is available under various licenses. If you want to build commercial applica-
tions, you must buy a commercial Qt license from Trolltech; if you want to build
open source programs, you can use the open source (GPL) edition. The K Desk-
top Environment (KDE) and most of the open source applications that go with
it are built on Qt.

In addition to Qt’s hundreds of classes, there are add-ons that extend Qt’s scope
and power. Some of these products, like the Qt Solutions components, are avail-
able from Trolltech, while others are supplied by other companies and by the
open source community; see http://www.trolltech.com/products/qt/3rdparty/ for
a list of available add-ons. Trolltech’s developers also have their own web site,
Trolltech Labs (http://labs.trolltech.com/), where they put unofficial code that
they have written because it is fun, interesting, or useful. Qt has a well-estab-
lished and thriving user community that uses the qt-interest mailing list; see
http://lists.trolltech.com/ for details.

If you spot errors in the book, have suggestions for the next edition, or want to
give us feedback, we would be delighted to hear from you. You can reach us at
qt-book@trolltech.com. The errata will be placed on the book’s web site (http://
www.prenhallprofessional.com/title/0132354160).
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8. 2D Graphics

◆ Painting with QPainter
◆ Coordinate System Transformations
◆ High-Quality Rendering with

QImage
◆ Item-Based Rendering with Graphics

View
◆ Printing

Qt’s 2D graphics engine is based on the QPainter class. QPainter can draw
geometric shapes (points, lines, rectangles, ellipses, arcs, chords, pie segments,
polygons, and Bézier curves), as well as pixmaps, images, and text. Further-
more, QPainter supports advanced features such as antialiasing (for text and
shape edges), alpha blending, gradient filling, and vector paths. QPainter also
supports linear transformations, such as translation, rotation, shearing, and
scaling.

QPainter can be used to draw on a “paint device”, such as a QWidget, a QPixmap, a
QImage, or a QSvgGenerator. QPainter can also be used in conjunction with QPrinter
for printing and for generating PDF documents. This means that we can often
use the same code to display data on-screen and to produce printed reports.

By reimplementing QWidget::paintEvent(), we can create custom widgets and
exercise complete control over their appearance, as we saw in Chapter 5. For
customizing the look and feel of predefined Qt widgets, we can also specify a
style sheet or create a QStyle subclass; we cover both of these approaches in
Chapter 19.

A common requirement is the need to display large numbers of lightweight arbi-
trarily shaped items that the user can interact with on a 2D canvas. Qt 4.2 intro-
duced a completely new “graphics view” architecture centered on the QGraphics-
View, QGraphicsScene, and QGraphicsItem classes. This architecture offers a high-
level interface for doing item-based graphics, and supports standard user ac-
tions on items, including moving,selecting,and grouping. The items themselves
are drawn using QPainter as usual and can be transformed individually. We cov-
er this architecture later in the chapter.

An alternative to QPainter is to use OpenGL commands. OpenGL is a standard
library for drawing 3D graphics. In Chapter 20, we will see how to use the
QtOpenGL module, which makes it easy to integrate OpenGL code into Qt ap-
plications.
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Painting with QPainter

To start painting to a paint device (typically a widget), we simply create a
QPainter and pass a pointer to the device. For example:

void MyWidget::paintEvent(QPaintEvent *event)
{
    QPainter painter(this);
    ...
}

We can draw various shapes using QPainter’s draw...() functions. Figure 8.1 lists
the most important ones. The way the drawing is performed is influenced by

drawPoint() drawLine() drawPolyline()

drawPoints() drawLines() drawPolygon()

drawRect() drawRoundRect() drawEllipse()

drawArc() drawChord() drawPie()
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drawText() drawPixmap() drawPath()
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Figure 8.1. QPainter’s most frequently used draw...() functions
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QPainter’s settings. Some of these are adopted from the device, whereas others
are initialized to default values. The three main painter settings are the pen,
the brush, and the font:

• The pen is used for drawing lines and shape outlines. It consists of a color,
a width, a line style, a cap style, and a join style. The pen styles are shown
in Figures 8.2 and 8.3.

• The brush is the pattern used for filling geometric shapes. It normally con-
sists of a color and a style, but it can also be a texture (a pixmap that is re-
peated infinitely) or a gradient. The brush styles are shown in Figure 8.4.

• The font is used for drawing text. A font has many attributes, including a
family and a point size.

These settings can be modified at any time by calling setPen(), setBrush(), and
setFont() with a QPen, QBrush, or QFont object.

Let’s see a few examples in practice. Here’s the code to draw the ellipse shown
in Figure 8.5 (a):

QPainter painter(this);
painter.setRenderHint(QPainter::Antialiasing, true);
painter.setPen(QPen(Qt::black, 12, Qt::DashDotLine, Qt::RoundCap));
painter.setBrush(QBrush(Qt::green, Qt::SolidPattern));
painter.drawEllipse(80, 80, 400, 240);

The setRenderHint() call enables antialiasing, telling QPainter to use different
color intensities on the edges to reduce the visual distortion that normally oc-
curs when the edges of a shape are converted into pixels. The result is smoother
edges on platforms and devices that support this feature.

Here’s the code to draw the pie segment shown in Figure 8.5 (b):

QPainter painter(this);
painter.setRenderHint(QPainter::Antialiasing, true);
painter.setPen(QPen(Qt::black, 15, Qt::SolidLine, Qt::RoundCap,
                    Qt::MiterJoin));
painter.setBrush(QBrush(Qt::blue, Qt::DiagCrossPattern));
painter.drawPie(80, 80, 400, 240, 60 * 16, 270 * 16);

The last two arguments to drawPie() are expressed in sixteenths of a degree.

Here’s the code to draw the cubic Bézier curve shown in Figure 8.5 (c):

QPainter painter(this);
painter.setRenderHint(QPainter::Antialiasing, true);

QPainterPath path;
path.moveTo(80, 320);
path.cubicTo(200, 80, 320, 80, 480, 320);

painter.setPen(QPen(Qt::black, 8));
painter.drawPath(path);
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FlatCap SquareCap RoundCap

MiterJoin BevelJoin RoundJoin

Figure 8.2. Cap and join styles

Line width
1 2 3 4

SolidLine
DashLine
DotLine
DashDotLine
DashDotDotLine
NoPen

Figure 8.3. Line styles

SolidPattern Dense1Pattern Dense2Pattern Dense3Pattern Dense4Pattern

Dense5Pattern Dense6Pattern Dense7Pattern HorPattern VerPattern

CrossPattern BDiagPattern FDiagPattern DiagCrossPat. NoBrush

Figure 8.4. Predefined brush styles



Painting with QPainter 183

(a) An ellipse (b) A pie segment (c) A Bézier curve

Figure 8.5. Geometric shape examples

The QPainterPath class can specify arbitrary vector shapes by connecting ba-
sic graphical elements together: straight lines, ellipses, polygons, arcs, Bézier
curves, and other painter paths. Painter paths are the ultimate drawing prim-
itive in the sense that any shape or combination of shapes can be expressed as
a painter path.

A path specifies an outline, and the area described by the outline can be filled
using a brush. In the example in Figure 8.5 (c), we didn’t set a brush, so only
the outline is drawn.

These three examples use built-in brush patterns (Qt::SolidPattern, Qt::Diag-
CrossPattern, and Qt::NoBrush). In modern applications, gradient fills are a pop-
ular alternative to monochrome fill patterns. Gradients rely on color interpola-
tion to obtain smooth transitionsbetween two or more colors. They are frequent-
ly used to produce 3D effects; for example, the Plastique and Cleanlooks styles
use gradients to render QPushButtons.

Qt supports three types of gradients: linear, conical, and radial. The Oven
Timer example in the next section combines all three types of gradients in a
single widget to make it look like the real thing.

• Linear gradients are defined by two control points and by a series of “color
stops” on the line that connects these two points. For example, the linear
gradient in Figure 8.6 is created using the following code:

QLinearGradient gradient(50, 100, 300, 350);
gradient.setColorAt(0.0, Qt::white);
gradient.setColorAt(0.2, Qt::green);
gradient.setColorAt(1.0, Qt::black);

We specify three colors at three different positions between the two control
points. Positions are specified as floating-point values between 0 and 1,
where 0 corresponds to the first control point and 1 to the second control
point. Colors between the specified stops are linearly interpolated.

• Radial gradients are defined by a center point (xc, yc), a radius r, and a focal
point (xf, yf), in addition to the color stops. The center point and the radius
specify a circle. The colors spread outward from the focal point, which can
be the center point or any other point inside the circle.
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(x1, y1)

(x2, y2)

(xc, yc)

(xf, yf)

r
(xc, yc)

α

QLinearGradient QRadialGradient QConicalGradient

Figure 8.6. QPainter’s gradient brushes

• Conical gradients are defined by a center point (xc, yc) and an angle α. The
colors spread around the center point like the sweep of a watch’s sec-
onds hand.

So far, we have mentioned QPainter’s pen, brush, and font settings. In addition
to these, QPainter has other settings that influence the way shapes and text
are drawn:

• The background brush is used to fill the background of geometric shapes
(underneath the brush pattern), text, or bitmaps when the background
mode is Qt::OpaqueMode (the default is Qt::TransparentMode).

• The brush origin is the starting point for brush patterns, normally the
top-left corner of the widget.

• The clip region is the area of the device that can be painted. Painting
outside the clip region has no effect.

• The viewport, window, and world transform determine how logical QPainter
coordinates map to physical paint device coordinates. By default, these
are set up so that the logical and physical coordinate systems coincide. We
cover coordinate systems in the next section.

• The composition mode specifies how the newly drawn pixels should interact
with the pixels already present on the paint device. The default is “source
over”, where drawn pixels are alpha-blended on top of existing pixels. This
is supported only on certain devices and is covered later in this chapter.
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At any time, we can save the current state of a painter on an internal stack by
calling save() and restore it later on by calling restore().This can be useful if we
want to temporarily change some painter settings and then reset them to their
previous values, as we will see in the next section.

Coordinate System Transformations

With QPainter’s default coordinate system, the point (0, 0) is located at the top-
left corner of the paint device, x-coordinates increase rightward, and y-coordi-
nates increase downward. Each pixel occupies an area of size 1 × 1 in the default
coordinate system.

Conceptually, the center of a pixel lies on “half-pixel” coordinates. For example,
the top-left pixel of a widget covers the area between points (0, 0) and (1, 1),
and its center is located at (0.5, 0.5). If we tell QPainter to draw a pixel at, say,
(100, 100), it will approximate the result by shifting the coordinate by +0.5 in
both directions, resulting in the pixel centered at (100.5, 100.5) being drawn.

This distinction may seem rather academic at first, but it has important con-
sequences in practice. First, the shifting by +0.5 occurs only if antialiasing
is disabled (the default); if antialiasing is enabled and we try to draw a pixel
at (100, 100) in black, QPainter will actually color the four pixels (99.5, 99.5),
(99.5, 100.5), (100.5, 99.5), and (100.5, 100.5) light gray, to give the impression
of a pixel lying exactly at the meeting point of the four pixels. If this effect is
undesirable, we can avoid it by specifying half-pixel coordinates or by translat-
ing the QPainter by (+0.5, +0.5).

When drawing shapes such as lines, rectangles,and ellipses, similar rules apply.
Figure 8.7 shows how the result of a drawRect(2, 2, 6, 5) call varies according to
the pen’s width, when antialiasing is off. In particular, it is important to notice
that a 6 × 5 rectangle drawn with a pen width of 1 effectively covers an area
of size 7 × 6. This is different from older toolkits, including earlier versions of
Qt, but it is essential for making truly scalable, resolution-independent vector
graphics possible. Figure 8.8 shows the result of drawRect(2, 2, 6, 5) when an-
tialiasing is on, and Figure 8.9 shows what happens when we specify half-pixel
coordinates.

Now that we understand the default coordinate system, we can take a closer
look at how it can be changed using QPainter’s viewport, window, and world
transform. (In this context, the term “window” does not refer to a window
in the sense of a top-level widget, and the “viewport” has nothing to do with
QScrollArea’s viewport.)

The viewport and the window are tightly bound. The viewport is an arbitrary
rectangle specified in physical coordinates. The window specifies the same rect-
angle, but in logical coordinates. When we do the painting, we specify points
in logical coordinates, and those coordinates are converted into physical coor-
dinates in a linear algebraic manner, based on the current window–viewport
settings.
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(0, 0)

No pen Pen width 1 Pen width 2 Pen width 3

Figure 8.7. Result of drawRect(2, 2, 6, 5) with no antialiasing

(0, 0)

No pen Pen width 1 Pen width 2 Pen width 3

Figure 8.8. Result of drawRect(2, 2, 6, 5) with antialiasing

(0, 0)

No pen Pen width 1 Pen width 2 Pen width 3

Figure 8.9. Result of drawRect(2.5, 2.5, 6, 5) with antialiasing

By default, the viewport and the window are set to the device’s rectangle. For
example, if the device is a 320 × 200 widget, both the viewport and the window
are the same 320 × 200 rectangle with its top-left corner at position (0, 0). In this
case, the logical and physical coordinate systems are the same.

The window–viewport mechanism is useful to make the drawing code indepen-
dent of the size or resolution of the paint device. For example, if we want the
logical coordinates to extend from (+--50, +--50) to (+50, +50), with (0, 0) in the mid-
dle, we can set the window as follows:

painter.setWindow(-50, -50, 100, 100);

The (+--50,+--50) pair specifies the origin,and the (100,100) pair specifies the width
and height. This means that the logical coordinates (+--50,+--50) now correspond to
the physical coordinates (0, 0), and the logical coordinates (+50, +50) correspond
to the physical coordinates (320, 200). This is illustrated in Figure 8.10. In this
example, we didn’t change the viewport.



Coordinate System Transformations 187

(+--50, +--50)

(+--30, +--20)

(+10, +20)
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➧

(0, 0)

(64, 60)

(192, 140)

(320, 200)
Window Viewport

Figure 8.10. Converting logical coordinates into physical coordinates

Now comes the world transform. The world transform is a transformation
matrix that is applied in addition to the window–viewport conversion. It allows
us to translate, scale, rotate, or shear the items we are drawing. For example, if
we wanted to draw text at a 45° angle, we would use this code:

QTransform transform;
transform.rotate(+45.0);
painter.setWorldTransform(transform);
painter.drawText(pos, tr("Sales"));

The logical coordinates we pass to drawText() are converted by the world
transform, then mapped to physical coordinates using the window–viewport
settings.

If we specify multiple transformations, they are applied in the order in which
they are given. For example, if we want to use the point (50, 50) as the rotation’s
pivot point, we can do so by translating the window by (+50, +50), performing
the rotation, and then translating the window back to its original position:

QTransform transform;
transform.translate(+50.0, +50.0);
transform.rotate(+45.0);
transform.translate(-50.0, -50.0);
painter.setWorldTransform(transform);
painter.drawText(pos, tr("Sales"));

A simpler way to specify transformations is to use QPainter’s translate(), scale(),
rotate(), and shear() convenience functions:

painter.translate(-50.0, -50.0);
painter.rotate(+45.0);
painter.translate(+50.0, +50.0);
painter.drawText(pos, tr("Sales"));

If we want to use the same transformations repeatedly, it is more efficient to
store them in a QTransform object and set the world transform on the painter
whenever the transformations are needed.

To illustrate painter transformations, we will review the code of the OvenTimer
widget shown in Figures 8.11 and 8.12. The OvenTimer widget is modeled after
the kitchen timers that were used before it was common to have ovens with
clocks built-in. The user can click a notch to set the duration. The wheel au-
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Figure 8.11. The OvenTimer widget

tomatically turns counterclockwise until 0 is reached, at which point OvenTimer
emits the timeout() signal.

class OvenTimer : public QWidget
{
    Q_OBJECT

public:
    OvenTimer(QWidget *parent = 0);

    void setDuration(int secs);
    int duration() const;
    void draw(QPainter *painter);

signals:
    void timeout();

protected:
    void paintEvent(QPaintEvent *event);
    void mousePressEvent(QMouseEvent *event);

private:
    QDateTime finishTime;
    QTimer *updateTimer;
    QTimer *finishTimer;
};

The OvenTimer class is derived from QWidget and reimplements two virtual
functions: paintEvent() and mousePressEvent().

const double DegreesPerMinute = 7.0;
const double DegreesPerSecond = DegreesPerMinute / 60;
const int MaxMinutes = 45;
const int MaxSeconds = MaxMinutes * 60;
const int UpdateInterval = 5;

In oventimer.cpp, we start by defining a few constants that control the oven
timer’s look and feel.

OvenTimer::OvenTimer(QWidget *parent)
    : QWidget(parent)
{
    finishTime = QDateTime::currentDateTime();
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    updateTimer = new QTimer(this);
    connect(updateTimer, SIGNAL(timeout()), this, SLOT(update()));

    finishTimer = new QTimer(this);
    finishTimer->setSingleShot(true);
    connect(finishTimer, SIGNAL(timeout()), this, SIGNAL(timeout()));
    connect(finishTimer, SIGNAL(timeout()), updateTimer, SLOT(stop()));

    QFont font;
    font.setPointSize(8);
    setFont(font);
}

In the constructor, we create two QTimer objects: updateTimer is used to refresh
the appearance of the widget every five seconds, and finishTimer emits the
widget’s timeout() signal when the oven timer reaches 0. The finishTimer needs
to time out only once, so we call setSingleShot(true); by default, timers fire
repeatedly until they are stopped or destroyed. The last connect() call is an
optimization to stop updating the widget when the timer is inactive.

At the end of the constructor, we set the point size of the font used for drawing
the widget to 9 points. This is done to ensure that the numbers displayed on the
timers have approximately the same size everywhere.

void OvenTimer::setDuration(int secs)
{
    secs = qBound(0, secs, MaxSeconds);

    finishTime = QDateTime::currentDateTime().addSecs(secs);

    if (secs > 0) {
        updateTimer->start(UpdateInterval * 1000);
        finishTimer->start(secs * 1000);
    } else {
        updateTimer->stop();
        finishTimer->stop();
    }
    update();
}

The setDuration() function sets the duration of the oven timer to the given
number of seconds.Using Qt’s global qBound() function means that we can avoid
writing code such as this:

if (secs < 0) {
    secs = 0;
} else if (secs > MaxSeconds) {
    secs = MaxSeconds;
}

We compute the finish time by adding the duration to the current time (obtained
from QDateTime::currentDateTime()) and store it in the finishTime private vari-
able. At the end, we call update() to redraw the widget with the new duration.
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The finishTime variable is of type QDateTime. Since the variable holds both a
date and a time, we avoid a wrap-around bug when the current time is before
midnight and the finish time is after midnight.

int OvenTimer::duration() const
{
    int secs = QDateTime::currentDateTime().secsTo(finishTime);
    if (secs < 0)
        secs = 0;
    return secs;
}

The duration() function returns the number of seconds left before the timer is
due to finish. If the timer is inactive, we return 0.

void OvenTimer::mousePressEvent(QMouseEvent *event)
{
    QPointF point = event->pos() - rect().center();
    double theta = std::atan2(-point.x(), -point.y()) * 180.0 / M_PI;
    setDuration(duration() + int(theta / DegreesPerSecond));
    update();
}

If the user clicks the widget, we find the closest notch using a subtle but
effective mathematical formula, and we use the result to set the new duration.
Then we schedule a repaint. The notch that the user clicked will now be at the
top and will move counterclockwise as time passes until 0 is reached.

void OvenTimer::paintEvent(QPaintEvent * /* event */)
{
    QPainter painter(this);
    painter.setRenderHint(QPainter::Antialiasing, true);

    int side = qMin(width(), height());

    painter.setViewport((width() - side) / 2, (height() - side) / 2,
                        side, side);
    painter.setWindow(-50, -50, 100, 100);

    draw(&painter);
}

In paintEvent(), we set the viewport to be the largest square area that fits inside
the widget, and we set the window to be the rectangle (+--50, +--50, 100, 100), that
is, the 100 × 100 rectangle extending from (+--50, +--50) to (+50, +50). The qMin()
template function returns the lowest of its two arguments. Then we call the
draw() function to actually perform the drawing.

If we had not set the viewport to be a square, the oven timer would be an
ellipse when the widget is resized to a non-square rectangle. To avoid such
deformations, we must set the viewport and the window to rectangles with the
same aspect ratio.

Now let’s look at the drawing code:
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Figure 8.12. The OvenTimer widget at three different sizes

void OvenTimer::draw(QPainter *painter)
{
    static const int triangle[3][2] = {
        { -2, -49 }, { +2, -49 }, { 0, -47 }
    };
    QPen thickPen(palette().foreground(), 1.5);
    QPen thinPen(palette().foreground(), 0.5);
    QColor niceBlue(150, 150, 200);

    painter->setPen(thinPen);
    painter->setBrush(palette().foreground());
    painter->drawPolygon(QPolygon(3, &triangle[0][0]));

We start by drawing the tiny triangle that marks the 0 position at the top of the
widget. The triangle is specified by three hard-coded coordinates, and we use
drawPolygon() to render it.

What is so convenient about the window–viewport mechanism is that we can
hard-code the coordinates we use in the draw commands and still get good
resizing behavior.

    QConicalGradient coneGradient(0, 0, -90.0);
    coneGradient.setColorAt(0.0, Qt::darkGray);
    coneGradient.setColorAt(0.2, niceBlue);
    coneGradient.setColorAt(0.5, Qt::white);
    coneGradient.setColorAt(1.0, Qt::darkGray);

    painter->setBrush(coneGradient);
    painter->drawEllipse(-46, -46, 92, 92);

We draw the outer circle and fill it using a conical gradient. The gradient’s
center point is located at (0, 0), and the angle is +--90°.

    QRadialGradient haloGradient(0, 0, 20, 0, 0);
    haloGradient.setColorAt(0.0, Qt::lightGray);
    haloGradient.setColorAt(0.8, Qt::darkGray);
    haloGradient.setColorAt(0.9, Qt::white);
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    haloGradient.setColorAt(1.0, Qt::black);

    painter->setPen(Qt::NoPen);
    painter->setBrush(haloGradient);
    painter->drawEllipse(-20, -20, 40, 40);

We fill the inner circle using a radial gradient. The center point and the focal
point of the gradient are located at (0, 0). The radius of the gradient is 20.

    QLinearGradient knobGradient(-7, -25, 7, -25);
    knobGradient.setColorAt(0.0, Qt::black);
    knobGradient.setColorAt(0.2, niceBlue);
    knobGradient.setColorAt(0.3, Qt::lightGray);
    knobGradient.setColorAt(0.8, Qt::white);
    knobGradient.setColorAt(1.0, Qt::black);

    painter->rotate(duration() * DegreesPerSecond);
    painter->setBrush(knobGradient);
    painter->setPen(thinPen);
    painter->drawRoundRect(-7, -25, 14, 50, 99, 49);

    for (int i = 0; i <= MaxMinutes; ++i) {
        if (i % 5 == 0) {
            painter->setPen(thickPen);
            painter->drawLine(0, -41, 0, -44);
            painter->drawText(-15, -41, 30, 30,
                              Qt::AlignHCenter | Qt::AlignTop,
                              QString::number(i));
        } else {
            painter->setPen(thinPen);
            painter->drawLine(0, -42, 0, -44);
        }
        painter->rotate(-DegreesPerMinute);
    }
}

We call rotate() to rotate the painter’s coordinate system. In the old coordinate
system, the 0-minute mark was on top; now, the 0-minute mark is moved to the
place that is appropriate for the time left. We draw the rectangular knob handle
after the rotation, since its orientation depends on the rotation angle.

In the for loop, we draw the tick marks along the outer circle’s edge and the
numbers for each multiple of five minutes. The text is drawn in an invisible
rectangle underneath the tick mark. At the end of each iteration, we rotate
the painter clockwise by 7°, which corresponds to one minute. The next time
we draw a tick mark, it will be at a different position around the circle, even
though the coordinates we pass to the drawLine() and drawText() calls are always
the same.

The code in the for loop suffers from a minor flaw, which would quickly become
apparent if we performed more iterations. Each time we call rotate(), we effec-
tively multiply the current world transform with a rotation transform, produc-
ing a new world transform. The rounding errors associated with floating-point
arithmetic gradually accumulate, resulting in an increasingly inaccurate world
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transform. Here’s one way to rewrite the code to avoid this issue, using save()
and restore() to save and reload the original transform for each iteration:

    for (int i = 0; i <= MaxMinutes; ++i) {
        painter->save();
        painter->rotate(-i * DegreesPerMinute);

        if (i % 5 == 0) {
            painter->setPen(thickPen);
            painter->drawLine(0, -41, 0, -44);
            painter->drawText(-15, -41, 30, 30,
                              Qt::AlignHCenter | Qt::AlignTop,
                              QString::number(i));
        } else {
            painter->setPen(thinPen);
            painter->drawLine(0, -42, 0, -44);
        }
        painter->restore();
    }

Another way of implementing an oven timer would have been to compute the
(x, y) positions ourselves, using sin() and cos() to find the positions along the
circle. But then we would still need to use a translation and a rotation to draw
the text at an angle.

High-Quality Rendering with QImage

When drawing, we may be faced with a trade-off between speed and accuracy.
For example, on X11 and Mac OS X, drawing on a QWidget or QPixmap relies on the
platform’s native paint engine. On X11, this ensures that communication with
the X server is kept to a minimum; only paint commands are sent rather than
actual image data. The main drawback of this approach is that Qt is limited by
the platform’s native support:

• On X11, featuressuch as antialiasing and support for fractional coordinates
are available only if the X Render extension is present on the X server. q

• On Mac OS X, the native aliased graphics engine uses different algorithms
for drawing polygons than X11 and Windows, with slightly different
results. q

When accuracy is more important than efficiency, we can draw to a QImage and
copy the result onto the screen. This always uses Qt’s own internal paint engine,
giving identical results on all platforms. The only restriction is that the QImage
on which we paint must be created with an argument of either QImage::Format_
RGB32 or QImage::Format_ARGB32_Premultiplied.

The premultiplied ARGB32 format is almost identical to the conventional
ARGB32 format (0xAARRGGBB), the difference being that the red, green, and blue
channels are “premultiplied” with the alpha channel. This means that the RGB
values, which normally range from 0x00 to 0xFF, are scaled from 0x00 to the alpha
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value. For example, a 50%-transparent blue color is represented as 0x7F0000FF
in ARGB32 format, but 0x7F00007F in premultiplied ARGB32 format, and simi-
larly a 75%-transparent dark green of 0x3F008000 in ARGB32 format would be
0x3F002000 in premultiplied ARGB32 format.

Let’s suppose we want to use antialiasing for drawing a widget, and we want
to obtain good results even on X11 systems with no X Render extension. The
original paintEvent() handler, which relies on X Render for the antialiasing,
might look like this:

void MyWidget::paintEvent(QPaintEvent *event)
{
    QPainter painter(this);
    painter.setRenderHint(QPainter::Antialiasing, true);
    draw(&painter);
}

Here’s how to rewrite the widget’s paintEvent() function to use Qt’s platform-
independent graphics engine:

void MyWidget::paintEvent(QPaintEvent *event)
{
    QImage image(size(), QImage::Format_ARGB32_Premultiplied);
    QPainter imagePainter(&image);
    imagePainter.initFrom(this);
    imagePainter.setRenderHint(QPainter::Antialiasing, true);
    imagePainter.eraseRect(rect());
    draw(&imagePainter);
    imagePainter.end();

    QPainter widgetPainter(this);
    widgetPainter.drawImage(0, 0, image);
}

We create a QImage of the same size as the widget in premultiplied ARGB32
format, and a QPainter to draw on the image. The initFrom() call initializes the
painter’s pen, background, and font based on the widget. We perform the draw-
ing using the QPainter as usual, and at the end we reuse the QPainter object to
copy the image onto the widget. This approach produces identical high-quality
results on all platforms, with the exception of font rendering, which depends on
the installed fonts.

One particularly powerful feature of Qt’s graphics engine is its support for com-
position modes. These specify how a source and a destination pixel are merged
together when drawing. This applies to all painting operations, including pen,
brush, gradient, and image drawing.

The default composition mode is QImage::CompositionMode_SourceOver, meaning
that the source pixel (the pixel we are drawing) is blended on top of the des-
tination pixel (the existing pixel) in such a way that the alpha component of
the source defines its translucency. Figure 8.13 shows the result of drawing a
semi-transparent butterfly (the “source” image) on top of a checker pattern (the
“destination” image) with the different modes.
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Figure 8.13. QPainter’s composition modes

Composition modes are set using QPainter::setCompositionMode(). For example,
here’s how to create a QImage containing the XOR of the butterfly and the
checker pattern:

QImage resultImage = checkerPatternImage;
QPainter painter(&resultImage);
painter.setCompositionMode(QPainter::CompositionMode_Xor);
painter.drawImage(0, 0, butterflyImage);

One issue to be aware of is that the QImage::CompositionMode_Xor operation
also applies to the alpha channel. This means that if we XOR the color white
(0xFFFFFFFF) with itself, we obtain a transparent color (0x00000000), not black
(0xFF000000).

Item-Based Rendering with Graphics View

Drawing using QPainter is ideal for custom widgets and for drawing one or just
a few items. For graphics in which we need to handle anything from a handful
up to tens of thousands of items, and we want the user to be able to click, drag,
and select items, Qt’s graphics view classes provide the solution we need.

The graphicsview architectureconsistsof a scene,represented by the QGraphics-
Scene class,and items in the scene, represented by QGraphicsItem subclasses. The
scene (along with its item) is made visible to users by showing them in a view,
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represented by the QGraphicsView class. The same scene can be shown in more
than one view—for example, to show different parts of a large scene, or to show
the scene under different transformations. This is illustrated schematically in
Figure 8.14.

View 1 View 2 View 3

Scene

Item 1

Item 2 Item 3

Item 4 Item 5

Figure 8.14. One scene can serve multiple views

Several predefined QGraphicsItem subclasses are provided, including QGraphics-
LineItem, QGraphicsPixmapItem, QGraphicsSimpleTextItem (for styled plain text), and
QGraphicsTextItem (for rich text); see Figure 8.15. We can also create our own cus-
tom QGraphicsItem subclasses, as we will see later in this section.★

A QGraphicsScene holds a collection of graphics items. A scene has three layers:
a background layer, an item layer, and a foreground layer. The background and
foreground are normally specified by QBrushes, but it is possible to reimplement
drawBackground() or drawForeground() for complete control. If we want to use a
pixmap as a background, we could simply create a texture QBrush based on that
pixmap. The foreground brush could be set to a semi-transparent white to give
a faded effect, or to be a cross pattern to provide a grid overlay.

The scene can tell us which items have collided, which are selected, and which
are at a particular point or in a particular region. A scene’s graphics items are
either top-level (the scene is their parent) or children (their parent is another
item). Any transformations applied to an item are automatically applied to
its children.

The graphics view architecture provides two ways of grouping items. One is to
simply make an item a child of another item. Another way is to use a QGraphics-
ItemGroup. Adding an item to a group does not cause it to be transformed in any
way; these groups are convenient for handling multiple items as though they
were a single item.

A QGraphicsView is a widget that presents a scene, providing scroll bars if
necessary and capable of applying transformations that affect how the scene

★Qt 4.4 is expected to support adding widgets to graphics scenes as though they were graphics items,
including the ability to apply transformations to them.
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QGraphicsRectItem QGraphicsEllipseItem QGraphicsLineItem

QGraphicsPolygonItem QGraphicsSimpleTextItem QGraphicsTextItem

QGraphicsPathItem QGraphicsPixmapItem QGraphicsSvgItem

Figure 8.15. Graphics view items available in Qt 4.3

is rendered. This is useful to support zooming and rotating as aids for viewing
the scene.

By default, QGraphicsView renders using Qt’s built-in 2D paint engine, but it can
be changed to use an OpenGL widget with a single setViewport() call after it
has been constructed. It is also easy to print a scene, or parts of a scene, as we
will discuss in the next section where we see several techniques for printing
using Qt.

The architecture uses three different coordinate systems—viewport coordi-
nates, scene coordinates, and item coordinates—with functions for mapping
from one coordinate system to another. Viewport coordinates are coordinates
inside the QGraphicsView’s viewport. Scene coordinates are logical coordinates
that are used for positioning top-level items on the scene. Item coordinates are
specific to each item and are centered about an item-local (0, 0) point; these re-
main unchanged when we move the item on the scene. In practice, we usually
only care about the scene coordinates (for positioning top-level items) and item
coordinates (for positioning child items and for drawing items). Drawing each
item in terms of its own local coordinate system means that we do not have to
worry about where an item is in the scene or what transformations have been
applied to it.

The graphics view classes are straightforward to use and offer a great deal of
functionality. To introduce some of what can be done with them, we will review
two examples. The first example is a simple diagram editor, which will show
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how to create items and how to handle user interaction. The second example is
an annotated map program that shows how to handle large numbers of graphics
objects and how to render them efficiently at different zoom levels.

The Diagram application shown in Figure 8.16 allows users to create nodes and
links. Nodes are graphics items that show plain text inside a rounded rectangle,
whereas links are lines that connect pairs of nodes. Nodes that are selected
are shown with a dashed outline drawn with a thicker pen than usual. We will
begin by looking at links, since they are the simplest, then nodes, and then we
will see how they are used in context.

class Link : public QGraphicsLineItem
{
public:
    Link(Node *fromNode, Node *toNode);
    ~Link();

    Node *fromNode() const;
    Node *toNode() const;

    void setColor(const QColor &color);
    QColor color() const;

    void trackNodes();

private:
    Node *myFromNode;
    Node *myToNode;
};

The Link class is derived from QGraphicsLineItem, which represents a line in a
QGraphicsScene. A link has three main attributes: the two nodes it connects and
the color used to draw its line. We don’t need a QColor member variable to store
the color, for reasons that will become apparent shortly. QGraphicsItem is not

Figure 8.16. The Diagram application
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a QObject subclass, but if we wanted to add signals and slots to Link, there is
nothing to stop us from using multiple inheritance with QObject.

The trackNodes() function is used to update the line’s endpoints, when the user
drags a connected node into a different position.

Link::Link(Node *fromNode, Node *toNode)
{
    myFromNode = fromNode;
    myToNode = toNode;

    myFromNode->addLink(this);
    myToNode->addLink(this);

    setFlags(QGraphicsItem::ItemIsSelectable);
    setZValue(-1);

    setColor(Qt::darkRed);
    trackNodes();
}

When a link is constructed, it adds itself to the nodes it connects. Each node
holds a set of links, and can have any number of connecting links. Graphics
items have several flags, but in this case we only want links to be selectable so
that the user can select and then delete them.

Every graphics item has an (x, y) position, and a z value that specifies how far
forward or back it is in the scene. Since we are going to draw our lines from the
center of one node to the center of another node, we give the line a negative
z value so that it will always be drawn underneath the nodes it connects. As
a result, links will appear as lines between the nearest edges of the nodes
they connect.

At the end of the constructor, we set an initial line color and then set the line’s
endpoints by calling trackNodes().

Link::~Link()
{
    myFromNode->removeLink(this);
    myToNode->removeLink(this);
}

When a link is destroyed, it removes itself from the nodes it is connecting.

void Link::setColor(const QColor &color)
{
    setPen(QPen(color, 1.0));
}

When the link’s color is set, we simply change its pen, using the given color and
a line width of 1. The setPen() function is inherited from QGraphicsLineItem. The
color() getter simply returns the pen’s color.

void Link::trackNodes()
{
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    setLine(QLineF(myFromNode->pos(), myToNode->pos()));
}

The QGraphicsItem::pos() function returns the position of its graphics item
relative to the scene (for top-level items) or to the parent item (for child items).

For the Link class,we can rely on its base class to handle the painting: QGraphics-
LineItem draws a line (using pen()) between two points in the scene.

For the Node class, we will handle all the graphics ourselves. Another difference
between nodes and links is that nodes are more interactive. We will begin by re-
viewing the Node declaration, breaking it into a few pieces since it is quite long.

class Node : public QGraphicsItem
{
    Q_DECLARE_TR_FUNCTIONS(Node)

public:
    Node();

For the Node class, we use QGraphicsItem as the base class. The Q_DECLARE_TR_
FUNCTIONS() macro is used to add a tr() function to this class, even though it is
not a QObject subclass. This is simply a convenience that allows us to use tr()
rather than the static QObject::tr() or QCoreApplication::translate().

    void setText(const QString &text);
    QString text() const;
    void setTextColor(const QColor &color);
    QColor textColor() const;
    void setOutlineColor(const QColor &color);
    QColor outlineColor() const;
    void setBackgroundColor(const QColor &color);
    QColor backgroundColor() const;

These functions are simply getters and setters for the private members. We
provide control of the color of the text, the node’s outline, and the node’s
background.

    void addLink(Link *link);
    void removeLink(Link *link);

As we saw earlier, these functions are called by the Link class to add or remove
themselves from a node.

    QRectF boundingRect() const;
    QPainterPath shape() const;
    void paint(QPainter *painter,
               const QStyleOptionGraphicsItem *option, QWidget *widget);

When we create QGraphicsItem subclasses that we want to draw manually, we
normally reimplement boundingRect() and paint(). If we don’t reimplement
shape(), the base class implementation will fall back on the boundingRect(). In
this case, we have reimplemented shape() to return a more accurate shape that
takes into account the node’s rounded corners.
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The graphics view architecture uses the bounding rectangle to determine
whether an item needs to be drawn. This enables QGraphicsView to display arbi-
trarily large scenes very quickly, when only a fraction of the items are visible at
any given time. The shape is used for determining whether a point is inside an
item, or whether two items collide.

protected:
    void mouseDoubleClickEvent(QGraphicsSceneMouseEvent *event);
    QVariant itemChange(GraphicsItemChange change,
                        const QVariant &value);

In the Diagram application, we will provide a Properties dialog for editing a
node’s position, colors, and text. As an added convenience, we will let the user
change the text by double-clicking the node.

If a node is moved, we must make sure that any associated links are updated
accordingly. We reimplement the itemChange() handler to take care of this; it
is called whenever the item’s properties (including its position) change. The
reason we don’t use mouseMoveEvent() for this purpose is because it is not called
when the node is moved programmatically.

private:
    QRectF outlineRect() const;
    int roundness(double size) const;

    QSet<Link *> myLinks;
    QString myText;
    QColor myTextColor;
    QColor myBackgroundColor;
    QColor myOutlineColor;
};

The outlineRect() private function returns the rectangle drawn by the Node,
whereas roundness() returns an appropriate roundness coefficient based on the
width or height of the rectangle.

Just as a Link keeps track of the nodes it connects, a Node keeps track of its
links. When a node is deleted, all the links associated with the node are deleted
as well.

We are now ready to look at Node’s implementation, starting as usual with
the constructor.

Node::Node()
{
    myTextColor = Qt::darkGreen;
    myOutlineColor = Qt::darkBlue;
    myBackgroundColor = Qt::white;

    setFlags(ItemIsMovable | ItemIsSelectable);
}
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We initialize the colors, and make node items both movable and selectable. The
z value will default to 0, and we leave the node’s position in the scene to be set
by the caller.

Node::~Node()
{
    foreach (Link *link, myLinks)
        delete link;
}

The destructor deletes all the node’s links. Whenever a link is destroyed, it
removes itself from the nodes it is connected to. We iterate over (a copy of) the
set of links rather than use qDeleteAll() to avoid side effects, since the set of
links is indirectly accessed by the Link destructor.

void Node::setText(const QString &text)
{
    prepareGeometryChange();
    myText = text;
    update();
}

Whenever we change a graphics item in a way that affects its appearance, we
must call update() to schedule a repaint. And in cases such as this where the
item’s bounding rectangle might change (because the new text might be shorter
or longer than the current text), we must call prepareGeometryChange() immedi-
ately before doing anything that will affect the item’s bounding rectangle.

We will skip the text(), textColor(), outlineColor(), and backgroundColor()
getters since they simply return their corresponding private member.

void Node::setTextColor(const QColor &color)
{
    myTextColor = color;
    update();
}

When we set the text’s color, we must call update() to schedule a repaint so that
the item is painted using the new color. We don’t need to call prepareGeometry-
Change(), because the size of the item is not affected by a color change. We will
omit the setters for the outline and background colors since they are structural-
ly the same as this setter.

void Node::addLink(Link *link)
{
    myLinks.insert(link);
}

void Node::removeLink(Link *link)
{
    myLinks.remove(link);
}

Here we simply add or remove the given link to the node’s set of links.
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QRectF Node::outlineRect() const
{
    const int Padding = 8;
    QFontMetricsF metrics = qApp->font();
    QRectF rect = metrics.boundingRect(myText);
    rect.adjust(-Padding, -Padding, +Padding, +Padding);
    rect.translate(-rect.center());
    return rect;
}

We use this private function to calculate a rectangle that encompasses the
node’s text with an 8-pixel margin. The bounding rectangle returned by the font
metrics function always has (0, 0) as its top-left corner. Since we want the text
centered on the item’s center point, we translate the rectangle so that its center
is at (0, 0).

Although we think and calculate in terms of pixels, the unit is in a sense
notional. The scene (or the parent item) may be scaled, rotated, sheared, or
simply affected by antialiasing, so the actual number of pixels that appears on
the screen may be different.

QRectF Node::boundingRect() const
{
    const int Margin = 1;
    return outlineRect().adjusted(-Margin, -Margin, +Margin, +Margin);
}

The boundingRect() function is called by QGraphicsView to determine whether
the item needs to be drawn. We use the outline rectangle, but with a bit of
additional margin, since the rectangle we return from this function must allow
for at least half the width of the pen if an outline is going to be drawn.

QPainterPath Node::shape() const
{
    QRectF rect = outlineRect();

    QPainterPath path;
    path.addRoundRect(rect, roundness(rect.width()),
                      roundness(rect.height()));
    return path;
}

The shape() function is called by QGraphicsView for fine-grained collision detec-
tion. Often, we can omit it and leave the item to calculate the shape itself based
on the bounding rectangle. Here we reimplement it to return a QPainterPath that
representsa rounded rectangle. Asa consequence,clicking the corner areasthat
fall outside the rounded rectangle but inside the bounding rectangle won’t select
the item.

When we create a rounded rectangle, we can pass optional arguments to
specify the roundedness of the corners. We calculate suitable values using the
roundness() private function.
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void Node::paint(QPainter *painter,
                 const QStyleOptionGraphicsItem *option,
                 QWidget * /* widget */)
{
    QPen pen(myOutlineColor);
    if (option->state & QStyle::State_Selected) {
        pen.setStyle(Qt::DotLine);
        pen.setWidth(2);
    }
    painter->setPen(pen);
    painter->setBrush(myBackgroundColor);

    QRectF rect = outlineRect();
    painter->drawRoundRect(rect, roundness(rect.width()),
                           roundness(rect.height()));

    painter->setPen(myTextColor);
    painter->drawText(rect, Qt::AlignCenter, myText);
}

The paint() function is where we draw the item. If the item is selected, we
change the pen’s style to be a dotted line and make it thicker; otherwise, the de-
fault of a solid 1-pixel line is used. We also set the brush to use the background
color.

Then we draw a rounded rectangle the same size as the outline rectangle,
but using the rounding factors returned by the roundness() private function.
Finally, we draw the text centered within the outline rectangle on top of the
rounded rectangle.

The option parameter of type QStyleOptionGraphicsItem is an unusual class for Qt
because it provides several public member variables. These include the current
layout direction, font metrics, palette, rectangle, state (selected, “has focus”, and
many others), the transformation matrix, and the level of detail. Here we have
checked the state member to see whether the node is selected.

QVariant Node::itemChange(GraphicsItemChange change,
                          const QVariant &value)
{
    if (change == ItemPositionHasChanged) {
        foreach (Link *link, myLinks)
            link->trackNodes();
    }
    return QGraphicsItem::itemChange(change, value);
}

Whenever the user drags a node, the itemChange() handler is called with
ItemPositionHasChanged as the first argument. To ensure that the link lines are
positioned correctly, we iterate over the node’s set of links and tell each one to
update its line’s endpoints. At the end, we call the base class implementation to
ensure that it also gets notified.

void Node::mouseDoubleClickEvent(QGraphicsSceneMouseEvent *event)
{
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    QString text = QInputDialog::getText(event->widget(),
                           tr("Edit Text"), tr("Enter new text:"),
                           QLineEdit::Normal, myText);
    if (!text.isEmpty())
        setText(text);
}

If the user double-clicks the node, we pop up a dialog that shows the current
text and allows them to change it. If the user clicks Cancel, an empty string is
returned; therefore, we apply the change only if the string is non-empty. We
will see how other node properties (such as the node’s colors) can be changed
shortly.

int Node::roundness(double size) const
{
    const int Diameter = 12;
    return 100 * Diameter / int(size);
}

The roundness() function returns appropriate rounding factors to ensure that
the node’s corners are quarter-circles with diameter 12. The rounding factors
must be in the range 0 (square) to 99 (fully rounded).

We have now seen the implementation of two custom graphics item classes.
Now it is time to see how they are actually used. The Diagram application is a
standard main window application with menus and a toolbar. We won’t look at
all the details of the implementation, but instead concentrate on those relevant
to the graphics view architecture. We will begin by looking at an extract from
the QMainWindow subclass’s definition.

class DiagramWindow : public QMainWindow
{
    Q_OBJECT

public:
    DiagramWindow();

private slots:
    void addNode();
    void addLink();
    void del();
    void cut();
    void copy();
    void paste();
    void bringToFront();
    void sendToBack();
    void properties();
    void updateActions();

private:
    typedef QPair<Node *, Node *> NodePair;

    void createActions();
    void createMenus();
    void createToolBars();
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    void setZValue(int z);
    void setupNode(Node *node);
    Node *selectedNode() const;
    Link *selectedLink() const;
    NodePair selectedNodePair() const;

    QMenu *fileMenu;
    QMenu *editMenu;
    QToolBar *editToolBar;
    QAction *exitAction;

···
    QAction *propertiesAction;

    QGraphicsScene *scene;
    QGraphicsView *view;

    int minZ;
    int maxZ;
    int seqNumber;
};

The purpose of most of the private slots should be clear from their names. The
properties() slot is used to pop up the Properties dialog if a node is selected, or
a QColorDialog if a link is selected. The updateActions() slot is used to enable or
disable actions depending on what items are selected.

DiagramWindow::DiagramWindow()
{
    scene = new QGraphicsScene(0, 0, 600, 500);

    view = new QGraphicsView;
    view->setScene(scene);
    view->setDragMode(QGraphicsView::RubberBandDrag);
    view->setRenderHints(QPainter::Antialiasing
                         | QPainter::TextAntialiasing);
    view->setContextMenuPolicy(Qt::ActionsContextMenu);
    setCentralWidget(view);

    minZ = 0;
    maxZ = 0;
    seqNumber = 0;

    createActions();
    createMenus();
    createToolBars();

    connect(scene, SIGNAL(selectionChanged()),
            this, SLOT(updateActions()));

    setWindowTitle(tr("Diagram"));
    updateActions();
}

We begin by creating a graphics scene, with an origin of (0, 0), a width of 600,
and a height of 500. Then we create a graphics view to visualize the scene. In
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the next example, instead of using QGraphicsView directly, we will subclass it to
customize its behavior.

Selectable items can be selected by clicking them. To select more than one item
at a time, the user can click the items while pressing Ctrl. Setting the drag mode
to QGraphicsView::RubberBandDrag means that the user can also select items by
dragging a rubber band over them.

The minZ and maxZ numbers are used by the sendToBack() and bringToFront()
functions. The sequence number is used to give a unique initial text to each
node the user adds.

The signal–slot connection ensures that whenever the scene’s selection changes,
we enable or disable the application’s actions so that only actions that make
sense are available. We call updateActions() to set the actions’ initial en-
abled states.

void DiagramWindow::addNode()
{
    Node *node = new Node;
    node->setText(tr("Node %1").arg(seqNumber + 1));
    setupNode(node);
}

When the user adds a new node, we create a new instance of the Node class, give
it a default text, and then pass the node to setupNode() to position and select it.
We use a separate function to finish adding a node because we will need this
functionality again when implementing paste().

void DiagramWindow::setupNode(Node *node)
{
    node->setPos(QPoint(80 + (100 * (seqNumber % 5)),
                        80 + (50 * ((seqNumber / 5) % 7))));
    scene->addItem(node);
    ++seqNumber;

    scene->clearSelection();
    node->setSelected(true);
    bringToFront();
}

This function positions a newly added or pasted node in the scene. The use of
the sequence number ensures that new nodes are added in different positions
rather than on top of each other. We clear the current selection and select just
the newly added node. The bringToFront() call ensures that the new node is
farther forward than any other node.

void DiagramWindow::bringToFront()
{
    ++maxZ;
    setZValue(maxZ);
}
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void DiagramWindow::sendToBack()
{
    --minZ;
    setZValue(minZ);
}

void DiagramWindow::setZValue(int z)
{
    Node *node = selectedNode();
    if (node)
        node->setZValue(z);
}

The bringToFront() slot increments the maxZ value, and then sets the currently
selected node’s z value to maxZ. The sendToBack() slot uses minZ and has the
opposite effect. Both are defined in terms of the setZValue() private function.

Node *DiagramWindow::selectedNode() const
{
    QList<QGraphicsItem *> items = scene->selectedItems();
    if (items.count() == 1) {
        return dynamic_cast<Node *>(items.first());
    } else {
        return 0;
    }
}

The list of all selected items in the scene is available by calling QGraphicsScene::
selectedItems(). The selectedNode() function is designed to return a single node
if just one node is selected, and a null pointer otherwise. If there is exactly one
selected item, the cast will produce a Node pointer if the item is a Node, and a null
pointer if the item is a Link.

There is also a selectedLink() function, which returns a pointer to the selected
Link item if there is exactly one selected item and it is a link.

void DiagramWindow::addLink()
{
    NodePair nodes = selectedNodePair();
    if (nodes == NodePair())
        return;

    Link *link = new Link(nodes.first, nodes.second);
    scene->addItem(link);
}

The user can add a link if exactly two nodes are selected. If the selectedNode-
Pair() function returns the two selected nodes, we create a new link. The link’s
constructor will make the link line’s endpoints go from the center of the first
node to the center of the second node.

DiagramWindow::NodePair DiagramWindow::selectedNodePair() const
{
    QList<QGraphicsItem *> items = scene->selectedItems();
    if (items.count() == 2) {
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        Node *first = dynamic_cast<Node *>(items.first());
        Node *second = dynamic_cast<Node *>(items.last());
        if (first && second)
            return NodePair(first, second);
    }
    return NodePair();
}

This function is similar to the selectedNode() function we saw earlier. If there
are exactly two selected items, and they are both nodes, the pair of them is
returned; otherwise, a pair of null pointers is returned.

void DiagramWindow::del()
{
    QList<QGraphicsItem *> items = scene->selectedItems();
    QMutableListIterator<QGraphicsItem *> i(items);
    while (i.hasNext()) {
        Link *link = dynamic_cast<Link *>(i.next());
        if (link) {
            delete link;
            i.remove();
        }
    }

    qDeleteAll(items);
}

This slot deletes any selected items, whether they are nodes, links, or a mixture
of both. When a node is deleted, its destructor deletes any links that are asso-
ciated with it. To avoid double-deleting links, we delete the link items before
deleting the nodes.

void DiagramWindow::properties()
{
    Node *node = selectedNode();
    Link *link = selectedLink();

    if (node) {
        PropertiesDialog dialog(node, this);
        dialog.exec();
    } else if (link) {
        QColor color = QColorDialog::getColor(link->color(), this);
        if (color.isValid())
            link->setColor(color);
    }
}

If the user triggers the Properties action and a node is selected, we invoke the
Properties dialog. This dialog allows the user to change the node’s text,position,
and colors. Because PropertiesDialog operates directly on a Node pointer, we can
simply execute it modally and leave it to take care of itself.

If a link is selected, we use Qt’s built-in QColorDialog::getColor() static conve-
nience function to pop up a color dialog. If the user chooses a color, we set that
as the link’s color.
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If a node’s properties or a link’s color were changed, the changes are made
through setter functions, and these call update() to ensure that the node or link
is repainted with its new settings.

Users often want to cut, copy, and paste graphics items in this type of applica-
tion, and one way to support this is to represent items textually, as we will see
when we review the relevant code. We only handle nodes, because it would not
make sense to copy or paste links, which only exist in relation to nodes.

void DiagramWindow::cut()
{
    Node *node = selectedNode();
    if (!node)
        return;

    copy();
    delete node;
}

The Cut action is a two-part process: Copy the selected item into the clipboard
and delete the item. The copy is performed using the copy() slot associated with
the Copy action, and the deletion uses C++’s standard delete operator, relying on
the node’s destructor to delete any links that are connected to the node and to
remove the node from the scene.

void DiagramWindow::copy()
{
    Node *node = selectedNode();
    if (!node)
        return;

    QString str = QString("Node %1 %2 %3 %4")
                  .arg(node->textColor().name())
                  .arg(node->outlineColor().name())
                  .arg(node->backgroundColor().name())
                  .arg(node->text());
    QApplication::clipboard()->setText(str);
}

The QColor::name() function returns a QString that contains an HTML-style
color string in “#RRGGBB” format, with each color component represented by
a hexadecimal value in the range 0x00 to 0xFF (0 to 255). We write a string to the
clipboard, which is a single line of text starting with the word “Node”, then the
node’s three colors, and finally the node’s text, with a space between each part.
For example:

Node #aa0000 #000080 #ffffff Red herring

This text is decoded by the paste() function:

void DiagramWindow::paste()
{
    QString str = QApplication::clipboard()->text();
    QStringList parts = str.split(" ");
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    if (parts.count() >= 5 && parts.first() == "Node") {
        Node *node = new Node;
        node->setText(QStringList(parts.mid(4)).join(" "));
        node->setTextColor(QColor(parts[1]));
        node->setOutlineColor(QColor(parts[2]));
        node->setBackgroundColor(QColor(parts[3]));
        setupNode(node);
    }
}

We split the clipboard’s text into a QStringList. Using the preceding example,
this would give us the list [“Node”, “#aa0000”, “#000080”, “#ffffff”, “Red”,
“herring”].To be a valid node, there must be at least five elements in the list: the
word “Node”, the three colors, and at least one word of text. If this is the case,
we create a new node, setting its text to be the space-separated concatenation of
the fifth and subsequent elements. We set the colors to be the second, third, and
fourth elements, using the QColor constructor that accepts the names returned
by QColor::name().

For completeness, here is the updateActions() slot that is used to enable and
disable the actions in the Edit menu and the context menu:

void DiagramWindow::updateActions()
{
    bool hasSelection = !scene->selectedItems().isEmpty();
    bool isNode = (selectedNode() != 0);
    bool isNodePair = (selectedNodePair() != NodePair());

    cutAction->setEnabled(isNode);
    copyAction->setEnabled(isNode);
    addLinkAction->setEnabled(isNodePair);
    deleteAction->setEnabled(hasSelection);
    bringToFrontAction->setEnabled(isNode);
    sendToBackAction->setEnabled(isNode);
    propertiesAction->setEnabled(isNode);

    foreach (QAction *action, view->actions())
        view->removeAction(action);

    foreach (QAction *action, editMenu->actions()) {
        if (action->isEnabled())
            view->addAction(action);
    }
}

We have now finished the review of the Diagram application and can turn our
attention to the second graphics view example, Cityscape.

The Cityscape application shown in Figure 8.17 presents a fictitious map of
the major buildings, blocks, and parks in a city, with the most important ones
annotated with their names. It allows the user to scroll and zoom the map using
the mouse and the keyboard. We will begin by showing the Cityscape class,
which provides the application’s main window.
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Figure 8.17. The Cityscape application at two different zoom levels

class Cityscape : public QMainWindow
{
    Q_OBJECT

public:
    Cityscape();

private:
    void generateCityBlocks();

    QGraphicsScene *scene;
    CityView *view;
};

The application has no menus or toolbars; it simply displays the annotated map
using a CityView widget. The CityView class is derived from QGraphicsView.

Cityscape::Cityscape()
{
    scene = new QGraphicsScene(-22.25, -22.25, 1980, 1980);
    scene->setBackgroundBrush(QColor(255, 255, 238));
    generateCityBlocks();

    view = new CityView;
    view->setScene(scene);
    setCentralWidget(view);

    setWindowTitle(tr("Cityscape"));
}

The constructor creates a QGraphicsScene and calls generateCityBlocks() to
generate a map. The map consists of about 2000 blocks and 200 annotations.

We will first look at the CityBlock graphics item subclass, then the Annotation
graphics item subclass, and finally the CityView graphics view subclass.

class CityBlock : public QGraphicsItem
{
public:
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    enum Kind { Park, SmallBuilding, Hospital, Hall, Building, Tower,
                LShapedBlock, LShapedBlockPlusSmallBlock, TwoBlocks,
                BlockPlusTwoSmallBlocks };

    CityBlock(Kind kind);

    QRectF boundingRect() const;
    void paint(QPainter *painter,
               const QStyleOptionGraphicsItem *option, QWidget *widget);

private:
    int kind;
    QColor color;
    QPainterPath shape;
};

A city block has a kind, a color, and a shape. Since the city blocks are not
selectable, we have not bothered to reimplement the shape() function like we did
for the Node class in the previous example.

CityBlock::CityBlock(Kind kind)
{
    this->kind = kind;

    int green = 96 + (std::rand() % 64);
    int red = 16 + green + (std::rand() % 64);
    int blue = 16 + (std::rand() % green);
    color = QColor(red, green, blue);

    if (kind == Park) {
        color = QColor(192 + (std::rand() % 32), 255,
                       192 + (std::rand() % 16));
        shape.addRect(boundingRect());
    } else if (kind == SmallBuilding) {

···
    } else if (kind == BlockPlusTwoSmallBlocks) {
        int w1 = (std::rand() % 10) + 8;
        int h1 = (std::rand() % 28) + 8;
        int w2 = (std::rand() % 10) + 8;
        int h2 = (std::rand() % 10) + 8;
        int w3 = (std::rand() % 6) + 8;
        int h3 = (std::rand() % 6) + 8;
        int y = (std::rand() % 4) - 16;
        shape.addRect(QRectF(-16, -16, w1, h1));
        shape.addRect(QRectF(-16 + w1 + 4, y, w2, h2));
        shape.addRect(QRectF(-16 + w1 + 4,
                             y + h2 + 4 + (std::rand() % 4), w3, h3));
    }
}

The constructor sets a random color and generates a suitable QPainterPath
depending on what kind of block the node represents.

QRectF CityBlock::boundingRect() const
{
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    return QRectF(-20, -20, 40, 40);
}

Each block occupies a 40 × 40 square, with its center at (0, 0).

void CityBlock::paint(QPainter *painter,
                      const QStyleOptionGraphicsItem *option,
                      QWidget * /* widget */)
{
    if (option->levelOfDetail < 4.0) {
        painter->fillPath(shape, color);
    } else {
        QLinearGradient gradient(QPoint(-20, -20), QPoint(+20, +20));
        int coeff = 105 + int(std::log(option->levelOfDetail - 4.0));
        gradient.setColorAt(0.0, color.lighter(coeff));
        gradient.setColorAt(1.0, color.darker(coeff));
        painter->fillPath(shape, gradient);
    }
}

In paint(), we draw the shape using the given QPainter. We distinguish two
cases:

• If the zoom factor is less than 4.0, we use a solid color to fill the shape.

• If the zoom factor is 4.0 or more, we use a QLinearGradient to fill the shape
to give a subtle lighting effect.

The levelOfDetail member of the QStyleOptionGraphicsItem class stores a
floating-point value that tells us what the zoom factor is. A value of 1.0 means
that the scene is being viewed at its natural size, a value of 0.5 means that the
scene has been zoomed out to half its natural size, and a value of 2.5 means that
the scene has been zoomed in to two and a half times its natural size. Using
the “level of detail” information allows us to use faster drawing algorithms for
scenes that are zoomed out too much to show any detail.

The CityBlock graphics item class works perfectly, but the fact that the items are
scaled when the scene is zoomed raises the question of what happens to items
that draw text. Normally, we don’t want the text to scale with the scene. The
graphics view architecture provide a general solution to this problem, through
the ItemIgnoresTransformations flag. This is what we use in the Annotation class:

class Annotation : public QGraphicsItem
{
public:
    Annotation(const QString &text, bool major = false);

    void setText(const QString &text);
    QString text() const;

    QRectF boundingRect() const;
    void paint(QPainter *painter,
               const QStyleOptionGraphicsItem *option, QWidget *widget);

private:
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    QFont font;
    QString str;
    bool major;
    double threshold;
    int y;
};

The constructor takes a text and a bool flag, called major, that specifies whether
the annotation is a major or a minor annotation. This will affect the size of
the font.

Annotation::Annotation(const QString &text, bool major)
{
    font = qApp->font();
    font.setBold(true);
    if (major) {
        font.setPointSize(font.pointSize() + 2);
        font.setStretch(QFont::SemiExpanded);
    }

    if (major) {
        threshold = 0.01 * (40 + (std::rand() % 40));
    } else {
        threshold = 0.01 * (100 + (std::rand() % 100));
    }

    str = text;
    this->major = major;
    y = 20 - (std::rand() % 40);

    setZValue(1000);
    setFlag(ItemIgnoresTransformations, true);
}

In the constructor, we begin by setting the font to be bigger and bolder if this
is a major annotation, presumably one that refers to an important building
or landmark. The threshold below which the annotation will not be shown is
calculated pseudo-randomly, with a lower threshold for major annotations, so
less important ones will disappear first as the scene is zoomed out.

The z value is set to 1000 to ensure that annotations are on top of everything
else, and we use the ItemIgnoresTransformations flag to ensure that the annota-
tion does not change size no matter how much the scene is zoomed.

void Annotation::setText(const QString &text)
{
    prepareGeometryChange();
    str = text;
    update();
}

If the annotation’s text is changed, it might be longer or shorter than before,
so we must notify the graphics view architecture that the item’s geometry
may change.
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QRectF Annotation::boundingRect() const
{
    QFontMetricsF metrics(font);
    QRectF rect = metrics.boundingRect(str);
    rect.moveCenter(QPointF(0, y));
    rect.adjust(-4, 0, +4, 0);
    return rect;
}

We get the font metrics for the annotation’s font, and use them to calculate the
text’s bounding rectangle. We then move the rectangle’s center point to the
annotation’s y offset, and make the rectangle slightly wider. The extra pixels on
the left and right sides of the bounding rectangle will give the text some margin
from the edges.

void Annotation::paint(QPainter *painter,
                       const QStyleOptionGraphicsItem *option,
                       QWidget * /* widget */)
{
    if (option->levelOfDetail <= threshold)
        return;

    painter->setFont(font);

    QRectF rect = boundingRect();

    int alpha = int(30 * std::log(option->levelOfDetail));
    if (alpha >= 32)
        painter->fillRect(rect, QColor(255, 255, 255, qMin(alpha, 63)));

    painter->setPen(Qt::white);
    painter->drawText(rect.translated(+1, +1), str,
                      QTextOption(Qt::AlignCenter));
    painter->setPen(Qt::blue);
    painter->drawText(rect, str, QTextOption(Qt::AlignCenter));
}

If the scene is zoomed out beyond the annotation’s threshold, we don’t paint the
annotation at all. And if the scene is zoomed in sufficiently,we start by painting
a semi-transparent white rectangle; this helps the text stand out when drawn
on top of a dark block.

We draw the text twice, once in white and once in blue. The white text is offset
by one pixel horizontally and vertically to create a shadow effect that makes the
text easier to read.

Having seen how the blocks and annotations are done, we can now move on to
the last aspect of the Cityscape application, the custom QGraphicsView subclass:

class CityView : public QGraphicsView
{
    Q_OBJECT

public:
    CityView(QWidget *parent = 0);
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protected:
    void wheelEvent(QWheelEvent *event);
};

By default, the QGraphicsView class provides scroll bars that appear automati-
cally when needed, but does not provide any means of zooming the scene it is
being used to view. For this reason, we have created the tiny CityView subclass
to provide the user with the ability to zoom in and out using the mouse wheel.

CityView::CityView(QWidget *parent)
    : QGraphicsView(parent)
{
    setDragMode(ScrollHandDrag);
}

Setting the drag mode is all that is required to support scrolling by dragging.

void CityView::wheelEvent(QWheelEvent *event)
{
    double numDegrees = -event->delta() / 8.0;
    double numSteps = numDegrees / 15.0;
    double factor = std::pow(1.125, numSteps);
    scale(factor, factor);
}

When the user rolls the mouse wheel, wheel events are generated; we simply
have to calculate an appropriate scaling factor and call QGraphicsView::scale().
The mathematical formula is a bit tricky, but basically we scale the scene up or
down by a factor of 1.125 for every mouse wheel step.

That completesour two graphicsview examples. Qt’sgraphicsview architecture
is very rich, so bear in mind that it has a lot more to offer than we have had the
space to cover. There is support for drag and drop, and graphics items can have
tooltips and custom cursors. Animation effects can be achieved in a number of
ways—for example, by associating QGraphicsItemAnimations with the items that
we want to animate and performing the animation using a QTimeLine. It is also
possible to achieve animation by creating custom graphics item subclasses that
are derived from QObject (through multiple inheritance) and that reimplement
QObject::timerEvent().

Printing

Printing in Qt is similar to drawing on a QWidget, QPixmap, or QImage. It consists of
the following steps:

1. Create a QPrinter to serve as the paint device.

2. Pop up a QPrintDialog, allowing the user to choose a printer and to set a
few options.

3. Create a QPainter to operate on the QPrinter.

4. Draw a page using the QPainter.
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5. Call QPrinter::newPage() to advance to the next page.

6. Repeat steps 4 and 5 until all the pages are printed.

On Windows and Mac OS X,QPrinter uses the system’sprinter drivers. On Unix,
it generates PostScript and sends it to lp or lpr (or to the program set using
QPrinter::setPrintProgram()). QPrinter can also be used to generate PDF files by
calling setOutputFormat(QPrinter::PdfFormat).★

Let’s start with some simple examples that print on a single page. The first
example, illustrated in Figure 8.18, prints a QImage:

void PrintWindow::printImage(const QImage &image)
{
    QPrintDialog printDialog(&printer, this);
    if (printDialog.exec()) {
        QPainter painter(&printer);
        QRect rect = painter.viewport();
        QSize size = image.size();
        size.scale(rect.size(), Qt::KeepAspectRatio);
        painter.setViewport(rect.x(), rect.y(),
                            size.width(), size.height());
        painter.setWindow(image.rect());
        painter.drawImage(0, 0, image);
    }
}

Figure 8.18. Printing a QImage

★Qt 4.4 is expected to introduce classes for showing print previews.
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We assume that the PrintWindow class has a member variable called printer
of type QPrinter. We could simply have created the QPrinter on the stack in
printImage(), but then it would not remember the user’s settings from one print
run to another.

We create a QPrintDialog and call exec() to show it. It returns true if the user
clicked the OK button; otherwise, it returns false. After the call to exec(), the
QPrinter object is ready to use. (It is also possible to print without using a
QPrintDialog, by directly calling QPrinter member functions to set things up.)

Next, we create a QPainter to draw on the QPrinter. We set the window to the
image’s rectangle and the viewport to a rectangle with the same aspect ratio,
and we draw the image at position (0, 0).

By default, QPainter’s window is initialized so that the printer appears to have
a similar resolution as the screen (usually somewhere between 72 and 100 dots
per inch), making it easy to reuse widget painting code for printing. Here, it
doesn’t matter, because we set our own window.

In the example, we chose to print an image, but printing graphics view scenes is
also very simple. To print the entire scene, we can call either QGraphicsScene::
render() or QGraphicsView::render(), passing a QPrinter as the first parameter.
If we want to print just part of the scene, we can use the render() functions’
optional arguments to specify the target rectangle to paint on (where on the
page the scene should be painted) and the source rectangle (what part of the
scene should be painted).

Printing items that take up no more than a single page is simple, but many
applications need to print multiple pages. For those, we need to paint one page
at a time and call newPage() to advance to the next page. This raises the problem
of determining how much information we can print on each page. There are two
main approaches to handling multi-page documents with Qt:

• We can convert our data to HTML and render it using QTextDocument, Qt’s
rich text engine.

• We can perform the drawing and the page breaking by hand.

We will review both approaches in turn. As an example, we will print a flower
guide: a list of flower names, each with a textual description. Each entry in the
guide is stored as a string of the format “name: description”, for example:

Miltonopsis santanae: A most dangerous orchid species.

Since each flower’s data is represented by a single string, we can represent all
the flowers in the guide using one QStringList. Here’s the function that prints a
flower guide using Qt’s rich text engine:

void PrintWindow::printFlowerGuide(const QStringList &entries)
{
    QString html;

    foreach (QString entry, entries) {
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        QStringList fields = entry.split(": ");
        QString title = Qt::escape(fields[0]);
        QString body = Qt::escape(fields[1]);
        html += "<table width=\"100%\" border=1 cellspacing=0>\n"
                "<tr><td bgcolor=\"lightgray\"><font size=\"+1\">"
                "<b><i>" + title + "</i></b></font>\n<tr><td>" + body
                + "\n</table>\n<br>\n";
    }
    printHtml(html);
}

The first step is to convert the QStringList into HTML. Each flower becomes an
HTML table with two cells. We use Qt::escape() to replace the special charac-
ters ‘&’, ‘<’, and ‘>’ with the corresponding HTML entities (“&amp;”, “&lt;”, and
“&gt;”). Then we call printHtml() to print the text.

void PrintWindow::printHtml(const QString &html)
{
    QPrintDialog printDialog(&printer, this);
    if (printDialog.exec()) {
        QTextDocument textDocument;
        textDocument.setHtml(html);
        textDocument.print(&printer);
    }
}

The printHtml() function pops up a QPrintDialog and takes care of printing
an HTML document. It can be reused “as is” in any Qt application to print
arbitrary HTML pages. The resulting pages are shown in Figure 8.19.

Converting a document to HTML and using QTextDocument to print it is by far the
most convenient alternative for printing reports and other complex documents.
In cases where we need more control, we can do the page layout and the drawing
by hand. Let’s now see how we can use this approach to print a flower guide.
Here’s the new printFlowerGuide() function:

void PrintWindow::printFlowerGuide(const QStringList &entries)
{
    QPrintDialog printDialog(&printer, this);
    if (printDialog.exec()) {
        QPainter painter(&printer);
        QList<QStringList> pages;

        paginate(&painter, &pages, entries);
        printPages(&painter, pages);
    }
}

After setting up the printer and constructing the painter, we call the paginate()
helper function to determine which entry should appear on which page. The
result of this is a list of QStringLists, with each QStringList holding the entries
for one page. We pass on that result to printPages().
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Aponogeton distachyos

The Cape pondweed (water hawthorn) is a deciduous perennial that has floating, oblong, 

dark green leaves which are sometimes splashed purple. The waxy-white flowers have a 

characteristic 'forked' appearance, sweet scent and black stamens. They appear from early 

spring until fall. They grow in deep or shallow water and spread to 1.2 m. 

Cabomba caroliniana

The Fish grass (or fanwort or Washington grass) is a useful oxygenator for ponds. It is a 

deciduous or semi-evergreen submerged perennial that is used by fish as a source of food 

and as a place in which to spawn. Plants form spreading hummocks of fan-shaped, coarsly 

divided leaves which are bright green. Tiny white flowers appear in the summer. 

Caltha palustris

The Marsh marigold (or kingcup) is a deciduous perennial that grows in shallow water around 

the edges of ponds. It is equally well suited to a bog garden, moist rock garden or 

herbaceous border. The rounded dark green leaves set off its large, cup-shaped 

golden-yellow flowers. Plants can grow to 60 cm in height, with a spread of 45 cm. The 

double-flowered cultivar 'Flore Plena' only reaches 10 cm. 

Ceratophyllum demersum

The Hornwort is a deciduous perennial that produces feathery submerged foliage. It 

sometimes floats and spreads over a large area. It is a good oxygenator and grows best in 

cool deep water. It has no roots. 

Juncus effusus 'Spiralis'

The Corkscrew rush is a tufted evergreen perennial with mid-green leafless stems which are 

twisted and curled like a corkscrew. The stems often lie on the ground. The greenish-brown 

flowers appear in summer. Plants are best used at the edge of a pond, so that the stems can 

be seen against the reflective water surface. Strong plants can send up 90 cm-tall twisted 

shoots which are used in modern flower arranging. 

Nuphar lutea

The Yellow water lily has small (6 cm diameter) yellow flowers that are bottle-shaped and 

sickly smelling. They are held above a mat of broad, oval, mid-green leaves which are about 

40 cm wide, giving the plant a spread of up to 1.5 m. The seed heads are rounded and warty. 

This hardy deciduous perennial thrives in deep water, in sun or shade, and is useful for a 

water-lily effect where Nymphaea will not grow. 

Orontium aquaticum

The Golden club's flowers lack the spathe typical of other aroids, leaving the central yellow 

and white spadix to provide color. A deciduous perennial, the golden club grows equally well 

in shallow or deep water. In spring, the pencil-like flower spikes (spadices) emerge from 

among the floating mass of waxy leaves which are a bluish or greyish green. Plants grow to 

25 cm high spreading up to 60 cm. Large seeds develop later in the summer and are used to 

propagate plants while they are still fresh. 

1

Trapa natans

The Jesuit's nut (or water chestnut) has mid-green diamond-shaped leaves with deeply 

toothed edges that grow in neat rosettes. The center of each leaf is often marked with deep 

purple blotches. White flowers are produced in summer. Each floating plant can spread to 23 

cm. 

Zantedeschia aethiopica

The Arum lily is a South African native that grows well in shallow water. It flowers throughout 

the summer, with the erect funnel-shaped spathes being held well above the arrow-shaped 

glossy, deep green leaves. Each spathe surrounds a central yellow spadix. The leaves and 

flowering stems arise from a tuber. Plants can reach up to 90 cm in height, spreading to 45 

cm. 

2

Figure 8.19. Printing a flower guide using QTextDocument

For example, let’s suppose that the flower guide contains six entries, which we
will refer to as A , B , C , D, E , and F . Now let’s suppose that there is room for A
and B on the first page; C , D, and E on the second page; and F on the third page.
The pages list would then have the list [A , B] at index position 0, the list [C , D,
E ] at index position 1, and the list [F ] at index position 2.

void PrintWindow::paginate(QPainter *painter, QList<QStringList> *pages,
                           const QStringList &entries)
{
    QStringList currentPage;
    int pageHeight = painter->window().height() - 2 * LargeGap;
    int y = 0;

    foreach (QString entry, entries) {
        int height = entryHeight(painter, entry);
        if (y + height > pageHeight && !currentPage.empty()) {
            pages->append(currentPage);
            currentPage.clear();
            y = 0;
        }
        currentPage.append(entry);
        y += height + MediumGap;
    }
    if (!currentPage.empty())
        pages->append(currentPage);
}

The paginate() function distributes the flower guide entries into pages. It relies
on the entryHeight() function, which computes the height of one entry. It also
takes into account the vertical gaps at the top and bottom of the page, of size
LargeGap.
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We iterate through the entries and append them to the current page until we
come to an entry that doesn’t fit; then we append the current page to the pages
list and start a new page.

int PrintWindow::entryHeight(QPainter *painter, const QString &entry)
{
    QStringList fields = entry.split(": ");
    QString title = fields[0];
    QString body = fields[1];

    int textWidth = painter->window().width() - 2 * SmallGap;
    int maxHeight = painter->window().height();

    painter->setFont(titleFont);
    QRect titleRect = painter->boundingRect(0, 0, textWidth, maxHeight,
                                            Qt::TextWordWrap, title);
    painter->setFont(bodyFont);
    QRect bodyRect = painter->boundingRect(0, 0, textWidth, maxHeight,
                                           Qt::TextWordWrap, body);
    return titleRect.height() + bodyRect.height() + 4 * SmallGap;
}

The entryHeight() function uses QPainter::boundingRect() to compute the vertical
space needed by one entry. Figure 8.20 shows the layout of a flower entry and
the meaning of the SmallGap and MediumGap constants.

void PrintWindow::printPages(QPainter *painter,
                             const QList<QStringList> &pages)
{
    int firstPage = printer.fromPage() - 1;
    if (firstPage >= pages.size())
        return;
    if (firstPage == -1)
        firstPage = 0;

    int lastPage = printer.toPage() - 1;
    if (lastPage == -1 || lastPage >= pages.size())
        lastPage = pages.size() - 1;

    int numPages = lastPage - firstPage + 1;

Title

Body

MediumGap

SmallGap

SmallGap
SmallGap

SmallGap

SmallGap SmallGap

Figure 8.20. A flower entry’s layout
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    for (int i = 0; i < printer.numCopies(); ++i) {
        for (int j = 0; j < numPages; ++j) {
            if (i != 0 || j != 0)
                printer.newPage();

            int index;
            if (printer.pageOrder() == QPrinter::FirstPageFirst) {
                index = firstPage + j;
            } else {
                index = lastPage - j;
            }
            printPage(painter, pages[index], index + 1);
        }
    }
}

The printPages() function’s role is to print each page using printPage() in the
correct order and the correct number of times. The result it produces is shown
in Figure 8.21. Using the QPrintDialog, the user might request several copies,
specify a print range, or request the pages in reverse order. It is our responsi-
bility to honor these options—or to disable them using QPrintDialog::setEnabled-
Options().

We start by determining the range to print. QPrinter’s fromPage() and toPage()
functions return the page numbers selected by the user, or 0 if no range was
chosen. We subtract 1 because our pages list is indexed from 0, and set firstPage
and lastPage to cover the full range if the user didn’t set any range.

Then we print each page. The outer for loop iterates as many times as necessary
to produce the number of copies requested by the user. Most printer drivers
support multiple copies, so for those, QPrinter::numCopies() always returns 1. If

Aponogeton distachyos

The Cape pondweed (water hawthorn) is a deciduous perennial that has floating, oblong, dark green 

leaves which are sometimes splashed purple. The waxy-white flowers have a characteristic 'forked' 

appearance, sweet scent and black stamens. They appear from early spring until fall. They grow in deep 

or shallow water and spread to 1.2 m.

Cabomba caroliniana

The Fish grass (or fanwort or Washington grass) is a useful oxygenator for ponds. It is a deciduous or 

semi-evergreen submerged perennial that is used by fish as a source of food and as a place in which to 

spawn. Plants form spreading hummocks of fan-shaped, coarsly divided leaves which are bright green. 

Tiny white flowers appear in the summer.

Caltha palustris

The Marsh marigold (or kingcup) is a deciduous perennial that grows in shallow water around the edges 

of ponds. It is equally well suited to a bog garden, moist rock garden or herbaceous border. The rounded 

dark green leaves set off its large, cup-shaped golden-yellow flowers. Plants can grow to 60 cm in 

height, with a spread of 45 cm. The double-flowered cultivar 'Flore Plena' only reaches 10 cm.

Ceratophyllum demersum

The Hornwort is a deciduous perennial that produces feathery submerged foliage. It sometimes floats 

and spreads over a large area. It is a good oxygenator and grows best in cool deep water. It has no 

roots.

Juncus effusus 'Spiralis'

The Corkscrew rush is a tufted evergreen perennial with mid-green leafless stems which are twisted 

and curled like a corkscrew. The stems often lie on the ground. The greenish-brown flowers appear in 

summer. Plants are best used at the edge of a pond, so that the stems can be seen against the reflective 

water surface. Strong plants can send up 90 cm-tall twisted shoots which are used in modern flower 

arranging.

1

Nuphar lutea

The Yellow water lily has small (6 cm diameter) yellow flowers that are bottle-shaped and sickly 

smelling. They are held above a mat of broad, oval, mid-green leaves which are about 40 cm wide, 

giving the plant a spread of up to 1.5 m. The seed heads are rounded and warty. This hardy deciduous 

perennial thrives in deep water, in sun or shade, and is useful for a water-lily effect where Nymphaea 

will not grow.

Orontium aquaticum

The Golden club's flowers lack the spathe typical of other aroids, leaving the central yellow and white 

spadix to provide color. A deciduous perennial, the golden club grows equally well in shallow or deep 

water. In spring, the pencil-like flower spikes (spadices) emerge from among the floating mass of waxy 

leaves which are a bluish or greyish green. Plants grow to 25 cm high spreading up to 60 cm. Large 

seeds develop later in the summer and are used to propagate plants while they are still fresh.

Trapa natans

The Jesuit's nut (or water chestnut) has mid-green diamond-shaped leaves with deeply toothed edges 

that grow in neat rosettes. The center of each leaf is often marked with deep purple blotches. White 

flowers are produced in summer. Each floating plant can spread to 23 cm.

Zantedeschia aethiopica

The Arum lily is a South African native that grows well in shallow water. It flowers throughout the 

summer, with the erect funnel-shaped spathes being held well above the arrow-shaped glossy, deep 

green leaves. Each spathe surrounds a central yellow spadix. The leaves and flowering stems arise 

from a tuber. Plants can reach up to 90 cm in height, spreading to 45 cm.

2

Figure 8.21. Printing a flower guide using QPainter
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the printer driver can’t handle multiple copies, numCopies() returns the number
of copies requested by the user, and the application is responsible for printing
that number of copies. (In the QImage example earlier in this section, we ignored
numCopies() for the sake of simplicity.)

The inner for loop iterates through the pages. If the page isn’t the first page, we
call newPage() to flush the old page and start painting on a fresh page. We call
printPage() to paint each page.

void PrintWindow::printPage(QPainter *painter,
                            const QStringList &entries, int pageNumber)
{
    painter->save();
    painter->translate(0, LargeGap);
    foreach (QString entry, entries) {
        QStringList fields = entry.split(": ");
        QString title = fields[0];
        QString body = fields[1];
        printBox(painter, title, titleFont, Qt::lightGray);
        printBox(painter, body, bodyFont, Qt::white);
        painter->translate(0, MediumGap);
    }
    painter->restore();

    painter->setFont(footerFont);
    painter->drawText(painter->window(),
                      Qt::AlignHCenter | Qt::AlignBottom,
                      QString::number(pageNumber));
}

The printPage() function iterates through all the flower guide entries and prints
them using two calls to printBox(): one for the title (the flower’s name) and one
for the body (its description). It also draws the page number centered at the
bottom of the page. The page layout is shown schematically in Figure 8.22.

void PrintWindow::printBox(QPainter *painter, const QString &str,
                           const QFont &font, const QBrush &brush)
{
    painter->setFont(font);

    int boxWidth = painter->window().width();
    int textWidth = boxWidth - 2 * SmallGap;
    int maxHeight = painter->window().height();

    QRect textRect = painter->boundingRect(SmallGap, SmallGap,
                                           textWidth, maxHeight,
                                           Qt::TextWordWrap, str);
    int boxHeight = textRect.height() + 2 * SmallGap;

    painter->setPen(QPen(Qt::black, 2.0, Qt::SolidLine));
    painter->setBrush(brush);
    painter->drawRect(0, 0, boxWidth, boxHeight);
    painter->drawText(textRect, Qt::TextWordWrap, str);
    painter->translate(0, boxHeight);
}
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Window

Flower entries print area

[page number]

(0, 0)

(0, LargeGap)LargeGap

LargeGap

pageHeight

Figure 8.22. The flower guide’s page layout

The printBox() function draws the outline of a box, then draws the text inside
the box.

This completes our review of 2D graphics and printing. We will cover 3D
graphics later, in Chapter 20.
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% (percent sign), 61, 287–288
& (ampersand), 16, 220, 406
& unary operator, 636
-> operator, 636, 638
. (dot) operator, 632, 636, 638
/ (slash), 70, 308
:/ (colon slash), 50, 309, 413
:: operator, 626, 632, 634, 656
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297–299, 302, 626, 649
<> (angle brackets), 275, 642, 646
<?xml?> declarations, 402, 405, 406
>> operator, 85, 293, 297–299, 302, 629
\ (backslash), 308, 660

(euro symbol), 420, 427

A
ABItem, 558
about()

MainWindow, 68
QMessageBox, 69

aboutQt() (QApplication), 52
absoluteFilePath() (QDir), 409
absolute positioning, 141–142
accelerator keys, 50

See also shortcut keys
accept()

QDialog, 29, 65
QEvent, 60, 162, 165, 231, 232, 343

acceptProposedAction() (QDropEvent), 228
AcceptRole (QDialogButtonBox), 30
Acceptable (QValidator), 106
Accepted (QDialog), 29, 65
accepted() (QDialogButtonBox), 30
acquire() (QSemaphore), 345, 346
actions, 50–52, 161–162
activateNextSubWindow() (QMdiArea), 159
activateWindow() (QWidget), 64–65, 90
activeEditor() (MainWindow), 160
ActiveQt, 415, 547–559
activeSubWindow() (QMdiArea), 160
active window, 64, 114, 158, 161
ActiveX, 547–559
-activex option (ActiveX servers), 558

add() (ExpenseWindow), 581
addAction() (QWidget), 53, 54, 55
addBindValue() (QSqlQuery), 318
addChildSettings() (SettingsViewer), 246
addDatabase() (QSqlDatabase), 316, 319
addDepartment() (MainForm), 335
addEditor() (MainWindow), 160
addEmployee() (EmployeeForm), 329
addItem() (QComboBox), 37, 251
addLayout() (QBoxLayout), 16, 17
addLibraryPath() (QCoreApplication), 494
addLink()

DiagramWindow, 208
Node, 202

addMenu()
QMenu, 53
QMenuBar, 53

addNode() (DiagramWindow), 207
AddRef() (IUnknown), 554
addRow() (CoordinateSetter), 244
addSeparator()

QMenu, 53
QMenuBar, 53
QToolBar, 55

addStretch() (QLayout), 145
addTransaction()

ImageWindow, 351
TransactionThread, 353

addWidget()
QBoxLayout, 16
QGridLayout, 145
QSplitter, 149
QStackedLayout, 148
QStatusBar, 56

AddressBook, 556–557
Address Book example, 556–559
adjust() (PlotSettings), 137
adjustAxis() (PlotSettings), 137
adjustSize() (QWidget), 125
adjusted() (QRect), 128
Aero. See Vista style
Age example, 7–10
<algorithm> header, 285, 661
algorithms, 93, 273, 285–287, 293, 661
aliasing. See antialiasing
AlignHCenter (Qt), 56
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AlignXxx (QTextStream), 303
alignment, 56, 98, 135, 255, 303
allTransactionsDone()

ImageWindow, 351
TransactionThread, 354

allocated memory. See new operator
alpha channel, 110, 193, 194, 441
Alt key, 16, 168
ampersand (&), 16, 220, 406
angle brackets (<>), 275, 642, 646
angles, 133, 181, 184, 187
animations, 169, 217
Annotation

class definition, 214
Annotation(), 215
boundingRect(), 216
paint(), 216
setText(), 215

annotations
in 2D scenes, 214
in 3D scenes, 477, 484
of Java methods, 614

antialiasing, 181, 185, 193, 194, 465, 478,
480, 506

Any (QHostAddress), 381
AnyKeyPressed (QAbstractItemView), 242
app template (.pro files), 594
append()

QLinkedList<T>, 275
QString, 287
QTextEdit, 312
QVector<T>, 274

Apple Help, 415
Apple Roman, 423
Application, 561–563
applicationDirPath() (QCoreApplication),

410
application settings, 69–70, 152, 156,

245
apply() (Transaction), 355
applyEffect() (BasicEffectsPlugin), 506
Aqua. See Mac style
Arabic, 420, 427, 464
arcs, 180
arg() (QString), 61, 269, 288, 425
ARGB format, 110, 193, 499

See also RGBA format
argc and argv parameters, 3, 562, 625
argument() (QScriptContext), 540
arguments (ECMAScript), 513–514
arguments() (QCoreApplication), 158, 159,

360, 536
ARM, 567

Array (ECMAScript), 517
arrays, 274, 275, 517, 640–644
ASCII, 287, 302, 306, 318, 420–423, 426
aspect ratio, 190
assembly language, 281, 357
assertions, 394
assignment operators, 275, 276, 283,

652–653
Assistant. See Qt Assistant
assistants, 43, 44
associative containers, 282–285
asynchronous I/O, 309, 313, 359, 368,

374
at() (container classes), 280
atEnd() (QXmlStreamReader), 392
atomicity, 281, 341, 357
ATSFontFormatRef (Mac OS X), 546
attributes

in XML, 393, 398, 402, 403, 405, 406
of widgets, 73

auto-generated fields (SQL), 323
autoRecalculate() (Spreadsheet), 79
AutoSubmit (QDataWidgetMapper), 328
automatic connections, 28, 310, 613
AWT, 605, 609
AxBouncer

class definition, 551
AxBouncer(), 553
createAggregate(), 554
setColor(), 553
setRadius(), 554
setSpeed(), 554
start(), 554
stop(), 554

B
background, 114, 124, 134, 184, 196, 440,

441, 448, 449, 482
BackgroundColorRole (Qt), 252, 266
backslash (\), 308, 660
Backtab key, 168
BankAccount, 653
base keyword (C#), 634
base 2 (binary), 303
base 8 (octal), 303
base 16 (hexadecimal), 107, 303
BasicEffectsPlugin, 505–506
Basic Effects Plugin example, 505–507
BDF, 571
BDiagPattern (Qt), 182
beep() (QApplication), 90
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beforeDelete() (QSqlTableModel), 335
beforeInsert() (QSqlTableModel), 335
beforeUpdate() (QSqlTableModel), 335
begin() (container classes), 256, 278–279,

280, 285
beginGroup() (QSettings), 70
Bengali, 420
BevelJoin (Qt), 182
Bézier curves, 180, 181
Big5, 423
big-endian, 85, 297, 421, 629, 647
binary compatibility, 86, 458, 469
binary I/O (compression), 84–87,

296–300, 301, 371
binary numbers, 303
binary search, 285
bind()

QGLFramebufferObject, 487
QUdpSocket, 384, 385

bindValue() (QSqlQuery), 318
binding generation, 616–622
bit arrays, 293, 499
bit depth. See color depth
bitmaps, 184

See also pixmaps
bjam, 600
BLOBs, 319
block-oriented protocols, 371, 381
blocking I/O, 313
BMP, 48
Boolean (ECMAScript), 511, 517
booleanExpressionChanged() (BooleanModel),

266
Boolean expressions, 260
BooleanModel

class definition, 262
BooleanModel(), 262
~BooleanModel(), 263
booleanExpressionChanged(), 266
columnCount(), 264
data(), 264
headerData(), 265
index(), 263
nodeFromIndex(), 263
parent(), 264
rowCount(), 264
setRootNode(), 263

BooleanParser, 261, 266
Boolean Parser example, 260–266
Boost.Build, 599, 600–602
border images (CSS), 448–449
border rectangle (CSS), 446, 447
Bouncer example, 551–556
bounded buffer, 345

boundingRect()
Annotation, 216
CityBlock, 213
Node, 203
QFontMetrics, 216
QPainter, 222

box layouts, 8, 25, 143
box model (CSS), 446
bringToFront() (DiagramWindow), 207
Bronze example, 456–470
BronzeStyle

class definition, 457
providing as a plugin, 492–494
drawBronzeBevel(), 465
drawBronzeCheckBoxIndicator(), 468
drawBronzeFrame(), 464
drawBronzeSpinBoxButton(), 467
drawComplexControl(), 462
drawPrimitive(), 461
pixelMetric(), 460
polish(), 458, 459
standardIconImplementation(), 460
styleHint(), 459
subControlRect(), 463
unpolish(), 459

BronzeStylePlugin
class definition, 492–493
create(), 493
keys(), 493

Bronze Style Plugin example, 492–494
brushes, 114, 181
BSTR (Windows), 550
bubble help. See tooltips
buddies, 16, 25
building Qt applications, 4, 593–603,

610, 626
built-in dialogs, 41–43
built-in widgets, 39–41, 77, 108
bundles (Mac OS X), 306, 410, 595
bus error, 636
busy cursor, 85
busy indicators, 373
button() (QMouseEvent), 115, 230, 474
buttons

checkbox, 39, 443, 460
default, 16, 25, 58
mouse, 115–116, 230, 237, 475
push, 5, 16, 25, 29, 39, 449–450, 456
radio, 39
toggle, 31, 52
tool, 39

buttons() (QMouseEvent), 116, 230, 475
byte arrays, 291
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byte order, 85, 297, 421, 498, 629, 647
bytes, 644

C
C-style casts, 647
C++, 623–663
C++ library, 273, 626, 627, 660–662
C++-style casts, 63, 647–648
C#, 623–663
caches, 284, 349
Calculator, 520–521
Calculator example, 520–523
call() (ECMAScript), 518
canConvert<T>() (QVariant), 293
canRead() (CursorHandler), 497
canReadLine() (QIODevice), 381
Cancel (QDialogButtonBox), 30
cancel() (QSessionManager), 563
Candy example, 446–454
canvas. See graphics view classes
cap styles, 182
capabilities() (CursorPlugin), 495
captions. See title bars
Carbon, 543, 544
carriage return, 302, 307
Cartesian coordinate system, 113
cascadeSubWindows() (QMdiArea), 162
Cascading Style Sheets, 439–454
case sensitivity, 286, 289, 421
casts, 63, 456, 540, 647–649
<cctype> header, 421, 662
cd() (QFtp), 362, 365
CDE style, 9, 128, 455
Cell

class definition, 95
inheritance tree, 79
Cell(), 96
clone(), 97
data(), 98
evalExpression(), 100
evalFactor(), 101
evalTerm(), 101
formula(), 97
setData(), 97
setDirty(), 97
setFormula(), 97
value(), 98

cell() (Spreadsheet), 82
central widget, 48–49, 77–78, 151, 157
cerr (std), 296, 311, 312, 625
CGI scripts, 370

CGImageRef (Mac OS X), 546
changeEvent() (QWidget), 433, 434
char, 421, 423, 426, 629, 644
char types, 643
character encodings, 237, 301, 302, 306,

405, 406, 420–423
character strings, 287–291, 643–644
Characters (QXmlStreamReader), 388
characters() (SaxHandler), 403
Chart example, 271
checkable actions, 52
checkable buttons. See toggle buttons
checkboxes, 39, 443, 460
checkmarks, 52, 468
child dialogs, 58
child layouts, 17, 144–145
child objects, 28, 356, 609
child processes, 309
child widgets, 7, 126, 157
Chinese, 420, 423, 427
chords, 180
cin (std), 296, 306
Circle, 633, 634
Circle (ECMAScript), 518
circles. See ellipses
circular buffer, 345
Cities example, 256–260
CityBlock

class definition, 212
CityBlock(), 213
boundingRect(), 213
paint(), 214

CityModel
class definition, 257
usage, 256
CityModel(), 258
columnCount(), 258
data(), 258
flags(), 259
headerData(), 258
offsetOf(), 260
rowCount(), 258
setCities(), 260
setData(), 259

CityView
class definition, 216
CityView(), 217
wheelEvent(), 217

Cityscape
class definition, 212
Cityscape(), 212

Cityscape example, 211–217
class definitions (C++), 630–635
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class documentation, 10–11, 662
CLASSPATH environment variable, 609,

611, 618–619, 621
Cleanlooks style, 9, 128, 455
Clear (composition mode), 195
clear()

container classes, 262, 286
QTableWidget, 81
QTranslator, 433
Spreadsheet, 81

clearBoard() (TicTacToe), 564
clearCurve() (Plotter), 127
clicked() (QAbstractButton), 6, 167, 310
client processes (QWS), 569
client–server applications, 371–381
ClientSocket

class definition, 378
ClientSocket(), 379
generateRandomTrip(), 380
readClient(), 379

clip region, 136, 184
clipboard() (QApplication), 88, 210, 237
clipboard operations, 87–89, 160,

210–211, 237–238
clone() (Cell), 97
close()

QFtp, 361, 362
QHttp, 369
QIODevice, 313, 377, 380, 584
QWidget, 16, 51, 60

closeActiveSubWindow() (QMdiArea), 162
closeAllSubWindows() (QMdiArea), 162
closeAllWindows() (QApplication), 72
closeConnection() (TripPlanner), 377
closeEditor() (QAbstractItemDelegate),

270
closeEvent()

Editor, 165
ExpenseWindow, 580
MainWindow, 60, 162
ThreadDialog, 342

CMake, 599–600
<cmath> header, 662
CodeEditor, 168
codecForLocale() (QTextCodec), 421
codecForName() (QTextCodec), 422–423
CODECFORTR entry (.pro files), 436
codecs, 302, 405, 421–423, 436
collection classes. See container classes
collision detection, 203
colon slash (:/), 50, 309, 413
ColorBurn (composition mode), 195
colorData() (QMimeData), 236

color depth, 110
color dialog, 41
ColorDodge (composition mode), 195
ColorGroup (QPalette), 114
colorNames() (QColor), 251
ColorNamesDialog, 251
Color Names example, 250–252
color stops, 183
colors, 5, 41, 109, 110, 114
column() (QModelIndex), 252, 255
ColumnCount (Spreadsheet), 80, 81
columnCount()

BooleanModel, 264
CityModel, 258
CurrencyModel, 254

COM, 547–559
comboboxes, 41, 251, 328, 450–454
comma-separated values (CSV), 234
commandFinished() (QFtp), 362
command-line options

ActiveX servers, 558–559
configure, 315
qmake, 596
Qt applications, 3, 9, 159, 625
Qt Jambi applications, 610
Qt/Embedded Linux applications, 569,

570, 571
command prompt, 5, 590
commandStarted() (QFtp), 362
Comment (QXmlStreamReader), 388
commercial editions of Qt, 530, 589–590
commit() (QSqlDatabase), 318–319, 336
commitAndCloseEditor() (TrackDelegate),

269
commitData()

QAbstractItemDelegate, 270
QApplication, 560, 562

commit policies, 328
common dialogs, 41–42
compilation units, 624–625, 654
compiler, 626
compiling Qt applications, 4, 593–603,

610, 626
composition modes, 184, 194–195, 461
compression

binary data, 301
events, 112

conditional compilation, 658–659
CONFIG entry (.pro files), 38, 414, 494, 551,

556, 559, 594–595
configuration data. See settings
configure, 315, 568–570, 572
conical gradients, 184, 191
connect()
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connect() (continued)
in Qt Jambi, 607
QObject, 6, 8, 16, 20, 350, 356

connectToHost()
QAbstractSocket, 373, 383
QFtp, 361, 362, 364

connectToServer() (TripPlanner), 373
connected() (QAbstractSocket), 373, 374
connecting to a database, 316, 318–319
connectionClosedByServer() (TripPlanner),

377
connection mode (Qt Designer), 34–36
console applications, 306, 307, 314, 359,

595
constBegin() (container classes), 280
const_cast<T>(), 648
constData() (QByteArray), 291
constEnd() (container classes), 280
const iterators, 278, 279, 280
const keyword, 630, 637–638, 641, 647,

648
constructors

C++, 630
copy, 275, 276, 283, 292, 652–653
default, 274, 283, 292, 630, 632
in ECMAScript, 515, 538
QObject subclasses, 14

consumer–producer model, 345–349
container classes

algorithms, 285–287
as return values, 278, 279
bit arrays, 293, 499
byte arrays, 291
caches, 284
foreach loop, 280–282
hashes, 283–284
implicit sharing, 279, 281, 357, 567,

643
Java bindings, 610, 620, 621
Java-style iterators, 276–278, 284
linked lists, 274–275
lists, 275
maps, 282–283
nesting, 275
pairs, 293
Qt vs. STL, 273, 279–280, 661
queues, 275
sets, 284
stacks, 275
STL-style iterators, 278, 284–285
strings, 287–291
variable-length arrays, 293
variants, 63, 109, 291–293, 317, 549

container classes (continued)
vectors, 274, 642–643

container widgets, 4, 39
contains()

QMap<K,T>, 283
QRect, 116, 130
QString, 90

contentsChanged() (QTextDocument), 164,
166

contents rectangle (CSS), 446
contextMenuEvent() (QWidget), 54
context menus, 54, 157
ContiguousSelection (QAbstractItemView),

81, 88, 234
controllers (MVC), 239
controllingUnknown() (QAxAggregated), 554
controls. See widgets
convenience item view subclasses,

240–246
convert (ImageMagick), 309
ConvertDepthTransaction, 355
ConvertDialog

class definition, 309
ConvertDialog(), 310
convertImage(), 311
on_browseButton_clicked(), 310, 311
processError(), 312
processFinished(), 312
updateOutputTextEdit(), 312

convertImage() (ConvertDialog), 311
convertToFormat() (QImage), 111
CoordinateSetter, 243–244
Coordinate Setter example, 243–244
coordinate system

for graphics view, 197
of a painter, 113, 184–193

copy()
DiagramWindow, 210
QTextEdit, 237
Spreadsheet, 87

CopyAction (Qt), 231
copyAvailable() (QTextEdit), 160
copy constructors, 275, 276, 283, 292,

652–653
copyFile(), 301
copy on write. See implicit sharing
Core Foundation, 69
count() (container classes), 274
cout (std), 296, 306, 625
.cpp files, 624–625
create()

BronzeStylePlugin, 493
CursorPlugin, 495
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createAction() (QWhatsThis), 409
createActions()

ExpenseDialog, 582
ExpenseWindow, 579
MainWindow, 50, 72, 430

createAggregate() (AxBouncer), 554
createConnection(), 316
createContextMenu() (MainWindow), 54
createCustomButtons() (Calculator), 520
createDepartmentPanel() (MainForm), 332
createDirectory() (DirectoryViewer), 250
createEditor() (TrackDelegate), 269
createEmployeePanel() (MainForm), 333
createGLObject() (VowelCube), 479
createGradient() (VowelCube), 478
createIndex() (QAbstractItemModel), 259
createLanguageMenu() (MainWindow), 432
createMenuOrToolBar()

ExpenseDialog, 583
ExpenseWindow, 580

createMenus() (MainWindow), 52, 161, 431
createScriptAction() (HtmlWindow),

525–527
createScriptsMenu() (HtmlWindow), 524
createStatusBar() (MainWindow), 55
createToolBars() (MainWindow), 54
createWidget() (IconEditorPlugin), 120
critical() (QMessageBox), 58
CRLF. See line-ending conventions
cross-compiling, 568
CrossPattern (Qt), 182
CSS, 41, 439–454
<cstdlib> header, 627, 662
CSV, 234
Ctrl key, 116, 168
.cur files, 494, 498–501
Currencies example, 252–256
currencyAt() (CurrencyModel), 256
CurrencyModel

class definition, 254
usage, 253–254
CurrencyModel(), 254
columnCount(), 254
currencyAt(), 256
data(), 255
headerData(), 256
rowCount(), 254
setCurrencyMap(), 256

currentDateTime() (QDateTime), 189
currentFormula() (Spreadsheet), 84
currentImageNumber() (CursorHandler), 497
currentIndex() (QComboBox), 67
currentLocation() (Spreadsheet), 84
currentPath() (QDir), 308

currentRowChanged()
QItemSelectionModel, 333
QListWidget, 38, 148

currentThread() (QThread), 349
cursor (mouse), 85, 130, 131
Cursor (X11), 546
CursorHandler

class definition, 496
CursorHandler(), 496
canRead(), 497
currentImageNumber(), 497
enterErrorState(), 501
imageCount(), 497
jumpToNextImage(), 500
read(), 497–500
readBitmap(), 501
readHeaderIfNecessary(), 500

CursorPlugin
class definition, 494
capabilities(), 495
create(), 495
keys(), 495

Cursor Plugin example, 494–502
custom ActiveX controls, 551
customButtonClicked() (Calculator), 521
custom data types (in variants), 292, 527,

539, 540
custom delegates, 266–271
custom dialogs, 13–20, 23–31, 606–610
custom models, 252–266
custom properties, 109, 614
custom styles, 129, 454–470
custom views, 271
custom widgets, 77, 105–138
cut()

DiagramWindow, 210
MainWindow, 161
QTextEdit, 237
Spreadsheet, 87

CY (Windows), 550
cyclic connections, 8, 22

D
daemons, 381, 543
Darken (composition mode), 195
DashDotDotLine (Qt), 182
DashDotLine (Qt), 182
DashLine (Qt), 182
data()

BooleanModel, 264
Cell, 98
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data() (continued)
CityModel, 258
CurrencyModel, 255
QAbstractItemModel, 255, 258, 264, 266
QAction, 527
QByteArray, 291
QMimeData, 232, 236
QTableWidgetItem, 95, 98, 242

dataChanged()
QAbstractItemModel, 259
QClipboard, 238

data compression, 301
data-entry widgets, 41
data structures. See container classes
database() (QSqlDatabase), 319
databases

built-in drivers, 315, 589
connecting to, 316, 318–319
navigating result sets, 317, 320
transactions, 318
value binding, 318

date, 190
Date (ECMAScript), 517
DATE (Windows), 550
date/time editors, 41, 428
DB2 (IBM), 315
.dcf files, 415
deadlocks, 353
debug mode, 5, 21, 494, 595
declaration vs. definition, 654
decodeURI() (ECMAScript), 517
decodeURIComponent() (ECMAScript), 517
decorations, 570
deep copy, 280, 281, 651
.def files, 556
default buttons, 16, 25, 58
default constructors, 274, 283, 292, 630,

632
default database connection, 319
deferred delete events, 356
#define directives, 14, 627, 658
defined() operator, 658–659
DEFINES entry (.pro files), 426, 594
definition vs. declaration, 654
degrees, 133, 181
del()

DiagramWindow, 209
Spreadsheet, 89
TeamLeadersDialog, 248

delegates, 239, 266, 271, 328
delete operator, 4, 28, 66, 71–73, 90, 210,

262, 286, 637
delete [] operator, 642

deleteDepartment() (MainForm), 335
deleteEmployee() (EmployeeForm), 330
deleteLater() (QObject), 356, 379
DELETE statements (SQL), 319
delta() (QWheelEvent), 133
Dense?Pattern (Qt), 182
depends() directives (.pro files), 577
dequeue() (QQueue<T>), 275
deriving. See subclassing
Designer. See Qt Designer
.desktop files, 574–575, 577
desktop services, 409
DESTDIR entry (.pro files), 494, 595
Destination (composition mode), 195
DestinationAtop (composition mode), 195
DestinationIn (composition mode), 195
DestinationOut (composition mode), 195
DestinationOver (composition mode), 195
destructors, 18, 355, 502, 635
Devanagari, 420
device coordinates, 184–187
Dhivehi, 420
DiagCrossPattern (Qt), 182
Diagram example, 198–211
DiagramWindow

class definition, 205
NodePair, 205
DiagramWindow(), 206
addLink(), 208
addNode(), 207
bringToFront(), 207
copy(), 210
cut(), 210
del(), 209
paste(), 210
properties(), 209
selectedLink(), 208
selectedNode(), 208
selectedNodePair(), 208
sendToBack(), 208
setZValue(), 208
setupNode(), 207
updateActions(), 211

dialogs
built-in, 41–43
button box, 29–30
creating in code, 14–15
creating using Qt Designer, 23–38,

612
creating using Qt Jambi, 606–609
group leader, 413
invoking, 63–69
meaning of parent, 58
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dialogs (continued)
modality, 63–66, 413
passing data to and from, 67–68
title bar, 58

dials, 41
dictionaries. See hashes
Difference (composition mode), 195
directories, 307–308, 365
directoryOf() (MainWindow), 410
DirectoryViewer, 249–250
Directory Viewer example, 249–250
disabled actions, 161
disabled widgets, 16, 114, 174
discard command, 562
disconnect() (QObject), 21, 22, 356
disconnected() (QAbstractSocket), 373,

377, 379
display context (OpenGL), 473
-display option (Qt/Embedded Linux

applications), 569, 570
DisplayRole (Qt), 96, 97–98, 242, 252, 255,

265
division by zero, 101, 112
DLLDESTDIR entry (.pro files), 595, 619
DLLs, 491, 595, 628
DNS. See QHostInfo
dock areas, 48, 49, 154–155
dock windows, 154–157
documentElement() (QDomDocument), 397
documentTitle() (QTextBrowser), 413
documentation, 10–11, 411–415, 662
DOM, 387, 388, 395–399
DomParser

class definition, 396
DomParser(), 396
parseBookindexElement(), 397
parseEntryElement(), 398
parsePageElement(), 399
readFile(), 397

DOM Parser example, 396–399
done()

FlowChartSymbolPicker, 242
FtpGet, 360, 362
QDialog, 242, 244
QFtp, 361, 362, 363
QHttp, 369
Spider, 365

DontConfirmOverwrite (QFileDialog), 60
DotLine (Qt), 182
double-click, 204, 247, 475
drag and drop

accepting drops, 227–229, 231–232
originating drags, 229–231

drag and drop (continued)
start distance, 230

dragEnterEvent()
ProjectListWidget, 231
QWidget, 228, 231

dragLeaveEvent() (QWidget), 229
dragMoveEvent()

ProjectListWidget, 231
QWidget, 229, 231

draw()
Circle, 634
LabeledCircle, 634
OvenTimer, 191
Shape, 633, 634
Tetrahedron, 474

drawArc() (QPainter), 180
drawBackground() (VowelCube), 480
drawBronzeBevel() (BronzeStyle), 465
drawBronzeCheckBoxIndicator()

(BronzeStyle), 468
drawBronzeFrame() (BronzeStyle), 464
drawBronzeSpinBoxButton() (BronzeStyle),

467
drawChord() (QPainter), 180
drawComplexControl() (BronzeStyle), 462
drawControl() (QStyle), 455, 456
drawCube() (VowelCube), 480–481
drawCubicBezier() (QPainter), 180
drawCurves() (Plotter), 135
drawDisplay() (QItemDelegate), 269
drawEllipse() (QPainter), 180, 181,

191–192
drawFocus() (QItemDelegate), 269
drawGrid() (Plotter), 134
drawLegend() (VowelCube), 481, 482
drawLine() (QPainter), 113, 180, 192
drawLines() (QPainter), 180
drawPath() (QPainter), 180, 507
drawPie() (QPainter), 180, 181
drawPixmap() (QPainter), 128, 180
drawPoint() (QPainter), 180
drawPoints() (QPainter), 180
drawPolygon() (QPainter), 180, 191
drawPolyline() (QPainter), 136, 180
drawPrimitive()

BronzeStyle, 461
QStyle, 128, 461, 468
QStylePainter, 128

drawRect() (QPainter), 180, 185
drawRoundRect() (QPainter), 180, 192, 204,

468
drawText() (QPainter), 135, 171, 180, 187,

192
drill-down, 325, 337
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driver() (QSqlDatabase), 319
drivers

database, 315, 589
keyboard, 569, 570
mouse, 569, 570
printer, 218
screen, 570

drop-down button, 451, 452–453
dropEvent()

MyTableWidget, 234
ProjectListWidget, 232
QWidget, 228, 232, 234

.dsp files, 595
DTD (QXmlStreamReader), 388
duck typing, 513
dumpdoc, 549
-dumpidl option (ActiveX servers), 559
duration() (OvenTimer), 190
DYLD_LIBRARY_PATH environment variable,

621
dynamicCall() (QAxBase), 551
dynamic_cast<T>(), 63, 648
dynamic dialogs, 38–39

See also shape-changing dialogs
dynamic libraries, 63, 491, 595, 628, 648
dynamic memory. See new operator
dynamic menus, 61–63, 161
dynamic properties, 22, 443, 527

E
Eclipse, 594, 611–615
ECMAScript, 509–541
edit() (ExternalEditor), 313
editEmployees() (MainForm), 336
Edit menus, 87–91
EditRole (Qt), 96, 97–98, 242, 252, 259
edit triggers, 242, 244, 248, 324
editingFinished() (QAbstractSpinBox), 269
editions of Qt, 530, 589–590
Editor

class definition, 162
Editor(), 163
closeEvent(), 165
newFile(), 164
okToContinue(), 165
open(), 164
openFile(), 164
save(), 165
setCurrentFile(), 165
sizeHint(), 166

Editor (continued)
windowMenuAction(), 162

editor widgets, 41, 269
effects() (BasicEffectsPlugin), 506
#elif directives, 658
ellipses, 180, 181
#else directives, 658
email clients, 314
embedded Linux, 567–585
-embedded option (configure), 568
embedded resources. See resource files
emit() (Java), 608
emit pseudo-keyword, 18
Employee, 21–22
EmployeeForm

class definition, 325
EmployeeForm(), 326–329
addEmployee(), 329
deleteEmployee(), 330

emulated look and feel, 9, 454
enableFindButton() (FindDialog), 18
enabled widgets. See disabled widgets
encodeURI() (ECMAScript), 517
encodeURIComponent() (ECMAScript), 517
EncodingFromTextStream (QDomNode), 406
encodings, 237, 301, 302, 306, 405, 406,

420–423
end() (container classes), 278–279, 280,

285
EndDocument (QXmlStreamReader), 388
endDocument() (QXmlContentHandler), 400
EndElement (QXmlStreamReader), 388
endElement() (SaxHandler), 403
endGroup() (QSettings), 70
endian, 85, 297, 421, 498, 629, 647
#endif directives, 15, 627, 658–659
endl (std), 626
endsWith() (QString), 289
enqueue() (QQueue<T>), 275
enterErrorState() (CursorHandler), 501
Enter key, 16, 58, 107, 270
entities (HTML), 220
EntityReference (QXmlStreamReader), 388
EntryDialog, 410, 413
entryHeight() (PrintWindow), 222
entryInfoList() (QDir), 308
entryList() (QDir), 307
enum keyword, 641, 644–646
environment variables

CLASSPATH, 609, 611, 618–619, 621
DYLD_LIBRARY_PATH, 621
in .pro files, 597
LD_LIBRARY_PATH, 621
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environment variables (continued)
PATH, 4, 415, 562, 592, 621
QTDIR, 600
QT_PLUGIN_PATH, 494, 621
QWS_DEPTH, 570
QWS_KEYBOARD, 569, 571
QWS_MOUSE_PROTO, 569, 571
QWS_SIZE, 570

erase color, 124, 134
Error (ECMAScript), 517
error()

QAbstractSocket, 373, 374
QFile, 301, 609
QIODevice, 392
QProcess, 311
TripPlanner, 377

error dialog, 41–44
#error directives, 659
errorString()

QIODevice, 84, 86, 392
QXmlErrorHandler, 403

Esc key, 58, 270
escape() (Qt), 220, 234, 406
EUC-JP, 423
EUC-KR, 423
euro symbol ( ), 420, 427
eval() (ECMAScript), 517
EvalError (ECMAScript), 517
evalExpression() (Cell), 100
evalFactor() (Cell), 101
evalTerm() (Cell), 101
evaluate() (QScriptEngine), 522, 538
event() (QObject), 168, 174
eventFilter() (QObject), 173, 174
event loop, 4, 175, 350, 356, 359, 362,

368, 379
EventRef (Mac OS X), 547
events, 4, 167–177

close, 46, 60, 162, 165, 342, 563, 580
compared with signals, 167
compression, 112
context menu, 54
deferred delete, 356
drag enter, 228, 231
drag leave, 229
drag move, 229
drop, 228, 232
filtering, 172–175, 459, 547
handling, 112, 168–172, 174, 547
hide, 172
key press, 132, 168, 172
key release, 168
language change, 434

events (continued)
layout direction change, 174
locale change, 433–434
mouse double-click, 204, 475
mouse move, 115, 130, 230, 474
mouse press, 115, 129, 167, 190, 230,

474
mouse release, 131, 237
paint, 112, 128, 171, 180, 190, 194, 479,

544, 545
pending, 177
platform-specific, 547
propagation, 169, 175, 228
resize, 129, 143
show, 171
timer, 169–172, 177, 550
wheel, 133, 217, 482

examples
Address Book, 556–559
Age, 7–10
Basic Effects Plugin, 505–507
Boolean Parser, 260–266
Bouncer, 551–556
Bronze, 456–470
Bronze Style Plugin, 492–494
Calculator, 520–523
Candy, 446–454
Cities, 256–260
Cityscape, 211–217
Color Names, 250–252
Coordinate Setter, 243–244
Currencies, 252–256
Cursor Plugin, 494–502
Diagram, 198–211
Directory Viewer, 249–250
DOM Parser, 396–399
Expenses, 576–585
Find, 13–20, 63
Find File, 141–144
Flow Chart Symbol Picker, 241–242
ftpget, 359–363
Gas Pump, 531–541
Go to Cell, 23–31, 65
Hello, 3–5
Hex Spin Box, 105–107, 117
HTML Editor, 523–530
httpget, 368–370
Icon Editor, 108–117
Icon Editor Plugin, 118–120
Image Converter, 309–312
Image Pro, 350–355
imagespace, 307–308
Jambi Find, 606–610
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examples (continued)
Jambi Go to Cell, 612–613
Jambi Labeled Line Edit, 613–615
Jambi Plotter, 616–622
Mail Client, 150–152
MDI Editor, 157–166
Media Player, 547–551
Oven Timer, 187–193
Plotter, 121–138
Preferences, 148
Project Chooser, 229–232
Quit, 6
SAX Handler, 401–404
Scooters, 322–323
semaphores, 345–347
Settings Viewer, 244–246
Sort, 31–38, 66
spider, 363–368
Splitter, 149–150
Spreadsheet, 45–75, 77–103
Staff Manager, 324–337
Team Leaders, 247–248
Teapots, 484–489
Tetrahedron, 472–476
Text Art, 502–505
Threads, 340–343
Tic-Tac-Toe, 560–565
Ticker, 169–172
tidy, 305–306
Track Editor, 266–270
Trip Planner, 371–378
Trip Server, 371, 378–381
Unit Converter, 573–576
Vowel Cube, 477–482
waitconditions, 347–349
Weather Balloon, 382–383
Weather Station, 382, 384–385
XML Stream Reader, 389–395
XML Stream Writer, 404–405

exceptions
in C++, 99, 628, 660
in ECMAScript, 512

ExcludeUserInput (QEventLoop), 176
Exclusion (composition mode), 195
exclusive actions, 52
exec()

QCoreApplication, 3, 175, 349, 610
QDialog, 65, 582
QDrag, 231
QMenu, 54
QSqlQuery, 317
QThread, 356

execDialog() (QtopiaApplication), 582, 583

execute() (QProcess), 313, 314
exists() (QDir), 308
expand() (QTreeView), 250
Expanding (QSizePolicy), 124, 146
Expense, 578
ExpenseDialog

class definition, 582
createActions(), 582
createMenuOrToolBar(), 583

ExpenseWindow
class definition, 578
add(), 581
closeEvent(), 580
createActions(), 579
createMenuOrToolBar(), 580
loadData(), 581
send(), 583–584

Expenses example, 576–585
explicit keyword, 649
exporting

ActiveX controls, 553, 555–556, 557,
559

plugins, 120, 493, 496, 507
Extensible Markup Language. See XML
extension dialogs, 31–38
extern keyword, 654
ExternalEditor, 313
external linkage, 654
external programs, 309, 314

F
F1key, 408, 409
F2 key, 244, 250, 335
faceAtPosition() (Tetrahedron), 475
fatalError() (SaxHandler), 404
FDiagPattern (Qt), 182
fieldIndex() (QSqlTableModel), 328
file dialog, 42, 58–59
File menus, 53, 57–63, 71
fileName() (QFileInfo), 61
files

attributes, 307
binary I/O, 84–87, 296–300, 371
directory separator, 308, 312
encodings, 421–422
image formats, 48
name filters, 59, 307
reading and writing XML, 387–404
recently opened, 53, 61–63
temporary, 295, 313–314, 583
text I/O, 301–307, 421–422
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files (continued)
traversing directories, 307–308
uploading and downloading, 359–371

fill() (QPixmap), 134
fill patterns, 181
fillRect() (QPainter), 114
filter() (PumpWindow), 533
filter model, 250
filters

for events, 172–175, 459, 547
for file names, 59, 307
for SQL table models, 320, 334–335

final keyword (Java), 638
finalize() (Java), 635
find()

MainWindow, 64
QWidget, 544

findChild<T>() (QObject), 38, 528
findClicked() (FindDialog), 18, 608
FindDialog

class definition, 14–15
Qt Jambi version, 606–609
usage, 64, 65
FindDialog(), 15–17, 607
enableFindButton(), 18
findClicked(), 18, 608
findNext(), 14
findPrevious(), 14

Find example, 13–20, 63, 606
FindFileDialog, 141–144
Find File example, 141–144
findNext()

FindDialog, 14
Spreadsheet, 90

findPrevious()
FindDialog, 14
Spreadsheet, 91

finished() (QProcess), 311
first() (QSqlQuery), 317
Fixed (QSizePolicy), 146
FixedNotation (QTextStream), 303
fixed size, 17, 147
flags() (CityModel), 259
FlatCap (Qt), 182
flicker, 4, 112
flipHorizontally() (ImageWindow), 350
FlipTransaction, 355
FlowChartSymbolPicker

class definition, 241
FlowChartSymbolPicker(), 241
done(), 242
selectedId(), 241

Flow Chart Symbol Picker example,
241–242

focus, 16, 26, 125, 128, 168, 175, 269
focusNextChild() (QWidget), 173, 174
focus policies, 125
focus rectangle, 128, 269
folders. See directories
Font (X11), 546
font combobox, 42
font dialog, 41
font metrics, 135, 166, 171, 216, 506
fontMetrics() (QWidget), 166, 171
FontRole (Qt), 252, 266
fonts, 41, 143, 181, 420, 571
ForcePoint (QTextStream), 303
ForceSign (QTextStream), 303
foreach pseudo-keyword, 73, 280–282,

285
foreground, 196, 441, 482
foreground() (QPalette), 114
foreign keys, 318, 324, 325, 326, 328–329,

333
forever pseudo-keyword, 376
form designer. See Qt Designer
formats()

QMimeData, 232, 235
TableMimeData, 235

formatted text, 5
See also rich text and HTML

FORMS entry (.pro files), 594
formula()

Cell, 97
Spreadsheet, 82

forward declarations, 14, 15
frame widgets, 39
framebuffer (Linux), 568
framebuffer object extension (OpenGL),

471, 484–489
frameworks (Mac OS X), 595
Freescale, 567
French, 427
froglogic, 543
fromAscii() (QString), 291
fromLatin1() (QString), 291
fromName() (QHostInfo), 383
fromPage() (QPrinter), 223
fromValue() (QVariant), 293
FTP, 359–368
ftpCommandStarted() (FtpGet), 363
ftpDone()

FtpGet, 362
Spider, 366

FtpGet
class definition, 360
FtpGet(), 361
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FtpGet (continued)
done(), 360, 362
ftpCommandStarted(), 363
ftpDone(), 362
getFile(), 361, 362

ftpget example, 359–363
ftpListInfo() (Spider), 365
Function (ECMAScript), 511, 517
function keyword (ECMAScript), 512,

513
function prototypes, 626, 630
functors, 94

G
garbage collection

for Qt Jambi applications, 608–610
in ECMAScript, 511
in Java and C#, 637

Gas Pump example, 531–541
GB18030-0, 423
GCC, 19, 568, 590, 592
GDI, 544–545
general protection fault, 636
generateDocumentation() (QAxBase), 549
generateRandomTrip() (ClientSocket), 380
generator (Qt Jambi), 616–622
generic algorithms, 93, 273, 285–287,

293, 661
geometric shapes, 180
geometries, 141
German, 427
get()

QFtp, 359, 361, 365
QHttp, 369, 370

getColor() (QColorDialog), 209, 475
getDC() (QPaintEngine), 545, 546
getDirectory() (Spider), 364
getFile()

FtpGet, 361, 362
HttpGet, 369

GetInterfaceSafetyOptions()
(ObjectSafetyImpl), 555

getOpenFileName() (QFileDialog), 58–59,
164, 311

getPrinterDC() (QPrintEngine), 546
getSaveFileName() (QFileDialog), 60
getText() (QInputDialog), 250
GIF, 48
global functions, 624, 653–655
global object (ECMAScript), 517, 522
global variables, 653–655
GNOME, 9

GNU Compiler Collection (GCC), 19,
568, 590, 592

GNU General Public License, 589
GoToCellDialog

class definition, 27
creating using Qt Designer, 23–31
usage, 65

GoToCellDialog (Java), 612–613
Go to Cell example, 23–31, 65, 611
goToCell() (MainWindow), 65
GoToCellDialog

GoToCellDialog(), 28
on_lineEdit_textChanged(), 28–29

GPL, 589
gradients, 183–184, 191–192, 441, 466
GraphPak, 121
graphics, 179–225, 471–489
graphics view classes, 195–217
gravity. See WA_StaticContents
grayed out widgets, 16
Greek, 420, 423
grid layouts, 8, 32, 33, 143–145
group() (IconEditorPlugin), 119
group boxes, 39
grouping items, 196
GUI builder. See Qt Designer
GuiServer (QApplication), 569
GUI thread. See initial thread
Gujarati, 420
Gurmukhi, 420
GWorldPtr (Mac OS X), 546

H
.h files. See header files
half-pixel coordinates, 185
handle()

QCursor, 546
QFont, 546
QPixmap, 546
QRegion, 546
QSessionManager, 546
QSqlDriver, 319
QSqlResult, 319
QWidget, 546

HardLight (composition mode), 195
hardware acceleration, 471
hasAcceptableInput() (QLineEdit), 28–29
hasFeature() (QSqlDriver), 319
hasFormat() (QMimeData), 228
hasLocalData() (QThreadStorage<T>), 349
hasNext() (Java-style iterators), 277
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hasOpenGL() (QGLFormat), 476, 489
hasOpenGLFramebufferObjects()

(QGLFramebufferObject), 489
hasPendingEvents() (QCoreApplication),

177
hasPrevious() (Java-style iterators), 277
hasUncaughtException() (QScriptEngine),

526
HashMap (Java), 610
hashes, 283–284
HCURSOR (Windows), 546
HDC (Windows), 546
head()

QHttp, 370
QQueue<T>, 275

headerData()
BooleanModel, 265
CityModel, 258
CurrencyModel, 256

header files, 3, 15, 626–628
headers (item views), 243, 249, 256, 259,

266
HEADERS entry (.pro files), 594
heap memory. See new operator
heavy processing, 175, 339
Hebrew, 420, 427, 464
height() (QPaintDevice), 113, 116
Hello example, 3–5
help, 54, 407–415
help()

EntryDialog, 410, 413
MainWindow, 409, 413

HelpBrowser
class definitions, 411, 414
HelpBrowser(), 412
showPage(), 413, 414
updateWindowTitle(), 413

hex manipulator, 303
HexSpinBox

class definition, 105
integration with Qt Designer,

117–118
HexSpinBox(), 106
textFromValue(), 106
validate(), 106
valueFromText(), 107

Hex Spin Box example, 105–107, 117
hexadecimal numbers, 107, 303
HFONT (Windows), 546
hibernation, 560
hidden widgets, 4, 64, 126, 146
hide() (QWidget), 126, 146
hideEvent() (Ticker), 172
hierarchical item models, 262–266

HIView, 544
HIViewRef (Mac OS X), 546
Home key, 168
homePath() (QDir), 308
HorPattern (Qt), 182
horizontalHeader() (QTableView), 81
horizontal layouts, 8, 25, 143
horizontalScrollBar()

(QAbstractScrollArea), 81, 153
host addresses. See IP addresses
host names, 383
hourglass cursor, 85
hover effects, 444, 450, 451, 459
HPALETTE (Windows), 546
HRGN (Windows), 546
HTML, 5, 10, 41, 219–220, 233–234, 234,

408, 411–415, 415, 556
html() (QMimeData), 236
HTML Editor example, 523–530
HTTP, 359, 368–371
httpDone() (HttpGet), 369
HttpGet

HttpGet(), 368
getFile(), 369
httpDone(), 369

httpget example, 368–370
HWND (Windows), 546

I
IANA, 228
IBM 8xx, 423
IBM DB2, 315
icon() (IconEditorPlugin), 119
IconEditor

class definition, 108–109
integration with Qt Designer,

118–120
with scroll bars, 152
IconEditor(), 109
mouseMoveEvent(), 115
mousePressEvent(), 115
paintEvent(), 112
pixelRect(), 114
setIconImage(), 111
setImagePixel(), 116
setPenColor(), 111
setZoomFactor(), 112
sizeHint(), 111

Icon Editor example, 108–117
IconEditorPlugin

class definition, 118
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IconEditorPlugin (continued)
IconEditorPlugin(), 119
createWidget(), 120
group(), 119
icon(), 119
includeFile(), 119
isContainer(), 120
name(), 119
toolTip(), 119
whatsThis(), 119

Icon Editor Plugin example, 118–120
IconRole (Qt), 242
icons, 48, 50, 58, 69, 231, 428
ID

of a COM component, 549, 556
of a timer, 171
of a widget, 544
of an FTP command, 362
of an HTTP request, 371
of an X11 session, 562

IDE, 594, 595–596, 611–615
IDispatch (Windows), 551
IDL, 559
idle processing, 158, 177
#if directives, 658–659
#ifdef directives, 659
#ifndef directives, 14, 627, 659
IFontDisp (Windows), 550
ignore() (QEvent), 60, 162, 165
IgnoreAction (Qt), 231
Ignored (QSizePolicy), 146
image()

QClipboard, 237
TransactionThread, 354

Image Converter example, 309–312
imageCount() (CursorHandler), 497
imageData() (QMimeData), 236
ImageMagick, 309
Image Pro example, 350–355
imageSpace(), 307
imagespace example, 307–308
ImageWindow

ImageWindow(), 350
addTransaction(), 351
allTransactionsDone(), 351
flipHorizontally(), 350

images
alpha channel, 110, 193, 194
as paint devices, 179
color depth, 110
distributing with the application, 49,

574–575
file formats, 48, 494

images (continued)
icons, 48, 50, 58, 69, 231, 428
printing, 218
Qtopia file system, 572

implicit sharing, 279, 281, 357, 567, 643
import declarations (Java), 606, 609, 614,

620, 622
include() directives (.pro files), 598, 619
#include directives, 625, 627, 657
includeFile() (IconEditorPlugin), 119
INCLUDEPATH entry (.pro files), 491, 594,

619
incomingConnection() (TripServer), 378
incremental parsing, 395
index() (BooleanModel), 263
indexOf()

QLayout, 147
QString, 289

Infinity (ECMAScript), 517
information() (QMessageBox), 58
inheritance. See subclassing
initFrom()

QPainter, 134, 194
QStyleOption, 128, 455

initial thread, 349
initialize() (QApplication), 610
initializeGL()

QGLWidget, 473, 478, 486
Teapots, 486
Tetrahedron, 473

inlining, 630–632
in-process databases, 315
input dialogs, 41–44
input methods, 419, 421, 570
insert()

Java-style iterators, 278
QLinkedList<T>, 275
QMap<K,T>, 282
QMultiMap<K,T>, 283
QString, 289
TeamLeadersDialog, 248

insertMulti()
QHash<K,T>, 284
QMap<K,T>, 283

insertRow()
QAbstractItemModel, 320, 335
QTableWidget, 244

INSERT statements (SQL), 317, 319
installEventFilter() (QObject), 173, 174
installTranslator() (QCoreApplication),

427
INSTALLS entry (.pro files), 574
instance()
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instance() (continued)
QPluginLoader, 504
QWSServer, 571

instanceof operator (ECMAScript), 515,
519

integrated development environments,
594, 595–596, 611–615

Intel x86, 567, 629
intensive processing, 175, 339
Interface Definition Language (IDL),

559
interfaces

application plugins, 502
COM, 551, 554
Java and C#, 633

Intermediate (QValidator), 106
internalPointer() (QModelIndex), 264
internationalization, 419–437
Internet Assigned Numbers Authority,

228
Internet Explorer, 415, 551
Internet protocols

DNS. See QHostInfo
FTP, 359–368
HTTP, 368–371
SSL, 370
TCP, 371–381
TLS, 370
UDP, 381–385

interpreter
for ECMAScript, 511, 522
for Java, 611

inter-process communication, 309–314
See also ActiveX

introspection, 22, 606, 660
Invalid

QValidator, 106
QXmlStreamReader, 388

invalid model indexes, 250, 252, 263
invalid variants, 98
invisibleRootItem() (QTreeWidget), 246,

393, 403
invisible widgets, 4, 64, 126, 146
invokeMethod() (QMetaObject), 357
I/O

binary, 84–87, 296–300, 371
devices, 86, 362, 368, 369, 371
plugins, 494
Standard C++ library, 660
text, 301–307

IObjectSafety (Windows), 554–555
<iostream> header, 85, 296, 302, 627, 661
IP addresses, 381, 383
IPC (inter-process communication),

309–314
See also ActiveX

IPictureDisp (Windows), 550
isActive() (QSqlQuery), 317
isCharacter() (QXmlStreamReader), 389
isContainer() (IconEditorPlugin), 120
isDigit() (QChar), 421
isEmpty()

container classes, 278
QString, 290

isFinite() (ECMAScript), 517
isLetter() (QChar), 421
isLetterOrNumber() (QChar), 421
isLower() (QChar), 421
isMark() (QChar), 421
isNaN() (ECMAScript), 517
isNull()

QImage, 609
QPixmap, 609

isNumber() (QChar), 421
isPrint() (QChar), 421
isPunct() (QChar), 421
isRightToLeft() (QApplication), 428
isSessionRestored() (QApplication), 564,

565
isSpace() (QChar), 421
isStartElement() (QXmlStreamReader), 389
isSymbol() (QChar), 421
isUpper() (QChar), 421
isValid() (QVariant), 98
Iscii, 423
ISO 2022, 423
ISO 8859-1 (Latin-1), 287, 306, 318,

420–423
ISO 8859-15 (Latin-9), 427
ISO 8859-x, 423
item() (QTableWidget), 82
item-based rendering, 195–217
itemChange()

Node, 204
QGraphicsItem, 201

itemChanged() (QTableWidget), 80
item coordinates, 197
ItemIgnoresTransformations

(QGraphicsItem), 214–215
ItemIsEditable (Qt), 259
ItemIsEnabled (Qt), 259
ItemIsSelectable (Qt), 259
item prototypes, 81
item views, 39, 239–271
iterators

Java-style, 276–278, 284
read-only vs. read-write, 276, 278, 279,

280
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iterators (continued)
STL-style, 275, 278, 284–285, 661

IUnknown (Windows), 551, 554

J
jam. See Boost.Build
Jambi Find example, 606–610
Jambi Go to Cell example, 612–613
Jambi Labeled Line Edit example,

613–615
JambiPlotter (Java), 620
Jambi Plotter example, 616–622
Japanese, 420
.jar files, 609, 619
Java, 400, 567, 605–622, 623–663
Java Native Interface, 605
JavaScript, 509, 556
Java-style iterators, 276–278, 284
Java user interface compiler (juic), 608,

613
JIS, 423
JNI, 605
join() (QStringList), 290, 304
join styles, 182
JournalView, 434–435
JPEG, 48
.js files, 522
.jui files, 612, 613
juic, 608, 613
jumpToNextImage() (CursorHandler), 500

K
Kannada, 420
KD Chart, 121
KDAB (Klarälvdalens Datakonsult),

543
KDE, 9
KDevelop, 594
KeepSize (QSplitter), 150
key()

Java-style iterators, 136, 284
QKeyEvent, 168
STL-style iterators, 256, 284

key events, 168–169
keyPressEvent()

CodeEditor, 168
MyLineEdit, 172
Plotter, 132
QWidget, 132, 168

keyReleaseEvent() (QWidget), 168
keyboard accelerators, 50
keyboard drivers, 569, 570
keyboard focus. See focus
keyboard shortcuts, 16, 25, 50, 169, 408
keys

Alt, 16, 168
Backtab, 168
Ctrl, 116, 168
Enter, 16, 58, 107, 270
Esc, 58, 270
F1, 408, 409
F2, 244, 250, 335
Home, 168
multi-function (soft), 577, 580
Shift, 116, 168
Space, 172
Tab, 125, 168

keys()
associative containers, 283, 285
BronzeStylePlugin, 493
CursorPlugin, 495

Khmer, 420
killTimer() (QObject), 172
Klarälvdalens Datakonsult, 543
KOI8, 423
Korean, 420, 423

L
LabeledCircle, 634
LabeledLineEdit (Java), 613–615
labels, 3, 41, 446
language change events, 434
Language menus, 430, 432–433
languages supported by Qt, 420
Lao, 420
last() (QSqlQuery), 317
Latin-1, 287, 306, 318, 420–423
Latin-9. See ISO 8859-15
launching external programs, 309, 314
layout managers

box, 8, 25, 143
compared with manual layout, 129,

141–143
grid, 8, 32, 33, 143–145
in Qt Designer, 25, 32, 33, 145
in Qt Jambi, 608
margin and spacing, 144
nesting, 17, 144–145
on plain widgets, 77
right-to-left, 8, 174, 427, 428, 464
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layout managers (continued)
size hints, 17, 37, 56, 111, 125, 143,

146
size policies, 111, 124, 146
spacer items, 17, 24, 145
stacked, 147–149
stretch factors, 146–147

LCD numbers, 41
LD_LIBRARY_PATH environment variable,

621
leaders() (TeamLeadersDialog), 248
left() (QString), 289
leftColumn() (QTableWidgetSelectionRange),

67
left mouse button, 115, 230, 475
length() (QString), 287, 290
level of detail, 204, 214
lib template (.pro files), 594, 619
libraries, 491, 595, 628
LIBS entry (.pro files), 491, 594, 619
licensing, 530, 589–590
Lighten (composition mode), 195
line editors, 41, 445, 447
line-ending conventions, 302, 307
line-oriented protocols, 371, 381
linear gradients, 183, 192, 466
Linguist. See Qt Linguist
Link

class definition, 198
Link(), 199
~Link(), 199
setColor(), 199
trackNodes(), 199

LinkAction (Qt), 231
link errors, 19, 628, 632, 635
linked lists, 274–275
linker, 624, 626
Linux, 543–547, 567, 591–592
List (Java), 610
list() (QFtp), 362, 365
listInfo() (QFtp), 364, 365
list models, 252
list views, 39, 240, 248, 320, 447
list widgets, 38, 148, 229, 240, 242
listen() (QAbstractSocket), 381
lists, 275
little-endian, 297, 421, 629, 647
load()

QTranslator, 427, 433, 434
QUiLoader, 38, 526

loadData()
ExpenseWindow, 581
PumpWindow, 533

loadFile() (MainWindow), 59

loadFiles() (MainWindow), 158
loadPlugins() (TextArtDialog), 504
localData() (QThreadStorage<T>), 349
LocalDate (Qt), 428
LocalHost (QHostAddress), 374, 383
local variables, 636, 655
localeAwareCompare() (QString), 289, 428
locale change events, 433–434
localeconv() (std), 428
localization. See internationalization
lock() (QMutex), 343, 345
lockForRead() (QReadWriteLock), 344
lockForWrite() (QReadWriteLock), 345
logical coordinates, 184–187
login() (QFtp), 361–362, 364
logout, 560, 563
look and feel, 9, 129, 439–470
lookupHost() (QHostInfo), 383
lrelease, 419, 435–437
“LTR” marker, 427
lupdate, 419, 424, 425–426, 435–437

M
macCGHandle() (QPixmap), 546
macEvent() (QWidget), 547
macEventFilter() (QApplication), 547
Mac OS X, 543–547, 590–591
macQDAlphaHandle() (QPixmap), 546
macQDHandle() (QPixmap), 546
Mac style, 9, 128, 455
MacintoshVersion (QSysInfo), 545
macros, 658–659
macx condition (.pro files), 598
MagicNumber (Spreadsheet), 80, 85
MailClient, 150–152
Mail Client example, 150–152
main()

argc and argv parameters, 3, 625
for ActiveX applications, 558
for C++ programs, 624–625
for console applications, 359
for database applications, 316
for internationalized applications,

426
for OpenGL applications, 476, 489
for Qt/Embedded Linux applications,

575
for Qtopia applications, 575
for scriptable applications, 535
for SDI applications, 71
for simple Qt application, 3



684 Index

main() (continued)
for simple Qt Jambi application, 610
for splash screen, 74
for Spreadsheet example, 71

MainForm
class definition, 331
MainForm(), 332
addDepartment(), 335
createDepartmentPanel(), 332
createEmployeePanel(), 333
deleteDepartment(), 335
editEmployees(), 336
updateEmployeeView(), 334

main layout, 17
main thread, 349
MainWindow

class definition, 46–47, 227
MainWindow(), 48, 73, 157, 430
about(), 68
activeEditor(), 160
addEditor(), 160
closeEvent(), 60, 162
createActions(), 50, 72, 430
createContextMenu(), 54
createLanguageMenu(), 432
createMenus(), 52, 161, 431
createStatusBar(), 55
createToolBars(), 54
cut(), 161
directoryOf(), 410
find(), 64
goToCell(), 65
help(), 409, 413
loadFile(), 59
loadFiles(), 158
newFile(), 57, 72, 159
okToContinue(), 57
open(), 58, 159
openRecentFile(), 63
readSettings(), 70, 156
retranslateUi(), 431
save(), 59, 160
saveAs(), 60
saveFile(), 59
setCurrentFile(), 60
sort(), 66–68
spreadsheetModified(), 56
strippedName(), 61
switchLanguage(), 433
updateRecentFileActions(), 61
updateStatusBar(), 56
writeSettings(), 69, 156

main windows, 46–49, 71–74, 77,
154–166

make, 5, 595, 600
makeCurrent() (QGLWidget), 476, 479
makefiles, 5, 19, 556, 593, 595, 596, 599
makeqpf, 571
Malayalam, 420
mandatory fields, 443
manhattanDistance(), 639
manhattanLength() (QPoint), 230
manipulators, 303, 649, 661
manual layout, 129, 142–143
map<K,T> (std), 285
maps, 282–283
Margin (Plotter), 123
margin rectangle (CSS), 446
margins (in layouts), 144
master–detail, 316, 330–332, 337
Math (ECMAScript), 517
MathML, 387
Maximum (QSizePolicy), 146
maximum property (QProgressBar), 373
maximum size, 143, 147
MDI, 74, 78, 157–166
MDI Editor example, 157–166
Media Player example, 547–551
memcpy() (std), 642
memory addresses, 636, 638
memory management, 4, 28, 72–73, 609,

636–637
menuBar() (QMainWindow), 53
menu bars, 48, 53
menus

checkable actions, 52
context, 54, 157
creating, 53–54
disabling entries, 161
dynamic, 61–63, 161

message() (Transaction), 355
message boxes, 41–44, 57–58
messages. See events
metaObject() (QObject), 22
meta-object compiler (moc), 19, 22, 63,

118, 506, 552, 606
meta-object system, 22, 537
MFC migration, 543
Microsoft Internet Explorer, 415, 551
Microsoft SQL Server, 315
Microsoft Visual Basic, 556
Microsoft Visual C++ (MSVC), 5, 19, 38,

293, 545
Microsoft Visual Studio, 5, 594, 595
mid() (QString), 65, 288
middle mouse button, 237
migration, 543
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mimeData()
QClipboard, 237
QDropEvent, 228, 232

MIME types, 228, 232–237
MinGW, 5, 590
Minimum (QSizePolicy), 111, 146
MinimumExpanding (QSizePolicy), 146
minimum property (QProgressBar), 373
minimum size, 37, 56, 143, 147
minimumSizeHint()

Plotter, 127
QWidget, 17, 127, 146

MIPS, 567
mirror() (QImage), 355
MiterJoin (Qt), 182
mkdir()

QDir, 308
QDirModel, 250
QFtp, 362

mobile devices, 567
moc, 19, 22, 63, 118, 506, 552, 593, 606
modal dialogs, 65–66, 413
model classes, 247, 254, 316
model indexes, 248
model–view–controller (MVC), 239
model/view architecture, 239–240, 252,

271
modeless dialogs, 63
modified() (Spreadsheet), 79, 84
modified documents, 56, 61, 164, 165
modifiers() (QKeyEvent), 133, 168
Mongolian, 420
monitoring events, 172–175
most recently used files, 53, 61–63
Motif migration, 543
Motif style, 9, 54, 128, 455
Motorola 68000, 567
mouse buttons, 115–116, 230, 237, 475
mouse cursor, 85, 130, 131
mouseDoubleClickEvent()

Node, 204
Tetrahedron, 475

mouse drivers, 569, 570
mouse events, 167
mouseMoveEvent()

IconEditor, 115
MyTableWidget, 233
Plotter, 130
ProjectListWidget, 230
QGraphicsItem, 201
Teapots, 488
Tetrahedron, 474

mousePressEvent()

mousePressEvent() (continued)
IconEditor, 115
OvenTimer, 190
Plotter, 129
ProjectListWidget, 230
Teapots, 488
Tetrahedron, 474

mouseReleaseEvent()
Plotter, 131
QWidget, 131, 237, 488
Teapots, 488

mouse tracking, 115
mouse wheels, 133
MoveAction (Qt), 231
moveToThread() (QObject), 350
Movie, 276
MRU files. See recently opened files
MS-DOS Prompt, 5, 590
MSG (Windows), 547
MuleLao-1, 423
multi-function keys, 577, 580
multi-hashes, 284
multi-line editors. See QTextEdit
multi-maps, 283
multi-page dialogs, 38
multi-page widgets, 39
multiple database connections, 319
multiple document interface (MDI), 74,

78, 157–166
multiple documents, 71–74
multiple inheritance, 27, 28, 199, 504,

552, 621, 634
Multiply (composition mode), 195
multithreading, 339–357
mutable iterators, 276, 277–278, 280,

284
mutable keyword, 96, 99, 496, 648
mutexes, 343, 345, 348, 353
MVC (model–view–controller), 239
MyInteger, 649
MyVector, 649
MySQL, 315
MyTableWidget

dropEvent(), 234
mouseMoveEvent(), 233
performDrag(), 233
toCsv(), 233
toHtml(), 234

N
NaN (ECMAScript), 517
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name()
IconEditorPlugin, 119
QColor, 210, 211

nameless database connection, 319
namespaces

C++, 626, 655–657
XML, 397, 400, 402

native APIs, 543–565
native dialogs, 42
nested layouts, 17, 144–145
nested splitters, 150
networking, 359–385
new operator

in C++, 28, 66, 71–73, 632, 636, 637,
651

in ECMAScript, 511
new [] operator, 642
newFile()

Editor, 164
MainWindow, 57, 72, 159

newFunction() (QScriptEngine), 538, 541
newPage() (QPrinter), 218, 219, 224
newQMetaObject() (QScriptEngine), 537
newQObject() (QScriptEngine), 534
new-style casts, 63, 647–648
newlines, 302, 307
newsletter. See Qt Quarterly
next()

Java-style iterators, 277, 284
QSqlQuery, 317

nextPrime(), 655
nextRandomNumber(), 653, 656
nmake, 5, 595, 600
NoBrush (Qt), 182
Node

class definition, 200, 261
Node(), 201, 261
~Node(), 202, 262
addLink(), 202
boundingRect(), 203
itemChange(), 204
mouseDoubleClickEvent(), 204
outlineRect(), 203
paint(), 204
removeLink(), 202
roundness(), 205
setText(), 202
setTextColor(), 202
shape(), 203

nodeFromIndex() (BooleanModel), 263
NodePair (DiagramWindow), 205
NoEditTriggers (QAbstractItemView), 244,

324, 334

NoError (QFile), 301
non-blocking I/O. See asynchronous I/O
non-commercial edition of Qt, 530,

589–590
non-const iterators, 276, 277–278, 280,

284
non-mutable iterators, 278, 279, 280
non-validating XML parsers, 395, 400
NoPen (Qt), 182
normalized() (QRect), 128, 131
northwest gravity. See

WA_StaticContents
notify() (QCoreApplication), 174
null (ECMAScript), 511
Null (QChar), 98, 99
null pointers, 636
numCopies() (QPrinter), 223
numRowsAffected() (QSqlQuery), 318
Number (ECMAScript), 511, 517
number() (QString), 84, 107, 288

O
Object

in C#, 633
in ECMAScript, 511, 517, 526
in Java, 610, 633

object files, 624
ObjectSafetyImpl, 554–555
object types, 511, 617
objects

dynamic casts, 63, 648
dynamic properties, 22, 443, 527
event processing, 167–177
in ECMAScript, 515–519
in multithreaded applications, 356
introspection, 22, 606, 660
names, 155, 442, 561
parent–child mechanism, 28, 609
properties, 22, 24, 109, 442–443, 527,

549, 550, 553–554, 614
reparenting, 10, 17, 56, 152
signals and slots mechanism, 20–22,

606–608
smart pointers, 637

octal numbers, 303
ODBC, 315
off-screen rendering, 121, 471, 483, 484
offsetOf() (CityModel), 260
Ok (QDialogButtonBox), 30
okToContinue()

Editor, 165
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okToContinue() (continued)
MainWindow, 57

OLE_COLOR (Windows), 550
on_browseButton_clicked() (ConvertDialog),

310, 311
on_lineEdit_textChanged()

(GoToCellDialog), 28–29
on_xxx_xxx() slots, 28
one-shot timers, 157, 172, 189
online documentation, 10–11, 662
online help, 407–415
opacity, 110, 193, 194, 441
OpaqueMode (Qt), 184
open()

Editor, 164
MainWindow, 58, 159
QIODevice, 85, 86, 296, 302, 368
QSqlDatabase, 316

openFile() (Editor), 164
OpenGL, 197, 471–489
openRecentFile() (MainWindow), 63
open source edition of Qt, 530, 589–590
openUrl() (QDesktopServices), 314, 409,

410
operating systems, 545
operator()(), 94
operator*() (STL-style iterators), 278
operator+() (QString), 287
operator++() (STL-style iterators), 278
operator+=() (QString), 287
operator--() (STL-style iterators), 278
operator<() (keys in maps), 283
operator<<()

container classes, 274
QDataStream, 298
QTextStream, 302

operator=() (Point2D), 652
operator==() (keys in hashes), 283
operator>>()

QDataStream, 298
QTextStream, 302

operator[]()
container classes, 280
QMap<K,T>, 282
QVector<T>, 274

operator overloading, 94, 621, 649–651
Oracle, 315
ORDER BY clause (SQL), 323
ordered associative containers. See

maps
Oriya, 420
ostream (std), 649
outlineRect() (Node), 203
OvenTimer

OvenTimer (continued)
class definition, 188
OvenTimer(), 188
draw(), 191–192
duration(), 190
mousePressEvent(), 190
paintEvent(), 190
setDuration(), 189
timeout(), 188

Oven Timer example, 187–193
Overlay (composition mode), 195
overlays, 121, 484
overloaded operators, 94, 649–651
override cursor, 85, 130
override keyword (C#), 634

P
padding rectangle (CSS), 446, 447–448
page setup dialog, 42
paginate() (PrintWindow), 221
paint()

Annotation, 216
CityBlock, 214
Node, 204
TrackDelegate, 268

paint devices, 179, 217
paintEngine()

QPaintDevice, 545
QPainter, 545

paintEvent()
IconEditor, 112
OvenTimer, 190
Plotter, 128
QWidget, 112, 128, 171, 180, 190, 194,

455, 479, 544, 545
Ticker, 171
VowelCube, 479, 482

paintGL()
QGLWidget, 474, 478, 487
Teapots, 487
Tetrahedron, 474

painter coordinates, 184–187
painter paths, 183
painters. See QPainter
Painting, 298
pair<T1,T2> (std), 285, 293
palette, 458
palette() (QWidget), 114
palettes, 114, 124, 440, 441
parent

of a dialog, 58
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parent (continued)
of a graphics item, 196
of a model item, 252, 264
of a tree item, 246
of a validator, 28
of a widget, 7, 29
of an item, 83, 398
of an object, 28, 609

parent()
BooleanModel, 264
QModelIndex, 252

parent parameter, 14, 16
parse() (QXmlSimpleReader), 402
parseBookindexElement() (DomParser), 397
parseEntryElement() (DomParser), 398
parseFloat() (ECMAScript), 517
parseInt() (ECMAScript), 517
parsePageElement() (DomParser), 399
parsers, 100, 302, 400
parsing events, 400
paste()

DiagramWindow, 210
QTextEdit, 237
Spreadsheet, 88

PATH environment variable, 4, 415, 562,
592, 621

paths. See QPainterPath
PatternSyntax (QRegExp), 251
pbuffer extension (OpenGL), 471, 489
PDAs, 567
PDF, 218
PE_FrameFocusRect (QStyle), 128
peek() (QIODevice), 301, 497
pendingDatagramSize() (QUdpSocket), 385
pending events, 177
pens, 181, 182
percent sign (%), 61, 287–288
performDrag()

MyTableWidget, 233
ProjectListWidget, 230

Personal Information Manager, 576
phones, 567
physical coordinates, 184–187
Picture (X11), 546
pictures. See images
pie segments, 180, 181
PIM, 576
pixelMetric() (BronzeStyle), 460
pixelRect() (IconEditor), 114
Pixmap (X11), 546
pixmap() (QClipboard), 237
pixmaps, 123, 179
placeholders (SQL), 318

Plastique style, 9, 128, 183, 455
platform-specific APIs, 543–565
PlayerWindow

class definition, 547
PlayerWindow(), 548
timerEvent(), 550

PlotSettings
class definition, 123
Java bindings, 616–620
PlotSettings(), 136
adjust(), 137
adjustAxis(), 137
scroll(), 136
spanX(), 123
spanY(), 123

Plotter
class definition, 122
Java bindings, 616–622
Margin, 123
Plotter(), 124
clearCurve(), 127
drawCurves(), 135
drawGrid(), 134
keyPressEvent(), 132
minimumSizeHint(), 127
mouseMoveEvent(), 130
mousePressEvent(), 129
mouseReleaseEvent(), 131
paintEvent(), 128
refreshPixmap(), 134
resizeEvent(), 129
setCurveData(), 127
setPlotSettings(), 125
sizeHint(), 127
updateRubberBandRegion(), 133
wheelEvent(), 133
zoomIn(), 126
zoomOut(), 126

Plotter example, 121–138, 617
Plug & Paint example, 507
plugins

building with qmake, 595
for Eclipse, 611–615
for Qt, 492–502
for Qt applications, 502–507
for Qt Designer, 118–120, 615

Plus (composition mode), 195
PNG, 48
PNM, 48
Point2D

copy constructor and assignment
operator, 652

inline implementation, 630
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Point2D (continued)
operator overloading, 649
out-of-line implementation, 630–631
usage, 632

pointers, 635–638, 640, 641
polish()

BronzeStyle, 458, 459
QStyle, 458, 459

polygons, 180, 191
polylines, 136, 180
polymorphism

in C++, 632–634
in ECMAScript, 518

pop() (QStack<T>), 275
populateListWidget() (TextArtDialog), 504
populateRandomArray(), 653, 656
popup menus. See menus
port() (QUrl), 361
pos()

QGraphicsItem, 200
QMouseEvent, 115, 230

post() (QHttp), 370
postEvent() (QCoreApplication), 356
PostScript, 218, 571
PostgreSQL, 315
PowerPC, 567, 629
precompiled headers, 599
predefined models, 247
PreferenceDialog, 148
preferences, 69–70, 152, 156, 245
Preferences example, 148
Preferred (QSizePolicy), 125, 146
preferred size. See size hints
-prefix option (configure), 591
premultiplied ARGB format, 193
prepare() (QSqlQuery), 318
prepareGeometryChange() (QGraphicsItem),

202, 215
preprocessor, 627, 657–660
pre-rendered fonts, 571
previewing in Qt Designer, 26, 149
previous()

Java-style iterators, 277, 284
QSqlQuery, 317

.pri files, 598
primitive data types, 511, 628–629
print()

ECMAScript, 517
QTextDocument, 220

printBox() (PrintWindow), 224
print dialog, 42, 217
printFlowerGuide() (PrintWindow), 219,

220

printHtml() (PrintWindow), 220
printImage() (PrintWindow), 218
printPage() (PrintWindow), 224
printPages() (PrintWindow), 222
print previews, 218
PrintWindow

entryHeight(), 222
paginate(), 221
printBox(), 224
printFlowerGuide(), 219, 220
printHtml(), 220
printImage(), 218
printPage(), 224
printPages(), 222

printer drivers, 218
printing, 217–225
private inheritance, 633
private section, 630
.pro files, 594–599

comments, 596
conditionals, 598
converting into IDE project files, 5,

595–596
converting into makefiles, 5, 595
creating using qmake, 4, 596
debug vs. release mode, 494, 595
external libraries, 491, 594
for ActiveX applications, 551, 556,

559
for application plugins, 507
for console applications, 306
for database applications, 322
for internationalized applications,

426, 435, 436
for Java bindings, 619
for network applications, 363
for OpenGL applications, 476
for Qt Designer plugins, 120
for Qt plugins, 493, 502
for Qtopia applications, 573–574, 577,

578
for recursive subdirectory builds, 594
for scriptable applications, 522
for static and shared libraries, 594
for using QAssistantClient, 414
for using QUiLoader, 38
for XML applications, 395, 399
include() directives, 598
include path, 491, 594
operators, 596–597, 596
resources, 49, 125, 309, 428, 594
variable accessors, 597

processError() (ConvertDialog), 312
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processEvents() (QCoreApplication),
175–177

processFinished() (ConvertDialog), 312
processNextDirectory() (Spider), 365
processPendingDatagrams()

(WeatherStation), 384
processes, 309, 569
ProcessingInstruction (QXmlStreamReader),

388
producer–consumer model, 345–349
programs. See examples
progress bars, 41, 373
progress dialogs, 41–44
Project Chooser example, 229–232
project files

for qmake, 4, 594–599
for Visual Studio, 5, 595
for Xcode, 591, 596

ProjectListWidget
class definition, 229
ProjectListWidget(), 230
dragEnterEvent(), 231
dragMoveEvent(), 231
dropEvent(), 232
mouseMoveEvent(), 230
mousePressEvent(), 230
performDrag(), 230

-project option (qmake), 4, 596
promotion approach (Qt Designer), 117
propagation of events, 169, 175, 228
properties

of COM objects, 549, 553–554
of ECMAScript objects, 515
of Qt Jambi objects, 614
of Qt objects, 22, 24, 109, 442–443,

527
properties() (DiagramWindow), 209
property() (QObject), 550
propertyChanged() (QAxBindable), 553–554
proportional resizing, 142–143
protected inheritance, 633
protected section, 630
protocols. See Internet protocols
prototypes

for C++ functions, 626, 630
for table items, 81
in ECMAScript, 516–519, 537

proxy models, 250
public inheritance, 633
public section, 630
PumpFilter, 534
pumpFilterConstructor(), 538
PumpFilterPrototype, 539–540
PumpSpreadsheet, 532

PumpWindow, 533–534
pure virtual functions, 502, 633
PurifyPlus, 629
push() (QStack<T>), 275
push buttons, 5, 16, 25, 39, 449–450, 456,

462
put() (QFtp), 362
Python, 602

Q
Q_ARG(), 357
Q_ASSERT(), 395
Q_CC_xxx, 545
Q_CLASSINFO(), 556–558
Q_DECLARE_INTERFACE(), 502–503
Q_DECLARE_METATYPE(), 292, 527, 539, 540
Q_DECLARE_TR_FUNCTIONS(), 200, 424
Q_ENUMS(), 533, 534, 537, 548, 552
Q_EXPORT_PLUGIN2(), 120, 493, 496, 507
Q_INTERFACES(), 118, 506
Q_OBJECT macro

for meta-object system, 22
for properties, 109
for signals and slots, 14, 21, 46
for tr(), 16, 424
running moc, 19

Q_OS_xxx, 545
Q_PROPERTY(), 109, 539, 614
Q_WS_xxx, 545
qAbs(), 278, 287
QAbstractFontEngine, 492
QAbstractItemDelegate, 268

closeEditor(), 270
commitData(), 270
createEditor(), 269
paint(), 268
setEditorData(), 270
setModelData(), 270

QAbstractItemModel, 254
subclassing, 262
columnCount(), 254, 258, 264
createIndex(), 259
data(), 255, 258, 264, 266
dataChanged(), 259
flags(), 259
headerData(), 256, 258, 265
index(), 263
parent(), 264
removeRows(), 248
reset(), 256, 260, 263
rowCount(), 254, 258, 264
setData(), 259
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QAbstractItemView, 154
AnyKeyPressed, 242
ContiguousSelection, 81, 88, 234
NoEditTriggers, 244, 324, 334
SelectRows, 333
SingleSelection, 333
resizeColumnsToContents(), 323
selectAll(), 51, 90
setEditTriggers(), 242, 244, 247, 323
setItemDelegate(), 267
setModel(), 247, 323
setSelectionBehavior(), 323
setSelectionMode(), 323

QAbstractListModel, 254
QAbstractScrollArea, 39, 41, 82, 154
QAbstractSocket, 356, 371
QAbstractTableModel, 254, 257
QAccessibleBridge, 492
QAccessibleBridgePlugin, 492
QAccessibleInterface, 492
QAccessiblePlugin, 492
QAction, 50–52

compared with key events, 169
“data” item, 63, 433, 527
exclusive groups, 52
data(), 527
setCheckable(), 51
setChecked(), 161
setData(), 527
setEnabled(), 161
setShortcutContext(), 169
setStatusTip(), 407
setToolTip(), 407
setVisible(), 51, 62
toggled(), 52
triggered(), 50–51

QActionGroup, 52, 160, 161, 433
qApp global variable, 52, 174
QApplication, 3

in console applications, 306, 360
quitOnLastWindowClosed property, 60
subclassing, 561
GuiServer, 569
aboutQt(), 52
beep(), 90
clipboard(), 88, 210, 237
closeAllWindows(), 72
commitData(), 560, 562
exec(), 3
initialize(), 610
isRightToLeft(), 428
isSessionRestored(), 564, 565
macEventFilter(), 547

QApplication (continued)
qwsEventFilter(), 547
qwsSetDecoration(), 571
restoreOverrideCursor(), 85, 130
saveState(), 560, 561
sessionId(), 564
sessionKey(), 564
setLayoutDirection(), 427
setOverrideCursor(), 84, 130
setStyle(), 455, 470, 494
setStyleSheet(), 440
startDragDistance(), 230
style(), 129
topLevelWidgets(), 73
winEventFilter(), 547
x11EventFilter(), 547
See also QCoreApplication

QAssistantClient, 415
QAXAGG_IUNKNOWN, 554
QAxAggregated, 554
QAxBase, 548–549

dynamicCall(), 551
generateDocumentation(), 549
queryInterface(), 551
querySubObject(), 551

QAxBindable, 551–552
createAggregate(), 554
propertyChanged(), 553–554
requestPropertyChange(), 553–554

QAXCLASS(), 557, 559
QAxContainer module, 547–551
QAXFACTORY_BEGIN(), 557, 559
QAXFACTORY_DEFAULT(), 553, 555–556, 557
QAXFACTORY_END(), 557, 559
QAXFACTORY_EXPORT(), 557
QAxObject, 548–549, 551
QAxServer module, 547, 551–559
QAXTYPE(), 557, 559
QAxWidget, 548, 548–549, 551
qBinaryFind(), 285
QBitArray, 293, 499, 501, 660
QBitmap, 499
qBound(), 189
QBrush, 114, 181, 196
QBuffer, 295, 368, 375
QByteArray, 291, 295, 301

constData(), 291
data(), 291

QCache<K,T>, 284
QCanvas (Qt 3). See graphics view classes
QCDEStyle, 128, 455
QChar, 287, 420, 610

isXxx() functions, 421



692 Index

QChar (continued)
Null, 98, 99
toLatin1(), 421
unicode(), 421

QCheckBox, 39
styling using QStyle, 460
styling using style sheets, 443

QCleanlooksStyle, 128, 455
QClipboard, 237–238

setText(), 87–88, 210
text(), 88, 210

QCloseEvent, 60, 162, 165, 343
QColor, 110, 114

colorNames(), 251
name(), 210, 211
setNamedColor(), 441

QColorDialog, 41, 209, 475
QColormap, 546
QComboBox, 41, 328

“data” item, 251
styling using style sheets, 450–454
addItem(), 37, 251
currentIndex(), 67

QCommonStyle, 455, 458
qCompress(), 301
-qconfig option (configure), 570
QConicalGradient, 191
QContactModel, 583
QContactSelector, 583
QCOP, 569, 584
QCopChannel, 569
qCopy(), 286
QCoreApplication, 360

addLibraryPath(), 494
applicationDirPath(), 410
arguments(), 158, 159, 360, 536
exec(), 3, 175, 349, 610
hasPendingEvents(), 177
installTranslator(), 427
notify(), 174
postEvent(), 356
processEvents(), 175–177
quit(), 6, 60
removePostedEvents(), 356
translate(), 200, 425

QCursor, 546
QDataStream, 84–87, 296–300

binary format, 85, 296, 297, 498
container classes, 273
custom types, 293
on a byte array, 375
on a socket, 371, 380
supported data types, 296

QDataStream (continued)
syntax, 85
versioning, 86
with QCOP, 569
Qt_4_3, 86, 297, 299
readRawBytes(), 299
setByteOrder(), 498
setVersion(), 86, 296, 297, 299–300
skipRawData(), 498
writeRawBytes(), 299

QDataWidgetMapper, 326–330
QDate, 428
QDateEdit, 41, 428, 470
QDateTime, 189, 190, 428
QDateTimeEdit, 41, 428
qDebug(), 288
QDecoration, 492, 570
QDecorationPlugin, 492, 570
qDeleteAll(), 202, 262, 286
QDesignerCustomWidgetInterface, 118
QDesktopServices, 314, 409
QDevelop, 594
QDial, 41
QDialog, 14

multiple inheritance, 27
subclassing, 14, 27, 36, 241, 606
Accepted, 29, 65
Rejected, 29, 65
accept(), 29, 65
done(), 242, 244
exec(), 65, 582
reject(), 29, 65
setModal(), 65, 176

QDialogButtonBox, 29–30, 327, 460
QDir, 250, 307

absoluteFilePath(), 409
currentPath(), 308
entryInfoList(), 308
entryList(), 307
exists(), 308
homePath(), 308
mkdir(), 308
rename(), 308
rmdir(), 308
separator(), 312
toNativeSeparators(), 308

QDirModel, 247, 248–250
QDockWidget, 154–155
QDomDocument, 397

documentElement(), 397
save(), 404, 405–406
setContent(), 397

QDomElement, 396, 397, 399
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QDomNode, 398
EncodingFromTextStream, 406
toElement(), 398

QDomText, 396
QDoubleSpinBox, 41, 470
QDoubleValidator, 28
QDrag, 231
QDragEnterEvent, 228, 231

accept(), 231
acceptProposedAction(), 228
mimeData(), 228
setDropAction(), 231
source(), 231

QDragMoveEvent, 232
accept(), 232
setDropAction(), 232

QDropEvent
mimeData(), 232
setDropAction(), 232

QErrorMessage, 41–44
QEvent

compared with native events, 547
accept(), 60, 162, 165, 343
ignore(), 60, 162, 165
type(), 167, 168

QEventLoop, 176
QFile, 84, 295

implicit close, 297
implicit open, 402
NoError, 301
close(), 313
error(), 301, 609
open(), 85, 86, 296, 302
remove(), 308

QFileDialog, 42
DontConfirmOverwrite, 60
getOpenFileName(), 58–59, 164, 311
getSaveFileName(), 60

QFileInfo, 61, 307
QFileSystemWatcher, 308, 521
qFill(), 285
qFind(), 285
qFindChild<T>(), 38
QFlags<T>, 646
QFont, 181, 546
QFontComboBox, 42
QFontDialog, 41
QFontEnginePlugin, 492
QFontMetrics, 135, 171, 216, 506
QFrame, 39

styling using QStyle, 464–465
StyledPanel, 465

QFtp, 359

QFtp (continued)
cd(), 362, 365
close(), 361, 362
commandFinished(), 362
commandStarted(), 362
connectToHost(), 361, 362, 364
done(), 361, 362, 363
get(), 359, 361–362, 365
list(), 362, 365
listInfo(), 364, 365
login(), 361–362, 364
mkdir(), 362
put(), 362
rawCommand(), 362
read(), 368
readAll(), 368
readyRead(), 368
remove(), 362
rename(), 362
rmdir(), 362
stateChanged(), 363

qglClearColor() (QGLWidget), 473
qglColor() (QGLWidget), 474
QGLFramebufferObject, 471, 484

bind(), 487
hasOpenGLFramebufferObjects(), 489
release(), 487
toImage(), 489

QGLPixelBuffer, 471, 484, 489
QGLWidget, 471

subclassing, 472, 477, 484
initializeGL(), 473, 478, 486
makeCurrent(), 476, 479
paintGL(), 474, 478, 487–488
qglClearColor(), 473
qglColor(), 474
renderText(), 477, 481
resizeGL(), 473, 478, 486
setAutoBufferSwap(), 483
setFormat(), 473
swapBuffers(), 483
updateGL(), 475, 488

QGradient. See gradients
QGraphicsItem, 195

subclassing, 200, 212, 214
ItemIgnoresTransformations, 214–215
boundingRect(), 203, 213, 216
itemChange(), 201
mouseMoveEvent(), 201
paint(), 204, 214, 216
pos(), 200
prepareGeometryChange(), 202, 215
setFlag(), 215
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QGraphicsItem (continued)
setFlags(), 199, 201
setZValue(), 199, 208, 215
shape(), 203
update(), 202, 215

QGraphicsItemAnimation, 217
QGraphicsItemGroup, 196
QGraphicsLineItem (subclassing), 198
QGraphicsScene, 195

render(), 219
selectedItems(), 208

QGraphicsView, 195–197
subclassing, 216
RubberBandDrag, 206
itemChange(), 204
mouseDoubleClickEvent(), 204
render(), 219
scale(), 217
setViewport(), 197

qGreater<T>(), 286
QGridLayout, 8, 143–145, 145
QGroupBox, 39
qHash(), 283
QHash<K,T>, 283–284, 610
QHBoxLayout, 8, 143

addLayout(), 17
addWidget(), 16

QHeaderView, 82, 323
QHostAddress

Any, 381
LocalHost, 374, 383

QHttp, 368
close(), 369
done(), 369
get(), 369, 370
head(), 370
post(), 370
read(), 371
readAll(), 371
readyRead(), 371
request(), 370–371
requestFinished(), 371
requestStarted(), 371
setHost(), 369, 370
setUser(), 370

QIcon, 119, 292, 609
QIconEnginePluginV2, 492
QIconEngineV2, 492
QicsTable, 78
QImage, 110

as a paint device, 179, 193–195
composition modes, 194–195, 461
from 3D scene, 489

QImage (continued)
printing, 218
convertToFormat(), 111
height(), 116
isNull(), 609
mirror(), 355
rect(), 116
setPixel(), 116
width(), 116

QImageIOHandler, 492
subclassing, 496
canRead(), 497
currentImageNumber(), 497
imageCount(), 497
jumpToNextImage(), 500
read(), 497–500

QImageIOPlugin, 492
subclassing, 494
capabilities(), 495
create(), 495
keys(), 495

QImageReader, 494
QInputContext, 492
QInputContextPlugin, 492
QInputDialog, 41–44, 250
QIntValidator, 28, 327
qintN, 85, 296
QIODevice, 295, 397

ReadOnly, 86
Text, 307
WriteOnly, 84, 296
close(), 584
error(), 392
errorString(), 84, 86, 392
peek(), 301, 497
readAll(), 300
seek(), 295, 301, 375
ungetChar(), 301
write(), 300

QItemDelegate, 268
drawDisplay(), 269
drawFocus(), 269

QItemSelectionModel, 333
QKbdDriverPlugin, 492, 570
QKeyEvent, 133, 168
QKeySequence, 50
QLabel, 3, 41

styling using style sheets, 446
setText(), 56

QLatin1String, 426
QLayout, 17, 143

SetFixedSize, 37
setMargin(), 144
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QLayout (continued)
setSizeConstraint(), 36
setSpacing(), 144

QLCDNumber, 41
QLibrary, 491
QLineEdit, 41

of a spin box, 463
styling using style sheets, 445, 447
hasAcceptableInput(), 28–29
setBuddy(), 15
text(), 65
textChanged(), 16, 28

QLinearGradient, 192, 214, 466
QLinkedList<T>, 274–275
QLinkedListIterator<T>, 276
QList<T>, 275, 610
QListIterator<T>, 276
QListView, 39, 240, 248, 320, 447
QListWidget, 38, 148, 240, 242, 328

subclassing, 229
currentRowChanged(), 38, 148–149
setCurrentRow(), 148

QListWidgetItem, 83, 242, 505
setData(), 83, 242
setIcon(), 242
setText(), 242

QLocale, 427, 428, 660
.qm files, 423, 427, 428, 433, 435
QMacStyle, 128, 440, 455, 458
QMainWindow, 46, 154–157

areas, 49
central widget, 48–49, 77–78, 151, 157
dock windows, 154–157
subclassing, 46, 205, 556
toolbars, 154–157
menuBar(), 53
restoreState(), 155, 156
saveState(), 155, 156
setCentralWidget(), 48
setCorner(), 154
statusBar(), 56

qmake, 4–5, 19, 22, 26, 308, 556, 593–599,
619

See also .pro files
QMap, 610
QMap<K,T>, 127, 282–283
QMapIterator<K,T>, 284
QMatrix. See QTransform
qMax(), 287
QMdiArea, 78, 157

activateNextSubWindow(), 159
activeSubWindow(), 160
cascadeSubWindows(), 162

QMdiArea (continued)
closeActiveSubWindow(), 162
closeAllSubWindows(), 162
subWindowActivated(), 158
tileSubWindows(), 162

QMenu, 53
addAction(), 53
addMenu(), 53
addSeparator(), 53
exec(), 54

QMenuBar, 53
QMessageBox, 41–44, 57–58, 69, 525–526

about(), 69
critical(), 58
information(), 58
question(), 58
warning(), 57–58, 581

QMetaObject, 357, 660
QMimeData, 231

copying to the clipboard, 237
subclassing, 235
colorData(), 236
data(), 232, 236
formats(), 232, 235
hasFormat(), 228
html(), 236
imageData(), 236
retrieveData(), 232, 236
setData(), 232, 233
setHtml(), 233
setText(), 233
text(), 232, 236
urls(), 229, 236

qMin(), 190, 287
QModelIndex, 248

column(), 252, 255
internalPointer(), 264
parent(), 252
row(), 252, 255

QMotifStyle, 128, 455, 456
QMouseDriverPlugin, 492, 570
QMouseEvent, 115, 116, 167, 230, 474
QMovie, 494
QMultiHash<K,T>, 284
QMultiMap<K,T>, 283, 285
QMutableListIterator<K,T>, 277
QMutableMapIterator<K,T>, 284
QMutableStringListIterator, 62
QMutableVectorIterator<T>, 276
QMutex, 343, 347

lock(), 343, 345
tryLock(), 343
unlock(), 343, 345
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QMutexLocker, 344, 353
QNativePointer (Java), 622
QObject, 21–22

dynamic casts, 63, 648
in multithreaded applications, 356
multiple inheritance, 199, 552
smart pointers, 637
storing in containers, 275
subclassing, 21–22, 558
connect(), 6, 8, 16, 20–22, 350, 356
deleteLater(), 356, 379
disconnect(), 21, 22, 356
event(), 168, 174
eventFilter(), 173, 174
findChild<T>(), 38, 528
installEventFilter(), 173, 174
killTimer(), 172
metaObject(), 22
moveToThread(), 350
property(), 550
qt_metacall(), 22
sender(), 63, 270, 521
setProperty(), 443, 521, 549
startTimer(), 171
timerEvent(), 172, 177, 550
tr(), 16, 22, 200, 419, 422, 423–426,

432, 436
qobject_cast<T>(), 63, 73, 231, 236, 504,

506, 648
QPageSetupDialog, 42
QPaintDevice, 545
QPaintEngine, 545, 546
QPainter, 179–225

combining with GDI calls, 545
composition modes, 184, 194–195, 461
coordinate system, 113, 184–187
on a printer, 217
on an image, 194
on an OpenGL widget, 471, 478–484
SmoothPixmapTransform, 506
TextAntialiasing, 506
boundingRect(), 222
drawArc(), 180
drawChord(), 180
drawCubicBezier(), 180
drawEllipse(), 180, 181, 191–192
drawLine(), 113, 180, 192
drawLines(), 180
drawPath(), 180, 507
drawPie(), 180, 181
drawPixmap(), 128, 180
drawPoint(), 180
drawPoints(), 180

QPainter (continued)
drawPolygon(), 180, 191
drawPolyline(), 136, 180
drawRect(), 180, 185
drawRoundRect(), 180, 192, 204, 468
drawText(), 135, 171, 180, 187, 192
fillRect(), 114
initFrom(), 134, 194
paintEngine(), 545
restore(), 185, 193, 465
rotate(), 187, 192–193
save(), 185, 193, 465
scale(), 187
setBrush(), 181
setClipRect(), 136
setCompositionMode(), 195
setFont(), 181
setPen(), 114, 181
setRenderHint(), 181, 190, 465, 506
setViewport(), 190
setWindow(), 186, 190
setWorldTransform(), 187
shear(), 187
translate(), 187

QPainterPath, 183, 203, 507
QPair<T1,T2>, 282, 293
QPalette, 114, 440, 458
qpe, 572
QPen, 181
QPF, 571
QPictureFormatPlugin, 492
QPixmap

as a paint device, 179
for double buffering, 123
fill(), 134
handle(), 546
isNull(), 609
macCGHandle(), 546
macQDAlphaHandle(), 546
macQDHandle(), 546
x11Info(), 546
x11PictureHandle(), 546

QPlastiqueStyle, 128, 455
QPluginLoader, 504
QPoint, 113, 230
QPointF, 122
QPointer<T>, 637
QPrintDialog, 42, 217, 223
QPrintEngine, 546
qPrintable(), 291, 296
QPrinter, 217–225

PdfFormat, 218
fromPage(), 223
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QPrinter (continued)
newPage(), 218, 219, 224
numCopies(), 223
setPrintProgram(), 218
toPage(), 223

QProcess, 295, 309–314, 415
error(), 311
execute(), 313, 314
finished(), 311
readAllStandardError(), 312
readyReadStandardError(), 311
start(), 312, 314
waitForFinished(), 314, 356
waitForStarted(), 314

QProgressBar, 41, 373
as busy indicator, 373
minimum and maximum properties, 373

QProgressDialog, 41–44, 176–177
invoking, 176
setRange(), 176
setValue(), 177
wasCanceled(), 176

QPushButton, 5, 39
styling using QStyle, 456, 462, 465
styling using style sheets, 449–450
clicked(), 6, 167, 310
setDefault(), 15
setText(), 38
toggled(), 35–36

QQueue<T>, 275
QRadialGradient, 191, 478
QRadioButton, 39
.qrc files, 49, 125, 309, 428, 429, 579,

594
QReadLocker, 345
QReadWriteLock, 344–345
qreal, 584
QRect, 115, 130–131

adjusted(), 128
contains(), 116, 130
normalized(), 128, 131

QRegExp, 28, 103, 106, 252
QRegExpValidator, 28, 106
QRegion, 546
qRegisterMetaTypeStreamOperators<T>(),

293, 299
QRgb, 110
qRgb(), 110
qRgba(), 110
QRubberBand, 121
QScintilla, 162
QScreen, 492, 570
QScreenDriverPlugin, 492, 570

qScriptConnect(), 527
QScriptContext, 540
QScriptEngine, 520, 521–522, 526, 537

evaluate(), 522, 538
hasUncaughtException(), 526
newFunction(), 538, 541
newQMetaObject(), 537
newQObject(), 534
setDefaultPrototype(), 537–538
setProperty(), 527, 541
toScriptValue<T>(), 539

qscript example, 511
QScriptExtensionPlugin, 492
QScriptValue, 522, 527
qScriptValueFromSequence(), 537
QScriptable, 539, 540
qscriptvalue_cast<T>(), 540
QScrollArea, 152–154

constituent widgets, 152
wheel mouse support, 133
horizontalScrollBar(), 153
setHorizontalScrollBarPolicy(), 154
setVerticalScrollBarPolicy(), 154
setWidget(), 152
setWidgetResizable(), 153
verticalScrollBar(), 153
viewport(), 152, 153

QScrollBar, 41, 82, 152
QSemaphore, 345

acquire(), 345, 346
release(), 345, 346

QSessionManager, 562
cancel(), 563
handle(), 546
release(), 563
setDiscardCommand(), 561–562

QSet<K>, 284
QSettings, 69–70, 245–246

saving main window state, 156
saving splitter state, 152
support for custom types, 299
support for variants, 70, 291
beginGroup(), 70
endGroup(), 70
setValue(), 69
value(), 70

QSharedData, 281
QSharedDataPointer, 281
QShortcut, 169
QSignalEmitter (Java), 607
QSizePolicy, 111, 146

stretch factors, 146–147
Expanding, 124, 146
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QSizePolicy (continued)
Fixed, 146
Ignored, 146
Maximum, 146
Minimum, 111, 146
MinimumExpanding, 146
Preferred, 125, 146

QSlider, 7, 41
setRange(), 7
setValue(), 7–8
valueChanged(), 7–8

QSoftMenuBar, 580, 582
qSort(), 95, 286
QSortFilterProxyModel, 247, 250–252

setFilterKeyColumn(), 251
setFilterRegExp(), 252
setSourceModel(), 251

QSpinBox, 7, 41, 105
styling using QStyle, 463–464
subclassing, 105–107
setRange(), 7
setValue(), 7–8
textFromValue(), 106
validate(), 106
valueChanged(), 7–8
valueFromText(), 107

QSplashScreen, 74–75
QSplitter, 78, 149–152

KeepSize, 150
addWidget(), 149
restoreState(), 152
saveState(), 152
setSizes(), 152
setStretchFactor(), 151
sizes(), 278

QSqlDatabase, 316
addDatabase(), 316, 319
commit(), 318–319, 336
database(), 319
driver(), 319
open(), 316
rollback(), 318–319, 336
setDatabaseName(), 316
setHostName(), 316
setPassword(), 316
setUserName(), 316
transaction(), 318–319, 335

QSqlDriver, 319, 492
QSqlDriverPlugin, 492
QSqlQuery, 317, 330

addBindValue(), 318
bindValue(), 318
exec(), 317–318

QSqlQuery (continued)
first(), 317
isActive(), 317
last(), 317
next(), 317
numRowsAffected(), 318
prepare(), 318
previous(), 317
seek(), 317
setForwardOnly(), 317
value(), 317

QSqlQueryModel, 247, 324
QSqlRecord, 320–321
QSqlRelation, 324, 328
QSqlRelationalDelegate, 324, 328, 333
QSqlRelationalTableModel, 247, 316, 324,

326, 328–329
insertRow(), 335
setData(), 335
setRelation(), 328

QSqlTableModel, 247, 316, 319, 322–324
beforeDelete(), 335
beforeInsert(), 335
beforeUpdate(), 335
fieldIndex(), 328
insertRow(), 320
record(), 320–321
removeRows(), 321
select(), 320, 321, 323, 334–335
setData(), 320, 321
setFilter(), 320, 334
setHeaderData(), 323
setSort(), 323
setTable(), 320, 323
submitAll(), 320

QSQLite, 336
QSslSocket, 295, 370
qStableSort(), 93–95, 286
QStack<T>, 275
QStackedLayout, 147–148

addWidget(), 148
indexOf(), 147
setCurrentIndex(), 147, 148

QStackedWidget, 38, 147, 148, 149
QStandardItemModel, 247
QStatusBar, 56

addWidget(), 56
showMessage(), 59

QString, 281, 644, 660
case sensitivity, 286, 289
conversion to and from const char *,

290–291
in Qt Jambi, 607
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QString (continued)
Unicode support, 287, 420–423
append(), 287
arg(), 61, 269, 288, 425
contains(), 90–91
endsWith(), 289
fromAscii(), 291
fromLatin1(), 291
indexOf(), 289
insert(), 289
isEmpty(), 290
left(), 289
length(), 287, 290
localeAwareCompare(), 289, 428
mid(), 65, 288
number(), 84, 107, 288
operator+(), 287
operator+=(), 287
remove(), 289
replace(), 234, 289
right(), 289
setNum(), 288
simplified(), 290
split(), 89, 210, 290, 304
sprintf(), 287
startsWith(), 289
toAscii(), 291
toDouble(), 99, 288
toInt(), 65, 107, 288, 305
toLatin1(), 291
toLongLong(), 288
toLower(), 286, 289
toStdString(), 296
toUpper(), 107, 289
trimmed(), 290
truncate(), 281

QStringList, 62, 210, 275
join(), 290, 304
removeAll(), 61
takeFirst(), 305

QStringListModel, 247, 248, 251
QStyle, 128–129, 439, 440, 454–470, 492

compared with window decorations,
571

PE_FrameFocusRect, 128
drawComplexControl(), 462
drawControl(), 455
drawPrimitive(), 128, 461, 468
pixelMetric(), 460
polish(), 458, 459
standardIcon(), 458
standardIconImplementation(), 458, 460
standardPixmap(), 461
styleHint(), 459

QStyle (continued)
subControlRect(), 463
unpolish(), 458, 459
visualRect(), 464

QStyleHintReturn, 460
QStyleOption, 454–455, 456, 469
QStyleOptionButton, 455, 466
QStyleOptionFocusRect, 128
QStyleOptionFrame, 469
QStyleOptionGraphicsItem, 204, 214
QStylePainter, 128
QStylePlugin, 492–493
QStyledItemDelegate, 268
qstyleoption_cast<T>(), 456, 466, 469
qSwap(), 260, 286
QSyntaxHighlighter, 523
QSysInfo, 545
QT entry (.pro files), 306, 322, 363, 395,

399, 476, 522, 595
Qt namespace, 656

AlignHCenter, 56
BackgroundColorRole, 252, 266
BDiagPattern, 182
BevelJoin, 182
CopyAction, 231
CrossPattern, 182
DashDotDotLine, 182
DashDotLine, 182
DashLine, 182
Dense?Pattern, 182
DiagCrossPattern, 182
DisplayRole, 96, 97–98, 242, 252, 255,

265
DotLine, 182
EditRole, 96, 97–98, 242, 252, 259
escape(), 220, 234, 406
FDiagPattern, 182
FlatCap, 182
FontRole, 252, 266
HorPattern, 182
IconRole, 242
IgnoreAction, 231
ItemIsEditable, 259
ItemIsEnabled, 259
ItemIsSelectable, 259
LinkAction, 231
LocalDate, 428
MiterJoin, 182
MoveAction, 231
NoBrush, 182
NoPen, 182
OpaqueMode, 184
RoundCap, 182
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Qt namespace (continued)
RoundJoin, 182
ScrollBarAlwaysOn, 154
SolidLine, 182
SolidPattern, 182
SquareCap, 182
StatusTipRole, 252
StrongFocus, 125
TextAlignmentRole, 98, 252, 255, 266
TextColorRole, 252, 266
ToolTipRole, 252
TransparentMode, 184
UserRole, 242
VerPattern, 182
WA_DeleteOnClose, 73, 164, 413, 609
WA_GroupLeader, 413
WA_Hover, 459
WA_PaintOnScreen, 545
WA_StaticContents, 110, 116
WhatsThisRole, 252

Qt_4_3 (QDataStream), 86, 297, 299
<QtAlgorithms> header, 285
Qt Assistant, 10, 41, 414–415
QtCore module, 15, 292, 306, 595
<QtDebug> header, 288
qtdemo example, 592
Qt Designer

creating dialogs, 23–31
creating main windows, 46
Eclipse integration, 611–615
.jui files, 612, 613
launching, 23
layouts, 25, 32, 33
previewing, 26, 149, 494
splitters, 152
templates, 23, 107, 148
.ui files, 26–31, 38, 309, 373, 523–524,

526
using custom widgets, 117–120

QTDIR environment variable, 600
Qt editions, 589–590
Qt/Embedded Linux, 567–585
-qt-gfx-vnc option (configure), 569
<QtGlobal> header, 287
<QtGui> header, 15
QtGui module, 15, 292, 360, 595
Qt Jambi, 605–622
Qt Jambi generator, 616–622
Qt Linguist, 419, 435–437
qt_metacall() (QObject), 22
QtMmlWidget, 387
QtNetwork module, 15, 359–385
QT_NO_CAST_FROM_ASCII, 426

QT_NO_xxx, 570
QT_PLUGIN_PATH environment variable,

494, 621
@QtPropertyReader() (Java), 614
@QtPropertyWriter() (Java), 614
Qt Quarterly, 11, 355
QtScript module, 15, 22, 509, 519–541
QtService, 381
Qt Solutions, 9, 42, 43, 301, 387, 543
QtSql module, 15, 315–337, 357
-qt-sql option (configure), 315
QtSvg module, 15, 387
QT_TR_NOOP(), 425–426
QT_TRANSLATE_NOOP(), 426
Qt virtual framebuffer (qvfb), 568, 569
QtXml module, 15, 387–406
QtXmlPatterns module, 387
QTabWidget, 38, 39
QTableView, 39, 240, 320, 322, 323, 334
QTableWidget, 78, 240, 243–244

constituent widgets, 81–82
drag and drop, 233
item ownership, 83
subclassing, 78–80
clear(), 81
horizontalHeader(), 81
horizontalScrollBar(), 81
insertRow(), 244
item(), 82
itemChanged(), 80
selectColumn(), 90
selectRow(), 90
selectedRanges(), 88
setColumnCount(), 81
setCurrentCell(), 65
setHorizontalHeaderLabels(), 243
setItem(), 83, 244
setItemPrototype(), 80–81, 97
setRowCount(), 81
setSelectionMode(), 80–81, 234
setShowGrid(), 52
verticalHeader(), 81
verticalScrollBar(), 81
viewport(), 81

QTableWidgetItem, 78, 83, 95
ownership, 83
subclassing, 95
clone(), 97
data(), 95, 98, 242
setData(), 83, 97
text(), 82, 95, 97, 242

QTableWidgetSelectionRange, 67, 235
QTcpServer, 371, 378
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QTcpSocket, 295, 371, 378
subclassing, 378
canReadLine(), 381
close(), 377, 380
connectToHost(), 373, 383
connected(), 373, 374
disconnected(), 373, 377, 379
error(), 373, 374
listen(), 381
readLine(), 381
readyRead(), 373, 376, 379, 380, 381
setSocketDescriptor(), 378
write(), 375, 380

QTemporaryFile, 295, 313, 313–314, 583
QTextBrowser, 41, 411, 413
QTextCodec, 421, 492

codecForLocale(), 421
codecForName(), 422–423
setCodecForCStrings(), 423
setCodecForTr(), 422, 436
toUnicode(), 423

QTextCodecPlugin, 492
QTextDocument, 166, 219–220, 481

contentsChanged(), 164, 166
print(), 220
setHtml(), 220
setModified(), 165

QTextEdit, 41, 162
subclassing, 162
append(), 312
copy(), 237
copyAvailable(), 160
cut(), 237
paste(), 237

QTextStream, 86, 301, 421
encodings, 301, 306, 421–422
on a file, 302
on a socket, 371
on a string, 304
syntax, 303
AlignXxx, 303
FixedNotation, 303
ForcePoint, 303
ForceSign, 303
ScientificNotation, 303
ShowBase, 303
SmartNotation, 303
UppercaseBase, 303
UppercaseDigits, 303
readAll(), 302
readLine(), 302, 304
setAutoDetectUnicode(), 422
setCodec(), 302, 406, 421–422

QTextStream (continued)
setFieldAlignment(), 303
setFieldWidth(), 303
setGenerateByteOrderMark(), 421
setIntegerBase(), 303, 304
setNumberFlags(), 303, 304
setPadChar(), 303
setRealNumberNotation(), 303
setRealNumberPrecision(), 303

QThread, 340, 610
subclassing, 340, 352
currentThread(), 349
exec(), 356
run(), 340, 343–344, 346, 348, 354, 356
start(), 342
terminate(), 341
wait(), 343, 353

QThreadStorage<T>, 349
QTicker, 170
QTime, 428
QTimeEdit, 41, 267, 269, 428
QTimeLine, 217
QTimer, 172

0-millisecond, 158, 177
compared with timer events, 172
single-shot, 157, 172, 189
setSingleShot(), 189
singleShot(), 157
start(), 383
timeout(), 172, 189, 383

QToolBar, 54–55, 580
QToolBox, 39
QToolButton, 39
QtOpenGL module, 15, 471–489
Qtopia, 545, 571–585
QTOPIA_ADD_APPLICATION(), 575
QtopiaApplication, 582, 583
Qtopia Core, 567
QTOPIA_MAIN, 575
qtopiamake, 573
Qtopia PDA, 567
Qtopia Phone, 567, 571
Qtopia Platform, 567
qtopia_project() directives (.pro files),

573, 575, 577
QtopiaServiceRequest, 584
QTransform, 187
QTranslator, 427, 433, 434
QTreeView, 39, 240, 249, 266

expand(), 250
scrollTo(), 250

QTreeWidget, 38, 240, 244–246, 389, 399,
470



702 Index

QTreeWidgetItem, 83, 246
subclassing, 558
setData(), 83
setText(), 398, 403

qualified name (XML), 402
QUdpSocket, 295, 381–385

bind(), 384, 385
pendingDatagramSize(), 385
readDatagram(), 385
readyRead(), 384
writeDatagram(), 383, 385

queries, 317
QueryInterface() (IUnknown), 554
queryInterface()

QAxAggregated, 554
QAxBase, 551

querySubObject() (QAxBase), 551
question() (QMessageBox), 58
queues, 275
QUiLoader, 38–39, 526
quintN, 85, 296
quit() (QCoreApplication), 6, 60
Quit example, 6
quitOnLastWindowClosed property

(QApplication), 60
qUncompress(), 301
QUrl, 229, 360

port(), 361
setFragment(), 410
setScheme(), 409, 410

QUrlInfo, 365
QValidator, 28–29, 106
QVarLengthArray<T,Prealloc>, 293
QVariant, 291–293, 522

for action’s “data” item, 63, 527
for databases, 317
for drag and drop, 236
for item views, 242
for properties, 109, 549
in Qt Jambi, 610
isValid(), 98
toString(), 98
value<T>(), 527

qVariantCanConvert<T>(), 293
qVariantFromValue(), 293
qVariantValue<T>(), 293
QVBoxLayout, 8, 143

addLayout(), 16
addStretch(), 145
addWidget(), 16

QVector<T>, 274, 278, 610, 620, 643
QVectorIterator<T>, 276
qvfb, 568, 569

-qvfb option (configure), 569
QWaitCondition, 347

wait(), 348
wakeAll(), 348
wakeOne(), 353

QWhatsThis, 409
QWheelEvent, 133
QWidget

in multithreaded applications, 357
subclassing, 108–109, 122, 170, 188,

614
windowModified property, 56, 58, 61,

164
activateWindow(), 64–65, 90
addAction(), 54, 55
adjustSize(), 125
changeEvent(), 433, 434
close(), 16, 51, 60
closeEvent(), 46, 60, 162, 165, 342, 563,

580
contextMenuEvent(), 54
dragEnterEvent(), 228, 231
dragLeaveEvent(), 229
dragMoveEvent(), 229, 231
dropEvent(), 228, 232, 234
find(), 544
focusNextChild(), 173, 174
fontMetrics(), 166, 171
handle(), 546
height(), 113
hide(), 126, 146
hideEvent(), 172
keyPressEvent(), 132, 168, 172
keyReleaseEvent(), 168
macEvent(), 547
minimumSizeHint(), 17, 127, 146
mouseDoubleClickEvent(), 475
mouseMoveEvent(), 115, 130, 230, 233,

474, 488
mousePressEvent(), 115, 129, 190, 230,

232, 474, 488
mouseReleaseEvent(), 131, 232, 237, 488
paintEvent(), 112, 128, 171, 180, 190,

194, 455, 479, 482–483, 544, 545
palette(), 114
performDrag(), 233
qwsEvent(), 547
raise(), 64–65
repaint(), 112
resize(), 143
resizeEvent(), 129, 143
scroll(), 172
setAcceptDrops(), 228, 230, 234
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QWidget (continued)
setAttribute(), 73
setAutoFillBackground(), 124, 483
setBackgroundRole(), 124, 134
setContextMenuPolicy(), 54
setCursor(), 130
setEnabled(), 15, 18
setFixedHeight(), 17
setFixedSize(), 142
setFocus(), 163
setFocusPolicy(), 125
setGeometry(), 142
setLayout(), 7, 10
setMinimumSize(), 37, 56, 143
setMouseTracking(), 115
setSizePolicy(), 110, 111, 124, 549
setStyle(), 129, 455
setStyleSheet(), 441
setTabOrder(), 19
setToolTip(), 407
setVisible(), 35–36
setWhatsThis(), 408
setWindowIcon(), 48
setWindowModified(), 56, 164, 165
setWindowTitle(), 7, 17, 61, 165
show(), 3, 64–65, 126, 146
showEvent(), 171
sizeHint(), 17–18, 37, 56, 111, 127, 147,

166, 171
style(), 128, 455
unsetCursor(), 131
update(), 92, 111, 112, 116, 126, 133,

171, 172, 189, 481
updateGeometry(), 111, 171
wheelEvent(), 133, 217, 482
width(), 113
winEvent(), 547
winId(), 544–545, 546
x11Event(), 547
x11Info(), 546
x11PictureHandle(), 546

QWindowsStyle, 128, 455, 457–458
QWindowsVistaStyle, 128, 455
QWindowsXPStyle, 128, 455
QWizard, 43, 44
QWorkspace. See QMdiArea
QWriteLocker, 345
QWS, 547, 567
QWS_DEPTH environment variable, 570
QWS_DISPLAY environment variable, 570
qwsEvent() (QWidget), 547
qwsEventFilter() (QApplication), 547
QWSInputMethod, 570

QWS_KEYBOARD environment variable, 569,
571

QWSKeyboardHandler, 492, 570
QWS_MOUSE_PROTO environment variable,

569, 571
QWSMouseHandler, 492, 570
-qws option (Qt/Embedded Linux

applications), 569
QWSServer, 571
qwsSetDecoration() (QApplication), 571
QWS_SIZE environment variable, 570
Qwt, 121
QX11Info, 546
QXmlContentHandler, 400

characters(), 403
endDocument(), 400
endElement(), 403
startDocument(), 400
startElement(), 402

QXmlDeclHandler, 400
QXmlDefaultHandler, 400, 401
QXmlDTDHandler, 400
QXmlEntityResolver, 400
QXmlErrorHandler, 400

errorString(), 403
fatalError(), 404

QXmlInputSource, 402
QXmlLexicalHandler, 400
QXmlSimpleReader, 400

parse(), 402
setContentHandler(), 402
setErrorHandler(), 402

QXmlStreamReader, 387, 388
Characters, 388
Comment, 388
DTD, 388
EndDocument, 388
EndElement, 388
EntityReference, 388
Invalid, 388
ProcessingInstruction, 388
StartDocument, 388
StartElement, 388
atEnd(), 392
isCharacter(), 389
isStartElement(), 389
raiseError(), 392
readElementText(), 394
readNext(), 388–389, 391
setDevice(), 391
state(), 389

QXmlStreamWriter, 388, 404–405
writeAttribute(), 405
writeEndElement(), 405
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QXmlStreamWriter (continued)
writeStartDocument(), 405
writeStartElement(), 405
writeTextElement(), 405

R
radial gradients, 183, 192, 478
radio buttons, 39
raise() (QWidget), 64–65
raiseError() (QXmlStreamReader), 392
random-access devices, 301
RangeError (ECMAScript), 517
Rational PurifyPlus, 629
rawCommand() (QFtp), 362
.rc files, 556, 559
rcc, 308, 593, 594
read()

CursorHandler, 497
QFtp, 368
QHttp, 371

readAll()
QFtp, 368
QHttp, 371
QIODevice, 300
QTextStream, 302

readAllStandardError() (QProcess), 312
readBitmap() (CursorHandler), 501
readBookindexElement() (XmlStreamReader),

392
readClient() (ClientSocket), 379
readDatagram() (QUdpSocket), 385
readElementText() (QXmlStreamReader), 394
readEntryElement() (XmlStreamReader), 393
readFile()

DomParser, 397
SaxHandler, 402
Spreadsheet, 86
XmlStreamReader, 391

readHeaderIfNecessary() (CursorHandler),
500

readLine()
QIODevice, 381
QTextStream, 302, 304

readNext() (QXmlStreamReader), 388–389,
391

ReadOnly (QIODevice), 86
read-only iterators, 278, 279, 280
readPageElement() (XmlStreamReader), 394
readRawBytes() (QDataStream), 299
readSettings()

MailClient, 152

readSettings() (continued)
MainWindow, 70, 156
SettingsViewer, 245

read-write iterators, 276, 277–278, 280,
284

read-write locks, 344–345
readyRead()

QFtp, 368
QHttp, 371
QIODevice, 373, 376, 379, 380, 381, 384

readyReadStandardError() (QProcess), 311
reapplyFilter() (ColorNamesDialog), 252
recalculate() (Spreadsheet), 91
received() (QCopChannel), 569
recently opened files, 53, 61–63
record() (QSqlTableModel), 320–321
rect() (QImage), 116
rectangles, 115, 130–131
recursive-descent parsers, 100, 390, 397,

401
reentrancy, 356
reference counting, 281, 357
reference documentation, 10–11, 662
ReferenceError (ECMAScript), 512, 517
reference types (Java and C#), 651–653
references (C++), 635, 638–640
refreshPixmap() (Plotter), 134
RegExp (ECMAScript), 517
Region (X11), 546
registry (Windows), 69
-regserver option (ActiveX servers), 558
regsvr32, 556
regular expressions, 28, 103, 106, 252,

517
reinterpret_cast<T>(), 648
reject() (QDialog), 29, 65
RejectRole (QDialogButtonBox), 30
Rejected (QDialog), 29, 65
rejected() (QDialogButtonBox), 30
relational delegates, 324, 328, 333
Release() (IUnknown), 551, 554
release()

QGLFramebufferObject, 487
QSemaphore, 345, 346
QSessionManager, 563

releaseDC() (QPaintEngine), 545
release mode, 5, 494, 595
remove()

DirectoryViewer, 250
Java-style iterators, 277
QFile, 308
QFtp, 362
QString, 289
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removeAll() (QList<T>), 61
removeLink() (Node), 202
removePostedEvents() (QCoreApplication),

356
removeRows() (QAbstractItemModel), 248,

321
rename()

QDir, 308
QFtp, 362

render()
QGraphicsScene, 219
QGraphicsView, 219

render hints, 181, 506
renderText() (QGLWidget), 477, 481
repaint() (QWidget), 112
repainting, 111, 112, 116
reparenting, 10, 17, 56, 152
replace() (QString), 234, 289
request() (QHttp), 370–371
requestFinished() (QHttp), 371
requestPropertyChange() (QAxBindable),

553–554
requestStarted() (QHttp), 371
reserve() (QHash<K,T>), 283
reset() (QAbstractItemModel), 256, 260,

263
resize() (QWidget), 143
resizeColumnsToContents()

(QAbstractItemView), 323
resizeEvent() (QWidget), 129, 143
resizeGL()

QGLWidget, 473, 478, 486
Teapots, 486
Tetrahedron, 473

ResizeTransaction, 355
resizing widgets, 116, 142–143
resolution (of a paint device), 186, 219
resource files, 49–50, 308–309, 609

compared with Qtopia resources, 579
for storing images, 49, 125, 408
for storing translations, 428
localization, 429

RESOURCES entry (.pro files), 49, 125, 309,
428, 594

restart command, 562
restore() (QPainter), 185, 193, 465
restoreOverrideCursor() (QApplication),

85, 130
restoreState()

QMainWindow, 155, 156
QSplitter, 152
TicTacToe, 565

result sets, 317, 320
retranslateUi()

retranslateUi() (continued)
JournalView, 434
MainWindow, 431
Ui:: classes, 435

retrieveData()
QMimeData, 232, 236
TableMimeData, 236

return keyword (ECMAScript), 522
reverse layouts, 8, 174, 427, 428, 464
-reverse option (Qt applications), 464
RGB format, 110, 193, 441
RGBA format, 441, 473

See also ARGB format
RgnHandle (Mac OS X), 546
rich text, 41, 219, 408

See also formatted text and HTML
right() (QString), 289
rightColumn()

(QTableWidgetSelectionRange), 67
right mouse button, 115, 475
right-to-left languages, 8, 427, 428, 464
rmdir()

QDir, 308
QFtp, 362

rollback() (QSqlDatabase), 318–319, 336
ROMAN8, 423
rotate()

QPainter, 187, 192
QTransform, 187

RoundCap (Qt), 182
RoundJoin (Qt), 182
round rectangles, 180
roundness() (Node), 205
row() (QModelIndex), 252, 255
RowCount (Spreadsheet), 80, 81
rowCount()

BooleanModel, 264
CityModel, 258
CurrencyModel, 254

RTTI, 648
RubberBandDrag (QGraphicsView), 206
rubber bands, 121, 130–131, 133, 484,

488
run()

QThread, 340, 346, 348, 354, 356
Thread, 340, 343
TransactionThread, 354

runScript(), 536–538
running external programs, 309, 314
running Qt applications, 4, 610, 626
runqtopia, 572
run-time type information, 648
Russian, 423
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S
SAFEARRAY() (Windows), 550
sample programs. See examples
save()

Editor, 165
MainWindow, 59, 160
QDomNode, 404, 405–406
QPainter, 185, 193, 465

saveAs() (MainWindow), 60
saveFile() (MainWindow), 59
saveState()

QApplication, 560, 561
QMainWindow, 155, 156
QSplitter, 152
TicTacToe, 564

-savefont option (Qt/Embedded Linux
applications), 571

SAX, 387, 400–404
SaxHandler

class definition, 401
inheritance tree, 401
SaxHandler(), 401
characters(), 403
endElement(), 403
fatalError(), 404
readFile(), 402
startElement(), 402

SAX Handler example, 401–404
Scalable Vector Graphics, 387
scale()

QGraphicsView, 217
QPainter, 187

scene coordinates, 197
scenes (graphics view), 195
ScientificNotation (QTextStream), 303
Scintilla, 162
SCons, 599, 602
Scooters example, 322–323
Screen (composition mode), 195
Screen (X11), 546
screen drivers, 570
scriptActionTriggered() (HtmlWindow), 527
scripting, 509–541
Scripts menus, 524
scroll()

PlotSettings, 136
QWidget, 172

ScrollBarAlwaysOn (Qt), 154
scroll bars, 39, 41, 82, 133, 152
scrollTo() (QTreeView), 250
SDI, 73, 609
secondary threads, 350

seek()
QIODevice, 295, 301, 375
QSqlQuery, 317

segmentation fault, 636
select() (QSqlTableModel), 320, 321, 323,

334–335
selectAll() (QAbstractItemView), 51, 90
selectColumn() (QAbstractItemView), 90
selectCurrentColumn() (Spreadsheet), 90
selectCurrentRow() (Spreadsheet), 90
selectRow() (QAbstractItemView), 90
SelectRows (QAbstractItemView), 333
SELECT statements (SQL), 317, 319
selectedId() (FlowChartSymbolPicker), 241
selectedItems() (QGraphicsScene), 208
selectedLink() (DiagramWindow), 208
selectedNode() (DiagramWindow), 208
selectedNodePair() (DiagramWindow), 208
selectedRange() (Spreadsheet), 88
selectedRanges() (QTableWidget), 88
Selection (QClipboard), 237
semaphores, 345–347
semaphores example, 345–347
semi-transparency, 110, 193, 194, 441,

461
send()

ExpenseWindow, 583
QCopChannel, 569
QtopiaServiceRequest, 584

sendDatagram() (WeatherBalloon), 383
sendRequest() (TripPlanner), 374
sendToBack() (DiagramWindow), 208
sender() (QObject), 63, 270, 521
separator() (QDir), 312
separators

in file names, 308, 312
in menu bars, 54
in menus, 53
in toolbars, 55

sequential containers, 274–282
sequential devices, 301
server applications, 371, 378–381
server process (QWS), 569
services, 381, 543
-session option (X11 applications), 562,

564
sessionFileName() (TicTacToe), 564
sessionId() (QApplication), 564
sessionKey() (QApplication), 564
session management, 559–565
setAcceptDrops() (QWidget), 228, 230, 234
setAllowedAreas() (QDockWidget), 155
setAttribute() (QWidget), 73
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setAutoBufferSwap() (QGLWidget), 483
setAutoDetectUnicode() (QTextStream), 422
setAutoFillBackground() (QWidget), 124,

483
setAutoRecalculate() (Spreadsheet), 92
setBackgroundRole() (QWidget), 124, 134
setBit() (QBitArray), 501
setBrush() (QPainter), 181
setBuddy() (QLineEdit), 15
setByteOrder() (QDataStream), 498
setCentralWidget() (QMainWindow), 48
setCheckable() (QAction), 51
setChecked() (QAction), 161
setCities() (CityModel), 260
setClipRect() (QPainter), 136
setCodec() (QTextStream), 302, 406,

421–422
setCodecForCStrings() (QTextCodec), 423
setCodecForTr() (QTextCodec), 422, 436
setColor()

AxBouncer, 553
Link, 199

setColorAt() (QGradient), 183, 191–192
setColumnCount() (QTableView), 81
setColumnHidden() (QTableView), 323, 334
setColumnRange() (SortDialog), 36, 67
setCompositionMode() (QPainter), 195
setContent() (QDomDocument), 397
setContentHandler() (QXmlSimpleReader),

402
setContext() (QShortcut), 169
setContextMenuPolicy() (QWidget), 54
setControl() (QAxWidget), 548
setCorner() (QMainWindow), 154
setCurrencyMap() (CurrencyModel), 256
setCurrentCell() (QTableWidget), 65
setCurrentFile()

Editor, 165
MainWindow, 60

setCurrentIndex()
QDataWidgetMapper, 329, 330
QStackedLayout, 147, 148
QStackedWidget, 38, 149

setCurrentInputMethod() (QWSServer), 571
setCurrentRow() (QListWidget), 148
setCursor() (QWidget), 130
setCurveData() (Plotter), 127
setData()

Cell, 97
CityModel, 259
QAbstractItemModel, 259, 320, 321, 335
QAction, 527
QListWidgetItem, 83, 242

setData() (continued)
QMimeData, 232, 233
QTableWidgetItem, 83, 97
QTreeWidgetItem, 83

setDatabaseName() (QSqlDatabase), 316
setDefault() (QPushButton), 15
setDefaultPrototype() (QScriptEngine),

537–538
setDevice() (QXmlStreamReader), 391
setDirty() (Cell), 97
setDiscardCommand() (QSessionManager),

561–562
setDropAction() (QDropEvent), 231, 232
setDuration() (OvenTimer), 189
setEditTriggers() (QAbstractItemView),

242, 244, 247, 323
setEditorData() (TrackDelegate), 270
setEnabled()

QAction, 161
QWidget, 15, 18

setEnabledOptions() (QPrintDialog), 223
setErrorHandler() (QXmlSimpleReader), 402
setFeatures() (QDockWidget), 154
setFieldAlignment() (QTextStream), 303
setFieldWidth() (QTextStream), 303
setFilter() (QSqlTableModel), 320, 334
setFilterKeyColumn()

(QSortFilterProxyModel), 251
setFilterRegExp() (QSortFilterProxyModel),

252
setFixedHeight() (QWidget), 17
SetFixedSize (QLayout), 37
setFixedSize() (QWidget), 142
setFlag() (QGraphicsItem), 215
setFlags() (QGraphicsItem), 199, 201
setFocus() (QWidget), 163
setFocusPolicy() (QWidget), 125
setFont() (QPainter), 181
setFormat() (QGLWidget), 473
setFormula()

Cell, 97
Spreadsheet, 83, 305

setForwardOnly() (QSqlQuery), 317
setFragment() (QUrl), 410
setGenerateByteOrderMark() (QTextStream),

421
setGeometry() (QWidget), 142
setHeaderData() (QSqlTableModel), 323
setHorizontalHeaderLabels()

(QTableWidget), 243
setHorizontalScrollBarPolicy()

(QAbstractScrollArea), 154
setHost() (QHttp), 369, 370
setHostName() (QSqlDatabase), 316
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setHtml()
QMimeData, 233
QTextDocument, 220

setIcon() (QListWidgetItem), 242
setIconImage() (IconEditor), 111
setImage()

QClipboard, 237
TransactionThread, 353

setImagePixel() (IconEditor), 116
setIntegerBase() (QTextStream), 303, 304
SetInterfaceSafetyOptions()

(ObjectSafetyImpl), 555
setItem() (QTableWidget), 83, 244
setItemDelegate() (QAbstractItemView),

267
setItemPrototype() (QTableWidget), 80–81,

97
setLayout() (QWidget), 7, 10
setLayoutDirection() (QApplication), 427
setLocalData() (QThreadStorage<T>), 349
setlocale() (std), 428
setMargin() (QLayout), 144
setMimeData() (QClipboard), 237
setMinimumSize() (QWidget), 37, 56, 143
setModal() (QDialog), 65, 176
setModel() (QAbstractItemView), 247, 323
setModelData() (TrackDelegate), 270
setModified() (QTextDocument), 165
setMouseTracking() (QWidget), 115
setNamedColor() (QColor), 441
setNum() (QString), 288
setNumberFlags() (QTextStream), 303, 304
setOverrideCursor() (QApplication), 84,

130
setPadChar() (QTextStream), 303
setPassword() (QSqlDatabase), 316
setPen() (QPainter), 114, 181
setPenColor() (IconEditor), 111
setPixel() (QImage), 116
setPixmap()

QClipboard, 237
QDrag, 231
QSplashScreen, 74

setPlotSettings() (Plotter), 125
setPrintProgram() (QPrinter), 218
setProperty()

QObject, 443, 521, 549
QScriptEngine, 527, 541

setQuery() (QSqlQueryModel), 324
setRadius() (AxBouncer), 554
setRange()

QAbstractSlider, 7
QAbstractSpinBox, 7
QProgressDialog, 176

setRealNumberNotation() (QTextStream),
303

setRealNumberPrecision() (QTextStream),
303

setRelation() (QSqlRelationalTableModel),
328

setRenderHint() (QPainter), 181, 190, 465,
506

setRootNode() (BooleanModel), 263
setRowCount() (QTableView), 81
setScheme() (QUrl), 409, 410
setSelectionBehavior()

(QAbstractItemView), 323
setSelectionMode()

QAbstractItemView, 234, 323
QTableWidget, 80, 234

setShortcutContext() (QAction), 169
setShowGrid() (QTableView), 52
setSingleShot() (QTimer), 189
setSizeConstraint() (QLayout), 36
setSizePolicy() (QWidget), 110, 111, 124,

549
setSizes() (QSplitter), 152
setSocketDescriptor() (QAbstractSocket),

378
setSort() (QSqlTableModel), 323
setSourceModel() (QAbstractProxyModel),

251
setSpacing() (QLayout), 144
setSpeed() (AxBouncer), 554
setStatusTip() (QAction), 407
setStretchFactor() (QSplitter), 151
setStretchLastSection() (QHeaderView),

323
setStringList() (QStringListModel), 247
setStyle()

QApplication, 455, 470, 494
QWidget, 129, 455

setStyleSheet()
QApplication, 440
QWidget, 441

setTabOrder() (QWidget), 19
setTable() (QSqlTableModel), 320, 323
setText()

Annotation, 215
Node, 202
QAbstractButton, 38
QClipboard, 87, 210, 237
QLabel, 56
QListWidgetItem, 242
QMimeData, 233
QTreeWidgetItem, 398, 403
Ticker, 170

setTextColor() (Node), 202
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setToolTip()
QAction, 407
QWidget, 407

setUser() (QHttp), 370
setUserName() (QSqlDatabase), 316
setValue()

Java-style iterators, 278, 284
QAbstractSlider, 7–8
QProgressDialog, 177
QSettings, 69
QSpinBox, 7

setVersion() (QDataStream), 86, 296, 297,
299–300

setVerticalScrollBarPolicy()
(QAbstractScrollArea), 154

setViewport()
QAbstractScrollArea, 197
QPainter, 190

setVisible()
QAction, 51, 62
QWidget, 35

setWhatsThis() (QWidget), 408
setWidget()

QDockWidget, 154
QScrollArea, 152

setWidgetResizable() (QScrollArea), 153
setWindow() (QPainter), 186, 190
setWindowIcon() (QWidget), 48
setWindowModified() (QWidget), 56, 164,

165
setWindowTitle() (QWidget), 7, 17, 61, 165
setWorldTransform() (QPainter), 187
setZoomFactor() (IconEditor), 112
setZValue()

DiagramWindow, 208
QGraphicsItem, 199, 208, 215

sets, 284
settings, 69–70, 152, 156, 245
SettingsViewer

SettingsViewer(), 245
addChildSettings(), 246
readSettings(), 245

Settings Viewer example, 244–246
setupNode() (DiagramWindow), 207
setupUi()

Ui_ classes (Java), 613
Ui:: classes, 27–28, 311

shallow copy. See implicit sharing
Shape, 632
Shape (ECMAScript), 516, 518
shape() (Node), 203
shape-changing dialogs, 31–38
shared classes, 279, 281, 357, 567, 643
shared libraries, 491, 628

shear() (QPainter), 187
Shift key, 116, 168
Shift-JIS, 423
shortcut keys, 16, 25, 50, 169, 408

See also accelerator keys
show() (QWidget), 3, 64–65, 126, 146
ShowBase (QTextStream), 303
showbase manipulator, 303
showEvent() (Ticker), 171
showMessage() (QStatusBar), 59
showPage()

HelpBrowser, 413, 414
QAssistantClient, 415

shutdown, 560, 563
SignalN (Java), 606–607
signals and slots

automatic connections, 28, 310, 613
compared with events, 167
connecting, 6, 8, 20–21, 21, 34–36, 607
declaring, 14, 20
disconnecting, 21
dynamic slot invocation, 357
emitting signals, 18
establishing connections in

Qt Designer, 34–36
implementing slots, 18, 22
in ActiveX subclasses, 551
in multithreaded applications,

350–354
in Qt Jambi, 606–608
parameter types, 21, 606, 607
Q_ENUMS() macro, 548, 552
return values for slots, 47
SIGNAL() and SLOT() macros, 6, 20
signals and slots pseudo-keywords,

14, 21
simplified() (QString), 290
single document interface (SDI), 73, 609
SingleSelection (QAbstractItemView), 333
singleShot() (QTimer), 157
single-shot timers, 157, 172, 189
single-valued hashes, 284
single-valued maps, 283
Sinhala, 420
size() (QFontMetrics), 171
sizeHint property (QSpacerItem), 33
sizeHint()

Editor, 166
IconEditor, 111
Plotter, 127
QWidget, 17, 37, 56, 111, 127, 147, 166,

171
Ticker, 171

size hints, 17, 37, 56, 111, 125, 143, 146
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size policies, 111, 124, 146
sizeof() operator, 641
sizes() (QSplitter), 278
skip-lists, 282
skipRawData() (QDataStream), 498
skipUnknownElement() (XmlStreamReader),

394
slash (/), 70, 308
sliders, 7, 41
slots

automatic connections, 28, 310, 613
connecting to a signal, 6, 8, 20–21,

34–36, 607
declaring, 14, 20
disconnecting, 21
dynamic invocation, 357
establishing connections in

Qt Designer, 34–36
implementing, 18, 22
in ActiveX subclasses, 551
in multithreaded applications,

350–354
in Qt Jambi, 607
parameter types, 21, 607
Q_ENUMS() macro, 548, 552
return values, 47
SLOT() macro, 6, 20
slots pseudo-keyword, 15, 21

Smalltalk, 239
SmartNotation (QTextStream), 303
smart pointers, 637
SmcConn (X11), 546
SmoothPixmapTransform (QPainter), 506
SMS, 584–585
sockets. See QTcpSocket
soft keys, 577, 580
SoftLight (composition mode), 195
SolidLine (Qt), 182
SolidPattern (Qt), 182
somethingChanged() (Spreadsheet), 84
sort()

MainWindow, 66
Spreadsheet, 92

SortDialog
class definition, 36
creating using Qt Designer, 31–38
usage, 66, 68
SortDialog(), 36
setColumnRange(), 36, 67

Sort example, 31–38, 66
SortedMap (Java), 610
sorting, 66, 93, 249, 250, 273, 286, 323
Source (composition mode), 195
source() (QDropEvent), 231

SourceAtop (composition mode), 195, 461
SourceIn (composition mode), 195
SourceOut (composition mode), 195
SourceOver (composition mode), 195
SOURCES entry (.pro files), 594
Space key, 172
spacer items, 17, 24, 33, 145
spaces (in text), 290, 305
spacing (in layouts), 144
spanX() (PlotSettings), 123
spanY() (PlotSettings), 123
SPARC, 629
-spec option (qmake), 5, 591, 596
specializing. See subclassing
Spider

class definition, 363
Spider(), 364
done(), 365
ftpDone(), 366
ftpListInfo(), 365
getDirectory(), 364
processNextDirectory(), 365

spider example, 363–368
spin boxes, 7, 41, 105–107, 463–464
splash screens, 74–75
splines, 180, 181
split() (QString), 89, 210, 290, 304
Splitter example, 149–150
splitters, 78, 149–152
Spreadsheet

class definition, 78–80
inheritance tree, 79
ColumnCount, 80, 81
MagicNumber, 80, 85
RowCount, 80, 81
Spreadsheet(), 80
autoRecalculate(), 79
cell(), 82
clear(), 81
copy(), 87
currentFormula(), 84
currentLocation(), 84
cut(), 87
del(), 89
findNext(), 90
findPrevious(), 91
formula(), 82
modified(), 79, 84
paste(), 88
readFile(), 86
recalculate(), 91
selectCurrentColumn(), 90
selectCurrentRow(), 90
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Spreadsheet (continued)
selectedRange(), 88
setAutoRecalculate(), 92
setFormula(), 83, 305
somethingChanged(), 84
sort(), 92
text(), 82
writeFile(), 84, 176, 304

SpreadsheetCompare, 67, 80, 93–95
Spreadsheet example, 45–75, 77–103
spreadsheetModified() (MainWindow), 56
springs. See spacer items
sprintf() (QString), 287
SQL, 247, 315–337
SQLite, 315, 323, 325, 589
Square, 94
square()

in C++, 625–628
in ECMAScript, 512

SquareCap (Qt), 182
squeeze() (QHash<K,T>), 283
SSL, 295, 370
stack memory, 71, 636, 637
stacked layouts, 147–149
stacked widgets, 38, 147, 148
stacks, 275
Staff Manager example, 324–337
Standard C++ library, 273, 626, 627, 628,

660–662
standard dialogs, 41–43
standardIcon() (QStyle), 458
standardIconImplementation()

BronzeStyle, 460
QStyle, 458, 460

StandardKey (QKeySequence), 50
standardPixmap() (QStyle), 461
Standard Template Library, 273, 280,

661
standard widgets, 39–41
start()

AxBouncer, 554
QProcess, 312, 314
QThread, 342
QTimer, 383

StartDocument (QXmlStreamReader), 388
startDocument() (QXmlContentHandler), 400
startDragDistance() (QApplication), 230
StartElement (QXmlStreamReader), 388
startElement() (SaxHandler), 402
startOrStopThreadA() (ThreadDialog), 342
startOrStopThreadB() (ThreadDialog), 342
startTimer() (QObject), 171
startsWith() (QString), 289

state() (QXmlStreamReader), 389
stateChanged() (QFtp), 363
static_cast<T>(), 647
static keyword, 635, 654, 655
static libraries, 595, 628
static linkage, 654
static members, 634–635
statusBar() (QMainWindow), 56
status bars, 48, 55–56, 355, 407
StatusTipRole (Qt), 252
status tips, 50, 55, 407
std namespace, 626, 656, 662

cerr, 296, 311, 312, 625
cin, 296, 306
cout, 296, 306, 625
endl, 626
localeconv(), 428
map<K,T>, 285
memcpy(), 642
ostream, 649
pair<T1,T2>, 285, 293
setlocale(), 428
string, 287, 296
strtod(), 625
vector<T>, 642

STL, 273, 280, 661
STL-style iterators, 278, 284–285
stop()

AxBouncer, 554
Thread, 340, 344

stopSearch() (TripPlanner), 377
stream manipulators, 303, 649, 661
streaming, 85, 296–307, 649, 661
stretch factors, 56, 146–147, 151
stretches. See spacer items
string (std), 287, 296
String (ECMAScript), 511, 517
String (Java), 607, 610
stringList() (QStringListModel), 248
strings, 287–291, 643–644
strippedName() (MainWindow), 61
StrongARM, 567
StrongFocus (Qt), 125
Stroustrup, Bjarne, 623
strtod() (std), 625
struct keyword, 630
style()

QApplication, 129
QWidget, 128, 455

styleHint() (BronzeStyle), 459
-style option (Qt applications), 9, 159,

494
style sheets, 41, 439–454
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StyledPanel (QFrame), 465
styles, 9, 54, 129, 439–470
-stylesheet option (Qt applications), 440
subControlRect() (BronzeStyle), 463
subWindowActivated() (QMdiArea), 158
subclassing

built-in widgets, 105–107
COM interfaces, 554
in C++, 632–634
in ECMAScript, 518
plugin interfaces, 505
QAbstractItemModel, 262
QAbstractTableModel, 254, 257
QApplication, 561
QAxAggregated, 554
QAxBindable, 551
QAxObject, 551
QAxWidget, 551
QDesignerCustomWidgetInterface, 118
QDialog, 14, 27, 36, 241, 606
QGLWidget, 472, 477, 484
QGraphicsItem, 200, 212, 214
QGraphicsLineItem, 198
QGraphicsView, 216
QImageIOHandler, 496
QImageIOPlugin, 494
QItemDelegate, 268
QListWidget, 229
QMainWindow, 46, 205, 556
QMimeData, 235
QObject, 21–22, 558
QScriptable, 539–540
QSpinBox, 105–107
QStyle, 129, 454–470
QStylePlugin, 492–493
QTableWidget, 78–80
QTableWidgetItem, 95
QTcpServer, 378
QTcpSocket, 378
QTextEdit, 162
QThread, 340, 352
QTreeWidgetItem, 558
QWidget, 108–109, 122, 170, 188, 614
QWindowsStyle, 457
QXmlDefaultHandler, 401
Ui:: classes, 27, 36, 309, 372

subdirs template (.pro files), 594
sublayouts sub-layouts, 17, 144–145
submenus, 53
submit() (QDataWidgetMapper), 330
submitAll() (QSqlTableModel), 320
submit policies, 328, 329
sum() (ECMAScript), 513–514

sumOfSquares() (ECMAScript), 512
super keyword (Java), 634
supportsSelection() (QClipboard), 238
surrogate pairs, 420
SVG, 48, 387
swapBuffers() (QGLWidget), 483
Swing, 605, 609
switchLanguage() (MainWindow), 433
SWT, 605, 609
Sybase Adaptive Server, 315
symbolic links, 365
synchronizing threads, 343–349
synchronous I/O, 313
SyntaxError (ECMAScript), 517
Syriac, 420
system() (QLocale), 427
system registry, 69

T
Tab key, 125, 168
tab order, 19, 26, 168
tab widgets, 38, 39
TableMimeData

class definition, 235
TableMimeData(), 235
formats(), 235
retrieveData(), 236

table models, 252
table views, 39, 240, 320, 322
table widgets, 78, 240, 243–244
tabs and newlines format, 88, 234
tagName() (QDomElement), 398
takeFirst() (QList<T>), 305
Tamil, 420
TARGET entry (.pro files), 493, 595, 619
taskbar, 58
Tcl/Tk integration, 543
TCP, 295, 359, 371–381
TDS, 315
TeamLeadersDialog

TeamLeadersDialog(), 247
del(), 248
insert(), 248
leaders(), 248

Team Leaders example, 247–248
Teapots

class definition, 484
Teapots(), 485
~Teapots(), 486
initializeGL(), 486
mouseMoveEvent(), 488
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Teapots (continued)
mousePressEvent(), 488
mouseReleaseEvent(), 488
paintGL(), 487–488
resizeGL(), 486

Teapots example, 484–489
Telugu, 420
template classes, 628, 642

See also container classes
TEMPLATE entry (.pro files), 594, 619
templates (Qt Designer), 23, 107, 148
temporary files, 295, 313–314, 583
terminate() (QThread), 341
Tetrahedron

class definition, 472
Tetrahedron(), 473
draw(), 474
faceAtPosition(), 475
initializeGL(), 473
mouseDoubleClickEvent(), 475
mouseMoveEvent(), 474
mousePressEvent(), 474
paintGL(), 474
resizeGL(), 473

Tetrahedron example, 472–476
Text (QIODevice), 307
text()

QClipboard, 88, 210, 237
QDomElement, 399
QLineEdit, 65
QMimeData, 232, 236
QTableWidgetItem, 82, 95, 97, 242
QTicker, 170
Spreadsheet, 82

TextAlignmentRole (Qt), 98, 252, 255, 266
TextAntialiasing (QPainter), 506
TextArtDialog

TextArtDialog(), 503
loadPlugins(), 504
populateListWidget(), 504

Text Art example, 502–505
TextArtInterface

applyEffect(), 506
class definition, 502
effects(), 506

text browsers, 41
textChanged() (QLineEdit), 16, 28
TextColorRole (Qt), 252, 266
text editors, 41
text encodings, 237, 301, 302, 306, 405,

406, 420–423
text engine, 219, 419, 420
textFromValue() (HexSpinBox), 106

text I/O, 301–307, 371, 381
textures, 181, 196, 484, 487
Thaana, 420
Thai, 420
theme engines, 9
this keyword

in C++, 648, 650
in ECMAScript, 515

thisObject() (QScriptable), 540
Thread

class definition, 340
Thread(), 340
run(), 340, 343–344
stop(), 340, 344

Thread (Java), 610
ThreadDialog

class definition, 341
ThreadDialog(), 341
closeEvent(), 342
startOrStopThreadA(), 342
startOrStopThreadB(), 342

thread-local storage, 349
thread-safety, 356
thread synchronization, 343–349
Threaded Fortune Server example, 381
Threads example, 340–343
three-button mice, 237
three-dimensional graphics, 471–489
Tibetan, 420
TicTacToe

class definition, 563
TicTacToe(), 564
clearBoard(), 564
restoreState(), 565
saveState(), 564
sessionFileName(), 564

Tic-Tac-Toe example, 560–565
Ticker

class definition, 170
Ticker(), 170
hideEvent(), 172
paintEvent(), 171
setText(), 170
showEvent(), 171
sizeHint(), 171
timerEvent(), 172

Ticker example, 169–172
tidy example, 305–306
tidyFile(), 305
TIFF, 48
tileSubWindows() (QMdiArea), 162
time, 190
time editors, 41, 428
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timeout()
OvenTimer, 188
QTimer, 172, 189, 383

timerEvent()
PlayerWindow, 550
QObject, 172, 177, 550
Ticker, 172

timers
0-millisecond, 158, 177
single-shot, 157, 172, 189
timerEvent() vs. QTimer, 172

TIS-620, 423
title bars, 7, 58, 154
TLS (thread-local storage), 349
TLS (Transport Layer Security), 295,

370
to...() (QVariant), 292
toAscii() (QString), 291
toBack() (Java-style iterators), 277
toCsv() (MyTableWidget), 233
toDouble() (QString), 99, 288
toElement() (QDomNode), 398
toFirst() (QDataWidgetMapper), 329
toHtml() (MyTableWidget), 234
toImage() (QGLFramebufferObject), 489
toInt() (QString), 65, 107, 288, 305
toLast() (QDataWidgetMapper), 329
toLatin1()

QChar, 421
QString, 291

toLongLong() (QString), 288
toLower() (QString), 286, 289
toNativeSeparators() (QDir), 308
toNext() (QDataWidgetMapper), 329
toPage() (QPrinter), 223
toPrevious() (QDataWidgetMapper), 329
toScriptValue<T>() (QScriptEngine), 539
toStdString() (QString), 296
toString()

QDate, 428
QDateTime, 428
QTime, 428
QVariant, 98

toUnicode() (QTextCodec), 423
toUpper() (QString), 107, 289
toggle buttons, 31, 39, 52
toggled()

QAbstractButton, 35–36
QAction, 52

tool buttons, 39
ToolTipRole (Qt), 252
toolbars, 49, 54–55, 154–157, 580
toolboxes, 39

toolTip() (IconEditorPlugin), 119
tooltips, 119, 407
top() (QStack<T>), 275
top-level widgets. See windows
topLevelWidgets() (QApplication), 73
-tp option (qmake), 5, 595
tr() (QObject), 16, 22, 200, 419, 422,

423–426, 432, 436
Track, 267
TrackDelegate

class definition, 268
TrackDelegate(), 268
commitAndCloseEditor(), 269
createEditor(), 269
paint(), 268
setEditorData(), 270
setModelData(), 270

TrackEditor, 267
Track Editor example, 266–270
trackNodes() (Link), 199
tracking mouse moves, 115
Transaction

class definition, 354
apply(), 355
message(), 355

transaction() (QSqlDatabase), 318–319,
335

transactionStarted() (TransactionThread),
354

TransactionThread
class definition, 352
TransactionThread(), 353
~TransactionThread(), 353
addTransaction(), 353
allTransactionsDone(), 354
image(), 354
run(), 354
setImage(), 353
transactionStarted(), 354

transactions (SQL), 318–319, 336
transfer mode (FTP), 362
transfer type (FTP), 362
transformations, 113, 187, 196
translate()

QCoreApplication, 200, 425
QPainter, 187
QTransform, 187

translating Qt applications, 16, 419,
423–429, 435–437

TRANSLATIONS entry (.pro files), 435
transparency, 110, 193, 194, 441, 461
TransparentMode (Qt), 184
transpose(), 640
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traversing directories, 307–308
tree models, 252
tree views, 39, 240, 249, 266
tree widgets, 38, 240, 244–246, 389, 399
triggered()

QAction, 50
QActionGroup, 433

trimmed() (QString), 290
TripPlanner

class definition, 372
TripPlanner(), 373
closeConnection(), 377
connectToServer(), 373
connectionClosedByServer(), 377
error(), 377
sendRequest(), 374
stopSearch(), 377
updateTableWidget(), 375

Trip Planner example, 371–378
TripServer

class definition, 378
TripServer(), 378
incomingConnection(), 378

Trip Server example, 371, 378–381
Truck, 634–635
TrueType, 571
truncate() (QString), 281
tryLock() (QMutex), 343
.ts files, 435–437
TSCII, 423
TSD (thread-specific data), 349
TTF, 571
Turkish, 477
two-dimensional graphics, 179–225
type()

QEvent, 167, 168
QVariant, 292

Type 1, 571
TypeError (ECMAScript), 517
typedef keyword, 646–647
typeof operator (ECMAScript), 511, 515

U
UCS-2 (UTF-16), 421–422
UDP, 295, 359, 381–385
Ui_ classes (Java), 613
UI builder. See Qt Designer
Ui:: classes, 26–27, 36, 309, 372
.ui files, 26–31, 38, 309, 373, 436,

523–524, 526, 594
Ui_GoToCellDialogClass (Java), 613

uic, 26–31, 38, 119, 309, 373, 435, 593,
594

#undef directives, 658
undefined (ECMAScript), 511, 512, 517
undefined references. See unresolved

symbols
ungetChar() (QIODevice), 301
Unicode, 287, 301, 302, 318, 420–423,

511, 522, 644
unicode() (QChar), 421
uniform resource identifiers (URIs), 228
uniform resource locators (URLs),

228–229, 360
Unit Converter example, 573–576
universal binaries (Mac OS X), 599
Unix, 543–547, 591–592
unix condition (.pro files), 598
unlock()

QMutex, 343, 345
QReadWriteLock, 345

unordered associative containers. See
hashes

unpolish()
BronzeStyle, 459
QStyle, 458, 459

-unregserver option (ActiveX servers),
558

unresolved symbols, 19, 628, 632, 635
unsetCursor() (QWidget), 131
unsigned keyword, 628–629
untitled documents, 163
update()

QGraphicsItem, 202, 215
QWidget, 92, 111,112,116, 126,133,171,

172, 189, 481
updateActions() (DiagramWindow), 211
updateEmployeeView() (MainForm), 334
updateGeometry() (QWidget), 111, 171
updateGL() (QGLWidget), 475, 488
updateOutputTextEdit() (ConvertDialog),

312
updateRecentFileActions() (MainWindow),

61
updateRubberBandRegion() (Plotter), 133
UPDATE statements (SQL), 319
updateStatusBar() (MainWindow), 56
updateTableWidget() (TripPlanner), 375
updateWindowTitle() (HelpBrowser), 413
UppercaseBase (QTextStream), 303
UppercaseDigits (QTextStream), 303
uppercasedigits manipulator, 303
URIError (ECMAScript), 517
URIs, 228
URLs, 228–229, 360
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urls() (QMimeData), 229, 236
user actions, 5, 50, 167, 239
user interface compiler (uic), 26–31, 38,

119, 373, 435
UserRole (Qt), 242
using declarations, 657
using namespace directives, 657
UTF-8, 237, 302, 405, 422, 423
UTF-16 (UCS-2), 421–422, 423

V
Valgrind, 629
validate()

QAbstractSpinBox, 106
QValidator, 106

validating XML parsers, 395, 400
validators, 28, 106
value()

Cell, 98
Java-style iterators, 136, 284
QMap<K,T>, 282–283
QSettings, 70
QSqlQuery, 317
QSqlRecord, 320
STL-style iterators, 284

value<T>() (QVariant), 292, 293, 527
value binding (SQL), 318
valueChanged()

QAbstractSlider, 7–8
QSpinBox, 7

valueFromText() (HexSpinBox), 107
valueOf() (ECMAScript), 515
value types, 275–276, 617, 651–653
values() (associative containers), 283,

285
var keyword (ECMAScript), 510
variable-length arrays, 293
VARIANT (Windows), 550
VARIANT_BOOL (Windows), 550
variants, 63, 109, 291–293, 317, 522, 549,

610
vector<T> (std), 642
vector paths. See QPainterPath
vectors, 274, 642–643
VerPattern (Qt), 182
version

of data stream, 86, 296, 297, 299–300,
498

of operating system, 545
of Qt, 4, 86, 589, 647

version (continued)
of style options, 469

VERSION entry (.pro files), 595
verticalHeader() (QTableView), 81
vertical layouts, 8, 25, 143
verticalScrollBar() (QAbstractScrollArea),

81, 153
video display (Linux), 568
Vietnamese, 420
viewport

of a painter, 184, 185–187, 190–191
of a scroll area, 82, 152, 197

viewport() (QAbstractScrollArea), 81, 152,
153

viewport coordinates, 197
views. See item views and graphics view

classes
virtual destructors, 355, 502
virtual framebuffer, 568, 569, 572
virtual functions, 355, 502, 633
virtual machines, 567
visible widgets, 4, 64, 126
Vista style, 9, 128, 455
Visual Basic, 556
Visual C++ (MSVC), 5, 19, 38, 293, 545
visualRect() (QStyle), 464
Visual Studio, 5, 594, 595
VNC (Virtual Network Computing), 569
void pointers, 83, 263, 648
volatile keyword, 340
VowelCube

class definition, 477
VowelCube(), 478
~VowelCube(), 479
createGLObject(), 479
createGradient(), 478
drawBackground(), 480
drawCube(), 480–481
drawLegend(), 481, 482
paintEvent(), 479, 482–483
wheelEvent(), 482

Vowel Cube example, 477–482
.vproj files, 595

W
W3C, 395
WA_DeleteOnClose (Qt), 73, 164, 413, 609
WA_GroupLeader (Qt), 413
WA_Hover (Qt), 459
WA_PaintOnScreen (Qt), 545
WA_StaticContents (Qt), 110, 116
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wait()
QThread, 343, 353
QWaitCondition, 348

wait conditions, 347–349
waitconditions example, 347–349
wait cursor, 85
waitForDisconnected() (QAbstractSocket),

356
waitForFinished() (QProcess), 314, 356
waitForStarted() (QProcess), 314
wakeAll() (QWaitCondition), 348
wakeOne() (QWaitCondition), 353
warning() (QMessageBox), 57–58, 581
warnings (compiler), 21, 595
wasCanceled() (QProgressDialog), 176
WeatherBalloon, 382–383
Weather Balloon example, 382–383
WeatherStation

class definition, 384
WeatherStation(), 384
processPendingDatagrams(), 384

Weather Station example, 382, 384–385
web browsers, 314, 409–411
whatsThis() (IconEditorPlugin), 119
What’s This?, 120, 408–409
WhatsThisRole (Qt), 252
wheelEvent()

CityView, 217
Plotter, 133
VowelCube, 482

WHERE clause (SQL), 335
whitespace, 290
widget stacks. See stacked widgets
widget styles, 439–470
widgets, 3

attributes, 73
background, 114, 124, 134
built-in, 39–41, 77, 108
coordinate system, 113
custom, 105–138
disabled, 16, 114, 174
dynamic properties, 22, 443, 527
fixed size, 147
focus policy, 125
geometry, 141
hidden, 4, 64, 146
in multithreaded applications, 357
minimum and maximum size, 143,

147
names, 155, 561
OpenGL, 471–489
palette, 114, 124
parent–child mechanism, 7, 28, 609
platform-specific ID, 544

widgets (continued)
properties, 22, 24, 109, 442–443, 527,

549, 550, 553–554, 614
reparenting, 10, 56, 152
size hint, 17, 37, 56, 111, 125, 143, 146
size policy, 111, 124, 146
styles, 9, 54, 129, 454–470
See also objects and windows

width() (QPaintDevice), 113, 116
wildcard patterns, 59, 251, 307
Win32 API, 543, 545
win32 condition (.pro files), 598
winEvent() (QWidget), 547
winEventFilter() (QApplication), 547
winId() (QWidget), 544–545, 546
Window (X11), 546
window managers, 559
windowMenuAction() (Editor), 162
Window menus (MDI), 157, 161–162
windowModified property (QWidget), 56, 58,

61, 164
windows, 4

active, 64, 114, 158
closing, 5, 16
decorations, 570
icon, 48
MDI children, 157
of painters, 184, 185–187, 190–191
platform-specific ID, 544
title bar, 7, 58, 154
See also widgets

Windows (Microsoft)
12xx encodings, 423
CE, 567
hibernation, 560
installing Qt, 590
Media Player, 547
native APIs, 543–547
registry, 69
version, 545
widget styles, 9, 54, 128, 455

WindowsVersion (QSysInfo), 545
WINSAMI2, 423
wizards, 43, 44
workspaces. See MDI
world transform, 184, 187
World Wide Web Consortium, 395
wrappedFilter() (PumpFilterPrototype),

539
write() (QIODevice), 300, 375, 380
writeAttribute() (QXmlStreamWriter), 405
writeDatagram() (QUdpSocket), 383, 385
writeEndElement() (QXmlStreamWriter), 405
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writeFile() (Spreadsheet), 84, 176, 304
writeIndexEntry(), 405
WriteOnly (QIODevice), 84, 296
writeRawBytes() (QDataStream), 299
writeSettings()

MailClient, 152
MainWindow, 69, 156

writeStartDocument() (QXmlStreamWriter),
405

writeStartElement() (QXmlStreamWriter),
405

writeTextElement() (QXmlStreamWriter),
405

writeXml(), 404
writing systems, 420

X
X Render extension, 193, 194
X Window System (X11)

installing Qt, 591–592
native APIs, 543–547
selection clipboard, 237
session management, 559–565

x11Event() (QWidget), 547
x11EventFilter() (QApplication), 547
x11Info()

QPixmap, 546
QWidget, 546

x11PictureHandle()
QPixmap, 546
QWidget, 546

x11Screen() (QCursor), 546
XBM, 48
Xcode, 5, 590, 596
XEvent (X11), 547
Xlib, 543
XML

encodings, 422
for Qt Jambi generator, 616–617
.qrc files, 49, 309
reading documents, 387–404
.ts files, 435
.ui files, 31
validation, 395, 400
writing documents, 404–406

XML Stream Reader (example),
389–395, XmlStreamReader

class definition, 390
XmlStreamReader(), 391
readBookindexElement(), 392
readEntryElement(), 393

XML Stream Reader (example)
(continued)

readFile(), 391
readPageElement(), 394
skipUnknownElement(), 394

XML Stream Writer (example),
404–405

Xor (composition mode), 195
XP style, 9, 128, 455
XPath, 387
-xplatform option (configure), 568
XPM, 48, 49
XQuery, 387
xsm, 565
Xt migration, 543

Z
zero timers, 158, 177
zlib. See data compression
zoomIn() (Plotter), 126
zoomOut() (Plotter), 126
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