
-

C++ GUI Programming with Qt 4
By Jasmin Blanchette, Mark Summerfield
...............................................
Publisher:Prentice Hall
Pub Date:June 21, 2006
Print ISBN-10:0-13-187249-4
Print ISBN-13:978-0-13-187249-3
Pages:560

Overview
The Only Official Best-Practice Guide to Qt 4.1 Programming

Using Trolltech's Qt you can build industrial-strength C++ applications that run natively on
Windows, Linux/Unix, Mac OS X, and embedded Linux--without making source code changes. With
this book Trolltech insiders have written a start-to-finish guide to getting great results with the most
powerful version of Qt ever created: Qt 4.1.

UsingC++ GUI Programming with Qt 4 you'll discover the most effective Qt 4 programming
patterns and techniques as you master key technologies ranging from Qt's model/view architecture
to Qt's powerful new 2D paint engine. The authors provide readers with unparalleled insight into Qt's
event model and layout system. Then, using realistic examples, they introduce superior techniques
for everything from basic GUI development to advanced database and XML integration.

� Includes new chapters on Qt 4's model/view architecture and Qt's new plugin support, along
with a brief introduction to Qtopia embedded programming

� Covers all Qt fundamentals, from dialogs and windows to implementing application
functionality

� Introduces best practices for layout management and event processing

� Shows how to make the most of Qt 4's new APIs, including the powerful new 2D paint engine
and the new easy-to-use container classes

� Contains completely updated material in every chapter

� Presents advanced Qt 4 techniques covered in no other book, from creating both Qt and
applicationplugins to interfacing with native APIs

� Contains an in-depth appendix on C++/Qt programming for experienced Java developers

The accompanying CD-ROM includes the open source edition of Qt 4.1.1 for Windows, Mac, Linux,
and many Unixes, as well as MinGW, a set of freely available development tools that can be used to
build Qt applications on Windows, and also the source code for the book's examples.
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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++ performance, the availability of the source code,
its documentation, the high-quality technical support, and all the other items mentioned in
Trolltech's glossy marketing materials. This is all very well, but it misses the most important point:
Qt is successful because programmerslike it.

How come programmers like one technology, but dislike another? Personally I believe software
engineers enjoy technology that feels right, but dislike everything that doesn't. "Feels right" means
many things. In the Qt 3 edition of the book, I mentioned Trolltech's phone system as a particularly
good example of some particularly bad technology. The phone system didn't feel right, because it
forced us to do apparently random things depending on some equally random context. Randomness
doesn't feel right. Another thing that doesn't feel right is repetitiveness and redundancy. Good
programmers are lazy. What we love about computers compared to, say, gardening is that we don't
have to do the same things over and over.

Let me emphasize this point with a real-world example: travel reimbursement forms. Typically those
forms come as fancy spreadsheets; you fill them out, and you get real money. Simple technology,
one should think, and given the monetary incentive this should be a simple task for a grown-up
engineer.

Reality looks different, though. While nobody else in the company seems to have any problems
whatsoever dealing with those forms,the engineers do. And having talked to people in other
companies, this seems to be a common pattern. We defer reimbursement until the very last
moment, and sometimes we might even forget about it. Why is that? Looking at our form, it's a
straightforward, standard procedure. One has to collect receipts, number them, and put those
numbers into the proper fields with the date, the location, a description, and the amount. The
numbering and copying is designed to ease someone's work, but strictly speaking it is redundant,
given that the date, location, description, and amount unambiguously identify a receipt. A tiny bit of
extra work to get your money back, one would think.

A small annoyance is the per-diem rate, though, which depends on the travel location. There's some
separate document somewhere that lists the standardized rates for all the different travel locations.
You can't just select "Chicago"; instead you have to look up the rate for Chicago yourself. There's a
similar annoyance with the exchange rate field. One has to find the current exchange rate
somewhereperhaps with Google's helpand then enter the rate in every single field. Well, strictly
speaking, you should wait for your creditcard company to issue a statement to you with the actual
exchange rate that they used. While this is not hard to do, looking up different pieces of information
from different sources, and then copying the relevant items to several places in the form feels
needlessly awkward.

Programming can be a lot like filling in travel reimbursement forms, 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 the simplest solution. They looked for theright 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 XP, Mac OS X, and
GNU/Linux, and provides the foundation for the Qtopia application platform for embedded Linux.

Long before Qt became so popular and so widely used, the dedication of Qt's developers to finding
the right solutions madeQt special. That dedication is just as strong today and affects everyone who
develops and maintains 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.

Matthias Ettrich-Oslo, Norway- June 2006



Preface
Qt is a comprehensive C++ framework for developing cross-platform GUI applications using a "write
once, compile anywhere" approach. Qt lets programmers use a single source tree for applications
that will run on Windows 98 to XP, Mac OS X, Linux, Solaris, HP-UX, and many other versions of
Unix with X11. The Qt libraries and tools are also part of Qtopia Core, 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 CD that contains the source code of the
example programs. The CD also includes the open source edition of Qt 4.1.1 for all supported
platforms, as well as MinGW, a set of freely available development tools that can be used to build Qt
applications on Windows.Appendix A explains how to install the software.

The book is divided into three parts.Part I covers all the concepts and practices necessary for
programming GUI applications using Qt. Knowledge of this part alone is sufficient to write useful GUI
applications.Part II covers central Qt topics in greater depth, andPart III provides more specialized
and advanced material.The chapters ofParts II andIII can be read in any order, but they assume
familiarity with the contents ofPart I.

Readers of the Qt 3edition of this book will find this new edition familiar in both content and style.
This edition has been updated to take advantage of Qt 4's new features (including some that were
introduced with Qt 4.1) and to present code that shows good idiomatic Qt 4programming
techniques. In many cases, we have used examples similar to the ones used in the Qt 3 edition. This
will not affect new readers, but will help those who read the previous edition orient themselves to Qt
4's cleaner, clearer, and more expressive style.

This edition includes new chapters covering Qt 4's model/view architecture, the new plugin
framework, and embedded programming with Qtopia, as well a new appendix. And just like the Qt 3
book, the emphasis is on explaining Qt programming rather than simply rehashing or summarizing
Qt's extensive online documentation.

We have written the book with the assumption that you have a basic knowledge 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 where it is used.

If you already know Java or C# but have little or no experience with C++, we recommend that you
begin by readingAppendix B, 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 Harvey Deitel and Paul Deitel, and theC++ Primer by Stanley B.
Lippman, Josée Lajoie, and Barbara E. Moo.

Qt made its reputation as a cross-platform framework, but because of 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 application 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 imaging, 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 applications, you must buy a
commercial Qt license; if you want to build open source programs, you can use the open source
(GPL) edition. Qt is the foundation on which the K Desktop Environment (KDE) and the many open
source applications that go with it are built.

In addition to Qt's hundreds of classes, there are add-ons that extend Qt's scope and power. Some



of these products, like Qt Script for Applications (QSA) and the Qt Solutions components, are
available from Trolltech, while others are supplied by other companies and by the open source
community. Seehttp://www.trolltech.com/products/3rdparty/ for information on Qt add-ons. Qt
also has a well-established and thriving user community that uses theqt-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 atqt-book@trolltech.com. The errata will
be placed onhttp://doc.trolltech.com/qt-book-errata.html.
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A Brief History of Qt
The Qt framework first became publicly available in May 1995. It was initially developed by Haavard
Nord (Trolltech's CEO) and Eirik Chambe-Eng (Trolltech's president). Haavard and Eirik met at the
Norwegian Institute of Technology in Trondheim, where they both graduated with master's degrees
in computer science.

Haavard's interest in C++ GUI development began in 1988 when he was commissioned by a
Swedish company to develop a C++ GUI framework. A couple of years later, in the summer of 1990,
Haavard and Eirik were working together on a C++ database application for ultrasound images. The
system needed to be able to run with a GUI on Unix,Macintosh, and Windows. One day that
summer, Haavard and Eirik went outside to enjoy the sunshine, and as they sat on a park bench,
Haavard said, "We need an object-oriented display system." The resulting discussion laid the
intellectual foundation for the object-oriented cross-platform GUI framework they would soon go on
to build.

In 1991, Haavard started writing the classes that eventually became Qt, collaborating with Eirik on
the design. The following year, Eirik came up with the idea for "signals and slots", a simple but
powerful GUI programming paradigm that has now been embraced by several other toolkits.
Haavard took the idea and produced a hand-coded implementation. By 1993, Haavard and Eirik had
developed Qt's first graphics kernel and were able to implement their own widgets. At the end of the
year, Haavard suggested that they go into business together to build "the world's best C++ GUI
framework".

The year 1994 began inauspiciously with the two young programmers wanting to enter a well-
established market, with no customers, an unfinished product, and no money. Fortunately, both
their wives were employed and therefore able to support their husbands for the two years Eirik and
Haavard expected to need to develop the product and start earning an income.

The letter 'Q' was chosen as the class prefix because the letter looked beautiful in Haavard's Emacs
font. The 't' was added to stand for "toolkit", inspired by Xt, the X Toolkit. The company was
incorporated on March 4, 1994, originally as Quasar Technologies, then as Troll Tech, and today as
Trolltech.

In April 1995, thanks to a contact made through one of Haavard's university professors, the
Norwegian company Metis gave them a contract to develop software based on Qt. Around this time,
Trolltech hired Arnt Gulbrandsen, who during his six years at Trolltech devised and implemented an
ingenious documentation system as well as contributing to Qt's code.

On May 20, 1995, Qt 0.90 was uploaded tosunsite.unc.edu. Six days later, the release was
announced oncomp.os.linux.announce. This was Qt's first public release. Qt could be used for both
Windows and Unix development, offering the same API on both platforms. Qt was available under
two licenses from day one: A commercial license was required for commercialdevelopment, and a
free software edition was available for open source development. The Metis contract kept Trolltech
afloat, while for ten long months no one bought a commercial Qt license.

In March 1996, the European Space Agency became the second Qt customer, with a purchase of ten
commercial licenses. With unwavering faith, Eirik and Haavard hired another developer. Qt 0.97 was
released at the end of May, and on September 24, 1996, Qt 1.0 came out. By the end of the year,
Qt had reached version 1.1; eight customers, each in a different country, had bought 18 licenses
between them. This year also saw the founding of the KDE project, led by Matthias Ettrich.

Qt 1.2 was released in April 1997. Matthias Ettrich's decision to use Qt to build KDE helped Qt
become the de facto standard for C++ GUI development on Linux. Qt 1.3 was released in
September 1997.

Matthias joined Trolltech in 1998, and the last major Qt 1 release, 1.40, was made in September of
that year. Qt 2.0 was released in June 1999. Qt 2 had a new open source license, the Q Public



License (QPL), which complied with the Open Source Definition. In August 1999, Qt won the
LinuxWorld award for best library/tool. Around this time, Trolltech Pty Ltd (Australia) was
established.

Trolltech released Qtopia Core (then called Qt/Embedded) in 2000. It was designed to run on
embedded Linux devices and provided its own window system as a lightweight replacement for X11.
Both Qt/X11 and Qtopia Core were now offered under the widely used GNU General Public License
(GPL) as well as under commercial licenses. By the end of 2000, Trolltech had established Trolltech
Inc.(USA) and had released the first version of Qtopia, an application platform for mobile phones
and PDAs. Qtopia Core won the LinuxWorld "Best Embedded Linux Solution" award in both 2001 and
2002, and Qtopia Phone achieved the same distinction in 2004.

Qt 3.0 was released in 2001. Qt was now available on Windows, Mac OS X, Unix, and Linux (desktop
and embedded). Qt 3 provided 42 new classes and its code exceeded 500,000 lines. Qt 3 was a
major step forward from Qt 2, including considerably improved locale and Unicode support, a
completely new text viewing and editing widget, and a Perl-like regular expression class. Qt 3 won
the Software Development Times "Jolt Productivity Award" in 2002.

In the summer of 2005, Qt 4.0 was released. With about 500 classes and more than 9000 functions,
Qt 4 is larger and richer than any previous version, and it has been split into several libraries so that
developers only need to link against the parts of Qt that they need. Qt 4 is a huge advance on
previous versions with improvements that include a completely new set of efficient and easy-to-use
template containers, advanced model/view functionality, a fast and flexible 2D painting framework,
and powerful Unicode text viewing and editing classes, not to mention thousands of smaller
enhancements across the complete range of Qt classes. Qt 4 is the first Qt edition to be available for
both commercial and open source developmenton all the platforms it supports.

Also in 2005, Trolltech opened a representative office in Beijing to provide customers in China and
the region with sales services, training, and technical support for Qtopia.

Since Trolltech's birth, Qt's popularity has grown unabated and continues to grow to this day. This
success is a reflection both of the quality of Qt and of how enjoyable it is to use. In the last decade,
Qt has gone from being a product used by a select few "in the know" to one that is used daily by
thousands of customers and tens of thousands of open source developers all around the world.
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Chapter 1. Getting Started
� Hello Qt
� Making Connections
� Laying Out Widgets
� Using the Reference Documentation

This chapter shows how to combine basic C++ with the functionality provided by Qt to create a few
small graphical user interface (GUI) applications. This chapter also introduces two key Qt ideas:
"signals and slots" and layouts. InChapter 2, we will go into more depth, and inChapter 3, we will
start building a more realistic application.

If you already know Java or C# but have limited experience with C++, you might want to start by
reading the C++ introduction inAppendix B.

Hello Qt
Let's start with a very simple Qt program. We will first study it line by line, then we will see how to
compile and run it.

1 #include <QApplication>
2 #include <QLabel>
3 int main(int argc, char *argv[])
4 {
5     QApplication app(argc, argv);
6     QLabel *label = new QLabel("Hello Qt!");
7    label->show();
8     return app.exec();
9 }

Lines 1 and 2 include the definitions of theQApplication andQLabel classes. For every Qt class,
there is a header file with the same name (and capitalization) as the class that contains the class's
definition.

Line 5 creates aQApplication object to manage application-wide resources. TheQApplication

constructor requiresargc andargv because Qt supports a few command-line arguments of its own.

Line 6 creates aQLabel widget that displays "Hello Qt!". In Qtand Unix terminology, awidget is a
visual element in a user interface. The term stems from "window gadget" and is the equivalent of
both "control" and "container" in Windows terminology. Buttons, menus, scroll bars, and frames are
all examples of widgets. Widgets can contain other widgets; for example, an application window is
usually a widget that contains aQMenuBar, a fewQToolBars, aQStatusBar, and some other widgets.
Most applications use aQMainWindow or aQDialog as the application window, but Qt is so flexible that
any widget can be a window. In this example, theQLabel widget is the application window.

Line 7 makes the label visible. Widgets are always created hidden, so that we can customize them
before showing them, thereby avoiding flicker.

Line 8 passes control of the application on to Qt. At this point, the program enters the event loop.
This is a kind of stand-by mode where the program waits for user actions such as mouse clicks and
key presses. User actions generateevents (also called "messages") to which the program can
respond, usually by executing one or more functions. For example, when the user clicks a widget, a



"mouse press" and a "mouse release" event are generated. In this respect, GUI applications differ
drastically from conventional batch programs, which typically process input, produce results, and
terminate without human intervention.

For simplicity, we don't bother callingdelete on theQLabel object at the end of themain() function.
This memory leak is harmless in such a small program, since the memory will be reclaimed by the
operating system when the program terminates.

Figure 1.1. Hello on Linux

It is now possible to try the program on your own machine. First, you will need to install Qt 4.1.1 (or
a later Qt 4 release), a process that is explained inAppendix A. From now on, we will assume that
you have a correctly installed copy of Qt 4 and that Qt'sbin directory is in yourPATH environment
variable. (On Windows, this is done automatically by the Qt installation program.) You will also need
the program's source code in a file calledhello.cpp in a directory calledhello. You can type in
hello.cpp yourself, or copy it from the CD provided with this book, where it is available as
/examples/chap01/hello/hello.cpp.

From a command prompt, change the directory tohello, then type

qmake -project

to create a platform-independent project file (hello.pro), then type

qmake hello.pro

to create a platform-specific makefile from the project file.

Typemake to build the program.[*] Run it by typinghello on Windows,./hello on Unix, andopen

hello.app on Mac OS X. To terminate the program, click the close button in the window's title bar.

[*] If you get a compiler error on the <QApplication> include, it probably means that you are using an older version of Qt. Make
sure that you are using Qt 4.1.1 or a later Qt 4 release.

If you are using Windows and have installed the Qt Open Source Edition and the MinGW compiler,
you will have a shortcut to a DOS Prompt window that has all the environment variables correctly
set up for Qt. If you start this window, you can compile Qt applications within it usingqmake andmake
as described above. The executables produced are put in the application'sdebug orrelease folder,
for example,C:\qt-book\hello\release\hello.exe.

If you are using Microsoft Visual C++, you will need to runnmake instead ofmake. Alternatively, you
can create a Visual Studio project file fromhello.pro by typing

qmake -tp vc hello.pro

and then build the program in Visual Studio. If you are using Xcode on Mac OS X, you can generate



an Xcode project using the command

qmake -spec macx-xcode

Figure 1.2. A label with basic HTML formatting

Before we go on to the next example, let's have some fun: Replace the line

QLabel *label = new QLabel("Hello Qt!");

with

QLabel *label = new QLabel("<h2><i>Hello</i> "
"<font color=red>Qt!</font></h2>");

and rebuild the application. As the example illustrates, it's easy to brighten up a Qt application's
user interface using some simple HTML-style formatting.

Making Connections
The second example shows how to respond to user actions. The application consists of a button that
the user can click to quit. The source code is very similar to Hello, except that we are using a
QPushButton instead of aQLabel as our main widget, and we are connecting a user action (clicking a
button) to a piece of code.

This application's source code is on the CD in the file/examples/chap01/quit/quit.cpp. Here's the
contents of the file:

 1 #include <QApplication>
 2 #include <QPushButton>
 3 int main(int argc, char *argv[])
 4 {
 5   QApplication app(argc, argv);
 6     QPushButton *button = new QPushButton("Quit");
 7     QObject::connect(button, SIGNAL(clicked()),
 8                      &app, SLOT(quit()));
 9     button->show();
10     return app.exec();
11 }

Qt's widgets emitsignals to indicate that a user action or a change of state has occurred.[*] For



instance,QPushButton emits aclicked() signal when the user clicks the button. A signal can be
connected to a function (called aslot in that context), so that when the signal is emitted, the slot is
automatically executed. In our example, we connect the button'sclicked() signal to the
QApplication object'squit() slot. TheSIGNAL() andSLOT() macros are part of the syntax; they are
explained in more detail in the next chapter.

[*] Qt signals are unrelated to Unix signals. In this book, we are only concerned with Qt signals.

Figure 1.3. The Quit application

We will now build the application. We assume that you have created a directory calledquit

containingquit.cpp. Runqmake in thequit directory to generate the project file, then run it again to
generate a makefile, as follows:

qmake -project
qmake quit.pro

Now build the application, and run it. If you click Quit, or press Space (which presses the button),
the application will terminate.

Laying Out Widgets
In this section,we will create a small example application that demonstrates how to use layouts to
manage the geometry of widgets in a window and how to use signals and slots to synchronize two
widgets. The application asks for the user's age, which the user can enter bymanipulating either a
spin box or a slider.

The application consists of three widgets: aQSpinBox, aQSlider, and aQWidget. TheQWidget is the
application's main window. TheQSpinBox and theQSlider are rendered inside theQWidget; they are
children of theQWidget. Alternatively, we can say that theQWidget is theparent of theQSpinBox

and theQSlider. TheQWidget has no parent itself because it is being used as a top-level window.
The constructors forQWidget and all of its subclasses take aQWidget * parameter that specifies the
parent widget.

Figure 1.4. The Age application

Here's the source code:

 1 #include <QApplication>
 2 #include <QHBoxLayout>



 3 #include <QSlider>
 4 #include <QSpinBox>
 5 int main(int argc, char *argv[])
 6 {
 7     QApplication app(argc, argv);
 8     QWidget *window = new QWidget;
 9     window->setWindowTitle("Enter Your Age");
10     QSpinBox *spinBox = new QSpinBox;
11     QSlider *slider = new QSlider(Qt::Horizontal);
12     spinBox->setRange(0, 130);
13     slider->setRange(0, 130);
14     QObject::connect(spinBox, SIGNAL(valueChanged(int)),
15                      slider, SLOT(setValue(int)));
16     QObject::connect(slider, SIGNAL(valueChanged(int)),
17                      spinBox, SLOT(setValue(int)));
18     spinBox->setValue(35);
19     QHBoxLayout *layout = new QHBoxLayout;
20     layout->addWidget(spinBox);
21     layout->addWidget(slider);
22     window->setLayout(layout);
23     window->show();
24     return app.exec();
25 }

Lines 8 and 9 set up theQWidget that will serve as the application's main window. We call
setWindowTitle() to set the text displayed in the window's title bar.

Lines 10 and 11 create aQSpinBox and aQSlider, and lines 12and 13 set their valid ranges. We can
safely assume that the user is at most 130 years old. We could passwindow to theQSpinBox and
QSlider constructors, specifying that these widgets should havewindow as their parent, but it isn't
necessary here because the layout system will figure this out by itself and automatically set the
parent of the spin box and the slider, as we will see shortly.

The twoQObject::connect() calls shown in lines 14 to 17 ensure that the spin box and the slider are
synchronized sothat they always show the same value. Whenever the value of one widget changes,
itsvalueChanged(int) signal is emitted, and thesetValue(int) slot of the other widget is called with
the new value.

Line 18 sets the spin box value to 35. When this happens,theQSpinBox emits thevalueChanged(int)

signal with anint argument of 35. This argument is passed to theQSlider'ssetValue(int) slot,
which sets the slider value to 35. The slider then emits thevalueChanged(int) signal, because its
own value changed, triggering the spin box'ssetValue(int) slot. But at this point,setValue(int)

doesn't emit any signal, since the spin box value is already 35. This prevents infinite recursion.
Figure 1.5 summarizes the situation.

Figure 1.5. Changing one widget's value changes both



In lines 19 to 22, we lay out the spin box and slider widgets using alayout manager. A layout
manager is an object that sets the size and position of the widgets that lie under its responsibility.
Qt has three main layout manager classes:

� QHBoxLayout lays out widgets horizontally from left to right (right to left for some cultures).
� QVBoxLayout lays out widgets vertically from top to bottom.
� QGridLayout lays out widgets in a grid.

The call toQWidget::setLayout() on line 22 installs the layout manager on the window. Behind the
scenes, theQSpinBox andQSlider are "reparented" to be children of the widget on which the layout
is installed, and for this reason we don't need to specify an explicit parent when we construct a
widget that will be put in a layout.

Figure 1.6. The Age application's widgets

Even though we didn't set the position or size of any widget explicitly, theQSpinBox andQSlider
appear nicely laid out side by side. This is becauseQHBox-Layout automatically assigns reasonable
positions and sizes to the widgets for which it is responsible, based on their needs. The layout
managers free us from the chore of hard-coding screen positions in our applications and ensure that
windows resize smoothly.

Qt's approach to building user interfaces is simple to understand and very flexible. The most
common pattern that Qt programmers use is to instantiate the required widgets and then set their
properties as necessary. Programmers add the widgets to layouts, which automatically take care of
sizing and positioning. User interface behavior is managed by connecting widgets together using Qt's
signals and slots mechanism.



Using the Reference Documentation
Qt's reference documentation is an essential tool for any Qt developer, since it covers every class
and function in Qt. This book makes use of many Qt classes and functions, but it does not cover all
of them, nor does it provide every detail of those that are mentioned. To get the most benefit from
Qt, you should familiarize yourself with the Qt reference documentation as quickly as possible.

The documentation is available in HTML format in Qt'sdoc/html directory and can be read using any
web browser. You can also useQt Assistant, the Qt help browser, which has powerful searching
and indexing features that make it quicker and easier to use than a web browser. To launchQt
Assistant, click Qt by Trolltech v4.x.y|Assistant in the Start menu on Windows, typeassistant on
the command line on Unix, or double-click Assistant in the Mac OS X Finder.

The links in the "API Reference" section on the home page provide different ways of navigating Qt's
classes. The "All Classes" page lists every class in Qt's API. The "Main Classes" page lists only the
most commonly used Qt classes. As an exercise, you might want to look up the classes and
functions that we have used in this chapter.

Figure 1.7. Qt's documentation inQt Assistant on Mac OS X

[View full size image]

Note that inherited functionsare documented in the base class; for example,QPushButton has no
show() function of its own, but it inherits one from its ancestorQWidget.Figure 1.8 shows how the
classes we have seen so far relate to each other.

Figure 1.8. Inheritance tree for the Qt classes seen so far



The reference documentation for the current version of Qt and for some earlier versions is available
online athttp://doc.trolltech.com/. This site also has selected articles fromQt Quarterly, the Qt
programmers' newsletter sent to all commercial licensees.

Widget Styles

The screenshots we have seen so far have been taken on Linux, but Qt applications look
native on every supported platform. Qt achieves this by emulating the platform's look
and feel, rather than wrapping a particular platform or toolkit's widget set.

Figure 1.9. Styles available everywhere

With Qt/X11 and Qtopia Core, the default style is Plastique, which uses gradients and
anti-aliasing to provide a modern look and feel. Qt application users can override the
default style by using the-style command-line option. For example, to launch the Age
application using the Motif style on X11, simply type

./age -style motif

on the command line.

Figure 1.10. Platform-specific styles



Unlike the other styles, the Windows XP and Mac styles are only available on their native
platforms, since they rely on the platforms' theme engines.

This chapter has introduced the key concepts of signalslot connections andlayouts. It has also
begun to reveal Qt's consistent and fully object-oriented approach to the construction and use of
widgets. If you browse through Qt's documentation, you will find a uniformity of approach that
makes it straightforward to learn how to use new widgets, and you will also find that Qt's carefully
chosen names for functions, parameters, enums, and so on, make programming in Qt surprisingly
pleasant and easy.

The following chapters ofPart I build on the fundamentals covered here, showing how to create
complete GUI applications with menus, toolbars, document windows, a status bar, and dialogs,
along with the underlying functionality to read, process, and write files.



Chapter 2. Creating Dialogs
� Subclassing QDialog
� Signals and Slots in Depth
� Rapid Dialog Design
� Shape-Changing Dialogs
� Dynamic Dialogs
� Built-in Widget and Dialog Classes

This chapter will teach you how to create dialog boxes using Qt. Dialog boxes present users with
options and choices, and allow them to set the options to their preferred values and to make their
choices. They are called dialog boxes, or simply "dialogs", because they provide a means by which
users and applications can "talk to" each other.

Most GUI applications consist of a main window with a menu bar and toolbar, along with dozens of
dialogs that complement the main window. It is also possible to create dialog applications that
respond directly to the user's choicesby performing the appropriate actions (for example, a
calculator application).

We will create our first dialog purely by writing code to show how it is done. Then we will see how to
build dialogs usingQt Designer, Qt's visual design tool. UsingQt Designer is a lot faster than
hand-coding and makes it easy to test different designs and to change designs later.

Subclassing QDialog
Our first example is a Find dialog written entirely in C++. We will implement the dialog as a class in
its own right. By doing so, we make it an independent, self-contained component, with its own
signals and slots.

Figure 2.1. The Find dialog

The source code is spread across two files:finddialog.h andfinddialog.cpp. We will start with
finddialog.h.

1 #ifndef FINDDIALOG_H
2 #define FINDDIALOG_H
3 #include <QDialog>
4 class QCheckBox;
5 class QLabel;
6 class QLineEdit;
7 class QPushButton;



Lines 1 and 2 (and 27) protect the header file against multiple inclusions.

Line 3 includes the definition ofQDialog, the base class for dialogs in Qt.QDialog inheritsQWidget.

Lines 4 to 7 are forward declarations of the Qt classes that we will use to implement the dialog. A
forward declaration tells the C++ compiler that a class exists, without giving all the detail that a
class definition (usually located in a header file of its own) provides. We will say more about this
shortly.

Next, we defineFindDialog as a subclass ofQDialog:

 8 class FindDialog : public QDialog
 9 {
10     Q_OBJECT
11 public:
12     FindDialog(QWidget *parent = 0);

TheQ_OBJECT macro at the beginning of the class definition is necessary for allclasses that define
signals or slots.

TheFindDialog constructor is typical of Qt widget classes. Theparent parameter specifies the parent
widget. The default is a null pointer, meaning that the dialog has no parent.

13 signals:
14     void findNext(const QString &str, Qt::CaseSensitivity cs);
15     void findPrevious(const QString &str, Qt::CaseSensitivity cs);

Thesignals section declares two signals that the dialog emits when the user clicks the Find button.
If the Search backward option is enabled, the dialog emitsfindPrevious(); otherwise, it emits
findNext().

Thesignals keyword is actually a macro. The C++ preprocessor converts it into standard C++
before the compiler sees it.Qt::CaseSensitivity is an enum type that can take the values
Qt::CaseSensitive andQt::CaseInsensitive.

16 private slots:
17     void findClicked();
18     void enableFindButton(const QString &text);
19 private:
20     QLabel *label;
21     QLineEdit *lineEdit;
22     QCheckBox *caseCheckBox;
23     QCheckBox *backwardCheckBox;
24     QPushButton *findButton;
25     QPushButton *closeButton;
26 };
27 #endif

In the class's private section, we declare two slots. To implement the slots, we will need to access
most of the dialog's child widgets, so we keep pointers to them as well. Theslots keyword is, like
signals, a macro that expands into a construct that the C++ compiler can digest.

For the private variables, we used forward declarations of their classes. This was possible because



they are all pointers and we don't access them in the header file, so the compiler doesn't need the
full class definitions. We could have included the relevant header files (<QCheckBox>,<QLabel>, etc.),
but using forward declarations when it is possible makes compiling somewhat faster.

We will nowlook atfinddialog.cpp, which contains the implementation of theFindDialog class.

1  #include <QtGui>
2  #include "finddialog.h"

First, we include<QtGui>, a header file that contains the definition of Qt's GUI classes. Qt consists of
several modules, each of which lives in its own library. The most important modules areQtCore,
QtGui, QtNetwork, QtOpenGL, QtSql,QtSvg, andQtXml. The<QtGui> header file contains the
definition of all the classes that are part of theQtCore andQtGui modules. Including this header
saves us the bother of including every class individually.

Infiledialog.h, instead of including<QDialog> and using forward declarations forQCheckBox,QLabel,
QLineEdit, andQPushButton, we could simply have included<QtGui>. However, it is generally bad
style to include such a big header file from another header file, especially in larger applications.

 3 FindDialog::FindDialog(QWidget *parent)
 4     : QDialog(parent)
 5 {
 6     label = new QLabel(tr("Find &what:"));
 7     lineEdit = new QLineEdit;
 8     label->setBuddy(lineEdit);
 9     caseCheckBox = new QCheckBox(tr("Match &case"));
10     backwardCheckBox = new QCheckBox(tr("Search &backward"));
11     findButton = new QPushButton(tr("&Find"));
12     findButton->setDefault(true);
13    findButton->setEnabled(false);
14     closeButton = new QPushButton(tr("Close"));

On line 4, we pass on theparent parameter to the base class constructor. Then we create the child
widgets. Thetr() function calls around the string literals mark them for translation to other
languages. The function is declared inQObject and every subclass that contains theQ_OBJECT macro.
It's a good habit to surround user-visible strings withTR(), even if you don't have immediate plans
for translating your applications to other languages. Translating Qt applications is covered inChapter
17.

In the string literals, we use ampersands ('&') to indicate shortcut keys. For example, line 11 creates
aFind button, which the user can activate by pressing Alt+F on platforms that support shortcut
keys. Ampersands can also be used to control focus: On line 6 we create a label with a shortcut key
(Alt+W), and on line 8 we set the label's buddy to be the line editor. Abuddy is a widget that
accepts the focus when the label's shortcut key is pressed. So when the user presses Alt+W (the
label's shortcut), the focus goes to the line editor (the label's buddy).

On line 12, we make the Find button the dialog's default button by callingsetDefault(true). The
default button is the button that is pressed when the user hits Enter. On line 13, we disable the Find
button. When a widget is disabled, it is usually shown grayed out and will not respond to user
interaction.

15     connect(lineEdit, SIGNAL(textChanged(const QString &)),
16             this, SLOT(enableFindButton(const QString &)));
17     connect(findButton, SIGNAL(clicked()),
18             this, SLOT(findClicked()));
19     connect(closeButton, SIGNAL(clicked()),



20             this, SLOT(close()));

The private slotenableFindButton(const QString &) is called whenever the text in the line editor
changes. The private slotfindClicked() is called when the user clicks the Find button. The dialog
closes itself when the user clicks Close. Theclose() slot is inherited fromQWidget, and its default
behavior is to hide the widget from view (without deleting it). We will look at the code for the
enableFindButton() andfindClicked() slots later on.

SinceQObject is one ofFindDialog's ancestors, we canomit theQObject:: prefix in front of the
connect() calls.

21     QHBoxLayout *topLeftLayout = new QHBoxLayout;
22     topLeftLayout->addWidget(label);
23     topLeftLayout->addWidget(lineEdit);
24     QVBoxLayout *leftLayout = new QVBoxLayout;
25     leftLayout->addLayout(topLeftLayout);
26     leftLayout->addWidget(caseCheckBox);
27     leftLayout->addWidget(backwardCheckBox);
28     QVBoxLayout *rightLayout = new QVBoxLayout;
29     rightLayout->addWidget(findButton);
30     rightLayout->addWidget(closeButton);
31     rightLayout->addStretch();
32     QHBoxLayout *mainLayout = new QHBoxLayout;
33     mainLayout->addLayout(leftLayout);
34     mainLayout->addLayout(rightLayout);
35     setLayout(mainLayout);

Next, we lay out the child widgets using layout managers. Layouts can contain both widgets and
other layouts. By nestingQHBoxLayouts,QVBoxLayouts, andQGridLayouts in various combinations, it is
possible to build very sophisticated dialogs.

For the Find dialog, we use twoQHBoxLayouts and twoQVBoxLayouts, as shown inFigure 2.2. The
outer layout is the main layout; it is installed on theFindDialog on line 35 and is responsible for the
dialog's entire area. The other three layouts are sub-layouts. The little "spring" at the bottom right
ofFigure 2.2 is a spacer item (or "stretch"). It uses up the empty space below the Find and Close
buttons, ensuring that these buttons occupy the top of their layout.

Figure 2.2. The Find dialog's layouts

[View full size image]

One subtle aspect of the layout manager classes is that they are not widgets. Instead, they inherit
QLayout, which in turn inheritsQObject. In the figure, widgets are represented by solid outlines and
layouts are represented by dashed outlines to highlight the difference between them. In a running
application, layouts are invisible.

When the sub-layouts are added to the parent layout (lines 25, 33, and 34), the sub-layouts are



automatically reparented. Then, when the main layout is installed on the dialog (line 35), it becomes
a child of the dialog, and all the widgets in the layouts are reparented to become children of the
dialog. The resulting parentchild hierarchy is depicted inFigure 2.3.

Figure 2.3. The Find dialog's parentchild relationships

36     setWindowTitle(tr("Find"));
37     setFixedHeight(sizeHint().height());
38 }

Finally, we set the title to be shown in the dialog's title bar and we set the window to have a fixed
height, since there aren't any widgets inthe dialog that can meaningfully occupy any extra vertical
space. TheQWidget::sizeHint() function returns a widget's "ideal" size.

This completes the review ofFindDialog's constructor. Since we usednew to create the dialog's
widgets and layouts, it would seem that we need to write a destructor that callsdelete on each of
the widgets and layouts we created. But this isn't necessary, since Qt automatically deletes child
objects when the parent is destroyed, and the child widgets and layouts are all descendants of the
FindDialog.

Now we will look at the dialog's slots:

39 void FindDialog::findClicked()
40 {
41     QString text = lineEdit->text();
42     Qt::CaseSensitivity cs =
43             caseCheckBox->isChecked() ? Qt::CaseSensitive
44                        : Qt::CaseInsensitive;
45     if (backwardCheckBox->isChecked()) {
46         emit findPrevious(text, cs);
47     } else {
48         emit findNext(text, cs);
49     }
50 }
51 void FindDialog::enableFindButton(const QString &text)
52 {
53     findButton->setEnabled(!text.isEmpty());
54 }

ThefindClicked() slot is called when the user clicks the Find button. It emits thefindPrevious() or
thefindNext() signal, depending on the Search backward option. Theemit keyword is specific to Qt;
like other Qt extensions it is converted into standard C++ by the C++ preprocessor.

TheenableFindButton() slot is called whenever the user changes the text in the line editor. It



enables the button if there is some text in the editor, and disables it otherwise.

These two slots complete the dialog. We can now create amain.cpp file to test ourFindDialog

widget:

1 #include <QApplication>
2 #include "finddialog.h"
3 int main(int argc, char *argv[])
4 {
5     QApplication app(argc, argv);
6     FindDialog *dialog = new FindDialog;
7     dialog->show();
8     return app.exec();
9 }

To compile the program, runqmake as usual. Since theFindDialog class definition contains the
Q_OBJECT macro, the makefile generated byqmake will include special rules to runmoc, Qt's meta-
object compiler. (Qt's meta-object system is covered in the next section.)

Formoc to work correctly, we must put the class definition in a header file, separate from the
implementation file. The code generated bymoc includes this header file and adds some C++ magic
of its own.

Classes that use theQ_OBJECT macro must havemoc run on them. This isn't a problem becauseqmake

automatically adds the necessary rules to the makefile. But if you forget to regenerate your makefile
usingqmake andmoc isn't run, the linker will complain that some functions are declared but not
implemented. The messages can be fairly obscure. GCC produces warnings like this one:

     finddialog.o: In function 'FindDialog::tr(char const*, char const*)':
     /usr/lib/qt/src/corelib/global/qglobal.h:1430: undefined reference to
     'FindDialog::staticMetaObject'

Visual C++'s output starts like this:

     finddialog.obj : error LNK2001: unresolved external symbol
     "public:~virtual int __thiscall MyClass::qt_metacall(enum QMetaObject
     ::Call,int,void * *)"

If this ever happens to you, runqmake again to update the makefile, then rebuild the application.

Now run the program. If shortcut keys are shown on your platform, verify that the shortcut keys
Alt+W, Alt+C, Alt+B, and Alt+F trigger the correct behavior. Press Tab to navigate through the
widgets with the keyboard. The default tab order is the order in which the widgets were created.
This can be changed usingQWidget::setTabOrder().

Providing a sensible tab order and keyboard shortcuts ensures that users who don't want to (or
cannot) use a mouse are able to make full use of the application. Full keyboard control is also
appreciated by fast typists.

InChapter 3, we will use the Find dialog inside a real application, and we will connect the
findPrevious() andfindNext() signals to some slots.



Signals and Slots in Depth
The signals and slots mechanism is fundamental to Qt programming. It enables the application
programmer to bind objects together without the objects knowing anything about each other. We
have already connected some signals and slots together, declared our own signals and slots,
implemented our own slots, and emitted our own signals. Let's take a moment to look at the
mechanism more closely.

Slots are almost identical to ordinary C++ member functions. They can be virtual; they can be
overloaded; they can be public; protected, or private, they can be directly invoked like any other
C++ member functions; and their parameters can be of any types. The difference is that a slot can
also be connected to a signal, in which case it is automatically called each time the signal is emitted.

Theconnect() statement looks like this:

connect(sender, SIGNAL(signal), receiver, SLOT(slot));

wheresender andreceiver are pointers toQObjects and wheresignal andslot are function
signatures without parameter names. TheSIGNAL() andSLOT() macros essentially convert their
argument to a string.

In the examples we have seen so far,we have always connected different signals to different slots.
There are other possibilities to consider.

� One signal can be connected to many slots:
�
� connect(slider, SIGNAL(valueChanged(int)),
� spinBox, SLOT(setValue(int)));
� connect(slider, SIGNAL(valueChanged(int)),
� this, SLOT(updateStatusBarIndicator(int)));

When the signal is emitted, the slots are called one after the other, in an unspecified order.

� Many signals can be connected to the same slot:
�
� connect(lcd, SIGNAL(overflow()),
� this, SLOT(handleMathError()));
� connect(calculator, SIGNAL(divisionByZero()),
�         this, SLOT(handleMathError()));

When either signal is emitted, the slot is called.

� A signal can be connected to another signal:
�
� connect(lineEdit, SIGNAL(textChanged(const QString &)),
�         this, SIGNAL(updateRecord(const QString &)));

When the first signal is emitted, the second signal is emitted as well. Apart from that,
signalsignal connections are indistinguishable from signalslot connections.

� Connections can be removed:
�
� disconnect(lcd, SIGNAL(overflow()),
�            this, SLOT(handleMathError()));



This is rarely needed, because Qt automatically removes all connections involving an object
when that object is deleted.

To successfully connect a signal to a slot (or to another signal), they must have the same parameter
types in the same order:

connect(ftp, SIGNAL(rawCommandReply(int, const QString &)),
        this, SLOT(processReply(int, const QString &)));

Exceptionally, if a signal has more parameters than the slot it is connected to, the additional
parameters are simply ignored:

connect(ftp, SIGNAL(rawCommandReply(int, const QString &)),
         this, SLOT(checkErrorCode(int)));

If the parameter types are incompatible, or if the signal or the slot doesn't exist, Qt will issue a
warning at run-time if the application is built in debug mode. Similarly, Qt will give a warning if
parameter names are included in the signal or slot signatures.

So far, we have only used signals and slots with widgets. But the mechanismitself is implemented in
QObject and isn't limited to GUI programming. The mechanism can be used by anyQObject subclass:

class Employee : public QObject
{
    Q_OBJECT
public:
    Employee() { mySalary = 0; }
    int salary() const { return mySalary; }
public slots:
    void setSalary(int newSalary);
signals:
    void salaryChanged(int newSalary);
private:
    int mySalary;
};
void Employee::setSalary(int newSalary)
{
    if (newSalary != mySalary) {
        mySalary = newSalary;
        emit salaryChanged(mySalary);
    }
}

Notice how thesetSalary() slot is implemented. We only emit thesalary-Changed() signal if
newSalary != mySalary. This ensures that cyclic connections don't lead to infinite loops.

Qt's Meta-Object System

One of Qt's major achievements has been the extension of C++ with a mechanism for
creating independent software components that can be bound together without any
component knowing anything about the other components it is connected to.



The mechanism is called themeta-object system,and it provides two key services:
signalsslots and introspection. The introspection functionality is necessary for
implementing signals and slots, and allows application programmers to obtain "meta-
information" aboutQObject subclasses at run-time, including the list of signals and slots
supported by the object and its class name. The mechanism also supports properties
(forQt Designer) and text translation (for internationalization), and it lays the
foundation for Qt Script for Applications (QSA).

Standard C++ doesn't provide support for the dynamic meta-information needed by Qt's
meta-object system. Qt solves this problem by providing a separate tool,moc, that
parsesQ_OBJECT class definitions and makes the information available through C++
functions. Sincemoc implements all its functionality using pure C++, Qt's meta-object
system works with any C++ compiler.

The mechanism works as follows:

� TheQ_OBJECT macro declares some introspection functions that must be
implemented in everyQObject subclass:metaObject(),TR(),qt_metacall(), and a
few more.

� Qt'smoc tool generates implementations for the functions declared byQ_OBJECT

and for all the signals.
� QObject member functions such asconnect() anddisconnect() use the

introspection functions to do their work.

All of this is handled automatically byqmake,moc, andQObject, so you rarely need to
think about it. But if you are curious, you can check out theQMetaObject class
documentation and have a look at the C++ source files generated bymoc to see how the
implementation works.

Rapid Dialog Design
Qt is designed to be pleasant and intuitive to hand-code, and it is not unusual for programmers to
develop entire Qt applications purely by writing C++ source code. Still, many programmers prefer to
use a visual approach for designing forms, because they find it more natural and faster than hand-
coding, and they want to be able to experiment with and change designs more quickly and easily
than is possible with hand-coded forms.

Qt Designer expands the options available to programmers by providing a visual design
capability.Qt Designer can be used to develop all or just some of an application's forms. Forms that
are created usingQt Designer end up as C++ code, soQt Designer can be used with a
conventional tool chain and imposes no special requirements on the compiler.

In this section, we will useQt Designer to create the Go-to-Cell dialog shown inFigure 2.4. And
whether we do it in code or inQt Designer, creating a dialog always involves the same
fundamental steps:

� Create and initialize the child widgets.
� Put the child widgets in layouts.
� Set the tab order.
� Establish signalslot connections.
� Implement the dialog's custom slots.

Figure 2.4. The Go-to-Cell dialog



To launchQt Designer, click Qt by Trolltech v4.x.y|Designer in the Start menu on Windows, type
designer on the command line on Unix, or double-click Designer in the Mac OS X Finder. WhenQt
Designer starts, it will pop up a list of templates. Click the "Widget" template, then click OK. (The
"Dialog with Buttons Bottom" template might look tempting, but for this example we will create the
OK and Cancel buttons by hand to show how it is done.) You should now have a window called
"Untitled".

By default,Qt Designer's user interface consists of several top-level windows. If you prefer an MDI-
style interface, with one top-level window and several sub-windows, click Edit|User Interface
Mode|Docked Window.

The first step is to create the child widgets and place them on the form. Create one label, one line
editor, one horizontal spacer, and two push buttons. For each item, drag its name or icon fromQt
Designer's widget box and drop the item roughly where it should go on the form. The spacer item,
which is invisible in the final form, is shown inQt Designer as a blue spring.

Figure 2.5.Qt Designer in docked window mode on Windows

[View full size image]

Now drag the bottom of the form up to make it shorter. This should produce a form that is similar to
Figure 2.6. Don't spend too much time positioning the items on the form; Qt's layout managers will
lay them out precisely later on.

Figure 2.6. The form with some widgets



Set each widget's properties usingQt Designer's property editor:

1.Click the text label. Make sure that itsobjectName property is "label" and set thetext

property to "&Cell Location:".
2.Click the line editor. Make sure that theobjectName property is "lineEdit".
3.Click the first button. Set theobjectName property to "okButton", theenabled property to

"false", thetext property to "OK", and thedefault property to "true".
4.Click the second button. Set theobjectName property to "cancelButton" and thetext property

to "Cancel".
5.Click the form's background to select the form itself. SetobjectName to "GoToCellDialog" and

windowTitle to "Go to Cell".

All the widgets look fine now, except the text label, which shows &Cell Location. Click Edit|Edit
Buddies to enter a special mode that allows you to set buddies. Next, click the label and drag the
red arrow line to the line editor, then release. The label should now showCell Location and have the
line editor as its buddy. Click Edit|Edit Widgets to leave buddy mode.

Figure 2.7. The form with properties set

The next step is to lay out the widgets on the form:

1.Click the Cell Location label and press Shift as you click the line editor next to it so that they
are both selected.Click Form|Lay Out Horizontally.

2.Click the spacer, then hold Shift as you click the form's OK and Cancel buttons.Click Form|Lay
Out Horizontally.

3.Click the background of the form to deselect any selected items, then click Form|Lay Out
Vertically.

4.Click Form|Adjust Size to resize the form to its preferred size.

The red lines that appear on the form show the layouts that have been created. They don't appear
when theform is run.



Figure 2.8. The form with the layouts

Now click Edit|Edit Tab Order. A number in a blue rectangle will appear next to every widget that
can accept focus. Click each widget in turn in the order you want them to accept focus, then click
Edit|Edit Widgets to leave tab order mode.

Figure 2.9. Setting the form's tab order

To preview the dialog, click the Form|Preview menu option. Check the tab order by pressing Tab
repeatedly. Close the dialog using the close button in the title bar.

Save the dialog asgotocelldialog.ui in a directory calledgotocell, and create amain.cpp file in the
same directory using a plain text editor:

#include <QApplication>
#include <QDialog>
#include "ui_gotocelldialog.h"
int main(int argc, char *argv[])
{
    QApplication app(argc, argv);
    Ui::GoToCellDialog ui;
    QDialog *dialog = new QDialog;
    ui.setupUi(dialog);
    dialog->show();
    return app.exec();
}

Now runqmake to create a.pro file and a makefile (qmake -project;qmake goto-cell.pro). Theqmake

tool is smart enough to detect the user interface filegoto-celldialog.ui and to generate the
appropriate makefile rules to invokeuic, Qt's user interface compiler. Theuic tool converts
gotocelldialog.ui into C++ and puts the result inui_gotocelldialog.h.

The generatedui_gotocelldialog.h file contains the definition of theUi::GoToCellDialog class, which
isa C++ equivalent of thegotocelldialog.ui file. The class declares member variables that store
the form's child widgets and layouts, and asetupUi() function that initializes the form. The
generated class looks like this:

class Ui::GoToCellDialog



{
public:
    QLabel *label;
    QLineEdit *lineEdit;
    QSpacerItem *spacerItem;
    QPushButton *okButton;
    QPushButton *cancelButton;
    ...
    void setupUi(QWidget *widget) {
        ...
    }
};

The generated class doesn't inherit any Qt class. When we use the form inmain.cpp, we create a
QDialog and pass it tosetupUi().

If you run the program now, the dialog will work, but it doesn't function exactly as we want:

� The OK button is always disabled.
� The Cancel button does nothing.
� The line editor accepts any text, instead of only accepting valid cell locations.

We can make the dialog function properly by writing some code. The cleanest approach is to create
a new class that inherits bothQDialog andUi::GoToCell-Dialog and that implements the missing
functionality (thus proving the adage that any software problem can be solved simply by adding
another layer of indirection). Our naming convention is to give this new class the same name as the
uic-generated class but without theUi:: prefix.

Using a text editor, create a file calledgotocelldialog.h that contains the following code:

#ifndef GOTOCELLDIALOG_H
#define GOTOCELLDIALOG_H
#include <QDialog>
#include "ui_gotocelldialog.h"
class GoToCellDialog : public QDialog, public Ui::GoToCellDialog
{
    Q_OBJECT
public:
    GoToCellDialog(QWidget *parent = 0);
private slots:
    void on_lineEdit_textChanged();
};
#endif

The implementation belongs ingotocelldialog.cpp:

#include <QtGui>
#include "gotocelldialog.h"
GoToCellDialog::GoToCellDialog(QWidget *parent)
    : QDialog(parent)
{

setupUi(this);
    QRegExp regExp("[A-Za-z][1-9][0-9]{0,2}");
    lineEdit->setValidator(new QRegExpValidator(regExp, this));
    connect(okButton, SIGNAL(clicked()), this, SLOT(accept()));
    connect(cancelButton, SIGNAL(clicked()), this, SLOT(reject()));
}
void GoToCellDialog::on_lineEdit_textChanged()
{



    okButton->setEnabled(lineEdit->hasAcceptableInput());
}

In the constructor, we callsetupUi() to initialize the form. Thanks to multiple inheritance, we can
accessUi::GoToCellDialog's members directly. After creating the user interface,setupUi() will also
automatically connect any slots that follow the naming conventionon_objectName_signalName() to
the correspondingobjectName'ssignalName() signal. In our example, this means thatsetupUi() will
establish the following signalslot connection:

connect(lineEdit, SIGNAL(textChanged(const QString &)),
        this, SLOT(on_lineEdit_textChanged()));

Also in the constructor, we set up a validator to restrict the range of the input. Qt provides three
built-in validator classes:QIntValidator,QDoubleValidator, andQRegExpValidator. Here we use a
QRegExpValidator with the regular expression "[A-Za-z][1-9][0-9]{0,2}", which means: Allow one
uppercase or lowercase letter, followed by one digit in the range 1 to 9, followed by zero, one, or
two digits each in the range 0 to 9. (For an introduction to regular expressions, see theQRegExp class
documentation.)

By passingthis to theQRegExpValidator constructor, we make it a child of theGoToCellDialog
object. By doing so, we don't have to worry about deleting theQRegExpValidator later; it will be
deleted automatically when its parent is deleted.

Qt's parentchild mechanism is implemented inQObject. When we create an object (a widget,
validator, or any other kind) with a parent, the parent adds the object to the list of its children.
When the parent is deleted, it walks through its list of children and deletes each child. The children
themselves then delete all of their children, andso on recursively until none remain.

The parentchild mechanism greatly simplifies memory management, reducing the risk of memory
leaks. The only objects we must delete explicitly are the objects we create withnew and that have no
parent. And if we deletea child object before its parent, Qt will automatically remove that object
from the parent's list of children.

For widgets, the parent has an additional meaning: Child widgets are shown within the parent's
area. When we delete the parent widget, not only does the child vanish from memory, it also
vanishes from the screen.

At the end of the constructor, we connect the OK button toQDialog'saccept() slot and the Cancel
button to thereject() slot. Both slots close the dialog, butaccept() sets the dialog's result value to
QDialog::Accepted (which equals 1), andreject() sets the value toQDialog::Rejected (which equals
0). When we use this dialog, we can use the result value to see if the user clicked OK and act
accordingly.

Theon_lineEdit_textChanged() slot enables or disables the OK button, according to whether the line
edit contains a valid cell location.QLineEdit::hasAcceptableInput() uses the validator we set in the
constructor.

This completes the dialog. We can now rewritemain.cpp to use it:

#include <QApplication>
#include "gotocelldialog.h"
int main(int argc, char *argv[])
{
    QApplication app(argc, argv);
    GoToCellDialog *dialog = new GoToCellDialog;
    dialog->show();



    return app.exec();
}

Rebuild the application (qmake -project;qmake gotocell.pro) and run it again. Type "A12" in the line
edit, and notice that the OK button becomes enabled. Try typing some random text to see how the
validator does its job. Click Cancel to close the dialog.

One of the beauties of usingQt Designer is that it allows programmers great freedom to modify
their form designs without being forced to change their source code. When you develop a form
purely by writing C++ code, changes to the design can be quite time-consuming. WithQt
Designer, no time is lost sinceuic simply regenerates the source code for any forms that have
changed. The dialog's user interface is saved in a.ui file (an XML-based file format), while custom
functionality is implemented by subclassing theuic-generated class.

Shape-Changing Dialogs
We have seen how to create dialogs that always show the same widgets whenever they are used. In
some cases, it is desirable to provide dialogs that can change shape. The two most common kinds of
shape-changing dialogs areextension dialogs andmulti-page dialogs. Both types of dialog can
be implementedin Qt, either purely in code or usingQt Designer.

Extension dialogs usually present a simple appearance but have a toggle button that allows the user
to switch between the dialog's simple and extended appearances. Extension dialogs are commonly
used for applications that are trying to cater for both casual and power users, hiding the advanced
options unless the user explicitly asks to see them. In this section, we will useQt Designer to
create the extension dialog shown inFigure 2.10.

Figure 2.10. The Sort dialog with simple and extended appearances

[View full size image]

The dialog is a Sort dialog in aspreadsheet application, where the user can select one or several
columns to sort on. The dialog's simple appearance allows the user to enter a single sort key, and its
extended appearance provides for two extra sort keys. A More button lets the user switch between
the simple and extended appearances.

We will create the widget with its extended appearance inQt Designer, and hide the secondary and



tertiary keys at run-time as needed. The widget looks complicated, but it's fairly easy to do inQt
Designer. The trick is to do the primary key part first, then duplicate it twice to obtain the
secondary and tertiary keys:

1.Click File|New Form and choose the "Dialog with Buttons Right" template.
2.Create the More button and drag it into the vertical layout, below the vertical spacer. Set the

More button'stext property to "&More", and itscheckable property to "true".Set the OK
button'sdefault property to "true".

3.Create a group box, two labels, two comboboxes, and one horizontal spacer, and put them
anywhere on theform.

4.Drag the bottom right corner of the group box to make it larger. Then move the other
widgets into the group box and position them approximately as shown inFigure 2.11 (a).

Figure 2.11. Laying out the group box's children in a grid

[View full size image]

5.Drag the right edge of the second combobox to make it about twice as wide as the first
combobox.

6.Set the group box'stitle property to "&Primary Key", the first label'stext property to
"Column:", and the second label'stext property to "Order:".

7.Right-click the first combobox and choose Edit Items from the context menu to pop upQt
Designer's comboboxeditor.Create one item with the text "None".

8.Right-click the second combobox and choose Edit Items. Create an "Ascending" item and a
"Descending" item.

9.Click the group box, then click Form|Lay Out in a Grid. Click the group box again and click
Form|Adjust Size.This will produce the layout shown inFigure 2.11 (b).

If a layout doesn't turn out quite right or if you make a mistake, you can always click Edit|Undo or
Form|Break Layout, then reposition the widgets and try again.

We will now add the Secondary Key and Tertiary Key group boxes:

1.Make the dialog window tall enough for the extra parts.
2.Hold down the Ctrl key (Alt on the Mac) and click the Primary Key group box to create a copy

of the group box (and its contents) on top of the original. Drag the copy below the original
group box, while still pressing Ctrl (or Alt). Repeat this process to create a third group box,
dragging it below the second group box.

3.Change theirtitle properties to "&Secondary Key" and "&Tertiary Key".
4.Create one vertical spacer and place it between the primary key group box and the

secondary key group box.
5.Arrange the widgets in the grid-like pattern shown inFigure 2.12 (a).

Figure 2.12. Laying out the form's childrenin a grid
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6.Click the form to deselect any selected widgets, then click Form|Lay Out in a Grid.The form
should now matchFigure 2.12 (b).

7.Set the two vertical spacer items'sizeHint property to [20, 0].

The resulting grid layout has two columns and four rows, giving a total of eight cells. The Primary
Key group box, the leftmost vertical spacer item, the Secondary Key group box, and the Tertiary
Key group box each occupy a single cell. The vertical layout that contains the OK, Cancel, and More
buttons occupies two cells. That leaves two empty cells in the bottom-right of the dialog. If this isn't
what you have, undo the layout, reposition the widgets, and try again.

Rename the form "SortDialog" and change the window title to "Sort". Set the names of the child
widgets to those shown inFigure 2.13.

Figure 2.13. Naming the form's widgets

[View full size image]

Click Edit|Edit Tab Order. Click each combobox in turn from topmost to bottommost, then click the


