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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.

Using C++ 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.

e 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

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

e Introduces best practices for layout management and event processing

e 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

e Contains completely updated material in every chapter

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

e Contains an in-depth appendix on C++4/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 programmers like 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 credit card 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 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 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 made Qt 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, and Part III provides more specialized
and advanced material. The chapters of Parts II and III can be read in any order, but they assume
familiarity with the contents of Part I.

Readers of the Qt 3 edition 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 4 programming
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 reading Appendix 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 the C++ 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. See http://www.trolltech.com/products/3rdparty/ for information on Qt add-ons. Qt
also has a well-established and thriving user community that uses the gt -i nt erest 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 gt-book@trolltech.com. The errata will
be placed on http://doc.trolltech.com/qgt-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 to sunsite. unc. edu. Six days later, the release was
announced on conp. os. | i nux. 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 commercial development, 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 development on 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

e Hello Qt

e Making Connections
e [aying Out Widgets
e 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. In Chapter 2, we will go into more depth, and in Chapter 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 in Appendix 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 <Q.abel >

3 int main(int argc, char *argv[])

4 {

5 QApplication app(argc, argv);

6 Q,abel *label = new QLabel ("Hello Q!");
7 | abel - >show() ;

8 return app. exec();

9}

Lines 1 and 2 include the definitions of the Qappli cati on and QLabel 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 a Qapplicati on object to manage application-wide resources. The Qapplication
constructor requires argc and argv because Qt supports a few command-line arguments of its own.

Line 6 creates a QLabel widget that displays "Hello Qt!". In Qt and Unix terminology, a widget 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 a QvenuBar, a few QTool Bars, a QSt at usBar, and some other widgets.
Most applications use a Qvai nW ndow or a QDi al og as the application window, but Qt is so flexible that
any widget can be a window. In this example, the Q.abel 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 generate events (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 calling del et e on the QLabel object at the end of the mai n() 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 in Appendix A. From now on, we will assume that
you have a correctly installed copy of Qt 4 and that Qt's bi n directory is in your PATH 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 called hel | 0. cpp in a directory called hel | 0. You can type in

hel | 0. cpp yourself, or copy it from the CD provided with this book, where it is available as

/ exanpl es/ chap01/ hel | o/ hel | 0. cpp.

From a command prompt, change the directory to hel | o, then type

gmeke -project

to create a platform-independent project file (hel | 0. pro), then type

gmeke hello.pro

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

Type make to build the program.™ Run it by typing hel | o on Windows, ./ hel | o on Unix, and open
hel | 0. app on Mac OS X. To terminate the program, click the close button in the window's title bar.

[11f you get a compiler error on the <QAppl i cat i on> 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 using qnake and make
as described above. The executables produced are put in the application's debug or rel ease folder,
for example, C:\ gt - book\ hel | o\ rel ease\ hel | 0. exe.

If you are using Microsoft Visual C++, you will need to run nmake instead of make. Alternatively, you
can create a Visual Studio project file from hel | 0. pro by typing

gmeke -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

gmake -spec macx-xcode

Figure 1.2. A label with basic HTML formatting

Hello Qt!

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

QLabel *I abel

new QLabel ("Hello Q!");
with

QLabel *label = new QLabel ("<h2><i>Hello</i> "
"<font color=rred>Q!</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
QPushBut t on instead of a QLabel 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 / exanpl es/ chap01/ quit/ qui t.cpp. Here's the
contents of the file:

1 #include <QApplication>
2 #include <QPushButton>
3 int main(int argc, char *argv[])

4 {

5 QAppl i cation app(argc, argv);

6 QPushButton *button = new QPushButton("Quit");
7 QObj ect : : connect (button, SIGNAL(clicked()),

8 &pp, SLOT(quit()));

9 but t on- >show() ;

10 return app. exec();

11 }

Qt's widgets emit signals to indicate that a user action or a change of state has occurred.™! For



instance, QrushBut t on emits a cli cked() signal when the user clicks the button. A signal can be
connected to a function (called a slot in that context), so that when the signal is emitted, the slot is
automatically executed. In our example, we connect the button's cli cked() signal to the

QAppl i cati on object's quit () slot. The SIGNAL() and SLOT() macros are part of the syntax; they are
explained in more detail in the next chapter.

1 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 called qui t
containing qui t. cpp. Run gmake in the quit directory to generate the project file, then run it again to
generate a makefile, as follows:

gmeke -project
gmake 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 by manipulating either a
spin box or a slider.

The application consists of three widgets: a QsSpi nBox, a Qsli der, and a QN dget . The QW dget is the
application's main window. The QSpi nBox and the Qsli der are rendered inside the QW dget ; they are
children of the Qw dget . Alternatively, we can say that the Qw dget is the parent of the Qspi nBox
and the @slider. The QW dget has no parent itself because it is being used as a top-level window.
The constructors for QW dget and all of its subclasses take a QW dget * parameter that specifies the
parent widget.

Figure 1.4. The Age application

Here's the source code:

1 #include <QApplication>
2 #include <@HBoxLayout >



#i ncl ude <Qslider>

#i ncl ude <QSpi nBox>

int main(int argc, char *argv[])
{

QAppl i cation app(argc, argv);

QW dget *w ndow = new QW dget ;

wi ndow- >set W ndowTi t | e("Enter Your Age");

QSpi nBox *spi nBox = new QSpi nBox;

@lider *slider = new QSlider(Q::Horizontal);

spi nBox- >set Range(0, 130);

sl i der->set Range(0, 130);

QObj ect : : connect (spi nBox, Sl GNAL(val ueChanged(int)),
slider, SLOT(setValue(int)));

Qnj ect: : connect (slider, SIGNAL(val ueChanged(int)),
spi nBox, SLOT(setValue(int)));

spi nBox- >set Val ue( 35) ;

@HBoxLayout *l ayout = new QHBoxLayout ;

| ayout - >addW dget ( spi nBox) ;
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21 | ayout - >addW dget (sl i der);
22 wi ndow >set Layout (| ayout) ;
23 wi ndow >show() ;

24 return app. exec();

25}

Lines 8 and 9 set up the Qw dget that will serve as the application's main window. We call
set WndowTi t1 e() to set the text displayed in the window's title bar.

Lines 10 and 11 create a QSpi nBox and a @Sl i der, and lines 12 and 13 set their valid ranges. We can
safely assume that the user is at most 130 years old. We could pass w ndow to the QSpi nBox and
Qsli der constructors, specifying that these widgets should have wi ndow 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 two Qbj ect: : connect () calls shown in lines 14 to 17 ensure that the spin box and the slider are
synchronized so that they always show the same value. Whenever the value of one widget changes,
its val ueChanged(int) signal is emitted, and the set Vval ue(int) slot of the other widget is called with
the new value.

Line 18 sets the spin box value to 35. When this happens, the QSpi nBox emits the val ueChanged(i nt)
signal with an i nt argument of 35. This argument is passed to the Qsli der's set Val ue(int) slot,
which sets the slider value to 35. The slider then emits the val ueChanged(i nt) signal, because its
own value changed, triggering the spin box's set Val ue(i nt) slot. But at this point, set Val ue(i nt)
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
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In lines 19 to 22, we lay out the spin box and slider widgets using a layout 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:

e (HBoxLayout lays out widgets horizontally from left to right (right to left for some cultures).
e QvBoxLayout lays out widgets vertically from top to bottom.
e QGidLayout lays out widgets in a grid.

The call to QW dget : : set Layout () on line 22 installs the layout manager on the window. Behind the
scenes, the Qspi nBox and @Sl i der 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
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Even though we didn't set the position or size of any widget explicitly, the QSpi nBox and Qsl i der
appear nicely laid out side by side. This is because QHBox- 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's doc/ ht mi directory and can be read using any
web browser. You can also use Qt 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 launch Qt
Assistant, click Qt by Trolltech v4.x.y|Assistant in the Start menu on Windows, type assi stant 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 in Qt Assistant on Mac OS X
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Note that inherited functions are documented in the base class; for example, QrushButt on has no

show() function of its own, but it inherits one from its ancestor QW dget . 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
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The reference documentation for the current version of Qt and for some earlier versions is available

online at http://doc.trolltech.com/. This site also has selected articles from Qt 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
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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 -styl e command-line option. For example, to launch the Age
application using the Motif style on X11, simply type

.lage -style notif

on the command line.

Figure 1.10. Platform-specific styles




B Enter Your Age Q@E1 @ © O Enter Your Age

P

T —
Windows XP Mac

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 and layouts. 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 of Part 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

e Subclassing QDialog

e Signals and Slots in Depth

e Rapid Dialog Design

e Shape-Changing Dialogs

e Dynamic Dialogs

e 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 choices by 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 using Qt Designer, Qt's visual design tool. Using Qt 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
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The source code is spread across two files: finddi al og. h and fi nddi al og. cpp. We will start with
finddi al og. h.

#i f ndef FI NDDI ALOG H
#defi ne FI NDDI ALOG H
#i ncl ude <Qi al og>

cl ass QCheckBox;

cl ass Q.abel ;

class QineEdit;

cl ass QPushButt on;

~No o~ wWNPRE



Lines 1 and 2 (and 27) protect the header file against multiple inclusions.
Line 3 includes the definition of Qbi al og, the base class for dialogs in Qt. QDi al og inherits QW dget .

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 define Fi ndDi al og as a subclass of Qb al og:

8 class FindDialog : public QD al og

9 {
10 Q OBJECT
11 public:
12 Fi ndDi al og( QW dget *parent = 0);

The Q OBJECT macro at the beginning of the class definition is necessary for all classes that define
signals or slots.

The Fi ndDi al og constructor is typical of Qt widget classes. The parent parameter specifies the parent
widget. The default is a null pointer, meaning that the dialog has no parent.

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

The si gnal s section declares two signals that the dialog emits when the user clicks the Find button.
If the Search backward option is enabled, the dialog emits fi ndPrevi ous() ; otherwise, it emits
findNext().

The si gnal s keyword is actually a macro. The C++ preprocessor converts it into standard C++

before the compiler sees it. @ :: CaseSensi tivity is an enum type that can take the values
Q ::CaseSensitive and Q:: Casel nsensitive.

16 private slots:

17 voi d finddicked();

18 voi d enabl eFi ndButton(const QString & ext);
19 private:

20 QLabel *1 abel;

21 QLineEdit *lineEdit;

22 QCheckBox *caseCheckBox;

23 QCheckBox *backwar dCheckBox;
24 QPushButton *fi ndButt on;

25 QPushButton *cl oseButton;

26 };

27 #endif

In the class's private section, we declare two slots. To implement the slots, we will heed to access
most of the dialog's child widgets, so we keep pointers to them as well. The sl ot s keyword is, like
si gnal s, @ 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 now look at fi nddi al og. cpp, which contains the implementation of the Fi ndDi al og class.

1 #include <Q CGui>
2 #include "finddial og. h"

First, we include <@ cui >, 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 are QtCore,
QtGui, QtNetwork, QtOpenGL, QtSql, QtSvg, and QtXml. The <Q Gui > header file contains the
definition of all the classes that are part of the QtCore and QtGui modules. Including this header
saves us the bother of including every class individually.

In filedial og. h, instead of including <Qbi al og> and using forward declarations for QCheckBox, QLabel ,
QLi neEdi t, and QPushBut t on, we could simply have included <@ Gui >. However, it is generally bad
style to include such a big header file from another header file, especially in larger applications.

3 FindDi al og: : Fi ndDi al og( QW dget *parent)

4 QDi al og( parent)

5 {

6 | abel = new Q.abel (tr("Find &what:"));

7 lineEdit = new QLineEdit;

8 | abel - >set Buddy( | i neEdit);

9 caseCheckBox = new QCheckBox(tr("Match &case"));
10 backwar dCheckBox = new QCheckBox(tr("Search &backward"));
11 findButton = new QPushButton(tr("&Find"));

12 findButton->setDefault(true);
13 findButton->set Enabl ed(fal se);
14 cl oseButton = new QPushButton(tr("C ose"));

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

In the string literals, we use ampersands ('&') to indicate shortcut keys. For example, line 11 creates
a Find 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. A buddy 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 calling set Def aul t (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(enabl eFi ndButton(const QString &)));
17 connect (findButton, SIGNAL(clicked()),

18 this, SLOT(findCicked()));

19 connect (cl oseButton, SIGNAL(clicked()),



20 this, SLOT(close()));

The private slot enabl eFi ndButt on(const QString & is called whenever the text in the line editor
changes. The private slot fi ndd i cked() is called when the user clicks the Find button. The dialog
closes itself when the user clicks Close. The cl ose() slot is inherited from QW dget , and its default
behavior is to hide the widget from view (without deleting it). We will look at the code for the
enabl eFi ndButton() and findd i cked() slots later on.

Since Qbj ect is one of Fi ndDi al og's ancestors, we can omit the Qbj ect:: prefix in front of the
connect () calls.

21 (HBoxLayout *topLeftlLayout = new QHBoxLayout ;
22 topLeft Layout - >addW dget (| abel ) ;

23 topLeftLayout - >addW dget (1 i neEdit);

24 QvBoxLayout *|eftlLayout = new QvVBoxLayout;
25 | ef t Layout - >addLayout (t opLeft Layout);

26 | ef t Layout - >addW dget (caseCheckBox) ;

27 | ef t Layout - >addW dget ( backwar dCheckBox) ;

28 QvBoxLayout *rightLayout = new QvBoxLayout;
29 ri ght Layout - >addW dget (fi ndButton);

30 ri ght Layout - >addW dget (cl oseBut t on) ;

31 ri ght Layout - >addStretch();

32 (HBoxLayout *mai nLayout = new QHBoxLayout ;
33 mai nLayout - >addLayout (| eft Layout ) ;

34 mai nLayout - >addLayout (ri ght Layout) ;

35 set Layout (mai nLayout) ;

Next, we lay out the child widgets using layout managers. Layouts can contain both widgets and
other layouts. By nesting QHBoxLayout S, QvBoxLayout S, and Q& i dLayout S in various combinations, it is
possible to build very sophisticated dialogs.

For the Find dialog, we use two QHBoxLayout s and two QvBoxLayout s, as shown in Figure 2.2. The
outer layout is the main layout; it is installed on the Fi ndDi al og 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
of Figure 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
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One subtle aspect of the layout manager classes is that they are not widgets. Instead, they inherit
QLayout , which in turn inherits Qbj ect . 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 in Figure 2.3.

Figure 2.3. The Find dialog's parentchild relationships
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36 set WndowTitle(tr("Find"));
37 set Fi xedHei ght (si zeHi nt (). 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 in the dialog that can meaningfully occupy any extra vertical
space. The QW dget : : si zeHi nt () function returns a widget's "ideal" size.

This completes the review of Fi ndDi al og's constructor. Since we used new to create the dialog's
widgets and layouts, it would seem that we need to write a destructor that calls del et e 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
Fi ndDi al og.

Now we will look at the dialog's slots:

39 void FindDi al og::finddicked()

40 {

41 @String text = lineEdit->text();

42 Q::CaseSensitivity cs =

43 caseCheckBox->i sChecked() ? Q:: CaseSensitive
44 . Q::Caselnsensitive;
45 i f (backwar dCheckBox->i sChecked()) {

46 emt findPrevious(text, cs);

47 } else {

48 emt findNext(text, cs);

49 }

50 }

51 void FindDi al og:: enabl eFi ndButton(const QString &t ext)

52 {

53 findButton->set Enabl ed(!text.isEnpty());

54 }

The finddicked() slot is called when the user clicks the Find button. It emits the fi ndPrevi ous() or
the fi ndNext () signal, depending on the Search backward option. The enit keyword is specific to Qt;
like other Qt extensions it is converted into standard C++ by the C++ preprocessor.

The enabl eFi ndBut t on() 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 a mai n. cpp file to test our Fi ndDi al og
widget:

1 #include <QApplication>

2 #include "finddial og. h"

3 int main(int argc, char *argv[])

4 {

5 QAppl i cation app(argc, argv);

6 Fi ndDi al og *di al og = new Fi ndDi al og;
7 di al og- >show() ;

8 return app. exec();

9}

To compile the program, run gnake as usual. Since the Fi ndDi al og class definition contains the
Q OBJECT macro, the makefile generated by gnake will include special rules to run noc, Qt's meta-
object compiler. (Qt's meta-object system is covered in the next section.)

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

Classes that use the Q OBJECT macro must have noc run on them. This isn't a problem because gnake
automatically adds the necessary rules to the makefile. But if you forget to regenerate your makefile
using gmake and noc 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*)':
lusr/lib/qt/src/corelib/global/qglobal.h:1430: undefined reference to
" FindDi al og: : stati cMet albj ect

Visual C++'s output starts like this:

finddial og. obj : error LNK2001: unresol ved external synbol
"public:~virtual int __thiscall MO ass::qt_netacall (enum Qvet albj ect
:Call,int,void * *)"

If this ever happens to you, run gmake 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 using QW dget : : set TabOrder () .

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.

In Chapter 3, we will use the Find dialog inside a real application, and we will connect the
findPrevious() and findNext () 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.

The connect () statement looks like this:

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

where sender and recei ver are pointers to Qbj ect s and where si gnal and sl ot are function
signatures without parameter names. The SI GNAL() and SLOT() 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(val ueChanged(int)),

. spi nBox, SLOT(setValue(int)));
. connect (slider, SIGNAL(val ueChanged(int)),
. this, SLOT(updateStatusBarlndicator(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 (I cd, SIGNAL(overflow()),

. this, SLOT(handl eMathError()));
. connect (cal cul ator, SIGNAL(di visionByZero()),
. this, SLOT(handl eMathError()));

When either signal is emitted, the slot is called.
e A signal can be connected to another signal:

. connect (1ineEdit, 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.

e Connections can be removed:

. di sconnect (1 cd, SIGNAL(overflow)),
. this, SLOT(handl eMathError()));



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 mechanism itself is implemented in
Qbj ect and isn't limited to GUI programming. The mechanism can be used by any Qbj ect subclass:

cl ass Enpl oyee : public QObject

Q OBJECT
public:

Enmpl oyee() { nySalary = 0; }

int salary() const { return nySalary; }
public slots:

void setSal ary(int newSal ary);

signal s:

voi d sal aryChanged(i nt newSal ary);
private:

int nySalary;
b
voi d Enpl oyee: :setSal ary(int newSal ary)
{

if (newSalary !'= nySal ary) {
nmySal ary = newSal ary;
emt sal aryChanged(nySal ary);

Notice how the set Sal ary() slot is implemented. We only emit the sal ary- Changed() signal if
newSal ary ! = nySal ary. 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 the meta-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" about Qoj ect subclasses at run-time, including the list of signals and slots
supported by the object and its class name. The mechanism also supports properties
(for Qt 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, noc, that
parses Q OBJECT class definitions and makes the information available through C++
functions. Since noc implements all its functionality using pure C++, Qt's meta-object
system works with any C++ compiler.

The mechanism works as follows:

e The Q OBJECT macro declares some introspection functions that must be
implemented in every Qdbj ect subclass: net abj ect(), TR(), qt _netacal | (), and a
few more.

e Qt's noc tool generates implementations for the functions declared by Q OBJECT
and for all the signals.

e Qbj ect member functions such as connect () and di sconnect () use the
introspection functions to do their work.

All of this is handled automatically by gmake, noc, and Qbj ect, so you rarely need to
think about it. But if you are curious, you can check out the Qwet atbj ect class
documentation and have a look at the C++ source files generated by noc 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 using Qt Designer end up as C++ code, so Qt Designer can be used with a
conventional tool chain and imposes no special requirements on the compiler.

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

e Create and initialize the child widgets.
e Put the child widgets in layouts.

e Set the tab order.

e Establish signalslot connections.

e Implement the dialog's custom slots.

Figure 2.4. The Go-to-Cell dialog
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To launch Qt Designer, click Qt by Trolltech v4.x.y|Designer in the Start menu on Windows, type
desi gner on the command line on Unix, or double-click Designer in the Mac OS X Finder. When Qt
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 from Qt
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 in Qt Designer as a blue spring.

Figure 2.5. Qt Designer in docked window mode on Windows
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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
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Set each widget's properties using Qt Designer's property editor:

1.

N

Click the text label. Make sure that its obj ect Nane property is "label" and set the t ext
property to "&Cell Location:".

Click the line editor. Make sure that the obj ect Nane property is "lineEdit".

Click the first button. Set the obj ect Name property to "okButton", the enabl ed property to
"false", the text property to "OK", and the default property to "true".

Click the second button. Set the obj ect Nane property to "cancelButton" and the t ext property
to "Cancel".

Click the form's background to select the form itself. Set obj ect Nane to "GoToCellDialog" and
wi ndowTi t | e 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 show Cell 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
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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 the form is run.



Figure 2.8. The form with the layouts
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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
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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 as got ocel | di al og. ui in a directory called got ocel | , and create a mai n. cpp file in the
same directory using a plain text editor:

#i ncl ude <QApplication>
#i ncl ude <QDi al og>
#i ncl ude "ui _gotocel | di al og. h"
int main(int argc, char *argv[])
{
QAppl i cation app(argc, argv);
Ui ::GoToCel I Di al og ui;
Qi al og *di al og = new QD al og;
ui . setupU (di al og);
di al og->show() ;
return app.exec();

Now run gmake to create a . pro file and a makefile (qmake -project; gmake goto-cell.pro). The gmake
tool is smart enough to detect the user interface file got o-cel | di al og. ui and to generate the
appropriate makefile rules to invoke ui ¢, Qt's user interface compiler. The ui ¢ tool converts

got ocel | di al og. ui into C++ and puts the result in ui _got ocel | di al og. h.

The generated ui _got ocel | di al og. h file contains the definition of the Ui : : GoToCel I Di al og class, which
is a C++ equivalent of the got ocel I di al og. ui file. The class declares member variables that store
the form's child widgets and layouts, and a setupUi () function that initializes the form. The
generated class looks like this:

class U ::GoToCel | D al og



{

public:
QLabel *I abel ;
QLineEdit *lineEdit;
Spacer|ltem *spacerltem
QPushBut t on *okButt on;
QPushBut t on *cancel Button;

voi d set upUi (QW dget *wi dget) {
}

The generated class doesn't inherit any Qt class. When we use the form in mai n. cpp, we create a
QDi al og and pass it to setupUi ().

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

e The OK button is always disabled.
e The Cancel button does nothing.
e 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 both QDi al og and Ui : : GoToCel | - Di al og 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
ui c-generated class but without the Ui : : prefix.

Using a text editor, create a file called got ocel | di al og. h that contains the following code:

#i f ndef GOTOCELLDI ALOG H

#defi ne GOTOCELLDI ALOG H

#i ncl ude <QDi al og>

#i ncl ude "ui _gotocelldial og. h"

class GoToCel I Dialog : public Qb alog, public U::GoToCell D al og

Q OBJECT
public:

CGoToCel | D al og( QN dget *parent = 0);
private slots:

void on_lineEdit_textChanged();
}H

#endi f

The implementation belongs in got ocel I di al og. cpp:

#i ncl ude <Qt Gui >
#i ncl ude "gotocell di al og. h"
GoToCel | Di al og: : GoToCel | Di al og( QN dget *parent)

Qi al og( parent)
{

setupUi (this);

QRegExp regExp("[A-Za-z][1-9][0-9]{0, 2}");

i neEdit->setVal i dat or(new QRegExpVal i dat or (regExp, this));
connect (okButton, SIGNAL(clicked()), this, SLOT(accept()));
connect (cancel Button, SIGNAL(clicked()), this, SLOI(reject()));

}
voi d GoToCel | Di al og: : on_IlineEdit_textChanged()
{



okBut t on- >set Enabl ed(| i neEdi t - >hasAccept abl el nput ());

In the constructor, we call set upUi () to initialize the form. Thanks to multiple inheritance, we can
access Ui :: GoToCel | Di al og's members directly. After creating the user interface, setupui () will also
automatically connect any slots that follow the naming convention on_obj ect Name_si gnal Nane() to
the corresponding obj ect Nane's si gnal Nane() signal. In our example, this means that set upUi () 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: Q nt Val i dat or, QDoubl eVal i dat or, and QrRegExpVal i dat or. Here we use a
QRegExpVal i dat or 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 the QregExp class
documentation.)

By passing t hi s to the QRegExpVal i dat or constructor, we make it a child of the GoToCel | Di al og
object. By doing so, we don't have to worry about deleting the QRegExpVal i dat or later; it will be
deleted automatically when its parent is deleted.

Qt's parentchild mechanism is implemented in Qoj ect . 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, and so 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 with new and that have no
parent. And if we delete a 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 to Qbi al og's accept () slot and the Cancel
button to the rej ect () slot. Both slots close the dialog, but accept () sets the dialog's result value to
QDi al og: : Accept ed (which equals 1), and rej ect () sets the value to QDi al og: : Rej ect ed (which equals
0). When we use this dialog, we can use the result value to see if the user clicked OK and act
accordingly.

The on_l i neEdi t _t ext Changed() slot enables or disables the OK button, according to whether the line
edit contains a valid cell location. Qi neEdi t: : hasAccept abl el nput () uses the validator we set in the
constructor.

This completes the dialog. We can now rewrite mai n. cpp to use it:

#i ncl ude <QApplication>

#i ncl ude "gotocell di al og. h"

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
GoToCel | Di al og *di al og = new GoToCel | Di al og;
di al og->show() ;



return app.exec();

Rebuild the application (qmake - proj ect; gmake gotocel | .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 using Qt 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. With Qt
Designer, no time is lost since ui ¢ 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 the ui c-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 are extension dialogs and multi-page dialogs. Both types of dialog can
be implemented in Qt, either purely in code or using Qt 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 use Qt Designer to
create the extension dialog shown in Figure 2.10.

Figure 2.10. The Sort dialog with simple and extended appearances
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The dialog is a Sort dialog in a spreadsheet 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 in Qt Designer, and hide the secondary and



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

1.
2.

Click File|[New Form and choose the "Dialog with Buttons Right" template.

Create the More button and drag it into the vertical layout, below the vertical spacer. Set the
More button's text property to "&More", and its checkabl e property to "true". Set the OK
button's def aul t property to "true".

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

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 in Figure 2.11 (a).

Figure 2.11. Laying out the group box's children in a grid
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Drag the right edge of the second combobox to make it about twice as wide as the first
combobox.

Set the group box's titl e property to "&Primary Key", the first label's t ext property to
"Column:", and the second label's t ext property to "Order:".

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

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

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 in Figure 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.
2.

AW

Make the dialog window tall enough for the extra parts.

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.

Change their titl e properties to "&Secondary Key" and "&Tertiary Key".

Create one vertical spacer and place it between the primary key group box and the
secondary key group box.

Arrange the widgets in the grid-like pattern shown in Figure 2.12 (a).

Figure 2.12. Laying out the form's children in 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 match Figure 2.12 (b).
7. Set the two vertical spacer items' si zeHi nt 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 in Figure 2.13.

Figure 2.13. Naming the form's widgets

View full size image]

Ei=- Untitled*
— Brimary Key

primaryColumnCombo CDlu-mrL, NDHE x }m.wwmwl Ao
primaryOrderCombo Order: Eﬁs«:endmg | E
_________ T

primaryGroupBox okButton

cancelButton

IIIIIIIIII%IIIZIZIZI Niora én—-moreButtﬂﬂ

- Key ————
secondaryGroupBox —5= =EERREREY ey AR E R A AR R

secondaryColumnCombo -—S2umn [None [=] pumsmanf |* =770

secondaryOrderCombo Order: w S

tertiaryGroupBox ——ge|  1orHiary Key EemEeEas

tertiaryColumnCombo Columr]_E: irm.wm| T R T

tertiaryOrderCombo Order: ,, i

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



OK, Cancel, and More buttons on the right side. Click Edit|Edit Widgets to leave tab order mode.

Now that the form has been designhed, we are ready to make it functional by setting up some
signalslot connections.Qt Designer allows us to establish connections between widgets that are part
of the same form. We need to establish two connections.

Click Edit|Edit Signals/Slots to enter Qt Designer's connection mode. Connections are represented
by blue arrows between the form's widgets. Because we chose the "Dialog with Buttons Right"
template, the OK and Cancel buttons are already connected to Qi al og's accept () and reject ()
slots. Connections are also listed in Qt Designer's signal/slot editor window.

To establish a connection between two widgets, click the sender widget and drag the red arrow line
to the receiver widget, then release. This pops up a dialog that allows you to choose the signal and
the slot to connect.

Figure 2.14. Connecting the form's widgets
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The first connection to establish is between the noreButt on and the secondary- G oupBox. Drag the red
arrow line between these two widgets, then choose t oggl ed(bool ) as the signal and

set Vi si bl e(bool ) as the slot. By default,Qt Designer doesn't list set Vi si bl e(bool ) in the list of
slots, but it will appear if you enable the Show all signals and slots option.

Figure 2.15. Qt Designer's connection editor
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The second connection is between the noreButton's t oggl ed(bool ) signal and the terti aryG oupBox's
set Vi si bl e(bool ) slot. Once the connections have been made, click Edit|Edit Widgets to leave
connection mode.

Save the dialog as sortdi al og. ui in a directory called sort. To add code to the form, we will use the
same multiple inheritance approach that we used for the Go-to-Cell dialog in the previous section.

First, create a sortdi al og. h file with the following contents:

#i f ndef SORTDI ALOG H

#def i ne SORTDI ALOG H

#i ncl ude <Qi al og>

#i nclude "ui _sortdial og. h"

class SortDialog : public QD alog, public U ::SortbDi al og

Q OBJECT
public:

Sort Di al og( QN dget *parent = 0);

voi d set Col umRange( QChar first, QChar |ast);
}
#endi f

Then create sortdi al og. cpp:

1 #include <Q Gui >
2 #include "sortdial og. h"
3 SortDial og:: SortDi al og( QN dget *parent)
4 QDi al og( parent)
5 {
6 setupUi (this);

7 secondar yGr oupBox- >hi de() ;

8 tertiaryG oupBox->hi de();

9
10
11

| ayout () - >set Si zeConstrai nt (QLayout: : Set Fi xedSi ze) ;
set Col umRange(' A", 'Z');

}
12 void SortDi al og: : set Col umRange( QChar first, QChar I|ast)

13 {

14 pri mar yCol unmConbo- >cl ear () ;
15 secondar yCol ummConbo- >cl ear () ;
16 tertiaryCol umConbo->cl ear();

17 secondar yCol umConbo- >addl ten{tr (" None"));



18 tertiaryCol umConbo->addlten(tr("None"));

19 pri mar yCol uimConbo- >set M ni nunti ze(

20 secondar yCol umConbo- >si zeHi nt ()) ;

21 QChar ch = first;

22 while (ch <= last) {

23 pri mar yCol ummConbo- >addl ten{ QStri ng(ch));
24 secondar yCol umConbo- >addl t en{ QStri ng(ch));
25 tertiaryCol umConbo->addlten(QString(ch));
26 ch = ch.unicode() + 1;

27 }

28 }

The constructor hides the secondary and tertiary parts of the dialog. It also sets the si zeConstrai nt
property of the form's layout to QLayout : : Set Fi xedSi ze, making the dialog non-resizable by the user.
The layout then takes over the responsibility for resizing, and resizes the dialog automatically when
child widgets are shown or hidden, ensuring that the dialog is always displayed at its optimal size.

The set Col unmRange() slot initializes the contents of the comboboxes based on the selected columns
in the spreadsheet. We insert a "None" item in the comboboxes for the (optional) secondary and
tertiary keys.

Lines 19 and 20 present a subtle layout idiom. The QW dget: : si zeHi nt () function returns a widget's
"ideal" size, which the layout system tries to honor. This explains why different kinds of widgets, or
similar widgets with different contents, may be assigned different sizes by the layout system. For
comboboxes, this means that the secondary and tertiary comboboxes, which contain "None", end up
larger than the primary combobox, which contains only single-letter entries. To avoid this
inconsistency, we set the primary combobox's minimum size to the secondary combobox's ideal
size.

Here is a mai n() test function that sets the range to include columns 'C' to 'F' and then shows the
dialog:

#i ncl ude <QApplication>
#i ncl ude "sortdial og. h"
int main(int argc, char *argv[])

{
QAppl i cation app(argc, argv);
SortDi al og *di al og = new SortDi al og;
di al og- >set Col uymRange(' C , 'F');
di al og->show() ;
return app. exec();
}

That completes the extension dialog. As the example illustrates, an extension dialog isn't much more
difficult to design than a plain dialog: All we needed was a toggle button, a few extra signalslot
connections, and a non-resizable layout. In production applications, it is quite common for the
button that controls the extension to show the text Advanced >>> when only the basic dialog is
visible and Advanced <<< when the extension is shown. This is easy to achieve in Qt by calling

set Text () on the QPushButton whenever it is clicked.

The other common type of shape-changing dialogs, multi-page dialogs, are even easier to create in
Qt, either in code or using Qt Designer. Such dialogs can be built in many different ways.

e A QrabW dget can be used in its own right. It provides a tab bar along the top that controls a
built-in Qst ackedW dget .

e A Q.istWdget and a @St ackedW dget can be used together, with the Qi st- W dget 's current
item determining which page the Qst ackedW dget shows, by connecting the
QLi st Wdget : : current RowChanged() signal to the Qst ackedW dget : : set Current | ndex() slot.



e A QreeWdget can be used with a Qst ackedW dget in a similar way to a QLi st W dget .

The Qst ackedW dget class is covered in Chapter 6 (Layout Management).

Dynamic Dialogs

Dynamic dialogs are dialogs that are created from Qt Designer . ui files at run-time. Instead of
converting the . ui file to C++ code using ui c, we can load the file at run-time using the QUi Loader
class:

QUi Loader ui Loader;

File file("sortdialog.ui");

QW dget *sortDial og = ui Loader. | oad(&file);
if (sortDialog) {

}

We can access the form's child widgets using Qobj ect: : fi ndChi |l d<T>() :

QConboBox *pri maryCol utmConbo =
sort Di al og->fi ndChi | d<QConboBox *>("pri maryCol utmConbo") ;
i f (primaryCol umConbo) {

}

The findChil d<T>() function is a template member function that returns the child object that
matches the given name and type. Because of a compiler limitation, it is not available for MSVC 6. If
you need to use the MSVC 6 compiler, call the gFi ndChi | d<T>() global function instead, which works
exactly the same way.

The QUi Loader class is located in a separate library. To use QUi Loader from a Qt application, we must
add this line to the application's . pro file:

CONFI G += uitools

Dynamic dialogs make it possible to change the layout of a form without recompiling the application.
They can also be used to create thin-client applications, where the executable merely has a front-
end form built-in and all other forms are created as required.

Built-in Widget and Dialog Classes

Qt provides a complete set of built-in widgets and common dialogs that cater for most situations. In
this section, we present screenshots of almost all of them. A few specialized widgets are deferred
until later: Main window widgets such as QvenuBar, QTool Bar, and QSt at usBar are covered in Chapter
3, and layout-related widgets such as Qsplitter and QScrol | Area are covered in Chapter 6. Most of
the built-in widgets and dialogs are used in the examples presented in this book. In the screenshots
below, the widgets are shown using the Plastique style.

Figure 2.16. Qt's button widgets



. —
[ oK J ;ii_J ® Match case () Ascending

L Cancel | i L*:’ | Search backward @ Descending
QPushButton QToolButton OCheckBox QRadioButton

Qt provides four kinds of "buttons": QPushBut t on, QTool Butt on, QCheckBox, and QRadi oBut t on.
QPushBut t on and QTool Butt on are most commonly used to initiate an action when they are clicked,
but they can also behave like toggle buttons (click to press down, click to restore). QCheckBox can be
used for independent on/off options, whereas Qradi oBut t ons are normally mutually exclusive.

Figure 2.17. Qt's single-page container widgets
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Qt's container widgets are widgets that contain other widgets. QFrane can also be used on its own to
simply draw lines and is inherited by many other widget classes, including Qrool Box and Q.abel .

Figure 2.18. Qt's multi-page container widgets
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QrabW dget and Qrool Box are multi-page widgets. Each page is a child widget, and the pages are
numbered from 0.

Figure 2.19. Qt's item view widgets
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The item views are optimized for handling large amounts of data and often use scroll bars. The scroll
bar mechanism is implemented in QAbstract Scrol | Area, a base class for item views and other kinds

of scrollable widgets.

Qt provides a few widgets that are used purely for displaying information. QLabel is the most
important of these, and it can be used for showing rich text (using a simple HTML-like syntax) and

images.

Qrext Browser is a read-only Qrext Edi t subclass that has basic HTML support including lists, tables,
images, and hypertext links.Qt Assistant uses QText Browser to present documentation to the user.

Figure 2.20. Qt's display widgets
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Qt provides several widgets for data entry. QLi neEdi t can restrict its input using an input mask or a



validator. Qrext Edi t is a QAbstract Scrol | Area subclass capable of editing large amounts of text.

Figure 2.21. Qt's input widgets
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Qt provides the standard set of common dialogs that make it easy to ask the user to select a color,
font, or file, or to print a document.

Figure 2.22. Qt's color dialog and font dialog
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On Windows and Mac OS X, Qt uses the native dialogs rather than its own common dialogs when
possible.

Figure 2.23. Qt's file and print dialogs
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Qt provides a versatile message box and an error dialog that remembers which messages it has
shown. The progress of time-consuming operations can be indicated using QProgr essDi al og or using
the QProgressBar shown earlier. Q nput Di al og is very convenient when a single line of text or a single
number is required from the user.

A lot of ready-to-use functionality is provided by the built-in widgets and common dialogs. More

specialized requirements can often be satisfied by setting widget properties, or by connecting signals
to slots and implementing custom behavior in the slots.

Figure 2.24. Qt's feedback dialogs

iew full size image]

- Megsage Board ? x == Data Converter

Enter your name: Loadmg medal3d dat...
(Lo . Owen J| | 0
[ox ][ cancel ] Cancel
OInputDialog QProgress0ialog
if yeu're backing up to a flappy, have a blank, R | ; .
formatted disk with a label ready. \l) | Errar-nG0:

The remote access server is not responding,

Alternate betwean two disks instead of abways
backing ug to the same disk.

Are you ready to continue with Backup? ® i ek

e [ e | =]

(MessageBox QErrorHessage

In some situations, it may be desirable to create a custom widget from scratch. Qt makes this
straightforward, and custom widgets can access all the same platform-independent drawing
functionality as Qt's built-in widgets. Custom widgets can even be integrated with Qt Designer so
that they can be used in the same way as Qt's built-in widgets. Chapter 5 explains how to create
custom widgets.



Chapter 3. Creating Main Windows

e Subclassing QMainWindow

e Creating Menus and Toolbars
- Setting Up the Status Bar

e Implementing the File Menu
e Using Dialogs

e Storing Settings

e Multiple Documents

e Splash Screens

This chapter will teach you how to create main windows using Qt. By the end, you will be able to
build an application's entire user interface, complete with menus, toolbars, status bar, and as many
dialogs as the application requires.

An application's main window provides the framework upon which the application's user interface is
built. The main window for the Spreadsheet application shown in Figure 3.1 will form the basis of
this chapter. The Spreadsheet application makes use of the Find, Go-to-Cell, and Sort dialogs that
we created in Chapter 2.

Figure 3.1. Spreadsheet application
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Behind most GUI applications lies a body of code that provides the underlying functionalityfor
example, code to read and write files or to process the data presented in the user interface. In
Chapter 4, we will see how to implement such functionality, again using the Spreadsheet application
as our example.



Subclassing QMainWindow

An application's main window is created by subclassing Qvai nW ndow. Many of the techniques we saw
in Chapter 2 for creating dialogs are also relevant for creating main windows, since both Qbi al og and
QVhi nW ndow inherit from QW dget .

Main windows can be created using Qt Designer, but in this chapter we will do everything in code
to demonstrate how it's done. If you prefer the more visual approach, see the "Creating Main
Windows in Qt Designer" chapter in Qt Designer's online manual.

The source code for the Spreadsheet application's main window is spread across mai nwi ndow. h and
mai nwi ndow. cpp. Let's start with the header file:

#i f ndef MAI NW NDOW H

#defi ne MAI NW NDOW H

#i ncl ude <Qvai nW ndow>

class QAction;

cl ass Q.abel ;

cl ass Fi ndDi al og;

cl ass Spreadsheet;

cl ass Mai nW ndow : public Qvai nW ndow

Q OBJECT
public:
Mai nW ndow( ) ;
pr ot ect ed:
voi d cl oseEvent (QCl oseEvent *event);

We define the class Mai nW ndow as a subclass of Qvai nW ndow. It contains the Q OBJECT macro since it
provides its own signals and slots.

The cl oseEvent () function is a virtual function in QW dget that is automatically called when the user
closes the window. It is reimplemented in Mai nW ndow so that we can ask the user the standard
question "Do you want to save your changes?" and to save user preferences to disk.

private slots:

voi d newFil e();
voi d open();
bool save();
bool saveAs();
void find();
voi d goToCel | ();
voi d sort();
voi d about ();

Some menu options, like File|New and Help|About, are implemented as private slots in Mai nW ndow.
Most slots have voi d as their return value, but save() and saveAs() return a bool . The return value is
ignored when a slot is executed in response to a signal, but when we call a slot as a function the
return value is available to us just as it is when we call any ordinary C++ function.

voi d openRecentFile();

voi d updat eSt at usBar () ;

voi d spreadsheet Modi fied();
private:

voi d createActions();



voi d createMenus();

voi d creat eCont ext Menu() ;

voi d createTool Bars();

voi d createStatusBar();

void readSettings();

void witeSettings();

bool okToConti nue();

bool | oadFile(const QString & il eNane);

bool saveFile(const QString &f il eNane);

void setCurrentFile(const QString &f il eNane);
voi d updat eRecent Fi | eActi ons();

@String strippedNanme(const QString & ull Fil eNane);

The main window needs some more private slots and several private functions to support the user
interface.

Spr eadsheet *spreadsheet;

Fi ndDi al og *fi ndDi al og;
QLabel *| ocationLabel;
QLabel *fornmul aLabel ;
@QStringlList recentFiles;
QString curFile;

enum { MaxRecentFiles =5 };
QAction *recentFil eActi ons[ MaxRecent Fi | es];
QActi on *separatorActi on;
Qvenu *fil eMenu;

Qvenu *edit Menu;

Qrool Bar *fil eTool Bar;
Qrool Bar *edi t Tool Bar;
QActi on *newActi on;
QActi on *openActi on;

QAct i on *about Q Acti on;
s
#endi f

In addition to its private slots and private functions, Mai nW ndow also has lots of private variables. All
of these will be explained as we use them.

We will now review the implementation:

#i ncl ude <Q Gui >

#i nclude "finddial og. h"

#i ncl ude "gotocel |l dial og. h"
#i ncl ude "rmai nwi ndow. h"

#i ncl ude "sortdial og. h"

#i ncl ude "spreadsheet. h"

We include the <@ @ui > header file, which contains the definition of all the Qt classes used in our
subclass. We also include some custom header files, notably fi nddi al og. h, got ocel | di al og. h, and
sortdi al og. h from Chapter 2.

Mai nW ndow. : Mai nW ndow( )
{

spreadsheet = new Spreadsheet;
set Cent ral W dget (spreadsheet);



creat eActions();

creat eMenus();

cr eat eCont ext Menu() ;

creat eTool Bars();

createSt at usBar () ;

readSettings();

findDi al og = O;

set Wndow con(Q con(":/images/icon.png"));
setCurrentFile("");

In the constructor, we begin by creating a Spreadsheet widget and setting it to be the main window's
central widget. The central widget occupies the middle of the main window (see Figure 3.2). The
Spreadsheet class is a Qrabl ew dget subclass with some spreadsheet capabilities, such as support for
spreadsheet formulas. We will implement it in Chapter 4.

Figure 3.2. Qwi nW ndow's areas
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We call the private functions creat eActi ons(), createMenus(), creat eCont ext - Menu() ,
creat eTool Bars(), and creat eSt at usBar () to set up the rest of the main window. We also call the
private function readSet ti ngs() to read the application's stored settings.

We initialize the fi ndDi al og pointer to be a null pointer; the first time Mai nW ndow: : fi nd() is called,
we will create the Fi ndDi al og object.

At the end of the constructor, we set the window's icon to i con. png, a PNG file. Qt supports many
image formats, including BMP, GIF,™ JPEG, PNG, PNM, XBM, and XPM. Calling

QW dget : : set Wndowl con() sets the icon shown in the top-left corner of the window. Unfortunately,
there is no platform-independent way of setting the application icon that appears on the desktop.
Platform-specific procedures are explained at http://doc.trolltech.com/4.1/appicon.html.

1 GIF support is disabled in Qt by default because the decompression algorithm used by GIF files was patented in some countries
where software patents are recognized. We believe that this patent has now expired worldwide. To enable GIF support in Qt, pass
the - gt - gi f command-line option to the conf i gur e script or set the appropriate option in the Qt installer.

GUI applications generally use many images. There are several methods for providing images to the
application. The most common are:

e Storing images in files and loading them at run-time.

e Including XPM files in the source code. (This works because XPM files are also valid C++
files.)

e Using Qt's resource mechanism.

Here we use Qt's resource mechanism because it is more convenient than loading files at run-time,



and it works with any supported image file format. We have chosen to store the images in the
source tree in a subdirectory called i mages.

To make use of Qt's resource system, we must create a resource file and add a line to the . pro file
that identifies the resource file. In this example, we have called the resource file spreadsheet. grc, so
we put the following line in the . pro file:

RESOURCES = spreadsheet.grc

The resource file itself uses a simple XML format. Here's an extract from the one we have used:

<! DOCTYPE RCC><RCC version="1.0">
<gr esour ce>
<fil e>i mages/icon.png</file>

<fil e>i mages/ gotocell.png</file>
</ qresour ce>
</ RCC>

Resource files are compiled into the application's executable, so they can't get lost. When we refer
to resources, we use the path prefix :/ (colon slash), which is why the icon is specified as
:/images/icon. png. Resources can be any kind of file (not just images), and we can use them in
most places where Qt expects a file name. They are covered in more detail in Chapter 12.

Creating Menus and Toolbars

Most modern GUI applications provide menus, context menus, and toolbars. The menus enable
users to explore the application and learn how to do new things, while the context menus and
toolbars provide quick access to frequently used functionality.

Figure 3.3. The Spreadsheet application's menus

— L-—-—-—--g—l‘ew'uHSIZE"imaE" —— S—
| e | | Edit | Tools Dpiions | | Help |
[ Hew Coi+N o Cuf Crrl+x Bacalculate Fo | | 3 Show Grid fbout
B Spen.. i+ PGPy Ctrl+C St B Auto-racaloulate About Ot
2 Cui+s [ Baste Crl-+w

Save A, Delate Gl

1 pepulation.sp Salect v o

2 Report 2006.5p & Bnd.. Ctr+F Calumn

Exk g & Gotocel.. 5 Al ctd+a

Qt simplifies the programming of menus and toolbars through its action concept. An action is an
item that can be added to any number of menus and toolbars. Creating menus and toolbars in Qt
involves these steps:

e Create and set up the actions.
e Create menus and populate them with the actions.
e Create toolbars and populate them with the actions.

In the Spreadsheet application, actions are created in creat eActi ons() :

voi d Mai nW ndow:. : cr eat eActi ons()

{



newAction = new QAction(tr("&\New'), this);

newAct i on->setlcon(Q con(":/inmages/ new. png"));

newAct i on->set Shortcut (tr("Ctrl +N'));

newAct i on->set StatusTi p(tr("Create a new spreadsheet file"));
connect (newAction, SIGNAL(triggered()), this, SLOT(newrile()));

The New action has an accelerator (New), a parent (the main window), an icon (new. png), a shortcut
key (Ctrl+N), and a status tip. We connect the action's tri ggered() signal to the main window's
private newFi | e() slot, which we will implement in the next section. This connection ensures that
when the user chooses the File|[New menu item, clicks the New toolbar button, or presses Ctri+N,
the newri | e() slot is called.

The Open, Save, and Save As actions are very similar to the New action, so we will skip directly to
the "recently opened files" part of the File menu:

for (int i =0; i < MaxRecentFiles; ++i) {
recentFil eActions[i] = new QAction(this);
recentFil eActions[i]->setVisible(false);
connect (recentFil eActions[i], SIGNAL(triggered()),
this, SLOT(openRecentFile()));

We populate the recent Fi |l eActi ons array with actions. Each action is hidden and connected to the
openRecent Fi l () slot. Later on, we will see how the recent file actions are made visible and used.

We can now skip to the Select All action:

select All Action = new QAction(tr("&All"), this);
sel ect All Acti on->set Shortcut(tr("Ctrl+A"));
sel ect All Action->setStatusTip(tr("Select all the cells in the "
"spreadsheet"));
connect (sel ect Al l Action, SIGNAL(triggered()),
spreadsheet, SLOT(selectAll()));

The sel ect ALl () slot is provided by one of Qrabl ewW dget 's ancestors, QAbstract | t envi ew, SO we do
not have to implement it ourselves.

Let's skip further to the Show Grid action in the Options menu:

showGr i dActi on = new QAction(tr("&Show Gid"), this);
showGri dAct i on- >set Checkabl e(true);
showGri dAct i on- >set Checked(spreadsheet - >showGid());
showGri dActi on->set StatusTi p(tr("Show or hide the spreadsheet's "
"grid'));
connect (showGri dActi on, SI GNAL(toggl ed(bool)),
spreadsheet, SLOT(set ShowG i d(bool)));

Show Grid is a checkable action. It is rendered with a checkmark in the menu and implemented as a
toggle button in the toolbar. When the action is turned on, the Spreadsheet component displays a
grid. We initialize the action with the default for the Spreadsheet component, so that they are
synchronized at startup. Then we connect the Show Grid action's t oggl ed(bool ) signal to the



Spreadsheet component's set ShowGr i d( bool ) slot, which it inherits from Qrabl ew dget . Once this
action is added to a menu or toolbar, the user can toggle the grid on and off.

The Show Grid and Auto-Recalculate actions are independent checkable actions. Qt also supports
mutually exclusive actions through the QActi onGroup class.

;':li);'JUtQZACt ion = new QAction(tr("About & "), this);
about QX Action->setStatusTip(tr("Show the @ Ilibrary's About box"));

connect (about @ Action, SICGNAL(triggered()), gApp, SLOT(aboutQ()));

For the About Qt action, we use the Qapplicati on object's about @ () slot, accessible through the gApp
global variable.

Figure 3.4. About Qt
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Now that we have created the actions, we can move on to building a menu system containing them:

voi d Mai nW ndow: : cr eat eMenus()

{
fileMenu = nmenuBar () ->addMenu(tr("&File"));
fil eMenu->addActi on(newActi on);
fil eMenu->addActi on(openAction);
fileMenu->addActi on(saveActi on);
fil eMenu->addActi on(saveAsActi on);
separatorAction = fil eMenu->addSeparat or () ;
for (int i = 0; i < MaxRecentFiles; ++i)

fil eMenu->addAction(recentFileActions[i]);

fileMenu->addSeparator();
fileMenu->addActi on(exitAction);

In Qt, menus are instances of Qvenu. The addMenu() function creates a Qvenu widget with the
specified text and adds it to the menu bar. The Qvai nW ndow: : menuBar () function returns a pointer to
a QwvenuBar . The menu bar is created the first time nenuBar () is called.



We start by creating the File menu and then add the New, Open, Save, and Save As actions to it.
We insert a separator to visually group closely related items together. We use a for loop to add the
(initially hidden) actions from the recent Fi | eActi ons array, and then add the exit Acti on action at
the end.

We have kept a pointer to one of the separators. This will allow us to hide the separator (if there are
no recent files) or to show it, since we do not want to show two separators with nothing in between.

edi t Menu = nmenuBar () - >addMenu(tr("&Edit"));
edi t Menu- >addAct i on(cut Acti on);
edi t Menu- >addAct i on( copyActi on);

edi t Menu- >addAct i on( past eActi on);

edi t Menu- >addAct i on(del et eActi on);

sel ect SubMenu = edi t Menu- >addMenu(tr("&Sel ect"));
sel ect SubMenu- >addAct i on(sel ect RowAct i on);

sel ect SubMenu- >addAct i on(sel ect Col utmActi on);

sel ect SubMenu- >addActi on(sel ect Al | Acti on);

edi t Menu- >addSepar at or () ;

edi t Menu- >addAct i on(findAction);

edi t Menu- >addAct i on(goToCel | Acti on);

Now we create the Edit menu, adding actions with Qvenu: : addActi on() as we did for the File menu,
and adding the submenu with Qvenu: : addMenu() at the position where we want it to appear. The
submenu, like the menu it belongs to, is a Qvenu.

tool sMenu = nenuBar () - >addMenu(tr (" &Tool s"));

t ool sMenu->addActi on(recal cul at eActi on);

t ool sMenu->addAction(sortAction);

optionsMenu = nenuBar () - >addMenu(tr (" &0Options"));
opti onsMenu- >addAct i on(showGr i dActi on);

opti onsMenu- >addAct i on(aut oRecal cActi on);

menuBar () - >addSepar at or () ;

hel pMenu = nmenuBar () - >addMenu(tr (" &Hel p"));

hel pMenu- >addAct i on(about Acti on);

hel pMenu- >addAct i on(about Q@ Acti on);

We create the Tools, Options, and Help menus in a similar fashion. We insert a separator between
the Options and Help menu. In Motif and CDE styles, the separator pushes the Help menu to the
right; in other styles, the separator is ignored.

Figure 3.5. Menu bar in Motif and Windows styles
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voi d Mai nW ndow: : cr eat eCont ext Menu()
{
spreadsheet - >addAct i on(cut Acti on);
spreadsheet - >addAct i on( copyActi on);
spreadsheet - >addAct i on( past eAction);
spreadsheet - >set Cont ext MenuPol i cy(Q :: Acti onsCont ext Menu) ;



Any Qt widget can have a list of QActi ons associated with it. To provide a context menu for the
application, we add the desired actions to the Spreadsheet widget and set that widget's context
menu policy to show a context menu with these actions. Context menus are invoked by right-
clicking a widget or by pressing a platform-specific key.

Figure 3.6. The Spreadsheet application's context menu
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A more sophisticated way of providing context menus is to reimplement the
QW dget : : cont ext MenuEvent () function, create a Qvenu widget, populate it with the desired actions,
and call exec() on it.

voi d Mai nW ndow:. : cr eat eTool Bar s()

{
fileTool Bar = addTool Bar(tr("&File"));

fileTool Bar->addActi on( newActi on);
fileTool Bar->addActi on( openActi on);
fileTool Bar->addActi on(saveActi on);

edi t Tool Bar = addTool Bar (tr("&Edit"));
edi t Tool Bar - >addAct i on(cut Acti on);

edi t Tool Bar - >addAct i on( copyActi on);

edi t Tool Bar - >addAct i on( past eActi on);
edi t Tool Bar - >addSepar at or () ;

edi t Tool Bar - >addAct i on(fi ndAction);

edi t Tool Bar - >addAct i on(goToCel | Acti on);

Creating toolbars is very similar to creating menus. We create a File toolbar and an Edit toolbar. Just
like a menu, a toolbar can have separators.

Figure 3.7. The Spreadsheet application's toolbars
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Setting Up the Status Bar

With the menus and toolbars complete, we are ready to tackle the Spreadsheet application's status
bar.

In its normal state, the status bar contains two indicators: the current cell's location and the current
cell's formula. The status bar is also used to display status tips and other temporary messages.

The Mai nW ndow constructor calls creat eSt at usBar () to set up the status bar:



voi d Mai nW ndow. : cr eat eSt at usBar ()

{

| ocati onLabel = new Q.abel (" W99 ");

| ocati onLabel ->set Al'i gnment (Q :: Al'i gnHCenter);

| ocati onLabel - >set M ni nunSi ze(| ocati onLabel - >si zeH nt());

fornul aLabel = new QLabel ;

formul aLabel - >set | ndent ( 3) ;

st at usBar () - >addW dget (| ocati onLabel ) ;

st at usBar () - >addW dget (f or nul aLabel , 1);

connect (spreadsheet, SIGNAL(currentCell Changed(int, int, int, int)),
this, SLOT(updateStatusBar()));

connect (spreadsheet, SIGNAL(nodified()),
this, SLOT(spreadsheetMdified()));

updat eSt at usBar () ;

The Qvai nW ndow. : st at usBar () function returns a pointer to the status bar. (The status bar is created
the first time st at usBar () is called.) The status indicators are simply QLabel s whose text we change
whenever necessary. We have added an indent to the fornul aLabel so that the text shown in it is
offset slightly from the left edge. When the QLabel s are added to the status bar, they are
automatically reparented to make them children of the status bar.

Figure 3.8 shows that the two labels have different space requirements. The cell location indicator
requires very little space, and when the window is re-sized, any extra space should go to the cell
formula indicator on the right. This is achieved by specifying a stretch factor of 1 in the formula
label's Qst at usBar : : addW dget () call. The location indicator has the default stretch factor of 0,
meaning that it prefers not to be stretched.

Figure 3.8. The Spreadsheet application's status bar
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When Qst at usBar lays out indicator widgets, it tries to respect each widget's ideal size as given by
QW dget : : si zeHi nt () and then stretches any stretchable widgets to fill the available space. A
widget's ideal size is itself dependent on the widget's contents and varies as we change the
contents. To avoid constant resizing of the location indicator, we set its minimum size to be wide
enough to contain the largest possible text ("W999"), with a little extra space. We also set its
alignment to @ :: Ali gnHCent er to horizontally center the text.

Near the end of the function, we connect two of Spreadsheet 's signals to two of Mai nW ndow's slots:
updat eSt at usBar () and spreadsheet Modi fied() .

voi d Mai nW ndow. : updat eSt at usBar ()
{

| ocati onLabel - >set Text (spr eadsheet - >current Location());
formul aLabel - >set Text (spreadsheet - >current Fornul a());

The updat eSt at usBar () slot updates the cell location and the cell formula indicators. It is called



whenever the user moves the cell cursor to a new cell. The slot is also used as an ordinary function
at the end of creat eSt at usBar () to initialize the indicators. This is necessary because Spreadsheet
doesn't emit the current Cel | Changed() signal at startup.

voi d Mai nW ndow: : spreadsheet Modi fi ed()

{
set W ndowivbdi fi ed(true);

updat eSt at usBar () ;

The spreadsheet Modi fi ed() slot sets the wi ndowvbdi fi ed property to true, updating the title bar. The
function also updates the location and formula indicators so that they reflect the current state of
affairs.

Implementing the File Menu

In this section, we will implement the slots and private functions necessary to make the File menu
options work and to manage the recently opened files list.

voi d Mai nW ndow: : newFi | e()

if (okToContinue()) {
spreadsheet - >cl ear () ;
setCurrentFile("");

The newFi | e() slot is called when the user clicks the File|New menu option or clicks the New toolbar
button. The okToConti nue() private function asks the user "Do you want to save your changes?" if
there are unsaved changes. It returns true if the user chooses either Yes or No (saving the
document on Yes), and it returns fal se if the user chooses Cancel. The Spreadsheet: : cl ear ()
function clears all the spreadsheet's cells and formulas. The set CurrentFil e() private function
updates the window title to indicate that an untitled document is being edited, in addition to setting
the curFi | e private variable and updating the recently opened files list.

bool Mai nW ndow: : okToCont i nue()
{
if (isWndowvodified()) {
int r = QvessageBox::warning(this, tr("Spreadsheet"),
tr("The docunent has been nodified.\n"
"Do you want to save your changes?"),
QVessageBox: : Yes | QVessageBox:: Default,
QWessageBox: : No,
QvessageBox: : Cancel | QWessageBox: : Escape);
if (r == QWessageBox::Yes) {
return save();
} else if (r == QwvessageBox:: Cancel) {
return fal se;
}
}

return true;



In okToConti nue(), we check the state of the wi ndowModi fi ed property. If it is true, we display the
message box shown in Figure 3.9. The message box has a Yes, a No, and a Cancel button. The
Q\VessageBox: : Def aul t modifier makes Yes the default button. The QwessageBox: : Escape modifier
makes the Esc key a synonym for Cancel.

Figure 3.9. "Do you want to save your changes?"
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The call to war ni ng() may look a bit intimidating at first sight, but the general syntax is
straightforward:

QvessageBox: : war ni ng(parent, title, nessage, buttonO, buttonl, ...);

Q\essageBox also provides i nformation(), question(), and critical (), each of which has its own
particular icon.

Figure 3.10. Message box icons
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voi d Mai nW ndow: : open()

if (okToContinue()) {

@&String fileNane = QFil eDi al og: : get QpenFi | eName(t hi s,
tr("Open Spreadsheet"), ".",
tr("Spreadsheet files (*.sp)"));

if (!fileNane.isEnpty())

| oadFi |l e(fil eName);

The open() slot corresponds to File|Open. Like newFi | e(), it first calls okToConti nue() to handle any
unsaved changes. Then it uses the static convenience function QFi | eDi al og: : get OpenFi | eNane() to
obtain a new file name from the user. The function pops up a file dialog, lets the user choose a file,
and returns the file nameor an empty string if the user clicked Cancel.

The first argument to QFi | eDi al og: : get OpenFi | eNane() is the parent widget. The parentchild
relationship doesn't mean the same thing for dialogs as for other widgets. A dialog is always a
window in its own right, but if it has a parent, it is centered on top of the parent by default. A child
dialog also shares its parent's taskbar entry.



The second argument is the title the dialog should use. The third argument tells it which directory it
should start from, in our case the current directory.

The fourth argument specifies the file filters. A file filter consists of a descriptive text and a wildcard
pattern. Had we supported comma-separated values files and Lotus 1-2-3 files in addition to
Spreadsheet's native file format, we would have used the following filter:

tr("Spreadsheet files (*.sp)\n"
" Comme- separ ated values files (*.csv)\n"
"Lotus 1-2-3 files (*.wkl *.wks)")

The | oadFi | e() private function was called in open() to load the file. We make it an independent
function because we will need the same functionality to load recently opened files:

bool Mai nW ndow: : | oadFi |l e(const QString &fil eNane)

{
if (!spreadsheet->readFile(fileNane)) {
st at usBar () - >showessage(tr ("Loadi ng cancel ed"), 2000);
return false;
}
setCurrentFil e(fil eNane);
st at usBar () - >showessage(tr("Fil e | oaded"), 2000);
return true;
}

We use Spreadsheet: :readFil e() to read the file from disk. If loading is successful, we call

set Current Fil e() to update the window title; otherwise, Spread-sheet:: readFil e() will have already
notified the user of the problem through a message box. In general, it is good practice to let the
lower-level components issue error messages, since they can provide the precise details of what
went wrong.

In both cases, we display a message in the status bar for 2 seconds (2000 milliseconds) to keep the
user informed about what the application is doing.

bool Mai nW ndow: : save()

if (curFile.isEnpty()) {
return saveAs();

} else {
return saveFile(curFile);

}
bool Mai nW ndow: : saveFi |l e(const QString &fil eNane)
{
if (!spreadsheet->witeFile(fileNane)) {
st at usBar () - >showMessage(tr (" Savi ng cancel ed"), 2000);
return false;
}
setCurrentFil e(fil eNane);
st at usBar () - >showiMessage(tr("File saved"), 2000);
return true;
}

The save() slot corresponds to File|Save. If the file already has a name because it was opened
before or has already been saved, save() calls saveFil e() with that name; otherwise, it simply calls



saveAs() .

bool Mai nW ndow: : saveAs()

{

@String fileNane = QFil eDi al og: : get SaveFi | eNane(thi s,
tr("Save Spreadsheet"), ".",
tr("Spreadsheet files (*.sp)"));

if (fileNane.isEmpty())

return fal se;

return saveFil e(fil eNane);

}

The saveAs() slot corresponds to File|Save As. We call GFi | eDi al og: : get SaveFi | e- Name() to obtain a
file name from the user. If the user clicks Cancel, we return f al se, which is propagated up to its
caller (save() or okToConti nue() ).

If the file already exists, the get SaveFi | eName() function will ask the user to confirm that they want
to overwrite. This behavior can be changed by passing QFi | eDi al og: : Dont ConfirnmOverwite as an
additional argument to get SaveFi | e- Nane() .

voi d Mai nW ndow: : cl oseEvent (QCl oseEvent *event)

if (okToContinue()) {
witeSettings();
event - >accept () ;
} else {
event - >i gnore();
}

When the user clicks File|Exit or clicks the close button in the window's title bar, the

QW dget : : cl ose() slot is called. This sends a "close" event to the widget. By reimplementing

QW dget : : cl oseEvent (), we can intercept attempts to close the main window and decide whether we
want the window to actually close or not.

If there are unsaved changes and the user chooses Cancel, we "ignore" the event and leave the
window unaffected by it. In the normal case, we accept the event, resulting in Qt hiding the window.
We also call the private function writeSettings() to save the application's current settings.

When the last window is closed, the application terminates. If needed, we can disable this behavior
by setting QAppl i cation's qui t OnLast W ndowCl osed property to fal se, in which case the application
keeps running until we call Qapplication::quit().

voi d Mai nW ndow: : set CurrentFil e(const QString & il eNane)
{
curFile = fil eNane;
set W ndowMbdi fi ed(fal se);
@QString shownNanme = "Untitled";
if ('curFile.isEmpty()) {
shownNanme = strippedNane(curFile);
recentFiles.renoveAll (curFile);
recent Fil es. prepend(curFile);
updat eRecent Fi | eActions();

}
setWndowTi tle(tr("%[*] - %2").arg(shownNane)
.arg(tr("Spreadsheet")));



QString Mai nW ndow: : stri ppedNanme(const QString & ull Fil eNane)
{

}

return QFilelnfo(full FileNane).fileName();

InsetCurrentFile(), we set the curFil e private variable that stores the name of the file being
edited. Before we show the file name in the title bar, we remove the file's path with stri ppedNane()
to make it more user-friendly.

Every QW dget has a wi ndowMbdi fi ed property that should be set to TRue if the window's document
has unsaved changes, and to f al se otherwise. On Mac OS X, unsaved documents are indicated by a
dot in the close button of the window's title bar; on other platforms, they are indicated by an
asterisk following the file name. Qt takes care of this behavior automatically, as long as we keep the
wi ndowMbdi fi ed property up-to-date and place the marker "[*]" in the window title where we want
the asterisk to appear when it is required.

The text we passed to the set W ndowTi t1 e() function was

tr("9%[*] - 9%").arg(shownNane)
.arg(tr("Spreadsheet"))

The Qstring::arg() function replaces the lowest-numbered "%n" parameter with its argument and
returns the resulting string. In this case, arg() is used with two "%n" parameters. The first call to
arg() replaces "%1"; the second call replaces "%?2". If the file name is "budget.sp" and no
translation file is loaded, the resulting string would be "budget.sp[*] - Spreadsheet".It would have
been easier to write

set WndowTi t| e(shownNane + tr("[*] - Spreadsheet"));

but using arg() provides more flexibility for translators.

If there is a file name, we update recent Fi | es, the application's recently opened files list. We call
renoveAl | () to remove any occurrences of the file name in the list, to avoid duplicates; then we call
prepend() to add the file name as the first item. After updating the list, we call the private function
updat eRecent Fi | eActions() to update the entries in the File menu.

voi d Mai nW ndow: : updat eRecent Fi | eActi ons()
{
QWtabl eStringListlterator i(recentFiles);
while (i.hasNext()) {
if ('QFile::exists(i.next()))
i.renove();

t j =0; j < MaxRecentFiles; ++) {
(j <recentFiles.count()) {
@String text = tr("&4d w®R")
carg(j + 1)
.arg(strippedNanme(recentFiles[j]));
recent Fil eActions[j]->setText(text);
recentFil eActions[j]->setData(recentFiles[j]);
recentFil eActions[j]->setVisible(true);
} else {
recentFil eActions[j]->setVisible(false);
}



separat or Acti on->set Vi sible(!recentFiles.isEmty());

We begin by removing any files that no longer exist using a Java-style iterator. Some files might
have been used in a previous session, but have since been deleted. The recent Fi | es variable is of
type GstringLi st (list of Qstrings). Chapter 11 explains container classes such as Qstri ngLi st in
detail, showing how they relate to the C++ Standard Template Library (STL), and the use of Qt's
Java-style iterator classes.

We then go through the list of files again, this time using array-style indexing. For each file, we
create a string consisting of an ampersand, a digit (j + 1), a space, and the file name (without its
path). We set the corresponding action to use this text. For example, if the first file was C.\ W
Docurment s\t ab04. sp, the first action's text would be "&1 tab04.sp".

Figure 3.11. File menu with recently opened files
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Every action can have an associated "data" item of type Qvari ant. The Qvari ant type can hold values
of many C++ and Qt types; it is covered in Chapter 11. Here, we store the full name of the file in
the action's "data" item so that we can easily retrieve it later. We also set the action to be visible.

If there are more file actions than recent files, we simply hide the extra actions. Finally, if there is at
least one recent file, we set the separator to be visible.

voi d Mai nW ndow. : openRecent Fi |l e()

if (okToContinue()) {
QAction *action = qobject_cast<QAction *>(sender());
if (action)
| oadFi | e(action->data().toString());

When the user chooses a recent file, the openRecent Fi | e() slot is called. The okToConti nue() function
is used in case there are any unsaved changes, and providing the user did not cancel, we find out
which particular action invoked the slot using Qbj ect : : sender () .

The gobj ect _cast <T>() function performs a dynamic cast based on the meta-information generated
by nmoc, Qt's meta-object compiler. It returns a pointer of the requested Qbj ect subclass, or 0 if the
object cannot be cast to that type. Unlike the Standard C++ dynani c_cast <T>(), Qt's



gobj ect _cast <T>() works correctly across dynamic library boundaries. In our example, we use
gobj ect _cast <T>() to cast a Qoj ect pointer to a QActi on pointer. If the cast is successful (it should
be), we call | oadFi | e() with the full file name that we extract from the action's data.

Incidentally, since we know that the sender is a QActi on, the program would still work if we used

static_cast<T>() or a traditional C-style cast instead. Refer to the "Type Conversions" section of
Appendix B for an overview of the different C++ casts.

Using Dialogs

In this section, we will explain how to use dialogs in Qthow to create and initialize them, run them,
and respond to choices made by the user interacting with them. We will make use of the Find, Go-
to-Cell, and Sort dialogs that we created in Chapter 2. We will also create a simple About box.

Figure 3.12. The Spreadsheet application’'s Find dialog
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We will begin with the Find dialog. Since we want the user to be able to switch between the main
Spreadsheet window and the Find dialog at will, the Find dialog must be modeless. A modeless
window is one that runs independently of any other windows in the application.

When modeless dialogs are created,they normally have their signals connected to slots that respond
to the user's interactions.

voi d Mai nW ndow:. : fi nd()

{
if (!'findDial og) {
findD al og = new FindDi al og(this);
connect (fi ndDi al og, SIGNAL (findNext(const QString &,
Q@ ::CaseSensitivity)),
spreadsheet, SLOT (findNext(const QString &,
Q::CaseSensitivity)));
connect (fi ndDi al og, SIGNAL(findPrevious(const QString &,
Q::CaseSensitivity)),
spreadsheet, SLOT(findPrevious(const QString &,
Q::CaseSensitivity)));
}
findDi al og- >show() ;
fi ndD al og->acti vat eW ndow() ;
}

The Find dialog is a window that enables the user to search for text in the spreadsheet. The find()
slot is called when the user clicks Edit|Find to pop up the Find dialog. At that point, several scenarios



are possible:

e This is the first time the user has invoked the Find dialog.
e The Find dialog was invoked before, but the user closed it.
e The Find dialog was invoked before and is still visible.

If the Find dialog doesn't already exist, we create it and connect its fi ndNext () and fi ndPrevi ous()
signals to the corresponding Spreadsheet slots. We could also have created the dialog in the

Mai nW ndow constructor, but delaying its creation makes startup faster. Also, if the dialog is never
used, it is never created, saving both time and memory.

Then we call show() and acti vatewW ndow() to ensure that the window is visible and active. A call to
show() alone is sufficient to make a hidden window visible and active, but the Find dialog may be
invoked when its window is already visible, in which case show() does nothing and acti vat eW ndow()
is necessary to make the window active. An alternative would have been to write

if (findDi al og->i sHi dden()) {

fi ndD al og->show() ;
} else {

fi ndD al og->acti vat eW ndow() ;
}

which is the programming equivalent of looking both ways before crossing a one-way street.

We will now look at the Go-to-Cell dialog. We want the user to pop it up, use it, and close it without
being able to switch to any other window in the application. This means that the Go-to-Cell dialog
must be modal. A modal window is a window that pops up when invoked and blocks the application,
preventing any other processing or interactions from taking place until the window is closed. The file
dialogs and message boxes we used earlier were modal.

Figure 3.13. The Spreadsheet application's Go-to-Cell dialog
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A dialog is modeless if it's invoked using show() (unless we call set Modal () beforehand to make it
modal); it is modal if it's invoked using exec() .

voi d Mai nW ndow: : goToCel | ()

GoToCel | Di al og di al og(this);
if (dialog.exec()) {
@String str = dialog.lineEdit->text().toUpper();
spreadsheet->setCurrentCel | (str.md(1).tolnt() - 1,
str[0].unicode() - "A);

The QDi al og: : exec() function returns a true value (QDi al og: : Accept ed) if the dialog is accepted, and



a false value (QDi al og: : Rej ect ed) otherwise. Recall that when we created the Go-to-Cell dialog using
Qt Designer in Chapter 2, we connected OK to accept () and Cancel to reject (). If the user chooses
OK, we set the current cell to the value in the line editor.

The Qrabl eW dget : : set Current Cel | () function expects two arguments: a row index and a column
index. In the Spreadsheet application, cell Al is cell (0, 0) and cell B27 is cell (26, 1). To obtain the
row index from the Qstring returned by QLi neEdit::text (), we extract the row number using
Qstring::md() (which returns a substring from the start position to the end of the string), convert it
toanint using Qstring::tolnt(), and subtract 1. For the column number, we subtract the numeric
value of 'A' from the numeric value of the string's uppercased first character. We know that the
string will have the correct format because the QrRegExpVal i dat or we created for the dialog only
allows the OK button to be enabled if we have a letter followed by up to three digits.

The goToCel | () function differs from all the code seen so far in that it creates a widget (a
CGoToCel | Di al og) as a variable on the stack. At the cost of one extra line, we could just as easily have
used new and del ete:

voi d Mai nW ndow: : goToCel | ()

GoToCel | Di al og *di al og = new GoToCel | Di al og(this);
if (dialog->exec()) {
@String str = dial og->lineEdit->text().toUpper();
spreadsheet->setCurrentCel | (str.md(1).tolnt() - 1,
str[0].unicode() - "A);
}

del et e di al og;

Creating modal dialogs (and context menus in QW dget : : cont ext MenuEvent () reimplementations) on
the stack is a common programming pattern since we usually don't need the dialog (or menu) after
we have used it, and it will automatically be destroyed at the end of the enclosing scope.

We will now turn to the Sort dialog. The Sort dialog is a modal dialog that allows the user to sort the

currently selected area by the columns they specify. Figure 3.14 shows an example of sorting, with
column B as the primary sort key and column A as the secondary sort key (both ascending).

Figure 3.14. Sorting the spreadsheet's selected area
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voi d Mai nW ndow: : sort ()
{
SortDi al og dial og(this);
Qrabl eW dget Sel ecti onRange range = spreadsheet - >sel ect edRange() ;
di al og. set Col umRange(' A" + range. | eftCol um(),
"A" + range.rightColum());
if (dialog.exec()) {



Spr eadsheet Conpar e conpar e€;
compar e. keys[ 0] =

di al og. pri mar yCol utmConbo- >current | ndex();
conpare. keys[1] =

di al og. secondar yCol utmConbo- >current | ndex() - 1;
conpare. keys[2] =

di al og. tertiaryCol umConbo->current|ndex() - 1;
compar e. ascendi ng[ 0] =

(di al og. primaryOrder Conbo->current | ndex() == 0);
conpare. ascendi ng[ 1] =

(di al og. secondar yOr der Conbo- >current| ndex() == 0);
conpar e. ascendi ng[ 2] =

(dialog.tertiaryOrderConbo->current|ndex() == 0);
spreadsheet - >sort (conpare) ;

The code in sort () follows a similar pattern to that used for goToCel I () :

e We create the dialog on the stack and initialize it.

e We pop up the dialog using exec() .

- If the user clicks OK, we extract the values entered by the user from the dialog's widgets and
make use of them.

The set Col umRange() call sets the columns available for sorting to the columns that are selected.
For example, using the selection shown in Figure 3.14, range. | eft Col uim() would yield 0, giving 'A’
+ 0 ='A", and range. ri ght Col um() would yield 2, giving 'A' + 2 = 'C".

The conpar e object stores the primary, secondary, and tertiary sort keys and their sort orders. (We
will see the definition of the Spreadsheet Conpar e class in the next chapter.) The object is used by
Spreadsheet: :sort() to compare two rows. The keys array stores the column numbers of the keys.
For example, if the selection extends from C2 to E5, column C has position 0. The ascendi ng array
stores the order associated with each key as a bool . QConboBox: : current -1 ndex() returns the index of
the currently selected item, starting at 0. For the secondary and tertiary keys, we subtract one from
the current item to account for the "None" item.

The sort () function does the job, but it is a bit fragile. It assumes that the Sort dialog is
implemented in a particular way, with comboboxes and "None" items. This means that if we
redesign the Sort dialog, we may also need to rewrite this code. While this approach is adequate for
a dialog that is only called from one place, it opens the door to maintenance nightmares if the dialog
is used in several places.

A more robust approach is to make the Sort Di al og class smarter by having it create a

Spr eadsheet Conpar e object itself, which can then be accessed by its caller. This simplifies
Mai nW ndow: : sort () significantly:

voi d Mai nW ndow. : sort ()

{
SortDi al og dial og(this);
Qrabl eW dget Sel ecti onRange range = spreadsheet - >sel ect edRange() ;
di al og. set Col umRange(' A" + range. | eft Col um(),
"A' + range.rightColum());
if (dialog.exec())
spreadsheet - >per f or nSor t (di al og. conpari sonCbj ect ());
}

This approach leads to loosely coupled components and is almost always the right choice for dialogs



that will be called from more than one place.

A more radical approach would be to pass a pointer to the Spreadsheet object when initializing the
Sort Di al og object and to allow the dialog to operate directly on the Spreadsheet . This makes the
Sort Di al og much less general, since it will only work on a certain type of widget, but it simplifies the
code even further by eliminating the Sort Di al og: : set Col umRange() function. The Mai nW ndow: : sort ()
function then becomes

voi d Mai nW ndow: : sort ()

SortDi al og di al og(this);
di al og. set Spreadsheet (spreadsheet);
di al og. exec();

This approach mirrors the first: Instead of the caller needing intimate knowledge of the dialog, the
dialog needs intimate knowledge of the data structures supplied by the caller. This approach may be
useful where the dialog needs to apply changes live. But just as the caller code is fragile using the
first approach, this third approach breaks if the data structures change.

Some developers choose just one approach to using dialogs and stick with that. This has the benefit
of familiarity and simplicity since all their dialog usages follow the same pattern, but it also misses
the benefits of the approaches that are not used. Ideally, the approach to use should be decided on
a per-dialog basis.

We will round off this section with the About box. We could create a custom dialog like we did for
the Find or Go-to-Cell dialogs to present the information about the application, but since most About
boxes are highly stylized, Qt provides a simpler solution.

voi d Mai nW ndow. : about ()

{
QvessageBox: : about (this, tr("About Spreadsheet"),
tr("<h2>Spreadsheet 1.1</h2>"

"<p>Copyright &copy; 2006 Software Inc."
"<p>Spreadsheet is a snmall application that
"denonstrates QAction, QVai nW ndow, QVenuBar,
" St atusBar, Qrabl eWdget, Qrool Bar, and many ot her "
"Q classes."));

}

The About box is obtained by calling QvessageBox: : about (), a static convenience function. The
function is very similar to QwessageBox: : war ni ng() , except that it uses the parent window's icon
instead of the standard "warning" icon.

Figure 3.15. About Spreadsheet
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Spreadsheet is a small application that demaonstrates
CAction, QMainwWindow, GMenuBar, QStatusBar,
QTableWidget, Qi ToolBar, and many other Ot classes.

So far we have used several convenience static functions from both QwessageBox and QFi | eDi al og.
These functions create a dialog, initialize it, and call exec() on it. It is also possible, although less
convenient, to create a QvessageBox or a QFi | eDi al og widget like any other widget and explicitly call
exec(), or even show(), on it.

Storing Settings

In the Mai nW ndow constructor, we called readSet tings() to load the application's stored settings.
Similarly, in cl oseEvent (), we called writeSettings() to save the settings. These two functions are
the last Mai nW ndow member functions that need to be implemented.

voi d Mai nW ndow. : writeSettings()

{
Settings settings("Software Inc.", "Spreadsheet");
settings. setVal ue("geonetry", geonetry());
settings.setValue("recentFiles", recentFiles);
settings. setVal ue("showGid", showGi dAction->i sChecked());
settings. setVal ue("aut oRecal c", autoRecal cActi on->i sChecked());
}

The writeSettings() function saves the main window's geometry (position and size), the list of
recently opened files, and the Show Grid and Auto-Recalculate options.

By default, Qsettings stores the application's settings in platform-specific locations. On Windows, it
uses the system registry; on Unix, it stores the data in text files; on Mac OS X, it uses the Core
Foundation Preferences API.

The constructor arguments specify the organization's name and the application's name. This
information is used in a platform-specific way to find a location for the settings.

QSet ti ngs stores settings as keyvalue pairs. The key is similar to a file system path. Subkeys can
be specified using a path-like syntax (for example, fi ndDi al og/ mat chCase) or using begi nG oup() and
endG oup() :

settings. begi nG oup("findDi al og");

settings. setVal ue(" mat chCase", caseCheckBox->i sChecked());
settings. set Val ue("searchBackward", backwardCheckBox->i sChecked());
settings. endG oup();



The value can be anint, a bool , a doubl e, @ QString, @ QtringList, or any other type supported by
Qvari ant, including registered custom types.

voi d Mai nW ndow: : readSetti ngs()

{
Settings settings("Software Inc.", "Spreadsheet");
QRect rect = settings.val ue("geonetry",
QRect (200, 200, 400, 400)).toRect();
nmove(rect.topLeft());
resize(rect.size());
recentFiles = settings.value("recentFiles").toStringList();
updat eRecent Fi | eActions();
bool showGid = settings.value("show&Gid", true).toBool ();
showGri dAct i on- >set Checked(showGri d) ;
bool autoRecal c = settings.val ue("autoRecalc", true).toBool ();
aut oRecal cActi on- >set Checked( aut oRecal c) ;
}

The readSet tings() function loads the settings that were saved by writeSettings(). The second
argument to the val ue() function specifies a default value, in case there are no settings available.
The default values are used the first time the application is run. Since no second argument is given
for the recent files list, it will be set to an empty list on the first run.

Qt provides a QW dget : : set Geonetry() function to complement QW dget : : geonetry(), but it doesn't
always work as we would expect on X11 because of limitations in many window managers. For that
reason, we use nove() and resize() instead. (See http://doc.trolltech.com/4.1/geometry.html for a
detailed explanation.)

The arrangement we opted for in Mai nW ndow, with all the QSet ti ngs-related code in readSettings()
and witeSettings(), is just one of many possible approaches. A QSetti ngs object can be created to
query or modify some setting at any time during the execution of the application and from anywhere
in the code.

We have now completed the Spreadsheet's Mai nW ndow implementation. In the following sections, we
will discuss how the Spreadsheet application can be modified to handle multiple documents and how
to implement a splash screen. We will complete its functionality, including handling formulas and
sorting, in the next chapter.

Multiple Documents

We are now ready to code the Spreadsheet application's mai n() function:

i ncl ude <QApplication>
i ncl ude "nmai nwi ndow. h"
int main(int argc, char *argv[])
{
QAppl i cation app(argc, argv);
Mai nW ndow nmai nW n;
mai NW n. show() ;
return app. exec();



This mai n() function is a little bit different from those we have written so far: We have created the
Mai nW ndow instance as a variable on the stack instead of using new. The Mai nW ndow instance is then
automatically destroyed when the function terminates.

With the mai n() function shown above, the Spreadsheet application provides a single main window
and can only handle one document at a time. If we want to edit multiple documents at the same
time, we could start multiple instances of the Spreadsheet application. But this isn't as convenient
for users as having a single instance of the application providing multiple main windows, just as one
instance of a web browser can provide multiple browser windows simultaneously.

We will modify the Spreadsheet application so that it can handle multiple documents. First, we need
a slightly different File menu:

e File|New creates a new main window with an empty document, instead of reusing the
existing main window.

e File|Close closes the current main window.

e File|Exit closes all windows.

In the original version of the File menu, there was no Close option because that would have been
the same as Exit.

Figure 3.16. The new File menu
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This is the new mai n() function:

int main(int argc, char *argv[])

{
QAppl i cation app(argc, argv);
Mai nW ndow *mai nWn = new Mai nW ndow;
mai nW n- >show() ;
return app. exec();
}

With multiple windows, it now makes sense to create Mai nW ndow with new, because then we can use
del ete on a main window when we have finished with it to save memory.

This is the new Mai nW ndow: : newFi | () slot:

voi d Mai nW ndow: : newFi | e()
{



Mai nW ndow *mai nWn = new Mai nW ndow;
mai NW n- >show() ;

We simply create a new Mai nW ndow instance. It may seem odd that we don't keep any pointer to the
new window, but that isn't a problem since Qt keeps track of all the windows for us.

These are the actions for Close and Exit:

voi d Mai nW ndow: : creat eActi ons()

{

cl oseAction = new QAction(tr("&C ose"), this);
cl oseAction->set Shortcut(tr("Cirl+W));
cl oseAction->setStatusTip(tr("Cl ose this window'));
connect (cl oseAction, SIGNAL(triggered()), this, SLOI(close()));
exi tAction = new QAction(tr("E&it"), this);
exi t Action->set Shortcut(tr("Ctrl+Q"));
exi t Action->set StatusTi p(tr("Exit the application"));
connect (exi t Action, SIGNAL(triggered()),
gApp, SLOT(cl oseAl |l Wndows()));

The QApplication::closeA | Wndows() slot closes all of the application's windows, unless one of them
rejects the close event. This is exactly the behavior we need here. We don't have to worry about
unsaved changes because that's handled in Mai nW ndow: : cl oseEvent () whenever a window is closed.

It looks as if we have finished making the application capable of handling multiple windows.
Unfortunately, there is a hidden problem lurking: If the user keeps creating and closing main
windows, the machine might eventually run out of memory. This is because we keep creating

Mai nW ndow widgets in newFi | e() but we never delete them. When the user closes a main window,
the default behavior is to hide it, so it still remains in memory. With many main windows, this can
be a problem.

The solution is to set the @ :: WA Del et eOnd ose attribute in the constructor:

Mai nW ndow: : Mai nW ndow( )
{

setAttribute(Q:: WA Del eteOnd ose);

This tells Qt to delete the window when it is closed. The Q& :: WA Del et eOnCl ose attribute is one of
many flags that can be set on a QW dget to influence its behavior.

Memory leaking isn't the only problem that we must deal with. Our original application design
included an implied assumption that we would only have one main window. With multiple windows,
each main window has its own recently opened files list and its own options. Clearly, the recently
opened files list should be global to the whole application. We can achieve this quite easily by
declaring the recent Fi | es variable static, so that only one instance of it exists for the whole
application. But then we must ensure that wherever we called updat eRecent Fi | eActi ons() to update
the File menu, we must call it on all main windows. Here's the code to achieve this:



foreach (QN dget *wi n, QApplication::topLevel Wdgets()) {
i f (Mai nWndow *mai nWn = gobj ect _cast <Mai nW ndow *>(wi n))
mai nW n- >updat eRecent Fi | eActions();

The code uses Qt's foreach construct (explained in Chapter 11) to iterate over all the application's
windows and calls updat eRecent Fi | eActi ons() on all widgets of type Mai nW ndow. Similar code can be
used for synchronizing the Show Grid and Auto-Recalculate options, or to make sure that the same
file isn't loaded twice.

Applications that provide one document per main window are said to be SDI (single document
interface) applications. A common alternative on Windows is MDI (multiple document interface),
where the application has a single main window that manages multiple document windows within its
central area. Qt can be used to create both SDI and MDI applications on all its supported platforms.
Figure 3.17 shows the Spreadsheet application using both approaches. MDI is explained in Chapter 6
(Layout Management).

Figure 3.17. SDI versus MDI
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Splash Screens

Many applications present a splash screen at startup. Some developers use a splash screen to
disguise a slow startup, while others do it to satisfy their marketing departments. Adding a splash
screen to Qt applications is very easy using the QSpl ashScr een class.

The Qspl ashScreen class shows an image before the main window appears. It can also write
messages on the image to inform the user about the progress of the application's initialization
process. Typically, the splash screen code is located in mai n(), before the call to

QAppl i cation::exec().

Next is an example mai n() function that uses QSpl ashScreen to present a splash screen in an
application that loads modules and establishes network connections at startup.

int main(int argc, char *argv[])
{
QApplication app(argc, argv);
Spl ashScreen *splash = new QSpl ashScr een;
spl ash->set Pi xmap( QPi xmap(": /i mages/ spl ash. png"));
spl ash->show() ;
Q::Aignment topRight = QG::AlignRight | Q::AignTop;
spl ash- >showiessage(Q0bj ect::tr("Setting up the main w ndow..."),
topRi ght, Q::white);
Mai nW ndow nmai nW n;



spl ash- >showessage( QObj ect:: tr("Loadi ng nodules..."),
topRight, Q::white);

| oadMbdul es() ;

spl ash- >showessage( QObj ect: :tr("Establishing connections..."),
topRight, Q::white);

est abl i shConnections();

mai NW n. show() ;

spl ash->fi ni sh( &mai nWn) ;

del ete spl ash;

return app. exec();

Figure 3.18. A splash screen
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We have now completed the Spreadsheet application's user interface. In the next chapter, we will
complete the application by implementing the core spreadsheet functionality.



Chapter 4. Implementing Application
Functionality

e The Central Widget

e Subclassing QTableWidget

e Loading and Saving

e Implementing the Edit Menu

e Implementing the Other Menus
e Subclassing QTableWidgetitem

In the previous two chapters, we explained how to create the Spreadsheet application's user
interface. In this chapter, we will complete the program by coding its underlying functionality.
Among other things, we will see how to load and save files, how to store data in memory, how to
implement clipboard operations, and how to add support for spreadsheet formulas to Qrabl ew dget .

The Central Widget

The central area of a Qvai nW ndow can be occupied by any kind of widget. Here's an overview of the
possibilities:

1. Use a standard Qt widget.
A standard widget like Qrabl eW dget or QText Edi t can be used as a central widget. In this
case, the application's functionality, such as loading and saving files, must be implemented
elsewhere (for example, in @ Qvai nW ndow subclass).

2. Use a custom widget.
Specialized applications often need to show data in a custom widget. For example, an icon
editor program would have an | conEdi t or widget as its central widget. Chapter 5 explains
how to write custom widgets in Qt.

3. Use a plain QWidget with a layout manager.
Sometimes the application's central area is occupied by many widgets. This can be done by
using a QW dget as the parent of all the other widgets, and using layout managers to size and
position the child widgets.

4. Use a splitter.
Another way of using multiple widgets together is to use a QSplitter. The QSplitter arranges
its child widgets horizontally or vertically, with splitter handles to give some sizing control to
the user. Splitters can contain all kinds of widgets, including other splitters.

5. Use an MDI workspace.

If the application uses MDI, the central area is occupied by a Qurkspace widget, and each of
the MDI windows is a child of that widget.

Layouts, splitters, and MDI workspaces can be combined with standard Qt widgets or with custom
widgets. Chapter 6 covers these classes in depth.

For the Spreadsheet application, a Qrabl ew dget subclass is used as the central widget. The



Qrabl eW dget class already provides most of the spreadsheet capability we need, but it doesn't
support clipboard operations and doesn't understand spreadsheet formulas like "=A1+A2+A3". We
will implement this missing functionality in the Spreadsheet class.

Subclassing QTableWidget

The Spreadsheet class inherits from Qrabl ew dget . A QTabl eW dget is effectively a grid that represents
a two-dimensional sparse array. It displays whichever cells the user scrolls to, within its specified
dimensions. When the user enters some text into an empty cell, Qrabl ew dget automatically creates
a Qrabl eW dget | t emto store the text.

Let's start implementing Spreadsheet , beginning with the header file:

#i f ndef SPREADSHEET H
#defi ne SPREADSHEET_H

#i ncl ude <Qrabl eW dget >
class Cell;

cl ass Spreadsheet Conpar e;

The header starts with forward declarations for the Cel | and Spreadsheet Com par e classes.

Figure 4.1. Inheritance trees for Spreadsheet and Cel |
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The attributes of a Qrabl ew dget cell, such as its text and its alignment, are stored in a

Qrabl ewW dget | t em Unlike Qrabl eW dget , QTabl eW dget | t emisn't a widget class; it is a pure data class.
The cel | class inherits Qrabl ewW dget | t emand is explained when its implementation is shown in this
chapter's last section.

cl ass Spreadsheet : public Qrabl ew dget

Q OBJECT
public:
Spreadsheet (QN dget *parent = 0);
bool autoRecal cul ate() const { return autoRecalc; }
QString currentlLocation() const;
@QString current Fornul a() const;
Qrabl eW dget Sel ecti onRange sel ect edRange() const;
void clear();
bool readFile(const QString & il eNane);
bool witeFile(const QString &f il eNane);
voi d sort(const Spreadsheet Conpare &conpare);

The aut oRecal cul at e() function is implemented inline since it just returns whether or not auto-
recalculation is in force.



In Chapter 3, we relied on some public functions in Spreadsheet when we implemented Mai nW ndow.
For example, we called cl ear () from Mai nW ndow: : newFi | e() to reset the spreadsheet. We also used
some functions inherited from Qrabl eW dget , notably set Current Cel | () and set ShowG i d() .

public slots:

void cut();

voi d copy();

voi d paste();

voi d del ();

voi d sel ect Current Row() ;

voi d sel ect Current Col um() ;

void recal cul ate();

voi d set Aut oRecal cul at e(bool recal c);

voi d findNext(const QString &str, Q::CaseSensitivity cs);

void findPrevious(const QString &str, Q::CaseSensitivity cs);
signal s:

voi d nodified();

Spreadsheet provides many slots that implement actions from the Edit, Tools, and Options menus,
and it provides one signal, nodi fi ed(), to announce any change that has occurred.

private slots:
voi d sonet hi ngChanged() ;

We define one private slot used internally by the Spreadsheet class.

private:
enum { Magi cNunber = Ox7F51C883, RowCount = 999, Col umCount = 26 };
Cell *cell(int row, int colum) const;
QString text(int row, int columm) const;
QString fornula(int row, int columm) const;
voi d setFormula(int row, int columm, const QString &f ornula);
bool autoRecal c;

In the class's private section, we declare three constants, four functions, and one variable.

cl ass Spreadsheet Conpare

{
public:
bool operator()(const QStringList & owl,
const QStringList & ow2) const;
enum { KeyCount = 3 };
i nt keys[ KeyCount];
bool ascendi ng[ KeyCount];
b
#endi f

The header file ends with the Spreadsheet Conpar e class definition. We will explain this when we
review Spreadsheet::sort().

We will now look at the implementation:



#i ncl ude <Q Gui >

#include "cell.h"

#i ncl ude "spreadsheet. h"

Spr eadsheet : : Spreadsheet (QN dget *parent)
Qrabl eW dget ( parent)

{
aut oRecal ¢ = true;
set |t enPrototype(new Cel l);
set Sel ecti onMode( Cont i guousSel ecti on);
connect (this, SIGNAL(itenmChanged(QTabl eW dgetltem *)),
this, SLOT(sonethi ngChanged()));
clear();
}

Normally, when the user enters some text on an empty cell, the Qrabl ew dget will automatically
create a Qrabl ew dget | t emto hold the text. In our spreadsheet, we want Cel | items to be created
instead. This is achieved by the set |t enPrototype() call in the constructor. Internally, Qrabl ew dget
clones the item passed as a prototype every time a new item is required.

Also in the constructor, we set the selection mode to QAbstract |t emVi ew. : Cont i guousSel ecti on to
allow a single rectangular selection. We connect the table widget's i t enChanged() signal to the
private sonet hi ngChanged() slot; this ensures that when the user edits a cell, the sonet hi ngChanged()
slot is called. Finally, we call cl ear () to resize the table and to set the column headings.

voi d Spreadsheet::clear()

{
set RowCount (0) ;
set Col utmCount (0) ;
set RowCount ( RowCount ) ;
set Col utmCount ( Col umCount) ;
for (int i =0; i < ColumCount; ++i) {
Qrabl eWdgetltem *item = new QTabl eW dgetltem
item >set Text (QString(QChar(' A" +1i)));
set Hori zont al Headerltem(i, item;
}
setCurrentCel |l (0, 0);
}

The cl ear () function is called from the Spreadsheet constructor to initialize the spreadsheet. It is
also called from Mai nW ndow: : newFi | e() .

We could have used Qrabl eW dget : : cl ear () to clear all the items and any selections, but that would
have left the headers at their current size. Instead, we resize the table down to 0 x 0. This clears
the entire spreadsheet, including the headers. We then resize the table to Col uimCount X RowCount
(26 x 999) and populate the horizontal header with Qrabl ew dget | t ens containing the column names
"A", "B", ..., "Z". We don't need to set the vertical header labels, because these default to "1", "2",
..., '999", At the end, we move the cell cursor to cell Al.

A Qrabl eW dget is composed of several child widgets. It has a horizontal QHeader Vi ew at the top, a
vertical QHeader Vi ew on the left, and two QScrol | Bars. The area in the middle is occupied by a special
widget called the viewport, on which Qrabl ew dget draws the cells. The different child widgets are
accessible through functions inherited from Qrabl eVi ew and QAbstract Scrol | Area (see Figure 4.2).
QAbstract Scrol | Area provides a scrollable viewport and two scroll bars, which can be turned on and
off. Its Qscrol | Area subclass is covered in Chapter 6.

Figure 4.2. Qrabl eW dget 's constituent widgets
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Storing Data as Items

In the Spreadsheet application, every non-empty cell is stored in memory as an
individual Qrabl ew dget | t emobject. Storing data as items is an approach that is also
used by QLi st Wdget and QTReeW dget , which operate on Qi st Wdget It ens and
QTReeW dget | t ens.

Qt's item classes can be used out of the box as data holders. For example, a

Qrabl eW dget | t emalready stores a few attributes, including a string, font, color, and
icon, and a pointer back to the Qrabl eW dget . The items can also hold data (Qvari ants),
including registered custom types, and by subclassing the item class we can provide
additional functionality.

Other toolkits provide a voi d pointer in their item classes to store custom data. In Qt,
the more natural approach is to use set Dat a() with a Qvari ant, but if a voi d pointer is
required, it can be trivially achieved by subclassing an item class and adding a voi d
pointer member variable.

For more challenging data handling requirements, such as large data sets, complex data
items, database integration, and multiple data views, Qt provides a set of model/view
classes that separate the data from their visual representation. These are covered in

Chapter 10.

Cel | *Spreadsheet::cell(int row, int colunmm) const

{
}

return static_cast<Cell *>(iten{(row, colum));

The cel | () private function returns the cel | object for a given row and column. It is almost the
same as Qrabl eW dget : :iten(), except that it returns a Cel | pointer instead of a Qrabl eW dget |t em
pointer.

QString Spreadsheet::text(int row, int colum) const

Cell *c = cell(row, columm);

if (c) {

return c->text();
} else {

return "";
}



The text () private function returns the text for a given cell. If cel | () returns a null pointer, the cell
is empty, so we return an empty string.

QString Spreadsheet::formula(int row, int columm) const

{
Cell *c = cell(row, columm);
if (c) {
return c->formula();
} else {
return "";
}
}

The formul a() function returns the cell's formula. In many cases, the formula and the text are the
same; for example, the formula "Hello" evaluates to the string "Hello", so if the user types "Hello"
into a cell and presses Enter, that cell will show the text "Hello". But there are a few exceptions:

e If the formula is a number, it is interpreted as such. For example, the formula "1.50"
evaluates to the doubl e value 1.5, which is rendered as a right-aligned "1.5" in the
spreadsheet.

- If the formula starts with a single quote, the rest of the formula is interpreted as text. For
example, the formula " '12345" evaluates to the string "12345".

- If the formula starts with an equals sign ('="), the formula is interpreted as an arithmetic
formula. For example, if cell A1l contains "12" and cell A2 contains "6", the formula "=A1+A2"
evaluates to 18.

The task of converting a formula into a value is performed by the Cel | class. For the moment, the
thing to bear in mind is that the text shown in the cell is the result of evaluating the formula, not the
formula itself.

voi d Spreadsheet::setFormula(int row, int colum,
const QString &f ornul a)

{
Cell *c = cell(row, columm);
if ('c) {
c = new Cel | ;
setlten(row, columm, c);
}
c->set Formul a(formul a);
}

The set Fornul a() private function sets the formula for a given cell. If the cell already has a Cel |
object, we reuse it. Otherwise, we create a new Cel | object and call Qrabl eW dget : : setlten() to
insert it into the table. At the end, we call the cell's own set Fornul a() function, which will cause the
cell to be repainted if it's shown on screen. We don't need to worry about deleting the Cel| object
later on; Qrabl eW dget takes ownership of the cell and will delete it automatically at the right time.

@QString Spreadsheet::currentlLocation() const

return QChar(' A" + current Col um())
+ @String::nunber(currentRow() + 1);



The current Locati on() function returns the current cell's location in the usual spreadsheet format of
column letter followed by row number. Mai nW ndow. : updat eSt at usBar () uses it to show the location in
the status bar.

QString Spreadsheet::currentFornul a() const

return formul a(currentRow), currentColum());

The current Fornul a() function returns the current cell's formula. It is called from
Mai nW ndow: : updat eSt at usBar () .

voi d Spreadsheet:: sonet hi ngChanged()

{
i f (autoRecal c)
recal cul ate();
emt nodified();
}

The sonet hi ngChanged() private slot recalculates the whole spreadsheet if "auto-recalculate" is
enabled. It also emits the nodi fied() signal.

Loading and Saving

We will now implement the loading and saving of Spreadsheet files using a custom binary format.
We will do this using QFi | e and QDat aSt r eam, which together provide platform-independent binary
I/0.

We will start with writing a Spreadsheet file:

bool Spreadsheet::witeFile(const QString & il eNane)
{
QFile file(fileNane);
if ('file.open(Q ODevice::WiteOnly)) {
QvessageBox: :warni ng(this, tr("Spreadsheet"),
tr("Cannot wite file %:\n%.")
.arg(file.fileNane())
.arg(file.errorString()));
return fal se;

}
QDat aStream out (&f il e);
out.setVersion(Q@ataStream: Q _4_1);
out << qui nt 32( Magi cNunber);
QApplication::setOverrideCursor(Q::WitCursor);
for (int row = 0; row < RowCount; ++row) {
for (int colum = 0; colum < ColumCount; ++columm) {
@String str = fornul a(row, colum);
if (!'str.iskEnpty())
out << quintl6(row) << quintl6(colum) << str;
}
}
QApplication::restoreOverrideCursor();
return true;



The writeFile() function is called from Mai nW ndow: : saveFi | e() to write the file to disk. It returns
true on success, fal se on error.

We create a @Fi | e object with the given file name and call open() to open the file for writing. We also
create a Qpat aSt reamobject that operates on the @Fi |l e and use it to write out the data.

Just before we write the data, we change the application's cursor to the standard wait cursor
(usually an hourglass) and restore the normal cursor once all the data is written. At the end of the
function, the file is automatically closed by @Fi | e's destructor.

QDat aSt r eamsupports basic C++ types as well as many of Qt's types. The syntax is modeled after
the Standard C++ <i ostreane classes. For example,

out << x <<y << z;

writes the variables x, y, and z to a stream, and

in>>x >y > z;

reads them from a stream. Because the C++ basic types char, short, int, | ong, and | ong | ong may
have different sizes on different platforms, it is safest to cast these values to one of gi nt8, quint8,
gi nt 16, qui nt 16, gi nt 32, qui nt 32, gi nt 64, and qui nt 64, which are guaranteed to be of the size they
advertise (in bits).

The Spreadsheet application's file format is fairly simple. A Spreadsheet file starts with a 32-bit
number that identifies the file format (Magi cNunber , defined as 0x7F51C883 in spreadsheet. h, an
arbitrary random number.) Then comes a series of blocks, each of which contains a single cell's row,
column, and formula. To save space, we don't write out empty cells.

Figure 4.3. The Spreadsheet file format
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The precise binary representation of the data types is determined by QDat a- St ream For example, a
qui nt 16 is stored as two bytes in big-endian order, and a Qstring as the string's length followed by
the Unicode characters.

The binary representation of Qt types has evolved quite a lot since Qt 1.0. It is likely to continue
evolving in future Qt releases to keep pace with the evolution of existing types and to allow for new
Qt types. By default, Qbat asSt r eamuses the most recent version of the binary format (version 7 in Qt
4.1), but it can be set to read older versions. To avoid any compatibility problems if the application
is recompiled later using a newer Qt release, we explicitly tell Qpat aStreamto use version 7
irrespective of the version of Qt we are compiling against. (QhataStream : Q@ _4_1 is a convenience
constant that equals 7.)

QDat aSt reamis very versatile. It can be used on a GFil e, and also on a QBuffer, a QProcess, a
QrcpSocket , or a QudpSocket . Qt also offers a Qrext St reamclass that can be used instead of

Qpat ast r eamfor reading and writing text files. Chapter 12 explains these classes in depth, and also
describes various approaches to handling different QDat aSt reamversions.



bool Spreadsheet::readFile(const QString &f il eNane)

QFile file(fileNane);
if (!Ifile.open(Q ODevice::ReadOnly)) {
QvessageBox: :warning(this, tr("Spreadsheet"),
tr("Cannot read file %:\n%.")
.arg(file.fileName())
.arg(file.errorString()));
return fal se;
}
QDataStreamin(&file);
in.setVersion(QbataStream: Q@ _4_1);
qui nt 32 magi c;
in >> magic;
if (magic !'= Magi cNunmber) {
QvessageBox: :warni ng(this, tr("Spreadsheet"),
tr("The file is not a Spreadsheet file."));
return fal se;
}
clear();
qui nt 16 row,
qui nt 16 col umm;
QString str;
QApplication::setOverrideCursor(Q::WitCursor);
while (lin.atEnd()) {
in >> row >> colum >> str;
set Formul a(row, colum, str);
}
QApplication::restoreOverrideCursor();
return true;

The readFil e() function is very similar to witeFile(). We use @Fil e to read in the file, but this time
using the Q ODbevi ce: : ReadOnl y flag rather than Q ODevice:: WiteOnly. Then we set the Qbat aSt ream
version to 7. The format for reading must always be the same as for writing.

If the file has the correct magic number at the beginning, we call cl ear () to blank out all the cells in
the spreadsheet, and we read in the cell data. Since the file only contains the data for non-empty
cells, and it is very unlikely that every cell in the spreadsheet will be set, we must ensure that all
cells are cleared before reading.

Implementing the Edit Menu

We are now ready to implement the slots that correspond to the application's Edit menu.

voi d Spreadsheet::cut()

{

copy();
del ();

The cut () slot corresponds to Edit|Cut. The implementation is simple since Cut is the same as Copy
followed by Delete.

Figure 4.4. The Spreadsheet application's Edit menu
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voi d Spreadsheet: :copy()

Qrabl eW dget Sel ecti onRange range = sel ect edRange();

QString str;
for (int i =0; i <range.rowCount(); ++i) {
if (i >0)
str += "\n";
for (int j =0; j < range.columCount(); ++) {
if (j >0
str += "\t";
str += formul a(range.topRowm) + i, range.leftColum() + j);
}
}

QApplication::clipboard()->setText(str);

The copy() slot corresponds to Edit|Copy. It iterates over the current selection (which is simply the
current cell if there is no explicit selection). Each selected cell's formula is added to a Qstring, with
rows separated by newline characters and columns separated by tab characters.

The system clipboard is available in Qt through the QApplication::clipboard() static function. By
calling Qi pboar d: : set Text (), we make the text available on the clipboard, both to this application
and to other applications that support plain text. Our format with tab and newline characters as
separators is understood by a variety of applications, including Microsoft Excel.

Figure 4.5. Copying a selection onto the clipboard
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The Qrabl eW dget : : sel ect edRanges() function returns a list of selection ranges. We know there
cannot be more than one because we set the selection mode to

QAbstract | tenVi ew : Conti guousSel ection in the constructor. For our convenience, we define a
sel ect edRange() function that returns the selection range:



Qrabl eW dget Sel ecti onRange Spreadsheet: : sel ect edRange() const

{
QLi st <QTabl eW dget Sel ecti onRange> ranges = sel ect edRanges();
if (ranges.iskEnpty())
return Qrabl eW dget Sel ecti onRange();
return ranges.first();
}

If there is a selection at all, we simply return the first (and only) one. The case where there is no
selection should never happen since the Conti guousSel ecti on mode treats the current cell as being
selected. But to protect against the possibility of a bug in our program that makes no cell current,
we handle this case.

voi d Spreadsheet:: paste()

{
Qrabl eW dget Sel ecti onRange range = sel ect edRange();
QString str = QApplication::clipboard()->text();
QStringList rows = str.split('\n");
int numRows = rows. count();
int numColums = rows.first().count('\t"') + 1;
i f (range.rowCount () * range.columCount() !=1
&& (range.rowCount () != nunRows
|| range.col umCount () != nunColums)) ({
QvessageBox: :information(this, tr("Spreadsheet"),
tr("The information cannot be pasted because the copy "
"and paste areas aren't the sane size."));
return;
}
for (int i =0; i < nunmRows; ++i)
@StringList colums = rows[i].split('\t");
for (int j =0; j < nunColums; ++j) {
int row = range.topRow) + i;
int colum = range.leftColum() + j;
if (row < RowCount && columm < Col utmmCount)
set Formul a(row, colum, colums[j]);
}
}
sonet hi ngChanged() ;
}

The paste() slot corresponds to Edit|Paste. We fetch the text on the clipboard and call the static
function Qstring::split() to break the string into a Qstri ngLi st. Each row becomes one string in
the list.

Next, we determine the dimension of the copy area. The number of rows is the number of strings in
the QstringLi st ; the number of columns is the number of tab characters in the first row, plus 1. If
only one cell is selected, we use that cell as the top-left corner of the paste area; otherwise, we use
the current selection as the paste area.

To perform the paste, we iterate over the rows and split each of them into cells by using
Qstring::split() again, but this time using tab as the separator. Figure 4.6 illustrates the steps.

Figure 4.6. Pasting clipboard text into the spreadsheet
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voi d Spreadsheet: : del ()

{
foreach (QTabl eWdgetltem *item selectedltens())

delete item

The del () slot corresponds to Edit|Delete. It is sufficient to use del et e on each of the Cel | objects in
the selection to clear the cells. The Qrabl ew dget notices when its Qrabl ewW dget | t ens are deleted and
automatically repaints itself if any of the items were visible. If we call cel | () with the location of a
deleted cell, it will return a null pointer.

voi d Spreadsheet:: sel ect Current Row)

{
sel ect Rowm current Row) ) ;

voi d Spreadsheet: : sel ect Current Col uim()

{
}

sel ect Col um(current Col utm());

The sel ect Current Row() and sel ect Current Col unmm() functions correspond to the Edit|Select|Row and
Edit|Select|Column menu options. The implementations rely on Qrabl ew dget 's sel ect Row() and

sel ect Col um() functions. We do not need to implement the functionality behind Edit|Select]All,
since that is provided by Qrabl eW dget 's inherited function QAbstract|tenvi ew : sel ect Al l ().

voi d Spreadsheet::findNext(const QString &str, Q::CaseSensitivity cs)
{
int row = current Row();
int colum = currentColum() + 1;
while (row < RowCount) {
whil e (colum < Col umCount) {
if (text(row, colum).contains(str, cs)) {
cl ear Sel ection();
set Current Cel | (row, colum);
activat eW ndow() ;
return;

}

++col um;

colum = 0;
++r oW,



}
QApplication::beep();

The findNext () slot iterates through the cells starting from the cell to the right of the cursor and
moving right until the last column is reached, then continues from the first column in the row below,
and so on until the text is found or until the very last cell is reached. For example, if the current cell
is cell C24, we search D24, E24, ..., Z24, then A25, B25, C25, ..., Z25, and so on until Z999. If we
find a match, we clear the current selection, move the cell cursor to the cell that matched, and make
the window that contains the Spreadsheet active. If no match is found, we make the application beep
to indicate that the search finished unsuccessfully.

voi d Spreadsheet::findPrevious(const QString &str,
Q::CaseSensitivity cs)

{
int row = current Row();
int colum = currentColum() - 1;
while (row >= 0) {
while (colum >= 0) {
if (text(row, colum).contains(str, cs)) {
cl ear Sel ection();
set CurrentCel | (row, colum);
activat eW ndow() ;
return;
}
--col um,;
}
colum = Col umCount - 1;
--row
}
QAppl i cation:: beep();
}

The findPrevious() slot is similar to fi ndNext (), except that it iterates backward and stops at cell
Al.

Implementing the Other Menus

We will now implement the slots for the Tools and Options menus.

Figure 4.7. The Spreadsheet application's Tools and Options menus
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voi d Spreadsheet: :recal cul ate()
{
for (int row = 0; row < RowCount; ++row) {
for (int colum = 0; colum < ColumCount; ++colum) {
if (cell(row, colum))
cell (row, columm)->setDirty();



vi ewport ()->update();

The recal cul ate() slot corresponds to Tools|Recalculate. It is also called automatically by
Spr eadsheet when necessary.

We iterate over all the cells and call setDirty() on every cell to mark each one as requiring
recalculation. The next time Qrabl ewW dget calls text () on a Cel | to obtain the value to show in the
spreadsheet, the value will be recalculated.

Then we call updat e() on the viewport to repaint the whole spreadsheet. The repaint code in

Qrabl ewW dget then calls text () on each visible cell to obtain the value to display. Because we called
setDirty() on every cell, the calls to text () will use a freshly calculated value. The calculation may
require non-visible cells to be recalculated, cascading the calculation until every cell that needs to be
recalculated to display the correct text in the viewport has been freshly calculated. The calculation is
performed by the Cel | class.

voi d Spreadsheet: : set Aut oRecal cul at e(bool recal c)

{
aut oRecal ¢ = recalc;
i f (autoRecal c)
recal cul ate();
}

The set Aut oRecal cul at e() slot corresponds to Options|Auto-Recalculate. If the feature is being
turned on, we recalculate the whole spreadsheet immediately to make sure that it's up to date;
afterward, recal cul ate() is called automatically from sonet hi ngChanged() .

We don't need to implement anything for Options|Show Grid because Qrabl ew dget already has a
set Showar i d() slot, which it inherits from its base class Qrabl e- Vi ew. All that remains is
Spreadsheet : : sort (), which is called from Mai nW ndow: : sort () :

voi d Spreadsheet::sort(const Spreadsheet Conpare &conpare)

{
Qi st <@StringLi st> rows;
Qrabl eW dget Sel ecti onRange range = sel ect edRange();
int i;
for (i =0; i < range.rowCount(); ++i) {
QStringlList row
for (int j = 0; j < range.columCount(); ++j)
row. append(fornmul a(range.topRowm) + i,
range. leftColum() + j));
rows. append(row);
gSt abl eSort (rows. begi n(), rows.end(), conpare);
for (i =0; i < range.rowCount(); ++i) {
for (int j =0; j < range.columCount(); ++j)
set Formul a(range.topRow() + i, range.leftColum() + j,
rows[i][j]);
cl ear Sel ection();
somnet hi ngChanged() ;
}

Sorting operates on the current selection and reorders the rows according to the sort keys and sort
orders stored in the conpare object. We represent each row of data with a Qstri ngLi st and store the
selection as a list of rows. We use Qt's gSt abl eSort () algorithm, and for simplicity sort by formula



rather than by value. Qt's standard algorithms and data structures are covered in Chapter 11
(Container Classes).

Figure 4.8. Storing the selection as a list of rows
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The gStabl eSort () function accepts a begin iterator, an end iterator, and a comparison function. The
comparison function is a function that takes two arguments (two Qstri ngLi st s) and that returns true
if the first argument is "less than" the second argument, f al se otherwise. The conpar e object we
pass as the comparison function isn't really a function, but it can be used as one, as we will see
shortly.

Figure 4.9. Putting the data back into the table after sorting
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2 [ "Niklaus", "Wirth", "1934-02-15" ] 4 Niklaus wirth 1934-02-15
3 [ "Tony", "Hoare", "1934-01-11"] 5 [Tony Hoare 1934-01-11

After performing the gSt abl eSort (), we move the data back into the table, clear the selection, and
call soret hi ngChanged() .

In spreadsheet . h, the Spreadsheet Conpar e class was defined like this:

cl ass Spreadsheet Conpar e

{
public:
bool operator()(const QStringList & owl,
const QStringList & ow2) const;
enum { KeyCount = 3 };
i nt keys[ KeyCount];
bool ascendi ng[ KeyCount];
b

The Spreadsheet Conpar e class is special because it implements a () operator. This allows us to use
the class as if it were a function. Such classes are called function objects, or functors. To understand
how functors work, we will start with a simple example:

cl ass Square

{
public:

int operator()(int x) const { return x * x; }
}



The Squar e class provides one function, operator () (i nt), that returns the square of its parameter.
By naming the function operator () (i nt) rather than, say, conput e(i nt), we gain the capability of
using an object of type Squar e as if it were a function:

Squar e square;
int y = square(b);

Now let's see an example involving Spr eadsheet Conpar e:

QStringlList rowl, row2;
(Spr eadsheet Conpar e conpar e;

i.f.(con'pare(rovvl, row2)) {
/'l rowl is less than row2
}

The conpar e object can be used just as if it had been a plain conpare() function. Additionally, its
implementation can access all the sort keys and sort orders, which are stored as member variables.

An alternative to this scheme would have been to store the sort keys and sort orders in global
variables and use a plain conpare() function. However, communicating through global variables is
inelegant and can lead to subtle bugs. Functors are a more powerful idiom for interfacing with
template functions such as qSt abl eSort ().

Here is the implementation of the function that is used to compare two spreadsheet rows:

bool Spreadsheet Conpare: :operator()(const QStringList & owl,
const QStringList & ow2) const

{
for (int i =0; i < KeyCount; ++i) {
int colum = keys[i];
if (colum !'= -1)
if (rowl[colum] != row2[colum]) {
if (ascending[i]) {
return rowl[colum] < row2[colum];
} else {
return rowl[ col um] > row2[ col um];
}
}
}
}
return fal se;
}

The operator returns TRue if the first row is less than the second row; otherwise, it returns fal se.
The gsSt abl eSort () function uses the result of this function to perform the sort.

The Spreadsheet Conpar e object's keys and ascendi ng arrays are populated in the Mai nW ndow: : sort ()
function (shown in Chapter 2). Each key holds a column index, or -1 ("None").

We compare the corresponding cell entries in the two rows for each key in order. As soon as we find
a difference, we return an appropriate true or fal se value. If all the comparisons turn out to be
equal, we return fal se. The gSt abl eSort () function uses the order before the sort to resolve tie
situations; if rowl preceded row2 originally and neither compares as "less than" the other, rowls will



still precede row2 in the result. This is what distinguishes qSt abl eSort () from its unstable cousin
gSort ().

We have now completed the Spreadsheet class. In the next section, we will review the Cel | class.
This class is used to hold cell formulas and provides a reimplementation of the

Qrabl eW dget I t em : dat a() function that Spreadsheet calls indirectly, through the

Qrabl eW dget I tem : text () function, to display the result of calculating a cell's formula.

Subclassing QTableWidgetltem

The cel | class inherits from Qrabl eW dget I t em The class is designed to work well with Spreadsheet,
but it has no specific dependencies on that class and could in theory be used in any Qrabl eW dget .
Here's the header file:

#i f ndef CELL_H

#define CELL_H

#i ncl ude <Qrabl eW dget|ten>

class Cell : public Qrabl eWdgetltem

{
public:
Cel I ();
Qrabl eW dgetItem *cl one() const;
void setData(int role, const Qvariant &val ue);
Quariant data(int role) const;
voi d set Formul a(const QString &f ormul a);
@String formul a() const;
void setDirty();
private:
Qvari ant val ue() const;
Qvari ant eval Expression(const QString &str, int &pos) const;
Qvariant eval Ternm(const QString &str, int &pos) const;
Qvari ant eval Factor(const QString &str, int &pos) const;
mut abl e Qvari ant cachedVal ue;
nut abl e bool cachelsDirty;
H
#endi f

The Cel | class extends Qrabl ew dget | t emby adding two private variables:

e cachedVal ue caches the cell's value as a Qvari ant .
e cachelsDirty is true if the cached value isn't up to date.

We use Qvari ant because some cells have a doubl e value, while others have a Qstri ng value.

The cachedVal ue and cachel sDi rty variables are declared with the C++ nut abl e keyword. This allows
us to modify these variables in const functions. Alternatively, we could recalculate the value each
time text () is called, but that would be needlessly inefficient.

Notice that there is no Q OBJECT macro in the class definition. Cel | is a plain C++ class, with no
signals or slots. In fact, because Qrabl ew dget | t emdoesn't inherit from Q0bj ect, we cannot have
signals and slots in Cel | as it stands. Qt's item classes don't inherit from Qbj ect to keep their
overhead to the barest minimum. If signals and slots are needed, they can be implemented in the
widget that contains the items or, exceptionally, using multiple inheritance with Q0bj ect .



Here's the start of cel | . cpp:

#i ncl ude <Q Gui >
#i nclude "cell.h"
Cell::Cell()

{

setDirty();

In the constructor, we only need to set the cache as dirty. There is no need to pass a parent; when
the cell is inserted into a Qrabl ew dget with setlten(), the Qrabl ew dget will automatically take
ownership of it.

Every Qrabl ew dget | t emcan hold some data, up to one Qvari ant for each data "role". The most
commonly used roles are Q :: Edi t Rol e and Q : : Di spl ayRol e. The edit role is used for data that is to
be edited, and the display role is for data that is to be displayed. Often the data for both is the
same, but in Cel | the edit role corresponds to the cell's formula and the display role corresponds to
the cell's value (the result of evaluating the formula).

Qrabl ew dgetltem *Cel | :: cl one() const
{

}

return new Cell (*this);

The cl one() function is called by Qrabl ew dget when it needs to create a new cellfor example, when
the user starts typing into an empty cell that has not been used before. The instance passed to

Qrabl eW dget : : set | t enPr ot ot ype() is the item that is cloned. Since member-wise copying is sufficient
for cel | , we are relying on the default copy constructor automatically created by C++ to create new
Cel | instances in the cl one() function.

voi d Cell::setFornul a(const QString &f ornul a)

{
setData(Q:: EditRole, formula);

The set Fornul a() function sets the cell's formula. It is simply a convenience function for calling
set Dat a() with the edit role. It is called from Spreadsheet: : set For mul a() .

QString Cell::formula() const
{

}

return data(Q@::EditRole).toString();

The formul a() function is called from Spreadsheet: : fornul a() . Like set Fornul a() it is a convenience
function, this time retrieving the item's Edi t Rol e data.

void Cell::setData(int role, const Qvariant &val ue)

Qrabl eW dgetltem : setData(rol e, val ue);
if (role == :: EditRol e)
setDirty();



If we have a new formula, we set cachel sDirty to true to ensure that the cell is recalculated the
next time text () is called.

There is no text () function defined in Cel I, although we call text () on Cel | instances in
Spreadsheet: :text(). The text() function is a convenience function provided by Qrabl eW dget | t em; it
is the equivalent of calling data(Q: : Di spl ay-Rol e).toString().

void Cell::setDirty()

cachelsDirty = true;

The setDirty() function is called to force a recalculation of the cell's value. It simply sets
cachel sDirty to true, meaning that cachedVal ue is no longer up to date. The recalculation isn't
performed until it is necessary.

Qvariant Cell::data(int role) const

{
if (role == Q::DisplayRole) {
if (value().isvalid()) {
return value().toString();
} else {
return "####";

} else if (role == :: Text Ali gnment Rol e) {
if (value().type() == Qvariant::String) {
return int(Q::AignLeft | Q::AignVCenter);
} else {
return int(Q::AignRight | Q::AlignVCenter);

} else {
return Qrabl eWdgetltem:data(role);
}

The dat a() function is reimplemented from Qrabl eW dget | t em It returns the text that should be
shown in the spreadsheet if called with Q@ :: Di spl ayRol e, and the formula if called with & :: Edi t Rol e.
It returns a suitable alignment if called with Q:: Text Al i gnnent Rol e. In the Di spl ayRol e case, it relies
on val ue() to compute the cell's value. If the value is invalid (because the formula is wrong), we
return "####".

The Cel | : : val ue() function used in data() returns a Qvari ant. A Qvari ant can store values of
different types, such as doubl e and Qstring, and provides functions to convert the variant to other
types. For example, calling toString() on a variant that holds a doubl e value produces a string
representation of the doubl e. A Qvari ant constructed using the default constructor is an "invalid"
variant.

const Qvariant Invalid;
Qvariant Cell::value() const

if (cachelsDirty) {
cachelsDirty = fal se;
@String formulaStr = formul a();
if (fornmulaStr.startsWth('\'")) {
cachedVvalue = fornulaStr.md(1);



} else if (formulaStr.startsWth('=")) {

cachedVal ue = I nvalid;

QString expr = formulaStr. md(1);
expr.replace(" ", "");

expr . append(QChar:: Null);

int pos = 0;

cachedVval ue = eval Expression(expr, pos);
if (expr[pos] !'= QChar::Null)

cachedVval ue = Invalid;
} else {
bool ok;
double d = fornul aStr.toDoubl e( &oKk) ;
if (ok) {
cachedVval ue = d;
} else {

cachedVal ue = fornul aStr;
}
}
}

return cachedVal ue;

The val ue() private function returns the cell's value. If cachel sDirty is true, we need to recalculate
the value.

If the formula starts with a single quote (for example, " '12345"), the single quote occupies position
0 and the value is the string from position 1 to the end.

If the formula starts with an equals sign ('="), we take the string from position 1 and remove any
spaces it may contain. Then we call eval Expressi on() to compute the value of the expression. The
pos argument is passed by reference; it indicates the position of the character where parsing should
begin. After the call to eval Expressi on(), the character at position pos should be the QChar:: Nul |
character we appended, if it was successfully parsed. If the parse failed before the end, we set
cachedVal ue to be I nvalid.

If the formula doesn't begin with a single quote or an equals sign, we attempt to convert it to a
floating-point value using t oDoubl e() . If the conversion works, we set cachedVval ue to be the
resulting number; otherwise, we set cachedVal ue to be the formula string. For example, a formula of
"1.50" causes t oDoubl e() to set ok to true and return 1.5, while a formula of "World Population"
causes t obDoubl e() to set ok to fal se and return 0.0.

By giving t oDoubl e() a pointer to a bool , we are able to distinguish between the conversion of a
string that represents the numeric value 0.0 and a conversion error (where 0.0 is also returned but
the bool is set to fal se). Sometimes the returning of a zero value on conversion failure is exactly
what we need, in which case we do not bother passing a pointer to a bool . For performance and
portability reasons, Qt never uses C++ exceptions to report failure. This doesn't prevent you from
using them in Qt programs, providing your compiler supports them.

The val ue() function is declared const. We had to declare cachedVal ue and cachel sval i d as mutable
variables so that the compiler will allow us to modify them in const functions. It might be tempting
to make val ue() non-const and remove the nut abl e keywords, but that would not compile because
we call val ue() from data(), a const function.

We have now completed the Spreadsheet application, apart from parsing formulas. The rest of this
section covers eval Expr essi on() and the two helper functions eval Tern() and eval Factor (). The code
is a bit complicated, but it is included here to make the application complete. Since the code is not
related to GUI programming, you can safely skip it and continue reading from Chapter 5.

The eval Expressi on() function returns the value of a spreadsheet expression. An expression is
defined as one or more terms separated by '+' or '+--' operators. The terms themselves are defined



as one or more factors separated by '*' or '/' operators. By breaking down expressions into terms
and terms into factors, we ensure that the operators are applied with the correct precedence.

For example, "2*C5+D6" is an expression with "2*C5" as its first term and "D6" as its second term.
The term "2*C5" has "2" as its first factor and "C5" as its second factor, and the term "D6" consists
of the single factor "D6". A factor can be a number ("2"), a cell location ("C5"), or an expression in
parentheses, optionally preceded by a unary minus.

The syntax of spreadsheet expressions is defined in Figure 4.10. For each symbol in the grammar
(Expression, Term, and Factor), there is a corresponding member function that parses it and
whose structure closely follows the grammar. Parsers written this way are called recursive-descent
parsers.

Figure 4.10. Syntax diagram for spreadsheet expressions

Expression Term Factor
- Factor Number II ’

(=) Cell location
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Let's start with eval Expressi on(), the function that parses an Expression:

Quariant Cell::eval Expression(const QString &str, int &pos) const
{

Quariant result = eval Tern(str, pos);
while (str[pos] !'= QChar::Null) {
QChar op = str[pos];

if (op!="+ && op!="-")
return result;
++pos;

Qvariant term = eval Term(str, pos);
if (result.type() == Qvariant:: Doubl e
&% termtype() == QVariant:: Double) {

if (op =="+")
result = result.toDouble() + term toDouble();
} else {
result = result.toDouble() - termtoDouble();
} else {
result = Invalid,
}

}

return result;

First, we call eval Tern() to get the value of the first term. If the following character is '+' or '+--',
we continue by calling eval Tern() a second time; otherwise, the expression consists of a single
term, and we return its value as the value of the whole expression. After we have the value of the
first two terms, we compute the result of the operation, depending on the operator. If both terms
evaluated to a doubl e, we compute the result as a doubl e; otherwise, we set the result to be

I nvalid.

We continue like this until there are no more terms. This works correctly because addition and



subtraction are left-associative; that is, "1-2-3" means "(1-2)-3", not "1-(2-3)".

Quariant Cell::eval Termconst QString &str, int &pos) const

{
Quariant result = eval Factor(str, pos);
while (str[pos] !'= QChar::Null) {
QChar op = str[pos];
if (op!="*" & op !="/")
return result;
++pos;
Quariant factor = eval Factor(str, pos);
if (result.type() == Qvariant:: Double
&& factor.type() == Qvariant::Double) {
if (op =="'*")
result = result.toDouble() * factor.toDouble();
} else {
if (factor.toDouble() == 0.0) {
result = Invalid;
} else {
result = result.toDouble() / factor.toDouble();
}
} else {
result = Invalid;
}
}
return result;
}

The eval Tern() function is very similar to eval Expressi on(), except that it deals with multiplication
and division. The only subtlety in eval Tern() is that we must avoid division by zero, since it is an
error on some processors. While it is generally inadvisable to test floating-point values for equality
because of rounding errors, it is safe to test for equality against 0.0 to prevent division by zero.

Qvariant Cell::eval Factor(const QString &str, int &pos) const
{
Quariant result;
bool negative = fal se;
if (str[pos] =="-") {
negative = true;
++pos;

}
if (str[pos] == "(") {

++pos;
result = eval Expression(str, pos);
if (str[pos] '=")")
result = Invalid;
++pos;
} else {

QRegExp regExp("[A-Za-z][1-9][0-9]{0, 2}");
@String token;

while (str[pos].isLetterO Nunber() || str[pos] ==".") {
t oken += str[pos];
++pos;

}
if (regExp.exactMatch(token)) ({
int colum = token[O].toUpper().unicode() - 'A;

int row = token.md(1).tolnt() - 1;
Cell *c = static_cast<Cell *>(

tabl eWdget ()->itemrow, colum));
it (c) {

result = c->val ue();



} else {
result = 0.0;

} else {
bool ok;
result = token.toDoubl e( &oK);
if (!ok)
result = Invalid;
}
}
if (negative) {
if (result.type() == Qvariant::Double) {
result = -result.toDouble();
} else {
result = Invalid,
}
}

return result;

The eval Factor () function is a bit more complicated than eval Expressi on() and eval Tern() . We start
by noting whether the factor is negated. We then see if it begins with an open parenthesis. If it
does, we evaluate the contents of the parentheses as an expression by calling eval Expressi on().
When parsing a parenthesized expression, eval Expressi on() calls eval Tern(), which calls eval -

Fact or (), which calls eval Expressi on() again. This is where recursion occurs in the parser.

If the factor isn't a nested expression, we extract the next token, which should be a cell location or a
number. If the token matches the QregExp, we take it to be a cell reference and we call val ue() on
the cell at the given location. The cell could be anywhere in the spreadsheet, and it could have
dependencies on other cells. The dependencies are not a problem; they will simply trigger more

val ue() calls and (for "dirty" cells) more parsing until all the dependent cell values are calculated. If
the token isn't a cell location, we take it to be a number.

What happens if cell A1 contains the formula "=A1"? Or if cell A1 contains "=A2" and cell A2
contains "=A1"? Although we have not written any special code to detect circular dependencies, the
parser handles these cases gracefully by returning an invalid Qvari ant. This works because we set
cachel sDirty to fal se and cachedVal ue to I nval i d in val ue() before we call eval Expression(). If
eval Expressi on() recursively calls val ue() on the same cell, it returns I nval i d immediately, and the
whole expression then evaluates to I nvalid.

We have now completed the formula parser. It would be straightforward to extend it to handle
predefined spreadsheet functions, like "sum()" and "avg()", by extending the grammatical definition
of Factor. Another easy extension is to implement the '+' operator with string operands (as
concatenation); this requires no changes to the grammar.



Chapter 5. Creating Custom Widgets

e Customizing Qt Widgets

e Subclassing QWidget

e Integrating Custom Widgets with Qt Designer
e Double Buffering

This chapter explains how to develop custom widgets using Qt. Custom widgets can be created by
subclassing an existing Qt widget or by subclassing QW dget directly. We will demonstrate both
approaches, and we will also see how to integrate a custom widget with Qt Designer so that it can
be used just like a built-in Qt widget. We will round off the chapter by presenting a custom widget
that uses double buffering, a powerful technique for high-speed drawing.

Customizing Qt Widgets

In some cases, we find that a Qt widget requires more customization than is possible by setting its
properties in Qt Designer or by calling its functions. A simple and direct solution is to subclass the
relevant widget class and adapt it to suit our needs.

Figure 5.1. The HexSpi nBox widget

S

In this section, we will develop a hexadecimal spin box to show how this works. QSpi nBox only
supports decimal integers, but by subclassing it's quite easy to make it accept and display
hexadecimal values.

#i f ndef HEXSPI NBOX_H

#def i ne HEXSPI NBOX_H

#i ncl ude <QSpi nBox>

cl ass QRegExpVal i dator;

cl ass HexSpi nBox : public QSpi nBox

Q _OBJECT
public:
HexSpi nBox( QN dget *parent = 0);
pr ot ect ed:
Qualidator::State validate(QString & ext, int &pos) const;
i nt val ueFronirext (const QString & ext) const;
QString textFronVal ue(int val ue) const;
private:
QRegExpVal i dat or *val i dator;

#endi f

The HexSpi nBox inherits most of its functionality from QSpi nBox. It provides a typical constructor and
reimplements three virtual functions from QSpi nBox.

#i ncl ude <Q Gui >

#i ncl ude "hexspi nbox. h"

Hex Spi nBox: : HexSpi nBox( QN dget *parent)
QSpi nBox( par ent)



set Range(0, 255);
val i dator = new QRegExpVal i dat or (QrRegEXp("[0-9A-Fa-f]{1,8}"), this);

We set the default range to be 0 to 255 (0x00 to 0xFF), which is more appropriate for a hexadecimal
spin box than QSpi nBox's default of 0 to 99.

The user can modify a spin box's current value either by clicking its up and down arrows or by
typing a value into the spin box's line editor. In the latter case, we want to restrict the user's input
to legitimate hexadecimal numbers. To achieve this, we use a QRegExpVal i dat or that accepts
between one and eight characters, each of which must be in one of the sets, '0' to '9', 'A’' to 'F', and
'a' to 'f.

Qual i dator:: State HexSpi nBox::validate(QString & ext, int &pos) const
{

}

return validator->validate(text, pos);

This function is called by Qspi nBox to see if the text entered so far is valid. There are three possible
results: I nvalid (the text doesn't match the regular expression), | nter nedi at e (the text is a
plausible part of a valid value), and Accept abl e (the text is valid). The QrRegExpVal i dat or has a
suitable val i dat e() function, so we simply return the result of calling it. In theory, we should return
Inval i d orInternedi ate for values that lie outside the spin box's range, but QSpi nBox is smart
enough to detect that condition without any help.

QString HexSpi nBox: :text Fromval ue(i nt val ue) const
{

}

return QString:: nunber(val ue, 16).toUpper();

The t ext Fromval ue() function converts an integer value to a string. Qspi nBox calls it to update the
editor part of the spin box when the user presses the spin box's up or down arrows. We use the
static function Qst ri ng: : nunber () with a second argument of 16 to convert the value to lowercase
hexadecimal, and call Qstring::toUpper() on the result to make it uppercase.

i nt HexSpi nBox: : val ueFroniText (const QString & ext) const

{
bool ok;
return text.tolnt(&ok, 16);

The val ueFronfext () function performs the reverse conversion, from a string to an integer value. It
is called by Qspi nBox when the user types a value into the editor part of the spin box and presses
Enter. We use the Qstring: :tolnt() function to attempt to convert the current text to an integer
value, again using base 16. If the string is not valid hexadecimal, ok is set to fal se and tolnt()
returns 0. Here, we don't have to consider this possibility because the validator only permits valid
hexadecimal strings to be entered. Instead of passing the address of a dummy variable (ok), we
could instead pass a null pointer as the first argument to tol nt ().

We have now finished the hexadecimal spin box. Customizing other Qt widgets follows the same
pattern: Pick a suitable Qt widget, subclass it, and reimplement some virtual functions to change its
behavior.



Subclassing QWidget

Many custom widgets are simply a combination of existing widgets, whether they are built-in Qt
widgets or other custom widgets such as HexSpi nBox. Custom widgets that are built by composing
existing widgets can usually be developed in Qt Designer:

e Create a new form using the "Widget" template.

e Add the necessary widgets to the form, and lay them out.

e Set up the signals and slots connections.

- If behavior beyond what can be achieved through signals and slots is required, write the
necessary code in a class that inherits both QW dget and the ui c-generated class.

Naturally, combining existing widgets can also be done entirely in code. Whichever approach is
taken, the resulting class inherits directly from QW dget .

If the widget has no signals and slots of its own and doesn't reimplement any virtual functions, it is
even possible to simply assemble the widget by combining existing widgets without a subclass.
That's the approach we used in Chapter 1 to create the Age application, with a QW dget , a QSpi nBox,
and a sl i der. Even so, we could just as easily have subclassed QW dget and created the QSpi nBox
and Qslider in the subclass's constructor.

When none of Qt's widgets are suitable for the task at hand, and when there's no way to combine or
adapt existing widgets to obtain the desired result, we can still create the widget we want. This is
achieved by subclassing QW dget and reimplementing a few event handlers to paint the widget and to
respond to mouse clicks. This approach gives us complete freedom to define and control both the
appearance and the behavior of our widget. Qt's built-in widgets, like Q.abel , QPushBut t on, and

Qrabl eW dget , are implemented this way. If they didn't exist in Qt, it would still be possible to create
them ourselves using the public functions provided by Qw dget in a completely platform-independent
manner.

To demonstrate how to write a custom widget using this approach, we will create the | conEdi t or

widget shown in Figure 5.2. The I conEdi tor is a widget that could be used in an icon editing
program.

Figure 5.2. The | conEdi t or widget




Let's begin by reviewing the header file.

#i f ndef | CONEDI TOR_H
#define | CONEDI TOR H
#i ncl ude <QCol or >
#i ncl ude <Q nage>
#i ncl ude <QW dget >
class IconEditor : public QN dget
{
Q OBJECT
Q_PROPERTY( QCol or penCol or READ penCol or WRI TE set PenCol or)
Q_PROPERTY(Q mage i conl mage READ i conl nage WRI TE set | conl nage)
Q_PROPERTY(i nt zoontactor READ zoonfactor WRI TE set ZoonFact or)
public:
| conEdi t or (QW dget *parent = 0);
voi d set PenCol or (const QCol or &newCol or);
Lol or penCol or() const { return curColor; }

voi d set ZoonFact or (i nt newZoon) ;

int zoonfFactor() const { return zoom }
voi d setlconl nage(const Q nmage &new nage);
Q mage iconlnmage() const { return inmage; }
QSi ze sizeHint() const;

The | conEdi tor class uses the Q PROPERTY() macro to declare three custom properties: penCol or,

i conl mage, and zoonfFact or . Each property has a data type, a "read" function, and an optional "write"
function. For example, the penCol or property is of type QCol or and can be read and written using the
penCol or () and set PenCol or () functions.

When we make use of the widget in Qt Designer, custom properties appear in Qt Designer's
property editor below the properties inherited from QW dget . Properties may be of any type
supported by Qvari ant. The Q OBJECT macro is necessary for classes that define properties.

pr ot ect ed:
voi d nousePressEvent (QvwuseEvent *event);
voi d nouseMbveEvent (QVbuseEvent *event);
voi d pai nt Event (QPai nt Event *event);

private:
voi d set| magePi xel (const QPoi nt &pos, bool opaque);
QRect pixelRect(int i, int j) const;

QCol or curCol or;
Q nage i nmage;
int zoom

b

#endi f

I conEdi tor reimplements three protected functions from QW dget and has a few private functions and
variables. The three private variables hold the values of the three properties.

The implementation file begins with the | conEdi t or 's constructor:

#i ncl ude <Qt Gui >
#i ncl ude "iconeditor.h"
I conEdi tor::1conEditor(QNdget *parent)

QW dget (parent)
{

setAttribute(Q:: WA StaticContents);



set Si zePol i cy(QSi zePolicy:: M nimum QSi zePolicy:: M ninmn;
curCol or = Q::black;

zoom = 8;

i mmge = Q mage(16, 16, Q mage:: For mat _ARGB32);

i mage.fill (gRgba(0, 0, 0, 0));

The constructor has some subtle aspects such as the @ :: WA _Stati cContents attribute and the
set Si zePol i cy() call. We will discuss them shortly.

The pen color is set to black. The zoom factor is set to 8, meaning that each pixel in the icon will be
rendered as an 8 x 8 square.

The icon data is stored in the i mage member variable and can be accessed through the

set | conl mage() and i conl mage() functions. An icon editor program would typically call

set | conl mage() when the user opens an icon file and i con- | mage() to retrieve the icon when the user
wants to save it. The i mage variable is of type Q nage. We initialize it to 16 x 16 pixels and 32-bit
ARGB format, a format that supports semi-transparency. We clear the image data by filling it with a
transparent color.

The Q mage class stores an image in a hardware-independent fashion. It can be set to use a 1-bit, 8-
bit, or 32-bit depth. An image with 32-bit depth uses 8 bits for each of the red, green, and blue
components of a pixel. The remaining 8 bits store the pixel's alpha component (opacity). For
example, a pure red color's red, green, blue, and alpha components have the values 255, 0, 0, and
255. In Qt, this color can be specified as

Rgb red = gRgba(255, 0, 0, 255);

or, since the color is opaque, as

QRgb red = gRgb(255, 0, 0);

QRgb is simply a typedef for unsi gned int, and gRgb() and gRgba() are inline functions that combine
their arguments into one 32-bit integer value. It is also possible to write

QRgb red = OxFFFF0000;

where the first FF corresponds to the alpha component and the second FF to the red component. In
the I conEdi t or constructor, we fill the Q mage with a transparent color by using 0 as the alpha
component.

Qt provides two types for storing colors: QRgb and QCol or . While QRgb is only a typedef used in Q nmage
to store 32-bit pixel data, QCol or is a class with many useful functions and is widely used in Qt to
store colors. In the I conEdi t or widget, we only use QRgb when dealing with the Q mage; we use

QCol or for everything else, including the penCol or property.

(Si ze I conEditor::sizeH nt() const
{
Si ze size = zoom * inmge. size();
if (zoom >= 3)
size += (Size(l, 1);
return size;



The si zeHi nt () function is reimplemented from QW dget and returns the ideal size of a widget. Here,
we take the image size multiplied by the zoom factor, with one extra pixel in each direction to
accommodate a grid if the zoom factor is 3 or more. (We don't show a grid if the zoom factor is 2 or
1, because the grid would then hardly leave any room for the icon's pixels.)

A widget's size hint is mostly useful in conjunction with layouts. Qt's layout managers try as much
as possible to respect a widget's size hint when they lay out a form's child widgets. For | conEdi t or
to be a good layout citizen, it must report a credible size hint.

In addition to the size hint, widgets have a size policy that tells the layout system whether they like
to be stretched and shrunk. By calling set Si zePol i cy() in the constructor with Qsi zePol i cy: : M ni num
as horizontal and vertical policies, we tell any layout manager that is responsible for this widget that
the widget's size hint is really its minimum size. In other words, the widget can be stretched if
required, but it should never shrink below the size hint. This can be overridden in Qt Designer by
setting the widget's si zePol i cy property. The meaning of the various size policies is explained in
Chapter 6 (Layout Management).

voi d | conEditor::setPenCol or(const QCol or &newCol or)
{

}

cur Col or = newCol or;

The set PenCol or () function sets the current pen color. The color will be used for newly drawn pixels.

voi d | conEditor::setlconl mage(const Q nage &new nage)

{
if (newnmage != inmge) {
i mmge = newl mage. convert ToFor mat (Q nmage: : For mat _ARGB32) ;
updat e() ;
updat eGeonetry();
}
}

The set | conl mage() function sets the image to edit. We call convert ToFor mat () to make the image
32-bit with an alpha buffer, if it isn't already. Elsewhere in the code, we will assume that the image
data is stored as 32-bit ARGB values.

After setting the i nage variable, we call QW dget : : updat e() to force a repainting of the widget using
the new image. Next, we call QW dget : : updat eGeonetry() to tell any layout that contains the widget
that the widget's size hint has changed. The layout will then automatically adapt to the new size
hint.

voi d | conEditor::setZoonfFactor (i nt newZoon)

{
i f (newZoom < 1)
newZoom = 1;

if (newZoom!= zoom {
zoom = newZoom
updat e();

updat eGeonetry();



The set ZoonFact or () function sets the zoom factor for the image. To prevent division by zero
elsewhere, we correct any value below 1. Again, we call updat e() and updat eGeonetry() to repaint
the widget and to notify any managing layout about the size hint change.

The penCol or (), i conl mage(), and zoonFact or () functions are implemented as inline functions in the
header file.

We will now review the code for the pai nt Event () function. This function is | conEdi t or 's most
important function. It is called whenever the widget needs repainting. The default implementation in
QW dget does nothing, leaving the widget blank.

Just like cl oseEvent (), which we met in Chapter 3, pai nt Event () is an event handler. Qt has many
other event handlers, each of which corresponds to a different type of event. Chapter 7 covers event
processing in depth.

There are many situations when a paint event is generated and pai nt Event () is called:

< When a widget is shown for the first time, the system automatically generates a paint event
to force the widget to paint itself.

< When a widget is resized, the system generates a paint event.

e If the widget is obscured by another window and then revealed again, a paint event is
generated for the area that was hidden (unless the window system stored the area).

We can also force a paint event by calling QW dget : : updat e() or QW dget: : re-pai nt () . The difference
between these two functions is that repai nt () forces an immediate repaint, whereas updat e() simply
schedules a paint event for when Qt next processes events. (Both functions do nothing if the widget
isn't visible on screen.) If updat e() is called multiple times, Qt compresses the consecutive paint
events into a single paint event to avoid flicker. In I conEdi t or, we always use updat e() .

Here's the code:

voi d | conEditor:: paintEvent (QPai nt Event *event)
{
QPai nter painter(this);
if (zoom>= 3) {
pai nter.setPen(palette().foreground().color());
for (int i =0; i <=imge.width(); ++i)
pai nter.drawLi ne(zoom* i, O,
zoom * i, zoom* image. height());
for (int j =0; j <= imge. height(); ++)
pai nter.drawLi ne(0, zoom?* j,
zoom * image.wi dth(), zoom™* j);
}
for (int i =0; i <imge.wdth(); ++i) {
for (int j =0; j < image.height(); ++) {
QRect rect = pixelRect(i, j);
if (levent->region().intersect(rect).isEmpty()) {
QCol or col or = QCol or::fronmRgba(i nage. pi xel (i, j));
painter.fill Rect(rect, color);

We start by constructing a QPai nter object on the widget. If the zoom factor is 3 or more, we draw
the horizontal and vertical lines that form the grid using the Qpai nter: : drawLi ne() function.



A call to QPai nter::drawLi ne() has the following syntax:

pai nter.drawLi ne(x1, yl, x2, y2);

where (x1, y1) is the position of one end of the line and (x2, y2) is the position of the other end.
There is also an overloaded version of the function that takes two QPoi nt s instead of fourints.

The top-left pixel of a Qt widget is located at position (0, 0), and the bottom-right pixel is located at
(width() -1, height() - 1). This is similar to the conventional Cartesian coordinate system, but

upside down. We can change QPai nter's coordinate system by using transformations, such as
translation, scaling, rotation, and shearing. This is covered in Chapter 8 (2D and 3D Graphics).

Figure 5.3. Drawing a line using QPai nt er
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Before we call drawLi ne() on the Qrai nter, we set the line's color using set Pen() . We could hard-
code a color, like black or gray, but a better approach is to use the widget's palette.

Every widget is equipped with a palette that specifies which colors should be used for what. For
example, there is a palette entry for the background color of widgets (usually light gray) and one for
the color of text on that background (usually black). By default, a widget's palette adopts the
window system's color scheme. By using colors from the palette, we ensure that | conEdi t or respects
the user's preferences.

A widget's palette consists of three color groups: active, inactive, and disabled. Which color group
should be used depends on the widget's current state:

e The Active group is used for widgets in the currently active window.
e Thelnactive group is used for widgets in the other windows.
e The Disabl ed group is used for disabled widgets in any window.

The QW dget : : pal ette() function returns the widget's palette as a QPal et t e object. Color groups are
specified as enums of type QPal ette: : Col or G oup.

When we want to get an appropriate brush or color for drawing, the correct approach is to use the
current palette, obtained from QW dget: : pal ette(), and the required role, for example,

QPal ette: : foreground(). Each role function returns a brush, which is normally what we want, but if
we just need the color we can extract it from the brush, as we did in the pai nt Event () . By default,
the brushes returned are those appropriate to the widget's state, so we do not need to specify a
color group.

The pai nt Event () function finishes by drawing the image itself. The call to I conEdi t or: : pi xel Rect ()
returns a QRect that defines the region to repaint. As an easy optimization, we don't redraw pixels



that fall outside this region.

Figure 5.4. Drawing a line using QPai nt er
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We call QPainter::fillRect() to draw a zoomed pixel. QPainter::fillRect() takes a QRect and a
QBrush. By passing a QCol or as the brush, we obtain a solid fill pattern.

QRect IconEditor::pixelRect(int i, int j) const

{
if (zoom>= 3) {
return QRect (zoom* i + 1, zoom* j + 1, zoom- 1, zoom- 1);
} else {
return QrRect(zoom?* i, zoom?* j, zoom zoon);
}

The pi xel Rect () function returns a QrRect suitable for QPainter::fillRect(). Thei andj parameters
are pixel coordinates in the Q magenot in the widget. If the zoom factor is 1, the two coordinate
systems coincide exactly.

The QRect constructor has the syntax QRect (x, y, width, height), where (x, y) is the position of the
top-left corner of the rectangle and wi dt h X hei ght is the size of the rectangle. If the zoom factor is 3
or more, we reduce the size of the rectangle by one pixel horizontally and vertically so that the fill
does not draw over the grid lines.

voi d | conEdi tor:: nousePressEvent (QwuseEvent *event)

{
if (event->button() == ::LeftButton) {
set | magePi xel (event - >pos(), true);
} else if (event->button() == Q::RightButton) {
set | magePi xel (event - >pos(), fal se);
}
}

When the user presses a mouse button, the system generates a "mouse press" event. By
reimplementing QW dget : : nousePr essEvent (), we can respond to this event and set or clear the
image pixel under the mouse cursor.

If the user pressed the left mouse button, we call the private function set | magePi xel () with true as
the second argument, telling it to set the pixel to the current pen color. If the user pressed the right



mouse button, we also call set | magePi xel (), but pass fal se to clear the pixel.

voi d | conEdi tor:: museMveEvent (QWuseEvent *event)

if (event->buttons() & Q::LeftButton) {
set | magePi xel (event - >pos(), true);

} else if (event->buttons() & Q::RightButton) {
set | magePi xel (event - >pos(), false);

}

The mouseMoveEvent () handles "mouse move" events. By default, these events are only generated
when the user is holding down a button. It is possible to change this behavior by calling
QW dget : : set MouseTr acki ng(), but we don't need to do so for this example.

Just as pressing the left or right mouse button sets or clears a pixel, keeping it pressed and hovering
over a pixel is also enough to set or clear a pixel. Since it's possible to hold more than one button
pressed down at a time, the value returned by QwuseEvent: : buttons() is a bitwise OR of the mouse
buttons. We test whether a certain button is pressed down using the & operator, and if this is the
case we call set | magePi xel ().

voi d | conEditor::setlnmgePi xel (const QPoi nt &pos, bool opaque)

{
int i = pos.x() / zoom
int j = pos.y() / zoom
if (image.rect().contains(i, j)) {
if (opaque) {
i mge. setPi xel (i, j, penColor().rgba());
} else {
i mge. setPixel (i, j, gRgba(0, 0, 0, 0));

updat e( pi xel Rect (i, j));

The set | magePi xel () function is called from nousePressEvent () and nouseMve- Event () to set or clear
a pixel. The pos parameter is the position of the mouse on the widget.

The first step is to convert the mouse position from widget coordinates to image coordinates. This is
done by dividing the x() and y() components of the mouse position by the zoom factor. Next, we
check whether the point is within the correct range. The check is easily made using Q nage: : rect ()
and QRect : : cont ai ns() ; this effectively checks that i is between 0 and i mage. wi dth() - 1 and that j
is between 0 and i nage. hei ght () - 1.

Depending on the opaque parameter, we set or clear the pixel in the image. Clearing a pixel is really
setting it to be transparent. We must convert the pen QCol or to an 32-bit ARGB value for the

Q mage: : set Pi xel () call. At the end, we call updat e() with a Qrect of the area that needs to be
repainted.

Now that we have reviewed the member functions, we will return to the @ :: WA StaticContents
attribute that we used in the constructor. This attribute tells Qt that the widget's content doesn't
change when the widget is resized and that the content stays rooted to the widget's top-left corner.
Qt uses this information to avoid needlessly repainting areas that are already shown when resizing
the widget.

Normally, when a widget is resized, Qt generates a paint event for the widget's entire visible area.
But if the widget is created with the @ :: WA _Stati cContents attribute, the paint event's region is



restricted to the pixels that were not previously shown. This implies that if the widget is resized to a
smaller size, no paint event is generated at all.

Figure 5.5. Resizing a @ :: WA StaticContents widget
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The I conEdi t or widget is now complete. Using the information and examples from earlier chapters,
we could write code that uses the | conEdi tor as a window in its own right, as a central widget in a
Qvki nW ndow, as a child widget inside a layout, or as a child widget inside a Qscrol | Area (p. 148). In
the next section, we will see how to integrate it with Qt Designer.

Integrating Custom Widgets with Qt Designer

Before we can use custom widgets in Qt Designer, we must make Qt Designer aware of them.
There are two techniques for doing this: the "promotion" approach and the plugin approach.

The promotion approach is the quickest and easiest. It consists of choosing a built-in Qt widget that
has a similar API to the one we want our custom widget to have and completing a dialog box in Qt
Designer with some information about the custom widget. The widget can then be used in forms
developed with Qt Designer, although it will be represented by the associated built-in Qt widget
while the form is edited or previewed.

Here's how to insert a HexSpi nBox widget into a form using this approach:

1. Create a Qspi nBox by dragging it from Qt Designer's widget box onto the form.

2. Right-click the spin box and choose Promote to Custom Widget from the context menu.

3. Fill in the dialog that pops up with "HexSpinBox" as the class name and "hexspinbox.h" as
the header file.

Voila! The code generated by ui ¢ will include hexspi nbox. h instead of <QSpi nBox> and instantiate a

Hex Spi nBox. In Qt Designer, the HexSpi nBox widget will be represented by a QSpi nBox, allowing us to
set all the properties of a QSpi nBox (for example, the range and the current value).

Figure 5.6. Qt Designer's custom widget dialog
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The drawbacks of the promotion approach are that properties that are specific to the custom widget
aren't accessible in Qt Designer and that the widget isn't rendered as itself. Both these problems
can be solved by using the plugin approach.

The plugin approach requires the creation of a plugin library that Qt Designer can load at run-time
and use to create instances of the widget. The real widget is then used by Qt Designer when
editing the form and for previewing, and thanks to Qt's meta-object system,Qt Designer can
dynamically obtain the list of its properties. To show how this works, we will integrate the

I conEdi t or from the previous section as a plugin.

First, we must subclass QDesi gner Cust om dget | nt er f ace and reimplement some virtual functions.
We will assume that the plugin source code is located in a directory called i conedi t or pl ugi n and that
the I conEdi t or source code is located in a parallel directory called i conedi tor.

Here's the class definition:

#i ncl ude <QDesi gner Cust om\N dget I nt erface>
class IconEditorPlugin : public QObject,

public QDesigner Cust omW dget | nterface
{

Q _OBJECT

Q_| NTERFACES( QDesi gner Cust omN dget | nt er f ace)
public:

| conEdi t or Pl ugi n(Qoj ect *parent = 0);

QString nanme() const;

@String includeFile() const;

QString group() const;

Q con icon() const;

@String tool Ti p() const;

QString whatsThis() const;

bool isContainer() const;

QW dget *createW dget (QN dget *parent);
s

The 1 conEdi t or Pl ugi n subclass is a factory class that encapsulates the | conEdi t or widget. It inherits
both Qbj ect and QDesi gner Cust omW dget | t er f ace and uses the Q | NTERFACES() macro to tell noc that
the second base class is a plugin interface. The functions are used by Qt Designer to create
instances of the class and to obtain information about it.

| conEdi t or Pl ugi n: : | conEdi t or Pl ugi n( QCbj ect *parent)
Qbj ect (parent)



The constructor is trivial.

QString | conEditorPlugin::nane() const

{
}

return "lconEditor";

The name() function returns the name of the widget provided by the plugin.

@String | conEditorPlugin::includeFile() const
{

}

return "iconeditor.h";

The i ncl udeFi | e() function returns the name of the header file for the specified widget encapsulated
by the plugin. The header file is included in the code generated by the ui c tool.

@QString | conEditorPlugin::group() const
{

}

return tr ("I mage Mani pul ati on Wdgets");

The group() function returns the name of the widget box group this custom widget should belong to.
If the name isn't already in use,Qt Designer will create a new group for the widget.

Q con IconEditorPlugin::icon() const

{
}

return Qcon(":/images/iconeditor.png");

The i con() function returns the icon to use to represent the custom widget in Qt Designer's widget
box. Here, we assume that the | conEdi t or Pl ugi n has an associated Qt resource file with a suitable
entry for the icon editor image.

@String | conEditorPlugin::tool Tip() const
{

}

return tr("An icon editor wdget");

The tool Ti p() function returns the tooltip to show when the mouse hovers over the custom widget
in Qt Designer's widget box.

@QString | conEditorPlugin::whatsThis() const
{
return tr("This widget is presented in Chapter 5 of <i>C++ GU "
"Progranming with @ 4</i> as an exanple of a custom Q
"wi dget.");



The what sThi s() function returns the "What's This?" text for Qt Designer to display.

bool | conEditorPlugin::isContainer() const

{
}

return fal se;

The i sCont ai ner () function returns true if the widget can contain other widgets; otherwise, it
returns f al se. For example, QFrane is a widget that can contain other widgets. In general, any Qt
widget can contain other widgets, but Qt Designer disallows this when i sCont ai ner () returns f al se.

QW dget *1conEditorPl ugin::createWdget (QN dget *parent)
{

}

return new | conEditor(parent);

The creat e() function is called by Qt Designer to create an instance of a widget class with the
given parent.

Q _EXPORT_PLUG N2(i conedi t or pl ugi n, |conEditorPl ugin)

At the end of the source file that implements the plugin class, we must use the Q EXPORT_PLUG N2()
macro to make the plugin available to Qt Designer. The first argument is the name we want to give
the plugin; the second argument is the name of the class that implements it.

The . pro file for building the plugin looks like this:

TEMPLATE =1lib
CONFI G += desi gner plugin rel ease
HEADERS = ../iconeditor/iconeditor.h \
i conedi torplugin.h
SOURCES = ../iconeditor/iconeditor.cpp \
i conedi t or pl ugi n. cpp
RESOURCES = iconeditorplugin.qgrc
DESTDI R = $(QrDI R)/ pl ugi ns/ desi gner

The . pro file assumes that the @ dI R environment variable is set to the directory where Qt is
installed. When you type make or nmake to build the plugin, it will automatically install itself in Qt
Designer's pl ugi ns directory. Once the plugin is built, the I conEdi t or widget can be used in Qt
Designer in the same way as any of Qt's built-in widgets.

If you want to integrate several custom widgets with Qt Designer, you can either create one plugin
for each one of them or combine them into a single plugin by deriving from
QDesi gner Cust omN dget Col | ecti onl nterface.



Double Buffering

Double buffering is a GUI programming technique that consists of rendering a widget to an off-
screen pixmap and copying the pixmap onto the display. With earlier versions of Qt, this technique
was frequently used to eliminate flicker and to provide a snappier user interface.

In Qt 4, Qwdget handles this automatically, so we rarely need to worry about widgets flickering.
Still, explicit double buffering remains beneficial if the widget's rendering is complex and needed
repeatedly. We can then store a pixmap permanently with the widget, always ready for the next
paint event, and copy the pixmap to the widget whenever we receive a paint event. It is especially
helpful when we want to do small modifications, such as drawing a rubber band, without
recomputing the whole widget's rendering over and over.

We will round off this chapter by reviewing the Pl otter custom widget. This widget uses double
buffering and also demonstrates some other aspects of Qt programming, including keyboard event
handling, manual layout, and coordinate systems.

The Pl otter widget displays one or more curves specified as vectors of coordinates. The user can
draw a rubber band on the image, and the Pl otter will zoom in on the area enclosed by the rubber
band. The user draws the rubber band by clicking a point on the graph, dragging the mouse to
another position with the left mouse button held down, and releasing the mouse button.

Figure 5.7. Zooming in on the Pl ott er widget
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The user can zoom in repeatedly by drawing a rubber band multiple times, zooming out using the
Zoom Out button, and then zooming back in using the Zoom In button. The Zoom In and Zoom Out
buttons appear the first time they become available, so that they don't clutter the display if the user
doesn't zoom the graph.

The Pl otter widget can hold the data for any number of curves. It also maintains a stack of
Pl ot Set ti ngs objects, each of which corresponds to a particular zoom level.

Let's review the class, starting with plotter. h:

#i f ndef PLOTTER_H
#define PLOTTER H
#i ncl ude <Qvap>

#i ncl ude <QPi xmap>
#i ncl ude <Qvect or >
#i ncl ude <QW dget >
cl ass QrTool Button;
class Pl ot Settings;



class Plotter : public QN dget

Q OBJECT
publi c:
Pl otter (QWN dget *parent = 0);
voi d setPlotSettings(const PlotSettings &settings);
voi d setCurveData(int id, const QVector<QPointF> &data);
void clearCurve(int id);
QSi ze m ni nunSi zeHi nt () const;
QSi ze sizeH nt() const;
public slots:
voi d zoom n();
voi d zoomOut () ;

We start by including the header files for the Qt classes that are used in the plotter file's header, and
forward declaring the classes that have pointers or references in the header.

In the Pl otter class, we provide three public functions for setting up the plot, and two public slots
for zooming in and out. We also reimplement mi ni mum Si zeHi nt () and si zeHi nt () from QW dget. We
store a curve's points as a Qvect or <QPoi nt F>, where QPoi nt F is a floating-point version of QPoi nt .

pr ot ect ed:
voi d pai nt Event (QPai nt Event *event);
voi d resi zeEvent (QResi zeEvent *event);
voi d nousePressEvent (QvbuseEvent *event);
voi d nouseMbveEvent (QVbuseEvent *event);
voi d nouseRel easeEvent (QwuseEvent *event);
voi d keyPressEvent ((KeyEvent *event);
voi d wheel Event (Qhheel Event *event);

In the protected section of the class, we declare all the QW dget event handlers that we want to
reimplement.

private:
voi d updat eRubber BandRegi on() ;
voi d refreshPi xmap();
voi d drawG i d(QPai nter *painter);
voi d drawCurves(QPai nter *painter);
enum { Margin = 50 };
Qrool Button *zoonl nButton;
Qrool Button *zoomQut Butt on;
QVap<i nt, QVector<QPoi nt F> > curveMap;
QVect or <Pl ot Setti ngs> zoonft ack;
i nt curZoom
bool rubberBandl sShown;
QRect rubber BandRect ;
QPi xmap pi xmap;
H

In the private section of the class, we declare a few functions for painting the widget, a constant,
and several member variables. The Margi n constant is used to provide some spacing around the
graph.

Among the member variables is pi xmap of type QPi xmap. This variable holds a copy of the whole
widget's rendering, identical to what is shown on screen. The plot is always drawn onto this off-
screen pixmap first; then the pixmap is copied onto the widget.



class Pl ot Settings

{
publi c:
Pl ot Settings();

void scroll (int dx, int dy);

voi d adjust();

doubl e spanX() const { return maxX - mnX, }
doubl e spanY() const { return maxY - nmnY; }

doubl e m nX;
doubl e maxX;
i nt nunmXTi cks;
doubl e m nY;
doubl e nmaxY;

i nt numyTi cks;
private:

static void adjust Axi s(doubl e & n, double &rax, int &nunilicks);
}
#endi f

The Pl ot Set ti ngs class specifies the range of the x and y axes and the number of ticks for these
axes. Figure 5.8 shows the correspondence between a Pl ot Set ti ngs object and a Pl otter widget.

Figure 5.8. Pl ot Setti ngs's member variables
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By convention, nunXTi cks and nunTi cks are off by one; if nunXTi cks is 5, Pl ot ter will actually draw 6
tick marks on the x axis. This simplifies the calculations later on.

Now let's review the implementation file:

#i ncl ude <Qt Gui >
#i ncl ude <cmat h>

#include "plotter.h"

We include the expected header files and import all the std namespace's symbols into the global
namespace. This allows us to access the functions that are declared in <cmat h> without prefixing



them with std:: (for example, floor() instead of std::floor()).

Plotter::Plotter( QN dget *parent)
QW dget (parent)

{
set Backgr oundRol e( QPal et te: : Dark) ;
set Aut oFi | | Background(true);
set Si zePol i cy(QSi zePol i cy: : Expandi ng, QSi zePol i cy: : Expandi ng) ;
set FocusPol i cy(Q:: StrongFocus);
rubber Bandl sShown = fal se;
zoom nButton = new Qrool Button(this);
zoom nButton->setl con(Q con(":/inmages/zoonin.png"));
zoonl nBut t on- >adj ust Si ze() ;
connect (zoom nButton, SIGNAL(clicked()), this, SLOT(zoomn()));
zoonut Butt on = new Qrool Button(this);
zoomOut But t on- >set I con(Q con(": /i mages/ zoonout . png"));
zoomQut But t on- >adj ust Si ze() ;
connect (zoomQut Button, SIGNAL(clicked()), this, SLOT(zoonDut()));
set Pl ot Settings(PlotSettings());
}

The set BackgroundRol e() call tells Qw dget to use the "dark" component of the palette as the color for
erasing the widget, instead of the "window" component. This gives Qt a default color that it can use
to fill any newly revealed pixels when the widget is resized to a larger size, before pai nt Event () even
has the chance to paint the new pixels. We also need to call set Aut oFi | | Backgr ound(true) to enable
this mechanism. (By default, child widgets inherit the background from their parent widget.)

The set Si zePol i cy() call sets the widget's size policy to Qsi zePol i cy: : Expandi ng in both directions.
This tells any layout manager that is responsible for the widget that the widget is especially willing
to grow, but can also shrink. This setting is typical for widgets that can take up a lot of screen
space. The default is Qsi zePol i cy: : Preferred in both directions, which means that the widget prefers
to be the size of its size hint, but it can be shrunk down to its minimum size hint or expanded
indefinitely if necessary.

The set FocusPol i cy( @ : : StrongFocus) call makes the widget accept focus by clicking or by pressing
Tab. When the Pl otter has focus, it will receive events for key presses. The Pl otter widget
understands a few keys: + to zoom in; - to zoom out; and the arrow keys to scroll up, down, left,
and right.

Figure 5.9. Scrolling the Pl ot t er widget
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Still in the constructor, we create two Qrool But t ons, each with an icon. These buttons allow the user
to zoom in and out. The button's icons are stored in a resource file, so any application that uses the



Pl ott er widget will need this entry in its . pro file:

RESOURCES = plotter.qgrc

The resource file is similar to the one we have used for the Spreadsheet application:

<I DOCTYPE RCC><RCC versi on="1.0">
<gr esour ce>
<fil e>i mages/ zoom n. png</fil e>
<fil e>i mages/ zoonout . png</fil e>
</ gresource>
</ RCC>

The adj ust Si ze() calls on the buttons set their sizes to be that of their size hints. The buttons are
not put in a layout; instead, we will position them manually in the Pl otter's resize event. Since we
are not using any layouts, we must specify the buttons' parent explicitly by passing t hi s to the
QPushBut t on constructor.

The call to set Pl ot Setti ngs() at the end completes the initialization.

void Plotter::setPlotSettings(const PlotSettings &settings)
{

zoontt ack. cl ear () ;

zoontt ack. append(settings);
cur Zoom = O;

zoom nBut t on- >hi de() ;
zoonmQut But t on- >hi de() ;
refreshPi xmap();

The set Pl ot Settings() function is used to specify the Pl ot Setti ngs to use for displaying the plot. It
is called by the Pl ot t er constructor and can be called by users of the class. The plotter starts out at
its default zoom level. Each time the user zooms in, a new Pl ot Set ti ngs instance is created and put
onto the zoom stack. The zoom stack is represented by two member variables:

e zoonst ack holds the different zoom settings as a Qvect or <Pl ot Set ti ngs>.
e curZoomholds the current Pl ot Settings's index in the zoontt ack.

After the call to set Pl ot Setti ngs(), the zoom stack contains only one entry, and the Zoom In and
Zoom Out buttons are hidden. These buttons will not be shown until we call show() on them in the
zoom n() and zoontut () slots. (Normally, it is sufficient to call show() on the top-level widget to show
all the children. But when we explicitly call hi de() on a child widget, it is hidden until we call show()
on it.)

The call to refreshPi xmap() is necessary to update the display. Usually, we would call updat e(), but
here we do things slightly differently because we want to keep a QPi xmap up to date at all times.
After regenerating the pixmap, refreshPi xmap() calls update() to copy the pixmap onto the widget.

void Plotter::zoonQut ()
{
if (curZoom> 0) {
--curZoom
zoomQut But t on- >set Enabl ed( cur Zoom > 0);
zoon nBut t on- >set Enabl ed(true);



zoom nBut t on- >show() ;
refreshPi xmap() ;

The zoomut () slot zooms out if the graph is zoomed in. It decrements the current zoom level and
enables the Zoom Out button depending on whether the graph can be zoomed out any more or not.
The Zoom In button is enabled and shown, and the display is updated with a call to refreshPi xmap() .

void Plotter::zoom n()

if (curZoom < zoonStack.count() - 1) {
++cur Zoom
zoonl nBut t on- >set Enabl ed( cur Zoom < zoonSt ack. count () - 1);
zoonmQut But t on- >set Enabl ed(true);
zoonut But t on- >show() ;
refreshPi xmap();

If the user has previously zoomed in and then out again, the Pl ot Setti ngs for the next zoom level
will be in the zoom stack, and we can zoom in. (Otherwise, it is still possible to zoom in using a
rubber band.)

The slot increments cur Zoomto move one level deeper into the zoom stack, sets the Zoom In button
enabled or disabled depending on whether it's possible to zoom in any further, and enables and
shows the Zoom Out button. Again, we call refreshPi xmap() to make the plotter use the latest zoom
settings.

void Plotter::setCurveData(int id, const QVector<QPoint F> &dat a)

curveMap[id] = data;
refreshPi xmap();

The set CurveDat a() function sets the curve data for a given curve ID. If a curve with the same ID
already exists in curveMap, it is replaced with the new curve data; otherwise, the new curve is simply
inserted. The curveMap member variable is of type Qvap<i nt, Qvector <QPoi nt F> >.

void Plotter::clearCurve(int id)

{

curveMap. renove(id);
refreshPi xmap();

The cl ear curve() function removes the specified curve from the curve map.

Si ze Plotter:: mninmnSi zeH nt () const

{
}

return QSize(6 * Margin, 4 * Margin);



The ni ni nunsi zeH nt () function is similar to si zeHint () ; just as si zeHi nt () spec-ifies a widget's ideal
size, m ni munsi zeH nt () specifies a widget's ideal minimum size. A layout never resizes a widget
below its minimum size hint.

The value we return is 300 x 200 (since Margi n equals 50) to allow for the margin on all four sides
and some space for the plot itself. Below that size, the plot would be too small to be useful.

Si ze Plotter::sizeH nt() const

{
}

return QSi ze(12 * Margin, 8 * Margin);

In si zeHint (), we return an "ideal" size in proportion to the Margi n constant and with the same
pleasing 3:2 aspect ratio we used for the ni ni mrunti zeHi nt () .

This finishes the review of the Pl otter's public functions and slots. Now let's review the protected
event handlers.

void Plotter:: paintEvent(QPaintEvent * /* event */)

{
St yl ePai nter painter(this);
pai nt er. drawPi xmap(0, 0, pixmap);
i f (rubber Bandl sShown) {
pai nter.setPen(palette().light().color());
pai nt er. dr awRect (r ubber BandRect . nor mal i zed()
.adjusted(0, 0, -1, -1));
}
i f (hasFocus()) {
St yl eOpti onFocusRect option;
option.initFron(this);
option. backgroundCol or = palette().dark().color();
painter.drawPrimtive(QStyle:: PE_FranmeFocusRect, option);
}
}

Normally, pai nt Event () is the place where we perform all the drawing. But here all the plot drawing
is done beforehand in refreshPi xmap(), so we can render the entire plot simply by copying the
pixmap onto the widget at position (0, 0).

If the rubber band is visible, we draw it on top of the plot. We use the "light" component from the
widget's current color group as the pen color to ensure good contrast with the "dark" background.
Notice that we draw directly on the widget, leaving the off-screen pixmap untouched. Using

QRect: :nornmal i zed() ensures that the rubber band rectangle has positive width and height (swap-
ping coordinates if necessary), and adj ust ed() reduces the size of the rectangle by one pixel to allow
for its own 1-pixel-wide outline.

If the Pl ot ter has focus, a focus rectangle is drawn using the widget style's draw Primitive()
function with Qstyl e: : PE_FranmeFocusRect as its first argument and a Qst yl eOpt i onFocusRect object as
its second argument. The focus rectangle's drawing options are inherited from the Pl ot ter widget
(by the initFrom() call). The background color must be specified explicitly.

When we want to paint using the current style, we can either call a Qstyl e function directly, for
example,

style()->drawPrimtive(QStyl e:: PE_FrameFocusRect, &option, &painter,



this);

or we can use a Qstyl ePai nter instead of a normal QPai nter, as we have done in Pl otter, and paint
more conveniently using that.

The QW dget : : styl e() function returns the style that should be used to draw the widget. In Qt, a
widget style is a subclass of Qstyl e. The built-in styles include QAN ndowsStyl e, QN ndowsXPSt yl e,
Qwt i fStyl e, QCDEStyl e, QvacStyl e, and QPl asti queSt yl e. Each of these styles reimplements the
virtual functions in Qstyl e to perform the drawing in the correct way for the platform the style is
emulating. Qstyl ePainter's drawPrim tive() function calls the Qstyl e function of the same name,
which can be used for drawing "primitive elements" like panels, buttons, and focus rectangles. The
widget style is usually the same for all widgets in an application (QApplication::style()), butit can
be overridden on a per-widget basis using QW dget: : set Styl e() .

By subclassing Qstyl e, it is possible to define a custom style. This can be done to give a distinctive
look to an application or a suite of applications. While it is generally advisable to use the target
platform's native look and feel, Qt offers a lot of flexibility if you want to be adventurous.

Qt's built-in widgets rely almost exclusively on Qstyl e to paint themselves. This is why they look like
native widgets on all platforms supported by Qt. Custom widgets can be made style-aware either by
using Qstyl e to paint themselves or by using built-in Qt widgets as child widgets. For Plotter, we
use a combination of both approaches: The focus rectangle is drawn using Qstyl e (via a

QStyl ePai nter ), and the Zoom In and Zoom Out buttons are built-in Qt widgets.

void Plotter::resizeEvent (QResi zeEvent * /* event */)

{
int x =wdth() - (zoom nButton->w dth()
+ zoomQut Button->wi dth() + 10);
zoonl nBut t on- >nove(x, 5);
zoonmQut But t on- >nmove(x + zoom nButton->wi dth() + 5, 5);
refreshPi xmap();
}

Whenever the Pl ot t er widget is resized, Qt generates a "resize" event. Here, we reimplement
resi zeEvent () to place the Zoom In and Zoom Out buttons at the top right of the Pl otter widget.

We move the Zoom In button and the Zoom Out button to be side by side, separated by a 5-pixel
gap and with a 5-pixel offset from the top and right edges of the parent widget.

If we wanted the buttons to stay rooted to the top-left corner, whose coordinates are (0, 0), we
would simply have moved them there in the Pl otter constructor. But we want to track the top-right
corner, whose coordinates depend on the size of the widget. Because of this, it's necessary to
reimplement resi zeEvent () and to set the buttons' position there.

We didn't set any positions for the buttons in the Pl otter constructor. This isn't a problem, since Qt
always generates a resize event before a widget is shown for the first time.

An alternative to reimplementing resi zeEvent () and laying out the child widgets manually would
have been to use a layout manager (for example, Q& i dLayout ). Using a layout would have been a
little more complicated and would have consumed more resources; on the other hand, it would
gracefully handle right-to-left layouts, necessary for languages such as Arabic and Hebrew.

At the end, we call refreshpPi xmap() to redraw the pixmap at the new size.

void Plotter::nousePressEvent (QWuseEvent *event)

{



QRect rect(Margin, Margin,
width() - 2 * Margin, height() - 2 * Margin);
if (event->button() == ::LeftButton) {
if (rect.contains(event->pos())) {

r ubber Bandl sShown = true;

rubber BandRect . set TopLeft (event - >pos());

rubber BandRect . set Bot t onRi ght (event - >pos() ) ;

updat eRubber BandRegi on() ;

set Cursor (Q:: CrossCursor);

When the user presses the left mouse button, we start displaying a rubber band. This involves
setting r ubber Bandl sShown to true, initializing the rubber - BandRect member variable with the current
mouse pointer position, scheduling a paint event to paint the rubber band, and changing the mouse
cursor to have a crosshair shape.

The rubber BandRect variable is of type QRect. A QRect can be defined either as an (x, y, width,
height) quadruplewhere (X, y) is the position of the top-left corner and width x height is the size
of the rectangleor as a top-left and a bottom-right coordinate pair. Here, we have used the
coordinate pair representation. We set the point where the user clicked as both the top-left corner
and as the bottom-right corner. Then we call updat eRubber BandRegi on() to force a repaint of the
(tiny) area covered by the rubber band.

Qt provides two mechanisms for controlling the mouse cursor's shape:

e QWdget::setCursor() sets the cursor shape to use when the mouse hovers over a particular
widget. If no cursor is set for a widget, the parent widget's cursor is used. The default for
top-level widgets is an arrow cursor.

e QApplication::setOverrideCursor() sets the cursor shape for the entire application,
overriding the cursors set by individual widgets until rest ore- OverrideCursor() is called.

In Chapter 4, we called Qappl i cation::set OverrideCursor () with @ :: Wit Cursor to change the
application's cursor to the standard wait cursor.

void Plotter:: museMveEvent (QwuseEvent *event)

{
i f (rubberBandl sShown) {
updat eRubber BandRegi on() ;
rubber BandRect . set Bot t onRi ght (event - >pos());
updat eRubber BandRegi on() ;
}
}

When the user moves the mouse cursor while holding the left button, we first call

updat eRubber BandRegi on() to schedule a paint event to repaint the area where the rubber band was,
then we recompute rubber BandRect to account for the mouse move, and finally we call

updat eRubber BandRegi on() a second time to repaint the area where the rubber band has moved to.
This effectively erases the rubber band and redraws it at the new coordinates.

If the user moves the mouse upward or leftward, it's likely that r ubber BandRect 's nominal bottom-
right corner will end up above or to the left of its top-left corner. If this occurs, the Qrect will have a
negative width or height. We used QRect: : nornmal i zed() in pai nt Event () to ensure that the top-left
and bottom-right coordinates are adjusted to obtain a nonnegative width and height.

voi d Plotter:: museRel easeEvent (QVWouseEvent *event)



if ((event->button() == c:LeftButton) && rubberBandl sShown) {
r ubber Bandl sShown = f al se;
updat eRubber BandRegi on() ;
unset Cursor () ;
QRect rect = rubberBandRect. normalized();
if (rect.width() < 4 || rect.height() < 4)

return;

rect.transl ate(-Margin, -Margin);
Pl ot Settings prevSettings = zoonStack[ curZoom ;
Pl ot Setti ngs settings;
doubl e dx = prevSettings.spanX() / (width() - 2 * Margin);
doubl e dy = prevSettings.spanY() / (height() - 2 * Margin);
settings.mnX = prevSettings.mnX + dx * rect.left();
settings. maxX = prevSettings.mnX + dx * rect.right();
settings.mnY = prevSettings. maxY - dy * rect.bottom();
settings. maxY = prevSettings.maxY - dy * rect.top();
settings. adj ust ();
zoontt ack. resi ze(cur Zoom + 1);
zoontt ack. append(settings);
zoom n();

When the user releases the left mouse button, we erase the rubber band and restore the standard
arrow cursor. If the rubber band is at least 4 x 4, we perform the zoom. If the rubber band is
smaller than that, it's likely that the user clicked the widget by mistake or to give it focus, so we do
nothing.

The code to perform the zoom is a bit complicated. This is because we deal with widget coordinates
and plotter coordinates at the same time. Most of the work we perform here is to convert the
rubber BandRect from widget coordinates to plotter coordinates. Once we have done the conversion,
we call Pl ot Settings::adjust() to round the numbers and find a sensible number of ticks for each
axis. Figures 5.10 and 5.11 depict the situation.

Figure 5.10. Converting the rubber band from widget to plotter coordinates
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Figure 5.11. Adjusting plotter coordinates and zooming in on the rubber
band
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Then we perform the zoom. The zoom is achieved by pushing the new Pl ot Setti ngs that we have
just calculated on top of the zoom stack and calling zoom n() to do the job.

void Plotter::keyPressEvent ((KeyEvent *event)
{

switch (event->key()) {

case Qt::Key_Plus:
zoom n();
br eak;

case Q::Key_M nus:
zoomout () ;
br eak;

case Q::Key_ Left:
zoontt ack[ cur Zoony . scrol | (-1, 0);
refreshPi xmap();
br eak;

case @::Key_Right:
zoontt ack[ cur Zoony . scrol | (+1, 0);
refreshPi xmap() ;
break;

case Q::Key_Down:
zoontt ack[ cur Zoom . scrol 1 (0, -1);
refreshPi xmap();
br eak;

case Q::Key_Up:
zoont ack[ cur Zooni . scrol | (0, +1);
refreshPi xmap() ;
br eak;

defaul t:
QW dget : : keyPressEvent (event);

}

When the user presses a key and the Pl otter widget has focus, the keyPress- Event () function is
called. We reimplement it here to respond to six keys: +, -, Up, Down, Left, and Right. If the user
pressed a key that we are not handling, we call the base class implementation. For simplicity, we
ignore the Shift, Ctrl, and Alt modifier keys, which are available through QkeyEvent: : nodifiers().

voi d Pl otter::wheel Event (QMeel Event *event)
{

int numDegrees = event->delta() / 8;
i nt nunmli cks = nunDegrees / 15;

if (event->orientation() == Q::Horizontal) {
zoonSt ack[ cur Zoom . scrol | (numTi cks, 0);
} else {

zoontt ack[ cur Zoonj . scrol | (0, nuni cks);

}



refreshPi xmap() ;

Wheel events occur when a mouse wheel is turned. Most mice only provide a vertical wheel, but
some also have a horizontal wheel. Qt supports both kinds of wheel. Wheel events go to the widget
that has the focus. The del ta() function returns the distance the wheel was rotated in eighths of a
degree. Mice typically work in steps of 15 degrees. Here, we scroll by the requested number of ticks
by modifying the topmost item on the zoom stack and update the display using refreshPi xmap() .

The most common use of the wheel mouse is to scroll a scroll bar. When we use QScrol | Area
(covered in Chapter 6) to provide scroll bars, QScrol | Area handles the wheel mouse events
automatically, so we don't need to reimplement wheel Event () ourselves.

This finishes the implementation of the event handlers. Now let's review the private functions.

void Plotter::updat eRubber BandRegi on()

{
QRect rect = rubberBandRect. normalized();
update(rect.left(), rect.top(), rect.width(), 1);
update(rect.left(), rect.top(), 1, rect.height());
update(rect.left(), rect.botton(), rect.width(), 1);
update(rect.right(), rect.top(), 1, rect.height());
}

The updat eRubber Band() function is called from nousePressEvent (), nouseMve- Event (), and

mouseRel easeEvent () to erase or redraw the rubber band. It consists of four calls to updat e() that
schedule a paint event for the four small rectangular areas that are covered by the rubber band (two
vertical and two horizontal lines). Qt provides the Qrubber Band class for drawing rubber bands, but
here, hand-coding provided finer control.

void Plotter::refreshPi xmap()

{
pi xmap = QPi xmap(size());
pi xmap.fill(this, 0, 0);
QPai nter painter (&pi xmap);
pai nter.initFrom(this);
drawG i d( &pai nter);
dr awCur ves( &pai nter);
updat e();

}

The refreshpPi xmap() function redraws the plot onto the off-screen pixmap and updates the display.
We resize the pixmap to have the same size as the widget and fill it with the widget's erase color.
This color is the "dark" component of the palette, because of the call to set Backgr oundRol e() in the
Pl ot t er constructor. If the background is a non-solid brush, QPi xmap: : fill () needs to know the
offset in the widget where the pixmap will end up to align the brush pattern correctly. Here, the
pixmap corresponds to the entire widget, so we specify position (0, 0).

Then we create a QPai nter to draw on the pixmap. The initFron() call sets the painter's pen,
background, and font to the same ones as the Pl otter widget. Next we call drawGid() and
drawCurves() to perform the drawing. At the end, we call updat e() to schedule a paint event for the
whole widget. The pixmap is copied to the widget in the pai nt Event () function (p. 123).

void Plotter::drawGid(QPainter *painter)
{



QRect rect(Margin, Margin,
width() - 2 * Margin, height() - 2 * Margin);
if (!rect.isValid())
return;
Pl ot Settings settings = zoonttack[ curZoonj;
QPen quiteDark = palette().dark().color().light();
QPen |ight palette().light().color();
for (int i 0; i <= settings.nunXTicks; ++i) {
int x =rect.left() + (i * (rect.width() - 1)
/ settings. nunXTi cks);
doubl e I abel = settings.mnX + (i * settings.spanX()
| settings. nunXTi cks);

pai nt er - >set Pen( qui t eDar k) ;
pai nt er - >drawLi ne(x, rect.top(), X, rect.bottom));
pai nter->set Pen(light);
pai nt er - >dr awLi ne(x, rect.bottom(), x, rect.botton() + 5);
pai nt er - >drawText (x - 50, rect.botton() + 5, 100, 15,
Q::AignHCenter | Q::AlignTop,
@St ring: : nunmber (1 abel ));

for (int j = 0; j <= settings.nunV¥Ticks; ++) {
int 'y =rect.bottom) - (j * (rect.height() - 1)
/ settings.numyTicks);
doubl e I abel = settings.mnY + (j * settings.spanY()
[ settings.nun¥Ticks);
pai nt er - >set Pen( qui t eDar k) ;
pai nter->drawLi ne(rect.left(), y, rect.right(), y);
pai nt er- >set Pen(li ght);
pai nter->drawLi ne(rect.left() - 5, vy, rect.left(), y);
pai nter->drawText (rect.left() - Margin, y - 10, Margin - 5, 20,
Q::AignRight | Q::AignVCenter,
@St ring: : nunber (1 abel));
}
pai nt er - >dr awRect (rect. adjusted(0, 0, -1, -1));

The drawGi d() function draws the grid behind the curves and the axes. The area on which we draw
the grid is specified by rect. If the widget isn't large enough to accommodate the graph, we return
immediately.

The first f or loop draws the grid's vertical lines and the ticks along the x axis. The second for loop
draws the grid's horizontal lines and the ticks along the y axis. At the end, we draw a rectangle
along the margins. The drawText () function is used to draw the numbers corresponding to the tick
marks on both axes.

The calls to drawText () have the following syntax:

pai nt er->drawText (x, y, wi dth, height, alignnent, text);

where (x, y, wi dt h, hei ght ) define a rectangle, al i gnment the position of the text within that
rectangle, and text the text to draw.

void Plotter::drawCurves(QPainter *painter)

{
static const QColor colorForlds[6] = {

Q::red, Q::green, Q::blue, Q::cyan, Q::nagenta, Q::yellow
1

Pl ot Settings settings = zoonStack[ curZooni;
(QRect rect(Margin, Margin,



width() - 2 * Margin, height() - 2 * Margin);
if (!rect.isValid())
return;
pai nter->setCipRect(rect.adjusted(+1, +1, -1, -1));
Qvaplterator<int, QVector<QPointF> > i(curveMp);
while (i.hasNext()) {

i.next();
int id=1i.key();
const QVector<QPoi nt F> &data = i.val ue();

QPol ygonF pol yli ne(data. count());
for (int j =0; j < data.count(); ++j) {
doubl e dx data[j].x() - settings.mnX;
doubl e dy data[j].y() - settings.mnY;
double x =rect.left() + (dx * (rect.width() - 1)
/ settings.spanX());
double y = rect.bottom() - (dy * (rect.height() - 1)
/| settings.span¥());

polyline[j] = QPointF(x, y);
}

pai nt er - >set Pen(col or Forlds[uint(id) %6]);
pai nt er - >dr awPol yl i ne( pol yl i ne);

The drawcurves() function draws the curves on top of the grid. We start by calling set d i pRect () to
set the Qrai nter's clip region to the rectangle that contains the curves (excluding the margins and
the frame around the graph). QPai nter will then ignore drawing operations on pixels outside the
area.

Next, we iterate over all the curves using a Java-style iterator, and for each curve, we iterate over
its constituent Qpoi nt Fs. The key() function gives the curve's ID, and the val ue() function gives the
corresponding curve data as a Qvect or <QPoi nt F>. The inner for loop converts each QPoi nt F from
plotter coordinates to widget coordinates and stores them in the pol yl i ne variable.

Once we have converted all the points of a curve to widget coordinates, we set the pen color for the
curve (using one of a set of predefined colors) and call drawPol yl i ne() to draw a line that goes
through all the curve's points.

This is the complete Pl otter class. All that remains are a few functions in Pl ot Setti ngs.

Pl ot Settings::PlotSettings()

{
m nX = 0.0;
maxX = 10. 0;
nunmXTi cks = 5;
mnY = 0.0;
maxY = 10. 0;
nunmYTi cks = 5;

}

The Pl ot Set ti ngs constructor initializes both axes to the range 0 to 10 with 5 tick marks.

void PlotSettings::scroll(int dx, int dy)
{
doubl e stepX = spanX() / nunXTi cks;
m nX += dx * stepX;
maxX += dx * stepX;
doubl e stepY = span¥Y() / numyTi cks;
mnY += dy * stepy;



maxY += dy * stepy;

The scrol I () function increments (or decrements) ni nX, maxX, m nY, and maxY by the interval between
two ticks times a given number. This function is used to implement scrolling in
Pl otter::keyPressEvent ().

voi d Pl otSettings::adjust()

{
adj ust Axi s(m nX, maxX, nunXTi cks);
adj ust Axi s(m nY, maxY, numYTi cks);

The adj ust () function is called from nouseRel easeEvent () to round the ni nX, maxX, ni nY, and maxY
values to "nice" values and to determine the number of ticks appropriate for each axis. The private
function adj ust Axi s() does its work one axis at a time.

voi d Pl ot Settings::adjustAxi s(double & n, double &max,
i nt &nunili cks)
{

const int MnTicks = 4;
doubl e grossStep = (max - mn) / MnTicks;
doubl e step = pow(10.0, floor(loglO(grossStep)));
if (5 * step < grossStep) {
step *= 5;
} else if (2 * step < grossStep) {
step *= 2;

nunili cks = int(ceil (max / step) - floor(mn / step));
i f (numTicks < M nTi cks)
nuni cks = M nTi cks;
floor(mn / step) * step;
ceil (max / step) * step;

mn
max

The adj ust Axi s() function converts its mi n and max parameters into "nice" numbers and sets its
nunili cks parameter to the number of ticks it calculates to be appropriate for the given [nin, max]
range. Because adj ust Axi s() needs to modify the actual variables (ni nX, maxX, nunXTi cks, etc.) and
not just copies, its parameters are non-const references.

Most of the code in adj ust Axi s() simply attempts to determine an appropriate value for the interval
between two ticks (the "step"). To obtain nice numbers along the axis, we must select the step with
care. For example, a step value of 3.8 would lead to an axis with multiples of 3.8, which is difficult
for people to relate to. For axes labeled in decimal notation, "nice" step values are numbers of the
form 10", 2-10", or 5-10".

We start by computing the "gross step”, a kind of maximum for the step value. Then we find the
corresponding number of the form 10" that is smaller than or equal to the gross step. We do this by
taking the decimal logarithm of the gross step, rounding that value down to a whole number, then
raising 10 to the power of this rounded number. For example, if the gross step is 236, we compute
log 236 = 2.37291...; then we round it down to 2 and obtain 102 = 100 as the candidate step value
of the form 10".

Once we have the first candidate step value, we can use it to calculate the other two candidates:
2:10™ and 5-10". For the example above, the two other candidates are 200 and 500. The 500
candidate is larger than the gross step, so we can't use it. But 200 is smaller than 236, so we use



200 for the step size in this example.

It's fairly easy to derive nunfi cks, mi n, and max from the step value. The new ni n value is obtained
by rounding the original ni n down to the nearest multiple of the step, and the new max value is
obtained by rounding up to the nearest multiple of the step. The new nunfi cks is the number of
intervals between the rounded ni n and max values. For example, if ni n is 240 and max is 1184 upon
entering the function, the new range becomes [200, 1200], with 5 tick marks.

This algorithm will give suboptimal resultsin some cases. A more sophisticated algorithm is
described in Paul S. Heckbert's article "Nice Numbers for Graph Labels" published in Graphics
Gems (ISBN 0-12-286166-3).

This chapter has brought us to the end of Part I. It has explained how to customize an existing Qt
widget and how to build a widget from the ground up using QW dget as the base class. We have
already seen how to compose a widget from existing widgets in Chapter 2, and we will explore the
theme further in Chapter 6.

At this point, we know enough to write complete GUI applications using Qt. In Parts II and III, we
will explore Qt in greater depth so that we can make full use of Qt's power.
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Chapter 6. Layout Management

e Laying Out Widgets on a Form
e Stacked Layouts
e Splitters

e Scrolling Areas
e Dock Widgets and Toolbars

e Multiple Document Interface

Every widget that is placed on a form must be given an appropriate size and position. Qt provides
several classes that lay out widgets on a form: QHBoxLayout , QVBoxLayout , Q& i dLayout , and

QSt ackLayout . These classes are so convenient and easy to use that almost every Qt developer uses
them, either directly in source code or through Qt Designer.

Another reason to use Qt's layout classes is that they ensure that forms adapt automatically to
different fonts, languages, and platforms. If the user changes the system's font settings, the
application's forms will respond immediately, resizing themselves if necessary. And if you translate
the application's user interface to other languages, the layout classes take into consideration the
widgets' translated contents to avoid text truncation.

Other classes that perform layout management include QSplitter, QScrol | Area, Qvai nW ndow, and
Qnor kspace. What these classes have in common is that they provide a flexible layout that the user
can manipulate. For example, Qsplitter provides a splitter bar that the user can drag to resize
widgets, and Quor kspace provides support for MDI (multiple document interface), a means of
showing many documents simultaneously within an application's main window. Because they are
often used as alternatives to the layout classes proper, they are covered in this chapter.

Laying Out Widgets on a Form

There are three basic ways of managing the layout of child widgets on a form: absolute
positioning,manual layout, and layout managers. We will look at each of these approaches in turn,
using the Find File dialog shown in Figure 6.1 as our example.

Figure 6.1. The Find File dialog
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Absolute positioning is the crudest way of laying out widgets. It is achieved by assigning hard-coded
sizes and positions to the form's child widgets and a fixed size to the form. Here's what the
Fi ndFi | eDi al og constructor looks like using absolute positioning:

Fi ndFi | eDi al og: : Fi ndFi | eDi al og( QN dget *parent)
Qi al og( parent)
{

nanedLabel - >set Geonetry(9, 9, 50, 25);
nanedLi neEdi t - >set Geonetry(65, 9, 200, 25);

| ookl nLabel - >set Geonetry(9, 40, 50, 25);

| ookl nLi neEdi t - >set Geonet ry(65, 40, 200, 25);
subf ol der sCheckBox- >set Geonetry(9, 71, 256, 23);
tabl eW dget - >set Geonretry(9, 100, 256, 100);
nmessagelabel - >set Geonetry (9, 206, 256, 25);
findButton->set Geonetry(271, 9, 85, 32);

st opBut t on- >set Geonetry(271, 47, 85, 32);

cl oseBut t on- >set Geonet ry (271, 84, 85, 32);
hel pBut t on- >set Geonetry(271, 199, 85, 32);
setWndowTitle(tr("Find Files or Folders"));
set Fi xedSi ze( 365, 240);

Absolute positioning has many disadvantages:

e The user cannot resize the window.

e Some text may be truncated if the user chooses an unusually large font or if the application
is translated into another language.

e The widgets might have inappropriate sizes for some styles.

e The positions and sizes must be calculated manually. This is tedious and error-prone, and
makes maintenance painful.

An alternative to absolute positioning is manual layout. With manual layout, the widgets are still
given absolute positions, but their sizes are made proportional to the size of the window rather than
being entirely hard-coded. This can be achieved by reimplementing the form's resi zeEvent ()
function to set its child widgets' geometries:

Fi ndFi | eDi al og: : Fi ndFi | eDi al og( QW dget *parent)
Qi al og( parent)
{

set M ni nunSi ze( 265, 190);
resi ze(365, 240);

voi d FindFil eDi al og: : resi zeEvent (QResi zeEvent * /* event */)
{
int extraWdth = width() - mni mum dth();
int extraHeight = height() - m ninunHei ght();
nanedLabel - >set Geonetry(9, 9, 50, 25);
namedLi neEdi t - >set Geonet ry(65, 9, 100 + extraWdth, 25);
| ookl nLabel - >set Geonetry(9, 40, 50, 25);
| ookl nLi neEdi t - >set Geonetry(65, 40, 100 + extraWdth, 25);
subf ol der sCheckBox- >set Geonetry(9, 71, 156 + extraWdth, 23);
tabl eW dget - >set Geonetry(9, 100, 156 + extraW dth,
50 + extraHei ght);
nessagelabel - >set Geonetry(9, 156 + extraHei ght, 156 + extraWdth,
25);
findButton->set Geonetry(171 + extraWdth, 9, 85, 32);
st opBut t on- >set Geonetry(171 + extraWdth, 47, 85, 32);
cl oseButton->set Geonetry (171 + extraWdth, 84, 85, 32);



hel pBut t on- >set Geonetry(171 + extraWdth, 149 + extraHei ght, 85,
32);

In the Fi ndFi | eDi al og constructor, we set the form's minimum size to 265 x 190 and the initial size
to 365 x 240. In the resi zeEvent () handler, we give any extra space to the widgets that we want to
grow. This ensures that the form scales smoothly when the user resizes it.

Figure 6.2. Resizing a resizable dialog
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Just like absolute positioning, manual layout requires a lot of hard-coded constants to be calculated
by the programmer. Writing code like this is tiresome, especially if the design changes. And there is
still the risk of text truncation. We can avoid this risk by taking account of the child widgets' size
hints, but that would complicate the code even further.

The most convenient solution for laying out widgets on a form is to use Qt's layout managers. The
layout managers provide sensible defaults for every type of widget and take into account each
widget's size hint, which in turn typically depends on the widget's font, style, and contents. Layout
managers also respect minimum and maximum sizes, and automatically adjust the layout in
response to font changes, content changes, and window resizing.

The three most important layout managers are QHBoxLayout , QvBoxLayout , and Q& i dLayout . These
classes inherit QLayout , which provides the basic framework for layouts. All three classes are fully
supported by Qt Designer and can also be used directly in code.

Here's the Fi ndFi | eDi al og code using layout managers:

Fi ndFi | eDi al og: : Fi ndFi | eDi al og( QN dget *parent)
Qi al og( parent)
{

QGidLayout *leftLayout = new Q& idLayout;

| ef t Layout - >addW dget ( nanmedLabel , 0, 0);

| ef t Layout - >addW dget ( nanedLi neEdit, 0, 1);

| ef t Layout - >addW dget (| ookl nLabel , 1, 0);

| ef t Layout - >addW dget (| ookl nLi neEdit, 1, 1);

| ef t Layout - >addW dget ( subf ol der sCheckBox, 2, 0, 1, 2);
| ef t Layout - >addW dget (t abl eW dget, 3, 0, 1, 2);
| ef t Layout - >addW dget ( nessagelLabel , 4, 0, 1, 2);
QvBoxLayout *rightlLayout = new QvBoxLayout;

ri ght Layout - >addW dget (fi ndButton);

ri ght Layout - >addW dget (st opButt on);

ri ght Layout - >addW dget (¢l oseButton);

ri ght Layout - >addSt ret ch() ;

ri ght Layout - >addW dget (hel pButton);

HBoxLayout *mmi nLayout = new QHBoxLayout ;

mai nLayout - >addLayout (| ef t Layout ) ;



mai nLayout - >addLayout (ri ght Layout) ;
set Layout ( mai nLayout) ;
setWndowTitle(tr("Find Files or Folders"));

The layout is handled by one QHBoxLayout , one QGi dLayout , and one QvBoxLayout . The Q& i dLayout
on the left and the QvBoxLayout on the right are placed side by side by the outer @HBoxLayout . The
margin around the dialog and the spacing between the child widgets are set to default values based
on the current widget style; they can be changed using QLayout : : set Margi n() and

QLayout : : set Spaci ng() .

The same dialog could be created visually in Qt Designer by placing the child widgets in their
approximate positions; selecting those that need to be laid out together; and clicking Form|Lay Out
Horizontally, Form|Lay Out Vertically, or Form|Lay Out in a Grid. We used this approach in Chapter
2 for creating the Spreadsheet application's Go-to-Cell and Sort dialogs.

Figure 6.3. The Find File dialog's layout
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Using QHBoxLayout and QvBoxLayout is fairly straightforward, but using Q&i d- Layout is a bit more
involved. Q& i dLayout works on a two-dimensional grid of cells. The QLabel in the top-left corner of
the layout is at position (0, 0), and the corresponding Qi neEdi t is at position (0, 1). The QCheckBox
spans two columns; it occupies the cells in positions (2, 0) and (2, 1). The Q@ reeWdget and the
QLabel beneath it also span two columns. The calls to addw dget () have the following syntax:

| ayout - >addW dget (wi dget, row, columm, rowSpan, col umSpan);

Here, wi dget is the child widget to insert into the layout, (row, col um) is the top-left cell occupied by
the widget, r owspan is the number of rows occupied by the widget, and col utmSpan is the number of
columns occupied by the widget. If omitted, the r owSpan and col unmSpan parameters default to 1.

The addStretch() call tells the layout manager to consume space at that point in the layout. By
adding a stretch item, we have told the layout manager to put any excess space between the Close
button and the Help button. In Qt Designer, we can achieve the same effect by inserting a spacer.
Spacers appear in Qt Designer as blue "springs".

Using layout managers provides additional benefits to those we have discussed so far. If we add a
widget to a layout or remove a widget from a layout, the layout will automatically adapt to the new



situation. The same applies if we call hi de() or show() on a child widget. If a child widget's size hint
changes, the layout will be automatically redone, taking into account the new size hint. Also, layout
managers automatically set a minimum size for the form as a whole, based on the form's child
widgets' minimum sizes and size hints.

In the examples presented so far, we have simply put widgets into layouts and used spacer items
(stretches) to consume any excess space. In some cases, this isn't sufficient to make the layout look
exactly the way we want. In these situations, we can adjust the layout by changing the size policies
and size hints of the widgets being laid out.

A widget's size policy tells the layout system how it should stretch or shrink. Qt provides sensible
default size policies for all its built-in widgets, but since no single default can account for every
possible layout, it is still common for developers to change the size policies for one or two widgets
on a form. A @Si zePol i cy has both a horizontal and a vertical component. Here are the most useful
values:

e Fi xed means that the widget cannot grow or shrink. The widget always stays at the size of its
size hint.

e M ninummeans that the widget's size hint is its minimum size. The widget cannot shrink
below the size hint, but it can grow to fill available space if necessary.

e Maxi nummeans that the widget's size hint is its maximum size. The widget can be shrunk
down to its minimum size hint.

e Preferred means that the widget's size hint is its preferred size, but that the widget can still
shrink or grow if necessary.

e Expandi ng means that the widget can shrink or grow and that it is especially willing to grow.

Figure 6.4 summarizes the meaning of the different size policies, using a QLabel showing the text
"Some Text" as an example.

Figure 6.4. The meaning of the different size policies
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In the figure, Preferred and Expandi ng are depicted the same way. So what is the difference? When
a form that contains both Preferred and Expandi ng widgets is resized, extra space is given to the
Expandi ng widgets, while the Preferred widgets stay at their size hint.

There are two other size policies: M ni munExpandi ng and 1 gnor ed. The former was necessary in a few
rare cases in older versions of Qt, but it isn't useful anymore; the preferred approach is to use
Expandi ng and reimplement ni ni nunsi zeHi nt () appropriately. The latter is similar to Expandi ng,
except that it ignores the widget's size hint and minimum size hint.

In addition to the size policy's horizontal and vertical components,the QsSi zePol i cy class stores a
horizontal and a vertical stretch factor. These stretch factors can be used to indicate that different
child widgets should grow at different rates when the form expands. For example, if we have a

Q reeWdget above a Qrext Edit and we want the Qrext Edit to be twice as tall as the QreeW dget , we



can set the Qrext Edi t 's vertical stretch factor to 2 and the Q reeW dget 's vertical stretch factor to 1.

Yet another way of influencing a layout is to set a minimum size, a maximum size, or a fixed size on
the child widgets. The layout manager will respect these constraints when laying out the widgets.
And if this isn't sufficient, we can always derive from the child widget's class and reimplement

si zeHi nt () to obtain the size hint we need.

Stacked Layouts

The Qst ackedLayout class lays out a set of child widgets, or "pages”, and shows only one at a time,
hiding the others from the user. The Qst ackedLayout itself is invisible and provides no intrinsic means
for the user to change page. The small arrows and the dark gray frame in Figure 6.5 are provided by
Qt Designer to make the layout easier to design with. For convenience, Qt also includes

QSt ackedW dget , which provides a QW dget with a built-in Qst ackedLayout .

Figure 6.5. QSt ackedLayout
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The pages are numbered from 0. To make a specific child widget visible, we can call
set Current I ndex() with a page number. The page number for a child widget is available using
i ndexOr () .

The Preferences dialog shown in Figure 6.6 is an example that uses Qst acked- Layout . The dialog
consists of a QLi st Wdget on the left and a @St ackedLayout on the right. Each item in the QLi st W dget
corresponds to a different page in the Qst ackedLayout . Here's the relevant code from the dialog's
constructor:

Pref erenceDi al og: : PreferenceDi al og( QN dget *parent)
Qi al og( parent)
{

listWdget = new Qi st Wdget;

i st Wdget->addlten(tr("Appearance"));

i st Wdget->addlten(tr("Web Browser"));

listWdget->addltenm(tr("Mail & News"));

i st Wdget->addlten(tr("Advanced"));

stackedLayout = new QSt ackedLayout ;

st ackedLayout - >addW dget (appear ancePage) ;

st ackedLayout - >addW dget ( webBr owser Page) ;

st ackedLayout - >addW dget ( mai | AndNewsPage) ;

st ackedLayout - >addW dget (advancedPage) ;

connect (li st Wdget, SIGNAL(current RowChanged(int)),
st ackedLayout, SLOT(setCurrentlndex(int)));

| i st Wdget - >set Current Rowm 0) ;



Figure 6.6. Two pages of the Preferences dialog
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We create a Q.i st Wdget and populate it with the page names. Then we create a Qst ackedLayout and
call addw dget () for each page. We connect the list widget's current RowChanged(i nt) signal to the
stacked layout's set Current I ndex(int) to implement the page switching and call set Current Row() on
the list widget at the end of the constructor to start on page 0.

Forms like this are also very easy to create using Qt Designer:

1. Create a new form based on the "Dialog" or the "Widget" template.
2. Add a Q.i st Wdget and a QsSt ackedW dget to the form.
3. Fill each page with child widgets and layouts.

(To create a new page, right-click and choose Insert Page; to switch pages, click the tiny left
or right arrow located at the top-right of the Qst ackedW dget .)

4. Lay the widgets out side by side using a horizontal layout.

5. Connect the list widget's current RowChanged(i nt) signal to the stacked widget's
set Current I ndex(int) slot.

6. Set the value of the list widget's current Row property to 0.

Since we have implemented page switching using predefined signals and slots, the dialog will exhibit
the correct behavior when previewed in Qt Designer.

Splitters

A Qsplitter is a widget that contains other widgets. The widgets in a splitter are separated by
splitter handles. Users can change the sizes of a splitter's child widgets by dragging the handles.
Splitters can often be used as an alternative to layout managers, to give more control to the user.

The child widgets of a Qsplitter are automatically placed side by side (or one below the other) in
the order in which they are created, with splitter bars between adjacent widgets. Here's the code for
creating the window depicted in Figure 6.7:

int main(int argc, char *argv[])

{

QApplication app(argc, argv);

QlextEdit *editorl = new Qlext Edit;
QlextEdit *editor2 = new Qlext Edit;
Qlext Edit *editor3 = new Qlext Edit;
Splitter splitter(Q::Horizontal);

splitter.addW dget (editorl);



splitter.addWdget (editor2);
splitter.addW dget (editor3);

spI itter.show);
return app. exec();

Figure 6.7. The Splitter application
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The example consists of three Qrext Edi t s laid out horizontally by a Qsplitter widget. Unlike layout
managers, which simply lay out a form's child widgets and have no visual representation, QSplitter
inherits from QW dget and can be used like any other widget.

Figure 6.8. The Splitter application's widgets

QSplitter

QTextEdit QTextEdit QTextEdit

Complex layouts can be achieved by nesting horizontal and vertical Qsplitters. For example, the
Mail Client application shown in Figure 6.9 consists of a horizontal Qsplitter that contains a vertical
Qsplitter on its right side.

Figure 6.9. The Mail Client application on Mac OS X
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Here's the code in the constructor of the Mail Client application's Qvai nW ndow subclass:

MailClient::Maildient()
{

rightSplitter = new QSplitter(Q::Vertical);
rightSplitter->addW dget (nessagesTreeW dget);
rightSplitter->addW dget (textEdit);
rightSplitter->setStretchFactor (1, 1);

mai nSplitter = new QSplitter(Q::Horizontal);
mai nSpl i tter->addW dget (f ol dersTreeW dget) ;
mai nSplitter->addWdget (rightSplitter);

mai nSplitter->setStretchFactor (1, 1);

set Central Wdget (nmai nSplitter);

set WndowTitle(tr("Mail Cient"));
readSettings();

After creating the three widgets that we want to display, we create a vertical splitter, rightSplitter,
and add the two widgets we want on the right. Then we create a horizontal splitter, mai nSplitter,
and add the widget we want it to display on the left and right Splitter whose widgets we want
shown on the right. We make mai nSplitter the Qvai nW ndow's central widget.

When the user resizes a window, QSplitter normally distributes the space so that the relative sizes
of the child widgets stay the same. In the Mail Client example, we don't want this behavior; instead,
we want the Q reew dget and the Qrabl ew dget to keep their sizes and we want to give any extra
space to the Qrext Edi t . This is achieved by the two set St ret chFactor () calls. The first argument is
the 0-based index of the splitter's child widget, and the second argument is the stretch factor we
want to set; the default is 0.

Figure 6.10. The Mail Client's splitter indexing
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The first set StretchFactor () call isonrightSplitter, and it sets the widget at position 1 (textEdit)
to have a stretch factor of 1. The second set Stret chFact or () call is on mai nSplitter, and it sets the
widget at position 1 (rightSplitter) to have a stretch factor of 1. This ensures that the text Edit will
get any additional space that is available.

When the application is started, Qsplitter gives the child widgets appropriate sizes based on their
initial sizes (or based on their size hint if no initial size is specified). We can move the splitter
handles programmatically by calling Qsplitter::setSizes(). The Splitter class also provides a
means of saving and restoring its state the next time the application is run. Here's the
witeSettings() function that saves the Mail Client's settings:

void MailClient::witeSettings()

{
Settings settings("Software Inc.", "Mail Cient");
settings. begi nG oup(" mai nW ndow") ;
settings. setValue("size", size());
settings.setValue("mainSplitter", mainSplitter->saveState());
settings.setValue("rightSplitter", rightSplitter->saveState());
settings. endG oup();

}

Here's the corresponding readSet ti ngs() function:

void Mail Client::readSettings()

{
Settings settings("Software Inc.", "Mail Cient");
settings. begi nG oup(" mai nW ndow") ;
resize(settings.val ue("size", QSize(480, 360)).toSize());
mai nSplitter->restoreState(
settings.value("mainSplitter").toByteArray());
rightSplitter->restoreState(
settings.value("rightSplitter").toByteArray());
settings. endG oup();
}

Qsplitter is fully supported by Qt Designer. To put widgets into a splitter, place the child widgets
approximately in their desired positions, select them, and click Form|Lay Out Horizontally in Splitter
or Form|Lay Out Vertically in Splitter.



Scrolling Areas

The Qscrol | Area class provides a scrollable viewport and two scroll bars. If we want to add scroll
bars to a widget, it is much simpler to use a Qscrol | Area than to instantiate our own Qscrol | Bar s
and implement the scrolling functionality ourselves.

Figure 6.11. Qscrol | Area's constituent widgets
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The way to use @Scrol | Area is to call set Wdget () with the widget we want to add scroll bars to.
Qscrol | Area automatically reparents the widget to make it a child of the viewport (accessible
through Qscrol | Area: : vi ewport () ) if it isn't already. For example, if we want scroll bars around the
I conEdi t or widget we developed in Chapter 5, we can write this:

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
| conEdi tor *iconEditor = new | conEditor;
i conEdi t or - >set | conl mage(Q mage(": /i mages/ nouse. png"));
Scrol | Area scroll Area;
scrol | Area. set Wdget (i conEditor);
scrol | Area. vi ewport () ->set BackgroundRol e( QPal ette: : Dark);
scrol | Area. vi ewport ()->set Aut oFi | | Backgr ound(true);
scrol | Area. set WndowTitl e(Qbject::tr("lcon Editor"));
scrol | Area. show() ;
return app. exec();

}

The Qscrol | Area presents the widget at its current size or uses the size hint if the widget hasn't been
resized yet. By calling set W dget Resi zabl e(true), we can tell QScrol | Area to automatically resize the
widget to take advantage of any extra space beyond its size hint.

By default, the scroll bars are only displayed when the viewport is smaller than the child widget. We
can force the scroll bars to always be shown by setting scroll bar policies:

scrol | Area. set Hori zontal Scrol | Bar Pol i cy(Q:: Scrol | Bar Al waysOn) ;
scrol | Area. setVertical Scrol | BarPolicy(Q::Scroll Bar Al waysOn);

Figure 6.12. Resizing a (Scrol | Area
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QScrol | Area inherits much of its functionality from QAbstract Scrol | Area. Classes like Qrext Edit and
QAbstract | tenvi ew (the base class of Qt's item view classes) derive from QAbstract Scrol | Area, SO we
don't need to wrap them in a Qscrol | Area to get scroll bars.

Dock Widgets and Toolbars

Dock widgets are widgets that can be docked inside a Qwai nW ndow or floated as independent
windows. Qvai nW ndow provides four dock widget areas: one above, one below, one to the left, and
one to the right of the central widget. Applications like Microsoft Visual Studio and Qt Linguist
make extensive use of dock windows to provide a very flexible user interface. In Qt, dock widgets
are instances of QDockW dget .

Figure 6.13. A Qwai nW ndow with a dock widget
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Every dock widget has its own title bar, even when it is docked. Users can move dock windows from
one dock area to another by dragging the title bar. They can also detach a dock window from an
area and let the dock window float as an independent window by dragging the dock window outside
of any dock area. Free-floating dock windows are always "on top" of their main window. Users can
close a QbockW dget by clicking the close button in the widget's title bar. Any combination of these
features can be disabled by calling QDockW dget : : set Feat ures() .

In earlier versions of Qt, toolbars were treated like dock widgets and shared the same dock areas.
Starting with Qt 4, toolbars occupy their own areas around the central widget (as shown in Figure
6.14) and can't be undocked. If a floating toolbar is required, we can simply put it inside a
QDockW ndow.

Figure 6.14. Qi nW ndow's dock and toolbar areas
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The corners indicated with dotted lines can belong to either of their two adjoining dock areas. For
example, we could make the top-left corner belong to the left dock area by calling
Qvai nW ndow: : set Corner (Q :: TopLeft Corner, Q:: LeftDockW dgetArea).

The following code snippet shows how to wrap an existing widget (in this case, a Q@ reeWdget ) in a
QbockW dget and insert it into the right dock area:

QDockW dget *shapesDockW dget = new QDockW dget (tr (" Shapes"));
shapesDockW dget - >set W dget (treeW dget ) ;
shapesDockW dget - >set Al | owedAr eas( Q : : Lef t DockW dget Ar ea

| Q::Ri ght DockW dget Area);
addDockW dget (Q : : Ri ght DockW dget Area, shapesDockW dget) ;



The set Al | onedAr eas() call specifies constraints on which dock areas can accept the dock window.
Here, we only allow the user to drag the dock widget into the left and right dock areas, where there
is enough vertical space for it to be displayed sensibly. If no allowed areas are explicitly set, the
user can drag the dock widget to any of the four areas.

Here's how to create a toolbar containing a QConboBox, @ QSpi nBox, and a few Qrool But t ons from a
Qwvai nW ndow subclass's constructor:

Qrool Bar *font Tool Bar = new QrTool Bar(tr("Font"));
f ont Tool Bar - >addW dget ( f am | yConboBox) ;
f ont Tool Bar - >addW dget ( si zeSpi nBox) ;
f ont Tool Bar - >addAct i on( bol dActi on);
f ont Tool Bar - >addAction(italicAction);
f ont Tool Bar - >addAct i on(under | i neAction);
f ont Tool Bar - >set Al | owedAr eas(Q :: TopTool Bar Ar ea
| Q::Bottomlool Bar Area);
addTool Bar (f ont Tool Bar) ;

If we want to save the position of all the dock widgets and toolbars so that we can restore them the
next time the application is run, we can write code that is similar to the code we used to save a
QSplitter's state, using Qvai nW ndow's saveState() and restoreState() functions:

voi d Mai nW ndow. : writeSettings()

{
Settings settings("Software Inc.", "lcon Editor");
settings. begi nG oup(" mai nW ndow") ;
settings. setValue("size", size());
settings.setValue("state", saveState());
settings. endG oup();

}
voi d Mai nW ndow. : readSettings()

{
Settings settings("Software Inc.", "lcon Editor");
settings. begi nG oup(" mai nW ndow") ;
resi ze(settings.val ue("size").toSize());
restoreState(settings.value("state").toByteArray());
settings. endG oup();

}

Finally, Qvai nw ndow provides a context menu that lists all the dock windows and toolbars. The user
can close and restore dock windows and hide and restore toolbars using this menu.

Figure 6.15. A Q\ai nW ndow context menu
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Multiple Document Interface

Applications that provide multiple documents within the main window's central area are called
multiple document interface applications, or MDI applications. In Qt, an MDI application is created
by using the Qwor kspace class as the central widget and by making each document window a child of

the Quor kspace.

It is conventional for MDI applications to provide a Window menu that includes some commands for
managing the windows and the list of windows. The active window is identified with a checkmark.
The user can make any window active by clicking its entry in the Window menu.

In this section, we will develop the MDI Editor application shown in Figure 6.16 to demonstrate how
to create an MDI application and how to implement its Window menu.

Figure 6.16. The MDI Editor application
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The application consists of two classes: Mai nW ndow and Edi t or . The code is on the CD, and since
most of it is the same or similar to the Spreadsheet application from Part I, we will only present the
new code.

Figure 6.17. The MDI Editor application's menus
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Let's start with the Mai nW ndow class.

Mai nW ndow: : Mai nW ndow( )
{
wor kspace = new QMrkspace;
set Central W dget (wor kspace) ;
connect (wor kspace, SI GNAL(w ndowAct i vat ed( QN dget *)),
this, SLOT(updateMenus()));
creat eActions();
creat eMenus();
creat eTool Bars();
createStatusBar();
set WndowTitle(tr("MDl Editor"));
set W ndow con( QPi xmap(":/inages/icon.png"));

In the Mai nW ndow constructor, we create a Qwr kspace widget and make it the central widget. We
connect the Quor kspace's wi ndowAct i vat ed() signal to the slot we will use to keep the window menu
up to date.

voi d Mai nW ndow. : newFi | e()

{
Editor *editor = createEditor();
editor->newFile();
edi tor->show();

}

The newFi | e() slot corresponds to the File|New menu option. It depends on the creat eEdi tor ()
private function to create a child Edi t or widget.

Edi t or *Mai nW ndow:. : creat eEdi t or ()
{
Editor *editor = new Editor;
connect (editor, SIGNAL(copyAvai |l abl e(bool))
cut Action, SLOT(setEnabl ed(bool)));
connect (editor, SIGNAL(copyAvai |l abl e(bool))
copyAction, SLOT(setEnabl ed(bool)))
wor kspace- >addW ndow( edi t or) ;
wi ndowenu- >addAct i on(edi t or - >wi ndowvenuActi on());
wi ndowAct i onGr oup- >addAct i on( edi t or - >wi ndowVenuAction());
return editor;

1
1



The creat eEdi tor () function creates an Editor widget and sets up two signalslot connections. These
connections ensure that Edit|Cut and Edit|Copy are enabled or disabled depending on whether there
is any selected text.

Because we are using MDI, it is possible that there will be multiple Edi t or widgets in use. This is a
concern since we are only interested in responding to the copyAvai | abl e(bool ) signal from the active
Edi t or window, not from the others. But these signals can only ever be emitted by the active
window, so this isn't a problem in practice.

Once we have set up the Editor, we add a QActi on representing the window to the Window menu.
The action is provided by the Edi tor class, which we will cover in a moment. We also add the action
to a QActi onG oup object. The QActi onG oup ensures that only one Window menu item is checked at a
time.

voi d Mai nW ndow: : open()

{
Editor *editor = createEditor();
if (editor->open()) {
edi tor->show() ;
} else {
edi tor->cl ose();
}
}

The open() function corresponds to File|Open. It creates an Editor for the new document and calls
open() on the Edi tor. It makes more sense to implement the file operations in the Edi t or class than
in the Mai nW ndow class, because each Edi t or needs to maintain its own independent state.

If the open() fails, we simply close the editor since the user will have already been notified of the
error. We don't need to explicitly delete the Edi t or object ourselves; this is done automatically by
Edi tor through the Q:: WA Del et eOn- C ose widget attribute, which is set in the Edi t or constructor.

voi d Mai nW ndow. : save()

{
if (activeEditor())

activeEditor()->save();

The save() slot calls Editor::save() on the active editor, if there is one. Again, the code that
performs the real work is located in the Edi tor class.

Edi t or *Mai nW ndow:. : acti veEdi tor ()
{

}

return qobject_cast<Editor *>(workspace->activeW ndow));

The activeEditor () private function returns the active child window as an Edi t or pointer, or a null
pointer if there isn't one.

voi d Mai nW ndow: : cut ()

{
if (activeEditor())
activeEditor()->cut();



The cut () slot calls Editor::cut() on the active editor. We don't show the copy() and paste() slots
because they follow the same pattern.

voi d Mai nW ndow: : updat eMenus()

{
bool hasEditor = (activeEditor() != 0);
bool hasSel ection = activeEditor()

&& activeEditor()->textCursor().hasSel ection();
saveActi on- >set Enabl ed( hasEdi tor);
saveAsActi on- >set Enabl ed( hasEdi tor);
past eAct i on- >set Enabl ed( hasEdi tor);
cut Act i on- >set Enabl ed( hasSel ecti on);
copyAct i on->set Enabl ed( hasSel ecti on);
cl oseActi on->set Enabl ed( hasEdi tor);
cl oseAl | Acti on->set Enabl ed( hasEdi tor);
til eAction->set Enabl ed(hasEditor);
cascadeAct i on- >set Enabl ed( hasEdi tor);
next Acti on- >set Enabl ed( hasEdi tor);
previ ousAct i on- >set Enabl ed( hasEdi t or) ;
separ at or Acti on- >set Vi si bl e(hasEditor);
if (activeEditor())

activeEdi tor()->w ndowenuActi on() - >set Checked(true);

The updat eMenus() slot is called whenever a window is activated (and when the last window is
closed) to update the menu system, due to the signalslot connection we put in the Mai nW ndow
constructor.

Most menu options only make sense if there is an active window, so we disable them if there isn't
one. At the end, we call set Checked() on the QActi on representing the active window. Thanks to the
QAct i onGroup, we don't need to explicitly uncheck the previously active window.

voi d Mai nW ndow. : cr eat eMenus()

{

ndowienu = nenuBar () - >addMenu(tr (" &W ndow"));
ndowiVenu- >addAct i on(cl oseActi on);

ndowMenu- >addAct i on(cl oseAl | Action);
ndowienu- >addSepar at or () ;
ndowiVenu- >addActi on(til eAction);

ndowMenu- >addAct i on(cascadeActi on);

ndowVenu- >addSepar at or () ;
ndowiVenu- >addAct i on( next Acti on);

ndowiMenu- >addAct i on( previ ousActi on);
ndowienu- >addAct i on( separ at or Acti on);

£ sssszsss2:;

The creat eMenus() private function fills the Window menu with actions. The actions are all typical of
such menus and are easily implemented using Qur kspace's cl oseAct i veW ndow( ), cl oseAl | W ndows(),
tile(), and cascade() slots. Every time the user opens a new window, it is added to the Window
menu's list of actions. (This is done in the creat eEdi t or () function that we saw on page 154.) When
the user closes an editor window, its action in the Window menu is deleted (since the action is
owned by the editor window), and so the action is automatically removed from the Window menu.



voi d Mai nW ndow: : cl oseEvent (QCl oseEvent *event)

{
wor kspace- >cl oseAl | W ndows() ;
if (activeEditor()) {
event - >i gnore();
} else {
event - >accept () ;
}
}

The cl oseEvent () function is reimplemented to close all child windows, causing each child to receive
a close event. If one of the child widgets "ignores" its close event (because the user canceled an
"unsaved changes" message box), we ignore the close event for the Mai nW ndow; otherwise, we
accept it, resulting in Qt closing the entire window. If we didn't reimplement cl oseEvent () in

Mai nW ndow, the user would not be given the opportunity to save unsaved changes.

We have now finished our review of Mai nW ndow, so we can move on to the Edit or implementation.
The Edi tor class represents one child window. It inherits Qrext Edi t , which provides the text editing
functionality. Just as any Qt widget can be used as a stand-alone window, any Qt widget can be
used as a child window in an MDI workspace.

Here's the class definition:

class Editor : public QlextEdit

Q OBJECT
public:
Edit or (QWN dget *parent = 0);
void newFil e();
bool open();
bool openFile(const QString & il eNane);
bool save();
bool saveAs();
QSi ze sizeHint() const;
QActi on *wi ndowienuAction() const { return action; }
pr ot ect ed:
voi d cl oseEvent (QCl oseEvent *event);
private slots:
voi d docunent WasModi fi ed();
private:
bool okToConti nue();
bool saveFile(const QString &f il eNane);
void setCurrentFile(const QString & il eNane);
bool readFile(const QString & il eNane);
bool witeFile(const QString &f il eNane);
QString strippedNane(const QString & ull Fil eNane);
QString curFile;
bool isUntitled;
QString fileFilters;
QAction *acti on;

Four of the private functions that were in the Spreadsheet application's Mai n- W ndow class (p. 57) are
also present in the Edit or class: okToContinue(), save-File(), setCurrentFile(), and stri ppedNane() .

Edi tor:: Editor ( QN dget *parent)
Qrext Edi t (parent)
{

action = new QAction(this);



acti on->set Checkabl e(true);
connect (action, SIGNAL(triggered()), this, SLOT(show()));
connect (action, SIGNAL(triggered()), this, SLOT(setFocus()));
isUntitled = true;
fileFilters = tr("Text files (*.txt)\n"
"Al files (*)");

connect (docunent (), SIGNAL(content sChanged()),

this, SLOT(docunment WasModified()));
set W ndow con( QPi xmap(": /i mages/ docunent. png"));
setAttribute(Q:: WA Del eteOnd ose);

First, we create a QActi on representing the editor in the application's Window menu and connect that
action to the show() and set Focus() slots.

Since we allow users to create any number of editor windows, we must make some provision for
naming them so that they can be distinguished before they have been saved for the first time. One
common way of handling this is to allocate names that include a number (for example,

docunent 1. txt ). We use the i suUntitl ed variable to distinguish between names supplied by the user
and names we have created programmatically.

We connect the text document's cont ent sChanged() signal to the private document WasModi fi ed() slot.
This slot simply calls set W ndowivbdi fi ed(true).

Finally, we set the @ :: WA Del et eOnCl ose attribute to prevent memory leaks when the user closes an
Edi t or window.

After the constructor, we expect either newFi | e() or open() to be called.

voi d Editor::newFile()
{

static int document Nunber = 1;

curFile = tr("docunent%l.txt").arg(document Nunber) ;
setWndowTitle(curFile + "[*]");

action->set Text (curFile);

isUntitled = true;

++docunent Nunber ;

The newFi | e() function generates a name like document 1. t xt for the new document. The code
belongs in newFi | e(), rather than the constructor, because we don't want to consume numbers when
we call open() to open an existing document in a newly created Edi t or . Since docunent Nunber is
declared static, it is shared across all Edi t or instances.

The "[*]" marker in the window title is a place marker for where we want the asterisk to appear
when the file has unsaved changes on platforms other than Mac OS X. We covered this place marker

in Chapter 3 (p. 58).

bool Editor::open()
{

QString fileName =

QFi | eDi al og: : get OpenFi |l eName(this, tr("Open"), ".",
fileFilters);
if (fileName.isEmpty())
return false;
return openFile(fileNane);



The open() function tries to open an existing file using openFil e().

bool Editor::save()

{
if (isUntitled) {
return saveAs();
} else {
return saveFile(curFile);
}
}

The save() function uses the isuntitled variable to determine whether it should call saveFil e() or
saveAs() .

voi d Editor::closeEvent (QC oseEvent *event)

if (okToContinue()) {

)
event - >accept () ;
} else {
event - >i gnore();
}

The cl oseEvent () function is reimplemented to allow the user to save unsaved changes. The logic is
coded in the okToConti nue() function, which pops up a message box that asks, "Do you want to save
your changes?" If okToConti nue() returns TRue, we accept the close event; otherwise, we "ignhore" it
and leave the window unaffected by it.

void Editor::setCurrentFile(const QString & il eNane)
{

curFile = fil eNaneg;
isUntitled = fal se;
action->set Text (stri ppedNane(curFile));

docunent () - >set Modi fi ed(fal se);
set WndowTi tl e(strippedNane(curFile) + "[*]");
set W ndowbdi fi ed(fal se);

The set Current Fil e() function is called from openFil e() and saveFil e() to update the curFile and

i sUntitled variables, to set the window title and action text, and to set the document's "modified"
flag to fal se. Whenever the user modifies the text in the editor, the underlying QrexTDocunment emits
the cont ent s- Changed() signal and sets its internal "modified" flag to true.

Si ze Editor::sizeH nt() const

{
return QSize(72 * fontMetrics().width('x"),
25 * fontMetrics().lineSpacing());

The si zeHi nt () function returns a size based on the width of the letter 'x' and the height of a text



line. Qnor kspace uses the size hint to give an initial size to the window.

Here's the MDI Editor application's mai n. cpp file:

#i ncl ude <QApplication>
#i ncl ude "nmai nwi ndow. h"
int main(int argc, char *argv[])

{
QApplication app(argc, argv);
QStringlist args = app. argunments();
Mai nW ndow nmai nW n;
if (args.count() > 1) {
for (int i =1; i < args.count(); ++i)
mai NW n. openFil e(args[i]);
} else {
mai nNW n. newri | e();
}
mai nW n. show() ;
return app.exec();
}

If the user specifies any files on the command line, we attempt to load them. Otherwise, we start
with an empty document. Qt-specific command-line options, such as -styl e and -font, are
automatically removed from the argument list by the Qappli cati on constructor. So if we write

ndi editor -style notif readne.txt

on the command line, QApplication::argunments() returns a Qstri ngLi st containing two items
("mdieditor" and "readme.txt"), and the MDI Editor application starts up with the document
readne. t xt .

MDI is one way of handling multiple documents simultaneously. On Mac OS X, the preferred
approach is to use multiple top-level windows. This approach is covered in the "Multiple Documents"
section of Chapter 3.




Chapter 7. Event Processing

e Reimplementing Event Handlers
e Installing Event Filters
e Staying Responsive During Intensive Processing

Events are generated by the window system or by Qt itself in response to various occurrences.
When the user presses or releases a key or mouse button, a key or mouse event is generated; when
a window is shown for the first time, a paint event is generated to tell the newly visible window that
it needs to draw itself. Most events are generated in response to user actions, but some, like timer
events, are generated independently by the system.

When we program with Qt, we seldom need to think about events, because Qt widgets emit signals
when something significant occurs. Events become useful when we write our own custom widgets or
when we want to modify the behavior of existing Qt widgets.

Events should not be confused with signals. As a rule, signals are useful when using a widget,
whereas events are useful when implementing a widget. For example, when we are using
QPushBut t on, we are more interested in its cl i cked() signal than in the low-level mouse or key
events that caused the signal to be emitted. But if we are implementing a class like QPushBut t on, we
need to write code to handle mouse and key events and emit the cl i cked() signal when necessary.

Reimplementing Event Handlers

In Qt, an event is an object that inherits Qevent . Qt handles more than a hundred types of event,
each identified by an enum value. For example, Qevent: :type() returns Qevent: : MouseBut t onPress for
mouse press events.

Many event types require more information than can be stored in a plain Qevent object; for example,
mouse press events need to store which mouse button triggered the event as well as where the
mouse pointer was positioned when the event occurred. This additional information is stored in
dedicated Qevent subclasses, such as QwuseEvent .

Events are notified to objects through their event () function, inherited from Qbj ect . The event ()
implementation in QW dget forwards the most common types of event to specific event handlers,
such as nousePressEvent (), keyPress-Event (), and pai nt Event ().

We have already seen many event handlers when implementing Mai nW ndow, | conEdi t or, and Pl ot ter
in earlier chapters. There are many other types of event listed in the Qevent reference
documentation, and it is also possible to create custom event types and to dispatch events
ourselves. Here, we will review two common event types that deserve more explanation: key events
and timer events.

Key events are handled by reimplementing keyPressEvent () and keyRel ease- Event (). The Pl otter
widget reimplements keyPressEvent () . Normally, we only need to reimplement keyPressEvent ()
since the only keys for which release is important are the modifier keys Ctrl, Shift, and Alt, and
these can be checked for in a keyPressEvent () using QkeyEvent: : nodi fi ers(). For example, if we
were implementing a CodeEdi t or widget, its stripped-down keyPressEvent () that distinguishes
between Home and Ctrl+Home would look like this:

voi d CodeEditor::keyPressEvent ((KeyEvent *event)

{
switch (event->key()) {



case Q::Key_ Hone:
if (event->nodifiers() & Q::Control Modifier) {
goToBegi nni ngOf Docunent () ;
} else {
goToBegi nni ngOf Li ne() ;
}

br eak;
case Q::Key_ End:
def aLJi t :

QW dget : : keyPressEvent (event);
}

The Tab and Backtab (Shift+Tab) keys are special cases. They are handled by QW dget: : event ()
before it calls keyPressEvent (), with the semantic of passing the focus to the next or previous widget
in the focus chain. This behavior is usually what we want, but in a CodeEdi t or widget, we might
prefer to make Tab indent a line. The event () reimplementation would then look like this:

bool CodeEditor::event(QEvent *event)
{
if (event->type() == QEvent::KeyPress) {
XKeyEvent *keyEvent = static_cast<@KeyEvent *>(event);
if (keyEvent->key() == :: Key_Tab) {
insertAtCurrentPosition('"\t");
return true;
}
}

return QN dget::event(event);

If the event is a key press, we cast the Qevent object to a KeyEvent and check which key was
pressed. If the key is Tab, we do some processing and return true to tell Qt that we have handled
the event. If we returned f al se, Qt would propagate the event to the parent widget.

A higher-level approach for implementing key bindings is to use a QActi on. For example, if

goToBegi nni ngOf Li ne() and goToBegi nni ngOf Docunent () are public slots in the CodeEdi t or widget, and
the CodeEdi t or is used as the central widget in a Mai nW ndow class, we could add the key bindings
with the following code:

Mai nW ndow: : Mai nW ndow( )
{
edi tor = new CodeEditor;
set Central W dget (editor);
goToBegi nni ngOf Li neAction =
new QAction(tr("Go to Beginning of Line"), this);
goToBegi nni ngXf Li neAct i on->set Shortcut (tr (" Hone"));
connect (goToBegi nni ngCOf Li neAction, SIGNAL(activated()),
editor, SLOT(goToBegi nningOiLine()));
goToBegi nni ngOf Docunent Acti on =
new QAction(tr("Go to Beginning of Docunent"), this);
goToBegi nni ngOf Docunent Acti on->set Shortcut (tr("Ctrl +Home"));
connect (goToBegi nni ngOf Document Acti on, SI GNAL(activated()),
editor, SLOT(goToBegi nni ngOf Docunment()));

This makes it easy to add the commands to a menu or a toolbar, as we saw in Chapter 3. If the



commands don't appear in the user interface, the QActi on objects could be replaced with a Qshort cut
object, the class used by QActi on internally to support key bindings.

By default, key bindings set using QActi on or QShortcut on a widget are enabled whenever the
window that contains the widget is active. This can be changed using QActi on: : set Short cut Cont ext ()
or QShortcut::setContext().

Another common type of event is the timer event. While most other event types occur as a result of
a user action, timer events allow applications to perform processing at regular time intervals. Timer
events can be used to implement blinking cursors and other animations, or simply to refresh the
display.

To demonstrate timer events, we will implement a Ti cker widget. This widget shows a text banner
that scrolls left by one pixel every 30 milliseconds. If the widget is wider than the text, the text is
repeated as often as necessary to fill the entire width of the widget.

Figure 7.1. The Ti cker widget
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Here's the header file:

#i f ndef TI CKER_H

#define Tl CKER_H

#i ncl ude <QW dget >

class Ticker : public QN dget

{

Q OBJECT

Q PROPERTY(@String text READ text WRITE set Text)
public:

Ti cker (QW dget *parent = 0);
voi d set Text(const QString &ewText);
QString text() const { return nmyText; }
QSi ze sizeHint() const;
pr ot ect ed:
voi d pai nt Event (QPai nt Event *event);
voi d timerEvent (QTi mer Event *event);
voi d showEvent (QShowEvent *event);
voi d hi deEvent (QH deEvent *event);
private:
QString nmyText;
int offset;
int nyTinerld;
s
#endi f

We reimplement four event handlers in Ti cker, three of which we have not seen before:
timer Event (), showEvent (), and hi deEvent ().

Now let's review the implementation:

#i ncl ude <Q Gui >

#include "ticker.h"

Ti cker:: Ti cker (QN dget *parent)
QW dget (parent)



of fset = O;
myTinerld = O;

The constructor initializes the of f set variable to 0. The x coordinate at which the text is drawn is
derived from the of f set value. Timer IDs are always non-zero, so we use 0 to indicate that no timer
has been started.

voi d Ticker::setText(const QString &newText)

{
myText = newlext;
updat e();
updat eGeonetry();
}

The set Text () function sets the text to display. It calls updat e() to request a repaint and
updat eGeonetry() to notify any layout manager responsible for the Ti cker widget about a size hint
change.

Si ze Ticker::sizeH nt() const

{
}

return fontMetrics().size(0, text());

The si zeHi nt () function returns the space needed by the text as the widget's ideal size.

QW dget:: fontMetrics() returns a QFont Metri cs object that can be queried to obtain information
relating to the widget's font. In this case, we ask for the size required by the given text. (The first
argument to QrFont Metri cs: : si ze() is a flag that isn't needed for simple strings, so we just pass 0.)

voi d Ticker::pai nt Event (QPai nt Event * /* event */)

{
QPai nter painter(this);
int textWdth = fontMetrics().wi dth(text());
if (textWdth < 1)
return;
int x = -of fset;
while (x < width()) {
pai nter.drawText (x, 0, textWdth, height(),
Q::AignLeft | Q::AignVCenter, text());
X += text Wdth;
}
}

The pai nt Event () function draws the text using QPai nter:: drawText (). It uses font Metrics() to
ascertain how much horizontal space the text requires, and then draws the text as many times as
necessary to fill the entire width of the widget, taking of f set into account.

voi d Ticker::showkvent (QShowkEvent * /* event */)
{

}

nyTinmerld = startTi ner(30);



The showkvent () function starts a timer. The call to Qbvj ect: :start Ti ner () returns an ID number,
which we can use later to identify the timer. Qbj ect supports multiple independent timers, each
with its own time interval. After the call to start Ti mer (), Qt will generate a timer event

approximately every 30 milliseconds; the accuracy depends on the underlying operating system.

We could have called start Ti ner () in the Ti cker constructor, but we save some resources by having
Qt generate timer events only when the widget is actually visible.

void Ticker::tinmerEvent (Qriner Event *event)

{
if (event->timerld() == nyTinmerld) {
++of f set;
if (offset >= fontMetrics().width(text()))
offset = 0;
scroll (-1, 0);
} else {
QW dget: : timer Event (event);
}
}

The tinmerEvent () function is called at intervals by the system. It increments of fset by 1 to simulate
movement, wrapping at the width of the text. Then it scrolls the contents of the widget one pixel to
the left using QW dget : : scrol | (). It would have been sufficient to call updat e() instead of scrol | (),
but scrol I () is more efficient because it simply moves the existing pixels on screen and only
generates a paint event for the widget's newly revealed area (a 1-pixel-wide strip in this case).

If the timer event isn't for the timer we are interested in, we pass it on to our base class.

voi d Ticker:: hi deEvent (QH deEvent * /* event */)

kill Timer(nyTinerld);

The hi deEvent () function calls Qobj ect::kill Timer() to stop the timer.

Timer events are low level, and if we need multiple timers, it can become cumbersome to keep track
of all the timer IDs. In such situations, it is usually easier to create a Qri mer object for each timer.
Qri mer emits the timeout () signal at each time interval. Qri mer also provides a convenient interface
for single-shot timers (timers that time out just once).

Installing Event Filters

One really powerful feature of Qt's event model is that a Qbj ect instance can be set to monitor the
events of another Qvj ect instance before the latter object even sees them.

Let's suppose that we have a Cust oner | nf oDi al og widget composed of several Qui neEdi t s and that
we want to use the Space key to move the focus to the next Qi neEdi t . This non-standard behavior
might be appropriate for an in-house application whose users are trained in its use. A
straightforward solution is to subclass Qi neEdi t and reimplement keyPressEvent () to call



focusNext Chi | d(), like this:

voi d MyLi neEdit:: keyPressEvent ((KeyEvent *event)

if (event->key() == .. Key_Space) {
focusNext Chi | d();
} else {
Qi neEdi t:: keyPressEvent (event);
}

This approach has one main disadvantage: If we use several different kinds of widgets in the form
(for example, QConboBoxes and QSpi nBoxes), we must also subclass them to make them exhibit the
same behavior. A better solution is to make Cust oner I nf oDi al og monitor its child widgets' key press
events and implement the required behavior in the monitoring code. This can be achieved using
event filters. Setting up an event filter involves two steps:

1. Register the monitoring object with the target object by calling i nstal | - EventFilter() on the
target.

2. Handle the target object's events in the monitor's event Filter () function.

A good place to register the monitoring object is in the Cust oner | nf oDi al og constructor:

Cust oner | nf oDi al og: : Cust orrer | nf oDi al og( QN dget *parent)
Qi al og( parent)

{
firstNanmeEdit->install EventFilter(this);
| ast NameEdi t - >i nstal | EventFilter(this);
cityEdit->install EventFilter(this);
phoneNunber Edi t->i nstal | EventFilter(this);
}

Once the event filter is registered, the events that are sent to the first Name-Edit, | ast NanmeEdi t,
cityEdi t, and phoneNunber Edi t widgets are first sent to the Cust oner I nf oDi al og's event Fil ter ()
function before they are sent on to their intended destination.

Here's the event Fil ter () function that receives the events:

bool CustonerlnfoDial og::eventFilter(QObject *target, QEvent *event)
{
if (target == firstNaneEdit || target == | ast NaneEdit
|| target == cityEdit || target == phoneNunberEdit) {
if (event->type() == QEvent::KeyPress) {
XKeyEvent *keyEvent = static_cast<@eyEvent *>(event);
if (keyEvent->key() == . Key_Space) {
focusNext Chi |l d();
return true;

}
}

return QDialog::eventFilter(target, event);



First, we check to see if the target widget is one of the QLi neEdi t s. If the event was a key press, we
cast it to KeyEvent and check which key was pressed. If the pressed key was Space, we call
focusNext Chi | d() to pass focus on to the next widget in the focus chain, and we return true to tell
Qt that we have handled the event. If we returned f al se, Qt would send the event to its intended
target, resulting in a spurious space being inserted into the QLi neEdit.

If the target widget isn't a QLi neEdi t, or if the event isn't a Space key press, we pass control to the
base class's implementation of event Fil ter (). The target widget could also be some widget that the
base class, Qi al og, is monitoring. (In Qt 4.1, this is not the case for Qb al og. However, other Qt
widget classes, such as QScrol | Area, do monitor some of their child widgets for various reasons.)

Qt offers five levels at which events can be processed and filtered:
1. We can reimplement a specific event handler.

Reimplementing event handlers such as nousePressEvent (), keyPress-Event (), and
pai nt Event () is by far the most common way to process events. We have already seen many
examples of this.

2. We can reimplement QObject::event().

By reimplementing the event () function, we can process events before they reach the specific
event handlers. This approach is mostly needed to override the default meaning of the Tab
key, as shown earlier (p. 164). This is also used to handle rare types of event for which no
specific event handler exists (for example, QEvent : : Hover Enter ). When we reimplement

event (), we must call the base class's event () function for handling the cases we don't
explicitly handle.

3. We can install an event filter on a single QObject.

Once an object has been registered using i nstal | EventFil ter(), all the events for the target
object are first sent to the monitoring object's event - Fil ter () function. If multiple event
filters are installed on the same object, the filters are activated in turn, from the most
recently installed back to the first installed.

4. We can install an event filter on the QApplication object.

Once an event filter has been registered for gApp (the unique QAppl i cati on object), every
event for every object in the application is sent to the event-Filter() function before it is
sent to any other event filter. This approach is mostly useful for debugging. It can also be
used to handle mouse events sent to disabled widgets, which QAppl i cati on normally discards.

5. We can subclass QApplication and reimplement notify().

Qt calls QApplication::notify() to send out an event. Reimplementing this function is the
only way to get all the events, before any event filters get the opportunity to look at them.
Event filters are generally more useful, because there can be any number of concurrent event
filters, but only one notify() function.

Many event types, including mouse and key events, can be propagated. If the event has not been
handled on the way to its target object or by the target object itself, the whole event processing
process is repeated, but this time with the target object's parent as the new target. This continues,
going from parent to parent, until either the event is handled or the top-level object is reached.

Figure 7.2 shows how a key press event is propagated from child to parent in a dialog. When the
user presses a key, the event is first sent to the widget that has focus, in this case the bottom-right
QCheckBox. If the QCheckBox doesn't handle the event, Qt sends it to the Q& oupBox, and finally to the



Qi al og object.

Figure 7.2. Event propagation in a dialog
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Staying Responsive During Intensive Processing

When we call Qapplication::exec(), we start Qt's event loop. Qt issues a few events on startup to
show and paint the widgets. After that, the event loop is running, constantly checking to see if any
events have occurred and dispatching these events to Qbj ect s in the application.

While one event is being processed,additional events may be generated and appended to Qt's event
queue. If we spend too much time processing a particular event, the user interface will become
unresponsive. For example, any events generated by the window system while the application is
saving a file to disk will not be processed until the file is saved. During the save, the application will
not respond to requests from the window system to repaint itself.

One solution is to use multiple threads: one thread for the application's user interface and another
thread to perform file saving (or any other time-consuming operation). This way, the application's
user interface will stay responsive while the file is being saved. We will see how to achieve this in

Chapter 18.

A simpler solution is to make frequent calls to QAppli cati on:: processEvents() in the file saving code.
This function tells Qt to process any pending events, and then returns control to the caller. In fact,
QAppl i cation: : exec() is little more than a whil e loop around a processEvent s() function call.

Here's an example of how we can keep the user interface responsive using processEvent s(), based
on the file saving code for Spreadsheet (p. 80):

bool Spreadsheet::witeFile(const QString & il eNane)

{
QFile file(fileNane);

for (int row = 0; row < RowCount; ++row) {
for (int colum = 0; columm < Col umCount; ++colum) {
@String str = fornul a(row, colum);
if (!str.isEnpty())
out << quintl6(row) << quintl6(colum) << str;

}
gApp- >pr ocessEvent s();

return true;



One danger with this approach is that the user might close the main window while the application is
still saving, or even click File|Save a second time, resulting in undefined behavior. The easiest
solution to this problem is to replace

qApp- >pr ocessEvent s();

with

gApp- >processEvent s( QEvent Loop: : Excl udeUser | nput Event s) ;

telling Qt to ignore mouse and key events.

Often, we want to show a QProgressDi al og while a long-running operation is taking place.
QProgressDi al og has a progress bar that keeps the user informed about the progress being made by
the application. QProgressDi al og also provides a Cancel button that allows the user to abort the
operation. Here's the code for saving a Spreadsheet file using this approach:

bool Spreadsheet::witeFile(const QString & il eNane)

{

QFile file(fileNane);
QProgressDi al og progress(this);
progress. set Label Text (tr("Saving %").arg(fil eNane));
progress. set Range(0, RowCount);
progress. set Mbdal (true);
for (int row = 0; row < RowCount; ++row) {

progress. set Val ue(row);

gApp- >processEvent s();

if (progress.wasCancel ed()) {

file.renmove();
return fal se;
}
for (int colum = 0; colum < Col umCount; ++colum) {
QString str = formul a(row, col um);
if (!str.isEmpty())
out << quintl6(row) << quintl6(colum) << str;

}
}
return true;

}

We create a QProgressDi al og with NunRows as the total number of steps. Then, for each row, we call
set Val ue() to update the progress bar. QrProgressDi al og automatically computes a percentage by
dividing the current progress value by the total nhumber of steps. We call

QAppl i cation: : processEvent s() to process any repaint events or any user clicks or key presses (for
example, to allow the user to click Cancel). If the user clicks Cancel, we abort the save and remove
the file.

We don't call show() on the QProgressDi al og because progress dialogs do that for themselves. If the
operation turns out to be short, presumably because the file to save is small or because the machine
is fast, QProgressDi al og will detect this and will not show itself at all.

In addition to multithreading and using QProgressDi al og, there is a completely different way of
dealing with long-running operations: Instead of performing the processing when the user requests,



we can defer the processing until the application is idle. This can work if the processing can be safely
interrupted and resumed, since we cannot predict how long the application will be idle.

In Qt, this approach can be implemented by using a 0-millisecond timer. These timers time out
whenever there are no pending events. Here's an example ti mer Event () implementation that shows
the idle processing approach:

voi d Spreadsheet::tinerEvent (Qrli mer Event *event)

{
if (event->tinmerld() == nyTinerld) {
while (step < MaxStep && ! gApp- >hasPendi ngEvents()) {
perf or nt ep(step);
++st ep;
}
} else {
Qrabl ew dget::timer Event (event);
}
}

If hasPendi ngEvent s() returns true, we stop processing and give control back to Qt. The processing
will resume when Qt has handled all its pending events.



Chapter 8. 2D and 3D Graphics

e Painting with QPainter

e Painter Transformations

e High-Quality Rendering with QImage
e Printing

e Graphics with OpenGL

Qt's 2D graphics engine is based on the Qrai nter class. QPai nter can draw geometric shapes (points,
lines, rectangles, ellipses, arcs, chords, pie segments, polygons, and Bézier curves), as well as
pixmaps, images, and text. Furthermore, QPai nt er supports advanced features such as antialiasing
(for text and shape edges), alpha blending, gradient filling, and vector paths. QPai nter also supports
transformations, which makes it possible to draw resolution-independent 2D graphics.

QPai nter can be used to draw on a "paint device", such as a QW dget , @ QPi xmap, or a Q mage. It is
useful when we write custom widgets or custom item classes with their own look and feel. QPai nter
can also be used in conjunction with QPrinter for printing and for generating PDFs. This means that
we can often use the same code to display data on screen and to produce printed reports.

An alternative to QPainter is to use OpenGL. OpenGL is a standard library for drawing 2D and 3D
graphics. The QtOpenGL module makes it very easy to integrate OpenGL code into Qt applications.

Painting with QPainter

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

void MyW dget : : pai nt Event (QPai nt Event *event)

{
QPai nter painter(this);

We can draw various shapes using Qpai nter's draw. .. () functions. Figure 8.1 lists the most
important ones. The way the drawing is performed is influenced by QPai nter's settings. Some of
these are adopted from the device, others are initialized to default values. The three main painter
settings are the pen, the brush, and the font:

e 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.

e The brush is the pattern used for filling geometric shapes. It normally consists of a color and
a style, but can also be a texture (a pixmap that is repeated infinitely) or a gradient.

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

Figure 8.1. QPai nt er 's most frequently used draw. .. () functions
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These settings can be modified at any time by calling set Pen(), set Brush(), and set Font () with a
QPen, Brush, or QFont object.

Figure 8.2. Cap and join styles
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Figure 8.3. Pen styles
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Figure 8.4. Predefined brush styles
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Let's see a few examples in practice. Here's the code to draw the ellipse shown in Figure 8.5 (a):

QPai nter painter(this);
pai nter. set Render Hi nt (QPai nter:: Antialiasing, true);
pai nter.set Pen(QPen(Q::black, 12, Q::DashDotLine, Q::RoundCap));



pai nter.setBrush(@rush(Q::green, Q::SolidPattern));
pai nter.drawkl | i pse(80, 80, 400, 240);

Figure 8.5. Geometric shape examples
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The set Render Hi nt () call enables antialiasing, telling QPai nt er to use different color intensities on the
edges to reduce the visual distortion that normally occurs 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):

QPai nter painter(this);

pai nter. set Render Hi nt (QPai nter:: Antialiasing, true);

pai nter.setPen(Qen(Q ::black, 15, Q::SolidLine, Q::RoundCap,
Q::MterJoin));

pai nter.setBrush(@rush(Q::blue, Q::DiagCrossPattern));

pai nter.drawPi e(80, 80, 400, 240, 60 * 16, 270 * 16);

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

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

QPai nter painter(this);

pai nter. set Render Hi nt (QPai nter:: Antialiasing, true);
QPai nt er Pat h pat h;

pat h. noveTo( 80, 320);

pat h. cubi cTo(200, 80, 320, 80, 480, 320);

pai nter.set Pen(QPen(Q :: bl ack, 8));

pai nt er . dr awPat h( pat h) ;

The QpPai nt er Pat h class can specify arbitrary vector shapes by connecting basic graphical elements
together: straight lines, ellipses, polygons, arcs, quadratic and cubic Bézier curves, and other
painter paths. Painter paths are the ultimate drawing primitive in the sense that any shape or
combination of shapes can be expressed as a path.

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

The three examples above use built-in brush patterns (@ ::SolidPattern, Q:: DiagCrossPattern,
and @ :: NoBrush). In modern applications, gradient fills are a popular alternative to monochrome fill
patterns. Gradients rely on color interpolation to obtain smooth transitions between two or more
colors. They are frequently used to produce 3D effects; for example, the Plastique style uses
gradients to render QPushBut t ons.

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.

e 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 of Figure 8.6 is created
using the following code:

. QLi near Gradi ent gradi ent (50, 100, 300, 350);
. gradi ent.setCol orAt (0.0, Q::white);
. gradi ent.setCol orAt (0.2, Q::green);
. gradi ent.set Col or At (1.0, Q::Dblack);

Figure 8.6. Qrai nt er 's gradient brushes
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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
interpolated.

e Radial gradients are defined by a center point (x.,y.), a radius r, and a focal point (x;,ys),
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.

e Conical gradients are defined by a center point (x.,y.) and an angle a. The colors spread
around the center point like the sweep of a watch's seconds hand.

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

e The background brush is used to fill the background of geometric shapes (underneath the
brush pattern), text, or bitmaps when the background mode is Q : : ®paqueMde (the default
is @ ::transparent Mode).

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

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

e The viewport, window, and world matrix determine how logical QPai nter coordinates map



to physical paint device coordinates. By default, these are set up so that the logical and
physical coordinate systems coincide. Coordinate systems are covered in the next section.

e 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
drawn on top of existing pixels. This is supported only on certain devices and is covered later
in this chapter.

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 rest ore() . 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.

Painter Transformations

With QpPai nt er '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 coordinates increase downward. Each pixel
occupies an area of size 1 x 1 in the default coordinate system.

One important thing to understand is that the center of a pixel lies on "half-pixel" coordinates. For
example, the top-left pixel covers the area between points (0, 0) and (1, 1), and its center is located
at (0.5, 0.5). If we ask QpPai nter 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 consequences in practice.
First, the shifting by +0.5 only occurs if antialiasing is disabled (the default); if antialiasing is
enabled and we try to draw a pixel at (100, 100) in black, Qrai nt er 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, for example, (100.5, 100.5).

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 x 5 rectangle drawn with a pen width of 1
effectively covers an area of size 7 x 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 8.7. Drawing a 6 x 5 rectangle with no antialiasing
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Now that we understand the default coordinate system, we can take a closer look at how it can be
changed using QPai nter 's viewport, window, and world matrix. (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 QScrol | Area'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 rectangle, but in logical coordinates. When we
do the painting, we specify points in logical coordinates, and those coordinates are converted into
physical coordinates in a linear algebraic manner, based on the current windowviewport settings.

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

The windowviewport mechanism is useful to make the drawing code independent 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 middle, we can set the window as follows:

pai nter.set Wndow( -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). In this
example, we didn't change the viewport.

Figure 8.8. Converting logical coordinates into physical coordinates
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Now comes the world matrix. The world matrix is a transformation matrix that is applied in addition
to the windowviewport 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:

Qvatrix matri x;

matri x. rotate(45.0);

pai nter.setMatrix(matrix);

pai nter. drawlext (rect, Q::AlignCenter, tr("Revenue"));

The logical coordinates we pass to drawText () are transformed by the world matrix, then mapped to
physical coordinates using the windowviewport 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 (10, 20) as the rotation's pivot point, we can do so by
translating the window, performing the rotation, and then translating the window back to its original
position:

Qvatrix matri x;

matri x.transl ate(-10.0, -20.0);
mat ri x. rotate(45.0);

matri x.transl ate(+10. 0, +20.0);
pai nter.setMatrix(matrix);



pai nter.drawText (rect, Q::AlignCenter, tr("Revenue"));

A simpler way to specify transformations is to use Qpai nter'stransl ate(), scal e(), rotate(), and
shear () convenience functions:

pai nter.transl ate(-10.0, -20.0);

pai nter.rotate(45.0);

pai nter.transl ate(+10. 0, +20.0);

pai nter. drawlext (rect, Q::AlignCenter, tr("Revenue"));

But if we want to use the same transformations repeatedly, it's more efficient to store them in a
Qwvat ri x object and set the world matrix on the painter whenever the transformations are needed.

To illustrate painter transformations, we will review the code of the OvenTi mer widget shown in
Figure 8.9. The ovenTi mer 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
automatically turns counterclockwise until 0 is reached, at which point OvenTi mer emits the ti meout ()
signal.

Figure 8.9. The OvenTi ner widget

class OvenTinmer : public QW dget

Q OBJECT
public:
OvenTi ner (QWN dget *parent = 0);
void setDuration(int secs);
int duration() const;
voi d draw( QPai nter *painter);
signal s:
voi d tinmeout();
pr ot ect ed:
voi d pai nt Event (QPai nt Event *event);
voi d nousePressEvent (QvwuseEvent *event);
private:
QDat eTi e fini shTi ne;
Qri mer *updat eTi ner;
Qri mer *finishTinmer;

}s

The ovenTi mer class inherits QW dget and reimplements two virtual functions: pai nt Event () and



nousePressEvent ().

const doubl e DegreesPer M nute
const doubl e DegreesPer Second
const int MaxM nutes = 45;
const int MaxSeconds = MaxM nutes * 60;
const int Updatelnterval = 1;

7.0:;
DegreesPerM nute / 60;

We start by defining a few constants that control the oven timer's look and feel.

OvenTi ner:: OvenTi mer (QN dget *parent)
QW dget (parent)

{
finishTinme = QDateTine::currentDateTinme();
updat eTi mer = new QTinmer (this);
connect (updat eTi mer, SIGNAL(tinmeout()), this, SLOT(update()));
finishTinmer = new QTiner(this);
fini shTi mer->set Si ngl eShot (true);
connect (fini shTimer, SIGNAL(tinmeout()), this, SIGNAL(tineout()));
connect (fini shTimer, SIGNAL(tineout()), updateTinmer, SLOT(stop()));
}

In the constructor, we create two QTi mer objects: updat eTi ner is used to refresh the appearance of
the widget every second, and fi ni shTi mer emits the widget's ti neout () signal when the oven timer
reaches 0. The fini shTi ner only needs to timeout once, so we call set Si ngl eShot (true) ; by default,
timers fire repeatedly until they are stopped or destroyed. The last connect () call is an optimization
to stop updating the widget every second when the timer is inactive.

voi d OvenTi nmer::setDuration(int secs)

{
if (secs > MaxSeconds) {
secs = MaxSeconds;
} else if (secs <= 0) {
secs = 0;
}
fini shTime = QDateTi ne::currentDateTi me().addSecs(secs);
if (secs > 0) {
updat eTi mer - >start (Updatel nterval * 1000);
finishTinmer->start(secs * 1000);
} else {
updat eTi ner - >st op() ;
finishTi mer->stop();
}
updat e();
}

The set Duration() function sets the duration of the oven timer to the given number of seconds. We
compute the finish time by adding the duration to the current time (obtained from

QDat eTi me: : current Dat eTi me() ) and store it in the fini shTi ne private variable. At the end, we call
updat e() to redraw the widget with the new duration.

The fini shTi me variable is of type QDat eTi ne. 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 OvenTiner::duration() const

{
int secs = QDateTine::currentDateTi me().secsTo(finishTinme);
if (secs < 0)
secs = 0O;
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.

voi d OvenTi ner: : nousePressEvent (QVWouseEvent *event)

{
QPoi nt F point = event->pos() - rect().center();
doubl e theta = atan2(-point.x(), -point.y()) * 180 / 3.14159265359;
setDuration(duration() + int(theta / DegreesPer Second));
updat e();
}

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.

voi d OvenTi ner: : pai nt Event (QPai nt Event * /* event */)

{
QPai nter painter(this);
pai nter. set Render Hi nt (QPai nter:: Antialiasing, true);
int side = gMn(width(), height());
pai nter.setViewport((width() - side) / 2, (height() - side) / 2,
side, side);
pai nter.set Wndow -50, -50, 100, 100);
draw( &pai nter);
}

In pai nt Event (), 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 x 100 rectangle
extending from (-50, -50) to (+50, +50). The gM n() template function returns the lowest of its two
arguments. Then we call the draw() function to actually perform the drawing.

Figure 8.10. The OvenTi mer widget at three different sizes



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:

voi d OvenTi ner::draw QPai nter *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);
QCol or ni ceBl ue(150, 150, 200);
pai nt er - >set Pen(t hi nPen) ;
pai nter->set Brush(pal ette().foreground());
pai nt er - >dr awPol ygon( QPol ygon(3, & riangle[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 dr awPol ygon() to render it.

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

QConi cal Gradi ent coneG adient(0, 0, -90.0);
coneG adi ent.setCol orAt (0.0, Q::darkGay);
coneGr adi ent . set Col or At (0. 2, niceBl ue);
coneGradi ent.setColorAt (0.5 Q::white);
coneGradi ent.setColorAt (1.0, Q::darkGay);
pai nt er - >set Brush(coneG adi ent) ;

pai nter->drawkl | i pse(-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°.



(Radi al Gradi ent hal oGradi ent (0, 0, 20, 0, 0);
hal oG adi ent.set Col orAt (0.0, Q::lightGay);
hal oGradi ent. set Col or At (0.8, Q::darkGay);
hal oG adi ent.set Col orAt (0.9, Q::white);

hal oGradi ent. set Col or At (1.0, Q::black);

pai nt er->set Pen(Q : : NoPen) ;

pai nt er - >set Brush( hal oG adi ent) ;

pai nter->drawkl | i pse(-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.

Qi near Gradi ent knobGradient(-7, -25, 7, -25);
knobGr adi ent . set Col or At (0.0, Q::black);
knobGr adi ent . set Col or At (0.2, niceBlue);
knobGradi ent . set Col orAt (0.3, Q::lightGay);
knobGradi ent.set Col orAt (0.8, Q::white);
knobGradi ent . set Col or At (1.0, Q::black);
pai nter->rotate(duration() * DegreesPerSecond);
pai nt er - >set Brush( knobGr adi ent) ;
pai nt er - >set Pen(t hi nPen) ;
pai nt er - >dr awRoundRect (-7, -25, 14, 50, 150, 50);
for (int i =0; i <= MaxMnutes; ++i) {
if (i %5 ==0) {
pai nt er - >set Pen(t hi ckPen);
pai nter->drawLi ne(0, -41, 0, -44);
pai nt er - >dr awText (- 15, -41, 30, 25,
Q::AignHCenter | Q::AlignTop,
QString:: nunber (i));
} else {
pai nt er - >set Pen(t hi nPen) ;
pai nter->drawLi ne(0, -42, 0, -44);
}

pai nt er - >r ot at e( - Degr eesPer M nut e) ;

We call rot at e() 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 5 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 drawLi ne() 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 effectively multiply the current world
matrix with a rotation matrix, producing a new world matrix. The rounding errors associated with
floating-point arithmetic add up, resulting in an increasingly inaccurate world matrix. Here's one way
to rewrite the code to avoid this issue, using save() and restore() to save and reload the original
transformation matrix for each iteration:

for (int i =0; i <= MaxMnutes; ++i) {
pai nt er - >save();
painter->rotate(-i * DegreesPerM nute);



if (i %5 ==0) {
pai nt er - >set Pen(t hi ckPen);
pai nt er->drawLi ne(0, -41, 0, -44);
pai nt er - >dr awText (- 15, -41, 30, 25,
Q::AlignHCenter | Q::AlignTop,
@String::nunber(i));
} else {
pai nt er - >set Pen(t hi nPen) ;
pai nter->drawLi ne(0, -42, 0, -44);
}

pai nter->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 Qlmage

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 QW dget or QPi xmap 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:

e On X11, features such as antialiasing and support for fractional coordinates are available only
if the X Render extension is present on the X server.

e On Mac 0OS X, the native aliased graphics engine uses different algorithms for drawing
polygons than X11 and Windows, with slightly different results.

When accuracy is more important than efficiency, we can draw to a Q nage 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 Q mage on which we paint must be created with an argument of either
Q mage: : Format _RGB32 or Q mage: : For mat _ARGB32_Prenul ti pli ed.

The premultiplied ARGB32 format is almost identical to the conventional ARGB32 format
(oxaarrggbb), 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 value. For example, a 50%-transparent blue color is represented as
0x7F0000FF in ARGB32 format, but 0x7F00007F in premultiplied ARGB32 format, and similarly 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 pai nt Event () handler, which relies on
X Render for the antialiasing, might look like this:

voi d MyW dget: : pai nt Event (QPai nt Event *event)

{
QPai nter painter(this);
pai nter.set Render Hi nt (QPai nter:: Antialiasing, true);
draw( &pai nter);



Here's how to rewrite the widget's pai nt Event () function to use Qt's platform-independent graphics
engine:

voi d MyW dget : : pai nt Event (QPai nt Event *event)
{
Q mage i mage(size(), Q mage:: Format ARGB32_Prenul tiplied);
QPai nter i magePai nter (& nmage);
i mgePai nter.initFronm(this);
i magePai nter. set Render Hi nt (QPai nter:: Antialiasing, true);
i magePai nter. eraseRect (rect());
dr aw( & nmagePai nter);
i magePai nter. end();
QPai nter wi dgetPainter(this);
wi dget Pai nt er. draw nage(0, 0, inage);

We create a Q mage of the same size as the widget in premultiplied ARGB32 format, and a QPai nter
to draw on the image. The i nit Fron() call initializes the painter's pen, background, and font based
on the widget. We perform the drawing using the QPai nter as usual, and at the end we reuse the
QPai nt er 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 composition 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 Q nmage: : Conposi ti onMbde_Sour ceOver , meaning that the source pixel
(the pixel we are drawing) is blended on top of the destination pixel (the existing pixel) in such a
way that the alpha component of the source defines its translucency. Figure 8.11 shows the result of
drawing a semi-transparent butterfly on top of a checker pattern with the different modes.

Figure 8.11. QPai nt er 's composition modes
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Compositions modes are set using QPai nt er: : set Conposi ti onMvde() . For example, here's how to
create a Q mage containing the XOR of the butterfly and the checker pattern:

Q mage resultlmage = checker Patternl nage;

QPai nter painter (& esultlnmage);

pai nt er. set Conposi ti onMbde( QPai nt er: : Conposi ti onMode_Xor) ;
pai nter.draw nmage(0, 0, butterflyl nmage);



One issue to be aware of is that the Q mage: : Conposi ti onMbde_Xor operation 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).

Printing

Printing in Qt is similar to drawing on a QW dget , QPi xmap, or Q mage. It consists of the following
steps:

1. Create a Qrrinter to serve as the paint device.
2. Pop up a QrrintDial og, 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 QpPainter.

5. Call @rrinter::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, Qrrinter uses the system's printer drivers. On Unix, it generates
PostScript and sends it to I p or I pr (or to the program set using QPrinter::setPrintProgran()).
QPrinter can also be used to generate PDF files by calling set Qut put For mat (QPri nt er: : Pdf For mat ) .

Figure 8.12. Printing a Q nage
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Let's start with some simple examples that all print on a single page. The first example prints a
Q mage:

void PrintWndow : printlnmge(const Q nmage & nage)
{
QPrintDialog printDial og(&rinter, this);
if (printDialog.exec()) {
QPai nter painter(&rinter);
QRect rect = painter.viewport();
Si ze size = inmmage.size();
size.scal e(rect.size(), Q::KeepAspectRatio);
pai nter.setViewport(rect.x(), rect.y(),
size.width(), size.height());
pai nter.set Wndow(i mage.rect());
pai nter.draw nmage(0, 0, inmmge);



We assume that the Pri nt W ndow class has a member variable called printer of type QPrinter. We
could simply have created the Qrrinter on the stack in printlmage(), but then it would not
remember the user's settings from one print run to another.

We create a QPrint Di al og and call exec() to show it. It returns true if the user clicked the OK
button; otherwise, it returns fal se. After the call to exec(), the QrPrinter object is ready to use. (It is
also possible to print without using a Qpri nt bi al og, by directly calling QPri nter member functions to
set things up.)

Next, we create a QpPai nter to draw on the Qrrinter. 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, Qrai nter'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 didn't matter, because we set our own window.

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:

e We can convert our data to HTML and render it using Qrext docunment , Qt's rich text engine.
e 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:

M I tonopsi s santanae: A nobst 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 QstringLi st. Here's the function that prints a flower guide using Qt's rich text
engine:

voi d PrintW ndow. : print Fl ower Gui de(const QStringList &entries)
{
@String htm ;
foreach (QString entry, entries) {
QStringList fields = entry.split(": ");
@String title = Q¢::escape(fields[0]);
QString body = Q::escape(fields[1]);
htm += "<table w dth=\"100%" border=1 cel | spaci ng=0>\ n"
"<tr><td bgcolor=\"lightgray\"><font size=\"+1\">"
"<b><i>" + title + "</i></b></font>\n<tr><td>" + body
+ "\'n</tabl e>\ n<br>\n";

}
printHm (html);

The first step is to convert the QstringLi st into HTML. Each flower becomes an HTML table with two
cells. We use @ :: escape() to replace the special characters '&', '<', '>" with the corresponding HTML
entities ("&amp;", "&lt;", "&gt;"). Then we call printH m () to print the text.



void PrintWndow :printH m (const QString &tm)
{
QPrintDialog printDi al og(&rinter, this);
if (printDial og.exec()) {
QPai nter painter(&printer);
Qrext Docunent t ext Documnent ;
t ext Docunent.setHm (htm);
t ext Docunment . print (&rinter);

The printH m () function pops up a QPrint Di al og and takes care of printing an HTML document. It
can be reused "as is" in any Qt application to print arbitrary HTML pages.

Figure 8.13. Printing a flower guide using Qrext docunent
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Converting a document to HTML and using QText docunent 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 pri nt FI ower Gui de() function:

voi d PrintW ndow : printFl ower Gui de(const QStringList &entries)
{

QPrintDi al og printDial og(&rinter, this);

if (printDial og.exec()) {

QPai nter painter(&printer);

QLi st <@stringLi st> pages;

pagi nat e( &ai nter, &pages, entries);
pri nt Pages( &pai nter, pages);

After setting up the printer and constructing the painter, we call the pagi nat e() helper function to
determine which entry should appear on which page. The result of this is a list of Qstri ngLi sts, with



each @stringLi st holding the entries for one page. We pass on that result to pri nt Pages() .

For example, let's suppose that the flower guide contains 6 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.

voi d Print W ndow : pagi nate(QPai nter *painter, QList<Q@StringList> *pages,
const QStringList &entries)
{

@St ringlLi st current Page;
int pageHei ght = painter->w ndow().height() - 2 * LargeGap;
int y =0;
foreach (QString entry, entries) {
int height = entryHei ght(painter, entry);
if (y + height > pageHei ght && !currentPage. enpty()) {
pages- >append( current Page) ;
current Page. cl ear () ;
y =0;
}
current Page. append(entry);
y += hei ght + Medi unGap;

if (!currentPage.enpty())
pages- >append( current Page) ;

The pagi nat e() function distributes the flower guide entries into pages. It relies on the ent ryHei ght ()
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 Lar geGap.

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 PrintWndow :entryHei ght(QPainter *painter, const QString &entry)
{

@StringList fields = entry.split(": ");

String title = fields[0];

QString body = fields[1];

int textWdth = painter->w ndow).width() - 2 * Small Gap;

i nt maxHei ght = painter->w ndow(). hei ght();

pai nter->set Font (titl eFont);

Rect titleRect = painter->boundi ngRect (0, 0, textWdth, maxHei ght,
Q:: TextWordWap, title);

pai nt er - >set Font (bodyFont) ;

(Rect bodyRect = pai nter->boundi ngRect (0, 0, textWdth, naxHei ght,
Q:: Text WrdWap, body);

return titleRect.height() + bodyRect.height() + 4 * Snall Gap;

The enTRyHei ght () function uses QPai nter: : boundi ngRect () to compute the vertical space needed by
one entry. Figure 8.14 shows the layout of a flower entry and the meaning of the Smal | Gap and
Medi unGap constants.

Figure 8.14. A flower entry's layout
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voi d Print W ndow: : print Pages(QPai nter *painter,
const QList<Q@Stringlist> &pages)

{
int firstPage = printer.fronPage() - 1,
if (firstPage >= pages.size())
return;
if (firstPage == -1)
firstPage = O;
int |astPage = printer.toPage() - 1;
if (lastPage == -1 || |astPage >= pages.size())
| ast Page = pages.size() - 1;
i nt nunmPages = | astPage - firstPage + 1;
for (int i =0; i < printer.nunmCopies(); ++i) {
for (int j = 0; j < nunPages; ++j) {
if (i '=01]] j '=0)
printer.newPage();
int index;
if (printer.pageOrder() == QPrinter::FirstPageFirst) {
index = firstPage + j;
} else {
index = | astPage - j;
print Page( pai nter, pages[index], index + 1);
}
}
}

The print Pages() function's role is to print each page using print Page() in the correct order and the
correct amount of times. Using the Qpri nt bi al og, the user might request several copies, specify a
print range, or request the pages in reverse order. It is our responsibility to honor these optionsor to
disable them using QPri nt Di al og: : set Enabl edOpt i ons() .

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 | ast Page 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::nurCopi es() always returns 1. If the printer driver can't handle multiple copies,

nurmCopi es() returns the number of copies requested by the user, and the application is responsible
for printing that number of copies. (In the Q nage example earlier in this section, we ignored



numCopi es() for the sake of simplicity.)

Figure 8.15. Printing a flower guide using QPai nt er
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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 print Page() to paint each page.

voi d PrintWndow: : printPage(QPai nter *painter,
const QStringList &entries, int pageNunber)
{

pai nter->save();
pai nter->transl ate(0, LargeGap);
foreach (QsString entry, entries) {
QStringList fields = entry.split(": ");
String title = fields[0];
@String body = fields[1];
printBox(painter, title, titleFont, Q::IlightGay);
print Box(pai nter, body, bodyFont, Q::white);
pai nter->transl ate(0, Medi unap);
}
pai nter->restore();
pai nt er - >set Font (f oot er Font ) ;
pai nt er - >dr awText ( pai nt er - >wi ndow() ,
Q::AignHCenter | Q::AignBottom
QString: : nunber (pageNunber));

The print Page() function iterates through all the flower guide entries and prints them using two calls
to print Box() : 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.

Figure 8.16. The flower guide's page layout
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voi d Print W ndow: : printBox(QPai nter *painter, const QString &str,

{

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

const QFont &font, const Brush &brush)

pai nt er->set Font (font);

int boxWdth = painter->w ndow().w dth();

int textWdth = boxWdth - 2 * Smal | Gap;

i nt maxHei ght = painter->w ndow(). hei ght();

(Rect textRect = painter->boundi ngRect (Smal | Gap, Smal | Gap,
text Wdt h, maxHei ght,
Q:: Text WrdWap, str);

i nt boxHei ght = textRect.height() + 2 * Snal | Gap;

pai nter->set Pen(QPen(Q:: black, 2, Q::SolidLine));

pai nt er - >set Brush(brush);

pai nt er - >drawRect (0, 0, boxWdth, boxHeight);

pai nt er - >dr awText (t ext Rect, Q:: TextWrdWap, str);

pai nter->transl ate(0, boxHei ght);

Graphics with OpenGL

OpenGL is a standard API for rendering 2D and 3D graphics. Qt applications can draw 3D graphics
by using the QtOpenGL module, which relies on the system's OpenGL library. This section assumes
that you are familiar with OpenGL. If OpenGL is new to you, a good place to start learning it is

http://www.opengl.org/.

Drawing graphics with OpenGL from a Qt application is straightforward: We must subclass

QG W dget , reimplement a few virtual functions, and link the application against the QtOpenGL and
OpenGL libraries. Because QGLW dget inherits from QW dget , most of what we already know still
applies. The main difference is that we use standard OpenGL functions to perform the drawing

instead of QPai nter.

window



To show how this works, we will review the code of the Tetrahedron application shown in Figure
8.17. The application presents a 3D tetrahedron, or four-sided die, with each face drawn using a
different color. The user can rotate the tetrahedron by pressing a mouse button and dragging. The
user can set the color of a face by double-clicking it and choosing a color from the QCol or Di al og that

pops up.

Figure 8.17. The Tetrahedron application

i RENE] Tetrahedron

class Tetrahedron : public QG.W dget

{
Q OBJECT
publi c:
Tetrahedron( QN dget *parent = 0);
pr ot ect ed:
void initializeG.();
voi d resizeG.(int width, int height);
void paintG.();
voi d nousePressEvent (QvbuseEvent *event);
voi d nouseMoveEvent (QWwuseEvent *event);
voi d nouseDoubl eCl i ckEvent (QvbuseEvent *event);
private:
voi d draw();
int faceAtPosition(const QPoint &pos);
GLfl oat rotationX;
G.float rotationY;
G float rotationZ
Col or faceCol ors[4];
QPoi nt | ast Pos;

The Tet rahedr on class inherits from QGL.W dget . The initializeG.(), resized. (), and pai nt G()
functions are reimplemented from QGLW dget . The mouse event handlers are reimplemented from
QW dget as usual.

Tetrahedron: : Tetrahedron( QN dget *parent)
QGLW dget ( parent)



set For mat ( QGLFor mat (QG.: : Doubl eBuf fer | QGL:: DepthBuffer));

rotati onX = -21.0;
rotationY = -57.0;
rotationZ = 0.0;

faceCol ors[0] = Q::red;
faceCol ors[1] = Q::green;
faceColors[2] = Q::blue;
faceColors[3] = Q::yellow

In the constructor, we call QGLW dget : : set For mat () to specify the OpenGL display context, and we
initialize the class's private variables.

voi d Tetrahedron::initializeG.()

ggl C ear Col or (@ : : bl ack);
gl ShadeModel ( GL_FLAT);

gl Enabl e( G._DEPTH_TEST) ;
gl Enabl e( GL_CULL_FACE) ;

Theinitialized () function is called just once, before pai nt G.() is called. This is the place where
we can set up the OpenGL rendering context, define display lists, and perform other initializations.

All the code is standard OpenGL, except for the call to QGLW dget 's qgl d ear - Col or () function. If we
wanted to stick to standard OpenGL, we would call gl d ear Col or () in RGBA mode and
gl d ear I ndex() in color index mode instead.

voi d Tetrahedron::resizeG(int width, int height)

{
gl Vi ewport (0, 0, width, height);
gl Mat ri xMode( GL_PROJECTI ON) ;
gl Loadl dentity();
CGLfloat x = G.float(wi dth) / height;
gl Frustum(-x, x, -1.0, 1.0, 4.0, 15.0);
gl Mat ri xMode( G._MODELVI EW ;
}

The resi zeG () function is called before pai nt G_() is called the first time, but afterinitializeG.() is
called. It is also called whenever the widget is resized. This is the place where we can set up the
OpenGL viewport, projection, and any other settings that depend on the widget's size.

voi d Tetrahedron:: pai nt GL()

gl O ear (GL_COLOR BUFFER BI T | GL_DEPTH BUFFER BIT);
draw();

The pai nt GL() function is called whenever the widget needs to be repainted. This is similar to
QW dget : : pai nt Event (), but instead of QPai nter functions we use OpenGL functions. The actual
drawing is performed by the private function draw() .

voi d Tetrahedron::draw)



static const G.float P1[3]
static const G.float P2[ 3]

{ 0.0, -1.0, +2.0 };
{ +1.73205081, -1.0, -1.0 };
static const G.float P3[3] { -1.73205081, -1.0, -1.0 };
static const G.float P4[ 3] { 0.0, +2.0, 0.0 };
static const G.float * const coords[4][3] = {
{ PL, P2, P31}, { PL, P3, P4}, { P1, P4, P2}, { P2, P4, P3}
b

gl Mat ri xMbde( GL_MODELVI EW ;
gl Loadl dentity();

gl Transl atef (0.0, 0.0, -10.0);

gl Rotatef(rotationX, 1.0, 0.0, 0.0);
gl Rotatef(rotationY, 0.0, 1.0, 0.0);
gl Rotatef(rotationz, 0.0, 0.0, 1.0);
for (int i =0; i < 4; ++i) {

gl LoadNane(i);
gl Begi n( GL_TRI ANGLES) ;
qgl Col or (faceCol ors[i]);
for (int j =0; | <3; +4)
gl Vertex3f (coords[i][]j]
coords[i][j]

{
[0], coords[i][j][1],
[2]);

}
gl End() ;

In draw(), we draw the tetrahedron, taking into account the x, y, and z rotations and the colors
stored in the faceCol ors array. Everything is standard OpenGL, except for the qgl Col or () call. We
could have used one of the OpenGL functions gl Col or3d() or gl I ndex() instead, depending on the
mode.

voi d Tetrahedron:: nousePressEvent (QvbuseEvent *event)

| ast Pos = event->pos();

}
voi d Tetrahedron:: mouseMoveEvent (QwuseEvent *event)
{
CLfloat dx = G.float(event->x() - lastPos.x()) / width();
GLfloat dy = G.float(event->y() - lastPos.y()) / height();
if (event->buttons() & Q::LeftButton) {
rotati onX += 180 * dy;
rotationY += 180 * dx;
updat eGL();
} else if (event->buttons() & Q::RightButton) {
rotati onX += 180 * dy;
rotati onZ += 180 * dx;
updat eGL();
| ast Pos = event->pos();
}

The nousePressEvent () and nouseMoveEvent () functions are reimplemented from QW dget to allow the
user to rotate the view by clicking and dragging. The left mouse button allows the user to rotate
around the x and y axes, the right mouse button around the x and z axes.

After modifying the rot ati onX variable, and either the rotati onY or the rotati onz variable, we call
updat eG_() to redraw the scene.

voi d Tetrahedron:: mouseDoubl eCl i ckEvent (QVbuseEvent *event)

{



int face = faceAtPosition(event->pos());
if (face I'= -1) {
Lol or color = Lol orDi al og: : get Col or (faceCol ors[face], this);
if (color.isVvalid()) {
faceCol ors[face] = col or;
updat eGL();

The nouseDoubl eCl i ckEvent () is reimplemented from QW dget to allow the user to set the color of a
tetrahedron face by double-clicking it. We call the private function f aceAt Posi ti on() to determine
which face, if any, is located under the cursor. If a face was double-clicked, we call

QCol or Di al og: : get Col or () to obtain a new color for that face. Then we update the faceCol ors array
with the new color, and we call updat eG.() to redraw the scene.

int Tetrahedron::faceAtPosition(const QPoint &pos)
{
const int MaxSize = 512;
GLui nt buffer[ MaxSi ze] ;
GLint viewport[4];
gl Get I ntegerv(G._VI EWPORT, viewport);
gl Sel ect Buf f er (MaxSi ze, buffer);
gl Render Mode( GL_SELECT) ;
gl I ni t Names();
gl PushNanme(0) ;
gl Mat ri xMode( GL_PROJECTI ON) ;
gl Pushiatrix();
gl Loadl dentity();
gl uPi ckMat ri x( G_doubl e(pos. x()), G.doubl e(viewport[3] - pos.y()),
5.0, 5.0, viewport);
G.float x = G.float(width()) / height();
gl Frustum-x, x, -1.0, 1.0, 4.0, 15.0);
draw() ;
gl Mat ri xMode( GL_PROJECTI ON) ;
gl PopMatri x();
i f (!gl Render Mode( GL_RENDER) )
return -1;
return buffer[3];

The faceAt Posi tion() function returns the number of the face at a certain position on the widget, or
-1 if there is no face at that position. The code for determining this in OpenGL is a bit complicated.
Essentially, what we do is render the scene in G._SELECT mode to take advantage of OpenGL's
picking capabilities and then retrieve the face number (its "name") from the OpenGL hit record.

Here's mai n. cpp:

#i ncl ude <QApplication>
#i ncl ude <i ostreane
#i ncl ude "tetrahedron. h"
usi ng nanespace std;
int main(int argc, char *argv[])
{
QAppl i cation app(argc, argv);
if (!QGLFormat::hasOpenCGL()) {
cerr << "This system has no OpenGL support" << endl;
return 1;

}

Tetrahedron tetrahedron;



tetrahedron. set WndowTi tl e(Q0bj ect::tr("Tetrahedron"));
tetrahedron. resi ze(300, 300);

t et rahedron. show() ;

return app. exec();

If the user's system doesn't support OpenGL, we print an error message to the console and return
immediately.

To link the application against the QtOpenGL module and the system's OpenGL library, the . pro file
needs this entry:

Qr += opengl

That completes the Tetrahedron application. For more information about the QtOpenGL module,
see the reference documentation for QGLW dget , QGLFor mat , QGLCont ext , QGLCol or map, and
QGLPi xel Buffer.



Chapter 9. Drag and Drop

e Enabling Drag and Drop
e Supporting Custom Drag Types
e Clipboard Handling

Drag and drop is a modern and intuitive way of transferring information within an application or
between different applications. It is often provided in addition to clipboard support for moving and
copying data.

In this chapter, we will see how to add drag and drop support to an application and how to handle
custom formats. Then we will show how to reuse the drag and drop code to add clipboard support.
This code reuse is possible because both mechanisms are based on QM neDat a, a class that can
provide data in several formats.

Enabling Drag and Drop

Drag and drop involves two distinct actions: dragging and dropping. Qt widgets can serve as drag
sites, as drop sites, or as both.

Our first example shows how to make a Qt application accept a drag initiated by another application.
The Qt application is a main window with a Qrext Edit as its central widget. When the user drags a
text file from the desktop or from a file explorer and drops it onto the application, the application
loads the file into the Qrext Edi t .

Here's the definition of the example's Mai nW ndow class:

cl ass Mai nW ndow : public Qvai nW ndow

{
Q OBJECT

public:
Mai nW ndow( ) ;

pr ot ect ed:
voi d dragEnt er Event (QDr agEnt er Event *event);
voi d dropEvent (QDropEvent *event);

private:
bool readFile(const QString & il eNane);
Qlext Edit *textEdit;

b

The Mai nW ndow class reimplements dr agEnt er Event () and dropEvent () from QW dget . Since the
purpose of the example is to show drag and drop, much of the functionality we would expect to be
in @ main window class has been omitted.

Mai nW ndow. : Mai nW ndow( )

{
textEdit = new QText Edit;
set Central Wdget (textEdit);
text Edi t - >set Accept Drops(fal se);
set Accept Drops(true);
set WndowTi tle(tr("Text Editor"));
}

In the constructor, we create a Qrext Edi t and set it as the central widget. By default, Qrext Edi t



accepts textual drags from other applications, and if the user drops a file onto it, it will insert the file
name into the text. Since drop events are propagated from child to parent, by disabling dropping on
the Qrext Edit and enabling it on the main window, we get the drop events for the whole window in
Mai nW ndow.

voi d Mai nW ndow. : dr agEnt er Event ( QDr agEnt er Event *event)
{

if (event->mneData()->hasFormat("text/uri-list"))
event - >accept ProposedActi on();

The dragEnt er Event () is called whenever the user drags an object onto a widget. If we call
accept ProposedActi on() on the event, we indicate that the user can drop the drag object on this
widget. By default, the widget wouldn't accept the drag. Qt automatically changes the cursor to
indicate to the user whether or not the widget is a legitimate drop site.

Here we want the user to be allowed to drag files but nothing else. To do so, we check the MIME
type of the drag. The MIME type text/uri-list is used to store a list of universal resource identifiers
(URIs), which can be file names, URLs (such as HTTP or FTP paths), or other global resource
identifiers. Standard MIME types are defined by the Internet Assigned Numbers Authority (IANA).
They consist of a type and a subtype separated by a slash. MIME types are used by the clipboard
and by the drag and drop system to identify different types of data. The official list of MIME types is
available at http://www.iana.org/assignments/media-types/.

voi d Mai nW ndow: : dr opEvent ( QDr opEvent *event)

{
Qist<QUrl> urls = event->m neData()->urls();
if (urls.isEmpty())
return;
QString fileNanme = urls.first().toLocal File();
if (fileNane.isEmty())
return;
if (readFile(fil eNane))
setWndowTitle(tr("9d - 9%").arg(fil eNane)
.arg(tr("Drag File")));
}

The dropEvent () is called when the user drops an object onto the widget. We call Qv neDat a: : url s()
to obtain a list of Qurl s. Typically, users only drag one file at a time, but it is possible for them to
drag multiple files by dragging a selection. If there's more that one URL, or if the URL is not a local
file name, we return immediately.

QW dget also provides dr agMbveEvent () and draglLeaveEvent (), but for most applications they don't
need to be reimplemented.

The second example illustrates how to initiate a drag and accept a drop. We will create a
QLi st Wdget subclass that supports drag and drop, and use it as a component in the Project Chooser
application shown in Figure 9.1.

Figure 9.1. The Project Chooser application
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The Project Chooser application presents the user with two list widgets, populated with names. Each
list widget represents a project. The user can drag and drop the names in the list widgets to move a
person from one project to another.

The drag and drop code is all located in the QLi st Wdget subclass. Here's the class definition:

class ProjectListWdget : public QListWdget

Q OBJECT
public:
Proj ect Li st Wdget (QN dget *parent = 0);
pr ot ect ed:
voi d nousePressEvent (QvwuseEvent *event);
voi d nouseMoveEvent (QWuseEvent *event);
voi d dragEnt er Event (QDr agEnt er Event *event);
voi d dragMoveEvent (QDr agMoveEvent *event);
voi d dropEvent (QDropEvent *event);
private:
void startDrag();
QPoi nt start Pos;

b
The Proj ect Li st Wdget class reimplements five event handlers declared in Qw dget .

Proj ectLi st Wdget:: ProjectList Wdget (QN dget *parent)
Qi st W dget ( parent)
{

}

set Accept Drops(true);

In the constructor, we enable drops on the list widget.

voi d ProjectListWdget:: nousePressEvent (QvuseEvent *event)
if (event->button() == :: LeftButton)

startPos = event->pos();
QLi st Wdget : : nousePressEvent (event);

When the user presses the left mouse button, we store the mouse position in the start Pos private



variable. We call Qi st Wdget 's implementation of mousePressEvent () to ensure that the QLi st W dget
has the opportunity to process mouse press events as usual.

voi d ProjectListWdget::nouseMoveEvent (QVuseEvent *event)

if (event->buttons() & Q::LeftButton) {
int distance = (event->pos() - startPos).nmanhattanLength();
if (distance >= QApplication::startDragD stance())
startDrag();

QLi st Wdget : : nbuseMoveEvent (event);

When the user moves the mouse cursor while holding the left mouse button, we consider starting a
drag. We compute the distance between the current mouse position and the position where the left
mouse button was pressed. If the distance is larger than QApplication's recommended drag start
distance (normally 4 pixels), we call the private function startDrag() to start dragging. This avoids
initiating a drag just because the user's hand shakes.

voi d ProjectListWdget::startDrag()

{
QistWdgetltem*item = currentltem();

if (item {
QM neData *m neData = new QM neDat a;
m nmeDat a- >set Text (i tem >text());
Q@Drag *drag = new QDrag(this);
dr ag- >set M neDat a( m neDat a) ;
dr ag- >set Pi xmap( QPi xmap(": /i mages/ person. png"));
if (drag->start(Q::MveAction) == Q::MveAction)
delete item

In startDrag(), we create an object of type Qbrag with thi s as its parent. The Qbrag object stores the
data in a Qv neDat a object. For this example, we provide the data as a text/ pl ai n string using

QM neDat a: : set Text () . QM neDat a provides several functions for handling the most common types of
drags (images, URLs, colors, etc.) and can handle arbitrary MIME types represented as QByt eArr ays.
The call to Qbrag: : set Pi xmap() sets the icon that follows the cursor while the drag is taking place.

The Qbrag: :start() call starts the dragging operation and blocks until the user drops or cancels the
drag. It takes a combination of supported "drag actions" as argument (Q: : CopyActi on,

Q :: MoveAction, and Q:: Li nkAction) and returns the drag action that was executed (or
Q::IgnoreAction if none was executed). Which action is executed depends on what the source
widget allows, what the target supports, and which modifier keys are pressed when the drop occurs.
After the start () call, Qt takes ownership of the drag object and will delete it when it is no longer
required.

voi d ProjectListWdget::dragEnterEvent (QDragEnt er Event *event)
{
Proj ectLi st Wdget *source =
gobj ect _cast <Proj ect Li st Wdget *>(event->source());
if (source && source !=this) {
event - >set DropAction(Q :: MoveAction);
event - >accept () ;



The Proj ect Li st Wdget widget not only originates drags, it also accepts such drags if they come from
another Proj ect Li st Wdget in the same application. QbragEnt er Event : : source() returns a pointer to
the widget that initiated the drag if that widget is part of the same application; otherwise, it returns
a null pointer. We use qobj ect _cast <T>() to ensure that the drag comes from a Proj ect Li st Wdget . If
all is correct, we tell Qt that we are ready to accept the action as a move action.

voi d ProjectListWdget::dragWbveEvent (QDraghbveEvent *event)

{
Proj ectLi st Wdget *source =
gobj ect _cast <Proj ect Li st Wdget *>(event->source());
if (source && source != this) {
event - >set DropAction(Q :: MoveAction);
event - >accept () ;
}
}

The code in dragMveEvent () is identical to what we did in dragEnter Event (). It is necessary because
we need to override QLi st Wdget 's (actually, QAbstract|tem Vi ew's) implementation of the function.

voi d ProjectListWdget::dropEvent (QDropEvent *event)
{

Proj ectLi st Wdget *source =
gobj ect _cast <Proj ect Li st Wdget *>(event->source());
if (source && source !'=this) {
addl ten(event ->m neData()->text());
event - >set DropActi on(Q :: MoveAction);
event - >accept () ;

In dropEvent (), we retrieve the dragged text using QM neDat a: : t ext () and create an item with that
text. We also need to accept the event as a "move action" to tell the source widget that it can now
remove the original version of the dragged item.

Drag and drop is a powerful mechanism for transferring data between applications. But in some
cases,it's possible to implement drag and drop without using Qt's drag and drop facilities. If all we
want to do is to move data within one widget in one application, we can often simply reimplement
mousePr essEvent () and nouseRel easeEvent () .

Supporting Custom Drag Types

In the examples so far, we have relied on Qv neDat a's support for common MIME types. Thus, we
called QM neDat a: : set Text () to create a text drag, and we used QM neDat a: url s() to retrieve the
contents of a text/uri-list drag. If we want to drag plain text, HTML text, images, URLs, or colors,
we can use QM meDat a without formality. But if we want to drag custom data, we must choose
between the following alternatives:

1. We can provide arbitrary data as a @Byt eArray using QM neDat a: : set Dat a() and extract it later
using QM neDat a: : dat a() .

2. We can subclass Qv neDat a and reimplement formats() and retrieveData() to handle our
custom data types.

3. For drag and drop operations within a single application, we can subclass QM neDat a and store
the data using any data structure we want.

The first approach does not involve any subclassing, but does have some drawbacks: We need to



convert our data structure to a @yt eArray even if the drag is not ultimately accepted, and if we
want to provide several MIME types to interact nicely with a wide range of applications, we need to
store the data several times (once per MIME type). If the data is large, this can slow down the
application needlessly. The second and third approaches can avoid or minimize these problems.
They give us complete control and can be used together.

To show how these approaches work, we will show how to add drag and drop capabilities to a
Qrabl eW dget . The drag will support the following MIME types: text/plain, text/htm , and text/csv.
Using the first approach, starting a drag looks like this:

voi d MyTabl eW dget : : nouseMoveEvent (QwuseEvent *event)
if (event->buttons() & Q::LeftButton) {
int distance = (event->pos() - startPos).nmanhattanLength();
if (distance >= QApplication::startDragD stance())
startDrag();
}
Qrabl eW dget : : nbuseMoveEvent (event);

}
void MyTabl eW dget::startDrag()

{
@String plainText = sel ectionAsPl ai nText () ;
if (plainText.isEnpty())
return;
QM neData *m neData = new QM neDat a;
m meDat a- >set Text (pl ai nText);
m meDat a- >set Ht ml (toHt nl (pl ai nText));
m meDat a- >set Dat a("text/csv", toCsv(plainText).toUtf8());
Q@rag *drag = new Qrag(this);
dr ag- >set M neDat a( m neDat a) ;
if (drag->start(Q::CopyAction | Q::MveAction) == Q::MveAction)
del et eSel ection();
}

The start Drag() private function is called from nouseMoveEvent () to start dragging a rectangular
selection. We set the text/plain and text/html MIME types using set Text () and setHtnl (), and we
set the text/csv type using set - Dat a(), which takes an arbitrary MIME type and a @Byt eArray. The
code for the sel ectionAsString() is more or less the same as the Spreadsheet : : copy() function from

Chapter 4 (p. 83).

QString MyTabl eW dget: :toCsv(const QString &plai nText)

QString result = plainText;

result.replace("\\", "\\\\");
result.replace("\"", "\\\"");
result.replace("\t", "\", \"");
result.replace("\n", "\"\n\"");
result.prepend("\"");
result.append("\"");
return result;

}

QString MyTabl eWdget::toHt m (const QString &pl ainText)

{
QString result = Q::escape(plainText);
result.replace("\t", "<td>");
result.replace("\n", "\n<tr><td>");

result. prepend("<tabl e>\n<tr><td>");
resul t.append("\n</tabl e>");
return result;



ThetoCsv() and toHt m () functions convert a "tabs and newlines" string into a CSV (comma-
separated values) or an HTML string. For example, the data

Red G een Bl ue
Cyan Yel | ow Magent a

is converted to

"Red", "Geen", "Blue"
"Cyan", "Yellow', "Magenta"
or to

<t abl e>

<t r ><t d>Red<t d>G een<t d>Bl ue
<t r ><t d>Cyan<t d>Yel | ow<t d>Magent a
</tabl e>

The conversion is performed in the simplest way possible, using Qstring: : repl ace(). To escape
HTML special characters, we use Q : : escape() .

voi d MyTabl eW dget : : dr opEvent (QDr opEvent *event)
{

if (event->m neData()->hasFormat ("text/csv")) {
Byt eArray csvData = event->m neData()->data("text/csv");
@String csvText = QString::fromltf8(csvData);

event - >accept ProposedActi on();
} else if (event->m neData()->hasFormat("text/plain")) {
QString plainText = event->minmeData()->text();

event - >accept ProposedActi on();

Although we provide the data in three different formats, we only accept two of them in dropEvent ().
If the user drags cells from a Qrabl eW dget to an HTML editor, we want the cells to be converted into
an HTML table. But if the user drags arbitrary HTML into a Qrabl eW dget , we don't want to accept it.

To make this example work, we also need to call set Accept Drops(true) and
set Sel ect i onMbde( Cont i guousSel ecti on) in the MyTabl ew dget constructor.

We will now redo the example, but this time we will subclass Qv neDat a to postpone or avoid the
(potentially expensive) conversions between Qrabl ew dget - 1t ens and @Byt eArray. Here's the
definition of our subclass:

class Tabl eM neData : public QM neData

Q _OBJECT
public:



Tabl eM neDat a(const QTabl eW dget *t abl eW dget,
const Qrabl eW dget Sel ecti onRange &range);

const QTabl eWdget *tabl eWdget() const { return nyTabl eWdget; }

Qrabl eW dget Sel ecti onRange range() const { return nmyRange; }

QStringlist formats() const;
pr ot ect ed:

Qvariant retrieveData(const QString &f ornmat,

Qvariant:: Type preferredType) const;

private:

static QString toH m (const QString &plainText);

static @QString toCsv(const QString &plainText);

@tring text(int row, int columm) const;

@String rangeAsPl ai nText () const;

const QTabl eW dget *nyTabl eW dget ;

Qrabl eW dget Sel ecti onRange nyRange;

QStringlLi st myFor mat s;

Instead of storing actual data, we store a Qrabl eW dget Sel ecti onRange that spec-ifies which cells are
being dragged and keep a pointer to the Qrabl ew dget . The formats() and retrieveData() functions
are reimplemented from QM neDat a.

Tabl eM neDat a: : Tabl eM neDat a( const QTabl eW dget *t abl eW dget,
const Qrabl eW dget Sel ecti onRange &range)

{

myTabl eW dget = tabl eW dget;

myRange = range;

nyFormats << "text/csv" << "text/htm" << "text/plain";
}

In the constructor, we initialize the private variables.

QStringlList Tabl eM neData: : formats() const
{

}

return nmyFormats;

The formats() function returns a list of MIME types provided by the MIME data object. The precise
order of the formats is usually irrelevant, but it's good practice to put the "best" formats first.
Applications that support many formats will sometimes use the first one that matches.

Qvariant Tabl eM neData::retrieveData(const QString &f ormat,
Quariant:: Type preferredType) const

{
if (format == "text/plain") {
return rangeAsPl ai nText () ;
} else if (format == "text/csv") {
return toCsv(rangeAsPl ai nText());
} else if (format == "text/htm") {
return toH m (rangeAsPl ai nText ());
} else {
return QM neData::retrieveData(format, preferredType);
}
}

TheretrievebData() function returns the data for a given MIME type as a Qvari ant . The value of the



format parameter is normally one of the strings returned by format s(), but we cannot assume that,
since not all applications check the MIME type against for mat s() . The getter functions text (),

htm (), urls(), i mage-Data(), col orData(), and data() provided by Qv neDat a are implemented in
terms of retrieveData() .

The preferredType parameter gives us a hint about which type we should put in the Qvari ant . Here,
we ignore it and trust Qv neDat a to convert the return value into the desired type, if necessary.

voi d MyTabl eW dget : : dr opEvent ( QDr opEvent *event)

{
const Tabl eM neData *tabl eData =
gobj ect _cast <const Tabl eM neData *>(event->nm neData());
if (tableData) {
const QTabl eW dget *otherTabl e = tabl eDat a- >t abl eW dget () ;
Qrabl eW dget Sel ecti onRange ot her Range = tabl eDat a- >range();
event - >accept ProposedActi on();
} else if (event->m neData()->hasFormat("text/csv")) {
ByteArray csvData = event->m nmeData()->data("text/csv");
String csvText = QString::fromhf8(csvbata);
event - >accept ProposedAction();
} else if (event->m neData()->hasFormat("text/plain")) {
@String plainText = event->m neData()->text();
event - >accept ProposedActi on();
Qrabl eW dget : : nbuseMoveEvent (event) ;
}

The dropEvent () function is similar to the one we had earlier in this section, but this time we
optimize it by checking first if we can safely cast the QV neDat a object to a Tabl eM neDat a. If the
gobj ect _cast <T>() works, this means the drag was originated by a MyTabl eW dget in the same
application, and we can directly access the table data instead of going through Qv nebDat a's API. If
the cast fails, we extract the data the standard way.

In this example, we encoded the CSV text using the UTF-8 encoding. If we want to be certain of
using the right encoding, we could use the charset parameter of the text/pl ai n MIME type to
specify an explicit encoding. Here are a few examples:

t ext/ pl ai n; char set =US- ASCI |
text/ pl ai n; char set =I SO- 8859- 1
text/pl ain; charset=Shift_JIS
text/ pl ai n; charset =UTF- 8

Clipboard Handling

Most applications make use of Qt's built-in clipboard handling in one way or another. For example,
the Qrext Edi t class provides cut (), copy(), and paste() slots as well as keyboard shortcuts, so little
or no additional code is required.

When writing our own classes, we can access the clipboard through Qappl i cation::cli pboard(),
which returns a pointer to the application's Qi pboar d object. Handling the system clipboard is
easy: Call set Text (), setl mge(), or set Pi xmap() to put data onto the clipboard, and call text (),
i mage(), or pi xmap() to retrieve data from the clipboard. We have already seen examples of



clipboard use in the Spreadsheet application from Chapter 4.

For some applications, the built-in functionality might not be sufficient. For example, we might want
to provide data that isn't just text or an image, or we might want to provide data in many different
formats for maximum interoperability with other applications. The issue is very similar to what we
encountered earlier with drag and drop, and the answer is also similar: We can subclass QM neDat a
and reimplement a few virtual functions.

If our application supports drag and drop through a custom QM nebDat a subclass, we can simply reuse
the QM neDat a subclass and put it on the clipboard using the set M neDat a() function. To retrieve the
data, we can call ni nebat a() on the clipboard.

On X11, it is usually possible to paste a selection by clicking the middle button of a three-button
mouse. This is done using a separate "selection" clipboard. If you want your widgets to support this
kind of clipboard as well as the standard one, you must pass Qd i pboard: : Sel ecti on as an additional
argument to the various clipboard calls. For example, here's how we would reimplement

nmouseRel easeEvent () in a text editor to support pasting using the middle mouse button:

voi d MyText Edi t or: : nouseRel easeEvent (QvuseEvent *event)

QC i pboard *clipboard = QApplication::clipboard();
if (event->button() == @::MdButton
&& cli pboar d->supportsSel ection()) {
QString text = clipboard->text(Qdipboard:: Sel ection);
past eText (text);

On X11, the supportssSel ection() function returns true. On other platforms, it returns f al se.

If we want to be notified whenever the clipboard's contents change, we can connect the
QC i pboar d: : dat aChanged() signal to a custom slot.



Chapter 10. Item View Classes

e Using the Item View Convenience Classes
e Using Predefined Models

e Implementing Custom Models

e Implementing Custom Delegates

Many applications let the user search, view, and edit individual items that belong to a data set. The
data might be held in files or accessed from a database or a network server. The standard approach
to dealing with data sets like this is to use Qt's item view classes.

In earlier versions of Qt, the item view widgets were populated with the entire contents of a data
set; the users would perform all their searches and edits on the data held in the widget, and at
some point the changes would be written back to the data source. Although simple to understand
and use, this approach doesn't scale well to very large data sets and doesn't lend itself to situations
where we want to display the same data set in two or more different widgets.

The Smalltalk language popularized a flexible approach to visualizing large data sets:
modelviewcontroller (MVC). In the MVC approach, the model represents the data set and is
responsible for fetching the data that is needed for viewing and for writing back any changes. Each
type of data set has its own model, but the API that the models provide to the views is uniform no
matter what the underlying data set. The view presents the data to the user. With any large data
set only a limited amount of data will be visible at any one time, so that is the only data that the
view asks for. The controller mediates between the user and the view, converting user actions into
requests to navigate or edit data, which the view then transmits to the model as necessary.

Figure 10.1. Qt's model/view architecture
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Qt provides a model/view architecture inspired by the MVC approach. In Qt, the model behaves the
same as it does for classic MVC. But instead of a controller, Qt uses a slightly different abstraction:
the delegate. The delegate is used to provide fine control over how items are rendered and edited.
Qt provides a default delegate for every type of view. This is sufficient for most applications, so we
usually don't need to care about it.

Using Qt's model/view architecture, we can use models that only fetch the data that is actually
needed for display in the view. This makes handling very large data sets much faster and less
memory hungry than reading all the data. And by registering a model with two or more views, we
can give the user the opportunity of viewing and interacting with the data in different ways, with
little overhead. Qt automatically keeps multiple views in sync, reflecting changes to one in all the
others. An additional benefit of the model/view architecture is that if we decide to change how the
underlying data set is stored, we just need to change the model; the views will continue to behave
correctly.

Figure 10.2. One model can serve multiple views
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In many situations, we only need to present relatively small numbers of items to the user. In these
common cases, we can use Qt's convenience item view classes (QLi st W dget , QTabl eW dget , and
QTReeW dget ) and populate them with items directly. These classes behave in a similar way to the
item view classes provided by earlier versions of Qt. They store their data in "items" (for example, a
Qrabl ewW dget contains Qrabl ewW dget | t ens). Internally, the convenience classes use custom models
that make the items visible to the views.

For large data sets, duplicating the data is often not an option. In these cases, we can use Qt's
views (QLi st Vi ew, QTabl eVi ew, and Q reeVi ew), in conjunction with a data model, which can be a
custom model or one of Qt's predefined models. For example, if the data set is held in a database,
we can combine a Qrabl eVi ew with a QSqgl Tabl eModel .

Using the Item View Convenience Classes

Using Qt's item view convenience subclasses is usually simpler than defining a custom model and is
appropriate when we don't need the benefits of separating the model and the view. We used this
technique in Chapter 4 when we subclassed Qrabl ew dget and Qrabl ew dget | t emto implement
spreadsheet functionality.

In this section, we will show how to use the convenience item view subclasses to display items. The
first example shows a read-only Qi st Wdget , the second example shows an editable Qrabl eW dget,
and the third example shows a read-only Q reeW dget .

We begin with a simple dialog that lets the user pick a flowchart symbol from a list. Each item
consists of an icon, a text, and a unique ID.

Figure 10.3. The Flowchart Symbol Picker application
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Let's start with an extract from the dialog's header file:

cl ass Fl owChart Synbol Pi cker : public QD al og

Q OBJECT
public:
FI onChart Synbol Pi cker (const Qvap<int, QString> &synbol Map,
QW dget *parent = 0);
int selectedld() const { return id; }
voi d done(int result);

When we construct the dialog, we must pass it a Qvap<i nt, QString>, and after it has executed we
can retrieve the chosen ID (or -1 if the user didn't select any item) by calling sel ectedl d() .

FI owChar t Synbol Pi cker: : Fl owChart Synbol Pi cker (
const QWap<int, QString> &ynbol Map, QN dget *parent)
Qi al og( parent)

{
id=-1;
listWdget = new Qi st Wdget;
i st Wdget ->setlconSi ze( QSi ze(60, 60));
Qvaplterator<int, QString> i (synbol Map);
while (i.hasNext()) {
i.next();
Qi stWdgetltem *item = new QLi st Wdgetlten(i.val ue(),
listWdget);
item >set | con(iconFor Symbol (i.value()));
item>setData(Q::UserRole, i.key());
}
}

We initialize i d (the last selected ID) to -1. Next we construct a QLi st Wdget , a convenience item
view widget. We iterate over each item in the flowchart symbol map and create a Q.i st Wdget|temto
represent each one. The Qi st Wdget - I t emconstructor takes a Qstri ng that represents the text to
display, followed by the parent Qi st W dget .

Then we set the item's icon and we call set Dat a() to store our arbitrary ID in the QLi st WdgetItem
The i conFor Synbol () private function returns a Q con for a given symbol name.

QLi st Wdget | t emis have several roles, each of which has an associated Qvari ant . The most common
roles are @ :: DisplayRole, @::EditRol e, and @ ::1conRol e, and for these there are convenience
setter and getter functions (set Text (), setlcon() ), but there are several other roles. We can also
define custom roles by specifying a numeric value of @ :: User Rol e or higher. In our example, we use
Q : : UserRol e to store each item's ID.

The omitted part of the constructor is concerned with creating the buttons, laying out the widgets,
and setting the window's title.

voi d Fl owChart Synbol Pi cker::done(int result)
{
id=-1;
if (result == QDial og::Accepted) {
Qi stWdgetltem*item = |istWdget->currentlten();



if (item
id =item>data(Q::UserRole).tolnt();

}
Qi al og: : done(resul t);

The done() function is reimplemented from QDi al og. It is called when the user presses OK or Cancel.
If the user clicked OK, we retrieve the relevant item and extract the ID using the dat a() function. If
we were interested in the item's text, we could retrieve it by calling i tem

>data( Q : : Di spl ayRol e).toString() or more conveniently, i tem >t ext ().

By default, QLi st Wdget is read-only. If we wanted the user to edit the items, we could set the view's
edit triggers using QAbstract |t enVvi ew: : set Edi t Tri gger s() ; for example, a setting of

QAbstract | t enVi ew:. : AnyKeyPr essed means that the user can begin editing an item just by starting to
type. Alternatively, we could provide an Edit button (and perhaps Add and Delete buttons) and
connect them to slots so that we could handle the editing operations programmatically.

Now that we have seen how to use a convenience item view class for viewing and selecting data, we
will look at an example where we can edit data. Again we are using a dialog, this time one that
presents a set of (x, y) coordinates that the user can edit.

Figure 10.4. The Coordinate Setter application
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As with the previous example, we will focus on the item view relevant code, starting with the
constructor.

Coor di nat eSetter:: Coordi nateSetter (QLi st <QPoi nt F> *coords,
QW dget *parent)
Qi al og( parent)

coordi nates = coords;
tabl eW dget = new Qrabl eW dget (0, 2);
t abl eW dget - >set Hor i zont al Header Label s(
@Stringlist() << tr("X") << tr("Y"));

for (int row = 0; row < coordi nates->count(); ++row) {

QPoi nt F point = coordinat es->at (row);

addRow() ;

tabl eWdget->item(row, 0)->setText(QString:: nunber(point.x()));



tabl eWdget->iten(row, 1)->setText(QString::nunber(point.y()));

The Qrabl ew dget constructor takes the initial number of table rows and columns to display. Every
item in a Qrabl eW dget is represented by a Qrabl eW dget I t em, including horizontal and vertical header
items. The set Hori zont al Header Label s() function sets the text for each horizontal table widget item
to the corresponding text in the string list it is passed. By default, Qrabl ew dget provides a vertical
header with rows labeled from 1, which is exactly what we want, so we don't need to set the vertical
header labels manually.

Once we have created and centered the column labels, we iterate through the coordinate data that
was passed in. For every (X, y) pair, we create two Qrabl ew dget | t ens corresponding to the x and y
coordinates. The items are added to the table using Qrabl eW dget : : set I ten{), which takes a row and
a column in addition to the item.

By default, Qrabl ew dget allows editing. The user can edit any cell in the table by navigating to it and
then either pressing F2 or simply by typing. All changes made by the user in the view will be
automatically reflected into the Qrabl ew dget It ens. To prevent editing, we can call

set Edi t Tri ggers(QAbstract|ltenVi ew.: NoEditTriggers).

voi d Coordi nateSetter::addRow )

{
int row = tabl eWdget->rowCount ();
tabl eW dget - >i nsert Row( r ow) ;
Qrabl eWdgetltem *itenD = new Qlabl eW dgetltem
itenD->set Text Alignnent (Q::AlignRight | Q::AlignVCenter);
tabl eWdget - >setltem(row, 0, itenD);
Qrabl eWdgetltem *itenl = new Qlabl eW dgetltem
iteml->set TextAlignnent (Q::AlignRight | Q::AignVCenter);
tabl eWdget->setltenm(row, 1, itenl);
t abl eWdget ->setCurrentlten(itenD);

The addRow() slot is invoked when the user clicks the Add Row button. We append a new row using
i nsert Row() . If the user attempts to edit a cell in the new row, the Qrabl ew dget will automatically
create a new Qrabl eW dget | t em

voi d Coordi nateSetter::done(int result)

{
if (result == QDialog::Accepted) {
coordi nat es->cl ear () ;
for (int row = 0; row < tabl eWdget->rowCount(); ++row) {
double x = tableWdget->item(row, 0)->text().toDouble();
double y = tabl eWdget->itemrow, 1)->text().toDouble();
coor di nat es- >append( QPoi nt F(x, Vy));
}
}
Qi al og: : done(result);
}

Finally, when the user clicks OK, we clear the coordinates that were passed in to the dialog, and
create a new set based on the coordinates in the Qrabl ew dget 's items.

For our third and final example of Qt's convenience item view widgets, we will look at some snippets



from an application that shows Qt application settings using a QTReeW dget . Read-only is the default
for QreeW dget .

Figure 10.5. The Settings Viewer application
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Here's an extract from the constructor:

SettingsViewer::SettingsViewer(QNdget *parent)
QDi al og(parent)
{

organi zation = "Trolltech";
application = "Designer";
treeWdget = new QIreeW dget;
treeW dget - >set Col utmCount ( 2) ;
treeW dget - >set Header Label s(
@StringLlist() << tr("Key") << tr("Value"));
treeW dget - >header () - >set Resi zeMbde(0, QHeaderView. : Stretch);
treeW dget - >header () - >set Resi zeMbde(1, QHeader Vi ew : Stretch);

'séiWndowTitIe(tr("Setti ngs Viewer"));
readSettings();

To access an application's settings, a QSet ti ngs object must be created with the organization's name
and the application's name as parameters. We set default names ("Designer" by "Trolltech") and
then construct a new Q reeW dget . At the end, we call the readSettings() function.

void SettingsViewer::readSettings()
{
Settings settings(organization, application);
treeW dget ->cl ear();
addChi | dSettings(settings, 0, "");
treeW dget - >sor t ByCol unm( 0) ;
treeW dget - >set Focus() ;
setWndowTitle(tr("Settings Viewer - % by %®")
.arg(application).arg(organi zation));



Application settings are stored in a hierarchy of keys and values. The addChi | dSettings() private
function takes a settings object, a parent Q@ reewdget|tem and the current "group". A group is the
QSet ti ngs equivalent of a file system directory. The addChi | dSetti ngs() function can call itself
recursively to traverse an arbitrary tree structure. The initial call from the readSettings() function
passes 0 as the parent item to represent the root.

void SettingsViewer::addChildSettings(QSettings &settings,
QIreeW dgetltem *parent, const QString &group)

{
QTlreeWdgetltem *item
settings. begi nG oup(group);
foreach (Qstring key, settings.childKeys()) {
if (parent) {
item = new QTreeW dget|temparent);
} else {
item = new QIreeWdgetlten(treeWdget);
item >set Text (0, key);
item >set Text (1, settings.value(key).toString());
}
foreach (QString group, settings.childGoups()) {
if (parent) {
item = new QTreeW dget|tem(parent);
} else {
item = new QTreeWdgetlten(treeWdget);
}
item >set Text (0, group);
addChi | dSetti ngs(settings, item group);
}
settings. endG oup();
}

The addChi I dSettings() function is used to create all the Q reeW dget | t ens. It iterates over all the
keys at the current level in the settings hierarchy and creates one Qrabl ew dget | t emper key. If O
was passed as the parent item, we create the item as a child of the G reew dget itself (making it a
top-level item); otherwise, we create the item as a child of parent. The first column is set to the
name of the key and the second column to the corresponding value.

Next, the function iterates over every group at the current level. For each group, a new

QreeWdget I temis created with its first column set to the group's name. The function then calls itself
recursively with the group item as the parent to populate the QrReeW dget with the group's child
items.

The item view widgets shown in this section allow us to use a style of programming that is very
similar to that used in earlier versions of Qt: reading an entire data set into an item view widget,
using item objects to represent data elements, and (if the items are editable) writing back to the
data source. In the following sections, we will go beyond this simple approach and take full
advantage of Qt's model/view architecture.

Using Predefined Models

Qt provides several predefined models for use with the view classes:

@St ri ngLi st Model Stores a list of strings
St andar dl t emivbdel Stores arbitrary hierarchical data



Qi r Model Encapsulates the local file system

&Sql Quer yModel Encapsulates an SQL result set

&Sql Tabl eModel Encapsulates an SQL table

Bql Rel ati onal Tabl eMddel | Encapsulates an SQL table with foreign keys
QSor t Fi | t er ProxyModel Sorts and/or filters another model

In this section, we will look at how to use the QStri ngLi st Model , the QDi r Mbdel , and the
QSort Fi |l t er ProxyMdel . The SQL models are covered in Chapter 13.

Let's begin with a simple dialog that users can use to add, delete, and edit a Qstri ngLi st, where
each string represents a team leader.

Figure 10.6. The Team Leaders application
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Here's the relevant extract from the constructor:

Teanleader sDi al og: : TeanLeader sDi al og(const QStringLi st & eaders,
QW dget *parent)
QDi al og(parent)

{

nodel = new QStringLi st Model (this);

nodel - >set Stri ngLi st (| eaders);

listView = new Qi stView,

I'istView >set Model (nodel ) ;

I'istView >setEditTriggers(QAbstractl!tenVi ew : AnyKeyPressed

| QAbstractltenVi ew : Doubl ed i cked);

}

We begin by creating and populating a Qstri ngLi st Model . Next we create a Qi st Vi ew and set its
model to the one we have just created. We also set some editing triggers to allow the user to edit a
string simply by starting to type on it or by double-clicking it. By default, no editing triggers are set
on a QLi st Vi ew, making the view effectively read-only.



voi d TeanleadersDi al og::insert()

{
int row = listView>currentlndex().row();
nodel - >i nsert Rows(row, 1);
Qvbdel I ndex i ndex = nodel - >i ndex(row);
listView >set Currentlndex(index);
I'istView >edit(index);

}

When the user clicks the Insert button, the i nsert () slot is invoked. The slot begins by retrieving the
row number for the list view's current item. Every data item in @ model has a corresponding "model
index", which is represented by a Qwdel | ndex object. We will look at model indexes in detail in the
next section, but for now it is sufficient to know that an index has three main components: a row, a
column, and a pointer to the model to which it belongs. For a one-dimensional list model, the
column is always 0.

Once we have the row number, we insert one new row at that position. The insertion is performed
on the model, and the model automatically updates the list view. We then set the list view's current
index to the blank row we just inserted. Finally, we set the list view to editing mode on the new row,
just as if the user had pressed a key or double-clicked to initiate editing.

voi d TeanleadersDi al og: : del ()

nodel - >r enoveRows( | i st Vi ew>current |l ndex().row(), 1);

In the constructor, the Delete button's cli cked() signal is connected to the del () slot. Since we are
just deleting the current row, we can call renoveRows() with the current index position and a row
count of 1. Just like with insertion, we rely on the model to update the view accordingly.

@QStringlLi st TeanLeadersDi al og: : | eaders() const

return nodel - >stringList();

Finally, the I eaders() function provides a means of reading back the edited strings when the dialog
is closed.

TeanlLeader sDi al og could be made into a generic string list editing dialog simply by parameterizing its
window title. Another generic dialog that is often required is one that presents a list of files or
directories to the user. The next example uses the Qbi r Model class, which encapsulates the
computer's file system and is capable of showing (and hiding) various file attributes. This model can
apply a filter to restrict the kinds of file system entries that are shown and can order the entries in
various ways.

Figure 10.7. The Directory Viewer application
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We will begin by looking at the creation and setting up of the model and the view in the Directory
Viewer dialog's constructor.

DirectoryVi ewer::DirectoryVi ewer ( QN dget *parent)
Qi al og( parent)
{

nmodel = new QDi r Model ;

nodel - >set ReadOnl y(f al se);

nodel - >set Sorting(QDir::DirsFirst | QDir::lgnoreCase | QDir::Nane);
treeView = new QIreeVi ew,

treeVi ew >set Model (nodel ) ;

treeVi ew >header () - >set StretchLast Secti on(true);

treeVi ew >header ()->set SortIndi cator (0, Q::Ascendi ngOrder);
treeVi ew >header () - >set Sort | ndi cat or Shown(true);

treeVi ew >header () ->set C i ckabl e(true);

QWbdel I ndex i ndex = nodel ->i ndex(QDir::currentPath());
treeVi ew >expand(i ndex) ;

treeVi ew >scrol | To(i ndex);

treeVi ew >resi zeCol umToCont ent s(0) ;

Once the model has been constructed, we make it editable and set various initial sort ordering
attributes. We then create the QreeVi ew that will display the model's data. The Q reeVi ew's header
can be used to provide user-controlled sorting. By making the header clickable, the user can sort by
whichever column header they click, with repeated clicks alternating between ascending and
descending orders. Once the tree view's header has been set up, we get the model index of the
current directory and make sure that this directory is visible by expanding its parents if necessary
using expand(), and scrolling to it using scrol | To(). Then we make sure that the first column is wide
enough to show all its entries without using ellipses (...).

In the part of the constructor code that isn't shown here, we connected the Create Directory and
Remove buttons to slots to perform these actions. We do not need a Rename button since users can
rename in-place by pressing F2 and typing.

void DirectoryViewer::createDirectory()
{
QWbdel I ndex i ndex = treeVi ew >currentlndex();
if (lindex.isValid())
return;
QString dirNane = Q nputDi al og:: get Text (this,



tr("Create Directory"),
tr("Directory name"));
if (!dirName.isEmty()) {
i f (!nodel ->nkdir(index, dirNane).isValid())
QvessageBox: :information(this, tr("Create Directory"),
tr("Failed to create the directory"));

If the user enters a directory name in the input dialog, we attempt to create a directory with this
name as a child of the current directory. The QDi r Mbdel : : nmkdi r () function takes the parent
directory's index and the name of the new directory, and returns the model index of the directory it
created. If the operation fails, it returns an invalid model index.

void DirectoryViewer::renmove()

{
Qwbdel I ndex i ndex = treeView >currentlndex();
if (lindex.isValid())
return;
bool ok;
if (nmodel->filelnfo(index).isDir()) {
ok = nodel ->rndi r (i ndex) ;
} else {
ok = nodel - >renove(i ndex);
}
if (!ok)
QvessageBox: :information(this, tr("Renove"),
tr("Failed to remove 9%1").arg(nodel ->fil eNane(i ndex)));
}

If the user clicks Remove, we attempt to remove the file or directory associated with the current
item. We could use Qbi r to accomplish that, but Qbi r Model offers convenience functions that work on
Q\vbdel | ndexes.

The last example in this section shows how to use QSort Fil t er ProxyMdel . Unlike the other
predefined models, this model encapsulates an existing model and manipulates the data that passes
between the underlying model and the view. In our example, the underlying model is a

QStri ngLi st Model initialized with the list of color names recognized by Qt (obtained through

QCol or: : col or Narres() ). The user can type a filter string in a QLi neEdi t and specify how this string is
to be interpreted (as a regular expression, a wildcard pattern, or a fixed string) using a combobox.

Figure 10.8. The Color Names application
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Here's an extract from the Col or NanesDi al og constructor:

Col or NanesDi al og: : Col or NanesDi al og( QN dget *parent)
Qi al og(parent)
{

sour ceModel = new QStringLi st Model (this);

sour ceMbdel - >set Stri ngLi st (QCol or: : col or Nanes()) ;
proxyModel = new QSortFilterProxyMdel (this);

pr oxyModel - >set Sour ceMbdel ( sour ceModel ) ;

pr oxyModel - >set Fi | t er KeyCol uim( 0) ;

listView = new QLi stView,

I'istView >set Model (proxyModel);

synt axConboBox = new QConboBox;

synt axConboBox- >addl tenm(tr (" Regul ar expression"), QRegExp:: RegExp);
synt axConboBox- >addl tenm(tr ("W I dcard"), QRegExp::W/Idcard);

synt axConboBox- >addl ten(tr (" Fi xed string"), QRegExp::FixedString);

The QstringLi st Model is created and populated in the usual way. This is followed by the construction
of the QSort Fi | t er ProxyMdel . We pass the underlying model using set Sour ceMbdel () and tell the
proxy to filter based on column 0 of the original model. The QConmboBox: : addl t en() function accepts
an optional "data" argument of type Qvari ant ; we use this to store the QRegExp: : Patt er nSynt ax value
that corresponds to each item's text.

voi d Col or NanesDi al og: : reappl yFilter ()

{
(QRegExp: : PatternSyntax syntax =
QRegExp: : Patt er nSynt ax( synt axConboBox- >i t enDat a(
synt axComboBox- >current I ndex()).tolnt());
QRegExp regExp(filterLineEdit->text(), Q::Caselnsensitive, syntax);
pr oxyModel - >set Fi | t er RegExp( r egEXp) ;

The reappl yFilter() slot is invoked whenever the user changes the filter string or the pattern syntax
combobox. We create a QRegExp using the text in the line edit. Then we set its pattern syntax to the
one stored in the syntax combobox's current item's data. When we call set Fi | t er RegExp(), the new



filter becomes active and the view is automatically updated.
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Implementing Custom Models

Qt's predefined models offer a convenient means of handling and viewing data. However, some data
sources cannot be used efficiently using the predefined models, and for these situations it is
necessary to create custom models optimized for the underlying data source.

Before we embark on creating custom models, let's first review the key concepts used in Qt's
model/view architecture. Every data element in a model has a model index and a set of attributes,
called roles, that can take arbitrary values. We saw earlier in the chapter that the most commonly
used roles are @ :: Di spl ayRol e and @ : : Edi t Rol e. Other roles are used for supplementary data (for
example, Q:: Tool Ti pRol e, Q :: StatusTi pRol e, and Q@ : : Wat sThi sRol e), and yet others for controlling
basic display attributes (such as @ :: FontRole, Q:: TextAlignnentRole, Q:: Text Col orRol e, and

Q : : Backgr oundCol or Rol e).

Figure 10.9. Schematic view of Qt's models
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For a list model, the only relevant index component is the row number, accessible from

Q\vbdel I ndex: :row() . For a table model, the relevant index components are the row and column
numbers, accessible from Qwbdel | ndex: : row() and Qwbdel | ndex: : col utm() . For both list and table
models, every item's parent is the root, which is represented by an invalid Qwdel | ndex. The first two
examples in this section show how to implement custom table models.

A tree model is similar to a table model, with the following differences. Like a table model, the
parent of top-level items is the root (an invalid Qwbdel | ndex), but every other item's parent is some
other item in the hierarchy. Parents are accessible from Qwbdel | ndex: : parent (). Every item has its
role data, and zero or more children, each an item in its own right. Since items can have other items
as children, it is possible to represent recursive (tree-like) data structures, as the final example in
this section will show.

The first example in this section is a read-only table model that shows currency values in relation to
each other.



Figure 10.10. The Currencies application
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The application could be implemented using a simple table, but we want to use a custom model to
take advantage of certain properties of the data to minimize storage. If we were to store the 162
currently traded currencies in a table, we would need to store 162 x 162 = 26 244 values; with the
custom model presented below, we only need to store 162 values (the value of each currency in
relation to the U.S. dollar).

The currencyMdel class will be used with a standard Qrabl eVi ew. The Currency- Mdel is populated
with a Qvap<Qstri ng, doubl e>; each key is a currency code and each value is the value of the
currency in U.S. dollars. Here's a code snippet that shows how the map is populated and how the
model is used:

Qvap<Q@Stri ng, doubl e> currencyhMap;
currencyMap.insert("AUD', 1.3259);
currencyMap.insert("CHF", 1.2970);

currencyMap.insert("SG", 1.6901);
currencyMap.insert ("USD', 1.0000);
CurrencyModel currencyModel ;

currencyMdel . set CurrencyMap(currencyMap);
Qrabl eVi ew t abl eVi ew;

tabl eVi ew. set Mbdel (&currencyModel ) ;

t abl eVi ew. set Al t er nat i ngRowCol or s(true);

Now we can look at the implementation of the model, starting with its header:

class CurrencyModel : public QAbstract Tabl eModel

public:
CurrencyModel (Qbj ect *parent = 0);
voi d set CurrencyMap(const Qvap<Q@String, doubl e> &map);
i nt rowCount (const QWodel | ndex &parent) const;
i nt col utmCount (const Qvbdel | ndex &parent) const;
Qvari ant data(const Qwbdel | ndex & ndex, int role) const;
Qvari ant headerData(int section, Q::Oientation orientation,
int role) const;
private:
QString currencyAt(int offset) const;
QVap<QStri ng, doubl e> currencyMap;
}

We have chosen to subclass Qabst r act Tabl eMbdel for our model since that most closely matches our



data source. Qt provides several model base classes, including QAbst r act Li st Model ,

QAbst r act Tabl eMbdel , and QAbstract |t emivbdel . The QAbstract |t emvbdel class is used to support a
wide variety of models, including those that are based on recursive data structures, while the
QAbstract Li st Model and QAbst r act Tabl eMbdel classes are provided for convenience when using one-
dimensional or two-dimensional data sets.

Figure 10.11. Inheritance tree for the abstract model classes
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For a read-only table model, we must reimplement three functions: r owCount (), col umCount (), and
dat a() . In this case, we have also reimplemented header - Dat a() , and we provide a function to
initialize the data (set CurrencyMap() ).

CurrencyModel : : CurrencyModel (QObj ect *parent)
QAbst ract Tabl evbdel (parent)
{

}

We do not need to do anything in the constructor, except pass the parent parameter to the base
class.

nt CurrencyModel :: rowCount (const QWbdel | ndex & /* parent */) const

[
{
return currencyMap. count ();
}
int CurrencyModel :: col umCount (const QWbdel | ndex & /* parent */) const
{
return currencyMap. count ();
}

For this table model, the row and column counts are the number of currencies in the currency map.
The parent parameter has no meaning for a table model; it is there because r owCount () and

col umCount () are inherited from the more generic QAbst ract |t emvbdel base class, which supports
hierarchies.

Qvari ant CurrencyModel :: data(const Qvbdel | ndex & ndex, int role) const
{
if (lindex.isValid())
return Qvariant();
if (role == :: Text Ali gnment Rol e) {
return int(Q::AignRight | Q::AignVCenter);
} else if (role == Qt::DisplayRole) {
QString rowCurrency = currencyAt (i ndex.row());
QString columCurrency = currencyAt (i ndex. colum());
if (currencyMap.val ue(rowCurrency) == 0.0)
return "####";
doubl e ambunt = currencyMap. val ue(col umCurrency)
/ currencyMap. val ue(rowCurrency);



return Qstring("9%").arg(anount, 0, 'f', 4);
}

return Qvariant();

The dat a() function returns the value of any of an item's roles. The item is specified as a
Qwbdel I ndex. For a table model, the interesting components of a Qwdel | ndex are its row and column
number, available using row() and col um().

If the role is @ : : Text Al i gnment Rol e, we return an alignment suitable for numbers. If the display role
is @ :: Di spl ayRol e, we look up the value for each currency and calculate the exchange rate.

We could return the calculated value as a doubl e, but then we would have no control over how many
decimal places were shown (unless we use a custom delegate). Instead, we return the value as a
string, formatted as we want.

Qvari ant CurrencyMdel :: header Dat a(i nt section,
Q::Oientation /* orientation */,
int role) const

{
if (role !'= Q::DisplayRole)
return Qvariant();
return currencyAt (section);
}

The header Dat a() function is called by the view to populate its horizontal and vertical headers. The
secti on parameter is the row or column number (depending on the orientation). Since the rows and
columns have the same currency codes, we do not care about the orientation and simply return the
code of the currency for the given section number.

voi d CurrencyMdel :: set CurrencyMap(const Qvap<QString, doubl e> &mrap)
{

currencyMap = map;
reset();

The caller can change the currency map using set CurrencyMap() . The QAbstract | t enivbdel : : reset ()
call tells any views that are using the model that all their data is invalid; this forces them to request
fresh data for the items that are visible.

@QString CurrencyModel ::currencyAt (int offset) const
{

}

return (currencyMap. begin() + offset).key();

The currencyAt () function returns the key (the currency code) at the given offset in the currency
map. We use an STL-style iterator to find the item and call key() on it.

As we have just seen, it is not difficult to create read-only models, and depending on the nature of
the underlying data, there are potential savings in memory and speed with a well-designed model.
The next example, the Cities application, is also table-based, but this time all the data is entered by
the user.

This application is used to store values indicating the distance between any two cities. Like the



previous example, we could simply use a Qrabl eWw dget and store one item for every city pair.
However, a custom model could be more efficient, because the distance from any city A to any
different city B is the same whether traveling from A to B or from B to A, so the items are mirrored
along the main diagonal.

To see how a custom model compares with a simple table, let us assume that we have three

cities,A, B, and C. If we store a value for every combination, we would need to store nine values. A
carefully designed model would require only the three items (A, B), (A, C), and (B, C).

Figure 10.12. The Cities application
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Here's how we set up and use the model:

QStringList cities;
cities << "Arvika" << "Boden" << "Eskilstuna" << "Fal un"
<< "Filipstad" << "Hal nstad" << "Hel singborg" << "Karl stad"
<< "Kiruna" << "Kranfors" << "Mtala" << "Sandvi ken"
<< "Skara" << "Stockhol ' << "Sundsvall" << "Trelleborg";
Ci tyModel cityMdel;
cityModel .setCities(cities);
Qrabl eVi ew t abl eVi ew;
tabl eVi ew. set Mbdel ( &ci t yModel ) ;
t abl eVi ew. set Al t er nat i ngRowCol or s(true);

We must reimplement the same functions as we did for the previous example. In addition, we must
also reimplement set Dat a() and fl ags() to make the model editable. Here is the class definition:

class CityModel : public QAbstract Tabl eModel

Q OBJECT
public:
Ci tyModel (QObj ect *parent = 0);
void setCities(const QStringList &cityNanes);
i nt rowCount (const QWodel | ndex &parent) const;
i nt col umCount (const QWbdel | ndex &parent) const;
Qvari ant data(const Qwbdel | ndex & ndex, int role) const;
bool setData(const Qwvbdel | ndex & ndex, const QVariant &val ue,
int role);
Qvari ant headerData(int section, Q::Orientation orientation,
int role) const;
Q::ltenFl ags flags(const Qvodel | ndex & ndex) const;



private:
int offsetOf(int row, int columm) const;
QStringlList cities;
Qvect or <i nt > di st ances;

I

For this model, we are using two data structures: cities of type Qstri ngLi st to hold the city names,
and di st ances of type Qvect or <i nt > to hold the distance between each unique pair of cities.

CityModel :: Ci t yModel (QObj ect *parent)
. QAbstract Tabl eModel (parent)
{

}

The constructor does nothing beyond pass on the parent parameter to the base class.

int C tyModel::rowCount(const QWbdel I ndex & /* parent */) const
{

}
int G tyModel::col umCount (const Qwbdel I ndex & /* parent */) const
{

}

return cities.count();

return cities.count();

Since we have a square grid of cities, the number of rows and columns is the number of cities in our
list.

Qvariant CityMdel::data(const Qvbdel I ndex & ndex, int role) const
{
if (!index.isValid())
return QVariant();
if (role == c: Text Ali gnnent Rol e) {
return int(Q::AignRight | Q::AignVCenter);
} else if (role == Qt::DisplayRole) {
if (index.row() == index.colum())
return O;
int offset = offsetOf (i ndex.row(), index.colum());
return distances[offset];

}

return Qvariant();

The dat a() function is similar to what we did in CurrencyMdel . It returns 0 if the row and column are
the same, because that corresponds to the case where the two cities are the same; otherwise, it
finds the entry for the given row and column in the di st ances vector and returns the distance for
that particular pair of cities.

Qvariant CityMdel :: headerData(int section,
Q::Oientation /* orientation */,
int role) const

if (role == Q::DisplayRole)
return cities[section];
return Qvariant();



The header Dat a() function is simple because we have a square table with every row having an
identical column header. We simply return the name of the city at the given offset in the cities
string list.

bool C tyModel::setData(const QWbdel | ndex & ndex,
const QVariant &value, int role)

{
if (index.isValid() && index.row() != index.colum()
&% role == @ ::EditRole) {
int offset = of fsetOf (i ndex.row(), index.colum());
di stances[offset] = value.tolnt();
QVbdel I ndex transposedl ndex = createl ndex(i ndex. colum(),
i ndex.row());
em t dat aChanged(i ndex, index);
em t dat aChanged(transposedl ndex, transposedl ndex);
return true;
}
return fal se;
}

The set Dat a() function is called when the user edits an item. Providing the model index is valid, the
two cities are different, and the data element to modify is the Q@ :: Edi t Rol e, the function stores the
value the user entered in the di st ances vector.

The creat el ndex() function is used to generate a model index. We need it to get the model index of
the item on the other side of the main diagonal that corresponds with the item being set, since both
items must show the same data. The creat el ndex() function takes the row before the column; here
we invert the parameters to get the model index of the diagonally opposite item to the one specified
by i ndex.

We emit the dat aChanged() signal with the model index of the item that was changed. The reason
this signal takes two model indexes is that it is possible for a change to affect a rectangular region
of more than one row and column, so the indexes passed are the index of the top left and bottom
right items of those that have changed. We also emit the dat aChanged() signal for the transposed
index to ensure that the view will refresh the item. Finally, we return true or fal se to indicate
whether or not the edit succeeded.

Q::ltenFl ags CityMdel::flags(const Qvbdel | ndex & ndex) const

{
Q::ltenFlags flags = QAbstractl!tenibdel ::flags(index);
if (index.row() != index.colum())
flags |= Q::Itenl skEditable;
return flags;
}

The flags() function is used by the model to communicate what can be done with an item (for
example, whether it is editable). The default implementation from QAbst r act Tabl eMbdel returns
Q::ltemsSelectable | Q::ltem sEnabl ed. We add the @ ::Itenl sEditabl e flag for all items except
those lying on the diagonals (which are always 0).

void CityModel ::setCities(const QStringList &cityNanes)
{

cities = cityNanes;



di stances.resize(cities.count() * (cities.count() - 1) / 2);
di stances.fill (0);
reset();

If a new list of cities is given, we set the private QstringLi st to the new list, resize and clear the
distances vector, and call QAbstract It em\bdel : : reset () to notify any views that their visible items
must be refetched.

int CityModel::offsetOf(int row, int columm) const

if (row < colum)
gSwap(row, colum);
return (row * (row - 1) / 2) + colum;

The of f set OF () private function computes the index of a given city pair in the di st ances vector. For
example, if we had cities A, B, C, and D, and the user updated row 3, column 1,B to D, the offset
would be 3 x (3 - 1)/2 + 1 = 4. If the user had instead updated row 1, column 3,D to B, thanks to
the gSwap(), exactly the same calculation would be performed and an identical offset would be
returned.

Figure 10.13. The citi es and di st ances data structures and the table model
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The last example in this section is a model that shows the parse tree for a given regular expression.
A regular expression consists of one or more terms, separated by '|' characters. Thus, the regular
expression "alpha|bravo|charlie" contains three terms. Each term is a sequence of one or more
factors; for example, the term "bravo" consists of five factors (each letter is a factor). The factors
can be further decomposed into an atom and an optional quantifier, such as '*', '+', and '?'. Since
regular expressions can have parenthesized subexpressions, they can have recursive parse trees.

The regular expression shown in Figure 10.14, "ab|(cd)?e", matches an 'a' followed by a 'b’, or
alternatively either a 'c' followed by a 'd' followed by an 'e', or just an 'e' on its own. So it will match
"ab" and "cde", but not "bc" or "cd".

Figure 10.14. The Regexp Parser application
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The Regexp Parser application consists of four classes:

e RegExpW ndow is a window that lets the user enter a regular expression and shows the
corresponding parse tree.

e RegExpParser generates a parse tree from a regular expression.

e RegExpMdel is a tree model that encapsulates a parse tree.

e Node represents an item in a parse tree.

Let's start with the Node class:

cl ass Node
{
public:
enum Type { RegExp, Expression, Term Factor, Atom Termnal };
Node( Type type, const QString &str = "");
~Node() ;
Type type;
QString str;
Node *parent;
QLi st <Node *> chil dren;

Every node has a type, a string (which may be empty), a parent (which may be 0), and a list of
child nodes (which may be empty).

Node: : Node( Type type, const QString &str)

{
this->type = type;
this->str = str;
parent = O;

}

The constructor simply initializes the node's type and string. Because all the data is public, code that
uses Node can manipulate the type, string, parent, and children directly.

Node: : ~Node()



gDel eteAl | (chil dren);

The gbel et eAl | () function iterates over a container of pointers and calls del et e on each one. It does
not set the pointers to 0, so if it is used outside of a destructor it is common to follow it with a call to
clear () on the container that holds the pointers.

Now that we have defined our data items (each represented by a Node), we are ready to create a
model:

cl ass RegExpModel : public QAbstractl!temvbdel

public:
RegExpModel (Qhj ect *parent = 0);
~RegExpModel () ;
voi d set Root Node( Node *node);
Qvbdel I ndex index(int row, int colum,
const QWodel | ndex &parent) const;
QWbdel I ndex parent (const Qwvbdel | ndex &child) const;
i nt rowCount (const QVodel | ndex &parent) const;
i nt col umCount (const Qvbdel | ndex &parent) const;
Qvari ant data(const Qwbdel | ndex & ndex, int role) const;
Qvariant headerData(int section, Q::Oientation orientation,
int role) const;
private:
Node *nodeFrom ndex(const QWbdel | ndex & ndex) const;
Node *r oot Node;

I

This time we have inherited from QAbstract|tembdel rather than from its convenience subclass
QAbst r act Tabl eMbdel , because we want to create a hierarchical model. The essential functions that
we must reimplement remain the same, except that we must also implement i ndex() and parent ().
To set the model's data, we have a set Root Node() function that must be called with a parse tree's
root node.

RegExpModel : : RegExpMbdel ( QCbj ect *parent)
. QAbstract|temvbdel (parent)
{

}

r oot Node = 0;

In the model's constructor, we just need to set the root node to a safe null value and pass on the
parent to the base class.

RegExpModel : : ~RegExpModel ()
{

}

del et e root Node;

In the destructor we delete the root node. If the root node has children, each of these is deleted,
and so on recursively, by the Node destructor.

voi d RegExpModel : : set Root Node( Node *node)



del et e root Node;
r oot Node = node;
reset();

When a new root node is set, we begin by deleting any previous root node (and all of its children).
Then we set the new root node and call reset () to notify any views that they must refetch the data
for any visible items.

Qvbdel I ndex RegExpModel ::index(int row, int colum,
const Qwbdel | ndex &parent) const

{
if (!rootNode)
return Qvodel | ndex();
Node *parent Node = nodeFrom ndex(parent);
return createl ndex(row, columm, parentNode->children[row]);
}

The i ndex() function is reimplemented from Qabstract|tenmvbdel . It is called whenever the model or
the view needs to create a Qwodel | ndex for a particular child item (or a top-level item if parent is an
invalid Qwodel I ndex). For table and list models, we don't need to reimplement this function, because
QAbst ract Li st - Model 's and QAbst r act Tabl eMbdel 's default implementations normally suffice.

In ourindex() implementation, if no parse tree is set, we return an invalid Qwdel | ndex. Otherwise,
we create a Qwbdel | ndex with the given row and column and with a Node * for the requested child.
For hierarchical models, knowing the row and column of an item relative to its parent is not enough
to uniquely identify it; we must also know who the parent is. To solve this, we can store a pointer
to the internal node in the Qwodel | ndex. Qvbdel | ndex gives us the option of storing a void * oranint
in addition to the row and column numbers.

The Node * for the child is obtained through the parent node's chi | dren list. The parent node is
extracted from the parent model index using the nodeFron ndex() private function:

Node *RegExpMbdel :: nodeFroml ndex(const Qwvbdel | ndex & ndex) const
{
if (index.isValid()) {
return static_cast<Node *>(index.internal Pointer());
} else {
return root Node;
}

The nodeFrom ndex() function casts the given index's void * to a Node *, or returns the root node if
the index is invalid, since an invalid model index is used to represent the root in a model.

i nt RegExpMbdel :: rowCount (const Qwvbdel | ndex &parent) const
{
Node *parent Node = nodeFrom ndex(parent);
i f (!parent Node)
return O;
return parent Node->chil dren. count();



The number of rows for a given item is simply how many children it has.

i nt RegExpModel :: col umCount (const Qvbdel I ndex & /* parent */) const
{

}

return 2;

The number of columns is fixed at 2. The first column holds the node types; the second column
holds the node values.

Qwbdel I ndex RegExpModel : : parent (const Qvbdel | ndex &child) const

{
Node *node = nodeFronl ndex(chil d);
if (!node)
return Qvodel | ndex();
Node *parent Node = node- >parent;
i f (!parentNode)
return Qvodel | ndex();
Node *grandpar ent Node = par ent Node- >par ent;
i f (!grandparent Node)
return Qvodel | ndex();
int row = grandparent Node->chi | dren. i ndexO ( par ent Node) ;
return createlndex(row, child.colum(), parentNode);
}

Retrieving the parent Qwodel | ndex from a child is a bit more work than finding a parent's child. We
can easily retrieve the parent node using nodeFr om ndex() and going up using the Node's parent
pointer, but to obtain the row number (the position of the parent among its siblings), we need to go
back to the grandparent and find the parent's index position in its parent's (that is, the child's
grandparent's) list of children.

Qvari ant RegExpModel : : dat a(const QVbdel | ndex & ndex, int role) const
{
if (role = Q::DisplayRole)
return Qvariant();
Node *node = nodeFronl ndex(i ndex);
if (!node)
return QVariant();
if (index.colum() == 0) {
switch (node->type) {
case Node: : RegExp:
return tr("RegExp");
case Node: : Expression:
return tr("Expression");
case Node:: Term
return tr("Tern');
case Node:: Factor:
return tr("Factor");
case Node:: Atom
return tr("Atont);
case Node:: Term nal :
return tr("Termnal");
defaul t:
return tr("Unknown");

} else if (index.colum() == 1) {
return node->str;
}



return QVariant();

In data(), we retrieve the Node * for the requested item and we use it to access the underlying data.
If the caller wants a value for any role except @ :: Displ ayRol e or if we cannot retrieve a Node for
the given model index, we return an invalid Qvari ant . If the column is 0, we return the name of the
node's type; if the column is 1, we return the node's value (its string).

Qvari ant RegExpModel : : header Data(i nt section,
Q::Oientation orientation,
int role) const

if (orientation == Q::Horizontal && role == Q::DisplayRole) {
if (section == 0) {
return tr("Node");
} else if (section == 1) {
return tr("Value");
}
}

return Qvariant();

In our header Dat a() reimplementation, we return appropriate horizontal header labels. The
QrReeVi ew class, which is used to visualize hierarchical models, has no vertical header, so we ignore
that possibility.

Now that we have covered the Node and RegExpModel classes, let's see how the root node is created
when the user changes the text in the line edit:

voi d RegExpW ndow: : r egeExpChanged(const QString & egExp)
{

RegExpPar ser parser;

Node *root Node = parser. parse(regExp);

r egExpModel - >set Root Node( r oot Node) ;

When the user changes the text in the application's line edit, the main window's r egExpChanged() slot
is called. In this slot, the user's text is parsed and the parser returns a pointer to the root node of
the parse tree.

We have not shown the RegExpPar ser class because it is not relevant for GUI or model/view
programming. The full source for this example is on the CD.

In this section, we have seen how to create three different custom models. Many models are much
simpler than those shown here, with one-to-one correspondences between items and model
indexes. Further model/view examples are provided with Qt itself, along with extensive
documentation.

Implementing Custom Delegates

Individual items in views are rendered and edited using delegates. In most cases, the default
delegate supplied by a view is sufficient. If we want to have finer control over the rendering of
items, we can often achieve what we want simply by using a custom model: In our dat a()
reimplementation we can handle the @ :: FontRol e, @ :: Text Al i gnnment Rol e, Q : : Text Col or Rol e, and



Q : : BackgroundCol or Rol e, and these are used by the default delegate. For example, in the Cities and
Currencies examples shown earlier, we handled the @ :: Text Al i gnnent Rol e to get right-aligned
numbers.

If we want even greater control, we can create our own delegate class and set it on the views that
we want to make use of it. The Track Editor dialog shown below makes use of a custom delegate. It
shows the titles of music tracks and their durations. The data held by the model will be simply
Qstrings (titles) and i nt s (seconds), but the durations will be separated into minutes and seconds
and will be editable using a QrTi neEdi t .

Figure 10.15. The Track Editor dialog

B Track Editor

Track Duration
1 | The Fying Dutchman: Overture 10:30
2 | The Fiying Dutchman: Wie aus der Fem laengst vergangn... 06:14 —
3 | The Fying Dutchman: Steuermann, lass die Wacht |E'2:32 :
|
4  Die Walkuere: Ride of the Vallories 0446
5 | Tannhaeuser: Freudig begruessen wir die edle Halle 06:24 | »
Add Track ok || cancel

The Track Editor dialog uses a Qrabl ew dget , a convenience item view subclass that operates on
Qrabl eW dget | t ems. The data is provided as a list of tracks:

cl ass Track

{

public:
Track(const QString &itle ="", int duration = 0);
QString title;
int duration;

b

Here is an extract from the constructor that shows the creation and population of the table widget:

TrackEdi tor:: TrackEditor (QLi st <Track> *tracks, QW dget *parent)
Qi al og(parent)
{

thi s->tracks = tracks;
tabl eWdget = new Qrabl eWdget (tracks->count(), 2);
t abl eW dget - >set | t enDel egat e(new TrackDel egate(1));
t abl eW dget - >set Hor i zont al Header Label s(
@StringList() << tr("Track™) << tr("Duration"));
for (int row = 0; row < tracks->count(); ++row) {
Track track = tracks->at(row);
Qrabl ewWdgetltem *itenD = new Qlabl eWdgetltem(track.title);
t abl eWdget->setlten(row, 0, itenD);
Qrabl ewdgetltem *itenl
= new Qrlabl eWdgetlten(QString:: nunber(track. duration));
itenl->set Text Ali gnnent (Q:: AlignRight);



tabl eWdget->setlten(row, 1, itenl);

The constructor creates a table widget, and instead of simply using the default delegate, we set our
custom TRackDel egat e, passing it the column that holds time data. We begin by setting the column
headings, and then iterate through the data, populating the rows with the name and duration of
each track.

The rest of the constructor and the rest of the TRackEdi t or dialog holds no surprises, so we will now
look at the trackDel egat e that handles the rendering and editing of track data.

class TrackDel egate : public QtenDel egate

Q OBJECT
public:
TrackDel egat e(i nt durationColum, QObject *parent = 0);
voi d paint(QPainter *painter, const QStyleOptionViewtem &opti on,
const QWodel | ndex & ndex) const;
QW dget *creat eEditor( QN dget *parent,
const QStyl eOptionView tem &opti on,
const QWodel I ndex & ndex) const;
voi d set Edi t or Dat a( QN dget *edi tor, const Qwbdel I ndex & ndex) const;
voi d set Mbdel Dat a( QN dget *editor, QAbstractltenmvbdel *nodel,
const QVodel I ndex & ndex) const;
private slots:
voi d commit AndCl oseEdi tor();
private:
i nt durationCol um;

We use Q tenDel egat e as our base class, so that we benefit from the default delegate
implementation. We could also have used Qabstract |t emDel egat e if we had wanted to start from
scratch. To provide a delegate that can edit data, we must implement createEditor(),

set Edi t or Dat a() , and set Mbdel Dat a() . We also implement pai nt () to change the rendering of the
duration column.

TrackDel egat e: : TrackDel egat e(i nt durationCol unm, QObject *parent)
Q t emDel egat e( parent)
{

}

t hi s->durationCol um = durationCol um;

The durationCol unm parameter to the constructor tells the delegate which column holds the track
duration.

voi d TrackDel egat e: : pai nt (QPai nter *painter,
const QStyl eOptionView tem &opti on,
const QVodel I ndex & ndex) const

i f (index.colum() == durationColumm) {
int secs = index.nodel ()->data(index, Q::DisplayRole).tolnt();
QString text = QString("%: oR")
.arg(secs / 60, 2, 10, QChar('0"))
.arg(secs % 60, 2, 10, QChar('0'));
Styl eOptionView tem nyQOption = option;



nyOption. di splayAlignment = Q::AignRight | Q::AignVCenter;
drawDi spl ay(pai nter, nyOption, nyOption.rect, text);
dr awFocus( pai nter, nyOption, nyOption.rect);
} el se{
Q tenDel egat e: : pai nt (pai nter, option, index);
}

Since we want to render the duration in the form "minutes :seconds", we have reimplemented the
pai nt () function. The arg() calls take an integer to render as a string, how many characters the
string should have, the base of the integer (10 for decimal), and the padding character.

To right-align the text, we copy the current style options and overwrite the default alignment. We
then call Q t enDel egat e: : dr awDi spl ay() to draw the text, followed by Q t enDel egat e: : dr awFocus(),
which will draw a focus rectangle if the item has focus and will do nothing otherwise. Using

drawbi spl ay() is very convenient, especially when used with our own style options. We could also
draw using the painter directly.

QW dget *TrackDel egate:: createEditor( QN dget *parent,
const QStyleOptionView tem &opti on,
const QWodel | ndex & ndex) const

i f (index.colum() == durationColum) {

QlineEdit *tinmeEdit = new QTi neEdit (parent);

ti meEdit->set Di spl ayFormat ("nm ss");

connect (tineEdit, SIGNAL(editingFinished()),

this, SLOT(conm t AndCl oseEditor()));

return tineEdit;
} else {

return QtenDel egate::createEditor(parent, option, index);
}

We only want to control the editing of track durations, leaving the editing of track names to the
default delegate. We achieve this by checking which column the delegate has been asked to provide
an editor for. If it's the duration column, we create a Qri neEdi t , set the display format
appropriately,and connect its edi ti ngFi ni shed() signal to our conmi t AndCl oseEdi t or () slot. For any
other column, we pass on the edit handling to the default delegate.

voi d TrackDel egat e:: comi t AndCl oseEdi t or ()

QrimeEdit *editor = qobject_cast<QlineEdit *>(sender());
emt conmitData(editor);
emt closeEditor(editor);

If the user presses Enter or moves the focus out of the Qri meEdi t (but not if they press Esc), the

edi ti ngFi ni shed() signal is emitted and the conmi t AndC oseEdi t or () slot is called. This slot emits the
commi t Dat a() signal to inform the view that there is edited data to replace existing data. It also
emits the cl oseEdi tor () signal to notify the view that this editor is no longer required, at which point
the model will delete it. The editor is retrieved using Q0bj ect : : sender (), which returns the object
that emitted the signal that triggered the slot. If the user cancels (by pressing Esc), the view will
simply delete the editor.

voi d TrackDel egat e: : set Edi t or Dat a( QN dget *edi t or,
const QWodel | ndex & ndex) const



i f (index.colum() == durationColumm) {
int secs = index.nodel ()->data(index, Q::DisplayRole).tolnt();
QlimeEdit *tineEdit = qobject_cast<QlineEdit *>(editor);
ti meEdit->setTi ne(Qlime(0, secs / 60, secs % 60));
} else {
Q tenDel egat e: : set Edi t or Dat a(edi tor, index);
}

When the user initiates editing, the view calls creat eEdi tor () to create an editor, and then

set Edi tor Dat a() to initialize the editor with the item's current data. If the editor is for the duration
column, we extract the track's duration in seconds and set the Qri neEdi t 's time to the corresponding
number of minutes and seconds; otherwise, we let the default delegate handle the initialization.

voi d TrackDel egat e: : set Mbdel Dat a( QN dget *edi tor,
QAbst ract | t emvbdel *nodel
const QWodel | ndex &i ndex) const

i f (index.colum() == durationColum) {
QrinmeEdit *tinmeEdit = qobject_cast<QrlimeEdit *>(editor);
Qlinme time = tinmeEdit->tine();
int secs = (tine.mnute() * 60) + tine.second();
nodel - >set Dat a(i ndex, secs);
} else {
Q tenDel egat e: : set Mbdel Dat a(edi tor, nodel, index);
}

If the user completes the edit (for example, by left-clicking outside the editor widget, or by pressing
Enter or Tab) rather than canceling it, the model must be updated with the editor's data. If the
duration was edited, we extract the minutes and seconds from the Qri neEdi t , and set the data to
the corresponding number of seconds.

Although not necessary in this case, it is entirely possible to create a custom delegate that finely
controls the editing and rendering of any item in a model. We have chosen to take control of a
particular column, but since the Qwbdel I ndex is passed to all the Q t enDel egat e functions that we
reimplement, we can take control by column, row, rectangular region, parent, or any combination of
these, right down to individual items if required.

In this chapter, we have presented a broad overview of Qt's model/view architecture. We have
shown how to use the view convenience subclasses, how to use Qt's predefined models, and how to
create custom models and custom delegates. But the model/view architecture is so rich that we
have not had the space to cover all the things it makes possible. For example, we could create a
custom view that does not render its items as a list, table, or tree. This is done by the Chart
example located in Qt's exanpl es/ i tenvi ews/ chart directory, which shows a custom view that
renders model data in the form of a pie chart.

It is also possible to use multiple views to view the same model without any formality. Any edits
made through one view will be automatically and immediately reflected in the other views. This kind
of functionality is particularly useful for viewing large data sets where the user may wish to see
sections of data that are logically far apart. The architecture also supports selections: Where two or
more views are using the same model, each view can be set to have its own independent selections,
or the selections can be shared across the views.

Qt's online documentation provides comprehensive coverage of item view programming and the
classes that implement it. See http://doc.trolltech.com/4.1/model-view.html for a list of all the
relevant classes, and http://doc.trolltech.com/4.1/model-view-programming.html for additional
information and links to the relevant examples included with Qt.




Chapter 11. Container Classes

e Sequential Containers

e Associative Containers

e Generic Algorithms

e Strings, Byte Arrays, and Variants

Container classes are general-purpose template classes that store items of a given type in memory.
C++ already offers many containers as part of the Standard Template Library (STL), which is
included in the Standard C++ library.

Qt provides its own container classes, so for Qt programs we can use both the Qt and the STL
containers. The main advantages of the Qt containers are that they behave the same on all
platforms and that they are implicitly shared. Implicit sharing, or "copy on write", is an optimization
that makes it possible to pass entire containers as values without any significant performance cost.
The Qt containers also feature easy-to-use iterator classes inspired by Java, they can be streamed
using QDat aStream, and they usually result in less code in the executable than the corresponding STL
containers. Finally, on some hardware platforms supported by Qtopia Core (the Qt version for
mobile devices), the Qt containers are the only ones available.

Qt offers both sequential containers such as Qvect or <T>, QLi nkedLi st <T>, and Qi st <T>, and
associative containers such as Qvap<k, T> and QHash<K, T>. Conceptually, the sequential containers
store items one after another, whereas the associative containers store keyvalue pairs.

Qt also provides generic algorithms that perform operations on arbitrary containers. For example,
the gSort () algorithm sorts a sequential container, and gBi naryFi nd() performs a binary search on a
sorted sequential container. These algorithms are similar to those offered by the STL.

If you are already familiar with the STL containers and have STL available on your target platforms,
you might want to use them instead of, or in addition to, the Qt containers. For more information
about the STL classes and functions, a good place to start is SGI's STL web site:
http://www.sgi.com/tech/stl/.

In this chapter, we will also look at Qstring, @Byt eArray, and Qvari ant, since they have a lot in
common with containers. QString is a 16-bit Unicode string used throughout Qt's API. Byt eArray is
an array of 8-bit char s useful for storing raw binary data. Qvari ant is a type that can store most
C++ and Qt value types.

Sequential Containers

A QVect or <T> is an array-like data structure that stores its items at adjacent positions in memory.
What distinguishes a vector from a plain C++ array is that a vector knows its own size and can be
resized. Appending extra items to the end of a vector is fairly efficient, while inserting items at the
front or in the middle of a vector can be expensive.

Figure 11.1. A vector of doubl es

0 1 2 3 4
937.81 | 25,984 | 308,74 | 31092 | 409

If we know in advance how many items we are going to need, we can give the vector an initial size
when we define it and use the [] operator to assign a value to the items; otherwise, we must either
resize the vector later on or append items. Here's an example where we specify the initial size:



QVect or <doubl e> vect ( 3);

vect[0] = 1.0;
vect[ 1] = 0.540302;
vect[2] = -0.416147;

Here's the same example, this time starting with an empty vector and using the append() function to
append items at the end:

QVect or <doubl e> vect;
vect . append(1.0);

vect . append( 0. 540302) ;
vect . append(-0.416147);

We can also use the << operator instead of append() :

vect << 1.0 << 0.540302 << -0.416147,

One way to iterate over the vector's items is to use [] and count () :

doubl e sum = 0.0;
for (int i 0; i < vect.count(); ++i)
sum += vect[i];

Vector entries that are created without being assigned an explicit value are initialized using the item
class's default constructor. Basic types and pointer types are initialized to zero.

Inserting items at the beginning or in the middle of a Qvect or <T>, or removing items from these
positions, can be inefficient for large vectors. For this reason, Qt also offers Qi nkedLi st <T>, a data
structure that stores its items at non-adjacent locations in memory. Unlike vectors, linked lists don't
support random access, but they provide "constant time" insertions and removals.

Figure 11.2. A linked list of doubl es

ik ik o ik Sl

25984 | | 308.74 31092 | 40.9

S  — b j —_

| 937.81

Linked lists do not provide the [] operator, so iterators must be used to traverse their items.
Iterators are also used to specify the position of items. For example, the following code inserts the
string "Tote Hosen" between "Clash" and "Ramones":

Qi nkedLi st<QString> |ist;

l'ist.append("d ash");

|'ist.append("Ranones");

Qi nkedLi st<@String>::iterator i = list.find("Ranones");
list.insert(i, "Tote Hosen");

We will take a more detailed look at iterators later in this section.



The QLi st <T> sequential container is an "array-list" that combines the most important benefits of
Qvect or <T> and QLi nkedLi st <T> in a single class. It supports random access, and its interface is
index-based like Qvect or's. Inserting or removing an item at either end of a QLi st <T> is very fast,
and inserting in the middle is fast for lists with up to about one thousand items. Unless we want to
perform insertions in the middle of huge lists or need the list's items to occupy consecutive
addresses in memory, QLi st <T> is usually the most appropriate general-purpose container class to
use.

The QstringLi st class is a subclass of QLi st <Qst ri ng> that is widely used in Qt's API. In addition to
the functions it inherits from its base class, it provides some extra functions that make the class
more versatile for string handling. Qstri ngLi st is discussed in the last section of this chapter (p.
268).

QSt ack<T> and QQueue<T> are two more examples of convenience subclasses. Qst ack<T> is a vector
that provides push(), pop(), and top() . Queue<T> is a list that provides enqueue(), dequeue(), and
head() .

For all the container classes seen so far, the value type T can be a basic type like i nt or doubl e, a
pointer type, or a class that has a default constructor (a constructor that takes no arguments), a
copy constructor, and an assignment operator. Classes that qualify include @Byt eArray, QDat eTi ne,
QRegExp, Qstring, and Qvari ant . Qt classes that inherit from Qobj ect do not qualify, because they
lack a copy constructor and an assignment operator. This is nho problem in practice, since we can
simply store pointers to Qbj ect types rather than the objects themselves.

The value type T can also be a container, in which case we must remember to separate consecutive
angle brackets with spaces; otherwise, the compiler will choke on what it thinks is a >> operator. For
example:

QLi st <QVect or <doubl e> > |ist;

In addition to the types just mentioned, a container's value type can be any custom class that meets
the criteria described earlier. Here is an example of such a class:

cl ass Movie

public:
Movi e(const QString &itle = "", int duration = 0);
void setTitle(const QString &itle) { nyTitle =title; }

QString title() const { return myTitle; }
voi d setDuration(int duration) { nmyDuration = duration; }
QString duration() const { return nyDuration; }
private:
@string nyTitle;
int nyDuration;
b

The class has a constructor that requires no arguments (although it can take up to two). It also has
a copy constructor and an assignment operator, both implicitly provided by C++. For this class,
member-by-member copy is sufficient, so there's no need to implement our own copy constructor
and assignment operator.

Qt provides two categories of iterators for traversing the items stored in a container: Java-style
iterators and STL-style iterators. The Java-style iterators are easier to use, whereas the STL-style
iterators can be combined with Qt's and STL's generic algorithms and are more powerful.

For each container class, there are two Java-style iterator types: a read-only iterator and a read-



write iterator. The read-only iterator classes are Qvector|terator<T>, QLi nkedLi stlterator<T>, and
Qi stlterator<T>. The corresponding read-write iterators have Mt abl e in their name (for example,
Qwut abl eVect or | t er at or <T>). In this discussion, we will concentrate on QLi st's iterators; the iterators
for linked lists and vectors have the same API.

Figure 11.3. Valid positions for Java-style iterators

A B C D E

The first thing to keep in mind when using Java-style iterators is that they don't point directly at
items. Instead, they can be located before the first item, after the last item, or between two items.
A typical iteration loop looks like this:

QLi st <doubl e> i st;
. Qi stlterator<double> i (list);
while (i.hasNext()) {
do_sonet hi ng(i.next());
}

The iterator is initialized with the container to traverse. At this point, the iterator is located just
before the first item. The call to hasNext () returns true if there is an item to the right of the iterator.
The next () function returns the item to the right of the iterator and advances the iterator to the next
valid position.

Iterating backward is similar, except that we must first call t oBack() to position the iterator after the
last item:

Qi stlterator<double> i(list);

i .toBack();

while (i.hasPrevious()) {
do_sonet hi ng(i . previous());

}

The hasPrevi ous() function returns true if there is an item to the left of the iterator; previ ous()
returns the item to the left of the iterator and moves the iterator back by one position. Another way
of thinking about the next () and previous() iterators is that they return the item that the iterator
has just jumped over.

Figure 11.4. Effect of previ ous() and next () on a Java-style iterator

A | B | ¢ | D | E |

previous()

Mutable iterators provide functions to insert, modify, and remove items while iterating. The following
loop removes all the negative humbers from a list:



Qwvut abl eLi stlterator<double> i(list);
while (i.hasNext()) {
if (i.next() < 0.0)
i.remove();

The renove() function always operates on the last item that was jumped over. It also works when
iterating backward:

Qwvut abl eLi stlterator<double> i(list);
i .toBack();
while (i.hasPrevious()) {
if (i.previous() < 0.0)
i.remove();

Similarly, the mutable Java-style iterators provide a set Val ue() function that modifies the last item
that was jumped over. Here's how we would replace negative numbers with their absolute value:

Qwvut abl eLi st1terator<double> i(list);
while (i.hasNext()) {
int val = i.next();
if (val < 0.0)
i .setValue(-val);

It is also possible to insert an item at the current iterator position by calling i nsert (). The iterator is
then advanced to point between the new item and the following item.

In addition to the Java-style iterators, every sequential container class C<T> has two STL-style
iterator types: C<T>::iterator and C<T>::const_iterator. The difference between the two is that
const _iterator doesn't let us modify the data.

A container's begi n() function returns an STL-style iterator that refers to the first item in the
container (for example, 1ist[0] ), whereas end() returns an iterator to the "one past the last" item
(for example, i st[5] for a list of size 5). If a container is empty, begi n() equals end(). This can be
used to see if the container has any items, although it is usually more convenient to call i sEmpty()
for this purpose.

Figure 11.5. Valid positions for STL-style iterators
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The STL-style iterator syntax is modeled after that of C++ pointers into an array. We can use the ++
and - - operators to move to the next or previous item, and the unary * operator to retrieve the
current item. For Qvect or<T>, the iterator and const _iterator types are merely typedefs for T * and
const T *. (This is possible because Qvect or <T> stores its items in consecutive memory locations.)

The following example replaces each value in a Q.i st <doubl e> with its absolute value:



QLi st <doubl e>::iterator i = list.begin();

while (i !'=list.end()) {
*i = gAbs(*i);
++i ;

}

A few Qt functions return a container. If we want to iterate over the return value of a function using
an STL-style iterator, we must take a copy of the container and iterate over the copy. For example,
the following code is the correct way to iterate over the Qi st <i nt> returned by QSplitter::sizes():

Qist<int> list = splitter->sizes();

QList<int>::const_iterator i = list.begin();
while (i !'=1list.end()) {

do_somet hi ng(*i);

++i ;
}

The following code is wrong:

/1 WRONG QList<int>::const_iterator i = splitter->sizes().begin();
while (i !'= splitter->sizes().end()) {

do_sonet hi ng(*i);

++i
}

This is because Qsplitter::sizes() returns a new Q.i st <i nt > by value every time it is called. If we
don't store the return value, C++ automatically destroys it before we have even started iterating,
leaving us with a dangling iterator. To make matters worse, each time the loop is run,
QSplitter::sizes() must generate a new copy of the list because of the splitter->sizes().end()
call. In summary: When using STL-style iterators, always iterate on a copy of a container returned
by value.

With read-only Java-style iterators, we don't need to take a copy. The iterator takes a copy for us
behind the scenes, ensuring that we always iterate over the data that the function first returned. For
example:

Quistlterator<int> i(splitter->sizes());
while (i.hasNext()) {

do_sornet hi ng(i.next());
}

Copying a container like this sounds expensive, but it isn't, thanks to an optimization called implicit
sharing. This means that copying a Qt container is about as fast as copying a single pointer. Only if
one of the copies is changed is data actually copiedand this is all handled automatically behind the
scenes. For this reason, implicit sharing is sometimes called "copy on write".

The beauty of implicit sharing is that it is an optimization that we don't need to think about; it
simply works, without requiring any programmer intervention. At the same time, implicit sharing
encourages a clean programming style where objects are returned by value. Consider the following
function:

QVect or <doubl e> si neTabl e()



Qvect or <doubl e> vect (360);

for (int i =0; i < 360; ++i)
vect[i] =sin(i / (2 * MPI));

return vect;

The call to the function looks like this:

QVect or <doubl e> tabl e = sineTabl e();

STL, in comparison, encourages us to pass the vector as a non-const reference to avoid the copy
that takes place when the function's return value is stored in a variable:

usi ng nanmespace std;
voi d sineTabl e(vect or <doubl e> &vect)

{
vect.resize(360);
for (int i =0; i < 360; ++i)
vect[i] =sin(i / (2 * MPI));
}

The call then becomes more tedious to write and less clear to read:

vect or <doubl e> t abl e;
si neTabl e(tabl e);

Qt uses implicit sharing for all of its containers and for many other classes, including @Byt eArray,
@Brush, QFont , Q nage, QPi xmap, and Qstri ng. This makes these classes very efficient to pass by
value, both as function parameters and as return values.

Implicit sharing is a guarantee from Qt that the data won't be copied if we don't modify it. To get
the best out of implicit sharing, we can adopt a couple of nhew programming habits. One habit is to
use the at () function rather than the [] operator for read-only access on a (non-const) vector or
list. Since Qt's containers cannot tell whether [] appears on the left side of an assignment or not, it
assumes the worst and forces a deep copy to occurwhereas at () isn't allowed on the left side of an
assignment.

A similar issue arises when we iterate over a container with STL-style iterators. Whenever we call
begi n() or end() on a non-const container, Qt forces a deep copy to occur if the data is shared. To
prevent this inefficiency, the solution is to use const _iterator, const Begi n(), and const End()
whenever possible.

Qt provides one last method for iterating over items in a sequential container: the foreach loop. It
looks like this:

QLi nkedLi st<Movi e> |ist;

foreach (Movie novie, list) {
if (novie.title() == "Citizen Kane") {
cout << "Found Citizen Kane" << endl;
br eak;



The foreach pseudo-keyword is implemented in terms of the standard for loop. At each iteration of
the loop, the iteration variable (novi e) is set to a new item, starting at the first item in the container
and progressing forward. The foreach loop automatically takes a copy of the container when the
loop is entered, and for this reason the loop is not affected if the container is modified during
iteration.

How Implicit Sharing Works

Implicit sharing works automatically behind the scenes, so we don't have to do anything
in our code to make this optimization happen. But since it's nice to know how things
work, we will study an example and see what happens under the hood. The example
uses Qstring, one of Qt's many implicitly shared classes.

QString strl
QString str2

"Hunpt y" ;
strl;

We set str1 to "Humpty" and str2 to be equal to str1. At this point, both QString
objects point to the same internal data structure in memory. Along with the character
data, the data structure holds a reference count that indicates how many Qstri ngs point
to the same data structure. Since both str1 and str2 point to the same data, the
reference count is 2.

str2[0] ='D;

When we modify str2, it first makes a deep copy of the data, to ensure that str1 and
str2 point to different data structures, and it then applies the change to its own copy of
the data. The reference count of str1's data ("Humpty") becomes 1, and the reference
count of str2's data ("Dumpty") is set to 1. A reference count of 1 means that the data
isn't shared.

str2.truncate(4);

If we modify str2 again, no copying takes place because the reference count of str2's
data is 1. The TRuncat e() function operates directly on str2's data, resulting in the string
"Dump". The reference count stays at 1.

strl = str2;

When we assign str2 to stri, the reference count for str1's data goes down to 0, which
means that no @string is using the "Humpty" data anymore. The data is then freed from
memory. Both @St ri ngs point to "Dump", which now has a reference count of 2.

Data sharing is often disregarded as an option in multithreaded programs, because of
race conditions in the reference counting. With Qt, this is not an issue. Internally, the
container classes use assembly language instructions to perform atomic reference
counting. This technology is available to Qt users through the Qshar edbat a and



QShar edDat aPoi nt er classes.

The break and continue loop statements are supported. If the body consists of a single statement,
the braces are unnecessary. Just like a for statement, the iteration variable can be defined outside
the loop, like this:

QLi nkedLi st <Movi e> | i st;
Movi e novi e;

foreach (nmovie, list) {
if (nmovie.title() == "Citizen Kane") {
cout << "Found Citizen Kane" << endl;
br eak;
}
}

Defining the iteration variable outside the loop is the only option for containers that hold data types
that contain a comma (for example, QPair<QString, i nt>).

Associative Containers

An associative container holds an arbitrary number of items of the same type, indexed by a key. Qt
provides two main associative container classes: Qvap<K, T> and QHash<K, T>.

A Qvap<K, T> is a data structure that stores keyvalue pairs in ascending key order. This arrangement
makes it possible to provide good lookup and insertion performance, and in-order iteration.
Internally, Qwap<K, T> is implemented as a skip-list.

Figure 11.6. Amap of Qstring to i nt

Mexico City » 22350000
Seoul » 22050000
Tokyo » 34000000

One simple way to insert items into a map is to call i nsert () :

Qvap<@Stri ng, int> map;
map.insert("eins", 1);
map.insert("si eben", 7);

map. i nsert ("drei undzwanzi g", 23);

Alternatively, we can simply assign a value to a given key as follows:

map[ " ei ns"]

= 1;
map[ " si eben"] =

7;



map[ "drei undzwanzi g"] = 23;

The [] operator can be used for both insertion and retrieval. If [] is used to retrieve a value for a
non-existent key in a non-const map, a new item will be created with the given key and an empty
value. To avoid accidentally creating empty values, we can use the val ue() function to retrieve items
instead of []:

int val = map.val ue("dreiundzwanzi g");

If the key doesn't exist, a default value is returned using the value type's default constructor, and
no new item is created. For basic and pointer types, zero is returned. We can specify another default
value as second argument to val ue(), for example:

int seconds = map.val ue("del ay", 30);

This is equivalent to

int seconds = 30;
if (map.contains("delay"))
seconds = nmap.val ue("del ay");

The K and T data types of a Qvap<K, T> can be basic data types like i nt and doubl e, pointer types, or
classes that have a default constructor, a copy constructor, and an assignment operator. In addition,
the K type must provide an operator<() since Qvap<K, T> uses this operator to store the items in
ascending key order.

Qvap<K, T> has a couple of convenience functions, keys() and val ues(), that are especially useful
when dealing with small data sets. They return Q.i st s of a map's keys and values.

Maps are normally single-valued: If a new value is assigned to an existing key, the old value is
replaced by the new value, ensuring that no two items share the same key. It is possible to have
multiple keyvalue pairs with the same key by using the i nsert Ml ti () function or the Qwul ti Map<K,
T> convenience subclass. Qvap<K, T> has a val ues(const K & overload that returns a Q.i st of all the
values for a given key. For example:

Qwl ti Map<int, QString> multi Map;

mul ti Map.insert(1, "one");

mul ti Map.insert (1, "eins");

mul ti Map.insert(1, "uno");

QList<@string> vals = nulti Map. val ues(1);

A QHash<K, T> is a data structure that stores keyvalue pairs in a hash table. Its interface is almost
identical to that of Qwap<K, T>, but it has different requirements for the K template type and usually
provides much faster lookups than Qvap<K, T> can achieve. Another difference is that QHash<K, T>is
unordered.

In addition to the standard requirements on any value type stored in a container, the K type of a
QHash<K, T> needs to provide an operator==() and be supported by a global gHash() function that
returns a hash value for a key. Qt already provides gHash() functions for integer types, pointer



types, QChar, Qstring, and @Byt eArray.

QHash<K, T> automatically allocates a prime number of buckets for its internal hash table and resizes
this as items are inserted or removed. It is also possible to fine-tune performance by calling
reserve() to specify the number of items expected to be stored in the hash and squeeze() to shrink
the hash table based on the current number of items. A common idiom is to call reserve() with the
maximum number of items we expect, then insert the data, and finally call squeeze() to minimize
memory usage if there were fewer items than expected.

Hashes are normally single-valued, but multiple values can be assigned to the same key using the
insertMil ti() function or the Qwl ti Hash<K, T> convenience subclass.

Besides QHash<K, T>, Qt also provides a QCache<K, T> class that can be used to cache objects
associated with a key, and a @Set <k> container that only stores keys. Internally, both rely on
QHash<K, T> and both have the same requirements for the K type as QHash<K, T>.

The easiest way to iterate through all the keyvalue pairs stored in an associative container is to use
a Java-style iterator. Because the iterators must give access to both a key and a value, the Java-
style iterators for associative containers work slightly differently from their sequential counterparts.
The main difference is that the next () and previous() functions return an object that represents a
keyvalue pair, rather than simply a value. The key and value components are accessible from this
object as key() and val ue(). For example:

Qvap<QString, int> map;

int sum= 0;
Qvepl terator<Qstring, int> i(map);
while (i.hasNext())

sum += i.next().value();

If we need to access both the key and the value, we can simply ignore the return value of next () or
previ ous() and use the iterator's key() and val ue() functions, which operate on the last item that
was jumped over:

Qvaplterator<@string, int> i(map);
while (i.hasNext()) {

i.next();

if (i.value() > largestValue) {
| argestKey = i.key();
| argest Val ue = i.val ue();

Mutable iterators have a set Val ue() function that modifies the value associated with the current
item:

Qwit abl eMapl terator<QString, int> i (map);
while (i.hasNext()) {
i.next();
if (i.value() < 0.0)
i.setValue(-i.value());

STL-style iterators also provide key() and val ue() functions. With the nonconst iterator types,
val ue() returns a non-const reference, allowing us to change the value as we iterate. Note that



although these iterators are called "STL-style", they deviate significantly from the STL's nmap<K, T>
iterators, which are based on pair<K, T>.

The foreach loop also works on associative containers, but only on the value component of the
keyvalue pairs. If we need both the key and the value components of the items, we can call the
keys() and val ues(const K & functions in nested f oreach loops as follows:

Qwul ti Map<Q@String, int> map;

fi).reach (@string key, map. keys()) {
foreach (int value, map.val ues(key)) {
do_sonet hi ng(key, val ue);
}

Generic Algorithms

The <Q Al gori t hms> header declares a set of global template functions that implement basic
algorithms on containers. Most of these functions operate on STL-style iterators.

The STL <al gori t hme header provides a more complete set of generic algorithms. These algorithms
can be used on Qt containers as well as STL containers. If STL implementations are available on all
your platforms, there is probably no reason to avoid using the STL algorithms when Qt lacks an
equivalent algorithm. Here, we will introduce the most important Qt algorithms.

The gFi nd() algorithm searches for a particular value in a container. It takes a "begin" and an "end"
iterator and returns an iterator pointing to the first item that matches, or "end" if there is no match.
In the following example, i is settolist.begin() + 1, whereasj is settolist.end().

QStringlList list;

list << "Emm" << "Karl" << "Janes" << "Mariette";
QStringList::iterator i gFind(list.begin(), list.end(), "Karl");
QStringList::iterator j gqFind(list.begin(), list.end(), "Petra");

The gBi naryFi nd() algorithm performs a search just like gFi nd(), except that it assumes that the
items are sorted in ascending order and uses fast binary searching rather than gFi nd() 's linear
searching.

The gFi 11 () algorithm populates a container with a particular value:

Qi nkedLi st<int> |ist(10);
gFill (list.begin(), list.end(), 1009);

Like the other iterator-based algorithms, we can also use gFill () on a portion of the container by
varying the arguments. The following code snippet initializes the first five items of a vector to 1009
and the last five items to 2013:

QVector<int> vect (10);
gFi |l (vect. begin(), vect.begin() + 5, 1009);
gFill (vect.end() - 5, vect.end(), 2013);



The gCopy() algorithm copies values from one container to another:

Qvector<int> vect(list.count());
gCopy(list.begin(), list.end(), vect.begin());

qCopy() can also be used to copy values within the same container, as long as the source range and
the target range don't overlap. In the next code snippet, we use it to overwrite the last two items of
a list with the first two items:

gCopy(list.begin(), list.begin() + 2, list.end() - 2);

The gSort () algorithm sorts the container's items into ascending order:

gSort(list.begin(), list.end());

By default, gSort () uses the < operator to compare the items. To sort items in descending order,
pass qG eat er <T>() as the third argument (where T is the container's value type), as follows:

gSort (list.begin(), list.end(), qGeater<int>());

We can use the third parameter to define custom sort criteria. For example, here's a "less than"
comparison function that compares QStrings in a case-insensitive way:

bool insensitivelLessThan(const QString &strl, const QString &str2)
{

}

return strl.toLower() < str2.toLower();

The call to gqSort () then becomes

QStringlList list;

débrt (l'ist.begin(), list.end(), insensitivelLessThan);

The gSt abl eSort () algorithm is similar to gSort (), except it guarantees that items that compare
equal appear in the same order after the sort as before. This is useful if the sort criterion only takes
into account parts of the value and the results are visible to the user. We used qSt abl eSort () in
Chapter 4 to implement sorting in the Spreadsheet application (p. 88).

The gDel et eAl | () algorithm calls del et e on every pointer stored in a container. It only makes sense
on containers whose value type is a pointer type. After the call, the items are still present cl ear ()
on the container. For example:

gDel eteAl | (1ist);
list.clear();



The gswap() algorithm exchanges the value of two variables. For example:

int x1 = line.x1();
int x2 = line.x2();
if (x1 > x2)

gSwap(x1l, x2);

Finally, the <G d obal > header, which is included by every other Qt header, provides several useful
definitions, including the gAbs() function, that returns the absolute value of its argument, and the
gM n() and gvax() functions, that return the minimum or maximum of two values.

Strings, Byte Arrays, and Variants

Qstring, ByteArray, and Qvari ant are three classes that have many things in common with
containers and that can be used as alternatives to containers in some contexts. Also, like the
containers, these classes use implicit sharing as a memory and speed optimization.

We will start with Qstring. Strings are used by every GUI program, not only for the user interface
but often also as data structures. C++ natively provides two kinds of strings: traditional C-style "\0'-
terminated character arrays and the std: :string class. Unlike these, @stri ng holds 16-bit Unicode
values. Unicode contains ASCII and Latin-1 as a subset, with their usual numeric values. But since
Qstring is 16-bit, it can represent thousands of other characters for writing most of the world's
languages. See Chapter 17 for more information about Unicode.

When using Qstring, we don't need to worry about such arcane details as allocating enough memory
or ensuring that the data is '"\0'-terminated. Conceptually, Qstri ngs can be thought of as a vector of
QChars. A @string can embed '"\0' characters. The | engt h() function returns the size of the entire
string, including embedded "\0' characters.

Qstring provides a binary + operator to concatenate two strings and a += operator to append one
string to another. Because Qstri ng automatically preallocates memory at the end of the string data,

building up a string by repeatedly appending characters is very fast. Here's an example that
combines + and +=:

QString str = "User: ";
str += userNane + "\n";

There is also a @string: : append() function that does the same thing as the += operator:

str = "User: ",
str. append(user Nane) ;
str.append("\n");

A completely different way of combining strings is to use Qstring's sprintf () function:

str.osprintf("% % 1f9%4, "perfect conpetition", 100.0);



This function supports the same format specifiers as the C++ library's sprintf() function. In the
example above, str is assigned "perfect competition 100.0%".

Yet another way of building a string from other strings or from numbers is to use arg() :

str = Q@String("% %R (¥3s-%is)")
.arg("permssive").arg("society").arg(1950).arg(1970);

In this example, "%1" is replaced by "permissive", "%?2" is replaced by "society", "%3" is replaced
by "1950", and "%4" is replaced by "1970". The result is "permissive society (1950s-1970s)". There
are arg() overloads to handle various data types. Some overloads have extra parameters for
controlling the field width, the numerical base, or the floating-point precision. In general, arg() is a
much better solution than sprintf(), because it is type-safe, fully supports Unicode, and allows
translators to reorder the "%n" parameters.

Qst ri ng can convert numbers into strings using the Qst ri ng: : nunber () static function:

str = QString::nunber(59.6);

Or using the set Nun() function:

str.set Num(59. 6);

The reverse conversion, from a string to a number, is achieved using tolnt (), t oLongLong(),
t oDoubl e(), and so on. For example:

bool ok;
doubl e d = str.toDoubl e( &k);

These functions accept an optional pointer to a bool variable and set the variable to TRue or fal se
depending on the success of the conversion. If the conversion fails, these functions return zero.

Once we have a string, we often want to extract parts of it. The mi d() function returns the substring
starting at a given position (the first argument) and of up to a given length (the second argument).
For example, the following code prints "pays" to the console:™

"I The convenient gDebug() << arg syntax used here requires the inclusion of the <Qt Debug> header file, while the
gDebug("...", arg) syntaxis available in any file that includes at least one Qt header.

QString str = "polluter pays principle";
gDebug() << str.md(9, 4);

If we omit the second argument, m d() returns the substring starting at the given position and
ending at the end of the string. For example, the following code prints "pays principle" to the
console:

QString str = "polluter pays principle";
gDebug() << str.md(9);



There are also l eft () and right () functions that perform a similar job. Both accept a number of
characters,n, and return the first or last n characters of the string. For example, the following code
prints "polluter principle" to the console:

QString str = "polluter pays principle";

gbDebug() << str.left(8) << " " << str.right(9);

If we want to find out if a string contains a particular character, substring, or regular expression, we
can use one of Qstring's i ndexOf () functions:

QString str = "the mddle bit";
int i = str.indexO("mddle");

This will seti to 4. The i ndexd () function returns -1 on failure, and accepts an optional start
position and case-sensitivity flag.

If we just want to check whether a string starts or ends with something, we can use the
startsWth() and endsWth() functions:

if (url.startsWth("http:") && url.endsWth(".png"))

This is both simpler and faster than this:

if (url.left(5) == "http:" & url.right(4) == ".png")

String comparison with the == operator is case sensitive. If we are comparing user-visible strings,
| ocal eAwar eConpar e() is usually the right choice, and if we want to make the comparisons case-
insensitive, we can use toUpper () or toLower (). For example:

if (fileName.toLower() == "readne.txt")

If we want to replace a certain part of a string by another string, we can use repl ace() :

String str = "a cloudy day";
str.replace(2, 6, "sunny");

The result is "a sunny day". The code can be rewritten to use renove() andinsert():

str.renove(2, 6);



str.insert(2, "sunny");

First, we remove six characters starting at position 2, resulting in the string "a day" (with two
spaces), then we insert "sunny" at position 2.

There are overloaded versions of repl ace() that replace all occurrences of their first argument with
their second argument. For example, here's how to replace all occurrences of "&" with "&amp;" in a
string:

str.replace("&", "&np;");

One very frequent need is to strip the whitespace (such as spaces, tabs, and newlines) from a
string. @stri ng has a function that eliminates whitespace from both ends of a string:

String str =" BOB \'t THE \nDOG \n";

gDebug() << str.trimred();

String str can be depicted as

LI | [BlofB] [t] [TIH[E] | [\n[D|O|G| [\n]

The string returned by tri mred() is

(Blo]sl [ [T[H[E] [ [w[D]O]G]

When handling user input, we often also want to replace every sequence of one or more internal
whitespace characters with single spaces, in addition to stripping whitespace from both ends. This is
what the sinplified() function does:

QString str =" BOB \t THE \nDOG \ n";
gDebug() << str.sinplified();

The string returned by sinplified() is

(Blole]_IT[HIE] [D[O]G]

A string can be split into a Qstri ngLi st of substrings using Qstring: :split():

QString str = "polluter pays principle";
QStringList words = str.split(" ");

In the example above, we split the string "polluter pays principle" into three substrings: "polluter",
"pays", and "principle". The split() function has an optional third argument that specifies whether
empty substrings should be kept (the default) or discarded.

The items in a QstringLi st can be joined to form a single string using j oi n() . The argument to
join() is inserted between each pair of joined strings. For example, here's how to create a single



string that is composed of all the strings contained in a Qstri ngLi st sorted into alphabetical order
and separated by newlines:

wor ds. sort();
str = words.join("\n");

When dealing with strings, we often need to determine whether a string is empty or not. This is
done by calling i sEnpty() or by checking whether I engt h() is O.

The conversion from const char * strings to Qstring is automatic in most cases, for example:

str += " (1870)";

Here we add a const char * to a Qstring without formality. To explicitly convert a const char * to a
Qstring, simply use a Qstring cast, or call fromaAscii() orfronLatinil(). (See Chapter 17 for an
explanation of handling literal strings in other encodings.)

To convert a Qstring to a const char *, use toAscii() ortoLatinil(). These functions return a
@Byt eArray, which can be converted into a const char * using QByteArray::data() or
Byt eArray: : const Dat a() . For example:

printf("User: %\n", str.toAscii().data());

For convenience, Qt provides the gPrint abl e() macro that performs the same as the sequence
toAscii().constData():

printf("User: %\n", gPrintable(str));

When we call data() or constData() on a @Byt eArray, the returned string is owned by the @Byt eArray
object. This means that we don't need to worry about memory leaks; Qt will reclaim the memory for
us. On the other hand, we must be careful not to use the pointer for too long. If the QByteArray is
not stored in a variable, it will be automatically deleted at the end of the statement.

The @Byt eArray class has a very similar API to Qstring. Functions like I eft (), right(), md(),
toLower (), toUpper (), TRi med(), and sinplified() exist in Byt eArray with the same semantics as
their Qstri ng counterparts. @Byt eArray is useful for storing raw binary data and 8-bit encoded text
strings. In general, we recommend using Qstri ng for storing text rather than @Byt eArray because
Qst ri ng supports Unicode.

For convenience, @Byt eArray automatically ensures that the "one past the last" byte is always '\0',
making it easy to pass a @Byt eArray to a function taking a const char *. QByteArray also supports
embedded "\0' characters, allowing us to use it to store arbitrary binary data.

In some situations, we need to store data of different types in the same variable. One approach is to
encode the data as a @ByteArray or a Qstring. For example, a string could hold a textual value or a
numeric value in string form. These approaches give complete flexibility, but do away with some of
C++'s benefits, in particular type safety and efficiency. Qt provides a much cleaner way of handling
variables that can hold different types: Qvari ant .

The Qvari ant class can hold values of many Qt types, including @rush, QCol or, QCur sor, QDat eTi e,
QFont , KeySequence, QPal et t e, QPen, QPi xmap, QPoi nt, QRect , QRegi on, QSi ze, and Qstring, as well as



basic C++ numeric types like doubl e and i nt. The Qvari ant class can also hold containers:
QVap<QStri ng, Qvari ant >, QStri ngLi st, and QLi st <Qvari ant >.

Variants are used extensively by the item view classes, the database module, and QSetti ngs,
allowing us to read and write item data, database data, and user preferences for any Qvari ant -
compatible type. We have already seen an example of this in Chapter 3, where we passed a QRect, a
QstringLi st, and a couple of bool s as variants to QSet ti ngs: : set Val ue(), and retrieved them later as
variants.

It is possible to create arbitrarily complex data structures using Qvari ant by nesting values of
container types:

Qvap<QString, Qvariant> pear Map;
pear Map[ " St andard"] = 1.95;

pear Map[ "Organic"] = 2.25;
Qvap<Qstring, QVvariant> fruitMp;
fruitMap["Orange"] = 2.10;
fruitMp["Pineapple"] = 3.85;
fruitMap["Pear"] = pearMap;

Here we have created a map with string keys (product names) and values that are either floating-
point numbers (prices) or maps. The top-level map contains three keys: "Orange", "Pear", and
"Pineapple". The value associated with the "Pear" key is a map that contains two keys ("Standard"
and "Organic"). When iterating over a map that holds variant values, we need to use type() to check
the type that a variant holds so that we can respond appropriately.

Creating data structures like this can be very seductive since we can organize the data in any way
we like. But the convenience of Qvari ant comes at the expense of efficiency and readability. As a
rule, it is usually worth defining a proper C++ class to store our data whenever possible.

Quari ant is used by Qt's meta-object system and is therefore part of the QtCore module.
Nonetheless, when we link against the QtGui module, Qvari ant can store GUI-related types such as
QCol or , QFont, Q con, Q mage, and QPi xmap:

Q con icon("open.png");
Qvariant variant = icon;

To retrieve the value of a GUI-related type from a Qvari ant, we can use the Qvari ant : : val ue<T>()
template member function as follows:

Q con icon = variant.val ue<Q con>();

The val ue<T>() function also works for converting between non-GUI data types and Qvari ant, but in
practice we normally use the to... () conversion functions (for example, toString() ) for non-GUI
types.

Qvari ant can also be used to store custom data types, assuming they provide a default constructor
and a copy constructor. For this to work, we must first register the type using the
Q DECLARE_METATYPE() macro, typically in a header file below the class definition:q

Q DECLARE_METATYPE( Busi nessCar d)



This enables us to write code like this:

Busi nessCard busi nessCar d;
Qvariant variant = Qvariant::fronmval ue(busi nessCard);

i f (variant.canConvert<Busi nessCard>()) {
Busi nessCard card = vari ant. val ue<Busi nessCard>();

Because of a compiler limitation, these template member functions are not available for MSVC 6. If
you need to use this compiler, use the qVari ant Fronval ue(), qVari ant Val ue<T>(), and
gVari ant CanConvert <T>() global functions instead.

If the custom data type has << and >> operators for writing to and reading from a QDat aSt r eam, we
can register them using gRegi st er Met aTypeSt r eanOper at or s<T>() . This makes it possible to store
preferences of custom data types using QSetti ngs, among other things. For example:

gRegi st er Met aTypeSt r eanOper at or s<Busi nessCar d>(" Busi nessCard") ;

This chapter has focused on the Qt containers, as well as on Qstring, @ByteArray, and Qvariant. In
addition to these classes, Qt also provides a few other containers. One is QPai r<T1, T2>, which
simply stores two values and is similar to std: : pai r<T1, T2>. Another is @BitArray, which we will use
in the first section of Chapter 19. Finally, there is Qvar Lengt hArray<T, Preal | oc>, a low-level
alternative to Qvect or <T>. Because it preallocates memory on the stack and isn't implicitly shared, its
overhead is less than that of Qvect or <T>, making it more appropriate for tight loops.

Qt's algorithms, including a few not covered here such as qCopyBackwar d() and gEqual (), are
described in Qt's documentation at http://doc.trolltech.com/4.1/algorithms.html. And for more
details of Qt's containers, including information on their time complexity and growth strategies, see
http://doc.trolltech.com/4.1/containers.html.




Chapter 12. Input/Output

e Reading and Writing Binary Data
e Reading and Writing Text

e Traversing Directories

e Embedding Resources

e Inter-Process Communication

The need to read from or write to files or other devices is common to almost every application. Qt
provides excellent support for I/O through Q Obevi ce, a powerful abstraction that encapsulates
"devices" capable of reading and writing blocks of bytes. Qt includes the following Q ODevi ce
subclasses:

GFile Accesses files in the local file system and in embedded resources

Qlenpor aryFi | e | Creates and accesses temporary files in the local file system

QBuf fer Reads data from or writes data to a @Byt eArray

QProcess Runs external programs and handles inter-process communication
QTcpSocket Transfers a stream of data over the network using TCP

QudpSocket Sends or receives UDP datagrams over the network

QProcess, QTcpSocket , and QUdpSocket are sequential devices, meaning that the data can only be
accessed once, starting from the first byte and progressing serially to the last byte. GFil e,
Qrenpor ar yFi |l e, and QBuf f er are random-access devices, so bytes can be read any number of times
from any position; they provide the Q ODevi ce: : seek() function for repositioning the file pointer.

In addition to the device classes, Qt also provides two higher-level stream classes that we can use
to read from and write to any I/O device: Qpat aStreamfor binary data and Qrext St r eamfor text.
These classes take care of issues such as byte ordering and text encodings, ensuring that Qt
applications running on different platforms or in different countries can read and write each other's
files. This makes Qt's I/0 classes much more convenient than the corresponding Standard C++
classes, which leave these issues to the application programmer.

QFi | e makes it easy to access individual files, whether they are in the file system or embedded in
the application's executable as resources. For applications that need to identify whole sets of files to
work on, Qt provides the Qbir and QFi | el nf o classes, which handle directories and provide
information about the files inside them.

The QProcess class allows us to launch external programs and to communicate with them through
their standard input, standard output, and standard error channels (ci n, cout, and cerr). We can set
the environment variables and working directory that the external application will use. By default,
communication with the process is asynchronous (non-blocking), but it is also possible to block on
certain operations.

Networking and reading and writing XML are such substantial topics that they are covered
separately in their own dedicated chapters (Chapter 14 and Chapter 15).




Reading and Writing Binary Data

The simplest way to load and save binary data with Qt is to instantiate a QFi | e, to open the file, and
to access it through a Qpat aSt reamobject. QDat aSt ream provides a platform-independent storage
format that supports basic C++ types like i nt and doubl e, and many Qt data types, including

Byt eArray, QFont , Q nage, QPi xmap, QString, and Qvari ant, as well as Qt container classes such as
Qi st <T> and Qvap<K, T>.

Here's how we would store an integer, a Q mage, and a Qvap<QStri ng, QCol or> in a file called
facts. dat :

Q nage i mage("philip.png");
Qvap<Qstri ng, QCol or> map;
map.insert("red", Q::red);
map.insert("green", Q::green);
map.insert("blue", Q::Dblue);
File file("facts.dat");
if (!file.open(Q ODevice::WiteOnly)) {
cerr << "Cannot open file for witing: "
<< gPrintable(file.errorString()) << endl;
return;

}
QDat aStream out (&f il e);

out . set Version(QataStream: Q _4_1);
out << quint32(0x12345678) << inmmge << nap;

If we cannot open the file, we inform the user and return. The gPri nt abl e() macro returns a const
char * for a Qstring. (Another approach would have been to use Qstring::toStdString(), which
returns a std: : string, for which <i ostrean> has a << overload.)

If the file is opened successfully, we create a Qbat aSt reamand set its version number. The version
number is an integer that influences the way Qt data types are represented (basic C++ data types
are always represented the same way). In Qt 4.1, the most comprehensive format is version 7. We
can either hard-code the constant 7 or use the QbataStream : @ _4_1 symbolic name.

To ensure that the number 0x12345678 is written as an unsigned 32-bit integer on all platforms, we
cast it to qui nt 32, a data type that is guaranteed to be exactly 32 bits. To ensure interoperability,
QDat aSt r eamstandardizes on big-endian by default; this can be changed by calling set ByteOrder ().

We don't need to explicitly close the file since this is done automatically when the @il e variable
goes out of scope. If we want to verify that the data has actually been written, we can call f1 ush()
and check its return value (true on success).

The code to read back the data mirrors the code we used to write it:

qui nt 32 n;
Q nmage i nmage;
Qvap<@Stri ng, QCol or > map;
QFile file("facts.dat");
if ('file.open(Q ODevice::ReadOnly)) {
cerr << "Cannot open file for reading: "
<< gPrintable(file.errorString()) << endl;
return;

}
QDataStreamin(&file);
in.setVersion(QbataStream: Q@ _4_1);



in >>n >> inmage >> map;

The QDat aSt reamversion we use for reading is the same as the one we used for writing. This must
always be the case. By hard-coding the version number, we guarantee that the application can
always read and write the data (assuming it is compiled with Qt 4.1 or any later Qt version).

QDat aSt r eamstores data in such a way that we can read it back seamlessly. For example, a

Byt eArray is represented as a 32-bit byte count followed by the bytes themselves. Qbat aSt reamcan
also be used to read and write raw bytes, without any byte count header, using readRawByt es() and
writeRawByt es() .

Error handling when reading from a Qbat aSt reamis fairly easy. The stream has a status() value that
can be Qbat aStream : Ok, QDat aSt r eam : ReadPast End, or QDat aSt r eam : ReadCor r upt Dat a. Once an error
has occurred, the >> operator always reads zero or empty values. This means that we can often
simply read an entire file without worrying about potential errors and check the status() value at
the end to see if what we read was valid.

Qbat aSt reamhandles a variety of C++ and Qt data types; the complete list is available at
http://doc.trolltech.com/4.1/datastreamformat.html. We can also add support for our own custom
types by overloading the << and >> operators. Here's the definition of a custom data type that can be
used with Qpat aStream:

cl ass Painting
{
public:
Painting() { nyYear = 0; }
Pai nting(const QString & itle, const QString &artist, int year) {
nyTitle = title;
nyArtist = artist;
nyYear = year;

}
void setTitle(const QString &itle) { nyTitle =title; }
String title() const { return myTitle; }
private:
QString nyTitle;
QString nmyArtist;
int nyYear;
Iy
(Dat aSt r eam &oper at or <<( QDat aSt ream &out, const Painting &painting);
QDat aSt r eam &oper at or >>( QDat aStream & n, Pai nting &painting);

Here's how we would implement the << operator:

QDat aSt r eam &oper at or <<( QDat aSt r eam &out, const Painting &pai nting)
{

out << painting.title() << painting.artist()
<< qui nt 32(painting.year());
return out;

To output a Pai nting, we simply output two Qst ri ngs and a qui nt 32. At the end of the function, we
return the stream. This is a common C++ idiom that allows us to use a chain of << operators with an
output stream. For example:



out << paintingl << painting2 << painting3;

The implementation of oper at or >>() is similar to that of operat or <<() :

(Dat aSt r eam &oper at or >>( QDat aStream & n, Painting &pai nting)

{
QString title;
@String artist;
qui nt 32 year;
in>>title > artist >> year;
painting = Painting(title, artist, year);
return in;

There are several benefits to providing streaming operators for custom data types. One of them is
that it allows us to stream containers that use the custom type. For example:

Qi st<Painting> paintings = ...;

out << paintings;

We can read in containers just as easily:

QLi st <Pai nti ng> paintings;
in >> paintings;

This would result in a compiler error if Pai nti ng didn't support << or >>. Another benefit of providing

streaming operators for custom types is that we can store values of these types as Qvari ants, which
makes them more widely usable, for example by QSettings. This works provided that we register the
type using gRegi st er Met aTypeSt r eanper at or s<T>() beforehand, as explained in Chapter 11 (p. 270).

When we use QDat aSt ream, Qt takes care of reading and writing each type, including containers with
an arbitrary number of items. This relieves us from the need to structure what we write and from
performing any kind of parsing on what we read. Our only obligation is to ensure that we read all
the types in exactly the same order as we wrote them, leaving Qt to handle all the details.

QDat aSt r eamis useful both for our own custom application file formats and for standard binary
formats. We can read and write standard binary formats using the streaming operators on basic
types (like qui nt 16 or fl oat ) or using r eadRawByt es() and wr it eRawByt es() . If the QDat aSt reamis
being used purely to read and write basic C++ data types, we don't even need to call set Versi on().

So far, we loaded and saved data with the stream's version hard-coded as QbataStream : Q _4 1. This
approach is simple and safe, but it does have one small drawback: We cannot take advantage of
new or updated formats. For example, if a later version of Qt added a new attribute to Qront (in
addition to its point size, family, etc.) and we hard-coded the version number to @ _4_1, that
attribute wouldn't be saved or loaded. There are two solutions. The first approach is to embed the
QDat aSt r eamversion number in the file:

QDat aStream out (&fil e);
out << qui nt32(Magi cNunber) << quint16(out.version());



(Magi cNurber is @ constant that uniquely identifies the file type.) This approach ensures that we
always write the data using the most recent version of Qbat aSt ream, whatever that happens to be.
When we come to read the file, we read the stream version:

qui nt 32 magi c;
qui nt 16 streanVersi on;
QDataStreamin(&ile);
in >> magi c >> streanVersion;
if (magic !'= Magi cNunmber) {
cerr << "File is not recognized by this application" << endl;
} else if (streanVersion > in.version()) {
cerr << "File is froma nore recent version of the application"
<< endl ;
return false;

}

i n.set Version(streanVersion);

We can read the data as long as the stream version is less than or equal to the version used by the
application; otherwise, we report an error.

If the file format contains a version number of its own, we can use it to deduce the stream version
number instead of storing it explicitly. For example, let's suppose that the file format is for version
1.3 of our application. We might then write the data as follows:

QDat aStream out (&fil e);
out.setVersion(Q@ataStream: Q _4_1);
out << quint32(Magi cNunber) << quint16(0x0103);

When we read it back, we determine which QDat aSt r eamversion to use based on the application's
version number:

QDataStreamin(&file);
in >> magi c >> appVersion;
if (magic !'= Magi cNunmber) {
cerr << "File is not recognized by this application" << endl;
return fal se;
} else if (appVersion > 0x0103) {
cerr << "File is froma nore recent version of the application”
<< endl;
return false;

}
i f (appVersion < 0x0103) {
in.setVersion(QbataStream: Q@ _3 _0);
} else {
in.setVersion(QataStream: Q@ _4_1);
}

In this example, we specify that any file saved with versions prior to 1.3 of the application uses data
stream version 4 (@ _3_0), and that files saved with version 1.3 of the application use data stream
version 7 (@ _4_1).

In summary, there are three policies for handling Qbat aSt reamversions: hard-coding the version
number, explicitly writing and reading the version humber, and using different hard-coded version
numbers depending on the application's version. Any of these policies can be used to ensure that
data written by an old version of an application can be read by a new version, even if the new



version links against a more recent version of Qt. Once we have chosen a policy for handling
QDbat aSt r eamversions, reading and writing binary data using Qt is both simple and reliable.

If we want to read or write a file in one go, we can avoid using QDat aSt r eamaltogether and instead
use Q Obevice'swite() and readAl | () functions. For example:

bool copyFile(const QString &source, const QString &dest)

{
QFil e sourceFil e(source);
if (!sourceFile.open(Q ODevice::ReadOnly))
return false;
QFil e destFile(dest);
if (!destFile.open(Q CDevice:: WiteOnly))
return false;
destFile.wite(sourceFile.readAll ());
return sourceFile.error() == QFile::NoError
&& destFile.error() == QFile::NoError;
}

In the line where readAl | () is called, the entire contents of the input file is read into a @Byt eArr ay,
which is then passed to the wite() function to be written to the output file. Having all the data in a
@Byt eArray requires more memory than reading item by item, but it offers some advantages. For
example, we can then use qConpress() and gqUnconpress() to compress and uncompress the data.

There are other scenarios where accessing Q ODevi ce directly is more appropriate than using

QDat aSt ream Q ODevi ce provides a peek() function that returns the next data bytes without moving
the device position as well as an unget - Char () function that "unreads" a byte. This works both for
random-access devices (such as files) and for sequential devices (such as network sockets). There is
also a seek() function that sets the device position, for devices that support random access.

Binary file formats provide the most versatile and most compact means of storing data, and

QDhat aSt reammakes accessing binary data easy. In addition to the examples in this section, we have
already seen the use of Qbat aStreamin Chapter 4 to read and write Spreadsheet files, and we will
see it again in Chapter 19, where we use it to read and write Windows cursor files.

Reading and Writing Text

While binary file formats are typically more compact than text-based formats, they are not human-
readable or human-editable. In cases where this is an issue, we can use text formats instead. Qt
provides the Qrext St reamclass for reading and writing plain text files and for files using other text
formats, such as HTML, XML, and source code. Handling XML files is covered separately in Chapter
15.

Qrext St r eamtakes care of converting between Unicode and the system's local encoding or any other
encoding, and transparently handles the different line-ending conventions used by different
operating systems ("\r\n" on Windows, "\n" on Unix and Mac OS X). Qrext Streamuses the 16-bit
QChar type as its fundamental unit of data. In addition to characters and strings, Qrext Stream
supports C++'s basic numeric types, which it converts to and from strings. For example, the
following code writes "Thomas M. Disch: 334\n" to the file sf-book. t xt :

QFile file("sf-book.txt");
if (Ifile.open(Q ODevice::WiteOnly)) {
cerr << "Cannot open file for witing:
<< gPrintable(file.errorString()) << endl;
return;



Qlext Stream out (&f il e);
out << "Thomas M Disch: " << 334 << endl;

Writing text is very easy, but reading text can be challenging, because textual data (unlike binary
data written using Qbat aSt r eam) is fundamentally ambiguous. Let's consider the following example:

out << "Norway" << "Sweden";

If out is a QText St ream, the data that actually gets written is the string "NorwaySweden". We can't
really expect the following code to read back the data correctly:

in >> strl >> str2;

In fact, what happens is that str1 gets the whole word "NorwaySweden", and str2 gets nothing.
This problem doesn't occur with Qbat aSt reambecause it stores the length of each string in front of
the character data.

For complex file formats, a full-blown parser might be required. Such a parser might work by
reading the data character-by-character using >> on a QChar, or line by line using

Qrext St ream : readLi ne() . At the end of this section, we present two small examples, one that reads
an input file line by line, and another that reads it character by character. For parsers that work on
an entire text, we could read the complete file in one go using Qrext Stream : readAl | () if we are not
concerned about memory usage, or if we know the file will be small.

By default, Qrext St reamuses the system's local encoding (for example, ISO 8859-1 or ISO 8859-15
in America and much of Europe) for reading and writing. This can be changed using set Codec() as
follows:

st ream set Codec(" UTF-8");

The UTF-8 encoding used in the example is a popular ASCII-compatible encoding that can represent
the entire Unicode character set. For more information about Unicode and QrText St reanls support for
encodings, see Chapter 17 (Inter-nationalization).

Qrext St reamhas various options modeled after those offered by <i ostreanr. These can be set by
passing special objects, called stream manipulators, on the stream to alter its state. The following
example sets the showbase, upper - casedi gi ts, and hex options before it outputs the integer
12345678, producing the text "OxBC614E":

out << showbase << uppercasedigits << hex << 12345678;

Options can also be set using member functions:

out . set Nunber Fl ags( QText St r eam : ShowBase

| QText Stream : UppercaseDigits);
out . set | nt eger Base(16) ;
out << 12345678;



Figure 12.1. Functions to set Qrext Streanis options
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setIntegerBase (int)
] Auto-detect based on prefix (when reading)
2 Binary
8 Ochal

10 Decimal

16 Hexadecimal

setNumberF lags (NumberFlags)

ShowBase Show a prefix if the base is 2 ("0b"), 8 ("0"), or 16 ("0x")
ForceSign Always show the sign in real numbers

ForcePoint Always put the decimal separator in numbers
UppercaseBase Use uppercase versions of base prefixes ("0X", "0B")
Uppercaseligits Use uppercase letters in hexadecimal numbers

setRealNumberNotation (RealNumberNotation)

FixedNotation Fixed-point notation {e.g., "0.0001237)
ScientificNotation Scientific notation (e.g., “1.234568e-04")
SmartNotation Fixed-point or scientific notation, whichever is most compact

sethealNumberPrecision(int)
Sets the maximum number of digits that should be generated (6 by default)

setFieldWidth(int)
Sets the minimum size of a field (0 by default)

setFieldAlignment (FieldAlignment)

AlignLeft Pad on the right side of the field
AlignRight Pad on the left side of the field
AlignCenter Pad on both sides of the field
AlignAccountingStyle | Pad between the sign and the number

setPadChar (QChar)
Sets the character used for padding fields (space by default)

Like QDat aSt r eam, QText St reamoperates on a Q ODevi ce subclass, which can bea GFile, a
QrenporaryFile, a QBuffer, a QProcess, a QTcpSocket , or @ QudpSocket . In addition, it can be used
directly on a Qstring. For example:

QString str;
Qlext Stream(&str) << oct << 31 << " " << dec << 25 << endl;

This makes the contents of str "37 25\ n", since the decimal number 31 is expressed as 37 in octal.
In this case, we don't need to set an encoding on the stream, since Qstri ng is always Unicode.

Let's look at a simple example of a text-based file format. In the Spreadsheet application described
in Part I, we used a binary format for storing Spreadsheet data. The data consisted of a sequence of
(row, column, formula) triples, one for every non-empty cell. Writing the data as text is
straightforward; here is an extract from a revised version of Spreadsheet::witeFile():



Qrext Stream out (&fil e);
for (int row = 0; row < RowCount; ++row) {
for (int colum = 0; columm < Col umCount; ++colum) {
QString str = formul a(row, colum);
if (!str.isEmpty())
out << row << " " << colum << " " << str << endl;

We have used a simple format, with each line representing one cell and with spaces between the
row and the column and between the column and the formula. The formula can contain spaces, but
we can assume that it contains no "\n' (which we use to terminate lines). Now let's look at the
corresponding reading code:

Qlext Streamin(&ile);
while (!in.atEnd()) {
QString line = in.readLine();
QStringList fields = line.split('" ");
if (fields.size() >= 3) {
int row = fields.takeFirst().tolnt();
int colum = fields.takeFirst().tolnt();
set Formul a(row, colum, fields.join(" "));

We read in the Spreadsheet data one line at a time. The readLi ne() function removes the trailing
\n'. @string::split() returns a string list, having split its string wherever the separator it is given
appears. For example, the line "5 19 Total value" results in the four-item list ["5", "19", "Total",
"value"].

If we have at least three fields, we are ready to extract the data. The QStringList::takeFirst()
function removes the first item in a list and returns the removed item. We use it to extract the row
and column numbers. We don't perform any error checking; if we read a non-integer row or column
value, @string::tolnt() will return 0. When we call set Fornul a() , we must concatenate the
remaining fields back into a single string.

In our second Qrext St reamexample, we will use a character by character approach to implement a
program that reads in a text file and outputs the same text but with trailing spaces removed from
lines and all tabs replaced by spaces. The program's work is done by the ti dyFil e() function:

void tidyFile(Q ODevice *inDevice, Q ODevice *outDevice)
{

Qrext Stream i n(i nDevi ce) ;

Qrext St ream out (out Devi ce) ;

const int TabSize = 8;

int endl Count = O;

int spaceCount = 0;

int colum = O;

QChar ch;

while (lin.atEnd()) {
in >> ch;
if (ch =="\n") {

++end| Count ;
spaceCount = O;
colum = 0;
} else if (ch =="\t") {
int size = TabSize - (colum % TabSi ze);
spaceCount += si ze;



colum += size
} elseif (ch ==""){
++spaceCount ;
++col um;
} else {
whil e (endl Count > 0) {
out << endl;

--endl Count ;
colum = 0;
}
whi |l e (spaceCount > 0) {
out << ' ';
- - spaceCount;
++col um;
}
out << ch;
++col um;

}
}

out << endl;

We create an input and an output Qrext Streambased on the Q ODevi ces that are passed to the
function. We maintain three elements of state: one counting newlines, one counting spaces, and one
marking the current column position in the current line (for converting the tabs to the correct
number of spaces).

The parsing is done in a whi | e loop that iterates over every character in the input file, one at a time.
The code is a bit subtle in places. For example, although we set TabSi ze to 8, we replace tabs with
precisely enough spaces to pad to the next tab boundary, rather than crudely replacing each tab
with eight spaces. If we get a newline, tab, or space, we simply update the state data. Only when
we get another kind of character do we produce any output, and before writing the character we
write any pending newlines and spaces (to respect blank lines and to preserve indentation) and
update the state.

int main()

{
QFile inFile;
QFile outFile;
inFile.open(stdin, QFile::ReadOnly);
out Fil e. open(stdout, QrFile::WiteOnly);
tidyFile(& nFile, &utFile);
return O;

For this example, we don't need a QAppl i cati on object, because we are only using Qt's tool classes.
See http://doc.trolltech.com/4.1/tools.html for the list of all tool classes. We have assumed that the
program is used as a filter, for example:

tidy < cool.cpp > cooler.cpp
It would be easy to extend it to be able to handle file names given on the command line if they are
given, and to filter ci n to cout otherwise.

Since this is a console application, it has a slightly different . pro file from those we have seen for
GUI applications:



TEMPLATE = app

Qr = core

CONFI G += consol e
CONFI G -= app_bundl e
SOURCES = tidy.cpp

We only link against QtCore since we don't use any GUI functionality. Then we specify that we want
to enable console output on Windows and that we don't want the application to live in a bundle on
Mac OS X.

For reading and writing plain ASCII files or ISO 8859-1 (Latin-1) files, it is possible to use

Q Obevi ce's API directly instead of using a Qrext St ream It is rarely wise to do this since most
applications need support for other encodings at some point or other, and only Qrext St ream provides
seamless support for these. If you still want to write text directly to a Q Obevi ce, you must explicitly
specify the Q ObDevi ce: : Text flag to the open() function, for example:

file.open(Q ODevice::WiteOnly | Q ODevice:: Text);

When writing, this flag tells Q ODevi ce to convert '\n' characters into "\r\n" sequences on Windows.
When reading, this flag tells the device to ignore '\r' characters on all platforms. We can then
assume that the end of each line is signified with a '\n' newline character regardless of the line-
ending convention used by the operating system.

Traversing Directories

The QDi r class provides a platform-independent means of traversing directories and retrieving
information about files. To see how Qbi r is used, we will write a small console application that
calculates the space consumed by all the images in a particular directory and all its subdirectories to
any depth.

The heart of the application is the i mageSpace() function, which recursively computes the cumulative
size of a given directory's images:

gl ongl ong i nageSpace(const QString &path)

{
Qir dir(path);
gl ongl ong size = 0;
StringList filters;
foreach (ByteArray format, Q mageReader:: supportedl mageFor mat s())
filters += "*." + format;
foreach (Qstring file, dir.entryList(filters, QDir::Files))
size += QFilelnfo(dir, file).size();
foreach (QString subDir, dir.entryList(QDir::Dirs
| QDir:: NoDot AndDot Dot ) )
size += imageSpace(path + QDir::separator() + subDir);
return size;
}

We begin by creating a Qbi r object using the given path, which may be relative to the current
directory or absolute. We pass the entryLi st () function two arguments. The first is a list of file
name filters. These can contain "*' and '?' wildcard characters. In this example, we are filtering to
include only file formats that Q mage can read. The second argument specifies what kind of entries
we want (normal files, directories, drives, etc.).



We iterate over the list of files, accumulating their sizes. The QFi | el nf o class allows us to access a
file's attributes, such as the file's size, permissions, owner, and timestamps.

The second entryLi st () call retrieves all the subdirectories in this directory. We iterate over them
(excluding . and .. ) and recursively call i rageSpace() to ascertain their accumulated image sizes.

To create each subdirectory's path, we combine the current directory's path with the subdirectory
name, separating them with a slash. Qbir treats '/' as a directory separator on all platforms, in

addition to recognizing '\' on Windows. When presenting paths to the user, we can call the static
function QDi r:: convert Separat ors() to convert slashes to the correct platform-specific separator.

Let's add a mai n() function to our small program:

int main(int argc, char *argv[])

{
QCor eAppl i cation app(argc, argv);
QStringList args = app.argunents();
QString path = QDir::currentPath();
if (args.count() > 1)
path = args[1];
cout << "Space used by images in " << gPrintabl e(path)
<< " and its subdirectories is " << (imageSpace(path) / 1024)
<< " KB" << endl;
return O;
}

We use QDir: : current Pat h() to initialize the path to the current directory. Alternatively, we could
have used QDir:: horrePat h() to initialize it to the user's home directory. If the user has specified a
path on the command line, we use that instead. Finally, we call our i mageSpace() function to
calculate how much space is consumed by images.

The Qi r class provides other file- and directory-related functions, including entryl nfoLi st () (which
returns a list of QFi |l el nf o objects), rename(), exists(), nkdir(), and rmdir(). The QFil e class
provides some static convenience functions, including renove() and exi sts().

Embedding Resources

So far in this chapter we have talked about accessing data in external devices, but with Qt it is also

possible to embed binary data or text inside the application's executable. This is achieved using Qt's
resource system. In other chapters, we used resource files to embed images in the executable, but

it is possible to embed any kind of file. Embedded files can be read using QFi | e just like normal files
in the file system.

Resources are converted into C++ code by rcc, Qt's resource compiler. We can tell gnake to include
special rules to run rcc by adding this line to the . pro file:

RESOURCES = nyresourcefile.qrc

The nyresourcefile. grc file is an XML file that lists the files to embed in the executable.

Let's imagine that we are writing an application that keeps contact details. For the convenience of
our users, we want to embed the international dialing codes in the executable. If the file is in the
dat af i | es directory in the application's build directory, the resource file might look like this:



<! DOCTYPE RCC><RCC version="1.0">
<gr esour ce>
<fil e>datafil es/ phone-codes.dat</file>
</ gresource>
</ RCC>

From the application, resources are identified by the :/ path prefix. In this example, the dialing
codes file has the path :/dat afi | es/ phone-codes. dat and can be read just like any other file using

QFile.

Embedding data in the executable has the advantage that it cannot get lost and makes it possible to
create truly stand-alone executables (if static linking is also used). Two disadvantages are that if the
embedded data needs changing the whole executable must be replaced, and the size of the
executable will be larger because it must accommodate the embedded data.

Qt's resource system provides more features than we presented in this example, including support
for file name aliases and for localization. These facilities are documented at
http://doc.trolltech.com/4.1/resources.html.

Inter-Process Communication

The QProcess class allows us to run external programs and to interact with them. The class works
asynchronously, doing its work in the background so that the user interface remains responsive.
QProcess emits signals to notify us when the external process has data or has finished.

We will review the code of a small application that provides a user interface for an external image

conversion program. For this example, we rely on the ImageMagick convert program, which is freely
available for all major platforms.

Figure 12.2. The Image Converter application

aamna Image Converter

Source File: fUsers/Anya/Picture 1.gif [ Browse )

| Target Format:  PNG s

_Options

E Enhance | Monochrome

File /Users/Anya/Picture 1.png created

The user interface was created in Qt Designer. The . ui file is on the CD that accompanies this
book. Here, we will focus on the subclass that inherits from the ui c-generated Ui : : Convert Di al og



class, starting with the header:

#i f ndef CONVERTDI ALOG H

#defi ne CONVERTDI ALOG_H

#i ncl ude <Qi al og>

#i ncl ude <QProcess>

#i ncl ude "ui _convertdi al og. h"

class ConvertDialog : public QDialog, public U::ConvertDi al og

Q _OBJECT
public:
Convert Di al og( QN dget *parent = 0);
private slots:
voi d on_browseButton_clicked();
voi d on_convertButton_clicked();
voi d updat eQut put Text Edit () ;
voi d processFini shed(int exitCode, QProcess::ExitStatus exitStatus);
voi d processError(QProcess:: ProcessError error);
private:
QProcess process;
String targetFile;
¥
#endi f

The header follows the familiar pattern for subclasses of Qt Designer forms. Thanks to Qt
Designer's automatic connection mechanism (p. 28), the on_browseButton_clicked() and
on_convertButton_clicked() slots are automatically connected to the Browse and Convert buttons'
clicked() signals.

Convert Di al og: : Convert Di al og( QN dget *parent)
Qi al og( parent)

{
setupUi (this);
connect (&process, Sl GNAL(readyReadStandardError()),
this, SLOT(updateQutputTextEdit()));
connect (&process, SIGNAL(finished(int, QProcess::ExitStatus)),
this, SLOT(processFinished(int, QProcess::ExitStatus)));
connect (&process, SIGNAL(error(QProcess::ProcessError)),
this, SLOT(processError(QProcess::ProcessError)));
}

The set upUi () call creates and lays out all the form's widgets, establishes the signalslot connections
for the on_obj ect Narme_si gnal Narme() slots, and connects the Quit button to Qbi al og: : accept () . After
that, we manually connect three signals from the QProcess object to three private slots. Whenever
the external process has data on its cerr, we will handle it in updat eCQut put Text Edi t () .

voi d ConvertDi al og: : on_browseButton_clicked()
{
QString initial Nane = sourceFil eEdit->text();
if (initialName.isEnpty())
initial Name = QDir::honePath();
QString fil eNane =
QFi | eDi al og: : get OpenFi | eNane(this, tr("Choose File"),
initial Nanme) ;
fileName = QDir::convertSeparators(fileNane);
if (!'fileNanme.iskEnpty()) {
sour ceFi | eEdi t - >set Text (fil eNane) ;
convert Button->set Enabl ed(true);



The Browse button's cl i cked() signal is automatically connected to the on_browseButton_clicked()
slot by set upUi (). If the user has previously selected a file, we initialize the file dialog with that file's
name; otherwise, we use the user's home directory.

voi d ConvertDial og::on_convertButton_clicked()

{

QString sourceFile = sourceFil eEdit->text();
targetFile = QFilelnfo(sourceFile).path() + QDir::separator()
+ QFilelnfo(sourceFile).baseNane() + "."
+ tar get For nat ConboBox- >current Text ().toLower();
convert Button->set Enabl ed(fal se);
out put Text Edi t - >cl ear () ;
QStringlLi st args;
i f (enhanceCheckBox->i sChecked())
args << "-enhance";
i f (nonochr oneCheckBox- >i sChecked())
args << "-nonochrone";
args << sourceFile << targetFile;
process.start("convert", args);

When the user clicks the Convert button, we copy the source file's name and change the extension
to match the target file format. We use the platform-specific directory separator (‘/' or '\', available
as QDir::separator()) instead of hard-coding slashes because the file name will be visible to the
user.

We then disable the Convert button to avoid the user accidentally launching multiple conversions,
and we clear the text edit that we use to show status information.

To initiate the external process, we call QProcess: : start () with the name of the program we want to
run (convert ) and any arguments it requires. In this case we pass the - enhance and - nonochr ome
flags if the user checked the appropriate options, followed by the source and target file names. The
convert program infers the required conversion from the file extensions.

voi d ConvertDi al og: : updat eQut put Text Edi t ()

{
Byt eArray newbData = process.readAl | StandardError();
QString text = output Text Edit->toPl ai nText ()
+ @String::fromLocal 8Bit (newDat a) ;
out put Text Edi t - >set Pl ai nText (text);
}

Whenever the external process writes to cerr, the updat eCut put Text Edi t () slot is called. We read the
error text and add it to the Qrext Edi t 's existing text.

voi d ConvertDi al og: : processFi ni shed(i nt exit Code,
QProcess: : ExitStatus exit Status)
{

if (exitStatus == QProcess::CrashExit) {
out put Text Edi t - >append(tr (" Conversi on program crashed"));
} else if (exitCode != 0) {
out put Text Edi t - >append(tr (" Conversion failed"));
} else {
out put Text Edi t - >append(tr("File % created").arg(targetFile));



}

convert Butt on- >set Enabl ed(true);

When the process has finished, we let the user know the outcome and enable the Convert button.

voi d ConvertDi al og: : processError (QProcess: : ProcessError error)

if (error == QProcess::FailedToStart) ({
out put Text Edi t - >append(tr (" Conversi on program not found"));
convert Button->set Enabl ed(true);

If the process cannot be started, QProcess emits error () instead of fini shed(). We report any error
and enable the dick button.

In this example, we have performed the file conversions asynchronouslythat is, we have told
QProcess to run the convert program and to return control to the application immediately. This keeps
the user interface responsive while the processing occurs in the background. But in some situations
we need the external process to complete before we can go any further in our application, and in
such cases we need QProcess to operate synchronously.

One common example where synchronous behavior is desirable is for applications that support plain
text editing using the user's preferred text editor. This is straightforward to implement using
QProcess. For example, let's assume that we have the plain text in a Qrext Edit, and provide an Edit
button that the user can click, connected to an edit () slot.

voi d External Editor::edit()
{
QlenporaryFil e outFile;
if (loutFile.open())
return;
QString fileNane = outFile.fileNane();
Qrext Stream out (&out Fi l e);
out << textEdit->toPlainText();
out File.close();
QProcess: :execute(editor, QStringList() << options << fileNane);
QFile inFile(fileNane);
if ('inFile.open(Q ODevice::ReadOnly))
return;
Qlext Stream i n(& nFil e);
text Edi t->setPlainText (in.readAll ());

We use Qrenpor ar yFi | e to create an empty file with a uniqgue name. We don't specify any arguments
to QrenporaryFil e: : open() since it conveniently defaults to opening in read/write mode. We write the
contents of the text edit to the temporary file, and then we close the file because some text editors
cannot work on already open files.

The QProcess: : execut e() static function runs an external process and blocks until the process has
finished. The edi tor argument is a Qstri ng holding the name of an editor executable (for example,
"gvim"). The opti ons argument is a QStri ngLi st (containing one item, "-f", if we are using gvi m).

After the user has closed the text editor, the process finishes and the execute() call returns. We
then open the temporary file and read its contents into the Qrext Edi t . QTenpor ar yFi | e automatically



deletes the temporary file when the object goes out of scope.

Signalslot connections are not needed when QProcess is used synchronously. If finer control is
required than provided by the static execut e() function, we can use an alternative approach. This
involves creating a QProcess object and calling start () on it, and then forcing it to block by calling
QProcess: :wai t For-Started(), and if that is successful, calling QProcess: : wai t For Fi ni shed() . See the
QProcess reference documentation for an example that uses this approach.

In this section, we used QProcess to give us access to preexisting functionality. Using applications
that already exist can save development time and can insulate us from the details of issues that are
of marginal interest to our main application's purpose. Another way to access preexisting
functionality is to link against a library that provides it. But where no suitable library exists,
wrapping a console application using QProcess can work well.

Another use of QProcess is to launch other GUI applications, such as a web browser or an email
client. However, if our aim is communication between applications rather than simply running one
from another, we might be better off having them communicate directly, using Qt's networking
classes or the ActiveQt extension on Windows.



Chapter 13. Databases

e Connecting and Querying
e Presenting Data in Tabular Form
e Implementing MasterDetail Forms

The QtSql module provides a platform- and database-independent interface for accessing SQL
databases. This interface is supported by a set of classes that use Qt's model/view architecture to
provide database integration with the user interface. This chapter assumes familiarity with Qt's
model/view classes, covered in Chapter 10.

A database connection is represented by a QSqgl Dat abase object. Qt uses drivers to communicate with
the various database APIs. The Qt Desktop Edition includes the following drivers:

Driver Database

QDB2 IBM DB2 version 7.1and later
QIBASE Borland InterBase

QMYSQL |MySQL

QOCI Oracle (Oracle Call Interface)

QODBC ODBC (includes Microsoft SQL Server)
QPSQL PostgreSQL versions 6.x and 7.x
QSQLITE |SQLite version 3 and later

QSQLITE2 | SQLite version 2

QTDS Sybase Adaptive Server

Due to license restrictions, not all of the drivers are provided with the Qt Open Source Edition. When
configuring Qt, we can choose between including the SQL drivers inside Qt itself and building them
as plugins. Qt is supplied with the SQLite database, a public domain in-process database.

For users who are comfortable with SQL syntax, the Qsqgl Query class provides a means of directly
executing arbitrary SQL statements and handling their results. For users who prefer a higher-level
database interface that avoids SQL syntax, Qsgl Tabl eMbdel and QSql Rel at i onal Tabl eModel provide
suitable abstractions. These classes represent an SQL table in the same way as Qt's other model
classes (covered in Chapter 10). They can be used stand-alone to traverse and edit data in code, or
they can be attached to views through which end-users can view and edit the data themselves.

Qt also makes it straightforward to program the common database idioms, such as masterdetail and
drill-down, as some of the examples in this chapter will demonstrate.

Connecting and Querying

To execute SQL queries, we must first establish a connection with a database. Typically, database
connections are set up in a separate function that we call at application startup. For example:

bool createConnection()

QSql Dat abase db = QSgl Dat abase: : addDat abase( " QWSQ.") ;



db. set Host Nane( " nozart . konkordi a. edu") ;
db. set Dat abaseNane( " nmusi cdb") ;
db. set User Name( " gbat st one") ;
db. set Password(" T17av44") ;
if (!db.open()) {
QvessageBox: :critical (0, QObject::tr("Database Error"),
db.lastError().text());
return fal se;

}

return true;

First, we call Qsgl Dat abase: : addDat abase() to create a QSql Dat abase object. The first argument to
addDat abase() specifies which database driver Qt must use to access the database. In this case, we
use MySQL.

Next, we set the database host name, the database name, the user name, and the password, and
we open the connection. If open() fails, we show an error message.

Typically, we would call creat eConnection() in main() :

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
if (!createConnection())
return 1,
ret urn app. exec();
}

Once a connection is established, we can use @Sgl Query to execute any SQL statement that the
underlying database supports. For example, here's how to execute a SELECT statement:

QSql Query query;
query. exec("SELECT title, year FROM cd WHERE year >= 1998");

After the exec() call, we can navigate through the query's result set:

while (query.next()) {
QString title = query.value(0).toString();
int year = query.value(l).tolnt();

cerr << gPrintable(title) << ": " << year << endl;

We call next () once to position the @Sql Query on the first record of the result set. Subsequent calls
to next () advance the record pointer by one record each time, until the end is reached, at which
point next () returns fal se. If the result set is empty (or if the query failed), the first call to next ()
will return f al se.

The val ue() function returns the value of a field as a Qvari ant . The fields are numbered from 0 in
the order given in the SELECT statement. The Qvari ant class can hold many C++ and Qt types,
including i nt and Qstring. The different types of data that can be stored in a database are mapped
into the corresponding C++ and Qt types and stored in Qvari ant s. For example, a VARCHAR is



represented as a Qstring and a DATETI ME as a QDat eTi ne.

QSql Query provides some other functions to navigate through the result set: first(), last(),

previ ous(), and seek() . These functions are convenient, but for some databases they can be slower
and more memory-hungry than next (). For an easy optimization when operating on large data sets,
we can call Qsql Query: : set ForwardOnl y(true) before calling exec(), and then only use next () for
navigating the result set.

Earlier we specified the SQL query as an argument to QSql Query: : exec(), but we can also pass it
directly to the constructor, which executes it immediately:

QSql Query query("SELECT title, year FROM cd WHERE year >= 1998");

We can check for an error by calling i sActive() on the query:

if (!'query.isActive())
QvessageBox: :warning(this, tr("Database Error"),
query.lastError().text());

If no error occurs, the query will become "active" and we can use next () to navigate through the
result set.

Doing an I NSERT is almost as easy as performing a SELECT:

@Sql Query query("INSERT INTO cd (id, artistid, title, year)
"VALUES (203, 102, 'Living in Anerica', 2002)");

After this, numRowsAf f ect ed() returns the number of rows that were affected by the SQL statement
(or -1 on error).

If we need to insert a lot of records, or if we want to avoid converting values to strings (and
escaping them correctly), we can use prepare() to specify a query that contains placeholders and
then bind the values we want to insert. Qt supports both the Oracle-style and the ODBC-style syntax
for placeholders for all databases, using native support where it is available and simulating it
otherwise. Here's an example that uses the Oracle-style syntax with named placeholders:

Q@&Sql Query query;

query. prepare("I NSERT INTO cd (id, artistid, title, year)
"VALUES (:id, :artistid, :title, :year)");

query. bi ndval ue(":id", 203);

query. bi ndval ue(":artistid", 102);

query. bi ndval ue(":title", "Living in America");

query. bi ndval ue(":year", 2002);

query. exec();

Here's the same example using ODBC-style positional placeholders:

Q@Sql Query query;

query. prepare("I NSERT INTO cd (id, artistid, title, year) "
"VALUES (?, 2, 2, 2)");

query. addBi ndVval ue(203);



query. addBi ndval ue(102);

query. addBi ndval ue("Living in Anerica");
query. addBi ndVval ue(2002) ;

query. exec();

After the call to exec(), we can call bi ndval ue() or addBi ndVval ue() to bind new values, then call
exec() again to execute the query with the new values.

Placeholders are often used to specify binary data or strings that contain non-ASCII or non-Latin-1
characters. Behind the scenes, Qt uses Unicode with those databases that support Unicode, and for
those that don't, Qt transparently converts strings to the appropriate encoding.

Qt supports SQL transactions on databases where they are available. To start a transaction, we call
transaction() on the QSql Dat abase object that represents the database connection. To finish the
transaction, we call either commit () or roll back(). For example, here's how we would look up a
foreign key and execute an I NSERT statement inside a transaction:

Sql Dat abase: : dat abase() . transaction();
QSql Query query;
query. exec("SELECT id FROM arti st WHERE nane = 'Q uecifer'");

if (query.next()) {
int artistld = query.value(0).tolnt();

query.exec("I NSERT INTO cd (id, artistid, title, year)
"VALUES (201, " + QString::nunber(artistld)
+ ", "Riding the Tiger', 1997)");

}
QSql Dat abase: : dat abase().commit ();

The Qsql Dat abase: : dat abase() function returns a QSql Dat abase object representing the connection we
created in creat eConnection(). If a transaction cannot be started, Qsql Dat abase: : t ransacti on()
returns fal se. Some databases don't support transactions. For those, the transaction(), comit(),
and rol | back() functions do nothing. We can test whether a database supports transactions using
hasFeat ure() on the Qsql Dri ver associated with the database:

QSql Driver *driver = QSql Dat abase: : dat abase(). driver();
if (driver->hasFeature(QSql Driver::Transactions))

Several other database features can be tested for, including whether the database supports BLOBs
(Binary Large Objects), Unicode, and prepared queries.

In the examples so far, we have assumed that the application is using a single database connection.
If we want to create multiple connections, we can pass a name as second argument to
addDat abase() . For example:

QSql Dat abase db = QSql Dat abase: : addDat abase(" QPSQL", "OTHER");
db. set Host Nanme( " sat ur n. ncrmanarny. edu") ;

db. set Dat abaseNane(" st arsdb");

db. set User Name(" hi | bert");

db. set Password("i xt apa7");

We can then retrieve a pointer to the Qsgl Dat abase object by passing the name to
QSql Dat abase: : dat abase() :



QSql Dat abase db = QSgl Dat abase: : dat abase(" OTHER") ;

To execute queries using the other connection, we pass the Qsgl Dat abase object to the Qsgl Query
constructor:

Qsql Query query(db);
query. exec("SELECT id FROM arti st WHERE nanme = ' Mando Diao'");

Multiple connections are useful if we want to perform more than one transaction at a time, since
each connection can only handle a single active transaction. When we use multiple database
connections, we can still have one unnamed connection, and Qsql Query will use that connection if
none is spec-ified.

In addition to @sgl Query, Qt provides the QSql Tabl eMbdel class as a higher-level interface, allowing us
to avoid using raw SQL for performing the most common SQL operations (SELECT, | NSERT, UPDATE,
and DELETE). The class can be used stand-alone to manipulate a database without any GUI
involvement, or it can be used as a data source for QLi st Vi ew or QTabl eVi ew.

Here's an example that uses QSgl Tabl eMbdel to perform a SELECT:

Q@Sql Tabl eMbdel nodel ;

nodel . set Tabl e("cd");

nodel . setFilter("year >= 1998");
nodel . sel ect () ;

This is equivalent to the query

SELECT * FROM cd WHERE year >= 1998

Navigating through the result set is done by retrieving a given record using
QSql Tabl eModel : : record() and by accessing individual fields using val ue() :

for (int i =0; i < nodel.rowCount(); ++i) {
QSqgl Record record = nodel .record(i);
QString title = record.value("title").toString();
int year = record.value("year").tolnt();
cerr << gPrintable(title) << ": " << year << endl;

The Qsgl Record: : val ue() function takes either a field name or a field index. When operating on large
data sets, it is recommended that fields are specified by their indexes. For example:

int titlelndex = nodel.record().indexOF("title");
int yearlndex = nodel.record().indexOf("year");
for (int i =0; i < nodel.rowCount(); ++i) {
Sqgl Record record = nodel .record(i);
QString title = record.value(titlelndex).toString();
int year = record. val ue(yearlndex).tolnt();
cerr << gPrintable(title) << ": " << year << endl;



To insert a record into a database table, we use the same approach as we would inserting into any
two-dimensional model: First, we call i nsert Row() to create a new empty row (record), and then we
use set Dat a() to set the values of each column (field).

QSql Tabl eMbdel nodel ;

nodel . set Tabl e("cd");

int row = 0;

nodel . i nsert Rows(row, 1);

nodel . set Dat a( nrodel . i ndex(row, 0), 113);

nodel . set Dat a( nodel . i ndex(row, 1), "Shanghai My Heart");
nodel . set Dat a( nodel . i ndex(row, 2), 224);

nodel . set Dat a( nodel . i ndex(row, 3), 2003);

nodel . submi t Al l ();

After the call to subnit Al l (), the record might be moved to a different row position, depending on
how the table is ordered. The subnit Al l () call will return fal se if the insertion failed.

An important difference between an SQL model and a standard model is that for an SQL model we
must call subnit All () to have any changes written to the database.

To update a record, we must first position the QSql Tabl eMbdel on the record we want to modify (for
example, using sel ect () ). We then extract the record, update the fields we want to change, and
write our changes back to the database:

@Sql Tabl eMbdel nodel ;
nodel . set Tabl e("cd");
nodel . setFilter("id = 125");
nodel . sel ect ();
if (nodel.rowCount () == 1)
gl Record record = nodel . record(0);
record. setValue("title", "Melody AM");
record. set Val ue("year", record.value("year").tolnt() + 1);
nodel . set Record(0, record);
nodel . submi t Al l ();

If there is a record that matches the specified filter, we retrieve it using Qsgl Tabl eModel : : record() .
We apply our changes and overwrite the original record with our modified record.

It is also possible to perform an update using set Dat a(), just as we would do for a non-SQL model.
The model indexes that we retrieve are for a given row and column:

nodel . sel ect () ;
if (nodel.rowCount() == 1)
nodel . set Dat a( nodel . i ndex(0, 1), "Melody AM");
nodel . set Dat a( nodel . i ndex(0, 3),
nodel . dat a( nodel . i ndex(0, 3)).tolnt() + 1);
nodel . subm t Al l ();

Deleting a record is similar to updating:



nodel . set Tabl e("cd");

nodel . setFilter("id = 125");

nmodel . sel ect () ;

if (model.rowCount() == 1) {
nodel . renoveRows (0, 1);
nodel . submi t ALl ();

The renoveRows() call takes the row number of the first record to delete and the number of records
to delete. The next example deletes all the records that match the filter:

nodel . set Tabl e("cd");

nodel . setFilter("year < 1990");

nodel . sel ect () ;

if (nmodel.rowCount() > 0) {
nodel . renoveRows (0, nodel . rowCount ());
nodel . submi t ALl ();

The Qsgl Query and Qsgl Tabl eMbdel classes provide an interface between Qt and an SQL database.
Using these classes, we can create forms that present data to users and that let them insert,
update, and delete records.

Presenting Data in Tabular Form

In many cases, it is simplest to present users with a tabular view of a data set. In this section and
the following section, we present a simple CD Collection application that uses Qsgl Tabl eMbdel and its
subclass Qsqgl Rel at i onal Tabl eMbdel to let users view and interact with data stored in a database.

The main form shows a masterdetail view of CDs and the tracks on the currently selected CD, as
shown in Figure 13.1.

Figure 13.1. The CD Collection application
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The application uses three tables, defined as follows:

CREATE TABLE artist (
i d | NTEGER PRI MARY KEY,
name VARCHAR(40) NOT NULL,
country VARCHAR(40));
CREATE TABLE cd (
i d | NTEGER PRI MARY KEY,
title VARCHAR(40) NOT NULL,
artistid | NTEGER NOT NULL,
year | NTEGER NOT NULL,
FOREI GN KEY (artistid) REFERENCES artist);
CREATE TABLE track (
i d | NTEGER PRI MARY KEY,
title VARCHAR(40) NOT NULL,
duration | NTEGER NOT NULL,
cdid | NTEGER NOT NULL,
FOREI GN KEY (cdi d) REFERENCES cd);

Some databases don't support foreign keys. For those, we must remove the FOREI GN KEY clauses.
The example will still work, but the database will not enforce referential integrity.

Figure 13.2. The CD Collection application's tables
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In this section, we will write a dialog that allows the user to edit a list of artists using a simple
tabular form. The user can insert or delete artists using the form's buttons. Updates can be applied
directly, simply by editing cell text. Changes are applied to the database when the user presses
Enter or navigates to another record.

Figure 13.3. The Arti st For mdialog

M Edit Artists
MName Country
1 | Gluecifer Nonway
2 | The Sounds Sweden
3 Melvins LSA

4 | Strapping Young Lads | Canada

| add || Delete | | Close

Here's the class definition for the Arti st For mdialog:

class ArtistForm: public QD al og

Q _OBJECT
public:

ArtistForn{const QString &ane, QN dget *parent = 0);
private slots:

voi d addArtist();

voi d del eteArtist();

voi d beforelnsertArtist(QSgl Record &record);

private:
enum {
Artist Id = 0,
Artist_Name 1

Artist_Country = 2
1
QSql Tabl eModel *nodel ;
Qrabl eVi ew *t abl eVi ew,
QPushButt on *addButt on;
QPushButton *del et eButton;
QPushButton *cl oseButton;



The constructor is very similar to one that would be used to create a form based on a non-SQL
model:

ArtistForm: ArtistForn{const QString &ane, QN dget *parent)
Qi al og( parent)
{

nodel = new QSql Tabl eModel (this);
nodel - >set Tabl e("artist");
nodel - >set Sort (Artist_Nanme, Q::Ascendi ngOrder);
nodel - >set Header Dat a(Arti st _Nane, Q::Horizontal, tr("Name"));
nodel - >set Header Dat a(Arti st _Country, Q::Horizontal, tr("Country"));
nodel - >sel ect () ;
connect (nodel , SI GNAL( bef orel nsert (QSql Record &)),
this, SLOT(beforelnsertArtist(QSql Record &)));
tabl eVi ew = new QTabl eVi ew,
t abl eVi ew >set Model (nodel ) ;
t abl eVi ew >set Col unmHi dden(Artist_Id, true);
t abl eVi ew- >set Sel ecti onBehavi or (QAbstract |t enVi ew. : Sel ect Rows) ;
t abl eVi ew >r esi zeCol utmsToCont ent s() ;
for (int row = 0; row < nodel ->rowCount (); ++row) {
QSqgl Record record = nodel ->record(row);
if (record.value(Artist_Nane).toString() == nane) {
t abl eVi ew- >sel ect Row( r ow) ;
br eak;

We begin the constructor by creating a Qsgl Tabl eModel . We pass t hi s as parent to give ownership to
the form. We have chosen to sort by column 1 (specified by the constant Arti st_Nane), which
corresponds to the nane field. If we did not specify column headers, the field names would be used.
We prefer to name them ourselves to ensure that they are properly capitalized and internationalized.

Next, we create a Qrabl eVi ew to visualize the model. We hide the i d field and set the column widths
to accommodate their text without needing to show ellipses.

The Arti st For mconstructor takes the name of the artist that should be selected when the dialog

pops up. We iterate through the arti st table's records and select the specified artist. The rest of the
constructor's code is used to create and connect the buttons and to lay out the child widgets.

void ArtistForm:addArtist()

{
int row = nodel - >rowCount () ;
nodel - >i nsert Row(row) ;
Q\Vbdel I ndex i ndex = nodel ->i ndex(row, Artist_Nane);
t abl eVi ew- >set Current | ndex(i ndex) ;
t abl eVi ew->edi t (i ndex);
}

To add a new artist, we insert a single blank row at the bottom of the Qrabl e- Vi ew. Now the user can
enter a new artist's name and country. If the user confirms the insertion by pressing Enter, the
bef orel nsert () signal is emitted and then the new record is inserted into the database.

void ArtistForm :beforelnsertArtist(QSql Record &record)
{

record. setVal ue("id", generateld("artist"));



In the constructor, we connected the model's beforel nsert () signal to this slot. We are passed a
non-const reference to the record just before it is inserted into the database. At this point, we
populate its i d field.

Since we will need generatel d() a few times, we define it inline in a header file and include it each
time we need it. Here's a quick (and inefficient) way of implementing it:

inline int generateld(const QString &t able)

{
QSql Query query;
query. exec(" SELECT MAX(id) FROM" + table);
int id = 0;
if (query.next())
id = query.value(0).tolnt() + 1;
return id,
}

The generatel d() function can only be guaranteed to work correctly if it is executed within the
context of the same transaction as the corresponding I NSERT statement. Some databases support
auto-generated fields, and it is usually far better to use the database-specific support for this
operation.

The last possibility the Arti st For mdialog offers is deletion. Rather than performing cascading
deletions (covered shortly), we have chosen to only permit deletions of artists who have no CDs in
the collection.

void ArtistForm:deleteArtist()

{
t abl eVi ew >set Focus() ;
Qvbdel I ndex index = tableView >currentlndex();
if (lindex.isValid())
return;
QSql Record record = nodel ->record(i ndex.row));
QSql Tabl eMbdel cdModel ;
cdMbdel . set Tabl e("cd");
cdModel .setFilter("artistid =" + record.value("id").toString());
cdMbdel . sel ect () ;
i f (cdModel . rowCount () == 0) {
nodel - >r enoveRow( t abl eVi ew >current | ndex().row());
} else {
QvessageBox: :information(this,
tr("Delete Artist"),
tr("Cannot delete % because there are CDs associated "
"wWith this artist in the collection.")
.arg(record. val ue("nanme").toString()));
}
}

If there is a record selected, we check to see if the artist has any CDs, and if they don't, we delete
them immediately. Otherwise, we pop up a message box explaining why the deletion was not
performed. Strictly speaking, we should have used a transaction, because as the code stands, it is
possible for a CD to have its artist set to the one we are deleting in-between the cdModel . sel ect ()
and nodel - >renoveRow() calls. We will show a transaction in the next section.



Implementing MasterDetail Forms

We will now review the main form which takes a masterdetail approach. The master view is a list of
CDs. The detail view is a list of tracks for the current CD. This form is the main window of the CD
Collection application as shown in Figure 13.1 (p. 300).

class MainForm : public QW dget

Q _OBJECT
public:

Mai nFor n() ;
private slots:

voi d addCd();

voi d del eteCd();

voi d addTrack();

voi d del eteTrack();

void editArtists();

voi d current CdChanged(const Qvbdel | ndex & ndex);
voi d beforel nsertCd(QSgl Record &record);

voi d beforelnsertTrack(QSql Record & ecord);

voi d refreshTrackVi ewHeader () ;

private:

enum {
Cd_Id =0,
Cd Title = 1,
Cd_Artistld = 2,
Cd_Year = 3

}s

enum {
Track _Id = 0,
Track _Title = 1,
Track_Duration = 2,
Track _Cdld = 3

}s

Sql Rel ati onal Tabl eModel *cdModel ;
Q@Sql Tabl eMbdel *trackModel ;

Qrabl eVi ew *cdTabl eVi ew;

Qrabl eVi ew *trackTabl eVi ew,
QPushBut t on *addCdBut t on;
QPushButton *del et eCdButt on;
QPushBut t on *addTrackButt on;
QPushButton *del et eTrackButton;
QPushButton *editArtistsButton;
QPushButton *quitButton;

We use a Qsgl Rel at i onal Tabl eModel for the cd table rather than a plain Qsql Tabl eMbdel because we
need to handle foreign keys. We will now review each function in turn, beginning with the
constructor, which we will look at in sections because it is quite long.

Mai nFor m : Mai nFor m()
{
cdvbdel = new QSql Rel ati onal Tabl eMbdel (t his);
cdModel - >set Tabl e("cd");
cdMvbdel - >set Rel ation(Cd_Artistld,
gl Rel ation("artist”, "id", "nane"));
cdModel ->set Sort (Cd_Title, Q::Ascendi ngOrder);
cdModel - >set HeaderData(Cd_Title, Q::Horizontal, tr("Title"));



cdMbdel - >set Header Dat a(Cd_Artistld, Q::Horizontal, tr("Artist"));
cdModel - >set Header Dat a(Cd_Year, Q::Horizontal, tr("Year"));
cdModel - >sel ect () ;

The constructor begins by setting up the Qsgl Rel ati onal Tabl eModel that handles the cd table. The
setRel ation() call tells the model that its artistid field (whose field index is held by Cd_Artist1d)
holds the i d foreign key from the arti st table, and that it should display the corresponding nane
field's contents instead of IDs. If the user chooses to edit this field (for example, by pressing F2),
the model will automatically present a combobox with the names of all the artists, and if the user
chooses a different artist, will update the cd table.

cdTabl eVi ew = new QTabl eVi ew,

cdTabl eVi ew >set Mbdel (cdMbdel ) ;

cdTabl eVi ew >set | t enDel egat e( new QSql Rel ati onal Del egate(this));
cdTabl eVi ew >set Sel ect i onMode( QAbstract |t enVi ew: : Si ngl eSel ection);
cdTabl eVi ew >set Sel ect i onBehavi or (QAbstract|tenVi ew. : Sel ect Rows) ;
cdTabl eVi ew >set Col umHi dden(Cd_I d, true);

cdTabl eVi ew >r esi zeCol uimsToCont ent s() ;

Setting up the view for the cd table is again similar to what we have already seen. The only
significant difference is that instead of using the view's default delegate we use
QSql Rel ati onal Del egat e. It is this delegate that does the foreign key handling.

trackMbdel = new QSgl Tabl eModel (this);
trackModel - >set Tabl e("track");
trackModel - >set Header Dat a( Track_Title, Q::Horizontal, tr("Title"));
trackModel - >set Header Dat a( Track_Durati on, Q::Horizontal,
tr("Duration"));
trackTabl eVi ew = new QTabl eVi ew;
trackTabl eVi ew >set Model (trackModel ) ;
trackTabl eVi ew >set | t enDel egat e(
new TrackDel egat e( Track_Duration, this));
trackTabl eVi ew >set Sel ect i onMbde(
QAbstract I tenVi ew. : Si ngl eSel ecti on);
trackTabl eVi ew >set Sel ecti onBehavi or (QAbstract|tenVi ew. : Sel ect Rows) ;

For tracks, we are only going to show their names and durations, so a QSqgl Tabl eMbdel is sufficient.
(The i d and cdi d field's are hidden in the current Cd- Changed() slot shown later.) The only notable
aspect of this part of the code is that we use the trackDel egat e developed in Chapter 10 to show
track times as "minutes:seconds" and to allow them to be edited using a suitable QTi neEdi t .

The creation, connecting, and laying out of the views and buttons holds no surprises, so the only
other part of the constructor that we will show are a few non-obvious connections.

connect (cdTabl eVi ew- >sel ecti onModel (),
SI GNAL( cur r ent RowChanged( const QVodel | ndex &,
const QWodel | ndex &)),
this, SLOT(current CdChanged(const Qvbdel I ndex &)));
connect (cdvbdel , SI GNAL(beforel nsert(QSql Record &)),
this, SLOT(beforelnsertCd(QSql Record &)));
connect (trackModel , SI GNAL(beforelnsert(QSgl Record &)),
this, SLOT(beforelnsertTrack(@Sql Record &)));
connect (trackModel , SI GNAL(rowsl nserted(const Qvbdel I ndex & int,
int)),
this, SLOT(refreshTrackVi ewHeader()));



The first connection is unusual since instead of connecting a widget, we connect to a selection
model. The Q tenSel ecti onMbdel class is used to keep track of selections in views. By being
connected to the table view's selection model, our current CdChanged() slot will be called whenever
the user navigates from one record to another.

voi d Mai nForm : current CdChanged(const QVodel | ndex & ndex)

{
if (index.isValid()) {
QSqgl Record record = cdModel ->record(i ndex.row));
int id = record.value("id").tolnt();
trackModel ->setFilter(QString("cdid = %4").arg(id));
} else {
trackMbdel ->setFilter("cdid = -1");
}
trackModel - >sel ect () ;
refreshTrackVi ewHeader () ;
}

This slot is called whenever the current CD changes. This occurs when the user navigates to another
CD (by clicking or by using the Up and Down keys). If the CD is invalid (for example, if there are no
CDs or a new one is being inserted, or the current one has just been deleted), we set the TRack
table's cdi d to -1 (an invalid ID that we know will match no records).

Then, having set the filter, we select the matching track records. The refresh- TrackVi ewHeader ()
function will be explained in a moment.

voi d Mai nForm : addCd()
{

int row = 0;
if (cdTabl eVi ew->currentl|ndex().isValid())
row = cdTabl eVi ew->current | ndex().row);
cdMbdel - >i nsert Row( r ow) ;
cdMbdel - >set Dat a( cdModel - >i ndex(row, Cd_Year),
QDate: :currentDate().year());

Qvbdel I ndex i ndex = cdMWbdel ->i ndex(row, Cd_Title);
cdTabl eVi ew >set Current | ndex(i ndex) ;
cdTabl eVi ew >edi t (i ndex) ;

When the user clicks the Add CD button, a new blank row is inserted in the cdTabl eVi ew and we
enter edit mode. We also set a default value for the year field. At this point, the user can edit the
record, filling in the blank fields and selecting an artist from the artist combobox that is
automatically provided by the Q@Sgl Rel ati onal Tabl eMbdel because of the set Rel ation() call, and edit
the year if the default was not appropriate. If the user confirms the insertion by pressing Enter, the
record is inserted. The user can cancel by pressing Esc.

voi d Mai nForm : beforel nsert Cd( QSql Record &record)
{

}

record. setVal ue("id", generateld("cd"));

This slot is called when the cdvbdel emits its beforel nsert () signal. We use it to populate the i d field



just as we did for inserting new artists, and the same caveat applies: It should be done within the
scope of a transaction, and ideally the database-specific means of creating IDs (for example, auto-
generated IDs) should be used instead.

voi d Mai nForm : del et eCd()

{
QWbdel I ndex i ndex = cdTabl eVi ew->current | ndex();
if (!'index.isValid())
return;
QSql Dat abase db = QSgl Dat abase: : dat abase() ;
db. transaction();
@Sql Record record = cdModel ->record(i ndex.row());
int id = record.value(Cd_ld).tolnt();
int tracks = 0;
QSql Query query;
query. exec(QString("SELECT COUNT(*) FROM track WHERE cdid = %d")
carg(id));
if (query.next())
tracks = query.value(0).tolnt();
if (tracks > 0) {
int r = QwessageBox: :question(this, tr("Delete CD"),
tr("Delete \"9%\" and all its tracks?")
.arg(record.value(Cd_Artistld).toString()),
QVvessageBox: : Yes | QVessageBox: : Defaul t,
QvessageBox:: No | QWessageBox: : Escape);
if (r == QWessageBox::No) {
db. rol | back();
return;
}
query. exec(QString("DELETE FROM track WHERE cdid = %")
.arg(id));
}
cdMbdel - >renoveRow( i ndex.row());
cdMbdel - >submi t Al l ();
db. commit ();
current CdChanged( Qvbdel | ndex());
}

If the user clicks the Delete CD button, this slot is called. If there is a current CD we find out how
many tracks it has. If there are no tracks we simply delete the CD's record. If there is at least one
track we ask the user to confirm the deletion, and if they click Yes, we delete all the track records,
and then the CD's record. All this is done within the scope of a transaction, so the cascade deletion
will either fail as a whole or succeed as a wholeassuming that the underlying database supports
transactions.

Handling the track data is very similar to handling CD data. Updates can be performed simply by the
user editing cells. In the case of track durations, our TRackDel egat e ensures that times are shown in
a nice format and are easily edited using a Qri meEdi t .

voi d Mai nForm : addTr ack()
{
if (!cdTabl eView>currentlndex().isValid())
return;
int row = 0;
if (trackTabl eVi ew->currentlndex().isValid())
row = trackTabl eVi ew->current | ndex().row);
trackModel - >i nsert Row( r ow) ;
QWbdel I ndex i ndex = trackModel ->i ndex(row, Track _Title);
trackTabl eVi ew >set Current | ndex(i ndex) ;
trackTabl eVi ew >edi t (i ndex);



This works in the same way as addcd(), with a new blank row being inserted into the view.

voi d Mai nForm : beforel nsert Track( @Sql Record &record)

QSql Record cdRecord = cdModel - >record(cdTabl eVi ew >current | ndex()
.row());

record. setVal ue("id", generateld("track"));
record. set Val ue("cdi d", cdRecord.value(Cd_Ild).tolnt());

If the user confirms the insertion initiated by addTrack(), this function is called to populate the i d
and cdi d fields. The caveats mentioned earlier still apply of course.

voi d Mai nForm : del et eTrack()

{
trackModel - >r enbveRow(t rackTabl eVi ew- >current | ndex().row());
i f (trackModel ->rowCount () == 0)
trackTabl eVi ew >hori zont al Header () - >set Vi si bl e(f al se);
}

If the user clicks the Delete Track button, we delete the track without formality. It would be easy to
use a Yes/No message box if we preferred deletions to be confirmed.

voi d Mai nForm : refreshTrackVi ewHeader ()

{
trackTabl eVi ew >hori zont al Header () - >set Vi si bl e(
trackModel - >rowCount () > 0);
trackTabl eVi ew >set Col umHi dden(Track_Id, true);
trackTabl eVi ew >set Col umHi dden( Track_Cdl d, true);
trackTabl eVi ew >resi zeCol utmsToCont ent s() ;
}

The refreshTrackVi enHeader () slot is invoked from various places to ensure that the horizontal
header of the track view is shown if and only if there are tracks to show. It also hides the i d and
cdi d fields and resizes the visible table columns based on the current contents of the table.

void MainForm :editArtists()

{
@Sql Record record = cdMWbdel - >record(cdTabl eVi ew >current | ndex()
.row());
ArtistFormartistForn(record.value(Cd_Artistld).toString(), this);
arti st Form exec();
cdModel - >sel ect () ;
}

This slot is called if the user clicks the Edit Artists button. It provides drill-down on the current CD's
artist, invoking the Arti st Formcovered in the previous section and selecting the appropriate artist. If
there is no current record, a safe empty record is returned by record(), and this will harmlessly not
match (and therefore not select) any artist in the artists form. What actually happens is that when
we call record. val ue(Cd_Artistld), because we are using a Qsql Rel at i onal Tabl eMbdel that maps
artist IDs to artist names, the value that is returned is the artist's name (which will be an empty



string if the record is empty). At the end, we get the cdwbdel to re-select its data, which causes the
cdTabl eVi ew to refresh its visible cells. This is done to ensure that the artist names are shown
correctly since some could have been changed by the user in the Arti st For mdialog.

For projects that use the SQL classes, we must add the line

Qr += sql

to the . pro files; this will ensure that the application is linked against the QtSql/ library.

This chapter has shown that Qt's model/view classes make viewing and editing data in SQL
databases as easy as possible. In cases where foreign keys refer to tables with lots of records (say,
thousands or more), it is probably best to create our own delegate and use it to present a "list of
values" form with a search capability rather than relying on Qsgl Rel ati onal Tabl eModel 's default
comboboxes. And in situations where we want to present records using a form view, we must handle
this ourselves: by using a Qsgl Query or QSqgl Tabl eModel to handle the database interaction, and
mapping the contents of the user interface widgets we want to use for presenting and editing the
data to the underlying database in our own code.



Chapter 14. Networking

e Writing FTP Clients

e Writing HTTP Clients

e Writing TCP ClientServer Applications

e Sending and Receiving UDP Datagrams

Qt provides the Qrt p and QHt t p classes for working with FTP and HTTP. These protocols are easy to
use for downloading and uploading files and, in the case of HTTP, for sending requests to web
servers and retrieving the results.

Qt also provides the lower-level QrcpSocket and QudpSocket classes, which implement the TCP and
UDP transport protocols. TCP is a reliable connection-oriented protocol that operates in terms of
data streams transmitted between network nodes, while UDP is an unreliable connectionless protocol
based on discrete packets sent between network nodes. Both can be used to create network client
and server applications. For servers, we also need the QrcpServer class to handle incoming TCP
connections.

Writing FTP Clients

The Qrt p class implements the client side of the FTP protocol in Qt. It offers various functions to
perform the most common FTP operations and lets us execute arbitrary FTP commands.

The Qrt p class works asynchronously. When we call a function like get () or put (), it returns
immediately and the data transfer occurs when control passes back to Qt's event loop. This ensures
that the user interface remains responsive while FTP commands are executed.

We will start with an example that shows how to retrieve a single file using get () . The example is a
console application called ft pget that downloads the remote file specified on the command line. Let's
begin with the mai n() function:

int main(int argc, char *argv[])
{
QCor eAppl i cation app(argc, argv);
QStringlList args = app.argunents();
if (args.count() '= 2) {
cerr << "Usage: ftpget url" << endl
<< "Exanple:" << endl
<< " ftpget ftp://ftp.trolltech.commrrors" << endl;
return 1;
}
Ft pGet getter;
if ('getter.getFile(Qurl (args[1])))
return 1;
Qbj ect:: connect (&getter, SIGNAL(done()), &app, SLOT(quit()));
return app.exec();

We create a QCor eAppl i cati on rather than its subclass Qappl i cati on to avoid linking in the QtGui
library. The QCor eAppl i cation::argunments() function returns the command-line arguments as a
Qstri ngLi st, with the first item being the name the program was invoked as, and any Qt-specific
arguments such as -styl e removed. The heart of the mai n() function is the construction of the

Ft pGet object and the getFil e() call. If the call succeeds, we let the event loop run until the



download finishes.

All the work is done by the Ft pGet subclass, which is defined as follows:

class FtpGet : public Qbject

Q _OBJECT
public:
Ft pGet (Qhj ect *parent = 0);
bool getFile(const QUrl &url);
si gnal s:
voi d done();
private slots:
voi d ftpDone(bool error);

private:
Qrtp ftp;
File file;
b

The class has a public function, get Fi | e(), that retrieves the file specified by a URL. The Qurl class
provides a high-level interface for extracting the different parts of a URL, such as the file name,
path, protocol, and port.

Ft pGet has a private slot, ft pDone(), that is called when the file transfer is completed, and a done()
signal that it emits when the file has been downloaded. The class also has two private variables: The
ftp variable, of type Qrt p, encapsulates the connection to an FTP server, and the fil e variable that
is used for writing the downloaded file to disk.

Ft pGet : : Ft pGet (Qbj ect *parent)
Qbj ect (parent)
{

connect (& tp, SI GNAL(done(bool)), this, SLOT(ftpDone(bool)));
}

In the constructor, we connect the Gt p: : done(bool ) signal to our ft pDone(bool ) private slot. QFtp
emits done(bool ) when it has finished processing all requests. The bool parameter indicates whether
an error occurred or not.

bool FtpGet::getFile(const QUrl &url)
{
if (lturl.isvalid()) {
cerr << "Error: Invalid URL" << endl;
return false;

}

if (url.scheme() !'= "ftp") {
cerr << "Error: URL nmust start with "ftp:'" << endl;
return fal se;

}
if (url.path().isEmty()) {
cerr << "Error: URL has no path" << endl;
return false;
}
QString local FileName = QFilelnfo(url.path()).fileNanme();
if (local FileName.isEnmpty())
| ocal Fil eNanme = "ftpget.out";
file.setFileName(l ocal Fil eNane);
if (!file.open(Q ODevice::WiteOnly)) {
cerr << "Error: Cannot open " << ¢gPrintable(file.fileNane())



<< " for witing: " << gPrintable(file.errorString())
<< endl;
return fal se;

}

ftp.connect ToHost (url.host(), url.port(21));
ftp.login();

ftp.get(url.path(), &file);

ftp.close();

return true;

The get Fil e() function begins by checking the URL that was passed in. If a problem is encountered,
the function prints an error message to cerr and returns f al se to indicate that the download failed.

Instead of forcing the user to make up a local file name, we try to create a sensible name using the
URL itself, with a fallback of ft pget. out . If we fail to open the file, we print an error message and
return f al se.

Next, we execute a sequence of four FTP commands using our Qrt p object. The url . port (21) call
returns the port number specified in the URL, or port 21 if none is specified in the URL itself. Since
no user name or password are given to the | ogi n() function, an anonymous login is attempted. The
second argument to get () specifies the output I/O device.

The FTP commands are queued and executed in Qt's event loop. The completion of all the
commands is indicated by Qrt p's done(bool ) signal, which we connected to ft pDone(bool ) in the
constructor.

voi d FtpGet::ftpDone(bool error)

if (error) {
cerr << "Error: " << gPrintable(ftp.errorString()) << endl;
} else {
cerr << "File downl oaded as " << gPrintable(file.fileNane())
<< endl;
}

file.close();
emt done();

Once the FTP commands have all been executed, we close the file and emit our own done() signal. It
may appear strange that we close the file here, rather than after the ftp. cl ose() call at the end of
the get Fi | e() function, but remember that the FTP commands are executed asynchronously and
may well be in progress after the get Fil e() function has returned. Only when the Qrt p object's
done() signal is emitted do we know that the download is finished and that it is safe to close the file.

QFt p provides several FTP commands, including connect ToHost (), | ogi n(), cl ose(), list(), cd(),
get (), put(), remove(), nkdir(), rmdir(), and rename() . All of these functions schedule an FTP
command and return an ID number that identifies the command. It is also possible to control the
transfer mode (the default is passive) and the transfer type (the default is binary).

Arbitrary FTP commands can be executed using r awConmand() . For example, here's how to execute a
SI TE CHVOD command:

ftp. ranwCommand("SI TE CHMOD 755 fortune");

QFt p emits the commandsSt art ed(i nt) signal when it starts executing a command, and it emits the



conmandFi ni shed(int, bool) signal when the command is finished. The i nt parameter is the ID
number that identifies the command. If we are interested in the fate of individual commands, we
can store the ID numbers when we schedule the commands. Keeping track of the ID numbers allows
us to provide detailed feedback to the user. For example:

bool FtpGet::getFile(const QUrl &url)
{

connectld = ftp.connect ToHost (url.host(), url.port(21));
loginld = ftp.login();

getld = ftp.get(url.path(), &file);

closeld = ftp.close();

return true;

}
voi d FtpGet::ftpCommandStarted(int id)

if (id == connectld) {
cerr << "Connecting..." << endl;
} else if (id == loginld) {

cerr << "Logging in..." << endl;

Another way of providing feedback is to connect to Qrt p's st at eChanged() signal, which is emitted
whenever the connection enters a new state (Qrt p: : Connecti ng, QFt p: : Connect ed, QFt p: : LoggedI n,
etc.).

In most applications, we are only interested in the fate of the sequence of commands as a whole
rather than in particular commands. In such cases, we can simply connect to the done(bool ) signal,
which is emitted whenever the command queue becomes empty.

When an error occurs, QFt p automatically clears the command queue. This means that if the
connection or the login fails, the commands that follow in the queue are never executed. If we
schedule new commands after the error has occurred using the same Qrt p object, these commands
will be queued and executed.

In the application's . pro file, we need the following line to link against the QtNetwork library:

Qr += net wor k

We will now review a more advanced example. The spi der command-line program downloads all the
files located in an FTP directory, recursively downloading from all the directory's subdirectories. The
network logic is located in the Spi der class:

class Spider : public Qbject

Q _OBJECT
public:

Spi der (Qhj ect *parent = 0);

bool getDirectory(const QUrl &url);
signal s:

voi d done();
private slots:

voi d ftpDone(bool error);

void ftpListinfo(const QUrlinfo &urllnfo);
private:

voi d processNextDirectory();



QFtp ftp;

Qi st<QFil e *> openedFil es;
QString currentDir;

@String currentlLocal Dir;
QStringlLi st pendingDirs;

The starting directory is specified as a Q| and is set using the getdirectory() function.

Spi der : : Spi der (QCbj ect *parent)
: Qbj ect (parent)

{
connect (& tp, SI GNAL(done(bool)), this, SLOT(ftpDone(bool)));
connect (& tp, SIGNAL(listInfo(const QUrlInfo &),
this, SLOT(ftpListlnfo(const QUurlinfo &)));
}

In the constructor, we establish two signalslot connections. The I'i stinfo(const Qurlinfo & signalis
emitted by Qrt p when we request a directory listing (in getdirectory()) for each file that it retrieves.
This signal is connected to a slot called ftpLi st1nfo(), which downloads the file associated with the
URL it is given.

bool Spider::getDirectory(const QUrl &url)
{
if (turl.isValid()) {
cerr << "Error: Invalid URL" << endl;
return false;

}
if (url.scheme() !'="ftp") {
cerr << "Error: URL nmust start with "ftp:'" << endl;
return false;
}
ftp.connect ToHost (url.host(), url.port(21));
ftp.login();
QString path = url.path();
if (path.isEnpty())
path = "/";
pendi ngDi r s. append( pat h) ;
processNextDi rectory();
return true;

When the getdirectory() function is called, it begins by doing some sanity checks, and if all is well,
attempts to establish an FTP connection. It keeps track of the paths that it must process and calls
processNext Di rectory() to start downloading the root directory.

voi d Spider::processNextDirectory()
{
if (!pendingDirs.isEmpty()) {
currentDir = pendingDirs.takeFirst();
currentLocal Dir = "downl oads/" + currentDir;
Qir(".").nkpath(currentLocal Dir);
ftp.cd(currentDir);
ftp.list();
} else {
emt done();
}



The processNext Di rectory() function takes the first remote directory out of the pendi ngDirs list and
creates a corresponding directory in the local file system. It then tells the QFt p object to change
directory into the taken directory and to list its files. For every file that I i st () processes, it emits a
listlnfo() signal that causes the ftpListlinfo() slot to be called.

If there are no more directories to process, the function emits the done() signal to indicate that the
downloading is complete.

void Spider::ftpListinfo(const QUrlInfo &urllnfo)

if (urlinfo.isFile()) {
if (urllnfo.isReadable()) {
QFile *file = new QFil e(currentLocal Dir + "/"
+ urlInfo.nanme());
if (!file->open(Q ODevice::WiteOnly)) {
cerr << "Warning: Cannot open file "
<< gPrintabl e(

Qir::convertSeparators(file->fileNanme()))
<< endl;
return;

}
ftp.get(urllnfo.name(), file);
openedFi | es. append(file);

}
} else if (urllInfo.isDir() &% 'urllnfo.isSynLink()) {
pendi ngDi rs. append(currentDir + "/" + urllnfo.name());
}

The ftpListinfo() slot's urllnfo parameter provides detailed information about a remote file. If the
file is a normal file (not a directory) and is readable, we call get () to download it. The QFi |l e object
used for downloading is allocated using new and a pointer to it is stored in the openedFi | es list.

If the QurI I nf o holds the details of a remote directory that is not a symbolic link, we add this

directory to the pendi ngbhi rs list. We skip symbolic links because they can easily lead to infinite
recursion.

voi d Spider::ftpDone(bool error)

{
if (error) {
cerr << "Error: " << gPrintable(ftp.errorString()) << endl;
} else {
cout << "Downl oaded " << gPrintable(currentDir) << " to "
<< gPrintabl e(QDir::convert Separat ors(
QDi r(currentLocal Dir).canonical Path()));
}
gDel et eAl | (openedFi | es);
openedFi |l es. cl ear();
processNextDi rectory();
}

The ftpbone() slot is called when all the FTP commands have finished or if an error occurred. We
delete the Qi | e objects to prevent memory leaks and also to close each file. Finally, we call
processNext Di rect ory() . If there are any directories left, the whole process begins again with the



next directory in the list; otherwise, the downloading stops and done() is emitted.

If there are no errors, the sequence of FTP commands and signals is as follows:

connect ToHost (host, port)
I ogin()
cd(directory_1)
[ist()
emit listInfo(file_1_ 1)
get(file_1_ 1)
emt listinfo(file_1 2)
get(file_1_2)

em t . dbne()
;:;j.(di rectory_N)
list()
emt listInfo(file_N_1)
get(file_N_1)

emt listlnfo(file_N_2)
get(file_N_2)

emt . abne()

If a file is in fact a directory, it is added to the pendi ngDi rs list, and when the last file of the current
list() command has been downloaded, a new cd() command is issued, followed by a new | ist ()
command with the next pending directory, and the whole process begins again with the new
directory. This is repeated, with new files being downloaded, and new directories added to the
pendi ngDi rs list, until every file has been downloaded from every directory, at which point the

pendi ngDi rs list will finally be empty.

If a network error occurs while downloading the fifth of, say, twenty files in a directory, the
remaining files will not be downloaded. If we wanted to download as many files as possible, one
solution would be to schedule the GET operations one at a time and to wait for the done(bool ) signal
before scheduling a new GET operation. In listlInfo(), we would simply append the file name to a
Qstri nglLi st, instead of calling get () right away, and in done(bool ) we would call get () on the next
file to download in the QstringLi st. The sequence of execution would then look like this:

connect ToHost (host, port)
| ogi n()

cd(directory_1)

list()

cd(directory_N)

list()
emt listinfo(file_1 1)
emit listInfo(file_1 2)

emt listinfo(file_N_1)
emt listInfo(file_N_2)
emt done()
get(file_1_1)
emt done()
get(file_1_2)
emt done()

get (file N 1)
emt done()
get(file_N_2)



emt done()

Another solution would be to use one Qrt p object per file. This would enable us to download the files
in parallel, through separate FTP connections.

int main(int argc, char *argv[])
{
QCor eAppl i cation app(argc, argv);
QStringlList args = app. argunments();
if (args.count() '= 2) {
cerr << "Usage: spider url" << endl
<< "Exanmple:" << endl
<< " spider ftp://ftp.trolltech.conl freebies/|eaf node"
<< endl ;
return 1;

}
Spi der spi der;
if (!spider.getDirectory(QuUrl (args[1])))
return 1,
Qbj ect :: connect ( &spi der, SIGNAL(done()), &app, SLOT(quit()));
return app. exec();

The mai n() function completes the program. If the user does not specify a URL on the command
line, we give an error message and terminate the program.

In both FTP examples, the data retrieved using get () was written to a QFi | e. This need not be the
case. If we wanted the data in memory, we could use a QBuffer, the Q ODevi ce subclass that wraps a
Byt eArray. For example:

Buffer *buffer = new QBuffer;
buf f er - >open(Q ODevi ce: : WiteOnly);
ftp.get(urllnfo.name(), buffer);

We could also omit the I/O device argument to get () or pass a null pointer. The Qrt p class then
emits a readyRead() sighal every time new data is available, and the data can be read using read()
orreadAl ().

Writing HTTP Clients

The G+t t p class implements the client side of the HTTP protocol in Qt. It provides various functions
to perform the most common HTTP operations, including get () and post (), and provides a means of
sending arbitrary HTTP requests. If you have read the previous section about Qrt p, you will find that
there are many similarities between QFt p and QHt t p.

The ¢+t t p class works asynchronously. When we call a function like get () or post (), the function
returns immediately, and the data transfer occurs later, when control returns to Qt's event loop.
This ensures that the application's user interface remains responsive while HTTP requests are being
processed.

We will review a console application example called htt pget that shows how to download a file using
the HTTP protocol. It is very similar to the ft pget example from the previous section, both in



functionality and implementation, so we will not show the header file.
Htt pGet:: Htit pGet (QObj ect *parent)

Qbj ect (parent)
{

connect (&http, SIGNAL(done(bool)), this, SLOT(httpDone(bool)));
}

In the constructor, we connect the QHtt p object's done(bool ) signal to the private htt pDone(bool )
slot.

bool HtpGet::getFile(const QUrl &url)

{
if (turl.isvValid()) {
cerr << "Error: Invalid URL" << endl;
return fal se;
}
if (url.schenme() !'= "http") {
cerr << "Error: URL nmust start with "http:'" << endl;
return fal se;
}
if (url.path().isEmty()) {
cerr << "Error: URL has no path" << endl;
return false;
}
@String local FileName = QFilelnfo(url.path()).fileNane();
if (local FileNane.isEnmpty())
| ocal Fi | eNane = "httpget.out";
file.setFileName(l ocal Fi | eNan®e);
if (!file.open(Q ODevice::WiteOnly)) {
cerr << "Error: Cannot open " << gPrintable(file.fileName())
<< " for witing: " << gPrintable(file.errorString())
<< endl ;
return fal se;
}
http.setHost(url.host(), url.port(80));
http.get(url.path(), &ile);
http.close();
return true;
}

The get Fil e() function performs the same kind of error checks as the Ft pGet:: getFile() shown
earlier and uses the same approach to giving the file a local name. When retrieving from web sites,
no login is necessary, so we simply set the host and port (using the default HTTP port 80 if none is
specified in the URL) and download the data into the file, since the second argument to QHtt p: : get ()
specifies the output I/O device.

The HTTP requests are queued and executed asynchronously in Qt's event loop. The completion of
the requests is indicated by QHt t p's done(bool ) signal, which we connected to htt pDone(bool ) in the
constructor.

void HttpCet:: httpDone(bool error)
{
if (error) {
cerr << "Error: " << gPrintable(http.errorString()) << endl;
} else {
cerr << "File downl oaded as " << gPrintable(file.fileNane())
<< endl ;



}

file.close();
emt done();

Once the HTTP requests are finished, we close the file, notifying the user if an error occurred.

The mai n() function is very similar to the one used by ft pget :

int main(int argc, char *argv[])

{
Cor eAppl i cation app(argc, argv);
QStringlist args = app. argunents();
if (args.count() '= 2) {
cerr << "Usage: httpget url" << endl
<< "Exanple:" << endl
<< " httpget http://doc.trolltech.con qq/index. htm "
<< endl;
return 1;
}
Htt pGet getter;
if ('getter.getFile(Qurl(args[1])))
return 1;
Qbj ect : : connect (&getter, SlIGNAL(done()), &app, SLOT(quit()));
return app. exec();
}

The QHtt p class provides many operations, including set Host (), get (), post(), and head() . If a site
requires authentication, set User () can be used to supply a user name and password. QHtt p can use
a socket supplied by the programmer rather than its own internal QrcpSocket . This makes it possible
to use a secure Q Ssl Socket , provided as a Qt Solution from Trolltech, to achieve HTTP over SSL.

To send a list of "name =value" pairs to a CGI script, we can use post () :

htt p. set Host (" www. exanpl e. cont') ;
http. post("/cgi/somescript.py", "x=200&=320", &file);

We can pass the data either as an 8-bit string or by passing an open Q ODevi ce, such as a Qril e. For
more control, we can use the request () function, which accepts an arbitrary HTTP header and data.
For example:

(Ht t pRequest Header header (" POST", "/search.htm");

header . set Val ue("Host", "ww. trolltech.cont);

header . set Cont ent Type("appl i cati on/ x- ww«+ f or m ur | encoded") ;
http. set Host ("www. trol I tech. cont');

http. request (header, "qt-interest=on&search=opengl");

QHt t p emits the request Started(int) signal when it starts executing a request, and it emits the
request Fi ni shed(int, bool) signal when the request has finished. The i nt parameter is an ID
number that identifies a request. If we are interested in the fate of individual requests, we can store
the ID numbers when we schedule the requests. Keeping track of the ID numbers allows us to
provide detailed feedback to the user.

In most applications, we only want to know whether the entire sequence of requests completed



successfully or not. This is easily achieved by connecting to the done(bool ) signal, which is emitted
when the request queue becomes empty.

When an error occurs, the request queue is automatically cleared. But if we schedule new requests
after the error has occurred using the same QHt t p object, these requests will be queued and sent as
usual.

Like QFt p, QHt t p provides a readyRead() signal as well as the read() and readAl | () functions that we
can use instead of specifying an I/O device.

Writing TCP ClientServer Applications

The QrcpSocket and QrcpServer classes can be used to implement TCP clients and servers. TCP is a
transport protocol that forms the basis of most application-level Internet protocols, including FTP
and HTTP, and that can also be used for custom protocols.

TCP is a stream-oriented protocol. For applications, the data appears to be a long stream, rather like
a large flat file. The high-level protocols built on top of TCP are typically either line-oriented or
block-oriented:

e Line-oriented protocols transfer data as lines of text, each terminated by a newline.
e Block-oriented protocols transfer data as binary data blocks. Each block consists of a size
field followed by that much data.

QrcpSocket inherits from Q ODevi ce tHRough QAbst ract Socket , so it can be read from and written to
using a Qbat aStreamor a QText Stream One notable difference when reading data from a network
compared with reading from a file is that we must make sure that we have received enough data
from the peer before we use the >> operator. Failing to do so may result in undefined behavior.

In this section, we will review the code of a client and a server that use a custom block-oriented
protocol. The client is called Trip Planner and allows users to plan their next train trip. The server is
called Trip Server and provides the trip information to the client. We will start by writing the Trip
Planner client.

The Trip Planner provides a From field, a To field, a Date field, an Approximate Time field, and two
radio buttons to select whether the approximate time is that of departure or arrival. When the user
clicks Search, the application sends a request to the server, which responds with a list of train trips
that match the user's criteria. The list is shown in a Qrabl eW dget in the Trip Planner window. The
very bottom of the window is occupied by a QLabel that shows the status of the last operation and a
QPr ogr essBar .

Figure 14.1. The Trip Planner application
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The Trip Planner's user interface was created using Qt Designer in a file called tri ppl anner. ui .
Here, we will focus on the source code of the Qbi al og subclass that implements the application's
functionality:

#i nclude "ui _tripplanner.h"
class TripPlanner : public QDialog, public Ui::TripPlanner

Q OBJECT
public:
Tri pPl anner (QW dget *parent = 0);
private slots:
voi d connect ToServer();
voi d sendRequest ();
voi d updat eTabl eW dget () ;
voi d stopSearch();
voi d connectionC osedByServer ();
void error();
private:
voi d cl oseConnection();
QlcpSocket tcpSocket;
qui nt 16 next Bl ockSi ze;

}s

The TRi pPl anner class inherits from Ui :: Tri pPl anner (which is generated by ui ¢ from
trippl anner. ui ) in addition to QD al og. The tcpSocket member variable encapsulates the TCP
connection. The next Bl ockSi ze variable is used when parsing the blocks received from the server.

Tri pPl anner:: Tri pPl anner (QW dget *parent)
Qi al og( parent)
{

setupUi (this);

QDat eTi me dateTine = QDat eTi me: : current Dat eTi ne();

dat eEdi t - >set Dat e(dat eTi ne. date());

timeEdit->set Ti me(Qrli me(dateTinme.tine().hour(), 0));

progressBar - >hi de() ;

progressBar->set Si zePol i cy(QSi zePol i cy: : Preferred,
QSi zePol i cy:: I gnored);



t abl eW dget - >verti cal Header () - >hi de() ;
tabl eW dget - >set Edi t Tri gger s( QAbstract|tenVi ew. : NoEdi t Tri ggers) ;
connect (searchButton, SIGNAL(clicked()),
this, SLOT(connectToServer()));
connect (stopButton, SIGNAL(clicked()), this, SLOT(stopSearch()));
connect (& cpSocket, SIGNAL(connected()), this, SLOT(sendRequest()));
connect (& cpSocket, SIGNAL(di sconnected()),
this, SLOT(connectionCl osedByServer()));
connect (& cpSocket, SIGNAL(readyRead()),
this, SLOT(updateTabl eWdget()));
connect (& cpSocket, SIGNAL(error(QAbstract Socket:: SocketError)),
this, SLOT(error()));

In the constructor, we initialize the date and time editors based on the current date and time. We
also hide the progress bar, because we only want to show it when a connection is active. In Qt
Designer, the progress bar's ni ni numand maxi mum properties were both set to 0. This tells the
QProgressBar to behave as a busy indicator instead of as a standard percentage-based progress bar.

Also in the constructor, we connect the QrcpSocket 's connect ed(), di sconnect ed(), readyRead(), and
error ( QAbstract Socket : : Socket Error) signals to private slots.

voi d TripPl anner: : connect ToServer ()
{
t cpSocket . connect ToHost ("tri pserver. zugbahn. de", 6178);
t abl eW dget - >set RowCount (0) ;
sear chBut t on- >set Enabl ed(f al se) ;
st opBut t on- >set Enabl ed(true);
st at usLabel - >set Text (tr (" Connecting to server..."));
progressBar - >show) ;
next Bl ockSi ze = 0;

The connect ToServer () slot is executed when the user clicks Search to start a search. We call
connect ToHost () on the QrcpSocket object to connect to the server, which we assume is accessible at
port 6178 on the fictitious host TRi pserver. zugbahn. de. (If you want to try the example on your own
machine, replace the host name with QHost Addr ess: : Local Host .) The connect ToHost () call is
asynchronous; it always returns immediately. The connection is typically established later. The
QrcpSocket object emits the connect ed() signal when the connection is up and running, or

error (QAbst ract Socket : : Socket Error) if the connection failed.

Next, we update the user interface, in particular making the progress bar visible.

Finally, we set the next Bl ockSi ze variable to 0. This variable stores the length of the next block
received from the server. We have chosen to use the value of 0 to mean that we don't yet know the
size of the next block.

void TripPl anner: : sendRequest ()
{
Byt eArray bl ock;
(Dat aSt r eam out ( &l ock, Q ODevice::WiteOnly);
out.setVersion(QataStream: Q _4_1);
out << quintl16(0) << quint8('S') << fromConmboBox->current Text ()
<< toConmboBox->current Text () << dateEdit->date()
<< tinmeEdit->time();
i f (departureRadi oButton->i sChecked()) {
out << quint8('D);
} else {



out << quint8('A);
}
out . devi ce() - >seek(0);
out << quint16(bl ock.size() - sizeof(quintl6));
tcpSocket . write(bl ock);
st at usLabel - >set Text (tr (" Sendi ng request..."));

The sendRequest () slot is executed when the QrcpSocket object emits the connected() signal,
indicating that a connection has been established. The slot's task is to generate a request to the
server, with all the information entered by the user.

The request is a binary block with the following format:

qui nt 16 | Block size in bytes (excluding this field)
qui nt8 | Request type (always 'S")

@St ring | Departure city

QString | Arrival city

Qate | Date of travel

Qlime | Approximate time of travel

quint8 | Time is for departure ('D") or arrival ('A")

We first write the data to a @Byt eArray called bl ock. We can't write the data directly to the
QTcpSocket because we don't know the size of the block, which must be sent first, until after we have
put all the data into the block.

We initially write 0 as the block size, followed by the rest of the data. Then we call seek(0) on the
I/0O device (a QBuffer created by Qpat aStreambehind the scenes) to move back to the beginning of
the byte array, and overwrite the initial 0 with the size of the block's data. The size is calculated by
taking the block's size and subtracting si zeof (qui nt 16) (that is, 2) to exclude the size field from the
byte count. After that, we call wite() on the QrcpSocket to send the block to the server.

voi d TripPl anner: : updat eTabl eW dget ()
{
QDat aStream i n( & cpSocket ) ;
in.setVersion(QataStream: Q@ _4_1);
forever {
int row = tabl eWdget->rowCount ();
i f (nextBlockSize == 0) {
if (tcpSocket.bytesAvail abl e() < sizeof (quintl6))
br eak;
in >> next Bl ockSi ze;

}

i f (nextBl ockSize == OxFFFF) {
cl oseConnection();
statusLabel ->set Text (tr("Found % trip(s)").arg(row));
br eak;

}

if (tcpSocket. bytesAvail abl e() < nextBl ockSi ze)
br eak;

QDat e dat e;

Qri me departureTine;

Qlinme arrival Tine;



quint 16 durati on;
qui nt 8 changes;
QString trainType;
in >> date >> departureTime >> duration >> changes >> trai nType;
arrival Tinme = departureTi nme. addSecs(duration * 60);
t abl eW dget - >set RowCount (row + 1);
QStringlList fields;
fields << date.toString(Q::Local Date)

<< departureTine.toString(tr("hh:mi))

<< arrival Time.toString(tr("hh:mi))

<< tr("% hr %2 mn").arg(duration / 60)

.arg(duration % 60)

<< @tring:: nunber (changes)

<< trainType;
for (int i =0; i < fields.count(); ++i)

tabl eW dget - >setltem(row, i,
new QTabl eWdgetlten(fields[i]));

next Bl ockSi ze = 0;

The updat eTabl eW dget () slot is connected to the QrcpSocket 's readyRead() signal, which is emitted
whenever the QrcpSocket has received new data from the server. The server sends us a list of
possible train trips that match the user's criteria. Each matching trip is sent as a single block, and
each block starts with a size. The forever loop is necessary because we don't necessarily get one
block of data from the server at a time.2 We might have received an entire block, or just part of a
block, or one and a half blocks, or even all of the blocks at once.

"I The f or ever keyword is provided by Qt. It simply expands tofor (;;).

Figure 14.2. The Trip Server's blocks
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So how does the forever loop work? If the next Bl ockSi ze variable is 0, this means that we have not
read the size of the next block. We try to read it (assuming there are at least 2 bytes available for
reading). The server uses a size value of 0xFFFF to signify that there is no more data to receive, so if
we read this value, we know that we have reached the end.

If the block size is not OxFFFF, we try to read in the next block. First, we check to see if there are
block size bytes available to read. If there are not, we stop there for now. The readyRead() signal
will be emitted again when more data is available, and we will try again then.

Once we are sure that an entire block has arrived, we can safely use the >> operator on the

Qpat aSt reamto extract the information related to a trip, and we create Qrabl eW dget | t ens with that
information. A block received from the server has the following format:

qui nt 16 | Block size in bytes (excluding this field)

Qhate | Departure date

Qlime | Departure time



qui nt8 | Number of changes
@Bt ring | Train type

At the end, we reset the next Bl ockSi ze variable to 0 to indicate that the next block's size is unknown
and needs to be read.

voi d TripPl anner:: cl oseConnecti on()

{
t cpSocket . cl ose();
sear chBut t on- >set Enabl ed(true);
st opBut t on- >set Enabl ed(f al se);
progr essBar - >hi de() ;

}

The cl oseConnecti on() private function closes the connection to the TCP server and updates the user
interface. It is called from updat eTabl eW dget () when the 0xFFFF is read and from several other slots
that we will cover shortly.

voi d TripPl anner: : stopSearch()

{
st at usLabel - >set Text (tr (" Search stopped"));

cl oseConnection();

The st opSearch() slot is connected to the Stop button's cli cked() signal. Essentially it just calls
cl oseConnection() .

voi d TripPl anner::connecti onCl osedByServer ()

{
i f (nextBl ockSize != OxFFFF)
st at usLabel - >set Text (tr("Error: Connection closed by server"));
cl oseConnection();
}

The connecti ond osedByServer () slot is connected to QrcpSocket 's di sconnect ed() signal. If the
server closes the connection and we have not yet received the 0xFFFF end-of-data marker, we tell
the user that an error occurred. We call cl oseConnection() as usual to update the user interface.

void TripPlanner::error()

{
st at usLabel - >set Text (t cpSocket.errorString());
cl oseConnection();

The error() slot is connected to QTcpSocket's error (QAbst ract Socket : : Socket Error) signal. We ignore
the error code and use QrcpSocket: :errorString(), which returns a human-readable error message
for the last error that occurred.



we would expect:

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
Tri pPl anner tripPl anner;
tripPl anner. show();
return app. exec();

}

Now let's implement the server. The server consists of two classes: TRi pServer and d i ent Socket .
The TRi pServer class inherits QrcpServer, a class that allows us to accept incoming TCP connections.
d i ent Socket reimplements QrcpSocket and handles a single connection. At any one time, there are
as many dient - Socket objects in memory as there are clients being served.

class TripServer : public QIcpServer

Q OBJECT
public:

TripServer (Qobj ect *parent = 0);
private:

voi d i ncom ngConnection(int socketld);

b

The tripServer class reimplements the i ncom ngConnection() function from QrcpServer. This function
is called whenever a client attempts to connect to the port the server is listening to.

TripServer::TripServer(QCbject *parent)
QlcpServer (parent)

The tripServer constructor is trivial.

void TripServer::incom ngConnection(int socketld)

{

Client Socket *socket = new CientSocket(this);
socket - >set Socket Descri pt or (socket | d);

In i nconi ngConnection(), we create a d i ent Socket object as a child of the tri pServer object, and we
set its socket descriptor to the number provided to us. The d i ent Socket object will delete itself
automatically when the connection is terminated.

class CdientSocket : public QlcpSocket

Q OBJECT
public:
C i ent Socket (Q0bj ect *parent = 0);
private slots:
void readdient();
private:
voi d gener at eRandonilri p(const QString & rom const QString &to,



const QDate &date, const QTine &ine);
qui nt 16 next Bl ockSi ze;

I

The d i ent Socket class inherits from QrcpSocket and encapsulates the state of a single client.

Cli ent Socket:: dient Socket (QObj ect *parent)
QlcpSocket (parent)

{
connect (this, SIGNAL(readyRead()), this, SLOT(readCient()));
connect (this, SIGNAL(disconnected()), this, SLOT(deletelLater()));
next Bl ockSi ze = 0;

}

In the constructor, we establish the necessary signalslot connections, and we set the next Bl ockSi ze
variable to 0, indicating that we do not yet know the size of the block sent by the client.

The di sconnect ed() signal is connected to del eteLater (), a Qbj ect -inherited function that deletes
the object when control returns to Qt's event loop. This ensures that the d i ent Socket object is
deleted when the socket connection is closed.

voi d CientSocket::readdient()
{
QDat aStream i n(this);
in.setVersion(QDataStream: Q _4_1);
i f (nextBlockSize == 0) {
if (bytesAvail able() < sizeof(quintl6))
return;
in >> next Bl ockSi ze;

}
if (bytesAvail abl e() < nextBl ockSize)
return;
qui nt 8 request Type;
QString from
QString to;
QDat e dat e;
Qlinme tine;
quint8 flag;
in >> request Type;
if (requestType =="'S") {
in>>from>>to >> date >> tine >> flag;
srand(fromlength() * 3600 + to.length() * 60 + tine.hour());
int numirips = rand() % 8;
for (int i =0; i < nunmlrips; ++i)
gener at eRandoniri p(from to, date, tine);
QDat aSt ream out (t hi s);
out << quint16( OxFFFF);

close();

The readd ient () slot is connected to QrcpSocket 's readyRead() signal. If next- Bl ockSi ze is 0, we
start by reading the block size; otherwise, we have already read it, and instead we check to see if a
whole block has arrived. Once an entire block is ready for reading, we read it in one go. We use the
QDat aSt reamdirectly on the QrcpSocket (the this object) and read the fields using the >> operator.

Once we have read the client's request, we are ready to generate a reply. If this were a real
application, we would look up the information in a train schedule database and try to find matching



train trips. But here we will be content with a function called gener at eRandonilri p() that will generate
a random trip. We call the function a random number of times, and then we send 0xFFFF to signify
the end of the data. At the end, we close the connection.

voi d Cient Socket:: generat eRandonilri p(const QString & /* from */,
const QString & /* to */, const QDate &date, const Qlinme &ine)
{

Byt eArray bl ock;

QDat aSt ream out (&bl ock, Q ODevice::WiteOnly);

out.setVersion(Q@ataStream: Q _4_1);

qui nt 16 duration = rand() % 200;

out << quintl1l6(0) << date << tinme << duration << quint8(1)
<< @tring("InterCity");

out . devi ce() - >seek(0);

out << quint16(bl ock.size() - sizeof(quintl6));

write(bl ock);

The gener at eRandoniri p() function shows how to send a block of data over a TCP connection. This is
very similar to what we did in the client in the sendRequest () function (p. 326). Once again, we write
the block to a @Byt eArray so that we can determine its size before we send it using write().

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
TripServer server;
if (!server.listen(QHost Address:: Any, 6178)) {
cerr << "Failed to bind to port" << endl;
return 1;
}
QPushButton quitButton(Qbject::tr("&uit"));
qui tButton. set WndowTitl e(Q0bject::tr("Trip Server"));
Qbj ect : : connect (&qui t Button, SIGNAL(clicked()),
&pp, SLOT(quit()));
qui t Butt on. show() ;
return app.exec();
}

In mai n(), we create a tripServer object and a QPushButt on that enables the user to stop the server.
We start the server by calling QrcpSocket : : 1isten(), which takes the IP address and port number on
which we want to accept connections. The special address 0.0.0.0 (QHost Addr ess: : Any) signifies any
IP interface present on the local host.

This completes our clientserver example. In this case, we used a block-oriented protocol that allows
us to use Qpat ast r eamfor reading and writing. If we wanted to use a line-oriented protocol, the
simplest approach would be to use QrcpSocket 's canReadLi ne() and readLi ne() functions in a slot
connected to the readyRead() signal:

QStringList |ines;
whi |l e (tcpSocket.canReadLine())
I'i nes. append(tcpSocket.readLine());

We would then process each line that has been read. As for sending data, that can be done using a
Qrext St reamon the QrcpSocket .

The server implementation that we have used doesn't scale very well when there are lots of



connections. The problem is that while we are processing a request, we don't handle the other
connections. A more scalable approach would be to start a new thread for each connection. The
Threaded Fortune Server example located in Qt's exanpl es/ net wor k/ t hr eadedf ort uneser ver directory
illustrates how to do this.

Sending and Receiving UDP Datagrams

The QudpSocket class can be used to send and receive UDP datagrams. UDP is an unreliable,
datagram-oriented protocol. Some application-level protocols use UDP because it is more lightweight
than TCP. With UDP, data is sent as packets (datagrams) from one host to another. There is no
concept of connection, and if a UDP packet doesn't get delivered successfully, no error is reported to
the sender.

Figure 14.3. The Weather Station application

B Weather Station |E| E|

Date:  [Wed Feb 152006 |
B [051 |

Temperaturs: -13.2711 °C |

Humidity: ~ |20.1828% |

Atitude: (70015 m |

We will see how to use UDP from a Qt application through the Weather Balloon and Weather Station
example. The Weather Balloon application mimics a weather balloon that sends a UDP datagram
(presumably using a wireless connection) containing the current atmospheric conditions every 2
seconds. The Weather Station application receives these datagrams and displays them on screen.
We will start by reviewing the code for the Weather Balloon.

cl ass Weat herBal | oon : public QPushButton

Q OBJECT
public:
Weat her Bal | oon( QN dget *parent = 0);
doubl e tenperature() const;
doubl e humidity() const;
doubl e altitude() const;
private slots:
voi d sendDat agran() ;
private:
QuUdpSocket udpSocket ;
Qrinmer tinmer;

I

The Weat her Bal | oon class inherits from QPushBut t on. It uses its QudpSocket private variable for
communicating with the Weather Station.

Weat her Bal | oon: : Weat her Bal | oon( QN dget *parent)
QPushButton(tr("Qit"), parent)
{

connect (this, SIGNAL(clicked()), this, SLOT(close()));



connect (& imer, SIGNAL(tineout()), this, SLOT(sendDatagran()));
timer.start(2 * 1000);
set WndowTi tl e(tr("Weather Balloon"));

In the constructor, we start a Qri ner to invoke sendDat agran() every 2 seconds.

voi d Weat her Bal | oon: : sendDat agr an{)

{
Byt eArray dat agram
QDat aSt ream out (&dat agram Q ODevice:: WiteOnly);
out.setVersion(QataStream: Q _4_1);
out << QateTine::currentDateTime() << tenperature() << humdity()
<< altitude();
udpSocket . wri t eDat agr an{ dat agram QHost Addr ess: : Local Host, 5824);
}

In sendDat agran() , we generate and send a datagram containing the current date, time,
temperature, humidity, and altitude:

QDat eTi me | Date and time of measurement
doubl e Temperature (in °C)
doubl e Humidity (in %)

doubl e Altitude (in meters)

The datagram is sent using QudpSocket : : writ eDat agram() . The second and third arguments to
writeDat agran() are the IP address and the port number of the peer (the Weather Station). For this
example, we assume that the Weather Station is running on the same machine as the Weather
Balloon, so we use an IP address of 127.0.0.1 (QHost Addr ess: : Local Host ), a special address that
designates the local host.

Unlike the QAbstract Socket subclasses, QUdpSocket does not accept host names, only host addresses.
If we wanted to resolve a host name to its IP address here, we have two choices: If we are prepared
to block while the lookup takes place, we can use the static QHost I nfo: : fronName() function.
Otherwise, we can use the static QHost I nf o: : | ookupHost () function, which returns immediately and
calls the slot it is passed with a QHost I nf o object containing the corresponding addresses when the
lookup is complete.

int main(int argc, char *argv[])

{
QAppl i cation app(argc, argv);
Weat her Bal | oon bal | oon;
bal | oon. show() ;
return app.exec();
}

The mai n() function simply creates a Weat her Bal | oon object, which serves both as a UDP peer and as
a QpPushBut t on on screen. By clicking the QPushButt on, the user can quit the application.

Now let's review the source code for the Weather Station client.



class Weat herStation : public QD al og

Q _OBJECT
public:

Weat her St ati on( QN dget *parent = 0);
private slots:

voi d processPendi ngDat agr ans() ;
private:

QUdpSocket udpSocket ;

QLabel *datelLabel ;

QLabel *tinelLabel ;

QineEdit *altitudelineEdit;

The Weat her St at i on class inherits from QDi al og. It listens to a particular UDP port, parses any
incoming datagrams (from the Weather Balloon), and displays their contents in five read-only

QLi neEdi ts. The only private variable of interest here is udpSocket of type QudpSocket , which we will
use to receive datagrams.

Weat her St ati on: : Weat her Stati on( QN dget *parent)
QDi al og( parent)

{
udpSocket . bi nd(5824);
connect (&udpSocket, SIGNAL(readyRead()),
this, SLOT(processPendi ngbatagrans()));
}

In the constructor, we start by binding the QudpSocket to the port that the weather balloon is
transmitting to. Since we have not specified a host address, the socket will accept datagrams sent to
any IP address that belongs to the machine the Weather Station is running on. Then, we connect the
socket's readyRead() signal to the private processPendi ngDat agr ams() that extracts and displays the
data.

voi d Weat her St ati on: : processPendi ngDat agr ans()
{
Byt eArray dat agram
do {
dat agram resi ze(udpSocket . pendi ngDat agr anSi ze()) ;
udpSocket . r eadDat agr an( dat agram dat a(), datagram size());
} while (udpSocket. hasPendi ngDat agrans());
QDat eTi ne dat eTi ne;
doubl e tenperature;
doubl e humi dity;
doubl e altitude;
QDat aStream i n( &dat agram Q ODevi ce: : ReadOnl y) ;
in.setVersion(QbataStream: Q@ _4_1);
in >> dateTime >> tenperature >> humdity >> altitude;
dat eLi neEdi t - >set Text (dateTi me. date().toString());
timeLi neEdi t->set Text (dateTine.time().toString());
tenperaturelLi neEdit->set Text(tr("% ° C').arg(tenperature));
hum di tyLi neEdit->set Text (tr("%%).arg(humdity));
al titudeLi neEdit->setText(tr("%d ni').arg(altitude));

The processPendi ngDat agr ams() slot is called when a datagram has arrived. QudpSocket queues the



incoming datagrams and lets us access them one at a time. Normally, there should be only one
datagram, but we can't exclude the possibility that the sender would send a few datagrams in a row
before the readyRead() signal is emitted. In that case, we can ignore all the datagrams except the
last one, since the earlier ones contain obsolete atmospheric conditions.

The pendi ngDat agr ansi ze() function returns the size of the first pending datagram. From the
application's point of view, datagrams are always sent and received as a single unit of data. This
means that if any bytes are available, an entire datagram can be read. The readDat agran() call
copies the contents of the first pending datagram into the specified char * buffer (truncating data if
the buffer is too small) and advances to the next pending datagram. Once we have read all the
datagrams, we decompose the last one (the one with the most recent atmospheric measurements)
into its parts and populate the Qi neEdi t s with the new data.

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
Weat her St ati on station;
station.show);
return app. exec();

}

Finally, in mai n() , we create and show the wat her St ati on.

We have now finished our UDP sender and receiver. The applications are as simple as possible, with
the Weather Balloon sending datagrams and the Weather Station receiving them. In most real-world
applications, both applications would need to both read and write on their socket. The

QudpSocket : : writ eDat agran() functions can be passed a host address and port number, so the
QudpSocket can read from the host and port it is bound to with bi nd(), and write to some other host
and port.



Chapter 15. XML

e Reading XML with SAX
e Reading XML with DOM

e Writing XML

XML (Extensible Markup Language) is a general-purpose text file format that is popular for data
interchange and data storage. Qt provides two distinct APIs for reading XML documents as part of
the QtXml module:

e SAX (Simple API for XML) reports "parsing events" directly to the application through virtual
functions.

e DOM (Document Object Model) converts an XML document into a tree structure, which the
application can then navigate.

There are many factors to take into account when choosing between DOM and SAX for a particular
application. SAX is more low level and usually faster, which makes it especially appropriate both for
simple tasks (like finding all the occurrences of a given tag in an XML document) and for reading
very large files that may not fit in memory. But for many applications, the convenience offered by
DOM outweighs the potential speed and memory benefits of SAX.

For writing XML files, two options are available as well: We can generate the XML by hand, or we
can represent the data as a DOM tree in memory and ask the tree to write itself to a file.

Reading XML with SAX

SAX is a public domain de facto standard API for reading XML documents. Qt's SAX classes are
modeled after the SAX2 Java implementation, with some differences in naming to match the Qt
conventions. For more information about SAX, see http://www.saxproject.org/.

Qt provides a SAX-based non-validating XML parser called Qxnl Si npl eReader . This parser recognizes
well-formed XML and supports XML namespaces. When the parser goes through the document, it
calls virtual functions in registered handler classes to indicate parsing events. (These "parsing
events" are unrelated to Qt events, such as key and mouse events.) For example, let's assume the
parser is analyzing the following XML document:

<doc>
<quot e>Ars | onga vita brevis</quote>
</ doc>

The parser would call the following parsing event handlers:

start Docunent ()

start El enent ("doc")

startEl ement ("quote")
characters("Ars longa vita brevis")
endEl enent (" quote")

endEl enent ("doc")

endDocunent ()



The above functions are all declared in Qxnl Cont ent Handl er . For simplicity, we omitted some of the
arguments to start El ement () and endEl ement () .

QXni Cont ent Handl er is just one of many handler classes that can be used in conjunction with

QX Si npl eReader . The others are Qxm Enti t yResol ver , QXml DTDHandl er , QXmi Er r or Handl er,

QX Decl Handl er , and QX Lexi cal Handl er . These classes only declare pure virtual functions and give
information about different kinds of parsing events. For most applications, Qxml Cont ent Handl er and
QXnl Error Handl er are the only two that are needed.

For convenience, Qt also provides Qxnl Def aul t Handl er, a class that inherits from all the handler
classes and that provides trivial implementations for all the functions. This design, with many
abstract handler classes and one trivial subclass, is unusual for Qt; it was adopted to closely follow
the model Java implementation.

We will now review an example that shows how to use QXmi Si npl eReader and QXni Def aul t Handl er to
parse an ad hoc XML file format and render its contents in @ Q reeW dget. The QXm Def aul t Handl er

subclass is called saxHandl er, and the format it handles is that of a book index, with index entries
and subentries.

Figure 15.1. Inheritance tree for SaxHandl er

Q¥mlContentHandler QXmIDTDHandler QXmiLexicalHandler

QXmlErrorHandler  QXmiEntityResolver | QXmlDeclHandler
| . | J
|
Q¥XmlDefaultHandler
|

Here's the book index file that is displayed in the QrReeW dget in Figure 15.2:

<?xm version="1.0"?>
<booki ndex>
<entry ternr"sidebearings">
<page>10</ page>
<page>34- 35</ page>
<page>307- 308</ page>
</entry>
<entry tern¥"subtraction">
<entry term="of pictures">
<page>115</ page>
<page>244</ page>
</entry>
<entry ternme"of vectors">
<page>9</ page>
</entry>
</entry>
</ booki ndex>

Figure 15.2. A book index file displayed in a Q reeW dget



Terms Pages

sidebearings 10, 34-35, 307-308
= subtraction
of pictures 115, 244
of vectors 9

The first step to implement the parser is to subclass Qxm Def aul t Handl er :

cl ass SaxHandl er : public QXm Def aul t Handl er
{
public:
SaxHandl er (QIreeW dget *tree);
bool startEl ement(const QString & anespaceURl,
const QString & ocal Nane,
const QString &yNane,
const QXm Attributes &attributes);
bool endEl enent (const QString &anmespaceURl,
const QString & ocal Nane,
const QString &Nane);
bool characters(const QString &str);
bool fatal Error(const OQXml ParseExcepti on &exception);
private:
QTr eeW dget *treeW dget;
QlreeWdgetltem *currentltem
QString current Text;

b

The SaxHandl er class inherits Qxnl Def aul t Handl er and reimplements four functions: startEl ement (),
endEl enent (), characters(), and fatal Error (). The first three functions are declared in
QX Cont ent Handl er ; the last function is declared in QXm Err or Handl er .

SaxHandl er: : SaxHandl er (QIr eeW dget *tree)
{

treeWdget = tree;

currentltem = 0;

The saxHandl er constructor accepts the @ reew dget we want to populate with the information stored
in the XML file.

bool SaxHandl er::startEl ement(const QString & /* nanespaceURl */,
const QString & /* | ocal Nane */,
const QString &Nane,
const QXm Attributes &attributes)

if (gNane == "entry") {
if (currentltem {
currentltem = new QTreeW dgetltem(currentltem;
} else {
currentltem = new QTreeWdgetlten(treeW dget);

}
currentltem >set Text (0, attributes.value("terni));
} else if (gNanme == "page") {

current Text.clear();



}

return true;

The start El ement () function is called when the reader encounters a new opening tag. The third
parameter is the tag's name (or more precisely, its "qualified name"). The fourth parameter is the
list of attributes. In this example, we ignore the first and second parameters. They are useful for
XML files that use XML's namespace mechanism, a subject that is discussed in detail in the reference
documentation.

If the tag is <entry>, we create a new Q reeW dget item. If the tag is nested within another <entry>
tag, the new tag defines a subentry in the index, and the new QreeW dget I t emis created as a child
of the @ reeW dget I t emthat represents the encompassing entry. Otherwise, we create the

QTReeW dget | t emwith treeW dget as its parent, making it a top-level item. We call set Text () to set
the text shown in column 0 to the value of the <entry> tag's t er mattribute.

If the tag is <page>, we set the current Text to be an empty string. The current Text serves as an
accumulator for the text located between the <page> and </ page> tags.

At the end, we return true to tell SAX to continue parsing the file. If we wanted to report unknown
tags as errors, we would return fal se in those cases. We would then also reimplement
errorString() from Qxnil Def aul t Handl er to return an appropriate error message.

bool SaxHandl er::characters(const QString &str)
{

current Text += str;

return true;

The charact ers() function is called to report character data in the XML document. We simply append
the characters to the current Text variable.

bool SaxHandl er:: endEl enent (const QString & /* nanespaceURl */,
const QString & /* | ocal Nane */,
const QString &gNane)

if (gNane == "entry") {
currentltem = currentltem >parent();
} else if (gName == "page") {
if (currentltem {
QString all Pages = currentltem >text(1);
if ('allPages.isEnmpty())
al | Pages += ", ";
al | Pages += current Text;
currentltem >set Text (1, all Pages);
}
}

return true;

The endEl ement () function is called when the reader encounters a closing tag. Just as with
start El enent (), the third parameter is the name of the tag.

If the tag is </ entry>, we update the current | temprivate variable to point to the current
Q reeW dget | t emis parent. This ensures that the current | temvariable is restored to the value it held



before the corresponding <entry> tag was read.

If the tag is </ page>, we add the specified page number or page range to the comma-separated list
in the current item's text in column 1.

bool SaxHandl er::fatal Error(const QXml ParseException &exception)
{
QvessageBox: : warni ng(0, QObject::tr("SAX Handler"),
Qject::tr("Parse error at line %, colum "
"UR:\nYB. ")
.arg(exception.lineNunber())
.arg(exception. col umNunber())
.arg(exception. nessage()));
return fal se;

The fatal Error () function is called when the reader fails to parse the XML file. If this occurs, we
simply display a message box, giving the line number, the column number, and the parser's error
text.

This completes the implementation of the SaxHandl er class. Now let's see how we can make use of
it:

bool parseFile(const QString &fil eNane)

{
QStringlList |abels;

| abel s << QObject::tr("Terms") << Qbject::tr("Pages");
QIreeW dget *treeWdget = new QIreeW dget;

treeW dget - >set Header Label s(| abel s) ;

treeW dget - >set WndowTi t| e(QObj ect::tr("SAX Handler"));
treeW dget - >show() ;

QFile file(fileNane);

QXM | nput Sour ce i nput Source(&file);

QX Si npl eReader reader;

SaxHandl er handl er (treeW dget) ;

reader . set Cont ent Handl er ( &andl er) ;

reader. set Error Handl er ( &andl er) ;

return reader. parse(i nput Source);

We set up a Q@ reeWdget with two columns. Then we create a @i | e object for the file that is to be
read and a Qxnl Si npl eReader to parse the file. We don't need to open the QFi | e ourselves;
QXni | nput Sour ce does that automatically.

Finally, we create a SaxHandl er object, we install it on the reader both as a content handler and as
an error handler, and we call parse() on the reader to perform the parsing.

Instead of passing a simple file object to the parse() function, we pass a Qxm I nput Sour ce. This class
opens the file it is given, reads it (taking into account any character encoding specified in the
<?xm ?> declaration), and provides an interface through which the parser reads the file.

In SaxHandl er, we only reimplemented functions from the QXm Cont ent Handl er and QXnl Er r or Handl er
classes. If we had implemented functions from other handler classes, we would also have needed to
call their corresponding setter functions on the reader.

To link the application against the Q&Xml/ library, we must add this line to the . pro file:



Qr += xm

Reading XML with DOM

DOM is a standard API for parsing XML developed by the World Wide Web Consortium (W3C). Qt
provides a non-validating DOM Level 2 implementation for reading, manipulating, and writing XML
documents.

DOM represents an XML file as a tree in memory. We can navigate through the DOM tree as much
as we want, and we can modify the tree and save it back to disk as an XML file.

Let's consider the following XML document:

<doc>

<quot e>Ars | onga vita brevis</quote>

<translation>Art is long, life is short</translation>
</ doc>

It corresponds to the following DOM tree:

Document
Element (doc)

—Element (quote)

Text (“Ars longa vita brevis™)
——Element (translation)

Text ("Artis long, life is short™)

The DOM tree contains nodes of different types. For example, an El enent node corresponds to an
opening tag and its matching closing tag. The material that falls between the tags appears as child
nodes of the El enent node.

In Qt, the node types (like all other DOM-related classes) have a Qoom prefix. Thus, QDonEl enent
represents an El enent node, and Qonirext represents a Text node.

Different types of nodes can have different kinds of child nodes. For example, an El enent node can
contain other El enent nodes, and also Entit yRef erence, Text , CDATASect i on, Processi ngl nstructi on,
and Comment nodes. Figure 15.3 shows which nodes can have which kinds of child nodes. The nodes
shown in gray cannot have any child nodes of their own.

Figure 15.3. Parentchild relationships between DOM nodes

View full size image]
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To illustrate how to use DOM for reading XML files, we will write a parser for the book index file
format described in the previous section (p. 340).

cl ass DonPar ser

{
public:
DonPar ser (Q ODevi ce *devi ce, QTreeWdget *tree);
private:
voi d parseEntry(const QDonEl ement &el enent,
QlreeW dget It em *parent);
QIreeW dget *treeW dget;
b

We define a class called DonParser that will parse a book index XML document and display the result
in @ QTReeW dget . This class does not inherit from any other class.

DonPar ser: : DonPar ser (Q CDevi ce *devi ce, QIreeW dget *tree)
{
treeWdget = tree;
QString errorStr;
int errorlLine;
int errorCol um;
QDonmDocunent doc;
if (!doc.setContent(device, true, &errorStr, &errorline,
&errorColum)) {
QvessageBox: : war ni ng(0, Qbject::tr("DOM Parser"),
Qbject::tr("Parse error at line %,
"colum 9%:\n%3")
.arg(errorlLine)
.arg(errorCol umm)
.arg(errorStr));
return;
}
QDonEl enent root =
if (root.tagNanme()
return;
QDomNode node = root.firstChild();
while (!'node.isNull()) {
if (node.toEl enent().tagNanme() == "entry")
par seEnt ry(node. t oEl enent (), 0);
node = node. next Si bling();

doc. docunent El enent () ;
I'= "booki ndex")



In the constructor, we create a QhonDocunent object and call set Content () on it to have it read the
XML document provided by the Q ODevi ce. The set Content () function automatically opens the device
if it isn't already open. Then we call docunment El ement () on the QDonDocunent to obtain its single
QonEl ement child, and we check that it is a <booki ndex> element. We iterate over all the child nodes,
and if the node is an <ent ry> element, we call parseEntry() to parse it.

The QbomNode class can store any type of node. If we want to process a node further, we must first
convert it to the right data type. In this example, we only care about El enent nodes, so we call

t oEl ement () on the QDomNode to convert it to a QDonEl enent and then call t agNane() to retrieve the
element's tag name. If the node is not of type El enent , the t oEl enent () function returns a null
QonEl ement object, with an empty tag name.

voi d DonPar ser: : parseEntry(const QDonEl enent &el enment,
QTr eeW dget I t em *par ent)
{

QlreeWdgetltem *item
if (parent) {
item = new QTreeW dget|tem parent);
} else {
item = new QTreeWdgetlten(treeWdget);

item >set Text (0, element.attribute("term'));
QonmNode node = el ement.firstChild();
while (!'node.isNull()) {
if (node.toElenent().tagNane() == "entry") {
par seEntry(node. toEl ement (), item;
} else if (node.toEl enent().tagNane() == "page") {
QonmNode chi | dNode = node. firstChild();
while (!childNode.isNull()) {
i f (chil dNode. nodeType() == QDomNode: : Text Node) {
QString page = chil dNode.toText (). data();
@String all Pages = item >text(1);
if (lallPages.isEnmpty())
al | Pages += ", ";
al | Pages += page;
item >set Text (1, all Pages);
br eak;

}
chi | dNode = chil dNode. next Si bl i ng();

}
}

node = node. next Si bling();

In parseEntry(), we create a QTReeW dget item. If the tag is nested within another <ent ry> tag, the
new tag defines a subentry in the index, and we create the QrReeW dget | t emas a child of the

Q reeW dget I t emthat represents the encompassing entry. Otherwise, we create the Q reeWdget|tem
with treeW dget as its parent, making it a top-level item. We call set Text () to set the text shown in
column O to the value of the <entry> tag's t er mattribute.

Once we have initialized the @ reew dget I t em, we iterate over the child nodes of the QDonEl enent
node corresponding to the current <entry> tag.

If the element is <entry>, we call parseEntry() with the current item as the second argument. The
new entry's QTReeW dget | t emwill then be created with the encompassing entry's QrReeW dget | t emas
its parent.

If the element is <page>, we navigate through the element's child list to find a Text node. Once we



have found it, we call toText () to convert it to a QhonTText object and data() to extract the text as a
Qstring. Then we add the text to the comma-separated list of page numbers in column 1 of the
QreeWdgetltem

Let's now see how we can use the DonParser class to parse a file:

voi d parseFile(const QString &f il eNane)

{
QStringlLi st | abel s;
| abel s << QObject::tr("Terns") << QObject::tr("Pages");
QIreeW dget *treeWdget = new QIreeW dget;
treeW dget - >set Header Label s(| abel s) ;
treeW dget - >set WndowTi tl e(QObj ect::tr("DOM Parser"));
treeW dget - >show() ;
QFile file(fileNane);
DonParser (&file, treeWdget);
}

We start by setting up a Q@ reew dget . Then we create a Qi | e and a DonPar ser . When the DonPar ser
is constructed, it parses the file and populates the tree widget.

Like the previous example, we need the following line in the application's . pro file to link against the
QtXml library:

Qr += xm

As the example illustrates, navigating through a DOM tree can be cumbersome. Simply extracting
the text between <page> and </ page> required us to iterate through a list of QbonNodes using
firstChild() and nextSibling(). Programmers who use DOM a lot often write their own higher-level
wrapper functions to simplify commonly needed operations, such as extracting the text between
opening and closing tags.

Writing XML
There are basically two approaches for generating XML files from Qt applications:

e We can build a DOM tree and call save() on it.
< We can generate XML by hand.

The choice between these approaches is often independent of whether we use SAX or DOM for
reading XML documents.

Here's a code snippet that illustrates how we can create a DOM tree and write it using a
Qlext St ream:

const int Indent = 4;

QDonDocunent doc;

QDonEl ement root = doc. createEl ement ("doc");

QDonEl ement quote = doc. creat eEl enent ("quote");

QDonEl enent translation = doc. createEl enment ("transl ation");

QDontText latin = doc. createText Node("Ars |longa vita brevis");
QDonirext english = doc. createText Node("Art is long, life is short");
doc. appendChi | d(root);

root . appendChi | d( quot e) ;

root. appendChil d(transl ation);



quot e. appendChi I d(l atin);

transl ati on. appendChi |l d(english);
Qrext Stream out (&fil e);

doc. save(out, Indent);

The second argument to save() is the indentation size to use. A non-zero value makes the file easier
for humans to read. Here's the XML file output:

<doc>

<quot e>Ars | onga vita brevis</quote>

<translation>Art is long, life is short</translation>
</ doc>

Another scenario occurs in applications that use the DOM tree as their primary data structure. These
applications would normally read in XML documents using DOM, then modify the DOM tree in
memory, and finally call save() to convert the tree back to XML.

By default, QonDocunent : : save() uses UTF-8 as the encoding for the generated file. We can use
another encoding by prepending an XML declaration such as

<?xm version="1.0" encodi ng="1SO 8859-1" 7>

to the DOM tree. The following code snippet shows how to do this:

Qrext Stream out (&fil e);

Q@onmNode xm Node = doc. creat eProcessi nglnstruction("xm",
"version=\"1.0\" encoding=\"1SO 8859-1\"");

doc. i nsert Bef ore(xm Node, doc.firstChild());

doc. save(out, Indent);

Generating XML files by hand isn't much harder than using DOM. We can use QText Streamand write
the strings as we would do with any other text file. The most tricky part is to escape special
characters in text and attribute values. The @ : : escape() function escapes the characters '<', '>',
and '&'. Here's some code that makes use of it:

Qrext Stream out (&f il e);
out . set Codec("UTF-8");
out << "<doc>\n"

<< " <quot e>" << QX::escape(quoteText) << "</quote>\n"
<< "
<<" <translation>" << Q::escape(translationText)

<< "</translation>\n"
<< "</doc>\n";

The Qt Quarterly article "Generating XML", available online at http://doc.trolltech.com/qq/ggq05-
generating-xml.html, presents a very simple class that makes it easy to generate XML files. The
class takes care of the details such as special characters, indentation, and encoding issues, leaving
us free to concentrate on the XML we want to generate. The class was designed to work with Qt 3
but it is trivial to port to Qt 4.




Chapter 16. Providing Online Help

e Tooltips, Status Tips, and "What's This?" Help
e Using QTextBrowser as a Simple Help Engine
e Using Qt Assistant for Powerful Online Help

Most applications provide their users with online help. Some help is short, such as tooltips, status
tips, and "What's This?" help. Naturally, Qt supports all of these. Other help can be much more
extensive, involving many pages of text. For this kind of help, you can use Qrext Browser as a simple
online help browser, or you can invoke Qt Assistant or an HTML browser from your application.

Tooltips, Status Tips, and "What's This?" Help

A tooltip is a small piece of text that appears when the mouse hovers over a widget for a certain
period of time. Tooltips are presented with black text on a yellow background. Their primary use is
to provide textual descriptions of toolbar buttons.

We can add tooltips to arbitrary widgets in code using QW dget : : set Tool Ti p() . For example:

findButton->setTool Tip(tr("Find next"));

To set the tooltip of a QActi on that could be added to a menu or a toolbar, we can simply call
set Tool Ti p() on the action. For example:

newAction = new QAction(tr("&\ew'), this);
newAct i on- >set Tool Ti p(tr (" New docunent"));
If we don't explicitly set a tooltip, QActi on will automatically use the action text.

A status tip is also a short piece of descriptive text, usually a little longer than a tooltip. When the
mouse hovers over a toolbar button or a menu option, a status tip appears in the status bar. Call
set StatusTi p() to add a status tip to an action or to a widget:

newAct i on->set StatusTip(tr("Create a new docunent"));

Figure 16.1. An application showing a tooltip and a status tip

View full size image
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In some situations, it is desirable to provide more information about a widget than can be given by
tooltips or status tips. For example, we might want to provide a complex dialog with explanatory
text about each field without forcing the user to invoke a separate help window. "What's This?"
mode is an ideal solution for this. When a window is in "What's This?" mode, the cursor changes to

[’*\E‘?and the user can click on any user interface component to obtain its help text. To enter "What's
This?" mode, the user can either click the ? button in the dialog's title bar (on Windows and KDE) or
press Shi ft+F1.

Here is an example of a "What's This?" text set on a dialog:

di al og->set What sThis(tr("<img src=\":/images/icon. png\">"
"&nbsp; The neani ng of the Source field depends "
"on the Type field:"
"<ul >"
"<| i ><b>Books</ b> have a Publisher"
"<li><b>Articles</b> have a Journal name with "
"vol ume and issue nunber”
"<li><b>Theses</b> have an Institution name "
"and a Departnent nane"
"<ful>"));

We can use HTML tags to format the text of a "What's This?" text. In the example, we include an
image (which is listed in the application's resource file), a bulleted list, and some text in bold. The
tags and attributes that Qt supports are specified at http://doc.trolltech.com/4.1/richtext-html-
subset.html.

Figure 16.2. A dialog showing a "What's This?" help text



% -~ Cataloyg - Edit Entry 7 0O %

Type [ank | =

Authors ISteve McConnell

l
Title |Rapid Development ]
|
|

Source 1Microsurt Press

Year  |2003

Abstract

I,
|
a

% The meaning of the Source field
depends on the Type field:
« Books have a Fublisher
= Articles have a Journal name with
volume and issue number
# Theses have an Institution name
and a Department name

Corporate and com
for one impor‘tant p
schedules under ¢
addresses that con
practices, and valu
schedules and kee

Help Save H Cancel

When we set a "What's This?" text on an action, the text will be shown when the user clicks the
menu item or toolbar button or presses the shortcut key while in "What's This?" mode. When the
user interface components of an application's main window provide "What's This?" text, it is
customary to provide a What's This? option in the Help menu and a corresponding toolbar button.
This can be done by creating a What's This? action with the static Quhat sThi s: : creat eActi on()
function and adding the action it returns to a Help menu and to a toolbar. The Quat sThi s class also
provides static functions to programmatically enter and leave "What's This?" mode.

Using QTextBrowser as a Simple Help Engine

Large applications may require more online help than tooltips, status tips, and "What's This?" help
can reasonably show. A simple solution to this is to provide a help browser. Applications that include
a help browser typically have a Help entry in the main window's Help menu and a Help button in
every dialog.

In this section, we present the simple help browser shown in Figure 16.3 and explain how it can be
used within an application. The window uses a Qrext Browser to display help pages that are marked
up with an HTML-based syntax. Qrext Browser can handle a lot of HTML tags, so it is ideal for this
purpose.

Figure 16.3. The Hel pBrowser widget

View full size image]
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We begin with the header file:

#i ncl ude <QW dget >

cl ass QPushButt on;

cl ass QText Browser;

cl ass Hel pBrowser : public QAW dget

Q OBJECT
public:

Hel pBrowser (const QString &path, const QString &page,

QW dget *parent = 0);

static void showPage(const QString &page);
private slots:

voi d updat eW ndowTi tl e();
private:

Qlext Browser *textBrowser;

QPushBut t on *honeButt on;

QPushButt on *backButt on;

QPushButton *cl oseButton;

The Hel pBrowser provides a static function that can be called from anywhere in the application. This
function creates a Hel pBrowser window and shows the given page.

Here's the beginning of the implementation:

#i ncl ude <Q Gui >
#i ncl ude "hel pbrowser. h"
Hel pBrowser: : Hel pBrowser (const QString &path, const QString &page,
QW dget *parent)
QW dget (parent)

setAttribute(Q:: WA Del eteOnd ose);



setAttribute(Q:: WA G ouplLeader);

t ext Browser = new QText Browser;

honmeButton = new QPushButton(tr("&Hone"));

backButton = new QPushButton(tr("&Back"));

cl oseButton = new QPushButton(tr("C ose"));

cl oseButton->set Shortcut(tr("Esc"));

HBoxLayout *buttonLayout = new QHBoxLayout;

but t onLayout - >addW dget ( honmeBut t on) ;

but t onLayout - >addW dget ( backBut t on) ;

but t onLayout - >addStret ch();

but t onLayout - >addW dget (cl oseButt on);

QvBoxLayout *nmi nLayout = new QvBoxLayout ;

mai nLayout - >addLayout ( but t onLayout ) ;

mai nLayout - >addW dget (t ext Browser) ;

set Layout ( mai nLayout) ;

connect (honmeButton, SIGNAL(clicked()), textBrowser, SLOT(home()));

connect (backButton, SIGNAL(clicked()),
t ext Browser, SLOT(backward()));

connect (cl oseButton, SIGNAL(clicked()), this, SLOT(close()));

connect (text Browser, Sl GNAL(sourceChanged(const QUrl &)),
this, SLOT(updateW ndowTitle()));

t ext Browser - >set Sear chPat hs(QStringLi st () << path << ":/imges");

t ext Browser - >set Sour ce( page) ;

We set the @ :: WA GroupLeader attribute because we want to pop up Hel pBrowser windows from
modal dialogs in addition to the main window. Modal dialogs normally prevent the user from
interacting with any other window in the application. However, after requesting help, the user must
obviously be allowed to interact with both the modal dialog and with the help browser. Setting the
Q :: WA GroupLeader attribute makes this interaction possible.

We provide two search paths, the first a path in the file system that contains the application's
documentation, and the second the location of the image resources. The HTML can include
references to images in the file system in the normal way and also references to image resources by
using a path that begins with :/ (colon slash). The page parameter is the name of the documentation
file, with an optional HTML anchor.

voi d Hel pBrowser: : updat eW ndowTi t| e()
{

}

set WndowTitle(tr("Hel p: %4").arg(textBrowser->docunentTitle()));

Whenever the source page changes, the updat eW ndowTi t1 e() slot is called. The docunent Titl e()
function returns the text specified in the page's <ti tl e> tag.

voi d Hel pBrowser:: showPage(const QString &page)

{
@String path = QApplication::applicationDirPath() + "/doc";
Hel pBrowser *browser = new Hel pBrowser (path, page);
br owser - >resi ze(500, 400);
br owser - >show() ;
}

In the showPage() static function, we create the Hel pBrowser window and then show it. The window
will be destroyed automatically when the user closes it, since we set the Q@ :: WA Del et eOnCl ose
attribute in the Hel pBrowser constructor.



For this example, we assume that the documentation is located in the doc subdirectory of the
directory containing the application's executable. All the pages passed to the showPage() function will
be taken from this subdirectory.

Now we are ready to invoke the help browser from the application. In the application's main window,
we would create a Help action and connect it to a hel p() slot that could look like this:

voi d Mai nW ndow: : hel p()

Hel pBr owser : : showPage("i ndex. htm ") ;

This assumes that the main help file is called i ndex. ht m . For dialogs, we would connect the Help
button to a hel p() slot that might look like this:

voi d EntryDi al og: : hel p()

Hel pBr owser : : showPage("forns. ht m #edi ti ng");

Here we look in a different help file, fornms. ht M , and scroll the Qrext Browser to the editing anchor.

Using Qt Assistant for Powerful Online Help

Qt Assistant is a redistributable online help application supplied by Trolltech. Its main virtues are
that it supports indexing and full text search and that it can handle documentation sets for multiple
applications.

To make use of Qt Assistant, we must incorporate the necessary code in our application, and we
must make Qt Assistant aware of our documentation.

Communication between a Qt application and Qt Assistant is handled by the Qassi stantd i ent
class, which is located in a separate library. To link this library with an application, we must add the
following line to the application's . pro file:

CONFI G += assi st ant

We will now review the code of a new Hel pBrowser class that uses Qt Assistant.

#i f ndef HELPBROWSER H
#def i ne HELPBROASER H
class QAssistantCient;
class QString;

cl ass Hel pBrowser

{
publi c:
static void showPage(const QString &page);
private:
static QAssistantClient *assistant;
s

#endi f



Here's the new hel pbrowser. cpp file:

#i ncl ude <QApplication>

#i ncl ude <QAssi stantCient>

#i ncl ude "hel pbrowser. h"

@Assi stantCient *Hel pBrowser::assistant = 0;
voi d Hel pBrowser: : showPage(const QString &page)

{
@String path = QApplication::applicationDirPath() + "/doc/" + page;
if (!'assistant)
assistant = new QAssistantClient("");
assi st ant - >showPage( pat h) ;
}

The @Assi stant d i ent constructor accepts a path string as its first argument, which it uses to locate
the Qt Assistant executable. By passing an empty path, we signify that Qassi stant dient should
look for the executable in the PATH environment variable. QAssi st ant G i ent has a showPage() function
that accepts a page name with an optional HTML anchor.

The next step is to prepare a table of contents and an index for the documentation. This is done by
creating a Qt Assistant profile and writing a . dcf file that provides information about the
documentation. All this is explained in Qt Assistant's online documentation, so we will not duplicate
that information here.

An alternative to using Qrext Browser or Qt Assistant is to use platform-specific approaches to
providing online help. For Windows applications, it might be desirable to create Windows HTML Help
files and to provide access to them using Microsoft Internet Explorer. You could use Qt's QProcess
class or the ActiveQt framework for this. For X11 applications, a suitable approach might be to
provide HTML files and to launch a web browser using QProcess. On Mac OS X, Apple Help provides
similar functionality to Qt Assistant.

We have now reached the end of Part II. The chapters that follow in Part III cover more advanced
and specialized features of Qt. The C++ and Qt coding they present are no more difficult than that
seen in Part II, but some of the concepts and ideas may be more challenging in those areas that are
new to you.
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Chapter 17. Internationalization

e Working with Unicode

e Making Applications Translation-Aware
e Dynamic Language Switching

e Translating Applications

In addition to the Latin alphabet used for English and for many European languages, Qt 4 also
provides extensive support for the rest of the world's writing systems:

e Qt uses Unicode throughout the API and internally. No matter what language we use for the
user interface, the application can support all users alike.

e Qt's text engine can handle all the major non-Latin writing systems, including Arabic,
Chinese, Cyrillic, Hebrew, Japanese, Korean, Thai, and the Indic languages.

e Qt's layout engine supports right-to-left layouts for languages such as Arabic and Hebrew.

e Certain languages require special input methods for entering text. Editor widgets such as
QLi neEdi t and Qrext Edi t work well with any input method installed on the user's system.

Often, it isn't enough to allow users to enter text in their native language; the entire user interface's
must be translated as well. Qt makes this easy: Simply wrap all user-visible strings with the tr ()
function (as we have done in earlier chapters) and use Qt's supporting tools to prepare translation
files in the required languages. Qt provides a GUI tool called Qt Linguist for use by translators.Qt
Linguist is complemented by two command-line programs, | updat e and I rel ease, which are
typically run by the application's developers.

For most applications, a translation file is loaded at startup, based on the user's locale settings. But
in a few cases, it is also necessary for users to be able to switch language at run-time. This is
perfectly possible with Qt, although it does require a bit of extra work. And thanks to Qt's layout
system, the various user interface components will automatically adjust to make room for the
translated texts when they are longer than the original texts.

Working with Unicode

Unicode is a character encoding standard that supports most of the world's writing systems. The
original idea behind Unicode is that by using 16 bits for storing characters instead of 8 bits, it would
be possible to encode around 65,000 characters instead of only 256.2 Unicode contains ASCII and
ISO 8859-1 (Latin-1) as subsets at the same code positions. For example, the character 'A' has
value 0x41 in ASCII, Latin-1, and Unicode, and the character 'A' has value 0xD1 in both Latin-1 and
Unicode.

[l Recent versions of the Unicode standard assign character values above 65,535. These characters can be represented using
sequences of two 16-bit values called "surrogate pairs".

Qt's st ring class stores strings as Unicode. Each character in a Qstring is a 16-bit QChar rather than
an 8-bit char. Here are two ways of setting the first character of a string to 'A":

str[0]

A
str[ 0] QChar (0x41) ;

If the source file is encoded in Latin-1, specifying Latin-1 characters is just as easy:

str[0] = 'R ;



And if the source file has another encoding, the numeric value works fine:

str[0] = QChar (0xD1);

We can specify any Unicode character by its numeric value. For example, here's how to specify the
Greek capital letter sigma ('E") and the euro currency symbol (' € '):

str[0]
str[0]

QChar (0x3A3) ;
QChar (0x20AC) ;

The numeric values of all the characters supported by Unicode are listed at
http://www.unicode.org/standard/. If you rarely need non-Latin-1 Unicode characters, looking up
characters online is sufficient; but Qt provides more convenient ways of entering Unicode strings in
a Qt program, as we will see later in this section.

Qt 4's text engine supports the following writing systems on all platforms: Arabic, Chinese, Cyrillic,
Greek, Hebrew, Japanese, Korean, Lao, Latin, Thai, and Vietnamese. It also supports all the Unicode
4.1 scripts that don't require any special processing. In addition, the following writing systems are
supported on X11 with Fontconfig and on recent versions of Windows: Bengali, Devanagari, Gujarati,
Gurmukhi, Kannada, Khmer, Malayalam, Syriac, Tamil, Telugu, Thaana (Dhivehi), and Tibetan.
Finally, Oriya is supported on X11, and Mongolian and Sinhala are supported on Windows XP.
Assuming that the proper fonts are installed on the system, Qt can render text using any of these
writing systems. And assuming that the proper input methods are installed, users will be able to
enter text that uses these writing systems in their Qt applications.

Programming with Qchar is slightly different from programming with char. To obtain the numeric
value of a Qchar, call uni code() on it. To obtain the ASCII or Latin-1 value of a QChar (as a char ), call
toLatinl(). For non-Latin-1 characters, tolLatin1() returns "\0'.

If we know that all the strings in a program are ASCII, we can use standard <cct ype> functions like
i sal pha(), isdigit(), andisspace() on the return value of toLatin1(). However, it is generally
better to use Qchar's member functions for performing these operations, since they will work for any
Unicode character. The functions Qchar provides include i sPrint(), i sPunct(), i sSpace(), i sMark(),
isLetter(),isNunber(),islLetterO Nunber(),isDigit(),isSynbol(),isLower(), and isUpper(). For
example, here's one way to test that a character is a digit or an uppercase letter:

if (ch.isDigit() || ch.isUpper())

The code snippet works for any alphabet that distinguishes between uppercase and lowercase,
including Latin, Greek, and Cyrillic.

Once we have a Unicode string, we can use it anywhere in Qt's API where a QString is expected. It
is then Qt's responsibility to display it properly and to convert it to the relevant encodings when
talking to the operating system.

Special care is needed when we read and write text files. Text files can use a variety of encodings,
and it is often impossible to guess a text file's encoding from its contents. By default, Qrext Stream
uses the system's local 8-bit encoding (available as Qrext Codec: : codecFor Local e() ) for both reading
and writing. For American and West European locales, this usually means Latin-1.

If we design our own file format and want to be able to read and write arbitrary Unicode characters,



we can save the data as Unicode by calling

st ream set Codec(" UTF- 16");
stream set Gener at eByt eOr der Mar k(true);

before we start writing to the Qrext Stream The data will then be saved in UTF-16, a format that
requires two bytes per character, and will be prefixed with a special 16-bit value (the Unicode byte
order mark, 0xFFFE) identifying that the file is in Unicode and whether the bytes are in little-endian
or big-endian order. The UTF-16 format is identical to the memory representation of a Qstring, so
reading and writing Unicode strings in UTF-16 can be very fast. However, there is an inherent
overhead when saving pure ASCII data in UTF-16 format, since it stores two bytes for every
character instead of just one.

Other encodings can be specified by calling set Codec() with an appropriate Qrext Codec. A QText Codec
is an object that converts between Unicode and a given encoding. QText Codecs are used in a variety
of contexts by Qt. Internally, they are used to support fonts, input methods, the clipboard, drag and
drop, and file names. But they are also available to us when we write Qt applications.

When reading a text file, Qrext St reamdetects Unicode automatically if the file starts with the byte
order mark. This behavior can be turned off by calling set Aut oDet ect Uni code(f al se) . If the data can't
be assumed to start with the byte order mark, it is best to call set Codec() with "UTF-16" before
reading.

Another encoding that supports the whole of Unicode is UTF-8. Its main advantage over UTF-16 is
that it is a superset of ASCII. Any character in the range 0x00 to 0x7F is represented as a single
byte. Other characters, including Latin-1 characters above 0x7F, are represented by multi-byte
sequences. For text that is mostly ASCII, UTF-8 takes up about half the space consumed by UTF-16.
To use UTF-8 with Qrext St ream, call set Codec() with "UTF-8" as the codec name before reading and
writing.

If we always want to read and write Latin-1 regardless of the user's locale, we can set the "ISO
8859-1" codec on the Qrext Stream For example:

QlextStreamin(&file);
i n. set Codec(" SO 8859-1");

Some file formats specify their encoding in their header. The header is typically plain ASCII to
ensure that it is read correctly no matter what encoding is used (assuming that it is a superset of
ASCII). The XML file format is an interesting example of this. XML files are normally encoded as
UTF-8 or UTF-16. The proper way to read them in is to call set Codec() with "UTF-8". If the format is
UTF-16, Qrext Streamwill automatically detect this and adjust itself. The <?xm ?> header of an XML
file sometimes contains an encodi ng argument, for example:

<?xm version="1.0" encodi ng="EUC- KR"' ?>

Since Qrext Streamdoesn't allow us to change the encoding once it has started reading, the right way
to respect an explicit encoding is to start reading the file afresh, using the correct codec (obtained
from QText Codec: : codecFor Nane() ). In the case of XML, we can avoid having to handle the encoding
ourselves by using Qt's XML classes, described in Chapter 15.

Another use of Qrext Codecs is to specify the encoding of strings that occur in the source code. Let's
consider for example a team of Japanese programmers who are writing an application targeted
primarily at Japan's home market. These programmers are likely to write their source code in a text



editor that uses an encoding such as EUC-JP or Shift-JIS. Such an editor allows them to type in
Japanese characters seamlessly, so that they can write code like this:

QPushButton *button = new QPushButton(tr(" Has "));

By default, Qt interprets arguments to TR() as Latin-1. To change this, call the
Qrext Codec: : set CodecFor Tr () static function. For example:

Qrext Codec: : set CodecFor Tr ( QText Codec: : codecFor Name(" EUC- JP"));
This must be done before the first call to tr (). Typically, we would do this in mai n() , immediately
after the QAppl i cati on object is created.

Other strings specified in the program will still be interpreted as Latin-1 strings. If the programmers
want to enter Japanese characters in those as well, they can explicitly convert them to Unicode
using a Qrext Codec:

String text = japaneseCodec->t oUni code(" iBEEEE "),

Alternatively, they can tell Qt to use a specific codec when converting between const char * and
Qstring by calling QText Codec: : set CodecFor CStri ngs() :

Qrext Codec: : set CodecFor CSt ri ngs( QText Codec: : codecFor Nanme(" EUC-JP"));

The techniques described above can be applied to any non-Latin-1 language, including Chinese,
Greek, Korean, and Russian.

Here's a list of the encodings supported by Qt 4:

e« Apple Roman

- Big5

- Big5-HKSCS
- EUC-IP

- EUC-KR

- GB18030-0

- IBM 850

- IBM 866

- IBM 874

- ISO 2022-1P
- IS0 8859-1

- ISO 8859-2

- IS0 8859-3

- ISO 8859-4

- ISO 8859-5

- ISO 8859-6

- ISO 8859-7

- ISO 8859-8
-« [ISO 8859-9
- ISO 8859-10
- IS0 8859-13
-« ISO 8859-14



- IS0 8859-15
- ISO 8859-16

e Iscii-Bng
e Iscii-Dev
e Iscii-Gjr

e Iscii-Knd
e Iscii-MIm
e Iscii-Ori

e Iscii-Pnj

e Iscii-Tlg

e Iscii-Tml

e JIS X 0201
e JIS X 0208
e KOI8-R

e KOI8-U

e MuleLao-1
« ROMANS
e Shift-JIS
e TIS-620

e TSCII

e UTF-8

e UTF-16

e UTF-16BE
e UTF-16LE

e Windows-1250
e Windows-1251
e Windows-1252
e Windows-1253
e Windows-1254
e Windows-1255
e Windows-1256
e Windows-1257
e Windows-1258
e WINSAMI2

For all of these, QText Codec: : codecFor Nane() will always return a valid pointer. Other encodings can
be supported by subclassing Qrext Codec.

Making Applications Translation-Aware

If we want to make our applications available in multiple languages, we must do two things:

e Make sure that every user-visible string goes through tr ().
e Load a translation (. gm) file at startup.

Neither of these is necessary for applications that will never be translated. However, using TR()
requires almost no effort and leaves the door open for doing translations at a later date.

The tr() function is a static function defined in Qoj ect and overridden in every subclass defined
with the Q OBJECT macro. When writing code inside a Qbj ect subclass, we can call tr() without
formality. A call to TR() returns a translation if one is available; otherwise, the original text is
returned.

To prepare translation files, we must run Qt's | updat e tool. This tool extracts all the string literals
that appear in TR() calls and produces translation files that contain all of these strings ready to be
translated. The files can then be sent to a translator to have the translations added. This process is
explained in the "Translating Applications" section later in this chapter.




Atr() call has the following general syntax:

Context::tr(sourceText, conment)

The Context part is the name of a Qbj ect subclass defined with the Q OBJECT macro. We don't need
to specify it if we call tr () from a member function of the class in question. The sourceText part is
the string literal that needs to be translated. The comment part is optional; it can be used to provide
additional information to the translator.

Here are a few examples:

RockyW dget : : RockyW dget (QW dget *parent)
QW dget ( parent)

String strl = tr("Letter");

QString str2 = RockyWdget::tr("Letter");

QString str3 = SnazzyDialog::tr("Letter");

QString str4 = SnazzyDialog::tr("Letter", "US paper size");

The first two calls to tr () have "RockyWidget" as context, and the last two calls have
"SnazzyDialog". All four have "Letter" as source text. The last call also has a comment to help the
translator understand the meaning of the source text.

Strings in different contexts (classes) are translated independently of each other. Translators
typically work on one context at a time, often with the application running and showing the widget
or dialog being translated.

When we call TR() from a global function, we must specify the context explicitly. Any Qbj ect
subclass in the application can be used as the context. If none is appropriate, we can always use
Qbj ect itself. For example:

int main(int argc, char *argv[])

{
QAppl i cation app(argc, argv);
.Q.DLJshButton button(QCbject::tr("Hello Q!"));
button. show();
return app. exec();
}

In every example so far, the context has been a class name. This is convenient, because we can
almost always omit it, but this doesn't have to be the case. The most general way of translating a
string in Qt is to use the QaApplication::translate() function, which accepts up to three arguments:
the context, the source text, and the optional comment. For example, here's another way to
translate "Hello Qt!":

QApplication::translate("d obal Stuff", "Hello Q!")

This time, we put the text in the "Global Stuff" context.

Thetr() and transl ate() functions serve a dual purpose: They are markers that | updat e uses to



find user-visible strings, and at the same time they are C++ functions that translate text. This has
an impact on how we write code. For example, the following will not work:

/1 \WWRONG
const char *appNane = "QpenDrawer 2D';
QString translated = tr(appNane);

The problem here is that | updat e will not be able to extract the "OpenDrawer 2D" string literal, as it
doesn't appear inside a tr () call. This means that the translator will not have the opportunity to
translate the string. This issue often arises in conjunction with dynamic strings:

/'l V\RONG
stat usBar () - >showMessage(tr("Host " + hostNane + " found"));

Here, the string we pass to tr() varies depending on the value of host Name, so we can't reasonably
expect TR() to translate it correctly.

The solution is to use Qstring: :arg() :

st at usBar () - >showMessage(tr("Host % found").arg(host Nane));

Notice how it works: The string literal "Host %1 found" is passed to tr (). Assuming that a French
translation file is loaded, tr () would return something like "Hb6te %1 trouvé". Then the "%1"
parameter is replaced with the contents of the host Nane variable.

Although it is generally inadvisable to call tr () on a variable, it can be made to work. We must use
the Qr_tr_NOOP() macro to mark the string literals for translation before we assign them to a
variable. This is mostly useful for static arrays of strings. For example:

void OrderForm:init()
{

static const char * const flowers[] = {
QI_TR_NOOP( " Medi um Stem Pi nk Roses"),
QI_TR_NOOP(" One Dozen Boxed Roses"),
QT _TR_NOOP(" Cal ypso Orchid"),
QI_TR_NOOP("Dried Red Rose Bouquet"),
QI_TR_NOOP("M xed Peoni es Bouquet"),

0

i
for (int i = 0; flowers[i]; ++i)
comboBox->addl ten(tr(flowers[i]));

The Qr_tr_NooP() macro simply returns its argument. But | updat e will extract all the strings wrapped
in Qr_tr_NOOP() so that they can be translated. When using the variable later on, we call tr() to
perform the translation as usual. Even though we have passed tr() a variable, the translation will
still work.

There is also a QT_TRANSLATE_NOOP() macro that works like Qr_tr_NOOP() but also takes a context.
This macro is useful when initializing variables outside of a class:



static const char * const flowers[] = {
QT _TRANSLATE_NOCOP(" Or der For ni', "Medi um Stem Pi nk Roses"),
QT _TRANSLATE_NOCOP(" Order Fornt', "One Dozen Boxed Roses"),
QI _TRANSLATE_NOOP(" Order Fornt', "Cal ypso Orchid"),
QT _TRANSLATE_NOOP("Order Forni', "Dried Red Rose Bouquet"),
QI _TRANSLATE_NOOP( " Order Fornt', "M xed Peoni es Bouquet"),
0

The context argument must be the same as the context given to TR() or transl ate() later on.

When we start using TR() in an application, it's easy to forget to surround some user-visible strings
with a tr() call, especially when we are just beginning to use it. These missing TR() calls are
eventually discovered by the translator or, worse, by users of the translated application, when some
strings appear in the original language. To avoid this problem, we can tell Qt to forbid implicit
conversions from const char * to Qstring. We do this by defining the Qr_NO CAST_FROM ASCI |
preprocessor symbol before including any Qt header. The easiest way to ensure this symbol is set is
to add the following line to the application's . pro file:

DEFI NES += QT_NO_CAST_FROM ASCI |

This will force every string literal to require wrapping by TR() or by Q.atin1String(), depending on
whether it should be translated or not. Strings that are not suitably wrapped will produce a compile-
time error, thereby compelling us to add the missing TR() or Q.ati niString() call.

Once we have wrapped every user-visible string by a tr() call, the only thing left to do to enable
translation is to load a translation file. Typically, we would do this in the application's mai n()
function. For example, here's how we would try to load a translation file depending on the user's
locale:

int main(int argc, char *argv[])

{
QApplication app(argc, argv);
QrIransl ator appTransl ator;
appTransl ator. | oad("myapp_" + Q.ocal e::systen(). nane(),
gApp- >applicationDirPath());
app.install Transl at or (&ppTransl at or);
return app. exec();
}

The QLocal e: : systen() function returns a QLocal e object that provides information about the user's
locale. Conventionally, we use the locale's name as part of the . gmfile name. Locale names can be
more or less precise; for example, fr specifies a French-language locale, fr _CA specifies a French
Canadian locale, and fr_CA. | S08859- 15 specifies a French Canadian locale with ISO 8859-15

encoding (an encoding that supports '€', '@E', 'ee’, and '?‘).

Assuming that the locale is fr _CA. 1 S08859- 15, the Q ransl ator:: 1 oad() function first tries to load the
file myapp_fr_CA 1S08859-15. gm If this file does not exist, | oad() next tries nyapp_fr_CA gm then
myapp_fr.gm and finally nyapp. gm before giving up. Normally, we would only provide nyapp_fr. gm
containing a standard French translation, but if we need a different file for French-speaking Canada,
we can also provide nyapp_fr_CA gmand it will be used for fr_cCa locales.

The second argument to QTRansl ator: : 1 oad() is the directory where we want | oad() to look for the
translation file. In this case, we assume that the translation files are located in the same directory as



the executable.

The Qt libraries contain a few strings that need to be translated. Trolltech provides French, German,
and Simplified Chinese translations in Qt's transl ati ons directory. A few other languages are
provided as well, but these are contributed by Qt users and are not officially supported. The Qt
libraries' translation file should also be loaded:

Qrransl ator gt Transl ator;

gt Transl ator.load("qt_" + Q.ocal e::system().nane(),
gApp- >appl i cationDirPat h());

app.install Transl at or (&qt Transl at or) ;

A QTRansl at or object can only hold one translation file at a time, so we use a separate Q ransl at or
for Qt's translation. Having just one file per translator is not a problem since we can install as many
translators as we need. Qappl i cati on will use all of them when searching for a translation.

Some languages, such as Arabic and Hebrew, are written right-to-left instead of left-to-right. In
those languages, the whole layout of the application must be reversed, and this is done by calling
QAppl i cation: : setlLayout Direction(Q:: Ri ght ToLeft). The translation files for Qt contain a special
marker called "LTR" that tells Qt whether the language is left-to-right or right-to-left, so we normally
don't need to call set Layout Di recti on() ourselves.

It may prove more convenient for our users if we supply our applications with the translation files
embedded in the executable, using Qt's resource system. Not only does this reduce the number of
files distributed as part of the product, it also avoids the risk of translation files getting lost or
deleted by accident.

Assuming that the . gmfiles are located in a TRansl ati ons subdirectory in the source tree, we would
then have a nyapp. gr ¢ file with the following contents:

<! DOCTYPE RCC><RCC version="1.0">

<gr esour ce>
<fil e>transl ations/ myapp_de. gnx/fil e>
<file>transl ati ons/ nyapp_fr.qgnx/fil e>
<fil e>transl ations/ myapp_zh. gqnx/fil e>
<file>transl ations/qt_de.qgnx/file>
<file>translations/qt_fr.qgnx/file>
<file>translations/qt_zh.qgn/file>

</ qresour ce>

</ RCC>

The . pro file would contain the following entry:

RESOURCES = nmyapp.qrc

Finally, in mai n() , we must specify : /transl ati ons as the path for the translation files. The leading
colon indicates that the path refers to a resource as opposed to a file in the file system.

We have now covered all that is required to make an application able to operate using translations
into other languages. But language and the direction of the writing system are not the only things
that vary between countries and cultures. An internationalized program must also take into account
the local date and time formats, monetary formats, numeric formats, and string collation order. Qt
includes a QLocal e class that provides localized numeric and date/time formats. To query other



locale-specific information, we can use the standard C++ setl ocal e() and | ocal econv() functions.
Some Qt classes and functions adapt their behavior to the locale:

e QString::|ocal eAwar eConpar e() compares two strings in a locale-dependent manner. It is
useful for sorting user-visible items.

e ThetoString() function provided by Qbate, QTi me, and QDat eTi me returns a string in a local
format when called with @ :: Local Dat e as argument.

e By default, the Qpat eEdi t and QDat eTi neEdi t widgets present dates in the local format.

Finally, a translated application may need to use different icons in certain situations rather than the
original icons. For example, the left and right arrows on a web browser's Back and Forward buttons
should be swapped when dealing with a right-to-left language. We can do this as follows:

if (QApplication::isRightToLeft()) {
backActi on->set|con(forwardlcon);
f orwar dAct i on->set | con( backl con);

} else {
backAct i on->set | con(backl con);
forwar dActi on->set | con(forwardlcon);

Icons that contain alphabetic characters very commonly need to be translated. For example, the
letter 'I' on a toolbar button associated with a word processor's Italic option should be replaced by a
'C' in Spanish (Cursivo) and by a 'K' in Danish, Dutch, German, Norwegian, and Swedish (Kursiv).
Here's a simple way to do it:

if (tr("ltalic")[0] =="'C) {
italicAction->setlcon(iconC);

} elseif (tr("lItalic")[0] == "K') {
italicAction->setlcon(iconK);

} else {

italicAction->setlcon(iconl);

}

An alternative is to use the resource system's support for multiple locales. In the . grc file, we can
specify a locale for a resource using the | ang attribute. For example:

<gr esour ce>

<file>italic.png</file>
</ qresour ce>
<gresource | ang="es">

<file alias="italic.png">cursivo.png</file>
</ qresour ce>
<gresource | ang="sv">

<file alias="italic.png">kursiv.png</file>
</ qresour ce>

If the user's locale is es (Espafiol), :/italic. png becomes a reference to the cursivo. png image. If
the locale is sv (Svenska), the kursiv. png image is used. For other locales, italic. png is used.



Dynamic Language Switching

For most applications, detecting the user's preferred language in mai n() and loading the appropriate
.gmfiles there is perfectly satisfactory. But there are some situations where users might need the
ability to switch language dynamically. An application that is used continuously by different people in
shifts may need to change language without having to be restarted. For example, applications used
by call center operators, by simultaneous translators, and by computerized cash register operators
often require this capability.

Making an application able to switch language dynamically requires a little more work than loading a
single translation at startup, but it is not difficult. Here's what must be done:

e Provide a means by which the user can switch language.
e For every widget or dialog, set all of its translatable strings in a separate function (often
called retransl ateUi () ) and call this function when the language changes.

Let's review the relevant parts of a "call center" application's source code. The application provides a
Language menu to allow the user to set the language at run-time. The default language is English.

Figure 17.1. A dynamic Language menu
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Since we don't know which language the user will want to use when the application is started, we no
longer load translations in the mai n() function. Instead, we will load them dynamically when they are
needed, so all the code that we need to handle translations must go in the main window and dialog
classes.

Let's have a look at the application's Qvai nW ndow subclass.

Mai nW ndow. : Mai nW ndow( )
{
journal View = new Jour nal Vi ew,
set Cent ral W dget (j our nal Vi ew) ;
gApp- >i nstal | Transl at or (&appTransl ator);
gApp- >i nstal | Transl at or (&qt Transl at or) ;
gnPat h = gApp->applicationDirPath() + "/translations";
creat eActions();
creat eMenus();
retranslateUi ();

In the constructor, we set the central widget to be a Jour nal Vi ew, a QTabl eW dget subclass. Then we
set up a few private member variables related to translation:

e The appTransl at or variable is a QTRansl at or object used for storing the current application's
translation.



e Theqgttransl ator variable is a QTRansl at or object used for storing Qt's translation.
e The gnPat h variable is a Qstri ng that specifies the path of the directory that contains the
application's translation files.

At the end, we call the createActions() and creat eMenus() private functions to create the menu
system, and we call retransl ateUi (), also a private function, to set the user-visible strings for the
first time.

voi d Mai nW ndow: : creat eActi ons()

{
newAction = new QActi on(this);
connect (newAction, SIGNAL(triggered()), this, SLOT(newrile()));
about @ Action = new QActi on(this):
connect (about Q Action, SIGNAL(triggered()), gApp, SLOT(aboutQ@()));
}

The creat eActions() function creates the QActi on objects as usual, but without setting any of the
texts or shortcut keys. These will be done inretranslate-Ui ().

voi d Mai nW ndow: : cr eat eMenus()

{
fileMenu = new Qvenu(this);
fileMenu->addActi on(newActi on);
fil eMenu->addActi on(openAction);
fileMenu->addActi on(saveAction);
fileMenu->addActi on(exitAction);

creat eLanguageMenu() ;

hel pMenu = new QWVenu(this);

hel pMenu- >addAct i on(about Acti on);
hel pMenu- >addAct i on(about Qt Acti on);
nmenuBar () - >addMenu(fil eMenu);
menuBar () - >addMenu( edi t Menu) ;
menuBar () - >addMenu(r epor t sMenu) ;
nmenuBar () - >addMenu( | anguageMenu) ;
menuBar () - >addMenu( hel pMenu) ;

The creat eMenus() function creates menus, but does not give them any titles. Again, this will be
done inretranslateUi ().

In the middle of the function, we call creat eLanguageMenu() to fill the Language menu with the list of
supported languages. We will review its source code in a moment. First, let's look at
retranslateU () :

voi d Mai nW ndow: : retransl ateU ()
{
newAct i on->set Text (tr (" &New"));
newAct i on- >set Shortcut (tr("Ctrl +N'));
newAct i on->set StatusTip(tr("Create a new journal"));

about Q¢ Acti on->set Text (tr (" About &QX"));

about QX Action->setStatusTip(tr("Show the @ Ilibrary's About box"));
fileMenu->setTitle(tr("&File"));

edit Menu->setTitle(tr("&Edit"));
reportsMenu->setTitle(tr("&Reports"));

| anguageMenu->set Titl e(tr (" & L.anguage"));



hel pMenu->set Title(tr("&Hel p"));
set WndowTi tle(tr("Call Center"));

The retransl ateU () function is where all the TR() calls for the Mai nW ndow class occur. It is called at
the end of the Mai nW ndow constructor and also every time a user changes the application's language
using the Language menu.

We set each QAction's text, shortcut key, and status tip. We also set each Qwenu's title, as well as the
window title.

The creat eMenus() function presented earlier called creat eLanguageMenu() to populate the Language
menu with a list of languages:

voi d Mai nW ndow. : cr eat eLanguageMenu()

{
| anguageMenu = new Qvenu(this);
| anguageActi onG oup = new QActi onG oup(this);
connect (|1 anguageActi onGroup, SIGNAL(triggered(QAction *)),
this, SLOT(switchLanguage(QAction *)));
Qi r dir(qgnPath);
@QStringList fileNames =
dir.entryList(QsStringList("callcenter_*.qgnl"));
for (int i =0; i < fileNanmes.size(); ++i) {
@String locale = fileNames[i];
| ocal e.renmove(0, locale.indexOr('_'") + 1);
| ocal e.truncate(l ocale.lastlndexOi('."));
Qlransl ator transl ator;
translator.load(fil eNames[i], qgnPath);
QString | anguage = transl ator.transl ate("Mai nW ndow',
"English");
QAction *action = new QAction(tr("&4d %®")
.arg(i + 1).arg(language), this);
action->set Checkabl e(true);
action->setData(l ocal e);
| anguageMenu- >addAct i on(acti on);
| anguageAct i onG oup- >addActi on(action);
if (language == "English")
action->set Checked(true);
}
}

Instead of hard-coding the languages supported by the application, we create one menu entry for
each . gmfile located in the application's transl ati ons directory. For simplicity, we assume that
English also has a . gmfile. An alternative would have been to call cl ear () on the Qransl at or objects
when the user chooses English.

One particular difficulty is to present a nice name for the language provided by each . gmfile. Just
showing "en" for "English" or "de" for "Deutsch", based on the name of the . gmfile, looks crude and
will confuse some users. The solution used in creat eLanguageMenu() is to check the translation of the
string "English" in the "MainWindow" context. That string should be translated to "Deutsch" in a

German translation, to "Francais" in a French translation, and to " HAGE in a Japanese translation.

We create one checkable Qacti on for each language and store the locale name in the action's "data"
item. We add them to a QActi onG oup object to ensure that only one Language menu item is checked
at a time. When an action from the group is chosen by the user, the QActi onG oup emits the
triggered(QAction *) signal, which is connected to swi t chLanguage() .



voi d Mai nW ndow: : swi t chLanguage( QActi on *acti on)

{
QString locale = action->data().toString();
appTransl ator.load("callcenter_" + locale, qgnPath);
gt Transl ator. |l oad("qt _" + | ocale, gnPath);
retranslateU ();

}

The swi t chLanguage() slot is called when the user chooses a language from the Language menu. We
load the translation files for the application and for Qt, and we call retransl ateUi () to retranslate all
the strings for the main window.

On Windows, an alternative to providing a Language menu is to respond to Local eChange events, a
type of event emitted by Qt when it detects a change in the environment's locale. The event type
exists on all platforms supported by Qt, but is only actually generated on Windows, when the user
changes the system's locale settings (in the Control Panel's Regional and Language Options). To
handle Local eChange events, we can reimplement QW dget : : changeEvent () as follows:

voi d Mai nW ndow. : changeEvent (QEvent *event)

{
if (event->type() == QEvent::Local eChange) {
appTransl ator. |l oad("call center_"
+ QLocal e::system().nane(), qnPath);
gt Transl ator.load("qt_" + Q.ocal e::systen().name(), qnPath);
retranslateUi ();
Qvai nW ndow: : changeEvent (event);
}

If the user switches locale while the application is being run, we attempt to load the correct
translation files for the new locale and call retransl ateUi () to update the user interface. In all cases,
we pass the event on to the base class's changeEvent () function, since the base class may also be
interested in Local eChange or other change events.

We have now finished our review of the Mai nW ndow code. Next we will look at the code for one of the
application's widget classes, the Jour nal Vi ew class, to see what changes are needed to make it
support dynamic translation.

Jour nal Vi ew: : Jour nal Vi e QN dget *parent)
Qrabl eW dget ( par ent)
{

retranslateU ();

The Jour nal Vi ew class is a Qrabl ew dget subclass. At the end of the constructor, we call the private
function retransl ateUi () to set the widget's strings. This is similar to what we did for Mai nW ndow.

voi d Jour nal Vi ew. : changeEvent (QEvent *event)
{
if (event->type() == QEvent::LanguageChange)
retranslateUi ();
Qrabl eW dget : : changeEvent (event);



We also reimplement the changeEvent () function to call retransl ateUi () on LanguageChange events.
Qt generates a LanguageChange event when the contents of a QrRansl at or currently installed on
QAppl i cati on changes. In our application, this occurs when we call 1 oad() on appTransl ator or
gttransl ator, either from Mai nW ndow: : swi t chLanguage() or from Mai nW ndow. : changeEvent () .

LanguageChange events should not be confused with Local eChange events. Local e- Change events are
generated by the system and tell the application, "Maybe you should load a new translation."
LanguageChange events are generated by Qt and tell the application's widgets, "Maybe you should
retranslate all your strings."

When we implemented Mai nW ndow, we didn't need to respond to LanguageChange. Instead, we simply
called retransl ateUi () whenever we called | oad() on a Qranslator.

voi d Journal View :retransl ateU ()

{
QstringLi st | abel s;
labels << tr("Time") << tr("Priority") << tr("Phone Nunber")
<< tr("Subject");
set Hori zont al Header Label s(1 abel s);
}

The retransl ateU () function updates the column headers with newly translated texts, completing
the translation-related code of a hand written widget. For widgets and dialogs developed with Qt

Designer, the ui c tool automatically generates a function similar to our retransl ateUi () function
that is automatically called in response to LanguageChange events.

Translating Applications
Translating a Qt application that contains tr () calls is a three-step process:

1. Run | update to extract all the user-visible strings from the application's source code.

2. Translate the application using Qt Linguist.

3. RunlIrel ease to generate binary . gmfiles that the application can load using QrRansl at or .
Steps 1 and 3 are performed by application developers. Step 2 is handled by translators. This cycle
can be repeated as often as necessary during the application's development and lifetime.

As an example, we will show how to translate the Spreadsheet application of Chapter 3. The
application already contains TR() calls around every user-visible string.

First, we must modify the application's . pro file slightly to specify which languages we want to
support. For example, if we want to support German and French in addition to English, we would
add the following t r ANSLATI ONS enTRy to spreadsheet . pro:

TRANSLATI ONS = spreadsheet _de.ts \
spreadsheet _fr.ts

Here, we specify two translation files: one for German and one for French. These files will be created



the first time we run | updat e and are updated every time we subsequently run | updat e.

These files normally have a . ts extension. They are in a straightforward XML format and are not as
compact as the binary . gmfiles understood by Qtransl ator. It is I rel ease's job to convert human-
readable . ts files into machine-efficient . gmfiles. For the curious, . ts stands for "translation source"
and . gmfor "Qt message" file.

Assuming that we are located in the directory that contains the Spreadsheet application's source
code, we can run | updat e on spreadsheet . pro from the command line as follows:

| updat e -verbose spreadsheet. pro

The -verbose option tells | updat e to provide more feedback than usual. Here's the expected output:

Updating 'spreadsheet _de.ts'. ..

Found 98 source texts (98 new and 0 al ready existing)
Updating 'spreadsheet fr.ts'...

Found 98 source texts (98 new and O al ready existing)

Every string that appears within a tr() call in the application's source code is stored in the . ts files,
along with an empty translation. Strings that appear in the application's . ui files are also included.

The I updat e tool assumes by default that the arguments to tr() are Latin-1 strings. If this isn't the
case, we must add a CODECFORTR entry to the . pro file. For example:

CODECFORTR = EUC-JP

This must be done in addition to calling Qrext Codec: : set CodecFor Tr () from the application's mai n()
function.

Translations then need to be added to the spreadsheet _de.ts and spreadsheet _fr.ts files using Qt
Linguist.

To run Qt Linguist, click Qt by Trolltech v4.x.y|Linguist in the Start menu on Windows, type
l'i ngui st on the command line on Unix, or double-click Linguist in the Mac OS X Finder. To start
adding translations to a . ts file, click File|Open and choose the file to translate.

The left-hand side of Qt Linguist's main window shows the list of contexts for the application being
translated. For the Spreadsheet application, the contexts are "FindDialog", "GoToCellDialog",
"MainWindow", "SortDialog", and "Spreadsheet". The top-right area is the list of source texts for the
current context. Each source text is shown along with a translation and a Done flag. The middle-
right area is where we can enter a translation for the current source item. The bottom-right area is a
list of suggestions automatically provided by Qt Linguist.

Once we have a translated . ts file, we need to convert it to a binary . gmfile for it to be usable by
Qranslator. To do this from within Qt Linguist, click File|Release. Typically, we would start by

translating only a few strings and run the application with the . gmfile to make sure that everything
works properly.

Figure 17.2. Qt Linguist in action
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If we want to regenerate the . gmfiles for all . ts files, we can use the I rel ease tool as follows:

I rel ease -verbose spreadsheet. pro

Assuming that we translated 19 strings to French and clicked the Done flag for 17 of them, I rel ease
produces the following output:

Updating 'spreadsheet _de.gni ...
Generated O translations (0 finished and O unfini shed)
I gnored 98 untransl ated source texts
Updating 'spreadsheet _fr.gnml ...
Generated 19 translations (17 finished and 2 unfini shed)
I gnored 79 untransl ated source texts

Untranslated strings are shown in the original languages when running the application. The Done
flag is ignored by I rel ease; it can be used by translators to identify which translations are finished
and which ones must be revisited.

When we modify the source code of the application, the translation files may become out of date.
The solution is to run | updat e again, provide translations for the new strings, and regenerate the . gm
files. Some development teams find it useful to run | updat e frequently, while others prefer to wait
until the application is almost ready to release.

The I updat e and Qt Linguist tools are quite smart. Translations that are no longer used are kept in
the . ts files in case they are needed in later releases. When updating . ts files, | updat e uses an
intelligent merging algorithm that can save translators considerable time with text that is the same
or similar in different contexts.

For more information about Qt Linguist, | updat e, and | rel ease, refer to the Qt Linguist manual at
http://doc.trolltech.com/4.1/linguist-manual.html. The manual contains a full explanation of Qt
Linguist's user interface and a step-by-step tutorial for programmers.




Chapter 18. Multithreading

e Creating Threads

e Synchronizing Threads

e Communicating with the Main Thread

e Using Qt's Classes in Secondary Threads

Conventional GUI applications have one thread of execution and perform one operation at a time. If
the user invokes a time-consuming operation from the user interface, the interface typically freezes
while the operation is in progress. Chapter 7 (Event Processing) presents some solutions to this
problem. Multi-threading is another solution.

In a multithreaded application, the GUI runs in its own thread and the processing takes place in one
or more other threads. This results in applications that have responsive GUIs even during intensive
processing. Another benefit of multithreading is that multiprocessor systems can execute several
threads simultaneously on different processors, resulting in better performance.

In this chapter, we will start by showing how to subclass QrHRead and how to use Qwut ex, QSemaphore,
and Quai t Condi ti on to synchronize threads. Then we will see how to communicate with the main
thread from secondary threads while the event loop is running. Finally, we round off with a review of
which Qt classes can be used in secondary threads and which cannot.

Multithreading is a large topic with many books devoted exclusively to the subject. Here it is
assumed that you already understand the fundamentals of multithreaded programming, so the focus
is on explaining how to develop multithreaded Qt applications rather than on the subject of
threading itself.

Creating Threads

Providing multiple threads in a Qt application is straightforward: We just subclass Qrhread and
reimplement its run() function. To show how this works, we will start by reviewing the code for a
very simple Qrhread subclass that repeatedly prints a given string on a console.

class Thread : public QThread

Q _OBJECT
public:
Thread();
voi d set Message(const QString &ressage);
void stop();
pr ot ect ed:
void run();
private:
QString nessageStr;
vol atil e bool stopped;

I

The Thread class inherits from Qrhread and reimplements the run() function. It provides two
additional functions: set Message() and stop() .

The st opped variable is declared volatile because it is accessed from different threads and we want
to be sure that it is freshly read every time it is needed. If we omitted the vol ati | e keyword, the
compiler might optimize access to the variable, possibly leading to incorrect results.



Thread: : Thread()
{

st opped = fal se;

We set st opped to fal se in the constructor.

voi d Thread: :run()

whil e (!stopped)

cerr << ¢gPrintabl e(messageStr);
st opped = fal se;
cerr << endl;

The run() function is called to start executing the thread. As long as the st opped variable is f al se,
the function keeps printing the given message to the console. The thread terminates when control
leaves the run() function.

voi d Thread: : stop()
{

st opped = true;

The stop() function sets the st opped variable to true, thereby telling run() to stop printing text to
the console. This function can be called from any thread at any time. For the purposes of this
example, we assume that assignment to a bool is an atomic operation. This is a reasonable
assumption, considering that a bool can only have two states. We will see later in this section how
to use Qwut ex to guarantee that assigning to a variable is an atomic operation.

Qrhread provides a term nate() function that terminates the execution of a thread while it is still
running. Using terni nat e() is not recommended, since it can stop the thread at any point and does
not give the thread any chance to clean up after itself. It is always safer to use a st opped variable
and a stop() function as we did here.

Figure 18.1. The Threads application
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We will now see how to use the THRead class in a small Qt application that uses two threads, A and
B, in addition to the main thread.

class ThreadDi al og : public QD al og

Q _OBJECT
public:
ThreadDi al og( QN dget *parent = 0);



pr ot ect ed:
voi d cl oseEvent (QCl oseEvent *event);
private slots:
void start O St opThreadA() ;
void start O St opThreadB();
private:
Thread t hreadA;
Thread t hr eadB;
QPushButton *t hreadABut t on;
QPushBut ton *t hreadBBut t on;
QPushButton *quitButton;

The ThreadDi al og class declares two variables of type Thread and some buttons to provide a basic
user interface.

Thr eadDi al og: : ThreadDi al og( QW dget *parent)
Qi al og( parent)
{

t hr eadA. set Message("A");

t hr eadB. set Message("B");

t hreadAButton = new QPushButton(tr("Start A"));

t hreadBButton = new QPushButton(tr("Start B"));

quitButton = new QPushButton(tr("Qit"));

qui t Butt on->set Defaul t (true);

connect (t hreadAButton, SIGNAL(clicked(
this, SLOT(startO StopThreadA(

connect (t hreadBButton, SIGNAL(clicked(
this, SLOT(startO StopThreadB(

~—

)
))
),
))

In the constructor, we call set Message() to make the first thread repeatedly print 'A's and the second
thread 'B's.

voi d ThreadDi al og: : start O St opThr eadA()

if (threadA. isRunning()) {

t hr eadA. stop();

t hreadABut t on- >set Text (tr("Start A"));
} else {

threadA start();

t hreadABut t on- >set Text (tr("Stop A"));

When the user clicks the button for thread A, start O St opThreadA() stops the thread if it was
running and starts it otherwise. It also updates the button's text.

voi d ThreadDi al og: : start O St opThr eadB()

if (threadB.isRunning()) {

t hreadB. st op();

t hreadBButt on- >set Text (tr("Start B"));
} else {

threadB. start();

t hreadBBut t on- >set Text (tr("Stop B"));



The code for start Or St opThreadB() is very similar.

voi d ThreadDi al og: : cl oseEvent (QCl oseEvent *event)

{
t hreadA. stop();
t hreadB. st op() ;
threadA wait();
threadB. wait();
event - >accept () ;
}

If the user clicks Quit or closes the window, we stop any running threads and wait for them to finish
(using Qrhread: : wai t () ) before we call QCl oseEvent : : accept (). This ensures that the application exits
in a clean state, although it doesn't really matter in this example.

If you run the application and click Start A, the console will be filled with 'A's. If you click Start B, it
will now fill with alternating sequences of 'A's and 'B's. Click Stop A, and now it will only print 'B's.

Synchronizing Threads

A common requirement for multithreaded applications is that of synchronizing several threads. Qt
provides the following synchronization classes: Qwtex, QReadW it eLock, QSenaphor e, and
Qwnai t Condi ti on.

The Qwt ex class provides a means of protecting a variable or a piece of code so that only one thread
can access it at a time. The class provides a | ock() function that locks the mutex. If the mutex is
unlocked, the current thread seizes it immediately and locks it; otherwise, the current thread is
blocked until the thread that holds the mutex unlocks it. Either way, when the call to | ock() returns,
the current thread holds the mutex until it calls unl ock() . The Qwt ex class also provides a tryLock()
function that returns immediately if the mutex is already locked.

For example, let's suppose that we wanted to protect the stopped variable of the Thread class from
the previous section with a Qwit ex. We would then add the following data member to Thread:

private:

QWit ex nut ex;
b

The run() function would change to this:

voi d Thread: :run()
{
forever {
nmut ex. | ock();
if (stopped) {
stopped = fal se;
mut ex. unl ock();
br eak;



}

nmut ex. unl ock() ;
cerr << gPrintabl e(nessageStr);

}

cerr << endl;

The stop() function would become this:

voi d Thread: :stop()

{
nmut ex. | ock();
st opped = true;
mut ex. unl ock() ;
}

Locking and unlocking a mutex in complex functions, or functions that use C++ exceptions, can be
error-prone. Qt offers the Qwut exLocker convenience class to simplify mutex handling. Qwt exLocker's
constructor accepts a Qwit ex as argument and locks it. Qwt exLocker's destructor unlocks the mutex.
For example, we could rewrite the previous run() and stop() functions as follows:

void Thread::run()

forever {

{
QWit exLocker | ocker ( &t ex) ;

if (stopped) {
stopped = fal se;
br eak;
}
}
cerr << ¢gPrintabl e(messageStr);

}

cerr << endl;

}
voi d Thread: : stop()

{
Qwut exLocker | ocker (&t ex);

stopped = true;

One issue with using mutexes is that only one thread can access the same variable at a time. In
programs with lots of threads trying to read the same variable simultaneously (without modify it),
the mutex can be a serious performance bottleneck. In these cases, we can use QrReadW i telLock, a
synchronization class that allows simultaneous read-only access without compromising performance.

In the THRead class, it would make no sense to replace Qwt ex with QReadW it eLock to protect the
st opped variable, because at most one thread might try to read the variable at any given time. A
more appropriate example would involve one or many reader threads accessing some shared data
and one or many writer threads modifying the data. For example:

MyDat a dat a;
QReadW i t eLock | ock;
voi d Reader Thread: : run()

{

i 6;:k. | ockFor Read() ;



access_data_w t hout _nodi fying_it(&data);
I ock. unl ock();

void WiterThread::run()

{
| ock. | ockFor Wi te():
nodi fy_dat a( &dat a) ;
| ock. unl ock();

}

For convenience, we can use the QrReadLocker and QWi telLocker classes to lock and unlock a
QReadW i t eLock.

QSemaphor e is another generalization of mutexes, but unlike read/write locks, semaphores can be
used to guard a certain number of identical resources. The following two code snippets show the
correspondence between Senmaphore and Qwut ex:

Semaphore semaphore(1); | Qwvut ex nut ex;
semaphor e. acquire(); | nmut ex. | ock();
semaphore. rel ease(); | mut ex. unl ock();

By passing 1 to the constructor, we tell the semaphore that it controls a single resource. The
advantage of using a semaphore is that we can pass numbers other than 1 to the constructor and
then call acqui re() multiple times to acquire many resources.

A typical application of semaphores is when transferring a certain amount of data (Dat aSi ze)
between two threads using a shared circular buffer of a certain size (Buf fer Si ze):

const int DataSize = 100000;
const int BufferSize = 4096;
char buffer[BufferSize];

The producer thread writes data to the buffer until it reaches the end and then restarts from the
beginning, overwriting existing data. The consumer thread reads the data as it is generated. Figure
18.2 illustrates this, assuming a tiny 16-byte buffer.

Figure 18.2. The producerconsumer model

usedSpace (5) freeSpace (11)

el
Ll | Lol

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AlIAIGICI|IC|T|A|C

F 3
- o

consumer producer

The need for synchronization in the producerconsumer example is twofold: If the producer
generates the data too fast, it will overwrite data that the consumer hasn't yet read; if the consumer



reads the data too fast, it will pass the producer and read garbage.

A crude way to solve this problem is to have the producer fill the buffer, then wait until the
consumer has read the entire buffer, and so on. However, on multiprocessor machines, this isn't as
fast as letting the producer and consumer threads operate on different parts of the buffer at the
same time.

One way to efficiently solve the problem involves two semaphores:

Semaphore freeSpace(BufferSize);
QSemaphor e usedSpace(0);

The freeSpace semaphore governs the part of the buffer that the producer can fill with data. The
usedSpace semaphore governs the area that the consumer can read. These two areas are
complementary. The freeSpace semaphore is initialized with Buf f er Si ze (4096), meaning that it has
that many resources that can be acquired. When the application starts, the reader thread will start
acquiring "free" bytes and convert them into "used" bytes. The usedSpace semaphore is initialized
with 0 to ensure that the consumer won't read garbage at startup.

For this example, each byte counts as one resource. In a real-world application, we would probably
operate on larger units (for example, 64 or 256 bytes at a time) to reduce the overhead associated
with using semaphores.

voi d Producer::run()

{
for (int i =0; i < DataSize; ++i) {
freeSpace. acquire();
buffer[i %BufferSize] = "ACGI"[uint(rand()) %4];
usedSpace. rel ease();
}
}

In the producer, every iteration starts by acquiring one "free" byte. If the buffer is full of data that
the consumer hasn't read yet, the call to acquire() will block until the consumer has started to
consume the data. Once we have acquired the byte, we fill it with some random data ('A', 'C', 'G', or
'T') and release the byte as "used", so that it can be read by the consumer thread.

voi d Consuner::run()

{
for (int i =0; i < DataSize; ++i) {
usedSpace. acquire();
cerr << buffer[i % BufferSize];
freeSpace. rel ease();
}
cerr << endl;
}

In the consumer, we start by acquiring one "used" byte. If the buffer contains no data to read, the
call to acquire() will block until the producer has produced some. Once we have acquired the byte,
we print it and release the byte as "free", making it possible for the producer to fill it with data
again.

int main()



Pr oducer producer;
Consuner consuner;
producer.start();
consumer.start();
producer.wait();
consuner. wai t();
return O;

Finally, in mai n(), we start the producer and consumer threads. What happens then is that the
producer converts some "free" space into "used" space, and the consumer can then convert it back
to "free" space.

When we run the program, it writes a random sequence of 100,000 'A's, 'C's, 'G's, and 'T's to the
console and terminates. To really understand what is going on, we can disable writing the output
and instead write 'P' each time the producer generates a byte and 'c' each time the consumer reads
a byte. And to make things as simple to follow as possible, we can use smaller values for Dat aSi ze
and BufferSi ze.

For example, here's a possible run with a Dat aSi ze of 10 and a Buffer Si ze of 4:
"PcPcPcPcPcPcPcPcPcPc". In this case, the consumer reads the bytes as soon as they are generated
by the producer; the two threads are executing at the same speed. Another possibility is that the
producer fills the whole buffer before the consumer even starts reading it: "PPPPccccPPPPccccPPcc".
There are many other possibilities. Semaphores give a lot of latitude to the system-specific thread
scheduler, which can study the threads' behavior and choose an appropriate scheduling policy.

A different approach to the problem of synchronizing a producer and a consumer is to use

Quai t Condi tion and Qwutex. A QA t Conditi on allows a thread to wake up other threads when some
condition has been met. This allows for more precise control than is possible with mutexes alone. To
show how it works, we will redo the producerconsumer example using wait conditions.

const int DataSize = 100000;
const int BufferSize = 4096;
char buffer[BufferSize];
QWi t Condi tion bufferlsNotFull;
QWai t Condi ti on bufferlsNot Enpty;
QWut ex nut ex;

i nt usedSpace = 0;

In addition to the buffer, we declare two Quai t Condi ti ons, one Qwit ex, and one variable that stores
how many bytes in the buffer are "used" bytes.

voi d Producer::run()

{
for (int i =0; i < DataSize; ++i) {
mut ex. | ock();
whil e (usedSpace == BufferSize)
buf f erl sNot Ful | . wai t ( & ut ex) ;
buffer[i %BufferSize] = "ACGI"[uint(rand()) % 4];
++usedSpace;
buf f er | sNot Enpty. wakeAl | ();
mut ex. unl ock();
}
}

In the producer, we start by checking whether the buffer is full. If it is, we wait on the "buffer is not
full" condition. When that condition is met, we write one byte to the buffer, increment usedSpace,



and wake any thread waiting for the "buffer is not empty" condition to turn true.

We use a mutex to protect all accesses to the usedSpace variable. The Quai t Condi ti on:: wait ()
function can take a locked mutex as its first argument, which it unlocks before blocking the current
thread and then locks before returning.

For this example, we could have replaced the whil e loop

whi |l e (usedSpace == BufferSize)
buf f er I sNot Ful | . wai t (&t ex) ;

with this i f statement:

i f (usedSpace == BufferSize) {
mut ex. unl ock() ;
bufferlsNotFull.wait();
nmut ex. | ock();

However, this would break as soon as we allow more than one producer thread, since another
producer could seize the mutex immediately after the wai t () call and make the "buffer is not full"
condition false again.

voi d Consuner::run()

{
for (int i =0; i < DataSize; ++i) {
nmut ex. | ock();
whil e (usedSpace == 0)
buf f er | sNot Enpt y. wai t ( &t ex) ;
cerr << buffer[i % BufferSize];
- -usedSpace;
buf ferlsNot Ful | . wakeAl | ();
mut ex. unl ock() ;
}
cerr << endl;
}

The consumer does the exact opposite of the producer: It waits for the "buffer is not empty"
condition and wakes up any thread waiting for the "buffer is not full" condition.

In all the examples so far, our threads have accessed the same global variables. But some threaded
applications need to have a global variable hold different values in different threads. This is often

called thread-local storage or thread-specific data. We can fake it using a map keyed on thread IDs
(returned by Qrhread: : current Thread() ), but a nicer approach is to use the QrHReadSt or age<T> class.

A common use of QThr eadSt or age<T> is for caches. By having a separate cache in different threads,
we avoid the overhead of locking, unlocking, and possibly waiting for a mutex. For example:

Qrhr eadSt or age<@Hash<i nt, doubl e> *> cache;
voi d insertlntoCache(int id, double val ue)
{
if (!cache. hasLocal Data())
cache. set Local Dat a( new Hash<i nt, doubl e>);
cache. | ocal Data()->i nsert (id, value);



voi d renoveFronCache(int id)

{
i f (cache. hasLocal Data())

cache. | ocal Dat a() - >renove(id);

The cache variable holds one pointer to a Qvap<i nt, doubl e> per thread. (Because of problems with
some compilers, the template type in QrhreadSt or age<T> must be a pointer type.) The first time we
use the cache in a particular thread, hasLocal Dat a() returns fal se and we create the QHash<i nt,
doubl e> object.

In addition to caching, QTHReadSt or age<T> can be used for global error-state variables (similar to
errno) to ensure that modifications in one thread don't affect other threads.

Communicating with the Main Thread

When a Qt application starts, only one thread is runningthe main thread. This is the only thread that
is allowed to create the QApplicati on or QCor eAppl i cati on object and call exec() on it. After the call
to exec(), this thread is either waiting for an event or processing an event.

The main thread can start new threads by creating objects of a Qrhread subclass, as we did in the
previous section. If these new threads need to communicate among themselves, they can use
shared variables together with mutexes, read/write locks, semaphores, or wait conditions. But none
of these techniques can be used to communicate with the main thread, since they would lock the
event loop and freeze the user interface.

The solution for communicating from a secondary thread to the main thread is to use signalslot
connections across threads. Normally, the signals and slots mechanism operates synchronously,
meaning that the slots connected to a signal are invoked immediately when the signal is emitted,
using a direct function call.

However, when we connect objects that "live" in different threads, the mechanism becomes
asynchronous. (This behavior can be changed through an optional fifth parameter to

Qj ect : : connect () .) Behind the scenes, these connections are implemented by posting an event.
The slot is then called by the event loop of the thread in which the receiver object exists. By default,
a Qvj ect exists in the thread in which it was created; this can be changed at any time by calling
Qhj ect: : noveToThread() .

Figure 18.3. The Image Pro application



M Water lilies.jpg* - Image Pro _' |3 |

Flip Horizontally Ctrl+H
Flip Vertically Ctrl+v
Resize... Ctrl+R

Convert to 2

To illustrate how signalslot connections across threads work, we will review the code of the Image
Pro application,a basic image processing application that allows the user to rotate, resize, and
change the color depth of an image. The application uses one secondary thread to perform
operations on images without locking the event loop. This makes a significant difference when
processing very large images. The secondary thread has a list of tasks, or "transactions", to
accomplish and sends events to the main window to report progress.

I mageW ndow. : | mageW ndow()

{
i mageLabel = new Q.abel ;
i mgelLabel - >set Backgr oundRol e( QPal ette: : Dark) ;
i magelLabel - >set Aut oFi | | Backgr ound(true);
i mgelLabel ->set Alignment (Qt:: AlignLeft | Q::AlignTop);
set Central Wdget (i mageLabel ) ;
creat eActions();
creat eMenus();
st at usBar () - >showessage(tr (" Ready"), 2000);
connect (& hread, SIGNAL(transactionStarted(const QString &)),
statusBar (), SLOT(showlMessage(const QString &)));
connect (&t hread, SIGNAL(finished()),
this, SLOT(all TransactionsDone()));
setCurrentFile("");
}

The interesting part of the | mageW ndow constructor is the two signalslot connections. Both of them
involve signals emitted by the transacti onThr ead object, which we will cover in a moment.

voi d | mageW ndow: : flipHorizontal | y()

addTransaction(new FlipTransaction(Q::Horizontal));



The flipHorizontal ly() slot creates a "flip" transaction and registers it using the private function
addTransaction(). The flipVertically(), resizel mage(), convert To32Bit (), convertTo8Bit (), and
convert TolBit () functions are similar.

voi d | mageW ndow: : addTr ansacti on( Transacti on *transact)

{
t hread. addTr ansacti on(transact);
openAct i on- >set Enabl ed(f al se);
saveAct i on- >set Enabl ed(f al se);
saveAsActi on- >set Enabl ed(f al se);
}

The addTransacti on() function adds a transaction to the secondary thread's transaction queue and
disables the Open, Save, and Save As actions while transactions are being processed.

voi d | mageW ndow. : al | Transacti onsDone()
{
openAct i on- >set Enabl ed(true);
saveActi on->set Enabl ed(true);
saveAsAct i on- >set Enabl ed(true);
i mgeLabel - >set Pi xmap( QPi xmap: : from mage(t hread. i mage()));
set W ndowivbdi fi ed(true);
st at usBar () - >showMessage(tr (" Ready"), 2000);

The al | Transacti onsDone() slot is called when the transactionThread's transaction queue becomes
empty.

Now, let's turn to the TRansacti onThr ead class:

class TransactionThread : public QThread

Q OBJECT
public:
voi d addTransaction(Transaction *transact);
voi d setl mage(const Q nmage & nage);
Q mage inage();
signal s:
void transactionStarted(const QString &ressage);
pr ot ect ed:
void run();
private:
Qwut ex mut ex;
Q mage current| mage;
QQueue<Transaction *> transacti ons;

I

The transacti onThread class maintains a list of transactions to process and executes them one after
the other in the background.

voi d TransactionThread: : addTransacti on(Transacti on *transact)

{



QWit exLocker | ocker (&mut ex) ;
transacti ons. enqueue(transact);
if (lisRunning())

start();

The addTransacti on() function adds a transaction to the transaction queue and starts the transaction
thread if it isn't already running. All accesses to the TRansacti ons member variable are protected by
a mutex, because the main thread might modify them through addTransacti on() at the same time
as the secondary thread is iterating over transacti ons.

voi d TransactionThread: : setl nmage(const Q nage & nmage)

{
QWit exLocker | ocker (&mut ex) ;
currentl mge = i nmage;
}
Q mage TransactionThread: :image()
{
QWt exLocker | ocker (&t ex) ;
return currentl nage;
}

The set I mage() and i mage() functions let the main thread set the image on which to perform the
transactions and retrieve the resulting image once all transactions are done. Again, we protect
accesses to a member variable using a mutex.

voi d TransactionThread: :run()

{
Transacti on *transact;
forever {
mut ex. | ock();
if (transactions.isEmty()) {
mut ex. unl ock();
br eak;
}
Q nage ol dl mage = currentl nage;
transact = transactions. dequeue();
nmut ex. unl ock() ;
emt transactionStarted(transact->message());
Q mage newl nage = transact - >appl y(ol dl nage) ;
del ete transact;
nmut ex. | ock();
currentl nage = new nage;
nmut ex. unl ock();
}
}

The run() function goes through the transaction queue and executes each transaction in turn by
calling appl y() on them.

When a transaction is started, we emit the transactionStarted() signal with a message to display in
the application's status bar. When all the transactions have finished processing, the run() function
returns and Qrhr ead emits the fi ni shed() signal.

cl ass Transaction

{
public:



virtual ~Transaction() { }
virtual Q mage apply(const Q nmage & nmage) = 0;
virtual QString nmessage() = O;

I

The transacti on class is an abstract base class for operations that the user can perform on an
image. The virtual destructor is necessary because we need to delete instances of TRansacti on
subclasses through a transacti on pointer. (Also, if we omit it, some compilers emit a warning.)
TRansact i on has three concrete subclasses: Fli pTransacti on, Resi zeTransacti on, and

Convert Dept hTransacti on. We will only review Fl i pTransacti on; the other two classes are similar.

class FlipTransaction : public Transaction

{
public:
Fli pTransaction(Q::Orientation orientation);
Q mage appl y(const Q nage & nage);
QString nessage();
private:
Q::Oientation orientation;
b

The Fli pTransacti on constructor takes one parameter that specifies the orientation of the flip
(horizontal or vertical).

Q mage FlipTransaction::apply(const Q nage & nmage)

{

return image. mrrored(orientation == Q::Horizontal,
orientation == Q::Vertical);

The appl y() function calls Q nmage: : nirrored() on the Q mage it receives as parameter and returns the
resulting Q mage.

QString FlipTransaction:: nmessage()

{
if (orientation == Q::Horizontal) {
return Qobject::tr("Flipping inmage horizontally...");
} else {
return Qoject::tr("Flipping image vertically...");
}
}

The nessage() function returns the message to display in the status bar while the operation is in
progress. This function is called in transacti onThread: : run() when emitting the
transactionStarted() signal.

Using Qt's Classes in Secondary Threads

A function is said to be thread-safe when it can safely be called from different threads
simultaneously. If two thread-safe functions are called from different threads on the same shared
data, the result is always defined. By extension, a class is said to be thread-safe when all of its
functions can be called from different threads simultaneously without interfering with each other,



even when operating on the same object.

Qt's thread-safe classes are Qwut ex, QWut exLocker , QReadW it eLock, QrReadLocker , QN i t eLocker,
QSenmaphor e, QThr eadSt or age<T>, QWi t Condi ti on, and parts of the Qrhread API. In addition, several
functions are thread-safe, including Qoj ect : : connect (), Qbj ect : : di sconnect (),

QCor eAppl i cat i on: : post Event (), QCor eAppl i cati on: : r enovePost edEvent (), and

QCor eApplication::renpvePost edEvent s() .

Most of Qt's non-GUI classes meet a less stringent requirement: They are reentrant. A class is
reentrant if different instances of the class can be used simultaneously in different threads.
However, accessing the same reentrant object in multiple threads simultaneously is not safe, and
such accesses should be protected with a mutex. Reentrant classes are marked as such in the Qt
reference documentation. Typically, any C++ class that doesn't reference global or otherwise shared
data is reentrant.

Qbj ect is reentrant, but there are three constraints to keep in mind:
e Child QObjects must be created in their parent's thread.

In particular, this means that the objects created in a secondary thread must never be
created with the Qrhread object as their parent, because that object was created in another
thread (either the main thread or a different secondary thread).

e We must delete all QObjects created in a secondary thread before deleting the
corresponding QThread object.

This can be done by creating the objects on the stack in QTHRead: : run() .
e QObjects must be deleted in the thread that created them.

If we need to delete a Qvj ect that exists in a different thread, we must call the thread-safe
Qbj ect : : del et eLat er () function instead, which posts a "deferred delete" event.

Non-GUI Qbj ect subclasses such as Qri nmer, QProcess, and the network classes are reentrant. We
can use them in any thread, as long as the thread has an event loop. For secondary threads, the
event loop is started by calling QTHRead: : exec() or by convenience functions such as

QProcess: : wai t For Fi ni shed() and QAbstract Socket : : wai t For Di sconnect ed() .

Because of limitations inherited from the low-level libraries on which Qt's GUI support is built,

QW dget and its subclasses are not reentrant. One consequence of this is that we cannot directly call
functions on a widget from a secondary thread. If we want to, say, change the text of a Q.abel from
a secondary thread, we can emit a signal connected to QLabel : : set Text () or call

Q\et atbj ect : : i nvokeMet hod() from that thread. For example:

void MyThread: : run()
{

d\/iat abj ect: :i nvokeMet hod( | abel, SLOT(set Text(const QString &)),
Q ARG @string, "Hello"));

Many of Qt's non-GUI classes, including Q mage, QStri ng, and the container classes,use implicit
sharing as an optimization technique. While this optimization usually makes a class non-reentrant, in
Qt this is not an issue because Qt uses atomic assembly language instructions to implement thread-
safe reference counting, making Qt's implicitly shared classes reentrant.



Qt's QtSql module can also be used in multithreaded applications, but it has its own restrictions,
which vary from database to database. For details, see http://doc.trolltech.com/4.1/sql-driver.html.
For a complete list of multi-threading caveats, see http://doc.trolltech.com/4.1/threads.html.




Chapter 19. Creating Plugins

- Extending Qt with Plugins
e Making Applications Plugin-Aware
e Writing Application Plugins

Dynamic libraries (also called shared libraries or DLLs) are independent modules that are stored in a
separate file on disk and can be accessed by multiple applications. Programs usually specify which
dynamic libraries they need at link time, in which case the libraries are automatically loaded when
the application starts. This approach usually involves adding the library and possibly its include path
to the application's . pro file and including the relevant headers in the source files. For example:

LI BS += -1 db_cxx
| NCLUDEPATH += /usr/ | ocal / Ber kel eyDB. 4. 2/ i ncl ude

The alternative is to dynamically load the library when it is required, and then resolve the symbols
that we want to use from it. Qt provides the Qi brary class to achieve this in a platform-independent
manner. Given the stem of a library's name, QLi brary searches the platform's standard locations for
the library looking for an appropriate file. For example, given the name ni net ype, it will look for

mi netype. dl | on Windows, ni netype. so on Linux, and ni netype. dyli b on Mac OS X.

Modern GUI applications can often be extended by the use of plugins. A plugin is a dynamic library
that implements a particular interface to provide optional extra functionality. For example, in
Chapter 5, we created a plugin to integrate a custom widget with Qt Designer (p. 113).

Qt recognizes its own set of plugin interfaces for various domains, including image formats,
database drivers, widget styles, text encodings, and accessibility. This chapter's first section
explains how to extend Qt with a Qt plugin.

It is also possible to create application-specific plugins for particular Qt applications. Qt makes
writing such plugins easy through its plugin framework, which adds crash safety and convenience to
Qui brary. In the last two sections of this chapter, we show how to make an application support
plugins and how to create a custom plugin for an application.

Extending Qt with Plugins

Qt can be extended with a variety of plugin types, the most common being database drivers, image
formats, styles, and text codecs. For each type of plugin, we normally need at least two classes: a
plugin wrapper class that implements the generic plugin API functions, and one or more handler
classes that each implement the API for a particular type of plugin. The handlers are accessed
through the wrapper class.

Figure 19.1. Qt plugin and handler classes (excluding Qtopia Core)

Plugin Class Handler Base Class
QAccessibleBridgePlugin | QAccessibleBridge
QAccessiblePlugin QAccessibleInterface
QIconEnginePlugin QIconEngine

QImagelOPlugin QImagelOHandler



QInputContextPlugin QInputContext
QPictureFormatPlugin N/A

QSqlDriverPlugin QSqlDriver
QStylePlugin QStyle
QTextCodecPlugin QTextCodec

To demonstrate this, we will implement a plugin that can read monochrome Windows cursor files

(. cur files). These files can hold several images of the same cursor at different sizes. Once the
cursor plugin is built and installed, Qt will be able to read . cur files and access individual cursors (for
example, through Q mage, Q nageReader, or Qwvi e), and will be able to write the cursors out in any of
Qt's other image file formats, such as BMP, JPEG, and PNG. The plugin could also be deployed with
Qt applications since they automatically check the standard locations for Qt plugins and load any
that they find.

New image format plugin wrappers must subclass Q magel OPl ugi n and reimplement a few virtual
functions:

class CursorPlugin : public Q nmagel OPl ugin

{
public:
QStringlLi st keys() const;
Capabi lities capabilities(Q ODevice *devi ce,
const ByteArray & ormat) const;
Q magel OHandl er *creat e(Q ODevi ce *devi ce,
const ByteArray &f ormat) const;

The keys() function returns a list of the image formats the plugin supports. The format parameter of
the capabilities() and create() functions can be assumed to have a value from that list.

@St ringLi st CursorPlugin::keys() const
{

}

return QStringList() << "cur";

Our plugin only supports one image format, so it returns a list with just one name. Ideally the name
should be the file extension used by the format. When dealing with formats with several extensions
(such as .jpg and . jpeg for JPEG), we can return a list with several entries for the same format, one
for each extension.

Q magel OPl ugi n: : Capabilities
Cur sor Pl ugin::capabilities(Q ODevice *devi ce,
const ByteArray &f ormat) const

if (format == "cur")
return CanRead;

if (format.isEmpty()) {
Cur sor Handl er handl er;
handl er . set Devi ce(devi ce);
i f (handl er.canRead())



return CanRead;

}

return O;

The capabilities() function returns what the image handler is capable of doing with the given
image format. There are three capabilities (CanRead, CanWite, and CanReadl ncrenent al ), and the
return value is a bitwise OR of those that apply.

If the format is "cur", our implementation returns CanRead. If no format is given, we create a cursor
handler and check whether it is capable of reading the data from the given device. The canRead()
function only peeks at the data, seeing if it recognizes the file, without changing the file pointer. A
capability of 0 means that the file cannot be read or written by this handler.

Q nmagel OHandl er *Cursor Pl ugi n:: create(Q ODevi ce *devi ce,
const ByteArray &format) const

{
Cur sor Handl er *handl er = new Cur sor Handl er;
handl er - >set Devi ce(devi ce) ;
handl er - >set For mat (f or mat) ;
return handl er;
}

When a cursor file is opened (for example, by Q nageReader ), the plugin wrap-per's create() function
will be called with the device pointer and with "cur" as the format. We create a Cur sor Handl er
instance and set it up with the specified device and format. The caller takes ownership of the
handler and will delete it when it is no longer required. If multiple files are to be read, a fresh
handler will be created for each one.

Q _EXPORT_PLUG N2( cursor pl ugi n, Cursor Pl ugin)

At the end of the . cpp file, we use the Q EXPORT_PLUG N2() macro to ensure that the plugin is
recognized by Qt. The first parameter is an arbitrary name that we want to give to the plugin. The
second parameter is the plugin class name.

Subclassing Q magel OPI ugi n is straightforward. The real work of the plugin is done in the handler.
Image format handlers must subclass Q magel OHandl er and reimplement some or all of its public
functions. Let's start with the header:

class CursorHandl er : public Q magel CHandl er
{
public:
Cur sor Handl er () ;
bool canRead() const;
bool read(Q nage *inmage);
bool junpToNext | mage();
i nt currentlnmageNunber () const;
int i mageCount() const;
private:
enum State { BeforeHeader, Beforelnmage, AfterlLastlmge, Error };
voi d readHeader| f Necessary() const;
@BitArray readBitmap(int width, int height, QDataStream & n) const;
void enterErrorState() const;
nut abl e State state;
nut abl e i nt currentl mageNo;
mut abl e i nt num mages;



b

The signatures of all the public functions are fixed. We have omitted several functions that we don't
need to reimplement for a read-only handler, in particular wite(). The member variables are
declared with the nut abl e keyword because they are modified inside const functions.

Cur sor Handl er: : Cur sor Handl er ()

{
state = Bef or eHeader;
currentl mageNo = 0O;
num mages = O;

}

When the handler is constructed, we begin by setting its state. We set the current cursor image
number to the first cursor, but since we set num nmages to O it is clear that we have no images yet.

bool CursorHandl er::canRead() const

if (state == BeforeHeader) {

return device()->peek(4) == ByteArray("\0\0\2\0", 4);
} else {

return state !'= Error;
}

The canRead() function can be called at any time to determine whether the image handler can read
more data from the device. If the function is called before we have read any data, while we are still
in the Bef or eHeader state, we check for the particular signature that identifies Windows cursor files.
The Q ODevi ce: : peek() call reads the first four bytes without changing the device's file pointer. If
canRead() is called later on, we return true unless an error has occurred.

i nt CursorHandl er::currentl mageNunmber () const

{
}

return currentl mageNo;

This trivial function returns the number of the cursor at which the device file pointer is positioned.

Once the handler is constructed, it is possible for the user to call any of its public functions, in any
order. This is a potential problem since we must assume that we can only read serially, so we need
to read the file header once before doing anything else. We solve the problem by calling the
readHeader | f Necessary() function in those functions that depend on the header having been read.

i nt CursorHandl er::inmgeCount() const

readHeader | f Necessary();
return nunl mages;

This function returns the number of images in the file. For a valid file where no reading errors have
occurred, it will return a count of at least 1.



Figure 19.2. The . cur file format
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The next function is quite involved, so we will review it in pieces:

bool CursorHandl er::read(Q nage *i nage)
{
readHeader | f Necessary();
if (state !'= Beforel mage)
return fal se;

The read() function reads the data for whichever image begins at the current device pointer
position. If the file's header is read successfully, or after an image has been read and the device
pointer is at the start of another image, we can read the next image.

qui nt 32 si ze;

qui nt 32 wi dt h;

qui nt 32 hei ght;

qui nt 16 nunPl anes;

qui nt 16 bi t sPer Pi xel ;

qui nt 32 conpr essi on;

(Dat aSt ream i n(device());

in.setByteOrder(QDataStream: Littl eEndian);

in >> size;

if (size !=40) {
enterErrorState();
return fal se;

}

in >> width >> hei ght >> nunPl anes >> bitsPerPi xel >> conpression;
hei ght /= 2;

if (numPlanes !'= 1 || bitsPerPixel '= 1 || conpression != 0) {

enterErrorState();
return fal se;

}
i n. ski pRawbDat a( (size - 20) + 8);

We create a Qbat aStreamto read the device. We must set the byte order to match that specified by
the . cur file format specification. There is no need to set a Qbat aSt r eamversion number since the
format of integers and floating-point numbers does not vary between data stream versions. Next,
we read in various items of cursor header data, and we skip the irrelevant parts of the header and
the 8-byte color table using QDat aSt r eam : ski pRawDat a() .



We must account for all the format's idiosyncrasiesfor example, halving the height because the . cur
format gives a height that is twice as high as the actual image's height. The bi t sPer Pi xel and

conpr essi on values are always 1 and 0 in a monochrome . cur file. If we have any problems, we call
enterErrorState() and return fal se.

@BitArray xorBitmap = readBi t map(wi dth, height, in);
@BitArray andBitmap = readBi t map(w dth, height, in);
if (in.status() != QbataStream: k) {
enterErrorState();
return fal se;

The next items in the file are two bitmaps, one an XOR mask and the other an AND mask. We read
these into @Bi t Arrays rather than into QBi t maps. A QBi t map is a class designed to be drawn on and
painted on-screen, but what we need here is a plain array of bits.

When we are done with reading the file, we check the Qbat aSt r eanis status. This works because if a
Qbat aSt reamenters an error state, it stays in that state and can only return zeros. For example, if
reading fails on the first bit array, the attempt to read the second will result in an empty Q@BitArray.

*image = Q mage(w dth, height, Q nage::Formt_ARGB32);
for (int i =0; i <int(height); ++i) {
for (int j =0; j <int(width); ++) {
QRgb col or;
int bit = (i * width) + j;
if (andBitmap.testBit(bit)) {
if (xorBitmap.testBit(bit)) {
col or = OX7F7F7F7F;
} else {
col or = OxOOFFFFFF;
}

} else {
if (xorBitmap.testBit(bit)) {
col or = OxFFFFFFFF;

} else {
col or = OxFF000000;
}
}

i mage->set Pi xel (j, i, color);

We construct a new Q mage of the correct size and set i mage to point to it. Then we iterate over every
pixel in the XOR and AND bit arrays and convert them into 32-bit ARGB color specifications. The
AND and XOR bit arrays are used as shown in the following table to obtain the color of each cursor
pixel:

AND | XOR | Result

1 1 Inverted background pixel

1 0 Transparent pixel

0 1 White pixel

0 0 Black pixel



Black, white, and transparent pixels are no problem, but there's no way of obtaining an inverted
background pixel using an ARGB color specification without knowing the color of the original
background pixel. As a substitute, we use a semi-transparent gray color (0x7F7F7F7F).

++current | mageNo;

if (currentlnmageNo == nunl nages)
state = AfterLast| nmage;

return true;

Once we have finished reading the image, we update the current image number and update the
state if we have reached the last image. At the end of the function, the device will be positioned at
the next image or at the end of the file.

bool CursorHandl er::junpToNext | mage()
{

Q mage i mage;
return read(& mage);

The junpToNext | mage() function is used to skip an image. For simplicity, we simply call read() and
ignore the resulting Q mage. A more efficient implementation would use the information stored in the
.cur file header to skip directly to the appropriate offset in the file.

voi d CursorHandl er: :readHeader| f Necessary() const

if (state != BeforeHeader)
return;
qui nt 16 reserved;
quint 16 type;
qui nt 16 count;
QDat aStream i n(device());
in. setByteOrder(Q@ataStream: Littl eEndi an);
in >> reserved >> type >> count;
i n.ski pRawbat a(16 * count);
if (in.status() !'= QDataStream :Ck || reserved '=0
|| type '= 2 || count == 0) {
enterErrorState();
return;

state = Beforel mage;
current!l mageNo = 0;
num mages = int(count);

The readHeader | f Necessary() private function is called from i mageCount () and read() . If the file's
header has already been read, the state is not Bef or eHeader and we return immediately. Otherwise,
we open a data stream on the device, read in some generic data (including the number of cursors in
the file), and set the state to Bef orel mage. At the end, the device's file pointer is positioned before
the first image.

void CursorHandl er::enterErrorState() const

{

state = Error;



current!l mageNo = 0;
num mages = O,

If an error occurs, we assume that there are no valid images and set the state to Error. Once in the
Error state, the handler's state cannot change.

@BitArray CursorHandl er::readBitmap(int width, int height,
QDat aSt ream & n) const

{
@BitArray bitmap(wi dth * height);
qui nt 8 byte;
qui nt 32 wor d;
for (int i =0; i < height; ++i) {
for (int j =0; j <wdth; ++) {
it (() %32) ==0) {
word = 0O;
for (int k =0; k < 4; ++k) {
in >> byte;
word = (word << 8) | bhyte;
}
}
bitmap.setBit(((height - i - 1) * width) + j,
word & 0x80000000);
word <<= 1;
}
}
return bitmap;
}

The readBi t map() function is used to read a cursor's AND and XOR masks. These masks have two
unusual features. First, they store the rows from bottom to top, instead of the more common top-to-
bottom approach. Second, the endianness of the data appears to be reversed from that used
everywhere else in . cur files. In view of this, we must invert the y coordinate in the setBit () call,
and we read in the mask values one byte at a time, bit-shifting and masking to extract their correct
values.

This completes the implementation of the Cursor Handl er image format plugin. Plugins for other
image formats would follow the same pattern, although some might implement more of the

Q magel OHandl er API, in particular the functions used for writing images. Plugins of other kinds, for
example, text codecs or database drivers, follow the same pattern of having a plugin wrapper to
provide a generic API that applications can use, and a handler to provide the underlying
functionality.

The . pro file is different for plugins than for applications, so we will end with that:

TEMPLATE =1lib

CONFI G += plugin

HEADERS = cursorhandler.h \
cursorplugin.h

SOURCES = cursorhandl er.cpp \
cur sor pl ugi n. cpp

DESTDI R = $(QTDI R)/ pl ugi ns/ i magef or mat s

By default, . pro files use the app template, but here we must specify the I'i b template because a
plugin is a library, not a stand-alone application. The CONFI G line is used to tell Qt that the library is
not just a plain library, but a plugin library. The DESTDI R specifies the directory where the plugin



should go. All Qt plugins must go in the appropriate pl ugi ns subdirectory where Qt was installed,
and since our plugin provides a new image format we put it in pl ugi ns/i magef or mat s. The list of
directory names and plugin types is given at http://doc.trolltech.com/4.1/plugins-howto.html. For
this example, we assume that the @ dI R environment variable is set to the directory where Qt is
installed.

Plugins built for Qt in release mode and debug mode are different, so if both versions of Qt are
installed, it is wise to specify which one to use in the . pro filefor example, by adding the line

CONFI G += rel ease

Applications that use Qt plugins must be deployed with the plugins they are intended to use. Qt
plugins must be placed in specific subdirectories (for example, i magef or mat s for image formats). Qt
applications search for plugins in the pl ugi ns directory in the directory where the application's
executable resides, so for image plugins they search appl i cation_dir/ pl ugi ns/i magef or mat s. If we
want to deploy Qt plugins in a different directory, the plugins search path can be augmented by
using QCor eAppl i cati on: : addLi braryPat h() .

Making Applications Plugin-Aware

An application plugin is a dynamic library that implements one or more interfaces. An interface is a
class that consists exclusively of pure virtual functions. The communication between the application
and the plugins is done through the interface's virtual table. In this section, we will focus on how to
use a plugin in a Qt application through its interfaces, and in the next section we will show how to
implement a plugin.

To provide a concrete example, we will create the simple Text Art application shown in Figure 19.3.
The text effects are provided by plugins; the application retrieves the list of text effects provided by
each plugin and iterates over them to show each one as an item in a QLi st W dget .

Figure 19.3. The Text Art application
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The Text Art application defines one interface:

class TextArtlInterface

{
public:
virtual ~TextArtlnterface() { }
virtual QStringList effects() const = 0;
virtual QPixmap appl yEffect(const QString &effect,
const QString &text,
const QFont &font, const QSize &size,
const QPen é&pen,
const Brush &brush) = 0;
1
Q DECLARE_| NTERFACE( Text Art I nterface,
"com software-inc. TextArt. TextArtInterface/1.0")

An interface class normally declares a virtual destructor, a virtual function that returns a

QstringLi st, and one or more other virtual functions. The destructor is there primarily to silence the
compiler, which might otherwise complain about the lack of a virtual destructor in a class that has
virtual functions. In this example, the effects() function returns a list of the text effects the plugin
can provide. We can think of this list as a list of keys. Every time we call one of the other functions,
we pass one of these keys as first argument, making it possible to implement multiple effects in one

plugin.

At the end, we use the Q DECLARE_| NTERFACE() macro to associate an identifier to the interface. The
identifier normally has four components: an inverted domain name specifying the creator of the
interface, the name of the application, the name of the interface, and a version number. Whenever
we alter the interface (for example, by adding a virtual function or changing the signature of an
existing function), we must remember to increase the version number; otherwise, the application
might crash trying to access an outdated plugin.

The application is implemented in a class called Text Art Di al og. We will only show the code relevant
to making it plugin-aware. Let's start with the constructor:

Text Art Di al og: : Text Art Di al og(const QString & ext, QW dget *parent)
Qi al og( parent)

{
i st Wdget = new QLi st Wdget;
i st Wdget - >set Vi emvbde( QLi st Wdget: : |1 conMbde) ;
i st Wdget - >set Movenent (QLi st Wdget:: Static);
i st Wdget ->setlconSi ze(QSi ze(260, 80));
| oadP! ugi ns() ;
popul at eLi st W dget (text);
}

The constructor creates a QLi st Wdget to list the available effects. It calls the private function
| oadPl ugi ns() to find and load any plugins that implement the Text ArtInterface and populates the
list widget accordingly by calling another private function, popul at eLi st W dget () .

voi d Text Art Di al og: : | oadPl ugi ns()

{

Qi r pluginDir(QApplication::applicationDirPath());
#i f defined(Q OS WN)

if (pluginDir.dirNane().toLower() == "debug"



|| pluginDir.dirNanme().toLower() == "rel ease")
p! ugi nDi r. cdUp();
#elif defined(Q_OS_MAC)
if (pluginDir.dirNane() == "Mac0S") {
pl ugi nDi r. cdUp();
pl ugi nDir. cdUp();
pl ugi nDi r. cdUp();

}
#endi f
if (!pluginDir.cd("plugins"))
return;
foreach (QString fileName, pluginDir.entryList(Qir::Files)) {
QPl ugi nLoader | oader (pl ugi nDir.absol uteFilePath(fil eNane));
if (TextArtinterface *interface =
gobj ect _cast <Text ArtInterface *>(l oader.instance()))
i nterfaces. append(interface);

In 1 oadPl ugi ns(), we attempt to load all the files in the application's pl ugi ns directory. (On
Windows, the application's executable usually lives in a debug or rel ease subdirectory, so we move
one directory up. On Mac OS X, we take the bundle directory structure into account.)

If the file we try to load is a Qt plugin that uses the same version of Qt as the application,

QPl ugi nLoader : : i nstance() will return a Qbj ect * that points to a Qt plugin. We use

gobj ect _cast <T>() to check whether the plugin implements the Text ArtInterface. Each time the cast
is successful, we add the interface to the Text Art Di al og's list of interfaces (of type

QLi st<Text Artlnterface *>).

Some applications may want to load two or more different interfaces, in which case the code for
obtaining the interfaces would look more like that shown below:

Qbj ect *plugin = | oader.instance();

if (TextArtinterface *i = qobject_cast<TextArtlInterface *>(plugin))
textArtlnterfaces. append(i);

if (BorderArtlnterface *i = gobject_cast<BorderArtlnterface *>(plugin))
border Artlnterfaces. append(i);

if (Texturelnterface *i = gobject_cast<Texturelnterface *>(plugin))
texturel nterfaces. append(i);

The same plugin may successfully cast to more than one interface pointer, since it is possible for
plugins to provide multiple interfaces by using multiple inheritance.

voi d Text ArtDi al og: : popul at eLi st Wdget (const QString &t ext)
{
Si ze iconSize = |istWdget->iconSize();
QPen pen( QCol or ("dar kseagreen"));
QLi near Gradi ent gradient(0, O, iconSize.width() / 2,
i conSi ze. height () / 2);
gradi ent . set Col or At (0.0, QCol or("darkolivegreen"));
gradi ent . set Col or At (0.8, Col or("darkgreen"));
gradi ent.setColorAt (1.0, Color("lightgreen"));
QFont font ("Helvetica", iconSize.height(), Qront::Bold);
foreach (TextArtinterface *interface, interfaces) {
foreach (QString effect, interface->effects()) {
QistWdgetltem *item = new QLi st Wdgetlten(effect,
i st Wdget);
QPi xmap pixmap = interface->appl yEffect (effect, text, font,
i conSi ze, pen,



gradi ent);
item >setData(Q:: DecorationRol e, pixmap);
}

i st Wdget ->set Current Row0);

The popul at eLi st Wdget () function begins by creating some variables to pass to the appl yEf f ect ()
function, in particular a pen, a linear gradient, and a font. It then iterates over every

Text Art I nterface that was found by | oadPl ugi ns() . For each effect provided by each interface, a
new QLi st Wdget | temis created with its text set to the name of the effect it represents, and a

QPi xmap is created using appl yEf fect () .

In this section we have seen how to load plugins by calling | oadPI ugi ns() in the constructor, and
how to make use of them in popul at eLi st Wdget () . The code copes gracefully whether there are no
plugins providing Text Art I nt er f aces, just one, or more than one. Furthermore, additional plugins
could be added later: Every time the application starts up it loads whatever plugins it finds that
provide the interfaces it wants. This makes it easy to extend the application's functionality without
changing the application itself.

Writing Application Plugins

An application plugin is a subclass of Qbj ect and of the interfaces it wants to provide. The CD that
accompanies this book includes two plugins for the Text Art application presented in the previous
section, to show that the application correctly handles multiple plugins.

Here, we will only review the code for one of them, the Basic Effects Plugin. We will assume that the
plugin's source code is located in a directory called basi cef f ect spl ugi n and that the Text Art
application is located in a parallel directory called textart. Here's the declaration of the plugin class:

cl ass BasicEffectsPlugin : public QObject, public TextArtlnterface

{
Q OBJECT
Q_ | NTERFACES( Text Art I nterface)
public:
QStringlist effects() const;
QPi xmap appl yEffect (const QString &effect, const QString &t ext,
const QFont &font, const QSize &size,
const QPen &pen, const Brush &brush);

The plugin implements only one interface, Text ArtInterface. In addition to Q OBJECT, we must use
the Q I NTERFACES() macro for each of the interfaces that are subclassed to ensure smooth
cooperation between moc and qobj ect _cast <T>() .

QStringlList BasicEffectsPlugin::effects() const
{

}

return QStringList() << "Plain" << "Qutline" << "Shadow';

The ef fects() function returns a list of text effects supported by the plugin. This plugin supports
three effects, so we just return a list containing the name of each one.

The appl yEf fect () function provides the plugin's functionality and is slightly involved, so we will



review it in pieces.

QPi xmap Basi cEf f ect sPl ugi n:: appl yEf f ect (const QString &effect,
const QString & ext, const QFont &font, const QSize &size,
const QPen &pen, const Brush &brush)

{

QFont nyFont = font;

QFont Metrics netrics(nyFont);

while ((netrics.width(text) > size.w dth()
|| metrics.height() > size.height())

&& nyFont . poi nt Si ze() > 9) {
nyFont . set Poi nt Si ze(nmyFont . poi nt Si ze() - 1);
metrics = QrFont Metrics(nyFont);

We want to ensure that the given text will fit in the specified size if possible. For this reason, we use
the font's metrics to see if the text is too large to fit, and if it is we enter a loop where we reduce the
point size until we find a size that will fit, or until we reach 9 points, our fixed minimum size.

QPi xmap pi xmap(size);

QPai nter painter(&pi xmap) ;

pai nter. set Font (nmyFont) ;

pai nt er. set Pen( pen);

pai nter. set Brush(brush);

pai nter.set Render Hint (QPai nter:: Antialiasing, true);

pai nter. set Render Hi nt (QPai nter:: Text Anti al i asi ng, true);

pai nt er. set Render Hi nt (QPai nt er: : Snoot hPi xmapTransform true);
pai nter. eraseRect (pi xmap.rect());

We create a pixmap of the required size and a painter to paint onto the pixmap. We also set some
render hints to ensure the smoothest possible results. The call to eraseRect () clears the pixmap with
the background color.

if (effect == "Plain") {
pai nter.setPen(Q :: NoPen);
} else if (effect == "Qutline") {

QPen pen(Q:: bl ack);

pen. set Wdt hF(2.5);

pai nt er. set Pen( pen);

} else if (effect == "Shadow') {

QPai nt er Pat h pat h;

pai nter.setBrush(Q::darkGay);

pat h. addText (((si ze.width() - netrics.width(text)) / 2) + 3,
(size.height() - metrics.descent()) + 3, nyFont,
text);

pai nt er. dr awPat h( pat h) ;

pai nter. set Brush(brush);

For the "Plain" effect, no outline is required. For the "Outline" effect, we ignore the original pen and
create our own black pen with a 2.5-pixel width. For the "Shadow" effect, we need to draw the
shadow first, so that the text can be painted on top of it.

QPai nt er Pat h pat h;
pat h. addText ((size.width() - netrics.wi dth(text)) / 2,
size. height() - netrics.descent(), nyFont, text);



pai nt er. dr awPat h( pat h) ;
return pixmap;

We now have the pen and brushes set appropriately for each text effect, and in the "Shadow" effect
case have drawn the shadow. We are now ready to render the text. The text is horizontally centered
and drawn far enough above the bottom of the pixmap to allow room for descenders.

Q _EXPORT_PLUG N2( basi cef f ect spl ugi n, Basi cEf fect sPl ugi n)

At the end of the . cpp file, we use the Q EXPORT_PLUG N2() macro to make the plugin available to Qt.

The . pro file is similar to the one we used for the Windows cursor plugin earlier in this chapter (p.
408):

TEMPLATE =1lib

CONFI G += plugin

HEADERS = ../textart/textartinterface. h \
basi cef f ect spl ugin. h

SOURCES = basi cef fect spl ugi n. cpp

DESTDI R = ../textart/plugins

If this chapter has whet your appetite for application plugins, you might like to study the more
advanced Plug & Paint example provided with Qt. The application supports three different interfaces
and includes a useful Plugin Information dialog that lists the plugins and interfaces that are available
to the application.



Chapter 20. Platform-Specific Features

e Interfacing with Native APIs
e Using ActiveX on Windows
e Handling X11 Session Management

In this chapter, we will review some of the platform-specific options available to Qt programmers.
We begin by looking at how to access native APIs such as the Win32 API on Windows, Carbon on
Mac OS X, and Xlib on X11. We then move on to explore the ActiveQt extension, showing how to use
ActiveX controls within Qt/Windows applications and how to create applications that act as ActiveX
servers. In the last section, we explain how to make Qt applications cooperate with the session
manager under X11.

In addition to the features presented here, Trolltech offers several platform-specific Qt Solutions,
including the Qt/Motif and Qt/MFC migration frameworks to ease the migration of Motif/Xt and MFC
applications to Qt. A similar extension for Tcl/Tk applications is provided by froglogic, and a
Microsoft Windows resource converter is available from Klardlvdalens Datakonsult. See the following
web pages for details:

e http://www.trolltech.com/products/solutions/catalog/
e http://www.froglogic.com/tq/
« http://www.kdab.net/knut/

For embedded development, Trolltech offers the Qtopia application platform. This is covered in
Chapter 21.

Interfacing with Native APIs

Qt's comprehensive API caters for most needs on all platforms, but in some circumstances, we may
want to use the underlying platform-specific APIs. In this section, we will show how to use the
native APIs for the different platforms supported by Qt to accomplish particular tasks.

On every platform, QW dget provides a wi nl d() function that returns the window ID or handle.
QW dget also provides a static function called fi nd() that returns the QW dget with a particular
window ID. We can pass this ID to native API functions to achieve platform-specific effects. For
example, the following code uses wi nl d() to move the title bar of a tool window to the left using
native Mac OS X functions:

#i fdef Q W5 _MAC
ChangeW ndowAt t ri but es( Hl Vi ewGet W ndow( HI Vi ewRef (t ool Wn.winld())),
kW ndowSi deTi t| ebar Attri bute,
kW ndowNoAt t ri but es) ;
#endi f

Figure 20.1. A Mac OS X tool window with the title bar on the side
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On X11, here's how we would modify a window property:

#i fdef QW5 X11
Atom at om = Xl nter nAt om( QX11I nf o: : di splay(), "MY_PROPERTY", Fal se);
| ong data = 1;
XChangePr operty( QX11I nfo: : di spl ay(), w ndow>w nld(), atom atom
32, PropMdeRepl ace,
reinterpret_cast<uchar *>(&data), 1);
#endi f

The #i f def and #endif directives around the platform-specific code ensure that the application will
still compile on other platforms.

For a Windows-only application, here's an example of how we can use GDI calls to draw on a Qt
widget:

voi d Gdi Control::paintEvent (QPai nt Event * /* event */)
{
RECT rect;
GetCdientRect(winld(), &rect);
HDC hdc = Get DC(wi nl d());
Fi |l Rect (hdc, &rect, HBRUSH(COLOR W NDOW + 1));
Set Text Al i gn(hdc, TA _CENTER | TA BASELI NE) ;
Text Qut W hde, width() / 2, height() / 2, text.utfl16(), text.size());
Rel easeDC(wi nl d(), hdc);

For this to work, we must also reimplement QPai nt Devi ce: : pai nt Engi ne() to return a null pointer and
set the @ :: WA Pai nt OnScr een attribute in the widget's constructor.

The next example shows how to combine QPai nter and GDI calls in a paint event handler using



QPai nt Engi ne's get dC() and rel easeDC() functions:

voi d MyW dget : : pai nt Event (QPai nt Event * /* event */)
{
QPai nter painter(this);
painter.fill Rect(rect().adjusted(20, 20, -20, -20), Q::red);
#i fdef QW5 WN
HDC hdc = pai nter. pai nt Engi ne() - >get DC() ;
Rect angl e(hdc, 40, 40, width() - 40, height() - 40);
pai nt er. pai nt Engi ne() - >rel easeDC() ;
#endi f

}

Mixing Qrai nter and GDI calls like this can sometimes lead to strange results, especially when
QPai nt er calls occur after GDI calls, because QPai nt er makes some assumptions about the state of
the underlying drawing layer.

Qt defines one of the following four window system symbols: Q W5 WN, Q Ws_X11, Q Ws_MAC, and
Q Ws s (Qtopia). We must include at least one Qt header before we can use them in applications.
Qt also provides preprocessor symbols to identify the operating system:

e QOS AIX
e QOS BSM4
- QOs BSD

e QOS CYGNN
- Q 0S DGUX

e QOS DYNIX

- Q OS FREEBSD
e QO0S HPUX

e QOS HURD

e QOSIRX

e QOS LINUX

e QOS LYNX

e QOS MAC

e QOS NETBSD
e Q OS OPENBSD
e QOS OS2EMX

* QOs CsF
° QO QW6

° QO QWX

* QOS_RELIANT
* QO0s sco

e QOS SOLAR'S
e QOS5 UTR X

e Q. 0S_UNI XWARE
e QO0S WN32

e QOS5 WN64

We can assume that at most one of these will be defined. For convenience, Qt also defines Q 0S WN
when either Win32 or Win64 is detected, and Q 0S_UNI X when any Unix-based operating system
(including Linux and Mac OS X) is detected. At run-time, we can check @ysl! nfo: : W ndowsVer si on or
QSyslnfo:: Maci nt oshVersi on to distinguish between different versions of Windows (2000, ME, etc.)
or Mac OS X (10.2, 10.3, etc.).

In addition to the operating system and window system macros, there is also a set of compiler
macros. For example, Q cC MsVC is defined if the compiler is Microsoft Visual C++. These can be
useful for working around compiler bugs.



Several of Qt's GUI-related classes provide platform-specific functions that return low-level handles

to the underlying object. These are listed in Figure 20.2.

Figure 20.2. Platform-specific functions to access low-level handles

Mac OS X

ATSFontFormatRef | QFont::handle()

CGImageRef
GWorldPtr
GWorldPtr
RgnHandle
HIViewRef

Windows

QPixmap::macCGHandle()
QPixmap::macQDAlphaHandle()
QPixmap::macQDHandle()
QRegion::handle()
QWidget::winld()

HCURSOR | QCursor::handle()

HDC
HDC
HFONT

QPaintEngine::getDC()
QPrintEngine::getPrinterDC()
QFont::handle()

HPALETTE | QColormap::hPal()

HRGN
HWND

X11
Cursor
Font
Picture
Picture
Pixmap
QX11Info
QX11Info
Region
Screen
SmcConn
Window
Window

QRegion::handle()
QWidget::winld()

QCursor::handle()
QFont::handle()
QPixmap::x11PictureHandle()
QWidget::x11PictureHandle()
QPixmap::handle()
QPixmap::x11Info()
QWidget::x11Info()
QRegion::handle()
QCursor::x11Screen()
QSessionManager::handle()
QWidget::handle()
QWidget::winId()



On X11, QPi xmap: : x11I nfo() and QW dget::x11l nfo() return a Qx11l nf o object that provides various
pointers or handles, such as di spl ay(), screen(), col ormap(), and vi sual () . We can use these to set
up an X11 graphics context on a QpPi xmap or QW dget , for example.

Qt applications that need to interface with other toolkits or libraries frequently need to access the
low-level events (XEvent s on X11, MsGs on Windows, Eventref on Mac OS X, QA8Event s on Qtopia)
before they are converted into Qevents. We can do this by subclassing QAppl i cati on and
reimplementing the relevant platform-specific event filter, one of x11EventFilter(),

wi nEvent Filter(), macEventFilter (), and gwsEvent Filter (). Alternatively, we can access the
platform-specific events that are sent to a given QW dget by reimplementing one of x11Event (),

wi nEvent (), macEvent (), and gqwsEvent (). This can be useful for handling certain types of events that
Qt normally ignores, such as joystick events.

For more information about platform-specific issues, including how to deploy Qt applications on
different platforms, see http://doc.trolltech.com/4.1/winsystem.html.

Using ActiveX on Windows

Microsoft'sActiveX technology allows applicationsto incorporate user interface components provided
by other applications or libraries. It is built on Microsoft COM and defines one set of interfaces for
applications that use components and another set of interfaces for applications and libraries that
provide components.

The Qt/Windows Desktop Edition provides the ActiveQt framework to seam-lessly combine ActiveX
and Qt. ActiveQt consists of two modules:

e The QAxContainer module allows us to use COM objects and to embed ActiveX controls in
Qt applications.

e The QAxServer module allows us to export custom COM objects and ActiveX controls written
using Qt.

Our first example will embed the Windows Media Player in a Qt application using the QAxContainer
module. The Qt application adds an Open button, a Play/Pause button, a Stop button, and a slider to
the Windows Media Player ActiveX control.

Figure 20.3. The Media Player application
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The application's main window is of type Pl ayer W ndow:

class Player Wndow : public QW dget

{

Q OBJECT

Q_ENUMS( ReadySt at eConst ant s)
publi c:

enum Pl aySt at eConstants { Stopped = 0, Paused = 1, Playing = 2 };
enum ReadySt at eConstants { Uninitialized = 0, Loading = 1,
Interactive = 3, Conplete = 4 };
Pl ayer W ndow() ;
pr ot ect ed:
voi d timerEvent (QTi mer Event *event);
private slots:
voi d onPl aySt at eChange(int oldState, int newState);
voi d onReadySt at eChange( Ready St at eConst ants readyState);
voi d onPosi ti onChange(doubl e ol dPos, doubl e newPos) ;
voi d sliderVal ueChanged(i nt newal ue);
voi d openFile();
private:
QAXW dget *wnp;
Qrool Button *openButton;
Qrool Button *pl ayPauseButt on;
Qrool Button *stopButton;
QSlider *seekSlider;
QString fileFilters;
i nt updateTi ner;

The Pl ayer W ndow class inherits from QW dget . The Q ENUMS() macro (just below Q OBJECT) is
necessary to tell noc that the ReadySt at eConst ant s type used in the onReadySt at eChange() slot is an
enum type. In the private section, we declare a QaxW dget * data member.

Pl ayer W ndow: : Pl ayer W ndow( )

{
wrp = new QAXW dget ;
wnp- >set Control ("{22D6F312- BOF6- 11D0- 94AB- 0080C74C7E95} ") ;

In the constructor, we start by creating a QaxW dget object to encapsulate the Windows Media Player
ActiveX control. The QAxContainer module consists of three classes: QAxbj ect encapsulates a COM
object, QAxW dget encapsulates an ActiveX control, and QAxBase implements the core COM
functionality for QAxbj ect and QAxW dget .

We call set Control () on the QaxW dget with the class ID of the Windows Media Player 6.4 control.
This will create an instance of the required component. From then on, all the properties, events, and
methods of the ActiveX control are available as Qt properties, signals, and slots through the

QAxW dget object.

Figure 20.4. Inheritance tree for the QAxContainer module
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The COM data types are automatically converted into the corresponding Qt types, as summarized in
Figure 20.5. For example, an in-parameter of type VAR ANT_BOOL becomes a bool , and an out-
parameter of type VARI ANT_BOOL becomes a bool &. If the resulting type is a Qt class (Qstring,

Qhat eTi e, etc.), the in-parameter is a const reference (for example, const QString &).

Figure 20.5. Relationship between COM types and Qt types

COM types Qt types
VARIANT_BOOL bool
char, short, int, | ong i nt
unsi gned char, unsi gned short, unsi gned int, unsi gned ui nt
| ong
f1 oat, doubl e doubl e
CY gl ongl ong, qul ongl ong
BSTR QString
DATE QDat eTi ne, QDat e,
Qri e
CLE COLOR Lol or
SAFEARRAY( VARI ANT) Qi st <Qvari ant >
SAFEARRAY( BSTR) @St ri nglLi st
SAFEARRAY( BYTE) QByt eAr r ay
VARI ANT Qvari ant
| FontDi sp * QFont
| PictureDisp * QPi xmap
User defined type QRect , QSi ze, QPoi nt

To obtain the list of all the properties, signals, and slots available in a QAxCbj ect or QAxW dget with
their Qt data types, call QAxBase: : gener at eDocunent ati on() or use Qt's dunpdoc command-line tool,
located in Qt's t ool s\ acti veqt\ dunpdoc directory.

Let's continue with the Pl ayer W ndow constructor:

wip- >set Property(" ShowControl s", false);
wnp- >set Si zePol i cy( QSi zePol i cy: : Expandi ng, QSi zePol i cy:: Expandi ng) ;
connect (wnp, SIGNAL(PI aySt at eChange(int, int)),



this, SLOT(onPl ayStateChange(int, int)));
connect (wnp, Sl GNAL( ReadySt at eChange( Ready St at eConst ants)),
this, SLOT(onReadySt at eChange( ReadySt at eConstants)));
connect (wnp, SI GNAL( Posi ti onChange(doubl e, double)),
this, SLOT(onPositionChange(doubl e, double)));

After calling QAxW dget : : set Control (), we call Qdbj ect: : set Property() to set the ShowControls
property of the Windows Media Player to fal se, since we provide our own buttons to manipulate the
component. Qbj ect : : set Property() can be used both for COM properties and for normal Qt
properties. Its second parameter is of type Qvari ant .

Next, we call set Si zePol i cy() to make the ActiveX control take all the available space in the layout,
and we connect three ActiveX events from the COM component to three slots.

stopButton = new QTool Button;

st opButt on- >set Text (tr (" &Stop"));

st opBut t on- >set Enabl ed(f al se);

connect (stopButton, SIGNAL(clicked()), wrp, SLOT(Stop()));

The rest of the Pl ayer W ndow constructor follows the usual pattern, except that we connect some Qt
signals to slots provided by the COM object (Pl ay(), Pause(), and Stop() ). Since the buttons are
similar, we have only shown the Stop button's implementation here.

Let's leave the constructor and look at the ti mer Event () function:

voi d Pl ayer Wndow: : ti mer Event (QTi mer Event *event)

if (event->tinmerld() == updateTiner) {
doubl e curPos = wp->property("CurrentPosition").toDouble();
onPosi ti onChange(-1, curPos);

} else {
QW dget: : timer Event (event);

The timer Event () function is called at regular intervals while a media clip is playing. We use it to
advance the slider. This is done by calling property() on the ActiveX control to obtain the value of
the Current Position property as a Qvari ant and calling t oDoubl e() to convert it to a doubl e. We then
call onPosi ti onChange() to perform the update.

We will not review the rest of the code because most of it isn't directly relevant to ActiveX and
doesn't show anything that we haven't covered already. The code is included on the CD.

In the . pro file, we need this entry to link with the QAxContainer module:

CONFI G += gaxcont ai ner

One frequent need when dealing with COM objects is to be able to call a COM method directly (as
opposed to connecting it to a Qt signal). The easiest way to do this is to invoke
QAxBase: : dynami cCal | () with the name and signature of the method as first parameter and the



arguments to the method as additional parameters. For example:

wp- >dynami cCal | ("Titl ePlay(uint)", 6);

The dynani cCal | () function takes up to eight parameters of type Qvari ant and returns a Qvari ant . If
we need to pass an | Di spatch * or an I Unknown * this way, we can encapsulate the component in a
QAxObj ect and call asvari ant () on it to convert it to a Qvari ant . If we need to call a COM method
that returns an 1 Di spatch * or an I Unknown *, or if we need to access a COM property of one of
those types, we can use quer ySubbj ect () instead:

QAXObj ect *sessi on = outl ook. quer ySubObj ect (" Sessi on");
QAXObj ect *defaul t Contacts =
sessi on- >quer ySubObj ect (" Get Def aul t Fol der (O Def aul t Fol ders) ",
"ol Fol der Cont acts");

If we want to call methods that have unsupported data types in their parameter list, we can use
QAxBase: : queryl nterface() to retrieve the COM interface and call the method directly. As usual with
COM, we must call Rel ease() when we have finished using the interface. If we often need to call
such methods, we can subclass QAxObj ect or QAxW dget and provide member functions that
encapsulate the COM interface calls. Be aware that QaxObj ect and QAxW dget subclasses cannot
define their own properties, signals, or slots.

We will now review the QAxServer module. This module enables us to turn a standard Qt program
into an ActiveX server. The server can either be a shared library or a stand-alone application.
Servers built as shared libraries are often called in-process servers; stand-alone applications are
called out-of-process servers.

Our first QAxServer example is an in-process server that provides a widget that shows a ball
bouncing left and right. We will also see how to embed the widget in Internet Explorer.

Here's the beginning of the class definition of the AxBouncer widget:

cl ass AxBouncer : public QN dget, public QAxBi ndabl e

{
Q OBJECT
Q_ENUNMS( SpeedVal ue)
Q_PROPERTY( QCol or col or READ col or WRI TE set Col or)
Q _PROPERTY( SpeedVal ue speed READ speed WRI TE set Speed)
Q _PROPERTY(i nt radi us READ radi us WRI TE set Radi us)
Q_PROPERTY( bool runni ng READ i sRunni ng)

AxBouncer inherits from both QW dget and QAxBi ndabl e. The QAxBi ndabl e class provides an interface
between the widget and an ActiveX client. Any QW dget can be exported as an ActiveX control, but by
subclassing QAxBi ndabl e we can notify the client when a property's value changes, and we can
implement COM interfaces to supplement those already implemented by QAxServer.

Figure 20.6. The AxBouncer widget in Internet Explorer
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When doing multiple inheritance involving a Qbj ect -derived class, we must always put the Qbj ect -
derived class first so that noc can pick it up.

We declare three read-write properties and one read-only property. The Q ENUMS() macro is
necessary to tell noc that the Speedval ue type is an enum type. The enum is declared in the public
section of the class:

publi c:
enum SpeedVal ue { Sl ow, Normal, Fast };
AxBouncer (QN dget *parent = 0);
voi d set Speed( SpeedVal ue newSpeed);
SpeedVal ue speed() const { return ball Speed; }
voi d set Radi us(i nt newRadi us);
int radius() const { return ballRadius; }
voi d set Col or (const QCol or &newCol or);
QCol or color() const { return ballColor; }
bool isRunning() const { return nyTinmerld != 0; }
QSi ze sizeHint() const;
QAXAggr egat ed *creat eAggregate();
public slots:
void start();
void stop();
signal s:
voi d bounci ng();

The AxBouncer constructor is a standard constructor for a widget, with a parent parameter. The
QAXFACTORY_DEFAULT() macro, which we will use to export the component, expects a constructor with



this signature.

The creat eAggr egat e() function is reimplemented from QAxBi ndabl e. We will explain it in a moment.

pr ot ect ed:
voi d pai nt Event (QPai nt Event *event);
void timerEvent (QTi mer Event *event);
private:
int intervallnMIIliseconds() const;
QCol or bal | Col or;
SpeedVal ue bal | Speed;
i nt bal | Radi us;
int nyTimerld,
int x;
int delta;

The protected and private sections of the class are the same as those we would have if this was a
standard Qt widget.

AxBouncer : : AxBouncer (QN dget *parent)
QW dget ( parent)

{
bal | Col or = Q:: bl ue;
bal | Speed = Nor mal ;
bal | Radi us = 15;
nyTinmerld = 0;
x = 20;
delta = 2;

}

The AxBouncer constructor initializes the class's private variables.

voi d AxBouncer: : set Col or (const QCol or &newCol or)

{
if (newColor !'= ball Col or &% requestPropertyChange("color")) {
bal | Col or = newCol or;
updat e();
propertyChanged("col or");
}
}

The set Col or () function sets the value of the col or property. It calls updat e() to repaint the widget.

The unusual part is the request PropertyChange() and propertyChanged() calls. These functions are
inherited from QAxBi ndabl e and should ideally be called whenever we change a property. The
request Propert yChange() asks the client's permission to change a property, and returns true if the
client allows the change. The propertyChanged() function notifies the client that the property has
been changed.

The set Speed() and set Radi us() property setters also follow this pattern, and so do the start() and
stop() slots, since they change the value of the runni ng property.

There is one interesting AxBouncer member function left:



QAXAggr egat ed * AxBouncer: : creat eAggr egat e()
{

return new Cbj ect Saf etyl npl ;

The creat eAggregat e() function is reimplemented from QAxBi ndabl e. It allows us to implement COM
interfaces that the QAxServer module doesn't already implement or to bypass QAxServer's default
COM interfaces. Here, we do it to provide the | Obj ect Saf ety interface, which is used by Internet
Explorer to access a component's safety options. This is the standard trick to get rid of Internet
Explorer's infamous "Object not safe for scripting" error message.

Here's the definition of the class that implements the | bj ect Saf ety interface:

class ObjectSafetylnpl : public QAxAggregated, public | ObjectSafety

{
public:
| ong querylnterface(const Quuid & id, void **iface);
QAXAGG | UNKNOWN
HRESULT W NAPI GetlnterfaceSafetyOptions(REFIID riid,
DWORD * pdwSupport edOpti ons, DWORD *pdwEnabl edOpti ons) ;
HRESULT W NAPI SetlnterfaceSafetyOpti ons(REFIID riid,
DWORD pdwSupport edOpti ons, DWORD pdwEnabl edOpti ons);

The bj ect Saf et yl npl class inherits both QAxAggr egat ed and | Obj ect Saf et y. The QAxAggr egat ed class
is an abstract base class for implementations of additional COM interfaces. The COM object that the
QAxAggr egat ed extends is accessible through control I i ngunknown() . This COM object is created
behind the scenes by the QAxServer module.

The QAXAGG | UNKNOAN macro provides standard implementations of Queryl nter-face(), AddRef (), and
Rel ease() . These implementations simply call the same functions on the controlling COM object.

| ong oj ect Safetylnpl::querylnterface(const QUuid & id, void **iface)
{

*iface = 0O;

if (iid == 11D_CbjectSafety) {
*iface = static_cast<lCbjectSafety *>(this);
} else {
return E_NO NTERFACE;
}
AddRef () ;
return S_OK;

The queryl nterface() function is a pure virtual function of QAxAggr egat ed. It is called by the
controlling COM object to give access to the interfaces provided by the QAxAggr egat ed subclass. We
must return E_NO NTERFACE for interfaces that we don't implement and for | Unknown.

HRESULT W NAPI Obj ect Safetyl npl:: GetlnterfaceSafetyOptions(
REFIID /* riid */, DWORD *pdwSupportedOptions,
DWORD * pdwEnabl edOpt i ons)

*pdwSupport edOpti ons = | NTERFACESAFE_FOR_UNTRUSTED_DATA

| | NTERFACESAFE_FOR UNTRUSTED CALLER
*pdwEnabl edOpti ons = *pdwSupport edOpti ons;
return S_OK;



}

HRESULT W NAPI Obj ect Safetyl npl :: Setl nterfaceSafetyOptions(
REFIITD /* riid */, DWORD /* pdwSupportedOptions */,
DWORD /* pdwEnabl edOptions */)

return S _OK;

The GetInterfaceSafetyOptions() and SetlnterfaceSafetyOptions() functions are declared in
| Obj ect Safety. We implement them to tell the world that our object is safe for scripting.

Let's now review mai n. cpp:

#i ncl ude <QAxFact ory>

#i ncl ude "axbouncer.h"

QAXFACTORY_DEFAULT( AxBouncer ,
"{5e2461laa- a3e8- 4f 7a- 8b04- 307459a4c08c} ",
"{533af 11f - 4899- 43de- 8b7f - 2ddf 588d1015} ",
"{772cl4a5- a840- 4023- b79d- 19549ece0cd9} ",
"{dbcele56- 70dd- 4f 74- 85e0- 95¢65d86254d} ",
"{3f 3db5e0- 78f f - 4e35- 8a5d- 3d3b96c83e09} ")

The QAXFACTORY_DEFAULT() macro exports an ActiveX control. We can use it for ActiveX servers that
export only one control. The next example in this section will show how to export many ActiveX
controls.

The first argument to QAXFACTORY_DEFAULT() is the name of the Qt class to export. This is also the
name under which the control is exported. The other five arguments are the class ID, the interface
ID, the event interface ID, the type library ID, and the application ID. We can use standard tools like
gui dgen or uui dgen to generate these identifiers. Because the server is a library, we don't need a

mai n() function.

Here's the . pro file for our in-process ActiveX server:

TEMPLATE =1lib
CONFI G += dl | gaxserver
HEADERS = axbouncer. h \

obj ect saf etyi npl . h
SOURCES = axbouncer. cpp \

mai n. cpp \

obj ect saf etyi npl . cpp
RC_FI LE = gaxserver.rc
DEF_FI LE = qaxserver. def

The gaxserver.rc and gaxserver. def files referred to in the . pro file are standard files that can be
copied from Qt's src\activeqt\control directory.

The makefile or Visual C++ project file generated by gnmake contains rules to register the server in
the Windows registry. To register the server on end-user machines, we can use the regsvr 32 tool
available on all Windows systems.

We can then include the Bouncer component in an HTML page using the <obj ect > tag:

<obj ect id="AxBouncer"
cl assi d="cl si d: 5e2461aa- a3e8- 4f 7a- 8b04- 307459a4c08c" >



<b>The ActiveX control is not available. Make sure you have built and
regi stered the conponent server.</b>
</ obj ect >

We can create buttons that invoke slots:

<i nput type="button" value="Start" ond ick="AxBouncer.start()">
<i nput type="button" val ue="Stop" ond i ck="AxBouncer.stop()">

We can manipulate the widget using JavaScript or VBScript just like any other ActiveX control. See
the deno. ht m file on the CD for a rudimentary page that uses the ActiveX server.

Our last example is a scriptable Address Book application. The application can serve as a standard
Qt/Windows application or an out-of-process ActiveX server. The latter possibility allows us to script
the application using, say, Visual Basic.

cl ass AddressBook : public Qvai nW ndow

{
Q OBJECT
Q_PROPERTY(int count READ count)
Q CLASSI NFQ("d assl D', "{588141lef-110d-4beb-95ab- ee6a478b576d}")
Q CLASSINFQO("Interfacel D', "{718780ec-b30c-4d88-83b3-79b3d9e78502}")
Q _CLASSI NFQO( " ToSuper Cl ass", "AddressBook")
public:
Addr essBook( QN dget *parent = 0);
~Addr essBook() ;

int count() const;
public slots:
ABltem *createEntry(const QString &contact);
ABltem *findEntry(const QString &contact) const;
ABItem *entryAt (i nt index) const;
private slots:
voi d addEntry();
void editEntry();
voi d del eteEntry();
private:
voi d createActions();
voi d createMenus();
QIreeW dget *treeW dget;
Qvenu *fil eMenu;
Qvenu *edit Menu;
QAction *exitAction;
QActi on *addEntryActi on;
QAction *editEntryAction;
QActi on *del et eEntryActi on;

The AddressBook widget is the application's main window. The property and the slots it provides will
be available for scripting. The Q CLASSI NFQ() macro is used to specify the class and interface IDs
associated with the class. These were generated using a tool such as gui d or uui d.

In the previous example, we specified the class and interface IDs when we exported the QAxBouncer
class using the QAXFACTORY_DEFAULT() macro. In this example, we want to export several classes, so
we cannot use QAXFACTORY_DEFAULT() . There are two options available to us:

e We can subclass QAxFact ory, reimplement its virtual functions to provide information about
the types we want to export, and use the QAXFACTORY_EXPORT() macro to register the factory.



e We can use the QAXFACTORY_BEG N() , QAXFACTORY_END() , QAXCLASS() , and QAX- TYPE() macros to
declare and register the factory. This approach requires us to specify the class and interface
IDs using Q CLASSI NFQ() .

Back to the Addr essBook class definition: The third occurrence of Q CLASSI NFQ() may seem a bit
mysterious. By default, ActiveX controls expose not only their own properties, signals, and slots to
clients, but also those of their superclasses up to QW dget . The ToSuper Cl ass attribute lets us specify
the highest superclass (in the inheritance tree) that we want to expose. Here, we specify the class
name of the component (Addr essBook) as the highest superclass to export, meaning that properties,
signals, and slots defined in Addr essBook's superclasses will not be exported.

class ABItem: public QObject, public QIreeWdgetltem
{
Q _OBJECT
Q PROPERTY(QString contact READ contact WRI TE set Cont act)
Q PROPERTY(@String address READ address WRI TE set Addr ess)
Q _PROPERTY( @String phoneNunber READ phoneNunber WRI TE set PhoneNunber)
Q CLASSI NFQ("d assl D', "{bc82730e- 5f 39- 4e5c-96be- 461c2cd0d282} ")
Q CLASSINFQ("Interfacel D', "{c8bcl656-870e-48a9-9937-fbelceff8b2e}")
Q _CLASSI NFQO( " ToSuper Cl ass", "ABltent)
public:
ABlIt en{ QTr eeW dget *treeW dget);
voi d set Contact (const QString &contact);
QString contact() const { return text(0); }
voi d set Address(const QString &address);
QString address() const { return text(1); }
voi d set PhoneNunber (const QString &unber);
@QString phoneNunber () const { return text(2); }
public slots:
void renove();

The ABI t emclass represents one entry in the address book. It inherits from Q reeW dget It emso that
it can be shown in a @ reewdget and from Qbj ect so that it can be exported as a COM object.

int main(int argc, char *argv[])
{
QApplication app(argc, argv);
if (!'QAxFactory::isServer()) {
Addr essBook addr essBook;
addr essBook. show() ;
return app.exec();

}

return app.exec();

In mai n(), we check whether the application is being run stand-alone or as a server. The - acti vex
command-line option is recognized by QAppl i cati on and makes the application run as a server. If the
application isn't run as a server, we create the main widget and show it as we would normally do in
any stand-alone Qt application.

In addition to - acti vex, ActiveX servers understand the following command-line options:

e -regserver registers the server in the system registry.
e -unregserver unregisters the server from the system registry.
e -dunpidl file writes the server's IDL to the specified file.

When the application is run as a server, we must export the Addr essBook and ABI t emclasses as COM



components:

QAXFACTORY_BEQ N("{2b2b6f 3e- 86¢f - 4c49- 9df 5- 80483b47f 17b} ",
"{8e827h25- 148h- 4307- ba7d- 23f 275244818} ")

QAXCLASS( Addr essBook)

QAXTYPE(ABI tem

QAXFACTORY_END()

The above macros export a factory for creating COM objects. Since we want to export two types of
COM objects, we cannot simply use QAXFACTORY_DEFAULT() as we did in the previous example.

The first argument to QAXFACTORY_BEG N() is the type library ID; the second argument is the
application ID. Between QAXFACTORY_BEG N() and QAXFACTORY_END( ), we specify all the classes that

can be instantiated and all the data types that we want to make accessible as COM objects.

This is the . pro file for our out-of-process ActiveX server:

TEMPLATE = app
CONFI G += gaxserver
HEADERS = abitemh \
addr essbhook. h \
editdial og. h
SOURCES = abitemcpp \
addr essbook. cpp \
edi tdial og.cpp \
mai n. cpp
FORVS = edi tdi al og. ui
RC_FI LE = gaxserver.rc

The gaxserver.rc file referred to in the . pro file is a standard file that can be copied from Qt's
src\activeqt\control directory.

Look in the example's vb directory for a Visual Basic project that uses the Address Book server.

This completes our overview of the ActiveQt framework. The Qt distribution includes additional
examples, and the documentation contains information about how to build the QAxContainer and
QAxServer modules and how to solve common interoperability issues.

Handling X11 Session Management

When we log out on X11, some window managers ask us whether we want to save the session. If
we say yes, the applications that were running are automatically restarted the next time we log in,
with the same screen positions and, ideally, with the same state as they had when we logged out.

The X11-specific component that takes care of saving and restoring the session is called the session
manager. To make a Qt/X11 application aware of the session manager, we must reimplement
QApplication::saveState() and save the application's state there.

Figure 20.7. Logging out on KDE
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Windows 2000 and XP, and some Unix systems, offer a different mechanism called hibernation.
When the user puts the computer into hibernation, the operating system simply dumps the
computer's memory onto disk and reloads it when it wakes up. Applications do not need to do
anything or even be aware that this happens.

When the user initiates a shutdown, we can take control just before the shutdown occurs by
reimplementing QApplication::conmmitData(). This allows us to save any unsaved data and to
interact with the user if required. This part of session management is supported on both X11 and
Windows.

We will explore session management by going through the code of a session-aware Tic-Tac-Toe
application. First, let's look at the mai n() function:

int main(int argc, char *argv[])
{
Application app(argc, argv);
Ti cTacToe toe;
t oe. set Cbj ect Nane("toe");
app. set Ti cTacToe( &t oe) ;
toe. show() ;
return app. exec();

We create an Applicati on object. The Application class inherits from QAppl i cati on and
reimplements both conmi t Dat a() and saveSt ate() to support session management.

Next, we create a Ti cTacToe widget, make the Appl i cati on object aware of it, and show it. We have
called the Ti cTacToe widget "toe". We must give unique object names to top-level widgets if we want
the session manager to restore the windows' sizes and positions.

Figure 20.8. The Tic-Tac-Toe application



. =w Tic-Tac-Toe

Here's the definition of the Appli cation class:

class Application : public QApplication

Q OBJECT
public:
Application(int &rgc, char *argv[]);
voi d setTi cTacToe(Ti cTacToe *tic);
voi d saveSt at e( QSessi onManager &sessi onManager) ;
voi d comm t Dat a( @Sessi onManager &sessi onManager);
private:
Ti cTacToe *ticTacToe;
b

The Application class keeps a pointer to the Ti cTacToe widget as a private variable.

voi d Application::saveSt at e( @essi onManager &sessi onManager)

{

QString fileNane = ticTacToe->saveState();

@St ringLi st di scardConmand,;

di scardCommand << "rm' << fil eNane;

sessi onManager . set Di scar dCormand( di scar dCommand) ;
}

On X11, the saveState() function is called when the session manager wants the application to save
its state. The function is available on other platforms as well, but it is never called. The
QSessi onManager parameter allows us to communicate with the session manager.

We start by asking the Ti cTacToe widget to save its state to a file. Then we set the session
manager's discard command. A discard command is a command that the session manager must
execute to delete any stored information regarding the current state. For this example, we set it to

rmsessionfile

where sessionfil e is the name of the file that contains the saved state for the session, and rmis the
standard Unix command to remove files.

The session manager also has a restart command. This is the command that the session manager



must execute to restart the application. By default, Qt provides the following restart command:

appnane -session id_key

The first part, appnane, is derived from argv[ 0] . The i d part is the session ID provided by the session
manager; it is guaranteed to be unique among different applications and among different runs of the
same application. The key part is added to uniquely identify the time at which the state was saved.
For various reasons, the session manager can call saveSt at e() multiple times during the same
session, and the different states must be distinguished.

Because of limitations in existing session managers, we must ensure that the application's directory
is in the PATH environment variable if we want the application to restart correctly. In particular, if
you want to try out the Tic-TacToe example for yourself, you must install it in, say, /usr/bin and
invoke it as ti ct act oe.

For simple applications, including Tic-Tac-Toe, we could save the state as an additional command-
line argument to the restart command. For example:

tictactoe -state OX- XO- X-O

This would save us from storing the data in a file and providing a discard command to remove the
file.

voi d Application::conmntData(QSessi onManager &sessi onManager)

if (ticTacToe->ganel nProgress()
&& sessi onManager . al |l owsl nteraction()) {
int r = QvessageBox: :warning(ticTacToe, tr("Tic-Tac-Toe"),
tr("The gane hasn't finished.\n"
"Do you really want to quit?"),
QvessageBox: : Yes | QvessageBox: : Defaul t,
QvessageBox:: No | QwVessageBox: : Escape) ;
if (r == QvessageBox:: Yes) {
sessi onManager . rel ease();
} else {
sessi onManager . cancel () ;
}

The conmi t Dat a() function is called when the user logs out. We can reimplement it to pop up a
message box warning the user about potential data loss. The default implementation closes all top-
level widgets, which results in the same behavior as when the user closes the windows one after
another by clicking the close button in their title bars. In Chapter 3, we saw how to reimplement

cl oseEvent () to catch this and pop up a message box.

For the purposes of this example, we reimplement comni t Dat a() and pop up a message box asking
the user to confirm the log out if a game is in progress and if the session manager allows us to
interact with the user. If the user clicks Yes, we call rel ease() to tell the session manager to
continue logging out; if the user clicks No, we call cancel () to cancel the log out.

Figure 20.9. "Do you really want to quit?"



© =w Tic-Tac-Toe s O x
& The game hasn't finished.
Da you really want to quit?

(= [ w ]

Now let's look at the Ti cTacToe class:

class TicTacToe : public QW dget

{
Q _OBJECT
public:
Ti cTacToe( QN dget *parent = 0);
bool ganel nProgress() const;
QString saveState() const;
Si ze sizeH nt() const;
pr ot ect ed:
voi d pai nt Event (QPai nt Event *event);
voi d nousePressEvent (QvbuseEvent *event);
private:
enum{ Enmpty ="'-', Coss = 'X, Nought ="'0 };
voi d cl earBoard();
void restoreState();
QString sessionFil eNane() const;
QRect cell Rect(int row, int colum) const;
int cel Wdth() const { return width() / 3; }
int cellHeight() const { return height() / 3; }
bool threelnARow(int rowl, int coll, int row3, int col3) const;
char board[3][3];
i nt turnNunber;

The Ti cTacToe class inherits QW dget and reimplements si zeHi nt (), pai nt Event (), and
mousePr essEvent (). It also provides the ganel nProgress() and saveStat e() functions that we used in
our Application class.

Ti cTacToe: : Ti cTacToe( QN dget *parent)
QW dget (parent)

{
cl earBoard();
i f (qApp->i sSessi onRestored())
restoreState();
set WndowTi tl e(tr("Tic-Tac-Toe"));
}

In the constructor, we clear the board, and if the application was invoked with the -sessi on option,
we call the private function restoreState() to reload the old session.

voi d TicTacToe: : cl ear Board()

{
for (int row = 0; row < 3; ++row) {
for (int colum = 0; colum < 3; ++colum) {



board[row] [ col um] = Enpty;
}
}
t ur nNunber = 0;

In cl ear Board(), we clear all the cells and set t ur nNunber to 0.

QString TicTacToe: :saveState() const

{
QFile file(sessionFileNane());
if (file.open(Q ODevice::WiteOnly)) {
Qlext Stream out (&f il e);
for (int row = 0; row < 3; ++row) {
for (int colum = 0; columm < 3; ++col um)
out << board[row][colum];
}
}
return file.fileName();
}

In saveStat e(), we write the state of the board to disk. The format is straightforward, with 'X' for
crosses, 'O' for noughts, and '-' for empty cells.

QString TicTacToe: : sessi onFi |l eName() const

{
return QDir::honmePath() + "/.tictactoe_" + gApp->sessionld() + "_
+ gApp- >sessi onKey();

The sessi onFi | eName() private function returns the file name for the current session ID and session
key. This function is used for both saveState() and restoreState(). The file name is derived from
the session ID and session key.

void TicTacToe: :restoreState()
{
QFile file(sessionFileNane());
if (file.open(Q ODevice::ReadOnly)) {
Qlext Streamin(&file);
for (int row = 0; row < 3; ++row) {
for (int colum = 0; columm < 3; ++colum) {
in >> board[row] [ col um];
if (board[row][colum] != Enpty)
++t ur nNunber ;

}
updat e();

InrestoreState(), we load the file that corresponds to the restored session and fill the board with
that information. We deduce the value of t ur nNunber from the number of X's and O's on the board.

In the Ti cTacToe constructor, we called restoreStat e() if QApplication::isSessionRestored()
returned true. In that case, sessionl d() and sessi onKey() return the same values as when the



application's state was saved, and so sessi onFi | e- Nanme() returns the file name for that session.

Testing and debugging session management can be frustrating, because we need to log in and out
all the time. One way to avoid this is to use the standard xsmutility provided with X11. The first time
we invoke xsm, it pops up a session manager window and a terminal. The applications we start from
that terminal will all use xsmas their session manager instead of the usual, system-wide session
manager. We can then use xsns window to end, restart, or discard a session, and see if our
application behaves as it should. For details about how to do this, see
http://doc.trolltech.com/4.1/session.html.




Chapter 21. Embedded Programming

e Getting Started with Qtopia
e Customizing Qtopia Core

Developing software to run on mobile devices such as PDAs and mobile phones can be very
challenging because embedded systems generally have slower processors, less permanent storage
(flash memory or hard disk), less memory, and smaller displays than desktop computers.

Qtopia Core (previously called Qt/Embedded) is a version of Qt optimized for embedded Linux.
Qtopia Core provides the same API and tools as the desktop versions of Qt (Qt/Windows, Qt/X11,
and Qt/Mac), and adds the classes and tools necessary for embedded programming. Through dual
licensing, it is available for both open source and commercial development.

Qtopia Core can run on any hardware that runs Linux (including Intel x86, MIPS, ARM, StrongARM,
Motorola 68000, and PowerPC architectures). It has a memory-mapped frame buffer and supports a
C++ compiler. Unlike Qt/X11, it does not need the X Window System; instead, it implements its own
window system (QWS), enabling significant storage and memory savings. To reduce its memory
footprint even more, Qtopia Core can be recompiled to exclude unused features. If the applications
and components used on a device are known in advance, they can be compiled together into one
executable that links statically against the Qtopia Core libraries.

Qtopia Core also benefits from various features that are also part of the desktop versions of Qt,
including the extensive use of implicit data sharing ("copy on write") as a memory-saving technique,
support for custom widget styles through Qstyl e, and a layout system that adapts to make the best
use of the available screen space.

Qtopia Core forms the basis of Trolltech's embedded offering, which also includes Qtopia Platform,
Qtopia PDA, and Qtopia Phone. These provide classes and applications designed specifically for
portable devices and can be integrated with several third-party Java virtual machines.

Getting Started with Qtopia

Qtopia Core applications can be developed on any platform equipped with a multi-platform tool
chain. The most common option is to build a GNU C++ cross-compiler on a Unix system. This
process is simplified by a script and a set of patches provided by Dan Kegel at
http://kegel.com/crosstool/. Since Qtopia Core contains the Qt API, it is usually possible to use a
desktop version of Qt, such as Qt/X11 or Qt/Windows, for most of the development.

Qtopia Core's configuration system supports cross-compilers, through the confi gure script's -
enmbedded option. For example, to build for the ARM architecture we would type

./ configure -enbedded arm

We can create custom configurations by adding new files to Qt's nkspecs/ qws directory.

Qtopia Core draws directly to the Linux frame buffer (the memory area associated with the video
display). To access the frame buffer, you might need to grant write permissions to the / dev/f b0
device.

To run Qtopia Core applications, we must first start one process to act as a server. The server is
responsible for allocating screen regions to clients and for generating mouse and keyboard events.
Any Qtopia Core application can become a server by specifying - gws on its command line or by



passing QAppl i cation:: QGui Server as the third parameter to the Qappl i cati on constructor.

Client applications communicate with the Qtopia Core server using shared memory. Behind the
scenes, the clients draw themselves into shared memory and are responsible for painting their own
window decorations. This keeps communication between the clients and the server to a minimum,
resulting in a snappy user interface. Qtopia Core applications normally use QPai nter to draw
themselves, but they can also access the video hardware directly using QDi rect Pai nter.

Clients can communicate with each other using the QCOP procotol. A client can listen on a named
channel by creating a QCopChannel object and connecting to its recei ved() signal. For example:

QLCopChannel *channel = new CopChannel (" System', this);
connect (channel, SIGNAL(received(const QString & const ByteArray &)),
this, SLOT(received(const QString & const ByteArray &)));

A QCOP message consists of a name and an optional @Byt eArray. The static QCopChannel : : send()
broadcasts a message on a channel. For example:

Byt eArray dat a;

QDat aSt r eam out (&data, Q ODevice::WiteOnly);

out << QDateTi ne::currentDateTi ne();

QLCopChannel : : send(" Systenl', "cl ockSkew Qbat eTi ne)", data);

The previous example illustrates a common idiom: We use QDbat aSt reamto encode the data, and to
ensure that the @Byt eArray is interpreted correctly by the receiver, we mangle the data format in the
message nhame as if it were a C++ function.

Various environment variables affect Qtopia Core applications. The most important ones are
QA8_MOUSE_PROTO and QAs_KEYBQARD, which specify the mouse device and the keyboard type. See
http://doc.trolltech.com/4.1/emb-envvars.html for a complete list of environment variables.

If we use Unix as our development platform, we can test the application using the Qtopia virtual
frame buffer (qvfb), an X11 application that simulates, pixel for pixel, the actual frame buffer. This
accelerates the development cycle considerably. To enable virtual buffer support in Qtopia Core,
pass the - qvf b option to the confi gure script. Be aware that this option is not intended for
production use. The virtual frame buffer application is located in t ool s/ qvf b and can be invoked as
follows:

qufb -width 320 -height 480 -depth 32

Another option that works on most platforms is to use VNC (Virtual Network Computing) to run the
applications remotely. To enable VNC support in Qtopia Core, pass the - qt - gf x- vnc option to
configure. Then launch your Qtopia Core applications with the -di spl ay VNC: 0 command-line option
and run a VNC client pointing at the host on which your applications are running. The display size
and bit depth can be specified by setting the QA8_SI ZE and QAs_DEPTH environment variables on the
host that runs the Qtopia Core applications (for example, Q\&6_SI ZE=320x480 and QAS_DEPTH=32).

Customizing Qtopia Core

When installing Qtopia Core, we can specify features we want to leave out to reduce its memory
footprint. Qtopia Core includes over a hundred configurable features, each of which is associated to
a preprocessor symbol. For example, QT_NO FI LEDI ALOG excludes @i | eDi al og from the QtGui library,
and QT_NO | 18N leaves out all support for internationalization. The features are listed



src/corelib/qgfeatures. txt.

Qtopia Core provides five example configurations (mi ni num, smal | , medi um, | ar ge, and di st ) that are
stored in src/corelib/gconfig_xxx. h files. These configu-rations can be specified using the configure
script's - qconfi g xxx option, for example:

./configure -qgconfig small

To create custom configurations, we can manually provide a gconfi g- xxx. h file and use it as if it
were a standard configuration. Alternatively, we can use the gconfi g graphical tool, located in Qt's
t ool s subdirectory.

Qtopia Core provides the following classes for interfacing with input and output devices and for
customizing the look and feel of the window system:

Class Base class for
QScreen screen drivers
QScreenDri ver Pl ugi n screen driver plugins
QABMbuseHandl er mouse drivers

QWbuseDriverPlugin ' mouse driver plugins
QABKeyboar dHandl er | keyboard drivers

KbdDr i ver Pl ugi n keyboard driver plugins
QW8I nput Met hod input methods

ecor ation window decoration styles

QDecorationPlugin | plugins providing window decoration styles

To obtain the list of predefined drivers, input methods, and window decoration styles, run the
confi gure script with the - hel p option.

The screen driver can be specified using the - di spl ay command-line option when starting the Qtopia
Core server, as seen in the previous section, or by setting the QA8_DI SPLAY environment variable.
The mouse driver and the associated device can be specified using the QA6 MOUSE_PROTO environment
variable, whose value must have the syntax type :device, where type is one of the supported
drivers and devi ce the path to the device (for example, QA8 MOUSE_PROTO=I nt el | i Mouse: / dev/ mouse).
Keyboards are handled similarly through the QA8_KEYBOARD environment variable. Input methods and
window decorations are set programmatically in the server using

QWBSer ver : : set Current | nput Met hod() and QAppl i cation: : qgwsSet Decorati on().

Window decoration styles can be set independently of the widget style, which inherits from Qstyl e.
For example, it is entirely possible to set Windows as the window decoration style and Plastique as
the widget style. If desired, decorations can be set on a per-window basis.

The Qnsser ver class provides various functions for customizing the window system. Applications that
run as Qtopia Core servers can access the unique Qn8Ser ver instance through the gqwsServer global
variable, which is initialized by the Qappli cati on constructor.

Qtopia Core supports the following font formats: TrueType (TTF), PostScript Type 1, Bitmap



Distribution Format (BDF), and Qt Pre-rendered Fonts (QPF).

Because QPF is a raster format, it is faster and usually more compact than vector formats such as
TTF and Type 1 if we need it only at one or two different sizes. The makeqpf tool lets us pre-render a
TTF or a Type 1 file and save the result in QPF format. An alternative is to run our applications with
the - savef ont s command-line option.

At the time of writing, Trolltech is developing an additional layer on top of Qtopia Core to make
embedded application development even faster and more convenient. It is hoped that a later edition
of this book will include more information on this topic.

Appendix A. Installing Qt

e A Note on Licensing

e Installing Qt/Windows
- Installing Qt/Mac

e Installing Qt/X11

This appendix explains how to install Qt from the CD that accompanies this book onto your system.
The CD has editions of Qt 4.1.1 for Windows, Mac OS X, and X11 (for Linux and most versions of
Unix). They all include SQLite, a public domain in-process database, together with a SQLite driver.
The editions of Qt on the CD are provided for your convenience. For serious software development,
it is best to download the latest version of Qt from http://www.trolltech.com/download/ or to buy a
commercial version.

Trolltech also provides Qtopia Core for building applications for Linux-based embedded devices such
as PDAs and mobile phones. If you are interested in creating embedded applications, you can obtain
Qtopia Core from Trolltech's download web page.

The example applications used in the book are on the CD in the exanpl es directory. In addition, Qt
provides many small example applications located in the exanpl es subdirectory.

A Note on Licensing

Qt is produced in two forms: open source and commercial. The open source editions are available
free of charge; the commercial editions must be paid for.

The software on the CD is suitable for creating applications for your own educational and personal
use.

If you want to distribute the applications that you create with an open source edition of Qt, you
must comply with the specific terms and conditions laid down in the licenses for the software you
use to create the applications. For open source editions, the terms and conditions include the
requirement to use the GNU General Public License (GPL). Open licenses like the GPL give the
applications' users certain rights, including the right to view and modify the source and to distribute
the applications (on the same terms).If you want to distribute your applications without source code
(to keep your code private) or if you want to apply your own commercial license conditions to your
applications, you must buy commercial editions of the software you use to create the applications.
The commercial editions of the software allow you to sell and distribute your applications on your
own terms.

The CD contains GPL versions of Qt for Windows, Mac OS X, and X11. The full legal texts of the
licenses are included with the packages on the CD, along with information on how to obtain
commercial versions.



Installing Qt/Windows

When you insert the CD on a Windows machine, the installation program should start automatically.
If this does not occur, use File Explorer to navigate to the CD's root folder and double-click
instal | . exe. (This program may appear as i nstal | depending on how your system is configured.)

If you already have the MinGW C++ compiler you must specify the directory where it is located;
otherwise, set the check box and have the installer install MinGW for you. The GPL version of Qt
supplied on the CD will not work with Visual C++, so if you do not have MinGW already installed you
will need to install it. The installer also gives you the option to install the examples that accompany
the book. Qt's standard examples are automatically installed, along with the documentation.

If you choose to install the MinGW compiler, there may be a small delay between the completion of
the MinGW installation and the start of the Qt installation.

After installation you will have a new folder in the Start menu called "Qt by Trolltech v4.1.1
(opensource)". This folder has shortcuts to Qt Assistant and Qt Designer, and also one called "Qt
4.1.1 Command Prompt" that starts a console window. When you start this window it will set the
environment variables for compiling Qt programs with MinGW. It is in this window that you can run
gmake and make to build Qt applications.

Installing Qt/Mac

Before Qt can be installed on Mac OS X, Apple's Xcode Tools must already be installed. The CD (or
DVD) containing these tools is usually supplied with Mac OS X; they can also be downloaded from
the Apple Developer Connection, http://developer.apple.com.

If you have Mac OS X 10.4 (Tiger) and Xcode Tools 2.x (with GCC 4.0.x), you can use the installer
described below. If you have an earlier version of Mac OS X, or an older version of GCC, you will
need to install the source package manually. This package is called gt - mac- opensource-4.1.1.tar. gz
and is located in the mac folder on the CD. If you install this package, follow the instructions in the
next section for installing Qt on X11.

To use the installer, insert the CD and double-click the package called @ . npkg. This will launch the
installer, I nstal | er. app, and Qt will be installed with the standard examples, documentation, and
the examples that accompany this book. Qt will be installed in / Devel oper, with the book's examples
in / Devel oper/ Exanpl es/ Q 4Book.

To run commands like gmake and make, you will need to use a terminal window, for example,
Terminal . app in /Applications/Uilities. It is also possible to generate Xcode projects using gneke.
For example, to generate an Xcode project for the hel | o example, start a console such as

Termi nal . app, change directory to / Devel oper/ Exanpl es/ @ 4Book/ chap01/ hel | o, and enter the
following command:

gmake -spec nmacx-xcode hello.pro

Installing Qt/X11

To install Qt in its default location on X11, you will need to be root. If you do not have root access,
use configure's -prefix argument to specify a directory to which you have permission to write.

1. Change directory to a temporary directory. For example:
2.
3. cd /tnp
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10.
11.
12.

13.
14.
15.

16.

18.

19.

Unpack the archive file from the CD:

cp /cdrom x11/ gt-x11-opensource-src-4.1.1.tgz .
gunzip qgt-x11-opensource-src-4.1.1.tgz
tar xvf qt-x11-opensource-src-4.1.1.tar

This will create the directory /tnp/ gt - x11- opensour ce-src-4. 1. 1, assuming that your CD-ROM
is mounted at / cdrom Qt requires GNU tar ; on some systems it is called gtar.

Execute the confi gure tool with your preferred options to build the Qt library and the tools
supplied with it:

cd /tnp/qt-x11l-opensource-src-4.1.1
./lconfigure

You can run ./configure -hel p to get a list of configuration options.

To build Qt, type

make

This will create the library and compile all the demos, examples, and tools. On some systems
make is called gnake.

To install Qt, type
su -c "nmake install™
and enter the root password. This will install Qt into /usr/local/ Trol | -tech/ @-4.1.1. You can

change the destination by using the - prefi x option with confi gure, and if you have write
access to the destination you can simply type:

make install
Set up certain environment variables for Qt.

If your shell is bash, ksh, zsh, or sh, add the following lines to your . profil e file:

PATH=/ usr/l ocal / Trol I tech/ Q -4. 1. 1/ bi n: $PATH
export PATH

If your shell is csh or t csh, add the following line to your .1 ogi n file:

setenv PATH /usr/local/Trolltech/ Q-4.1.1/bin: $PATH

If you used - prefix with confi gure, use the path you specified instead of the default path
shown above.

If you are using a compiler that does not support r pat h you must also extend the
LD LI BRARY_PATH environment variable to include /usr/local / Trol I tech/ @-4.1.1/1ib. This is
not necessary on Linux with GCC.

Qt comes with a demo application, gt dermo, that shows off many of the library's features. It serves as
a nice starting point to see what Qt can do. To see Qt's documentation, either visit
http://doc.trolltech.com, or run Qt Assistant, Qt's help application, invoked by typing assi stant in

a console window.



Appendix B. Introduction to C++ for Java
and C# Programmers

e Getting Started with C++
e Main Language Differences
e The Standard C++ Library

This appendix provides a short introduction to C++ for developers who already know Java or C#. It
assumes that you are familiar with object-oriented concepts such as inheritance and polymorphism
and want to learn C++. To avoid making this book an unwieldy 1,500 page doorstop by including a
complete C++ primer, this appendix confines itself to essentials. It presents the basic knowledge
and techniques necessary to understand the programs presented in the rest of the book, with
enough information to start developing cross-platform C++ GUI applications using Qt.

At the time of writing, C++ is the only realistic option for writing cross-platform, high-performance
object-oriented GUI applications. Its detractors usually point out that Java or C#, which dropped C
compatibility, are nicer to use; in fact, Bjarne Stroustrup, the inventor of C++, noted in The Design
and Evolution of C++ that "within C++, there is a much smaller and cleaner language struggling
to get out".

Fortunately, when we program with Qt, we usually stick to a subset of C++ that is very close to the
utopian language envisioned by Stroustrup, leaving us free to concentrate on the problem at hand.
Furthermore, Qt extends C++ in several respects, through its innovative "signals and slots"
mechanism, its Unicode support, and its f oreach keyword.

In the first section of this appendix, we will see how to combine C++ source files to obtain an
executable program. This will lead us to explore core C++ concepts such as compilation units,
header files, object files, librariesand to get familiar with the C++ preprocessor, compiler, and
linker.

Then we will turn to the most important language differences between C++, Java and C#: how to
define classes, how to use pointers and references, how to overload operators, how to use the
preprocessor, and so on. Although the C++ syntax is superficially similar to that of Java or C#, the
underlying concepts differ in subtle ways. At the same time, as an inspirational source for Java and
C#, the C++ language has a lot in common with these two languages, including similar data types,
the same arithmetic operators, and the same basic control flow statements.

The last section is dedicated to the Standard C++ library, which provides ready-made functionality
that can be used in any C++ program. The library is the result of over 30 years of evolution, and as
such provides a wide range of approaches including procedural, object-oriented, and functional
programming styles, and both macros and templates. Compared with the libraries provided with
Java and C#, the Standard C++ library has a rather limited scope; for example, it has no support
for GUI programming, multithreading, databases, internationalization, networking, XML, or Unicode.
To broaden C++'s scope into these areas, C++ developers are expected to use various (often
platform-specific) libraries.

This is where Qt saves the day. Qt began as a cross-platform GUI toolkit (a set of classes that
makes it possible to write portable graphical user interface applications) but rapidly evolved into a
full-blown framework that partly extends and partly replaces the Standard C++ library. Although
this book uses Qt, it is useful to know what the Standard C++ library has to offer, since you may
have to work with code that uses it.

Getting Started with C++

A C++ program consists of one or more compilation units. Each compilation unit is a separate



source code file, typically with a . cpp extension (other common extensions are . cc and . cxx) that
the compiler processes in one run. For each compilation unit, the compiler generates an object file,
with the extension . obj (on Windows) or .o (on Unix and Mac OS X). The object file is a binary file
that contains machine code for the architecture on which the program will run.

Once all the . cpp files have been compiled, we can combine the object files together to create an
executable using a special program called the linker. The linker concatenates the object files and
resolves the memory addresses of functions and other symbols referenced in the compilation units.

Exhibit B.1. The C++ compilation process (on Windows)

[unit1.cpp| [unitZ.cpp] [unit3.cpp]

compiling

|unit1.obj| [unit2.0bj| [unit3.obj]
|

linking

program.exe

When building a program, exactly one compilation unit must contain a mai n() function that serves as
the program's entry point. This function doesn't belong to any class; it is a global function.

Unlike Java, where each source file must contain exactly one class, C++ lets us organize the
compilation units as we want. We can implement several classes in the same . cpp file, or spread the
implementation of a class across several . cpp files, and we can give the source files any names we
like. When we make a change in one particular . cpp file, we only need to recompile that file and
then relink the application to create a new executable.

Before we go further, let's quickly review the source code of a trivial C++ program that computes
the square of an integer. The program consists of two compilation units: nmai n. cpp and square. cpp.

Here's square. cpp:

doubl e squar e(doubl e n)
{

1
2
3 return n * n;
4

—

This file simply contains a global function called square() that returns the square of its parameter.

Here's mai n. cpp:

1 #include <cstdlib>

2 #include <iostreans

3 using nanespace std;

4 doubl e square(double);

5 int main(int argc, char *argv[])

6 {

7 if (argc '=2) {

8 cerr << "Usage: square <nunber>" << endl;

9 return 1,

10 }

11 double n = strtod(argv[1l], 0);

12 cout << "The square of " << argv[1l] << " is " << square(n) << endl;

13 return O;



14 }

The mai n. cpp source file contains the mai n() function's definition. In C++, this function takes an i nt
and a char * array (an array of character strings) as parameters. The program's name is available
as argv[ 0] and the command-line arguments as argv[1], argv[2], ..., argv[argc - 1]. The parameter
names argc ("argument count") and argv ("argument values") are conventional. If the program
doesn't access the command-line arguments, we can define mai n() with no parameters.

The mai n() function uses strtod() ("string to doubl e"), cout (C++'s standard output stream), and
cerr (C++'s standard error stream) from the Standard C++ library to convert the command-line
argument to a doubl e and to print text to the console. Strings, numbers, and end-of-line markers
(endl ) are output using the << operator, which is also used for bit-shifting. To access this standard
functionality, we need the #i ncl ude directives on lines 1 and 2.

The usi ng namespace directive on line 3 tells the compiler that we want to import all identifiers
declared in the std namespace into the global namespace. This enables us to write strtod(), cout,
cerr, and endl instead of the fully-qualified std: :strtod(), std::cout, std::cerr, and std::endl . In
C++, the :: operator separates the components of a complex name.

The declaration on line 4 is a function prototype. It tells the compiler that a function exists with
the given parameters and return value. The actual function can be located in the same compilation
unit or in another compilation unit. Without the function prototype, the compiler wouldn't let us call
the function on line 12. Parameter names in function prototypes are optional.

The procedure to compile the program varies from platform to platform. For example, to compile on
Solaris with the Sun C++ compiler, we would type the following commands:

CC -c nmin.cpp
CC -c square.cpp
Id main.o square.o -0 square

The first two lines invoke the compiler to generate . o files for the . cpp files. The third line invokes
the linker and generates an executable called square, which we can invoke as follows:

./'square 64

The program outputs the following message to the console:

The square of 64 is 4096

To compile the program, you probably want to get help from your local C++ guru. Failing this, you
can still read the rest of this appendix without compiling anything and follow the instructions in
Chapter 1 to compile your first C++/Qt application. Qt provides tools that make it easy to build
applications on all platforms.

Back to our program: In a real-world application, we would normally put the square() function
prototype in a separate file and include that file in all the compilation units where we need to call the
function. Such a file is called a header file and usually has a . h extension (. hh, . hpp, and . hxx are
also common). If we redo our example using the header file approach, we would create a file called
squar e. h with the following contents:



1 #ifndef SQUARE_H

2 #define SQUARE H

3 doubl e square(double);
4 #endif

The header file is bracketed by three preprocessor directives (#i f ndef , #defi ne, and #endi f ). These
directives ensure that the header file is processed only once, even if the header file is included
several times in the same compilation unit (a situation that can arise when header files include other
header files). By convention, the preprocessor symbol used to accomplish this is derived from the
file name (in our example, SQUARE_H). We will come back to the preprocessor later in this appendix.

The new nai n. cpp file looks like this:

#i ncl ude <cstdlib>

#i ncl ude <i ostreanr

#i ncl ude "square. h"

usi ng namespace std;

int main(int argc, char *argv[])

if (argc '= 2) {
cerr << "Usage: square <nunber>" << endl;

OCoOoO~NOYOUITRWNERE
—~—

return 1;
10
11 double n = strtod(argv[1], 0);
12 cout << "The square of " << argv[1l] << " is " << square(n) << endl;
13 return O;
14 }

The #i ncl ude directive on line 3 expands to the contents of the file square. h. Directives that start
with a # are picked up by the C++ preprocessor before the compilation proper takes place. In the
old days, the preprocessor was a separate program that the programmer invoked manually before
running the compiler. Modern compilers handle the preprocessor step implicitly.

The #i ncl ude directives on lines 1 and 2 expand to the contents of the cstdli b and i ost reamheader
files, which are part of the Standard C++ library. Standard header files have no . h suffix. The angle
brackets around the file nhames indicate that the header files are located in a standard location on
the system, while double quotes tell the compiler to look in the current directory. Includes are
normally gathered at the top of a . cpp file.

Unlike . cpp files, header files are not compilation units in their own right and do not result in any
object files. They may only contain declarations that enable different compilation units to
communicate with each other. Consequently, it would be inappropriate to put the square() function's
implementation in a header file. If we did so in our example, nothing bad would happen, because we
include square. h only once, but if we included square. h from several . cpp files, we would get
multiple implementations of the square() function (one per . cpp file that includes it). The linker
would then complain about multiple (identical) definitions of square() and refuse to generate an
executable. Inversely, if we declare a function but never implement it, the linker complains about an
"unresolved symbol".

So far, we have assumed that an executable only consists of object files. In practice, they often also
link against libraries that implement ready-made functionality. There are two main types of library:

e Static libraries are put directly into the executable, as if they were object files. This ensures
that the library cannot get lost but increases the size of the executable.

e Dynamic libraries (also called shared libraries or DLLs) are located at a standard location
on the user's machine and are automatically loaded at application startup.

For the square program, we link against the Standard C++ library, which is implemented as a



dynamic library on most platforms. Qt itself is a collection of libraries that can be built either as
static or as dynamic libraries (the default is dynamic).

Main Language Differences

We will now take a more structured look at the areas where C++ differs from Java and C#. Many of
the language differences are due to C++'s compiled nature and commitment to performance. Thus,
C++ does not check array bounds at run-time, and there is no garbage collector to reclaim unused

dynamically allocated memory.

For the sake of brevity, C++ constructs that are nearly identical to their Java and C# counterparts
are not reviewed. In addition, some C++ topics are not covered here because they are not
necessary when programming using Qt. Among these are defining template classes and functions,
defining union types, and using exceptions. For the whole story, refer to a book such as The C++
Programming Language by Bjarne Stroustrup or C++ for Java Programmers by Mark Allen
Weiss.

Primitive Data Types

The primitive data types offered by the C++ language are similar to those found in Java or C#.
Figure B.2 lists C++'s primitive types and their definition on the platforms supported by Qt 4.

By default, the short, int, I ong, and | ong | ong data types are signed, meaning that they can hold
negative values as well as positive values. If we only need to store nonnegative integers, we can put
the unsi gned keyword in front of the type. While a short can hold any value between -32,768 and
+32,767, an unsi gned short goes from 0 to 65,535. The right-shift operator >> has unsigned ("fill
with 0s") semantics if one of the operands is unsigned.

Figure B.2. Primitive C++ types

C++ type Description
bool Boolean value
char 8-bit integer
short 16-bit integer
i nt 32-bit integer
| ong 32-bit or 64-bit integer
l'ong | ong™ | 64-bit integer
float 32-bit floating-point value (IEEE 754)
doubl e 64-bit floating-point value (IEEE 754)

I Microsoft calls the 1 ong | ong type __i nt 64. In Qt programs, gl ongl ong is available as an alternative that works on all Qt
platforms.

The bool type can take the values true and fal se. In addition, numeric types can be used where a
bool is expected, with the rule that 0 means f al se and any non-zero value means TRue.

The char type is used both for storing ASCII characters and 8-bit integers (bytes). When used as an
integer, it can be signed or unsigned, depending on the platform. The types si gned char and



unsi gned char are available as unambiguous alternatives to char. Qt provides a QCchar type that
stores 16-bit Unicode characters.

Instances of built-in types are not initialized by default. When we create an i nt variable, its value
could conceivably be 0, but could just as likely be -209,486,515. Fortunately, most compilers warn
us when we attempt to read the contents of an uninitialized variable, and we can use tools like
Rational PurifyPlus and Valgrind to detect unitialized memory accesses and other memory-related
problems at run-time.

In memory, the numeric types (except | ong) have identical sizes on the different platforms
supported by Qt, but their representation varies depending on the system's byte order. On big-
endian architectures (such as PowerPC and SPARC), the 32-bit value 0x12345678 is stored as the four
bytes 0x12 0x34 0x56 0x78, whereas on little-endian architectures (such as Intel x86), the byte
sequence is reversed. This makes a difference in programs that copy memory areas onto disk or
that send binary data over the network. Qt's Qbat aSt r eamclass, presented in Chapter 12
(Input/Output), can be used to store binary data in a platform-independent way.

Class Definitions

Class definitions in C++ are similar to those in Java and C#, but there are several differences to be
aware of. We will study these differences using a series of examples. Let's start with a class that
represent an (x, y) coordinate pair:

#i f ndef PO NT2D_H
#defi ne PO NT2D_H
cl ass Poi nt 2D
{
public:
Poi nt 2D() {
xVal
yVal

0;
0;
}

Poi nt 2D( doubl e x, double y) {

xVal X
yval =y;

}
voi d set X(doubl e x) { xVal X;

}
voi d setY(double y) { yVal y; }
}
}

doubl e x() const { return xVal;
doubl e y() const { return yVal;
private:
doubl e xVal ;
doubl e yVal ;
s
#endi f

The above class definition would appear in a header file, typically called poi nt 2d. h. The example
exhibits the following C++ idiosyncrasies:

e A class definition is divided in public, protected, and private sections, and ends with a
semicolon. If no section is specified, the default is private. (For compatibility with C, C++
provides a struct keyword that is identical to cl ass except that the default is public if no
section is specified.)

e The class has two constructors (one that has no parameters and one that has two). If we
declared no constructor, C++ would automatically supply one with no parameters and an
empty body.

e The getter functions x() and y() are declared to be const. This means that they don't (and
can't) modify the member variables or call non-const member functions (such as set X() and



set Y()).

The functions above were implemented inline, as part of the class definition. An alternative is to
provide only function prototypes in the header file and to implement the functions in a . cpp file.
Using this approach, the header file would look like this:

#i f ndef PO NT2D_H
#define PO NT2D_H
cl ass Point 2D

{
public:
Poi nt 2D() ;
Poi nt 2D( doubl e x, double y);
voi d set X(doubl e x);
voi d setY(double y);
doubl e x() const;
doubl e y() const;
private:
doubl e xVal ;
doubl e yVval ;
}
#endi f

The functions would then be implemented in poi nt 2d. cpp:

#i ncl ude "point2d. h"
Poi nt 2D: : Poi nt 2D()

xVal = 0.0;
yVval = 0.0;

}

Poi nt 2D: : Poi nt 2D( doubl e x, doubl e vy)
xVal = x;
yval =y;

}

voi d Poi nt 2D: : set X(doubl e x)
xVal = x;

}

voi d Poi nt 2D: : set Y(doubl e y)
yval =y;

}

doubl e Poi nt 2D: : x() const

{
return xVal ;

}

doubl e Poi nt 2D: :y() const

{
return yVval;

}

We start by including poi nt 2d. h because the compiler needs the class definition before it can parse
member function implementations. Then we implement the functions, prefixing the function name
with the class name using the :: operator.

We have seen how to implement a function inline and now how to implement it in a . cpp file. The
two approaches are semantically equivalent, but when we call a function that is declared inline, most



compilers simply expand the function's body instead of generating an actual function call. This
normally leads to faster code, but might increase the size of your application. For this reason, only
very short functions should be implemented inline; longer functions should always be implemented
in a . cpp file. In addition, if we forget to implement a function and try to call it, the linker will
complain about an unresolved symbol.

Now, let's try to use the class.

#i ncl ude "poi nt 2d. h"

int main()

{
Poi nt 2D al pha;
Poi nt 2D bet a(0. 666, 0.875);
al pha. set X(beta.y());
bet a. set Y(al pha. x());
return O;

In C++, variables of any types can be declared directly without using new. The first variable is
initialized using the default Poi nt 2D constructor (the constructor that has no parameters). The
second variable is initialized using the second constructor. Access to an object's member is
performed using the . (dot) operator.

Variables declared this way behave like Java/C# primitive types such as i nt and doubl e. For
example, when we use the assignment operator, the contents of the variable is copiednot just a
reference to an object. And if we modify a variable later on, any other variables that were assigned
from it are left unchanged.

As an object-oriented language, C++ supports inheritance and polymorphism. To illustrate how it
works, we will review the example of a Shape abstract base class and a subclass called Gircle. Let's
start with the base class:

#i f ndef SHAPE H
#defi ne SHAPE H

#i ncl ude "point2d. h"
cl ass Shape

{

public:
Shape( Poi nt 2D center) { myCenter = center; }
virtual void drawm() = 0O;

pr ot ect ed:
Poi nt 2D nyCenter;

}

#endi f

The definition appears in a header file called shape. h. Since the class definition refers to the Poi nt 2D
class, we include poi nt 2d. h.

The shape class has no base class. Unlike Java and C#, C++ doesn't provide a generic bj ect class
from which all classes inherit. Qt provides Qbj ect as a natural base class for all kinds of objects.

The draw() function declaration has two interesting features: It contains the virtual keyword, and it
ends with = 0. The virtual keyword indicates that the function may be reimplemented in subclasses.
Like in C#, C++ member functions aren't reimplementable by default. The bizarre = 0 syntax
indicates that the function is a pure virtual functiona function that has no default implementation
and that must be implemented in subclasses. The concept of an "interface" in Java and C# maps to



a class with only pure virtual functions in C++.

Here's the definition of the G rcl e subclass:

#i f ndef Cl RCLE_H

#define Cl RCLE_H

#i ncl ude "shape. h"

class Circle : public Shape

{
public:
Circle(Point2D center, double radius = 0.5)
Shape(center) {
myRadi us = radi us;
}
void draw() {
/1 do sonething here
}
private:
doubl e nyRadi us;
I
#endi f

The Circl e class inherits publicly from shape, meaning that all public members of Shape remain
public in Gircl e. C++ also supports protected and private inheritance, which restrict the access of
the base class's public and protected members.

The constructor takes two parameters. The second parameter is optional and takes the value 0.5 if
not specified. The constructor passes the center parameter to the base class's constructor using a

special syntax between the function signature and the function body. In the body, we initialize the

myRadi us member variable. We could also have initialized the variable on the same line as the base
class constructor initialization:

Circl e(Poi nt 2D center, double radius = 0.5)
Shape(center), myRadius(radius) { }

On the other hand, C++ doesn't allow us to initialize a member variable in the class definition, so
the following code is wrong:

/1 WON T COWPI LE
private:

doubl e nmyRadi us = 0.5;
H

The draw() function has the same signature as the virtual draw() function declared in Shape. It is a
reimplementation and it will be invoked polymorphically when draw() is called on a G rcl e instance
through a shape reference or pointer. C++ has no override keyword like in C#. Nor does C++ have
a super or base keyword that refers to the base class. If we need to call the base implementation of
a function, we can prefix the function name with the base class hame and the :: operator. For
example:

class LabeledCircle : public Grcle
{
public:
void draw() {
Crcle::draw);



drawLabel () ;

I

C++ supports multiple inheritance, meaning that a class can derive from several classes at the
same time. The syntax is as follows:

class DerivedC ass : public BaseC assl1l, public BaseC ass2, ...,
public BaseC assN
{

I

By default, functions and variables declared in a class are associated with instances of that class. We
can also declare static member functions and static member variables, which can be used without an
instance. For example:

#i f ndef TRUCK H
#defi ne TRUCK H
class Truck

public:

Truck() { ++counter; }

~Truck() { --counter; }

static int instanceCount() { return counter; }
private:

static int counter;
}

#endi f

The static member variable count er keeps track of how many truck instances exist at any time. The
truck constructor increments it. The destructor, recognizable by the ~ prefix, decrements it. In C++,
the destructor is automatically invoked when a statically allocated variable goes out of scope or
when a variable allocated using new is deleted. This is similar to the final i ze() method in Java,
except that we can rely on it being called at a specific point in time.

A static member variable has a single existence in a class: Such variables are "class variables"
rather than "instance variables". Each static member variable must be defined in a . cpp file (but
without repeating the stati c keyword). For example:

#i ncl ude "truck. h"
int Truck::counter = 0;

Failing to do this would result in an "unresolved symbol" error at link time. The i nst anceCount ()
static function can be accessed from outside the class, prefixed by the class name. For example:

#i ncl ude <i ostreanp
#i nclude "truck. h"
usi ng nanespace std;
int main()

Truck truckl;
Truck truck?2;



cout << Truck::instanceCount() << " equals 2" << endl;
return O;

Pointers

A pointer in C++ is a variable that stores the memory address of an object (instead of storing the
object directly). Java and C# have a similar concept, that of a "reference", but the syntax is
different. We will start by studying a contrived example that illustrates pointers in action:

#i ncl ude "point2d. h"
int main()

Poi nt 2D al pha;
Poi nt 2D bet a;
Poi nt 2D *ptr;
ptr = &al pha;
ptr->set X(1.0);
ptr->setY(2.5);
ptr = &beta;
ptr->set X(4.0);
ptr->setY(4.5);
ptr = 0,

return O;

}
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The example relies on the Poi nt 2D class from the previous subsection. Lines 4 and 5 define two
objects of type Poi nt 2D. These objects are initialized to (0, 0) by the default Poi nt 2D constructor.

Line 6 defines a pointer to a Poi nt 2D object. The syntax for pointers uses an asterisk in front of the
variable name. Since we did not initialize the pointer, it contains a random memory address. This is
solved on line 7 by assigning al pha's address to the pointer. The unary & operator returns the
memory address of an object. An address is typically a 32-bit or a 64-bit integer value specifying the
offset of an object in memory.

On lines 8 and 9, we access the al pha object through the ptr pointer. Because ptr is a pointer and
not an object, we must use the - > (arrow) operator instead of the . (dot) operator.

On line 10, we assign bet a's address to the pointer. From then on, any operation we perform
through the pointer will affect the bet a object.

Line 13 sets the pointer to be a null pointer. C++ has no keyword for representing a pointer that
does not point to an object; instead, we use the value 0 (or the symbolic constant NULL, which
expands to 0). Trying to use a null pointer results in a crash with an error message such as
"Segmentation fault", "General protection fault", or "Bus error". Using a debugger, we can find out
which line of code caused the crash.

At the end of the function, the al pha object holds the coordinate pair (1.0, 2.5), whereas bet a holds
(4.0, 4.5).

Pointers are often used to store objects allocated dynamically using new. In C++ jargon, we say that
these objects are allocated on the "heap", whereas local variables (variables defined inside a
function) are stored on the "stack".

Here's a code snippet that illustrates dynamic memory allocation using new:



#i ncl ude "point2d. h"
int main()

Poi nt 2D *poi nt = new Poi nt 2D,
poi nt - >set X( 1. 0);

poi nt - >set Y(2.5);

del et e point;

return 0;

The new operator returns the memory address of a newly allocated object. We store the address in a
pointer variable and access the object through that pointer. When we are done with the object, we
release its memory using the del et e operator. Unlike Java and C#, C++ has no garbage collector;
dynamically allocated objects must be explicitly released using del et e when we don't need them
anymore. Chapter 2 describes Qt's parentchild mechanism, which greatly simplifies memory
management in C++ programs.

If we forget to call del et e, the memory is kept around until the program finishes. This would not be
an issue in the example above, because we only allocate one object, but in a program that allocates
new objects all the time, this could cause the program to keep allocating memory until the
machine's memory is exhausted. Once an object is deleted, the pointer variable still holds the
address of the object. Such a pointer is a "dangling pointer" and should not be used to access the
object. Qt provides a "smart" pointer, QPoi nt er <T>, that automatically sets itself to 0 if the Qbj ect it
points to is deleted.

In the example above, we invoked the default constructor and called set X() and set Y() to initialize
the object. We could have used the two-parameter constructor instead:q

Poi nt 2D *poi nt = new Poi nt 2D( 1.0, 2.5);

The example didn't require the use of new and del ete. We could just as well have allocated the
object on the stack as follows:

Poi nt 2D poi nt;
poi nt. set X(1.0);
poi nt.setY(2.5);

Objects allocated like this are automatically freed at the end of the block in which they appear.

If we don't intend to modify the object through the pointer, we can declare the pointer const. For
example:

const Point2D *ptr = new Poi nt2D(1.0, 2.5);
double x = ptr->x();

double y = ptr->y();

/1 WON T COWPI LE

ptr->set X(4.0);

*ptr = Point2D(4.0, 4.5);

The ptr const pointer can only be used to call const member functions such as x() and y(). It is
good style to declare pointers const when we don't intend to modify the object using them.
Furthermore, if the object itself is const, we have no choice but to use a const pointer to store its
address. The use of const provides information to the compiler that can lead to early bug detection



and performance gains. C# has a const keyword that is very similar to that of C++. The closest Java
equivalent is final , but it only protects variables from assignment, not from calling "non-const"
member functions on it.

Pointers can be used with built-in types as well as with classes. In an expression, the unary *
operator returns the value of the object associated with the pointer. For example:

int i = 10;

int j = 20;

int *p = & ;

int *q = & ;

cout << *p << " equals 10" << endl;
cout << *q << " equals 20" << endl;
*p = 40;

cout << i << " equals 40" << endl;
p =0

*p = 100;

cout << i << " equals 40" << endl;
cout << j << " equals 100" << endl;

The -> operator, which can be used to access an object's members through a pointer, is pure
syntactic sugar. Instead of ptr->nenber, we can also write (*ptr). nmenber. The parentheses are
necessary because the . (dot) operator has precedence over the unary * operator.

Pointers had a poor reputation in C and C++, to the extent that Java is often advertised as having
no pointers. In reality,C++ pointers are conceptually similar to Java and C# references except that
we can use pointers to iterate through memory, as we will see later in this section. Furthermore,the
inclusion of "copy on write" container classes in Qt, along with C++'s ability to instantiate any class
on the stack, means that we can often avoid pointers.

References

In addition to pointers, C++ also supports the concept of a "reference". Like a pointer, a C++
reference stores the address of an object. The main differences are these:

- References are declared using & instead of *.

e The reference must be initialized and can't be reassigned later.

- The object associated with a reference is directly accessible; there is no special syntax such
as * or->.

e A reference cannot be null.

References are mostly used when declaring parameters. By default, C++ uses call-by-value as its
parameter-passing mechanism, meaning that when an argument is passed to a function, the
function receives a brand new copy of the object. Here's the definition of a function that receives its
parameters through call-by-value:

#i ncl ude <cstdlib>
usi ng nanespace std;
doubl e manhat t anDi st ance( Poi nt 2D a, Poi nt 2D b)

{
}

return abs(b.x() - a.x()) + abs(b.y() - a.y());

We would then invoke the function as follows:

Poi nt 2D broadway(12.5, 40.0);



Poi nt 2D harl em(77.5, 50.0);
doubl e di stance = manhattanDi stance(broadway, harlen);

Reformed C programmers avoid needless copy operations by declaring their parameters as pointers
instead of as values:

doubl e manhat t anDi st ance(const Poi nt 2D *ap, const Poi nt 2D *bp)

{
}

return abs(bp->x() - ap->x()) + abs(bp->y() - ap->y());

They must then pass addresses instead of values when calling the function:

Poi nt 2D broadway(12.5, 40.0);
Poi nt 2D harl em(77.5, 50.0);
doubl e di stance = manhattanDi stance(&broadway, &harlen);

C++ introduced references to make the syntax less cumbersome and to prevent the caller from
passing a null pointer. If we use references instead of pointers, the function looks like this:

doubl e manhat t anDi st ance(const Poi nt2D &, const Poi nt 2D &b)
{

}

return abs(b.x() - a.x()) + abs(b.y() - a.y());

The declaration of a reference is similar to that of a pointer, with & instead of *. But when we
actually use the reference, we can forget that it is a memory address and treat it like an ordinary
variable. In addition, calling a function that takes references as arguments doesn't require any
special care (no & operator).

All in all, by replacing Poi nt 2D with const Poi nt 2D & in the parameter list, we reduced the overhead
of the function call: Instead of copying 256 bits (the size of four doubl es), we copy only 64 or 128
bits, depending on the target platform's pointer size.

The previous example used const references, preventing the function from modifying the objects
associated with the references. When this kind of side effect is desired, we can pass a non-const
reference or pointer. For example:

voi d transpose( Poi nt 2D &poi nt)

doubl e ol dX = point.x();
poi nt. set X(poi nt.y());
poi nt. set Y(ol dX);

In some cases, we have a reference and we need to call a function that takes a pointer, or vice
versa. To convert a reference to a pointer, we can simply use the unary & operator:

Poi nt 2D poi nt;
Poi nt 2D &r ef
Poi nt 2D *ptr

poi nt;
&ref;



To convert a pointer to a reference, there's the unary * operator:

Poi nt 2D poi nt;
Poi nt 2D *ptr
Poi nt 2D &r ef

&poi nt ;
*ptr;

References and pointers are represented the same way in memory, and they can often be used
interchangeably, which begs the question of when to use which. On the one hand, references have a
more convenient syntax; on the other hand, pointers can be reassigned at any time to point to
another object, they can hold a null value, and their more explicit syntax is often a blessing in
disguise. For these reasons, pointers tend to prevail, with references almost exclusively used for
declaring function parameters, in conjunction with const .

Arrays

Arrays in C++ are declared by specifying the number of items in the array within brackets in the
variable declaration after the variable name. Two-dimensional arrays are possible using an array of
arrays. Here's the definition of a one-dimensional array containing 10 items of type int :

int fibonaccil[10];

The items are accessible as fi bonacci [ 0], fi bonacci[1], ..., fi bonacci[9]. Often we want to initialize
the array as we define it:

int fibonacci[10] ={ O, 1, 1, 2, 3, 5, 8, 13, 21, 34 };

In such cases, we can then omit the array size, since the compiler can deduce it from the number of
initializers:

int fibonacci[] ={ 0, 1, 1, 2, 3, 5, 8, 13, 21, 34 };
Static initialization also works for complex types, such as Poi nt 2D:

Point2D triangle[] = {
Poi nt 2D( 0.0, 0.0), Point2D(1.0, 0.0), Point2D(0.5, 0.866)
b

If we have no intention of altering the array later on, we can make it const:

const int fibonacci[] ={ O, 1, 1, 2, 3, 5, 8, 13, 21, 34 };

To find out how many items an array contains, we can use the si zeof () operator as follows:

int n = sizeof (fibonacci) / sizeof(fibonacci[0]);



The si zeof () operator returns the size of its argument in bytes. The number of items in an array is
its size in bytes divided by the size of one of its items. Because this is cumbersome to type, a
common alternative is to declare a constant and to use it for defining the array:

enum { NFi bonacci = 10 };
const int fibonacci[NFibonacci] ={ 0, 1, 1, 2, 3, 5, 8, 13, 21, 34 },;

It would have been tempting to declare the constant as a const int variable. Unfortunately, some
compilers have issues with const variables as array size specifiers. The enumkeyword will be
explained later in this appendix.

Iterating through an array is normally done using an integer. For example:

for (int i =0; i < NFibonacci; ++i)
cout << fibonacci[i] << endl;

It is also possible to traverse the array using a pointer:

const int *ptr = &fibonacci[O0];

while (ptr != &fibonacci[10]) {
cout << *ptr << endl;
++ptr;

We initialize the pointer with the address of the first item and loop until we reach the "one past the
last" item (the "eleventh" item, fi bonacci [ 10] ). At each iteration, the ++ operator advances the
pointer to the next item.

Instead of &fi bonacci [ 0], we could also have written fi bonacci . This is because the name of an
array used alone is automatically converted into a pointer to the first item in the array. Similarly, we
could substitute fi bonacci + 10 for &f i bonacci [ 10] . This works the other way around as well: We
can retrieve the contents of the current item using either *ptr or ptr[ 0] and could access the next
item using *(ptr + 1) or ptr[1]. This principle is sometimes called "equivalence of pointers and
arrays".

To prevent what it considers to be a gratuitous inefficiency, C++ does not let us pass arrays to
functions by value. Instead, they must be passed by address. For example:

#i ncl ude <i ostreane
usi ng nanmespace std;
voi d printlntegerTable(const int *table, int size)

{
for (int i =0; i < size; ++i)
cout << table[i] << endl;
}
int main()
{

const int fibonacci[10] = { O, 1, 1, 2, 3, 5, 8, 13, 21, 34 };
printlntegerTabl e(fibonacci, 10);
return O;



Ironically, although C++ doesn't give us any choice about whether we want to pass an array by
address or by value, it gives us some freedom in the syntax used to declare the parameter type.
Instead of const int *table, we could also have written const int table[] to declare a pointer-to-
constant- i nt parameter. Similarly, the argv parameter to mai n() can be declared as either char
*argv[] or char **argv.

To copy an array into another array, one approach is to loop through the array:

const int fibonacci[NFibonacci] ={ 0, 1, 1, 2, 3, 5, 8, 13, 21, 34 },;
i nt tenp[ NFi bonacci];
for (int i = 0; i < NFibonacci; ++i)

tenp[i] = fibonacci[i];

For basic data types such as i nt, we can also use std: : nencpy(), which copies a block of memory.
For example:

mencpy(tenp, fibonacci, sizeof(fibonacci));

When we declare a C++ array, the size must be a constant.™! If we want to create an array of a
variable size, we have several options.

T Some compilers allow variables in that context, but this feature should not be relied upon in portable programs.

e We can dynamically allocate the array:

. int *fibonacci = newint[n];
The new [] operator allocates a certain number of items at consecutive memory locations and
returns a pointer to the first item. Thanks to the "equivalence of pointers and arrays"
principle, the items can be accessed through the pointer as fi bonacci[0], fi bonacci[1], ...,

fibonacci[n - 1] . When we have finished using the array, we should release the memory it
consumes using the del ete [] operator:

delete [] fibonacci;

e We can use the standard std::vector<T> class:

. #i ncl ude <vector>
. usi ng nanespace std;
. vector<int> fibonacci(n);

Items are accessible using the [] operator, just like with a plain C++ array. With

std: :vector<T> (where T is the type of the items stored in the vector), we can resize the
array at any time using resi ze() and we can copy it using the assignment operator. Classes
that contain angle brackets (<>) in their name are called template classes.

e We can use Qt's QVector<T> class:

. #i ncl ude <Qvect or >
. QVect or<i nt> fibonacci (n);

Qvect or <T>'s API is very similar to that of std: : vect or <T>, but it also supports iteration using
Qt's foreach keyword and uses implicit data sharing ("copy on write") as a memory and



speed optimization. Chapter 11 presents Qt's container classes and explains how they relate
to the Standard C++ containers.

You might be tempted to avoid built-in arrays whenever possible and use std: : vect or <T> or
Qvect or <T> instead. It is nonetheless worthwhile understanding how the built-in arrays work because

sooner or later you might want to use them in highly optimized code, or need them to interface with
existing C libraries.

Character Strings

The most basic way of representing character strings in C++ is to use an array of char s terminated
by a null byte ("\o). The following four functions demonstrate how these kinds of strings work:

voi d hel |l 01()

const char str[] = {
II 1

"H, 'e', P o L ¢ M T R« A N )
}cbut << str << endl;
3/oid hel [ 02()
{ const char str[] = "Hello world!'";

cout << str << endl;

}
voi d hel |l 03()
{

cout << "Hello world!" << endl;

}
voi d hel | 04()
{

const char *str = "Hello world!";
cout << str << endl;

In the first function, we declare the string as an array and initialize it the hard way. Notice the "\0'
terminator at the end, which indicates the end of the string. The second function has a similar array
definition, but this time we use a string literal to initialize the array. In C++, string literals are
simply const char arrays with an implicit '\O' terminator. The third function uses a string literal
directly, without giving it a name. Once translated into machine language instructions, it is identical
to the previous two functions.

The fourth function is a bit different in that it creates not only an (anonymous) array but also a
pointer variable called str that stores the address of the array's first item. In spite of this, the
semantics of the function are identical to the previous three functions, and an optimizing compiler
would eliminate the superfluous str variable.

Functions that take C++ strings as arguments usually take either a char * or a const char *. Here's
a short program that illustrates the use of both:

#i ncl ude <cctype>
#i ncl ude <i ostrean
usi ng nanespace std;
voi d makeUppercase(char *str)
{
for (int i
str[i]

O; str[i] !'="\0"; ++i)
toupper(str[i]);

}

void witeLine(const char *str)



cout << str << endl;

}
int main(int argc, char *argv[])
{
for (int i =1; i < argc; ++i) {
makeUpper case(argv[i]);
writeLine(argv[i]);
return O;
}

In C++, the char type normally holds an 8-bit value. This means that we can easily store ASCII, ISO
8859-1 (Latin-1), and other 8-bit-encoded strings in a char array, but that we can't store arbitrary
Unicode characters without resorting to multibyte sequences. Qt provides the powerful Qstring
class, which stores Unicode strings as sequences of 16-bit QChar s and internally uses the implicit
data sharing ("copy on write") optimization. Chapter 11 (Container Classes) and Chapter 17
(Internationalization) explain Qstring in more detail.

Enumerations

C++ has an enumeration feature for declaring a set of named constants similar to that provided by
C#. Let's suppose that we want to store days of the week in a program:

enum DayOf Week {
Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, Saturday
b

Normally, we would put this declaration in a header file, or even inside a class. The above
declaration is superficially equivalent to the following constant definitions:

const int Sunday ;
const int Monday ;
const int Tuesday ;
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const int Wednesday
[
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const int Thursday :
const int Friday ;
const int Saturday :

By using the enumeration construct, we can later declare variables or parameters of type DayOf Week
and the compiler will ensure that only values from the DayOf Wweek enumeration are assigned to it. For
example:

DayOf Week day = Sunday;

If we don't care about type safety, we can also write

int day = Sunday;

Notice that to refer to the Sunday constant from the DayOr Week enum, we simply write Sunday, not



DayOf Week: : Sunday.

By default, the compiler assigns consecutive integer values to the constants of an enum, starting at
0. We can specify other values if we want:

enum DayOf Week {
Sunday = 628,
Monday = 616,
Tuesday = 735,
Wednesday = 932,
Thur sday = 852,
Fri day = 607,
Sat ur day = 845

If we don't specify the value of an enum item, the item takes the value of the previous item, plus 1.
Enums are sometimes used to declare integer constants, in which case we normally omit the name
of the enum:

enum {
FirstPort = 1024,
MaxPorts = 32767

I

Another frequent use of enums is to represent sets of options. Let's consider the example of a Find
dialog, with four checkboxes controlling the search algorithm (Wildcard syntax, Case sensitive,
Search backward, and Wrap around). We can represent this by an enum where the constants are
powers of 2:

enum Fi ndOption {

NoOpt i ons = 0x00000000,
W | dcar dSynt ax = 0x00000001,
CaseSensitive = 0x00000002,
Sear chBackward = 0x00000004,
W apAr ound = 0x00000008

Each option is often called a "flag". We can combine flags using the bitwise | or | = operators:

int options = NoOptions;

if (wilcardSyntaxCheckBox->i sChecked())
options | = W/IdcardSynt ax;

if (caseSensitiveCheckBox->i sChecked())

options |= CaseSensitive;
i f (searchBackwar dCheckBox- >i sChecked())
options | = SearchBackwar dSynt ax;

i f (wrapAroundCheckBox->i sChecked())
options | = WapAround;

We can test whether a flag is set or not using the bitwise & operator:

if (options & CaseSensitive) {
/|l case-sensitive search



A variable of type Fi ndOpti on can only contain one flag at a time. The result of combining several
flags using | is a plain integer. Unfortunately, this is not type-safe: The compiler won't complain if a
function expecting a combination of Fi ndOpti ons through an i nt parameter receives Sat ur day
instead. Qt uses QFl ags<T> to provide type safety for its own flag types. The class is also available
when we define custom flag types. See the QFl ags<T> online documentation for details.

Typedefs

C++ lets us give an alias to a data type using the typedef keyword. For example, if we use

Qvect or <Poi nt 2D> a lot and want to save a few keystrokes (or are unfortunate enough to be stuck
with a Norwegian keyboard and have trouble locating the angle brackets), we can put this typedef
declaration in one of our header files:

typedef QVect or <Poi nt 2D> Poi nt Vect or;

From then on, we can use Poi nt Vect or as a shorthand for Qvect or <Poi nt 2D>. Notice that the new
name for the type appears after the old name. The typedef syntax deliberately mimics that of
variable declarations.

In Qt, typedefs are used mainly for three reasons:

e Convenience: Qt declares uint and QW dget Li st as typedefs for unsi gned int and
QLi st <QW dget *> to save a few keystrokes.

e Platform differences: Certain types need different definitions on different platforms. For
example, gl ongl ong is defined as __i nt 64 on Windows and as | ong | ong on other platforms.

e Compatibility: The Q conSet class from Qt 3 was renamed Q con in Qt 4. To help Qt 3 users
port their applications to Qt 4, Q conSet is provided as a typedef for Q con when Qt 3
compatibility is enabled.

Type Conversions

C++ provides several syntaxes for casting values from one type to another. The traditional syntax,
inherited from C, involves putting the resulting type in parentheses before the value to convert:

const double Pi = 3.14159265359;
int x = (int)(Pi * 100);
cout << x << " equals 314" << endl;

This syntax is very powerful. It can be used to change the type of pointers, to remove const, and
much more. For example:

short | = 0x1234;
if (*(char *)& == 0x12)
cout << "The byte order is big-endian" << endl;

In the example above, we cast a short * to a char * and we use the unary * operator to access the
byte at the given memory location. On big-endian systems, that byte is 0x12; on little-endian
systems, that byte is 0x34. Since pointers and references are represented the same way, it should



come as no surprise that the code above can be rewritten using a reference cast:

short j = 0x1234;
if ((char &j == 0x12)
cout << "The byte order is big-endian" << endl;

If the data type is a class name, a typedef, or a primitive type that can be expressed as a single
alphanumeric token, we can use the constructor syntax as a cast:

int x = int(Pi * 100);

Casting pointers and references using the traditional C-style casts is a kind of extreme sport, on par
with paragliding and elevator surfing, because the compiler lets us cast any pointer (or reference)
type into any other pointer (or reference) type. For that reason, C++ introduced four new-style
casts with more precise semantics. For pointers and references, the new-style casts are preferable
to the risky C-style casts and are used in this book.

e static_cast<T>() can be used to cast a pointer-to- A to a pointer-to- B, with the constraint
that class B must inherit from class A. For example:

. A *obj = new B;
. B *b = static_cast<B *>(obj);
. b- >sonmeFuncti onDecl ar edl nB() ;

If the object isn't an instance of B (but still inherits from A), using the resulting pointer can
lead to obscure crashes.

e dynam c_cast <T>() is similar to stati c_cast<T>(), except that it uses runtime type information
(RTTI) to check that the object associated with the pointer is an instance of class B. If this is
not the case, the cast returns a null pointer. For example:

. A *obj = new B;

. B *b = dynami c_cast<B *>(obj);

. if (b)

. b- >soneFuncti onDecl ar edl nB() ;

On some compilers, dynami c_cast <T>() doesn't work across dynamic library boundaries. It
also relies on the compiler supporting RTTI, a feature that programmers can turn off to
reduce the size of their executables. Qt solves these problems by providing

gobj ect _cast <T>() for Q0bj ect subclasses.

e const_cast<T>() adds or removes a const qualifier to a pointer or reference. For example:

. int Myd ass::soneConst Functi on() const

<

. if (isDirty()) {

. MyCl ass *that = const_cast<M/C ass *>(this);
. t hat - >r econput el nt er nal Dat a() ;

. }

. }

In the previous example, we cast away the const qualifier of the t hi s pointer to call the non-
const member function reconput el nt er nal Dat a() . Doing so is not recommended and can
normally be avoided by using the nut abl e keyword, as explained in Chapter 4 (Implementing



Application Functionality).

e reinterpret_cast<T>() converts any pointer or reference type to any other such type. For

example:
. short j = 0x1234;
. if (reinterpret_cast<char &(j) == 0x12)
. cout << "The byte order is big-endian" << endl;

In Java and C#, any reference can be stored as an oj ect reference if needed. C++ doesn't have
any universal base class, but it provides a special data type, voi d *, that stores the address of an
instance of any type. A voi d * must be cast back to another type (using static_cast <T>() ) before it
can be used.

C++ provides many ways of casting types, but most of the time we don't even need a cast. When
using container classes such as std: : vect or <T> or Qvect or <T>, we can specify the T type and extract
items without casts. In addition, for primitive types, certain conversions occur implicitly (for
example, from char toint), and for custom types we can define implicit conversions by providing a
one-parameter constructor. For example:

cl ass Myl nt eger

{
public:

Myl nt eger () ;
Myl nteger (int i);

}
int main()
{

Myl nt eger n;
n =5;

For some one-parameter constructors, the automatic conversion makes little sense. We can disable
it by declaring the constructor with the explicit keyword:

cl ass MyVector

{
publi c:

explicit MyVector(int size);
H

Operator Overloading

C++ allows us to overload functions, meaning that we can declare several functions with the same
name in the same scope, as long as they have different parameter lists. In addition, C++ supports
operator overloadingthe possibility of assigning special semantics to built-in operators (such as +,
<<, and []) when they are used with custom types.

We have already seen a few examples of overloaded operators. When we used << to output text to
cout or cerr, we didn't trigger C++'s left-shift operator, but rather a special version of the operator
that takes an ostreamobject (such as cout and cerr) on the left and a string (alternatively, a
number or a stream manipulator such as endl ) on the right side and that returns the ost reamobject,



allowing multiple calls in a row.

The beauty of operator overloading is that we can make custom types behave just like built-in
types. To show how operator overloading works, we will overload +=, -=, +, and - to work on Poi nt 2D
objects:

#i f ndef PO NT2D_H
#define PO NT2D H
cl ass Point 2D

L
public:
Poi nt 2D() ;
Poi nt 2D( doubl e x, double y);
voi d set X(doubl e x);
voi d set Y(double y);
doubl e x() const;
doubl e y() const;
Poi nt 2D &oper at or +=(const Poi nt 2D &ot her) {
xVal += other.xVal;
yVal += other.yVal;
return *this;
}
Poi nt 2D &oper at or - =(const Poi nt 2D &ot her) {
xVal -= other.xVal;
yVal -= other.yVal;
return *this;
}
private:
doubl e xVal ;
doubl e yVal ;
b
i nline Point2D operator+(const Point2D &, const Point2D &b)
{
return Point2D(a.x() + b.x(), a.y() + b.y());
}
i nline Point2D operator-(const Point2D &, const Point2D &b)
{
return Point2D(a.x() - b.x(), a.y() - b.y());
}
#endi f

Operators can be implemented either as member functions or as global functions. In our example,
we implemented += and - = as member functions, + and - as global functions.

The += and - = operators take a reference to another Poi nt 2D object and increment or decrement the
x and y coordinates of the current object based on the other object. They return *t hi s, which
denotes a reference to the current object (t hi s is of type Poi nt 2D *). Returning a reference allows
us to write exotic code likeq

a += b += c;

The + and - operators take two parameters and return a Poi nt 2D object by value (not a reference to
an existing object). The i nl i ne keyword allows us to put these function definitions in the header file.
If the function's body had been longer, we would put a function prototype in the header file and the
function definition (without the inl i ne keyword) in a . cpp file.

The following code snippets shows all four overloaded operators in action:



Poi nt 2D al pha(12.5, 40.0);
Poi nt 2D beta(77.5, 50.0);

al pha += beta;
beta -= al pha;
Poi nt 2D gamma
Poi nt 2D del t a

al pha + bet a;
beta - al pha;

We can also invoke the operat or functions just like any other functions:

Poi nt 2D al pha(12.5, 40.0);

Poi nt 2D beta(77.5, 50.0);

al pha. oper at or +=( bet a) ;

bet a. oper at or - =(al pha);

Poi nt 2D ganma = oper at or +(al pha, beta);
Poi nt 2D delta = operator-(beta, alpha);

Operator overloading in C++ is a complex topic, but we can go a long way without knowing all the
details. It is still important to understand the fundamentals of operator overloading because several
Qt classes (including Qstri ng and Qvect or <T>) use this feature to provide a simple and more natural
syntax for such operations as concatenation and append.

Value Types
Java and C# distinguish between value types and reference types.

e Value types: These are primitive types such as char, int, and fl oat, as well as C# structs.
What characterizes them is that they aren't created using new and the assignment operator
performs a copy of the value held by the variable. For example:

. int i =05;

. int j 10;

S i = ] :

e Reference types: These are classes such as I nteger (in Java), String, and MyVeryoamnd ass.
Instances are created using new. The assignment operator copies only a reference to the
object; to obtain a deep copy, we must call cl one() (in Java) or d one() (in C#). For

example:
. Integer i = new Integer(5);
. Integer j = new I nteger(10);
. i = j.clone();

In C++, all types can be used as "reference types", and those that are copyable can be used as
"value types" as well. For example, C++ doesn't need any I nt eger class, because we can use
pointers and new as follows:

int *i
int *j
*i = *Ja

new i nt(5);
new i nt (10);

Unlike Java and C#, C++ treats user-defined classes the same as builtin types:

Poi nt 2D *i
Poi nt 2D *j

new Poi nt 2D(5, 5);
new Poi nt 2D( 10, 10);



*i —*j;

If we want to make a C++ class copyable, we must ensure that our class has a copy constructor and
an assignment operator. The copy constructor is invoked when we initialize an object with another
object of the same type. C++ provides two equivalent syntaxes for this:

Poi nt 2D i (20, 20);
Poi nt 2D j (i); /'l first syntax
Point2D k = i; /'l second syntax

The assignment operator is invoked when we use the assignment operator on an existing variable:

Poi nt2D i (5, 5);
Poi nt 2D j (10, 10);
o=y

When we define a class, the C++ compiler automatically provides a copy constructor and an
assignment operator that perform member-by-member copy. For the Poi nt 2D class, this is as if we
had written the following code in the class definition:

cl ass Point 2D

{
public:
Poi nt 2D( const Poi nt 2D &ot her)
xVal (ot her.xVal), yVal (other.yval) { }
Poi nt 2D &oper at or =(const Poi nt 2D &ot her) {
xVal = other.xVal;
yVal = other.yVal;
return *this;
}
private:
doubl e xVal ;
doubl e yVal;
b

For some classes, the default copy constructor and assignment operator are unsuitable. This
typically occurs if the class uses dynamic memory. To make the class copyable, we must then
implement the copy constructor and the assignment operator ourselves.

For classes that don't need to be copyable, we can disable the copy constructor and assignment
operator by making them private. If we accidentally attempt to copy instances of such a class, the
compiler reports an error. For example:

cl ass BankAccount
public:

private:
BankAccount (const BankAccount &ot her);
BankAccount &operator=(const BankAccount &other);

I



In Qt, many classes are designed to be used as value classes. These have a copy constructor and an
assignment operator, and are normally instantiated on the stack without new. This is the case for
QDat eTi me, Q mage, QString, and container classes such as Qi st <T>, QVect or <T>, and Qvap<K, T>.

Other classes fall in the "reference type" category, notably Qbj ect and its subclasses (QW dget,

Qri mer , QTcpSocket , etc.). These have virtual functions and cannot be copied. For example, a QW dget
represents a specific window or control on screen. If there are 75 QW dget instances in memory,
there are also 75 windows or controls on screen. These classes are typically instantiated using the
new operator.

Global Variables and Functions

C++ lets us declare functions and variables that don't belong to any classes and that are accessible
from any other function. We have seen several examples of global functions, including mai n(), the
program's entry point. Global variables are rarer, because they compromise modularity and thread
reentrancy. It is still important to understand them because you might encounter them in code
written by reformed C programmers and other C++ users.

To illustrate how global functions and variables work, we will study a small program that prints a list
of 128 pseudo-random numbers using a quick-and-dirty algorithm. The program's source code is
spread over two . cpp files.

The first source file is random cpp:

i nt randomNunber s[ 128] ;
static int seed = 42;
static int nextRandomNunber ()

{
seed = 1009 + (seed * 2011);

return seed;

voi d popul at eRandonArray()

{
for (int i =0; i < 128; ++i)
randomNunbers[i] = next RandomNunber () ;

The file declares two global variables (randomN\unbers and seed) and two global functions

(next randomNunber () and popul at eRandomArray() ). Two of the declarations contain the static
keyword; these are visible only within the current compilation unit (random cpp) and are said to have
static linkage. The two others can be accessed from any compilation unit in the program; these
have external linkage.

Static linkage is ideal for helper functions and internal variables that should not be used in other
compilation units. It reduces the risks of having colliding identifiers (global variables with the same
name or global functions with the same signature in different compilation units) and prevents
malicious or otherwise ill-advised users from accessing the internals of a compilation unit.

Let's now look at the second file, mai n. cpp, which uses the two global variables declared with
external linkage in random cpp:

#i ncl ude <iostreanr

usi ng nanespace std;

extern int randomNunbers[ 128];
voi d popul at eRandomArray() ;
int main()



popul at eRandomArray() ;

for (int i =0; i < 128; ++i)
cout << randomNunbers[i] << endl;
return O;

We declare the external variables and functions before we call them. The external variable
declaration (which makes an external variable visible in the current compilation unit) for
randomNunber s starts with the ext ern keyword. Without ext ern, the compiler would think it has to
deal with a variable definition, and the linker would complain because the same variable is defined
in two compilation units (random cpp and mai n. cpp). Variables can be declared as many times as we
want, but they may only be defined once. The definition is what causes the compiler to reserve
space for the variable.

The popul at eRandonmAr ray() function is declared using a function prototype. The extern keyword is
optional for functions.

Typically we would put the external variable and function declarations in a header file and include it
in all the files that need them:

#i f ndef RANDOM H

#defi ne RANDOM H

extern int randomNunbers[ 128];
voi d popul at eRandomArray() ;
#endi f

We have already seen how static can be used to declare member variables and functions that are
not attached to a specific instance of the class, and now we have seen how to use it to declare
functions and variables with static linkage. There is one more use of the stati ¢ keyword that should
be noted in passing. In C++, we can declare a local variable static. Such variables are initialized the
first time the function is called and hold their value between function invocations. For example:

voi d nextPrine()

{
static int n = 1;
do {
++n;
} while (lisPrine(n));
return n;
}

Static local variables are similar to global variables, except that they are only visible inside the
function where they are defined.

Namespaces

Namespaces are a mechanism for reducing the risks of name clashes in C++ programs. Name
clashes are often an issue in large programs that use several third-party libraries. In your own
programs, you can choose whether you want to use namespaces or not.

Typically, we put a namespace around all the declarations in a header file to ensure that the
identifiers declared in that header file don't leak into the global namespace. For example:

#i f ndef SOFTWAREI NC_RANDOM H



#defi ne SOFTWAREI NC_RANDOM H
nanespace Sof twarel nc

{
extern int randomNunbers[ 128];
voi d popul at eRandonArray();

}

#endi f

(Notice that we have also renamed the preprocessor macro used to avoid multiple inclusions,
reducing the risk of a name clash with a header file of the same name but located in a different
directory.)

The namespace syntax is similar to that of a class, but it doesn't end with a semicolon. Here's the
new random cpp file:

#i nclude "random h"

i nt Softwarelnc::randomNunber s[ 128] ;
static int seed = 42;

static int next RandomNunber ()

{
seed = 1009 + (seed * 2011);

return seed;

}
voi d Sof t war el nc: : popul at eRandomArray()

{
for (int i =0; i < 128; ++i)
randomNunber s[i] = next RandomNunber () ;

Unlike classes, hamespaces can be "reopened" at any time. For example:

nanespace Al pha

{
voi d al phal();

voi d al pha2();
}

nanespace Beta

voi d betal();

}
nanmespace Al pha
{
voi d al pha3();
}

This makes it possible to define hundreds of classes, located in as many header files, as part of a
single namespace. Using this trick, the Standard C++ library puts all its identifiers in the std
namespace. In Qt, namespaces are used for global-like identifiers such as @ :: Ali gnBot t omand

Q ::yel l ow. For historical reasons, Qt classes do not belong to any namespace but are prefixed with
the letter 'Q'.

To refer to an identifier declared in a namespace from outside the namespace, we prefix it with the
name of the namespace (and : : ). Alternatively, we can use one of the following three mechanisms,
which are aimed at reducing the number of keystrokes we must type.

e We can define a namespace alias:



. nanespace El Puebl oDeLaRei naDeLosAngel es

. {

. voi d beverlyHills();
. void culverCity();

. voi d malibu();

. voi d sant aMbni ca();
-}

. nanmespace LA = El Puebl oDeLaRei naDeLosAngel es;
After the alias definition, the alias can be used instead of the original name.q

< We can import a single identifier from a namespace:

. int main()

< A

. usi ng El Puebl oDeLaRei naDeLosAngel es: : beverl yHi | |'s;
. beverl yH I I s();

-}

The usi ng declaration allows us to access a given identifier from a name-space without
having to prefix it with the name of the namespace.

< We can import an entire namespace with a single directive:

. int main()

<

. usi ng nanmespace El Puebl oDeLaRei naDeLosAngel es;
. sant aMoni ca() ;

. mal i bu() ;

. }

With this approach, name clashes are more likely to occur. If the compiler complains about an
ambiguous name (for example, two classes with the same name defined in two different
namespaces), we can always qualify the identifier with the name of the namespace when referring
to it.

The Preprocessor

The C++ preprocessor is a program that converts a . cpp source file containing #-directives (such as
#i ncl ude, #i f ndef , and #endi f ) into a source file that contains no such directives. These directives
perform simple textual operations on the source file, such as conditional compilation, file inclusion,
and macro expansion. Normally, the preprocessor is invoked automatically by the compiler, but
most systems still offer a way of invoking it alone (often through a - E or / E compiler option).

e The #incl ude directive expands to the contents of the file specified within angle brackets (<>)
or double quotes (""), depending on whether the header file is installed at a standard
location or is part of the current project. The file name may contain .. and/ (which Windows
compilers correctly interpret as a directory separator). For example:

. #i nclude "../shared/gl obal defs. h"
e The #define directive defines a macro. Occurrences of the macro appearing after the #defi ne
directive are replaced with the macro's definition. For example, the directive

. #define Pl 3.14159265359

tells the preprocessor to replace all future occurrences of the token PI in the current



compilation unit with the token 3. 14159265359. To avoid clashes with variable and class
names, it is common practice to give macros alluppercase names. It is possible to define
macros that take arguments:

#define SQUARE(X) ((x) * (X))

In the macro body, it is good style to surround all occurrences of the parameters with
parentheses, as well as the entire body, to avoid problems with operator precedence. After
all, we want 7 * SQUARE(2 + 3) toexpandto7 * ((2 +3) * (2 +3)),notto7 * 2 +3* 2 +
3.

C++ compilers normally allow us to define macros on the command line, using the -Dor /D
option. For example:

CC - DPI =3. 14159265359 -c nmi n. cpp

Macros were very popular in the old days, before typedefs, enums, constants, inline
functions, and templates were introduced. Nowadays, their most important role is to protect
header files against multiple inclusions.

Macros can be undefined at any point using #undef :
#undef PI

This is useful if we want to redefine a macro, since the preprocessor doesn't let us define the
same macro twice. It is also useful to control conditional compilation.

Portions of code can be processed or skipped using #if, #el i f, #el se, and #endi f, based on
the numeric value of macros. For example:

#defi ne NO_OPTI M 0
#define OPTIM FOR SPEED 1
#defi ne OPTI M_FOR_MEMORY 2
#defi ne OPTI M ZATI ON OPTI M_FOR_MEMORY

#i f OPTI M ZATI ON == OPTI M_FOR_SPEED
typedef int Mylnt;

#elif OPTIM ZATI ON == OPTI M_FOR_MEMORY
typedef short Mylnt;

#el se

typedef long | ong MyInt;

#endi f

In the example above, only the second typedef declaration would be processed by the
compiler, resulting in MyI nt being defined as a synonym for short. By changing the definition
of the OPTI M ZATI ON macro, we get different programs. If a macro isn't defined, its value is
taken to be 0.

Another approach to conditional compilation is to test whether a macro is defined or not. This
can be done using the using the defined() operator as follows:

#def i ne OPTI M_FOR_MEMORY

#if defined(OPTI M FOR SPEED)
typedef int Mylnt;
#elif defined( OPTI M_FOR_NMEMORY)



typedef short Mylnt;

#el se

typedef long |ong Mylnt;
#endi f

- For convenience, the preprocessor recognizes #i fdef X and #i f ndef X as synonyms for #i f
defined(X) and #if !defined(X). To protect a header file against multiple inclusions, we wrap
its contents with the following idiom:

. #i f ndef MYHEADERFI LE_H
. #defi ne MYHEADERFI LE_H

. #endi f
The first time the header file is included, the symbol MYHEADERFI LE_H is not defined, so the
compiler processes the code between #i f ndef and #endi f. The second and any subsequent

times the header file is included, MYHEADERFI LE_H is defined, so the entire #i f ndef ... #endi f
block is skipped.

e The #error directive emits a user-defined error message at compile time. This is often used in
conjunction with conditional compilation to report an impossible case. For example:

. cl ass Uni Char

. {

. public:

. #i f BYTE_ORDER == Bl G_ENDI AN

. uchar row;

. uchar cell;

. #elif BYTE_ORDER == LI TTLE _ENDI AN
. uchar cell;

. uchar row,

. #el se

. #error "BYTE_ORDER nust be Bl G ENDI AN or LI TTLE_ENDI AN’
. #endi f

e };

Unlike most other C++ constructs,where whitespace is irrelevant,preprocessor directives stand
alone on a line and require no semicolon. Very long directives can be split across multiple lines by
ending every line except the last with a backslash.



The Standard C++ Library

In this section, we will briefly review the Standard C++ library. Figure B.3 lists the core C++ header
files. The <exception>, <linits>, <new>, and <t ypei nf o> headers support the C++ language; for
example, <linits> allows us to test properties of the compiler's integer and floating-point arithmetic
support, and <t ypei nf o> offers basic introspection. The other headers provide generally useful
classes, including a string class and a complex numeric type. The functionality offered by <bi tset >,
<l ocal e>, <string>, and <typei nf o> loosely overlaps with the @BitArray, Q.ocal e, Qstring, and

Q\et atbj ect classes in Qt.

Figure B.3. Core C++ library header files

Header file Description
<bi tset> Template class for representing fixed-length bit sequences
<conpl ex> | Template class for representing complex numbers
<exception>|Types and functions related to exception handling
<limts> Template class that specifies properties of numeric types
<l ocal e> Classes and functions related to localization
<new> Functions that manage dynamic memory allocation
<stdexcept > predefined types of exceptions for reporting errors
<string> Template string container and character traits
<typei nfo> |Class that provides basic meta-information about a type

<val array> |Template classes for representing value arrays

Standard C++ also includes a set of header files that deal with I/0, listed in Figure B.4. The
standard I/0 classes' design harks back to the 1980s and is needlessly complex, making them very
hard to extendso difficult, in fact, that entire books have been written on the subject. It also leaves
the programmer with a Pandora's box of unresolved issues related to character encodings and
platform-dependent binary representations of primitive data types.

Figure B.4. C++ I/O library header files

Header file Description
<fstream> | Template classes that manipulate external files
<i omani p> | 1/0 stream manipulators that take an argument
<i os> Template base class for I/O streams
<i osfwd> Forward declarations for several I/O stream template classes
<iostream> | Standard I/O streams (cin, cout, cerr, cl og)

<istream> | Template class that controls input from a stream buffer



<ostream> | Template class that controls output to a stream buffer
<sstream> Template classes that associate stream buffers with strings
<streanmbuf > Template classes that buffer I/O operations

<strstreanm> Classes for performing I/O stream operations on character arrays

Chapter 12 (Input/Output) presents the corresponding Qt classes, which feature Unicode I/0O as well
as a large set of national character encodings and a platform-independent abstraction for storing
binary data. Qt's I/O classes form the basis of Qt's inter-process communication, networking, and
XML support. Qt's binary and text stream classes are very easy to extend to handle custom data
types.

The early 1990s saw the introduction of the Standard Template Library (STL), a set of template-
based container classes, iterators, and algorithms that slipped into the ISO C++ standard at the
eleventh hour. Figure B.5 lists the header files that form the STL. The STL has a very clean, almost
mathematical design that provides generic type-safe functionality. Qt provides its own container
classes, whose design is partly inspired by STL. These are described in Chapter 11.

Figure B.5. STL header files

Header file Description
<al gorithm> | General-purpose template functions
<deque> Double-ended queue template container
<functional > Templates that help construct and manipulate functors

<iterator> |Templates that help construct and manipulate iterators

<list> Doubly-linked list template container

<map> Single-valued and multi-valued map template containers
<menory> Utilities for simplifying memory management

<nuneric> Template numeric operations

<queue> Queue template container

<set> Single-valued and multi-valued set template containers
<stack> Stack template container

<utility> Basic template functions

<vector> Vector template container

Since C++ is essentially a superset of the C programming language, C++ programmers also have
the entire C library at their disposal. The C header files are available either with their traditional
names (for example, <stdi o. h>) or with new-style names with a c- prefix and no . h (for example,
<cst di 0>). When we use the new-style version, the functions and data types are declared in the std
namespace. (This doesn't apply to macros such as ASSERT(), because the preprocessor is unaware of
namespaces.) The new-style syntax is recommended if your compiler supports it.



Figure B.6 lists the C library header files. Most of these offer functionality that overlaps with more
recent C++ headers or with Qt. One notable exception is <cmat h>, which declares mathematical
functions such as sin(), sqrt(), and pow() .

Figure B.6. C++ header files for C library facilities

Header file Description

<cassert> The ASSERT() macro

<cctype> | Functions for classifying and mapping characters
<cerrno> | Macros related to error condition reporting

<cfloat> |Macros that specify properties of primitive floating-point types
<ci s0646> | Alternative spellings for ISO 646 charset users
<climts> | Macros that specify properties of primitive integer types
<cl ocal e> | Functions and types related to localization

<cmat h> Mathematical functions and constants

<csetj mp> | Functions for performing non-local jumps

<csignal > | Functions for handling system signals

<cstdarg> Macros for implementing variable argument list functions
<cstddef> ' Common definitions for several standard headers

<cstdi o> | Functions for performing I/0

<cstdlib> | General utility functions

<cstring> | Functions for manipulating char arrays

<ctime> Types and functions for manipulating time

<cwchar> | Extended multibyte and wide character utilities

<cwetype> | Functions for classifying and mapping wide characters

This completes our quick overview of the Standard C++ library. On the Internet, Dinkumware offers
complete reference documentation for the Standard C++ library at
http://www.dinkumware.com/refxcpp.html, and SGI has a comprehensive STL programmer's guide
at http://www.sgi.com/tech/stl/. The official definition of the Standard C++ library is found in the C
and C++ standards, available as PDF files or paper copies from the International Organization for
Standardization (ISO).

In this appendix, we have covered a lot of ground at a fast pace. When you start learning Qt from
Chapter 1, you should find that the syntax is a lot simpler and clearer than this appendix might have
suggested. Good Qt programming only requires the use of a subset of C++ and usually avoids the
need for the more complex and obscure syntax that C++ makes possible. Once you start typing in
code and building and running executables, the clarity and simplicity of the Qt approach will become
apparent. And as soon as you start writing more ambitious programs, especially those that need fast
and fancy graphics, the C++/Qt combination will continue to keep pace with your needs.
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