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Abstract

This whitepaperdescribesthe Qt C++ toolkit. Qt supportsthe developmentof cross-platformGUI
applicationswith its ‘write once,compileanywhere’approach.Usinga singlesourcetreeanda simple
recompilation,applicationscanbewrittenfor Windows95/98/NT4/ME/2000,MacOSX, Linux,Solaris,
HP-UX and many other versionsof Unix with X11. Qt applicationscanalsobe compiledto run on
Qt/Embedded.Qt introducesauniqueinter-objectcommunicationmechanismcalled‘signalsandslots’.
Qt hasexcellentsupportfor many programmingdomains: 2D and 3D graphics,internationalization,
XML, etc. Qt applicationscanbebuilt visuallyusingQt Designer.



Qt 3.0 Whitepaper

Trolltech

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.1. ExecutiveSummary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2. Widgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.1. A ‘Hello’ Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2. Built-in Widgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.3. CustomWidgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3. SignalsandSlots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3.1. A SignalsandSlotsExample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2. MetaObjectCompiler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4. GUI Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.1. Main Window Classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.2. Multiple DocumentInterface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.3. Dialogs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.4. DockWindows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.5. Settings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.6. Multi-Threading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

5. Qt Designer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5.1. Qt Assistant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5.2. GUI ApplicationExample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

6. 2D and3D Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

6.1. 2D Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

6.2. 3D Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

6.3. A 3D Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

7. Databases. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

7.1. ExecutingSQLCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

7.2. Data-awareWidgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

8. Internationalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

8.1. Unicode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

8.2. Text Rendering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

8.3. InputMethods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

8.4. DatesandTimes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

8.5. TranslatingApplications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

8.6. Qt Linguist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

9. StylesandThemes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

9.1. Built-in Styles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35



9.2. Style-awareWidgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

9.3. CustomStyles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

10. Layouts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

10.1. Built-in LayoutManagers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

10.2. NestedLayouts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

10.3. CustomLayouts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

11. Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

11.1. EventCreation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

11.2. EventDelivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

12. Input/Output and Networking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

12.1. Input/Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

12.2. XML . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

12.3. Inter-ProcessCommunication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

12.4. Networking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

13. CollectionClasses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

13.1. Value-basedCollections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

13.2. Pointer-basedCollections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

14. PluginsandDynamicLibraries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

14.1. DynamicLibraries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

14.2. Plugins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

15. Qt’sArchitecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

15.1. MicrosoftWindows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

15.2. X11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

15.3. MacOSX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

15.4. EmbeddedLinux . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

15.5. Qt’sDevelopmentWorld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

2



1. Introduction

Qt is a C++ toolkit for cross-platformGUI and application development.In addition to
the Qt C++ classlibrary, the toolkit includestools to make writing applicationsfast and
straightforward. Qt’s cross-platformcapabilitiesand extensiveinternationalizationsupport
ensurethat Qt applicationsreach thewidestpossiblemarket.

TheQt C++toolkit hasbeenat theheartof commercialapplicationssince1995.Qt isusedby companies
asdiverseasAT&T, IBM, NASA andXerox,andby numeroussmallercompaniesandorganizations.
Qt 3.0 retainstheease-of-useandpower of earlierversionswhile addingsignificantfunctionalityand
introducingmany new classes.Qt’sclassesarefully featuredto reducedeveloperworkload,andprovide
consistentinterfacesto speedlearning.Qt is,andalwayshasbeen,fully objectoriented.

Thiswhitepapergivesanoverview of Qt’stoolsandfunctionality. Eachsectionbeginswith anon-techni-
calintroduction,thenpresentsthetechnicaldetailsin increasingdepth.Codeextracts,andsmallcomplete
applications,arepresented.To evaluateQt for 30days,visit http://www.trolltech.com.

1.1. Executive Summary

Qt includesa rich setof widgets[p. 4] (‘controls’ in Windows terminology)thatprovide standardGUI
functionality. Qt introducesaninnovativealternativefor inter-objectcommunication,called‘signalsand
slots’[p. 8], thatreplacestheold andunsafecallbacktechnique.Qt alsoprovidesa conventionalevents
[p.39]modelfor handlingmouseclicks,key presses,etc. Qt’scross-platformGUI applications[p.11]can
useall theuserinterfacefunctionalityrequiredby modernapplications,suchasmenus,context menus,
dockabletoolbars,balloonhelp,draganddrop,etc.

Intuitivenamingconventionsandaconsistentprogrammingapproachsimplify coding. Qt alsoincludes
Qt Designer[p.18],a tool for designinguserinterfacesgraphically. Qt DesignersupportsQt’spowerful
layouts[p. 36] in additionto absolutepositioning.Qt Designercanbeusedpurelyasa designtool,or it
canbeusedto createentireapplicationswith thebuilt-in C++codeeditor.

Qt hasexcellentsupportfor 2D and3D graphics[p. 22]. Qt is the de-factostandardGUI toolkit for
platform-independentOpenGLprogramming.

Qtmakesit possibletocreateplatform-independentdatabaseapplicationsusingstandarddatabases[p.29].
Qt includesnative drivers for Oracle,Microsoft SQL Server, SybaseAdaptive Server, PostgreSQL,
MySQLandODBC-compliantdatabases.Qt’sdatabasefunctionalityisfully integratedwith QtDesigner,
which offers live preview of databasedata. Qt includesdatabase-specificwidgets,andany built-in or
customwidgetcanbemadedataaware.

Qt programshave native look andfeel on all supportedplatformsusingQt’sstylesandthemessupport
[p. 35]. Froma singlesourcetree,recompilationis all that is requiredto produceapplicationsfor Win-
dows 95/98/NT4/ME/2000,Mac OSX, Linux, Solaris,HP-UX andmany otherversionsof Unix with
X11.QtapplicationscanalsobecompiledtorunonQt/Embedded.Qt’sqmake build toolproducesMake-
filesor .dsp filesappropriateto thetargetplatform. SinceQt’sarchitecture[p.45]takesadvantageof the
underlyingplatform,many customersalsouseQt for single-platformdevelopmentonbothWindowsand
onUnix becausethey prefertheQt approach.

Qt usesUnicodethroughoutandhasconsiderablesupportfor internationalization[p.32].Qt includesQt
Linguist [p.34]andothertoolstosupporttranslators.Applicationscaneasilyuseandmix text in Arabic,
English,Hebrew, Japanese,Russianandall theotherlanguagessupportedby Unicode.

3



Qt includesa variety of domain-specificclasses.For example,Qt hasan XML module[p. 41] that
includesSAX andDOM parsers.Objectscanbestoredin memoryusingQt’sSTL-compatiblecollection
classes[p.43].Localandremotefile handlingusingstandardprotocolsareprovidedby Qt’sinput/output
andnetworkingclasses[p. 40].

Qt applicationscanhave their functionalityextendedby pluginsanddynamiclibraries[p. 44]. Plugins
provide additionalcodecs,databasedrivers,imageformats,stylesandwidgets. Librariescanoffer an
unlimitedrangeof functionality. Pluginsandlibrariescanbesoldasproductsin theirown right.

Qt is a mature,solid C++ toolkit that is widely usedacrossthe world. In addition to Qt’s many
commercialuses,thefreeeditionof Qt is thefoundationof KDE, theLinux desktopenvironment. Qt
makesapplicationdevelopmenta pleasure,with its cross-platformbuild system,visualform designand
elegantAPI.

On-line References

http://www.trolltech.com/references/customers/
http://www.trolltech.com/references/partners/

2. Widgets

Qt hasa rich setof widgets(buttons,scroll bars,etc.) that cater for mostsituations.Qt’s
widgetsareflexibleandeasyto subclassfor specialrequirements.

Qt providesafull setof widgets.Widgetsarevisualelementsthatarecombinedtocreateuserinterfaces.
Buttons,menus,scrollbars,messageboxes,applicationwindows,etc.,areall examplesof widgets.Qt’s
widgetsarenot arbitrarily dividedbetween‘controls’and‘containers’;all widgetscanbeusedbothas
controlsandascontainers.Customwidgetscaneasilybecreatedby subclassingexistingQt widgets,or
createdfrom scratchon therareoccasionwhenthisis necessary.

Widgetsareinstancesof QWidget or oneof its subclasses,andcustomwidgetsarecreatedby subclass-
ing.

QTimer

QObject

QWidget

QDialog

QLabel

QFrame

QLineEdit

QSpinBox

Figure 1. An extractfrom theQWidget classhierarchy

A widgetmaycontainany numberof child widgets.Child widgetsareshown within theparentwidget’s
area.A widgetwith no parentis a top-level widget (a ‘window’), andusuallyhasits own entry in the
desktopenvironment’s taskbar. Qt imposesno arbitrarylimitationson widgets. Any widget canbea
top-level widget;any widgetcanbea child of any otherwidget. Thepositionof child widgetswithin
the parent’s areacan be set automaticallyusing layout managers[p. 36], or manually if preferred.
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Whena parentwidget is disabled,hiddenor deleted,thesameactionis appliedto all its child widgets
recursively.

Labels,messageboxes,tooltips,etc.,arenot confinedto usinga singlecolor, font andlanguage.Qt’s
text-renderingwidgetscandisplaymulti-languagerich text usingasubsetof HTML. SeeText Rendering
[p. 32].

2.1. A ‘Hello’ Example

Figure 2. Hello Qt!

Thecompletesourcecodefor aprogramthatdisplays“Hello Qt!” follows:

#include <qapplication.h>
#include <qlabel.h>

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

QApplication app( argc, argv );
QLabel * hello = new QLabel( "<font color=blue>Hello <i>Qt!</i>"

"</font>", 0 );
app.setMainWidget( hello );
hello->show();
return app.exec();

}

2.2. Built-in Widgets

Thescreenshotsbelow presentthemainQt widgets.They areshown usingtheWindowsstyle.

Figure 3. A QLabel anda QPushButton laid outwith a QHBox

Figure 4. Two QRadioButtonsandtwo QCheckBoxeslaid outwith a QButtonGroup
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Figure 5. A QDateTimeEdit, a QLineEdit, a QTextEdit anda QComboBox laid outwith a QGroupBox

Figure 6. A QDial, a QProgressBar, a QSpinBox, a QScrollBar, a QLCDNumber anda QSlider laid outwith a QGrid

Figure 7. A QIconView, a QListView, a QListBox anda QTable laid outwith a QGrid

QComboBox, QLineEdit andQSpinBox’s input canbeconstrainedor validatedusinga QValidator
subclass.Qt regularexpressionscanbeusedfor validation.

Widgetsthatareusedtodisplaylargeamountsof data(e.g. QTable, QListView andQTextEdit) inherit
QScrollView andcandisplayscrollbarsautomatically.

QMenuBar, QStatusBar, QToolBar and relatedwidgetsarepresentedin GUI Applications[p. 11].
QMessageBox, QFileDialog, QTabDialog, QWizard andotherdialogsarepresentedin Dialogs[p.14].
QSplitter iscoveredin Layouts[p.36].QCanvas andQGLWidget arepresentedin 2Dand3DGraphics
[p. 22].

The screenshotthat shows the QRadioButtons and QCheckBoxeswasproducedwith the following
code:
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parent = new QButtonGroup( 2, Qt::Vertical, "QButtonGroup" );
radio1 = new QRadioButton( "&Radio 1", parent );
radio2 = new QRadioButton( "R&adio 2", parent );
radio1->setChecked( TRUE );
check1 = new QCheckBox( "&Check 1", parent );
check2 = new QCheckBox( "C&heck 2", parent );
check2->setChecked( TRUE );

2.3. Custom Widgets

Developerscancreatetheir own widgetsanddialogsby subclassingQWidget or oneof its subclasses.
To illustratesubclassing,thecompletecodefor adigital clockwidgetis presented.

Figure 8. Clockwidget

The Clock widget is a LCD that displaysthe currenttime andupdatesitself automatically. A colon
separatorblinksto indicatethepassingseconds.

In clock.h, Clock is definedlike this:

#include <qlcdnumber.h>

class Clock : public QLCDNumber
{
public:

Clock( QWidget * parent = 0, const char * name = 0 );

protected:
void timerEvent( QTimerEvent * event );

private:
void showTime();

bool showingColon;
};

Clock inheritsits LCD functionality from the QLCDNumber widget. It hasa constructortypical of
widgetclasses,with optionalparent andname parameters.(Testinganddebuggingareeasierif name

is set.) The timerEvent() function is inheritedfrom QObject and is calledat regular intervalsby the
system.

In clock.cpp, thefunctionsdeclaredin clock.h areimplemented:

#include <qdatetime.h>

#include "clock.h"

Clock::Clock( QWidget * parent, const char * name )
: QLCDNumber( parent, name ), showingColon( TRUE )

{
showTime();
startTimer( 1000 );

}
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void Clock::timerEvent( QTimerEvent * )
{

showTime();
}

void Clock::showTime()
{

QString time = QTime::currentTime().toString().left( 5 );
if ( !showingColon )

time[2] = ’ ’;
display( time );
showingColon = !showingColon;

}

TheconstructorcallsshowTime()to initialize theclockwith thecurrenttime,andtellsthesystemto call
timerEvent()every1000millisecondsto refreshtheLCD display.

In showTime(),QLCDNumber::display()iscalledwith thecurrenttime. Thecolonisreplacedbyaspace
everyothertimeshowTime()is calledto makethecolonblink.

Theclock.h andclock.cpp files completelydefineandimplementtheClock customwidget. This
widgetcanbeusedstraightawayin asimpleprogram:

#include <qapplication.h>

#include "clock.h"

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

QApplication app( argc, argv );
Clock * clock = new Clock;
app.setMainWidget( clock );
clock->show();
return app.exec();

}

Thisexampleprogramcontainsa singlewidget(theClock) andnochild widgets.Complex widgetsare
built by combiningwidgetsin layouts.

Developerscan also write customwidgetsfrom scratch. For example,to createan analogclock, it
would benecessaryto draw theclock’s faceandhandsin coderatherthanrelying on thefunctionality
implementedin abaseclass.Thisapproachis coveredin 2D Graphics[p. 22].

On-line References

http://doc.trolltech.com/3.0/qwidget.html

3. Signals and Slots

Signalsand slotsprovideinter-objectcommunication.They are easyto understandand use,
andarefully supportedbyQt Designer.

GUI applicationsrespondto useractions. For example,when a userclicks a menuitem or toolbar
button,theapplicationexecutessomecode. More generally, we wantobjectsof any kind to beableto
communicatewith eachother. Theprogrammermustrelateeventsto therelevantcode. Older toolkits
usemechanismsthatarenot typesafe(i.e. arecrashprone),areinflexible, andarenot objectoriented.
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Trolltechhasinventeda solutioncalled‘signalsandslots’.Signalsandslotsis a powerful inter-object
communicationmechanismthatcanbeusedtocompletelyreplacethecrudecallbacksandmessagemaps
usedby legacy toolkits. Signalsandslotsaretypesafe,flexible, fully objectorientedandimplemented
in C++.

To associatesomecodewith a buttonusingtheold callbackmechanism,it is necessaryto passa pointer
to a functionto thebutton. Whenthebutton is clicked,thefunction is thencalled. Old toolkits do not
ensurethatargumentsof theright typearegivento thefunctionwhenit is called,which makescrashes
morelikely. Anotherproblemwith thecallbackapproachis that it tightly bindstheGUI elementto the
functionality, makingit difficult to developclassesindependently.

Qt’ssignalsandslotsmechanismis different. Qt widgetsemit signalswheneventsoccur. For example,
abuttonwill emita‘clicked’signalwhenit isclicked. Theprogrammercanchoosetoconnecttoasignal
by creatingafunction(calledaslot)andcallingtheconnect()functionto relatethesignalto theslot. Qt’s
signalsandslotsmechanismdoesnot requireclassesto have knowledgeof eachother, which makesit
mucheasierto develophighly reusableclasses.Signalsandslotsaretypesafe,with typeerrorsbeing
reportedby warningsratherthanby crashes.

For example,if aQuit button’sclicked()signalis connectedto theapplication’squit() slot,auser’sclick
onQuit makestheapplicationterminate.In code,thisis writtenas

connect( button, SIGNAL(clicked()), qApp, SLOT(quit()) );

Connectionscanbeaddedor removedatany timeduringtheexecutionof aQt application.

ThesignalsandslotsimplementationsmoothlyextendsC++’ssyntaxandtakesfull advantageof C++’s
object-orientatedfeatures.Signalsandslotsaretypesafe,canbeoverloadedor reimplementedandmay
appearin thepublic,protectedor privatesectionsof aclass.

3.1. A Signals and Slots Example

To benefitfrom signalsandslots,aclassmustinherit from QObject or oneof its subclassesandinclude
theQ_OBJECTmacroin theclass’sdefinition. Signalsaredeclaredin thesignals sectionof theclass,
while slotsaredeclaredin thepublic slots, protected slots or private slots sections.

Here’sanexampleQObject subclass:

class BankAccount : public QObject
{

Q_OBJECT
public:

BankAccount() { curBalance = 0; }
int balance() const { return curBalance; }

public slots:
void setBalance( int newBalance );

signals:
void balanceChanged( int newBalance );

private:
int curBalance;

};

In thestyleof mostC++classes,theclassBankAccount hasaconstructor, agetfunctionbalance(),and
asetfunctionsetBalance().
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The classalso hasa signal balanceChanged(),which announcesthat the balancein the accounthas
changed.Signalsarenot implemented;whena signal is emitted,the slotsit is connectedto areexe-
cuted.

The set function is declaredin the public slots section,so it is a slot. Slotsarestandardmember
functionswith an implementationthat can be called like any other function,and which can alsobe
connectedto signals.

Here’stheimplementationof theslot setBalance():

void BankAccount::setBalance( int newBalance )
{

if ( newBalance != curBalance ) {
curBalance = newBalance;
emit balanceChanged( curBalance );

}
}

Thestatement

emit balanceChanged( curBalance );

causesthe balanceChanged()signal to be emittedwith the new currentbalanceasits argument. The
keywordemit , likesignals andslots , isprovidedby Qt andis transformedinto standardC++by the
C++pre-processor.

Here’sanexampleof how to connecttwo BankAccounts:

BankAccount x, y;
connect( &x, SIGNAL(balanceChanged(int)),

&y, SLOT(setBalance(int)) );
x.setBalance( 2450 );

Whenthebalancein x is setto 2450,thebalanceChanged()signalis emitted. Thesignalis receivedby
y ’ssetBalance()slot,whichsetsy ’sbalanceto 2450.

Oneobject’ssignalcanbeconnectedto many differentslots,andmany signalscanbeconnectedto one
slot in a particularobject. Connectionsaremadebetweensignalsandslotswhoseparametershave the
sametypes.A slot canhavefewerparametersthanthesignalandignoretheextraparameters.

3.2. Meta Object Compiler

Thesignalsandslotsmechanismis implementedin purestandardC++.TheimplementationusestheC++
pre-processorandtheMetaObjectCompiler(moc) includedwith theQt toolkit.

Themoc readstheapplication’sheaderfilesandgeneratesthenecessarycodeto supportthesignalsand
slotsmechanism.Developersnever have to edit or even look at thegeneratedcode. Theqmake build
tool generatesthecorrectMakefilesfor thetargetplatform.

In additionto handlingsignalsandslots,moc supportsQt’s translationmechanism,its propertysystem
and extendedrun-time type information. The meta object compiler also makes the cross-platform
introspectionof C++programspossible.

On-line References

http://doc.trolltech.com/3.0/object.html
http://doc.trolltech.com/3.0/signalsandslots.html
http://doc.trolltech.com/3.0/moc.html
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4. GUI Applications

Building modernGUI applicationswith Qt is fast and simple, and canbeachievedby hand
codingor byusingQt Designer,Qt’svisualdesigntool.

Qt providesall theclassesandfunctionsnecessaryto createmodernGUI applications.Qt canbeused
to createboth ‘main window’ style applicationswith a menubar, toolbarsandstatusbar surrounding
a centralarea,anddialog style applicationsthat usebuttonsandpossiblytabsto presentoptionsand
information. Qt supportsbothSDI (singledocumentinterface)andMDI (multipledocumentinterface).
Qt alsosupportsdraganddropandtheclipboard.

Tool barscanbemovedaroundwithin thetoolbararea(calledthe ‘dock area’),draggedto otherdock
areas,or floatedastool palettes.This functionalityis built in andrequiresno additionalcode,although
programmerscanapplyconstraintsto toolbarbehavior if they wish.

Qt simplifiesprogramming.For example,if a menuoption,a toolbarbuttonanda keyboardaccelerator
all performthesameaction,theactionneedonly becodedonce.

Qt alsoprovidesmessageboxesanda full setof standarddialogsto make it easyfor applicationsto ask
theuserquestions,andto get theuserto choosefiles, folders,fontsandcolors. In practice,a one-line
statementusingoneof Qt’sstaticconveniencefunctionsis all thatis necessaryto presentamessagebox
or astandarddialog.

Qt canplatform-independentlystoreapplicationsettings,suchasuserpreferences,mostrecentlyused
files,window andtoolbarpositionsandsizes,etc.

4.1. Main Window Classes

4.1.1. The Main Window

TheQMainWindow classlaysoutasetof relatedwidgetstoprovideaframework for typicalapplication
mainwindows.

Figure 9. An applicationmainwindow

A mainwindow containsa setof standardwidgets. Thetop of themainwindow containsa menubar,
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beneathwhich toolbarsarelaid out. Thetoolbarscanbemovedto any dockarea;mainwindows have
dockareasat thetop,left, right andbottom. Toolbarscanalsobedraggedoutof adockareaandfloated
asindependenttool palettes.Thebottomof themainwindow, below thebottomdockarea,is occupied
by a statusbar. Thecentralareacontainsany widget for SDI applicationsor a QWorkspace for MDI
applications.Tooltipsand“What’sthis?”helpprovideballoonhelpfor theuser-interfaceelements.

4.1.2. Menus

The QPopupMenu widget presentsmenuitems to the user in a vertical list. Popupmenuscan be
standalone(e.g. acontext menu),canappearin amenubar,or canbeasub-menuof anotherpopupmenu.
Menuscanalsohavetear-off handles.

Eachmenuitem can have an icon, a checkboxand an accelerator. Menu itemsusually correspond
to actions(e.g. Save). Separatoritemsare displayedasa line and are usedto group relatedactions
visually.

Here’sanexamplethatcreatesaFile menuwith New, OpenandExit menuitems:

QPopupMenu * fileMenu = new QPopupMenu( this );
fileMenu->insertItem( "&New", this, SLOT(newFile()), CTRL+Key_N );
fileMenu->insertItem( "&Open...", this, SLOT(open()), CTRL+Key_O );
fileMenu->insertSeparator();
fileMenu->insertItem( "E&xit", qApp, SLOT(quit()), CTRL+Key_Q );

Whenamenuitem is chosen,thecorrespondingslot is executed.

TheQMenuBar classimplementsa menubar. It automaticallysetsits geometryto thetopof its parent
widget (typically a QMainWindow). It splitsits contentsacrossmultiple linesif theparentwindow is
not wideenough.Qt’sbuilt-in layoutmanagersautomaticallytakethemenubarinto consideration.On
theMacintosh,themenubarappearsat thetopof thescreenasexpected.

Here’show to createamenubarwith File, Edit andHelpmenus:

QMenuBar * bar = new QMenuBar( this );
bar->insertItem( "&File", fileMenu );
bar->insertItem( "&Edit", editMenu );
bar->insertItem( "&Help", helpMenu );

Qt’smenusystemis veryflexible. Menuitemscanbeenabled,disabled,addedor removeddynamically.
Menuitemswith customizedappearanceandbehavior canbecreatedby subclassingQCustomMenu-
Item.

4.1.3. Toolbars

The QToolButton classimplementsa toolbarbutton with an icon, a 3D frameandan optional label.
Toggletoolbarbuttonsturn featureson andoff. Othertoolbarbuttonsexecutea command.Different
iconscanbeprovidedfor theactive,disabledandenabledmodes,andfor theon andoff states.If only
oneicon is provided,Qt automaticallydistinguishesthestateusingvisualcues,for example,grayingout
disabledbuttons.Pressinga toolbarbuttoncanalsobeusedto triggerapopupmenu.

QToolButtonsusuallyappearside-by-sidewithin a QToolBar. An applicationcanhaveany numberof
toolbars,andtheuseris freeto movethemaround.Toolbarscancontainwidgetsof almostany type,for
exampleQComboBoxesandQSpinBoxes.
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4.1.4. Balloon Help

Modern applicationsuseballoon help to briefly explain the purposeof user-interfaceelements.Qt
providestwo mechanismsfor balloonhelp: tooltipsand“What’sthis?”help.

Tooltipsaresmall,usuallyyellow, rectanglesthatappearautomaticallywhenthemousepointerhovers
over a widget. Tooltips are often usedto explain a toolbar button, sincetoolbar buttonsare rarely
displayedwith text labels.Here’show to setthetooltip of a ‘Save’ toolbarbutton:

QToolTip::add( saveButton, "Save" );

It is alsopossibleto seta longerpieceof text to bedisplayedin thestatusbarwhenthetooltip is shown.

“What’s this?” help is similar to tooltips,exceptthat theusermustrequestit, for exampleby pressing
Shift+F1andthenclicking awidgetor menuitem. “What’sthis?”helpis typically longerthana tooltip.
Here’show to setthe“What’sthis?”text for a ‘Save’ toolbarbutton:

QWhatsThis::add( saveButton, "Saves the current file." );

TheQToolTip andQWhatsThis classesprovide virtual functionsthatcanbereimplementedfor more
specializedbehavior. For example,todisplaydifferenttext accordingto thepositionof themousewithin
thewidget.

4.1.5. Status Bar

QStatusBar implementsastatusbar. Statusbarsdisplaythreekindsof indicators:

1. Temporary messages.Thesearedisplayedat theleft. Temporarymessagesvanishafteradefinable
amountof time,or whenanothermessageis shown.

2. Standard indicators. Thesecanbealmostany widgetandappearontheright. Longmessagesmay
hidethemtemporarily.

3. Permanentindicators. Theseappearto theright of standardindicatorsandareneverhidden.

4.1.6. Actions

Applicationsusuallyprovide the userwith several differentwaysto performa particularaction. For
example,mostapplicationsprovidea ‘Save’actionavailablefrom themenu(File|Save), from thetoolbar
(the ‘floppy disk’ toolbarbutton)andasan accelerator(Ctrl+S). The QAction classencapsulatesthis
concept.It allowsprogrammersto defineanactionin oneplaceandthenaddthatactionto a menuor
toolbar. Actionsthatonly makesenseasmenuoptionscanbeaddedto menusdirectly.

Thefollowing codeimplementsa ‘Save’menuitem,a ‘Save’ toolbarbuttonanda ‘Save’accelerator, all
with balloonhelp:

QAction * saveAct = new QAction( "Save", saveIcon, "&Save",
CTRL+Key_S, this );

connect( saveAct, SIGNAL(activated()), this, SLOT(save()) );
saveAct->setWhatsThis( "Saves the current file." );
saveAct->addTo( fileMenu );
saveAct->addTo( toolbar );

In additionto avoiding duplication,usinga QAction ensuresthat thestateof menuitemsstaysin sync
with thestateof toolbarbuttons,andthattool tipsaredisplayedwhennecessary. Disablinganactionwill

13



disableany correspondingmenuitemsandtoolbarbuttons. Similarly, if theuserclicksa toggletoolbar
button,thecorrespondingmenuitemwill becheckedor uncheckedaccordingly.

4.1.7. The Central Widget

Thecentralareaof a QMainWindow cancontainany widget. For example,a text editor could usea
QTextEdit asits centralwidget:

QTextEdit * editor = new QTextEdit( mainWindow );
mainWindow->setCentralWidget( editor );

4.2. Multiple Document Interface

Multiple DocumentInterface(MDI) is providedby theQWorkspace class.QWorkspace is typically
usedasthecentralwidgetof a QMainWindow, but it canbeusedlikeany otherwidget.

Child widgetsof QWorkspace arealsoordinarywidgetsof any type. They arerenderedwith a frame
similar to theframearoundtop-level widgets. Functionssuchasshow(), hide(),showMaximized()and
setCaption()work in thesamewayfor child MDI widgetsasfor ordinarytop-level widgets.

QWorkspace providespositioningstrategiessuchascascadeandtile. If thechildwidgetsextendoutside
theMDI area,scroll barscanbesetto appearautomatically. If a child widget is maximized,theframe
buttons(e.g. Minimize)areshown in themenubar.

4.3. Dialogs

MostGUI applicationsusedialogboxestointeractwith theuserfor certainoperations.Qt includesready-
madedialogclasseswith conveniencefunctionsfor themostcommontasks.Many aspectsof thedialogs
canbeconfigured.For example,settingthetext usedby thebuttonsandlabelsin a QMessageBox.

Screenshotsof someof Qt’sstandarddialogsarepresentedbelow.

Figure 10. A QMessageBox

QMessageBox is usedto provide theuserwith informationor to presenttheuserwith simplechoices
(e.g. ‘Yes’or ‘No’).
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Figure 11. A QFileDialog

QFileDialog is a sophisticatedfile selectiondialog. It canbeusedto selectsingleor multiple local or
remotefiles(e.g. usingFTP),andincludesfunctionalitysuchasdirectoryandfile renaminganddirectory
creation.Like mostQt dialogs,QFileDialog is resizable,which makesit easyto view long file names
andlargedirectories.Applicationscanbesetto automaticallyusethenativefile dialogwhencompiled
for Windowsor Macintosh.

Figure 12. A QProgressDialog

QProgressDialog displaysaprogressbaranda ‘Cancel’button.

Figure 13. A QWizard

QWizard providesa framework for wizarddialogs.
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Figure 14. A QFontDialog

QFontDialog is usedto selecta font.

Qt alsoprovidesstandarddialogsfor colorselectionandprintingoptions.

Dialogsoperatein oneof threeways:

1. A modaldialogblocksinput to theothervisiblewindowsin thesameapplication.Usersmustclose
thedialogbeforethey canaccessany otherwindow in theapplication.

2. A modelessdialogoperatesindependentlyof otherwindows. Thereis little differencebetweena
modelessQDialog anda QWidget.

3. A semi-modaldialog returnscontrol to the caller immediately. Thesedialogsbehave like modal
dialogsfrom the user’s point of view, but allow the applicationto continueprocessing.This is
particularlyusefulfor progressdialogs.

Modaldialogsaretypically usedlike this:

QFileDialog dialog( workingDirectory, "", 0, 0, TRUE );
dialog.setFilter( "Text files (*.txt)" );
if ( dialog.exec() == QDialog::Accepted ) {

do_something_with_file( dialog.selectedFile() );
}

Programmerscancreatetheirown dialogsby subclassingQDialog, which inheritsQWidget.

4.4. Dock Windows

Dockwindowsarewindowsthattheusercanmove insidea dockareaor from onedockareato another.
Theusercanundocka dockwindow andmake it float on top of theapplicationor minimize it. Dock
windowsandareasareprovidedby theQDockWindow andQDockArea classes.

Qt providesone QDockWindow subclass,QToolBar. QMainWindow automaticallyprovides four
dockareas,oneoneachsideof thecentralwidget.

Developerscancreatecustomdock windows by instantiatinga QDockWindow objectandby adding
widgetsto it. Thewidgetsarelaid out side-by-sideif thedockareais horizontal(e.g. at thetop of the
mainwindow) andaboveeachotherif theareais vertical(e.g. at theleft of themainwindow).
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Dock areasarenot boundto QMainWindow; developerscanuseQDockArea in any customwidget.
Toolbarsandotherdockwindowscanbeusedwith any dockarea.

Someapplications,includingQt Designer[p. 18]andQt Linguist [p. 34],usedockwindowsextensively.
QDockArea providesoperatorsto save andrestorethepositionof dock windows,sothat applications
caneasilyrestoretheuser’spreferredpositions.

4.5. Settings

Usersettingsandotherapplicationsettingscaneasilybestoredon disk usingtheQSettings class.On
Windows, QSettings makesuseof the systemregistry; on otherplatforms,settingsarestoredin text
files.

A particularsettingisstoredusingakey. Forexample,thekey /SoftwareInc/ Zoomer/RecentFiles

couldcontainalist of recentlyusedfiles. Booleans,numbers,Unicodestringsandlistsof Unicodestrings
canbestored.

4.6. Multi-Threading

GUI applicationsoftenusemultiple threads:onethreadto keeptheuserinterfaceresponsive,andone
or many otherthreadsto performtime-consumingactivitiessuchasreadinglargefiles andperforming
complex calculations.Qt can be configuredto supportmulti-threading,and provides four threading
classes:QThread, QMutex, QSemaphore andQWaitCondition.

On-line References

http://doc.trolltech.com/3.0/threads.html
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5. Qt Designer

Qt Designeris writtenin Qt andprovidesvisualuser-interfacedesign.Qt applicationscanbe
writtenentirelyassourcecode,or usingQt Designerto speedupdevelopment.

Figure 15. Qt Designer

Designinga form with Qt Designeris a simpleprocess.Developersclick a toolbarbuttonrepresenting
the widget they want, then click on a form to place the widget. The widget’s propertiescan then
be changedusingthe propertyeditor. The precisepositionsandsizesof the widgetsdoesnot matter.
Developersselectwidgetsandapplylayoutstothem.Forexample,somebuttonwidgetscouldbeselected
and laid out side-by-sideby choosingthe ‘lay out horizontally’option. This approachmakesdesign
veryfast,andthefinishedformswill scaleproperlytofit whateverwindow sizetheend-userprefers.See
Layouts[p. 36] for informationaboutQt’sautomaticlayouts.

Qt Designereliminatesthetime-consumingcompile,link andrun cycle for userinterfacedesign.This
makesit easyto corrector changedesigns.Qt Designer’spreview optionslet developersseetheir forms
in any style,for example,aWindowsdevelopercanpreview aform in Motif style. Qt Designerprovides
live preview andeditingof databasedatathroughits tight integrationwith Qt’s databaseclasses.See
Databases[p. 29] for moreaboutQt’sdatabasesupport.
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Developerscancreateboth‘dialog’ styleapplicationsand‘main window’ styleapplicationswith menus,
toolbars,balloonhelp,etc. Several form templatesaresupplied,anddeveloperscancreatetheir own
templatestoensureconsistency acrossanapplicationor familyof applications.Qt Designeruseswizards
to make creatingtoolbars,menusanddatabaseapplicationsasfastandeasyaspossible.Programmers
cancreatetheirown customwidgetsthatcaneasilybeintegratedwith Qt Designer.

Qt Designersupportsa project-basedapproachto applicationdevelopment.A project is represented
by a .pro file, which qmake canuseto generateMakefiles. Developerscreatea new projectandthen
addformsandsourcefilesasrequired.Developerscancompletelyseparatetheuserinterfacefrom the
underlyingfunctionalityby subclassing,or they cankeeptheirsourcecodeandformstogetherby editing
theform’ssourcedirectly in Qt Designer.

Iconsandotherimagesusedin theapplicationareautomaticallysharedacrossall formsin a projectto
reduceexecutablesizeandspeeduploading.

Form designsarestoredin XML formatin .ui filesandconvertedinto C++ headerandsourcefilesby
theuic (UserInterfaceCompiler).Theqmake build tool automaticallyincludesbuild rulesfor uic in
theMakefilesit generates,sodevelopersdonotneedto invokeuic themselves.

Usually formsarecompiledinto the executable,but in somesituationscustomersneedto modify the
appearanceof an applicationwithout accessingthe sourcecode. Qt supports‘dynamicdialogs’: .ui

files thatcanbeloadedat run-timeanddynamicallyconvertedinto fully functionalforms. Companies
can supply applicationexecutablesalong with the customer-modifiable forms in .ui format, and
thecustomercanuseQt Designerto customizetheappearanceof the application’s forms. Loadinga
dynamicdialogis trivial:

QDialog * creditForm = (QDialog * )
QWidgetFactory::create( "creditform.ui" );

5.1. Qt Assistant

Qt Designer’son-linehelpis providedby theQt Assistantapplication.Qt AssistantdisplaysQt’sentire
documentationset,andworks in a similar way to a webbrowser. Unlike webbrowsers,Qt Assistant
appliesanintelligentindexingalgorithmtoprovidefastsearchingfor wordsandphrasesthatoccurin the
documentation.
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Figure 16. Qt Assistant

Qt’sreferencedocumentationconsistsof around1,500HTML pages(over2,500USlettersizedpages),
whichdocumentQt’sclassesandtools,andwhichincludeoverviewsandintroductionstovariousaspects
of Qt programming.

Qt AssistantisaQt applicationthatrendersQt’sHTML referencedocumentationusingQTextEdit. The
QTextEdit classsupportsa subsetof HTML 3.2,andcanalsousecustomtagsthatarecreatedwith the
QStyleSheet class.

5.2. GUI Application Example

Figure 17. Classhierarchyapplication

Theclasshierarchy applicationisaclassic‘dialog’ styleapplicationwheretheuserchoosessomeoptions,
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in thiscasepaths,andthencarriesout someprocessingbasedonthoseoptions.

The completecodefor the applicationis presentedbelow. The main.cpp file was producedby a
Qt Designerwizard. Theform wasdesignedin Qt Designerandstoredin a .ui file. The .ui file is
convertedinto C++by uic , leaving thedeveloperfreeto focuson theapplication’sfunctionality.

TheaddSearchPath(),removeSearchPath()andupdateHierarchy() functionsareall slots.They havebeen
visuallyconnectedto theappropriatebuttonsusingQt Designer.

void ClassHierarchy::addSearchPath()
{

QString path = QFileDialog::getExistingDirectory(
QDir::homeDirPath(), this, 0, "Select a Directory" );

if ( !path.isEmpty() &&
searchPathBox->findItem(path, ExactMatch) == 0 )

searchPathBox->insertItem( path );
}

void ClassHierarchy::removeSearchPath()
{

searchPathBox->removeItem( searchPathBox->currentItem() );
}

void ClassHierarchy::updateHierarchy()
{

QString fileNameFilter;
QRegExp classDef;

if ( language->currentText() == "C++" ) {
fileNameFilter = "*.h";
classDef.setPattern(

"\\bclass\\s+([A-Z_a-z0-9]+)\\s*"
"(?:\\{|:\\s*public\\s+([A-Z_a-z0-9]+))" );

} else if ( language->currentText() == "Java" ) {
fileNameFilter = "*.java";
classDef.setPattern(

"\\bclass\\s+([A-Z_a-z0-9]+)\\s+extends\\s*"
"([A-Z_a-z0-9]+)" );

}

dict.clear();
listView->clear();

for ( int i = 0; i < searchPathBox->count(); i++ ) {
QDir dir = searchPathBox->text( i );
QStringList names = dir.entryList( fileNameFilter );

for ( int j = 0; j < names.count(); j++ ) {
QFile file( dir.filePath(names[j]) );
if ( file.open(IO_ReadOnly) ) {

QString content = file.readAll();
int k = 0;
while ( (k = classDef.search(content, k)) != -1 ) {

processClassDef( classDef.cap(1), classDef.cap(2),
names[j] );

k++;
}

}
}

}
}

void ClassHierarchy::processClassDef( const QString& derived,
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const QString& base, const QString& sourceFile )
{

QListViewItem * derivedItem = insertClass( derived, sourceFile );

if ( !base.isEmpty() ) {
QListViewItem * baseItem = insertClass( base, "" );
if ( derivedItem->parent() == 0 ) {

listView->takeItem( derivedItem );
baseItem->insertItem( derivedItem );
derivedItem->setText( 1, sourceFile );

}
}

}

QListViewItem * ClassHierarchy::insertClass( const QString& name,
const QString& sourceFile )

{
if ( dict[name] == 0 ) {

QListViewItem * item = new QListViewItem( listView, name,
sourceFile );

item->setOpen( TRUE );
dict.insert( name, item );

}
return dict[name];

}

On-line References

http://doc.trolltech.com/3.0/designer-manual.html

6. 2D and 3D Graphics

Qt providesexcellentsupport for 2D and 3D graphics. Qt’s 2D graphicsclassessupport
bitmappedandvectorgraphics.Animationandcollisiondetectionarealsosupported.Qt can
load andsavea wideandextensiblerangeof image formats.Qt candraw Unicoderich text,
rotatedandshearedasrequired. Qt is thede-factostandard GUI toolkit for platform-indepen-
dentOpenGLprogramming.

6.1. 2D Graphics

6.1.1. Images

TheQImage classsupportsthe input,outputandmanipulationof imagesin severalformats,including
BMP, GIF1, JPEG,MNG, PNG,PNM,XBM andXPM.

Many of Qt’sbuilt-in widgetscandisplayimages,for example,buttons,labels,menuitems,etc. Here’s
how to displayanicononapushbutton:

QPushButton * button = new QPushButton( "&Find Address", parent );
button->setIconSet( QIconSet(QImage("find.bmp")) );

1If you arein a countrythat recognizessoftwarepatentsandwhereUnisysholdsa patenton LZW decompression,Unisysmay
requireyouto licensethetechnologyto useGIF.
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Figure 18. An icononabutton

QImage supportsimageswith colordepthsof 1,8and32bits. Programmerscanmanipulatethepixeland
palettedata,applytransformations(e.g. rotations,shears,etc.) andreducethecolordepthwith dithering
if desired.Applicationscanstorean‘alphachannel’in aQImage alongwith thecolordatafor theirown
purposes(e.g. transparency andalpha-blending).

TheQMovie classcanbeusedto displayanimatedimages.

6.1.2. Painting

TheQPainter providesa platform-independentAPI for paintingwidgets. It providesprimitivesaswell
asadvancedfunctionalitysuchastransformationsandclipping. All Qt’sbuilt-in widgetspaintthemselves
usingQPainter. ProgrammersinvariablyuseQPainter whenimplementingtheirown customwidgets.

QPainter providesstandardfunctionsto draw points,lines,polygons,ellipses,arcs,Beziercurves,etc.
Thefollowing commanddraws a 120x 60 rectanglewhosetop-left point is at (25,15),with a 2-pixel
widedashedredoutline:

painter.setPen( QPen(red, 2, DashLine) );
painter.drawRect( 25, 15, 120, 60 );

By default,thetop-left cornerof a widgetis locatedat coordinates(0,0),andthebottom-rightcorneris
locatedat(width()- 1,height()- 1).Thecoordinatesystemof aQPainter objectcanbetranslated,scaled,
rotatedandsheared.Theobjectsto bedrawn canbeclippedaccordingto a ‘window’, andpositionedon
thewidgetusinga ‘viewport’.

Figure 19. Qt’sxform exampleshowing rotatedtext

The codebelow draws a bar-graphcustomwidget. It usesa QPainter in the reimplementationof
paintEvent(),with thedefault coordinatesystem.
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void BarGraph::paintEvent( QPaintEvent * )
{

QPainter painter( this );

draw_bar( &painter, 0, 39, Qt::DiagCrossPattern );
draw_bar( &painter, 1, 31, Qt::BDiagPattern );
draw_bar( &painter, 2, 44, Qt::FDiagPattern );
draw_bar( &painter, 3, 68, Qt::SolidPattern );

painter.setPen( black );
painter.drawLine( 0, 0, 0, height() - 1 );
painter.drawLine( 0, height() - 1, width() - 1, height() - 1 );

painter.setFont( QFont("Helvetica", 18) );
painter.drawText( rect(), AlignHCenter | AlignTop, "Sales" );

}

void BarGraph::draw_bar( QPainter * painter, int month, int barHeight,
BrushStyle pattern )

{
painter->setPen( blue );
painter->setBrush( QBrush(darkGreen, pattern) );
painter->drawRect( 10 + 30 * month, height() - barHeight, 20,

barHeight );
}

The widget is drawn correctlyat differentsizesbecausethe codeusesthe width(), height()andrect()
functions.Thewidgetproducedby thiscodeis shown below.

Figure 20. Customwidget

QPainter supportsclipping using a region composedof rectangles,polygons,ellipsesand bitmaps.
Complex regions may be createdby uniting, intersecting,subtractingand XOR’ing simple regions.
Clippingcanbeusedto reduceflickerwhenrepainting.

TheQColor classstoresa color specifiedby a RGBor HSV triple, or by a name(e.g. ‘skyblue’). Qt
programmerscanspecifyany 24-bit color;Qt automaticallyallocatestherequestedcolor in thesystem’s
palette,or usesasimilarcoloroncolor-limited displays.Commonlyusedcolors,includingred , green

andblue , arepredefinedin Qt.

6.1.3. Paint Devices

QPainter canoperateon any ‘paint device’. Thecoderequiredto painton any supporteddevice is the
same,regardlessof thedevice. Qt supportsthefollowing paintdevices:
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• A QPixmap is essentiallyan‘off-screenwidget’.Graphicscanbepaintedona QPixmap first,and
thenbit-blitted to a QWidget to reduceflicker. Thistechniqueis called‘doublebuffering’.

• A QPicture isavectorimagethatcanbescaled,rotatedandshearedgracefully. TheQPicture class
storesanimageasa list of paintcommandsratherthanaspixel data. It supportstheSVG (W3C’s
ScalableVectorGraphics)XML formatfor inputandoutput.

• A QPrinter representsaphysicalprinter. OnWindows,thepaintcommandsaresenttotheWindows
print engine,whichusestheinstalledprinterdrivers. OnUnix, PostScriptis outputandsentto the
appropriateprint daemon.

• A QWidget is alsoapaintdevice,asshown in theearlierbar-graphexample.

6.1.4. Canvas

Figure 21. TheKAsteroidsgamewrittenwith QCanvas

TheQCanvas classprovidesahigh-level interfaceto 2D graphics.It canhandleavery largenumberof
‘canvasitems’thatrepresentlines,rectangles,ellipses,texts,pixmaps,animatedsprites,etc. Canvasitems
caneasilybemadeinteractive(e.g. usermovable).

Canvasitemsareinstancesof QCanvasItem subclasses.They aremorelightweight thanwidgets,and
they canbequickly moved,hidden,andshown. QCanvas hasefficientsupportfor collision detection,
andcanlist all thecanvasitemsin agivenarea.QCanvasItem canbesubclassedtoprovidecustomitem
typesandto extendthefunctionalityof existingtypes.

QCanvas objectsarerenderedby theQCanvasView class.Many QCanvasView objectscanshow the
sameQCanvas, but with differenttranslations,scales,rotationsandshears.

QCanvas is ideal for datavisualisation.It hasbeenusedby customersfor drawing roadmapsandfor
presentingnetwork topologies.It is alsosuitablefor fast2D gameswith lotsof sprites.
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6.2. 3D Graphics

OpenGL1 is a standardAPI for rendering3D graphics.Qt developerscan useOpenGLto draw 3D
graphicsin their GUI applications.This is achievedby subclassingQGLWidget, a QWidget subclass,
anddrawing with standardOpenGLfunctionsratherthanwith QPainter.

Qt’s OpenGLmoduleis availableon Windows, X11 and Macintosh,and usesthe system’s OpenGL
library (includingMesa).

Figure 22. Brain Innovation’sBrainVoyagerapplicationwritten in Qt andOpenGL

Qt developerscansetthedisplayformatof anOpenGLrenderingcontext: singleor doublebuffering,
depthbuffer, RGBA or color index mode,alphachannel,overlays,etc. They canalsosetthecolormap
manuallyin color index mode.

When using Qt, developerswrite in pure OpenGL.Qt also provides two conveniencefunctions,
qglClearColor()andqglColor(),thataccepta QColor argumentandwork in any mode.

1OpenGLis a trademarkof SiliconGraphics,Inc. in theUnitedStatesandothercountries.
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6.3. A 3D Example

Figure 23. 3D box

Thecompletecodefor anapplicationthatdrawsa3D box,with slidersto rotatetheboxaroundtheX, Y
andZ axes,is presentedbelow.

In box3d.h, Box3D is definedlike this:

#include <qgl.h>

class Box3D : public QGLWidget
{

Q_OBJECT
public:

Box3D( QWidget * parent = 0, const char * name = 0 );
~Box3D();

public slots:
void setRotationX( int deg ) { rotX = deg; updateGL(); }
void setRotationY( int deg ) { rotY = deg; updateGL(); }
void setRotationZ( int deg ) { rotZ = deg; updateGL(); }

protected:
virtual void initializeGL();
virtual void paintGL();
virtual void resizeGL( int w, int h );
virtual GLuint makeObject();

private:
GLuint object;
GLfloat rotX, rotY, rotZ;

};

In box3d.cpp, thefunctionsdeclaredin box3d.h areimplemented:

#include "box3d.h"

Box3D::Box3D( QWidget * parent, const char * name )
: QGLWidget( parent, name )

{
object = 0;
rotX = rotY = rotZ = 0.0;

}
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Box3D::~Box3D()
{

makeCurrent();
glDeleteLists( object, 1 );

}

void Box3D::initializeGL()
{

qglClearColor( darkBlue );
object = makeObject();
glShadeModel( GL_FLAT );

}

void Box3D::paintGL()
{

glClear( GL_COLOR_BUFFER_BIT);
glLoadIdentity();
glTranslatef( 0.0, 0.0, -10.0 );
glRotatef( rotX, 1.0, 0.0, 0.0 );
glRotatef( rotY, 0.0, 1.0, 0.0 );
glRotatef( rotZ, 0.0, 0.0, 1.0 );
glCallList( object );

}

void Box3D::resizeGL( int w, int h )
{

glViewport( 0, 0, w, h );
glMatrixMode( GL_PROJECTION);
glLoadIdentity();
glFrustum( -1.0, 1.0, -1.0, 1.0, 5.0, 15.0 );
glMatrixMode( GL_MODELVIEW);

}

GLuint Box3D::makeObject()
{

GLuint list = glGenLists( 1 );
glNewList( list, GL_COMPILE );
qglColor( yellow );
glLineWidth( 2.0 );

glBegin( GL_LINE_LOOP );
glVertex3f( +1.5, +1.0, +0.8 );
glVertex3f( +1.5, +1.0, -0.8 );
/* … */
glEnd();

glEndList();
return list;

}

In main.cpp, a Box3D instanceandthreeslidersarecreated:

#include <qapplication.h>
#include <qslider.h>
#include <qvbox.h>

#include "box3d.h"

void create_slider( QWidget * parent, Box3D * box3d, const char * slot )
{

QSlider * slider = new QSlider( 0, 360, 60, 0,
QSlider::Horizontal, parent );

slider->setTickmarks( QSlider::Below );
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QObject::connect( slider, SIGNAL(valueChanged(int)), box3d, slot );
}

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

QApplication::setColorSpec( QApplication::CustomColor );
QApplication app( argc, argv );
if ( !QGLFormat::hasOpenGL() )

qFatal( "This system has no OpenGL support" );

QVBox * parent = new QVBox;
parent->setCaption( "OpenGL Box" );
parent->setMargin( 11 );
parent->setSpacing( 6 );
Box3D * box3d = new Box3D( parent );
create_slider( parent, box3d, SLOT(setRotationX(int)) );
create_slider( parent, box3d, SLOT(setRotationY(int)) );
create_slider( parent, box3d, SLOT(setRotationZ(int)) );

app.setMainWidget( parent );
parent->resize( 250, 250 );
parent->show();
return app.exec();

}

On-line References

http://doc.trolltech.com/3.0/coordsys.html
http://doc.trolltech.com/3.0/canvas.html
http://doc.trolltech.com/3.0/opengl.html

7. Databases

The Qt SQL modulesimplifiesthe creation of cross-platformGUI databaseapplications.
ProgrammerscaneasilyexecuteSQLstatements,usedatabase-specificwidgets,andmakeany
widget dataaware.

TheQt SQLmoduleprovidesacross-platforminterfacefor accessingSQLdatabases.Qt includesnative
driversfor Oracle,MicrosoftSQLServer,SybaseAdaptiveServer,PostgreSQL,MySQLandODBC.The
driverswork onall platformssupportedby Qt andfor whichclient librariesareavailable. Programscan
accessmultipledatabasesusingmultipledriverssimultaneously.

Programmerscaneasilyexecuteany SQL statements.Qt alsoprovidesa high-level C++ interfacethat
programmerscanuseto generatetheappropriateSQLstatementsautomatically.

Any Qt widget,includingcustomwidgets,canbemadedataaware. Qt alsoincludessomedatabase-spe-
cific conveniencewidgets,to simplify thecreationof dialogsandwindowsthatpresentrecordsasforms
or in tables.Data-awarewidgetsautomaticallysupportbrowsing,updatinganddeletingrecords.Most
databasedesignsrequirethatnew recordshave a uniquekey thatcannotbeguessedby Qt, soinsertion
usuallyneedsasmallamountof codetobewritten. Theprogrammercaneasilyforcetheusertoconfirm
actions,e.g. deletions.

Qt’sSQLmoduleis fully integratedinto Qt Designer, whichprovidestemplatesandwizardsto makethe
creationof databaseformsasquick andeasyaspossible.Thewizardscancreateformswith navigation
buttons,andwith update,insertanddeletebuttons.
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UsingthefacilitiesthattheQt SQLmoduleprovides,it is straightforwardto createdatabaseapplications
thatuseforeignkey lookups,presentmaster-detailrelationships,andsupportdrill-down.

7.1. Executing SQL Commands

TheQSqlQuery classisusedtodirectlyexecuteanySQLstatement.It isalsousedtonavigatetheresult
setsproducedby SELECTstatements.

In theexamplebelow, aqueryis executed,andtheresultsetnavigatedusingQSqlQuery::next():

QSqlQuery query( "SELECT id, surname FROMstaff" );
while ( query.next() ) {

cout << "id: "
<< query.value( 0 ).toInt()
<< " surname: "
<< query.value( 1 ).toString() << endl;

}

Fieldvaluesareindexedin theorderthey appearin theSELECTstatement.QSqlQuery alsoprovidesthe
first(),prev(), last()andseek()navigationfunctions.

INSERT, UPDATEandDELETEareequallysimple. Below is anUPDATEexample:

QSqlQuery query( "UPDATE staff SET salary = salary * 1.10"
" WHEREid > 1155 AND id < 8155" );

if ( query.isActive() ) {
cout << "Pay rise given to "

<< query.numRowsAffected()
<< " staff" << endl;

}

For programmerswhoarenotcomfortablewriting raw SQL,theQSqlCursor classprovidesahigh-level
interface for browsing and editing recordsin SQL tablesor views without the needto write SQL
statements.For example:

QSqlCursor cur( "staff" );
while ( cur.next() ) {

cout << "id: "
<< cur.value( "id" ).toInt()
<< " surname: "
<< cur.value( "surname" ).toString() << endl;

}

QSqlCursor alsosupportstheorderingandfiltering thatareachievedusingtheORDERBY andWHERE

clausesin SQLstatements.

Calculatedfieldsareusefulbothfor realcalculations(e.g. calculatingtotals)andfor performingforeign
key lookups(e.g. to displaynamesratherthancodes).Calculatedfieldscanbecreatedby subclassing
QSqlCursor, addingadditionalQSqlFieldswith their calculatedpropertysetto TRUE,andby reimple-
mentingQSqlCursor::calculateField().

Databasedriversusuallysupplydataasstrings,regardlessof theactualdatatype.Qt handlessuchdata
seamlesslyusingthe QVariant class. Databasedriverscanbe asked aboutthe featuresthey support,
includingquery-sizereportingandtransactions.Thetransaction(),commit()androllback()functionscan
beusedif thedatabasesupportstransactions.
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7.2. Data-aware Widgets

QDataTable isaQTable thatdisplaysrecordsfrom aresultsetusingaQSqlCursor. QDataTable, like
QTable, supportsin-placeediting. Programmerscanforceusersto confirmall or selectedchanges(e.g.
deletions)by settingQDataTable’sconfirmationproperties.Theeditorwidgetchosenfor eachtypeof
datadependson thedatatype. For example,aQLineEdit is usedfor CHARfields,whereasaQSpinBox
isusedfor INTEGERfields. Theprogrammercanoverridethedefaultsby creatingapropertymapfor the
table,whichmatchesfields(columns)to theeditorwidgettypetheprogrammerprefers.

Figure 24. A QDataTable anda QDataBrowser

Recordscanbeupdatedanddeletedwithout writing any code. Insertionsrequiresomecodesincemost
databasedesignsexpectnew recordsto be createdwith a uniquekey. This caneasilybe achieved by
generatingthekey in aslot connectedto theQDataTable::beforeInsert()signal.

QDataTable usesintelligent buffering to make the loadingof large resultsetsfast,while keepingthe
userinterfaceresponsive. For databasesthatarecapableof reportingquerysizes,thescrollbarslideris
displayedproportionallyimmediately.

Qt also includesQDataBrowser and QDataView to display recordsasforms, typically with oneor
perhapsjust a few recordsshown ata time. Theseclassesprovidebuttonswith ready-madeconnections
for navigatingthroughtherecords.QDataView is usedfor read-onlydata. QDataBrowser is usedfor
editing,andcanprovideready-madeinsert,updateanddeletebuttons.

QDataTable andQDataBrowser have botha popupcontext menuandkeyboardshortcutsfor editing
records.

Programmerscanmanipulatedataretrievedfrom thedatabasebeforeit is displayedby implementinga
slot andconnectingit to theprimeInsert()andprimeUpdate()signals.Datacanalsobemanipulatedor
actionsloggedjust beforechangesarewritten backto thedatabase,for example,convertinga foreign
key’s displaytext into its ID by implementinga slot connectedto beforeInsert(),beforeUpdate()and
beforeDelete().

Developerscan createtheir own forms for displaying databaserecords. Unlike older toolkits that
duplicatetheirwidgetswith data-awareversions,any Qt widget(includingcustomwidgets)canbemade
dataaware. All that is necessaryis to includethewidget in a QSqlForm andsetup a propertymapto
relatetherelevantdatabasefield to thewidgetthatwill presentandedit thefield’sdata.

Master-detail relationshipsareeasilysetup by filtering thedetail form or table’s cursorby themaster
form or table’scurrentrecord.Drill-down is alsoeasyto achieveby associatinga button,menuitem or
keyboardshortcutwith adrill-down form thatis invokedwith thecurrentrecord’skey asaparameter.
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Qt’sSQLmoduleisfully integratedwith Qt Designer.Qt Designercanpreview databaseformsandtables
usinglive dataif desired,allowing developersto browse,deleteandupdaterecords.Qt Designerhas
templatesandwizardsto makecreatingdatabaseformsfastandsimple.

On-line References

http://doc.trolltech.com/3.0/sql.html

8. Internationalization

Qt fully supportsUnicode, theinternationalstandard characterset. Programmerscanfreely
mix Arabic, English,Hebrew, Japanese, Russian,and every other language supportedby
Unicode,in their applications.Qt alsoincludestoolstosupportapplicationtranslationtohelp
companiesreach internationalmarkets.

Qt includestools to facilitate the translationprocess.Programmerscaneasilymark user-visible text
thatneedstranslation,anda tool extractsthis text from thesourcecode. Qt Linguist is aneasy-to-use
GUI applicationthat readsthe extractedsourcetexts, andprovidesthe texts with context information
readyfor translation.Whenthe translationis complete,Qt Linguist outputsa translationfile for use
by applicationprograms.Qt Linguist’s documentationprovides the relevant information for release
managers,translatorsandprogrammers.

8.1. Unicode

Qt usesthe QString classto storeUnicodestrings,and usesit throughoutthe API and internally.
QString replacesthecrudeconst char * andthe16-bit QChar classreplaceschar. Constructors
andoperatorsareprovided to automaticallyconvert to andfrom 8-bit strings. Programmerscancopy
QStringsby value,sincethey areimplicitly shared(copy on write) [p. 43], which makesthemfastand
memoryefficient.

QString is morethana 16-bit characterstring. FunctionssuchasQChar::lower()andQChar::isPunct()
replacetolower()andispunct()andwork over thewholeUnicoderange.Qt’sregularexpressionengine,
provided by the QRegExp class,usesUnicodestringsboth for the regular expressionpatternandthe
targetstring.

Conversionto andfrom differentencodingsandcharsetsishandledby QTextCodec subclasses.Qt uses
QTextCodec for fonts,inputmethodsandI/O; programmerscanuseit for theirown purposesaswell.

Qt 3.0 supports 37 different encodings, including Big5 and GBK for Chinese,
EUC-JP, JIS and Shift-JIS for Japanese,KOI8-R for Russian and the ISO 8859 series; see
http://doc.trolltech.com/3.0/qtextcodec.htmlfor thecompletelist. Programmerscanaddtheir own en-
codingsby providing acharmapor by subclassingQTextCodec.

8.2. Text Rendering

Qt providesa powerful text-renderingenginefor all text that is displayedon screen,from thesimplest
label to themostsophisticatedrich-text editor. Theenginesupportsadvancedfeaturessuchasspecial
line breakingbehavior, bidirectionalwriting anddiacriticalmarks.It rendersmostof theworld’swriting
systems,including Arabic, Chinese,Cyrillic, English, Greek,Hebrew, Japanese,Korean,Latin and
Vietnamese.Qt will automaticallycombinetheinstalledfontsto rendermulti-languagetext.
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8.3. Input Methods

Far-Easternwriting systemsrequire many more charactersthan are available on a keyboard. The
conversionfrom a sequenceof key pressesto actualcharactersis performedat thewindow-systemlevel
by softwarecalled‘input methods’.Qt automaticallysupportstheinstalledinputmethods.

8.4. Dates and Times

Theeditorclassesfor datesandtimes(QDateEdit, QTimeEdit andQDateTimeEdit) respecttheuser’s
localefor separatorsandordering.

8.5. Translating Applications

Qt provides tools and functions to help developersprovide applicationsin their customers’native
languages.

To makeastringtranslatable,simplywrapit in acall to tr() (read‘translate’):

saveButton->setText( tr("Save") );

tr() attemptstoreplaceastringliteral (e.g. “Save” ) with atranslationif oneisavailable;otherwiseit uses
theoriginal text. EnglishcanbeusedasthesourcelanguageandChineseasthetranslatedlanguage,or
viceversa.Theargumentto tr() is convertedto Unicodefrom theapplication’sdefaultencoding.

tr()’sgeneralsyntaxis

Context::tr("source text", "comment")

The‘context’ is thenameof aQObject subclass.It isusuallyomitted,in whichcasetheclasscontaining
thetr() call is usedasthecontext. The‘sourcetext’ is thetext to translate.The‘comment’is optional;
alongwith thecontext, it providesadditionalinformationto humantranslators.

Translationsarestoredin QTranslator objects,whichusedisk-based.qm files(Qt Messagefiles).Each
.qm file containsthetranslationsfor a particularlanguage.Thelanguagecanbechosenat run-time,in
accordancewith thelocaleor userpreferences.

Qt providesthreetoolsfor preparing.qm files: lupdate, Qt Linguistandlrelease.

1. lupdate extractsall the (context, sourcetext, comment)triples from the sourcecode,including
Qt Designer.ui files,andgeneratesa .ts file (TranslationSourcefile). .ts files arein human-
readableXML format.

2. TranslatorsuseQt Linguist to providetranslationsfor thesourcetextsin the.ts files.

3. Highly compressed.qm filesaregeneratedby runninglrelease onthe.ts files.

Thesestepsarerepeatedasoftenasnecessaryduringthelifetime of anapplication. It is perfectlysafe
to run lupdate frequently, asit reusesexisting translationsandmarkstranslationsfor obsoletesource
textswithout eliminatingthem. lupdate alsodetectsslight changesin sourcetextsandautomatically
suggestsappropriatetranslations.Thesetranslationsaremarked asunfinishedso that a translatorcan
easilycheckthem.

Qt itself containsabout 400 user-visible strings,for which Trolltech provides Frenchand German
translations.
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8.6. Qt Linguist

Qt Linguist is aQt applicationthathelpstranslatorstranslateQt applications.

Figure 25. Qt Linguist

Translatorscanedit .ts filesby hand,or moreconvenientlyusingQt Linguist. The .ts file’scontexts
arelistedin theleft-handsideof theapplication’swindow. Thelist of sourcetextsfor thecurrentcontext
is displayedin thetop-rightarea,alongwith translations.By selectinga sourcetext, thetranslatorcan
entera translation;markit doneor unfinished;andproceedto thenext unfinishedtranslation.Keyboard
shortcutsareprovidedfor all thecommonnavigationoptions: Done & Next, Next Unfinished, etc. The
userinterface’sdockablewindowscanbereorganizedto suit thetranslators’preferences.

Applicationsoftenusethesamephrasesmany timesin differentsourcetexts. Qt Linguistautomatically
displaysintelligent guessesbasedon previously translatedstringsand predefinedtranslationsat the
bottomof thewindow. Guessesoftenserveasagoodstartingpointthathelpstranslatorstranslatesimilar
textsconsistently. Qt Linguistcanoptionallyvalidatetranslationsto ensurethatacceleratorsandending
punctuationaretranslatedcorrectly.

On-line References

http://doc.trolltech.com/3.0/i18n .html
http://doc.trolltech.com/3.0/unicode.html
http://doc.trolltech.com/3.0/scripts.html
http://doc.trolltech.com/3.0/linguist-manual.html
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9. Styles and Themes

Qt automaticallyusesthenativestylefor look and feel. Qt applicationsrespectuserprefer-
encesfor colors,fonts,sounds,etc. Qt programmersare freeto useanyof thesuppliedstyles
andcanoverrideanypreferences.Programmerscanmodifyexistingstylesor implementtheir
ownstylesusingQt’spowerfulstyleengine.

A styleimplementsthe‘look andfeel’of theuserinterfaceonaparticularplatform. A styleis a QStyle
subclassthat implementsbasicdrawing functionssuchas ‘draw a frame’, ‘draw a button’, etc. Qt
performsall thewidgetdrawing itself for maximumspeedandflexibility .

9.1. Built-in Styles

Qt providesthefollowingbuilt-in styles:Windows,Motif, MotifPlus,CDE,Platinum,SGIandAqua(on
theMacintosh).By default,Qt usestheappropriatestylefor theuser’splatformanddesktopenvironment.
Thestylecanalsobechosenprogrammatically, or with the-style command-lineoption.

Figure 26. Comboboxesin thedifferentbuilt-in styles

A styleis complementedby a theme,whichencapsulatestheuser’spreferencesfor colors,fonts,sounds,
etc. Qt automaticallyadaptsto thecomputer’s active theme.For example,Qt supportsscroll andfade
transitioneffectsfor menusandtooltipsonWindows.

9.2. Style-aware Widgets

Qt’s built-in widgetsarestyleaware. Customwidgetsanddialogsarealmostalwayscombinationsof
built-in widgetsandlayouts,andareautomaticallystyleaware. Ontherareoccasionsthatit isnecessary
to write a customwidget from scratch,developerscan useQStyle to draw primitive user-interface
elementsratherthandrawing raw rectanglesdirectly.

9.3. Custom Styles

Customstylesareusedtoprovideadistinctlook toanapplicationor familyof applications.Customstyles
canbedefinedby subclassingQStyle, QCommonStyle or any otherdescendentof QCommonStyle. It
iseasytomakesmallmodificationstoexistingstylesbyreimplementingoneor twovirtual functionsfrom
theappropriatebaseclass.
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QStyle

QMotifStyle

QCDEStyle QMotifPlusStyle QSGIStyle

QCommonStyle

QAquaStyle

QWindowsStyle

QPlatinumStyle

Figure 27. Thefull QStyle classhierarchy

An application’sstylecanbesetlike this:

QApplication::setStyle( new MyCustomStyle );

A stylecanalsobecompiledasa plugin [p. 44].Pluginsmake it possibleto preview a form in a custom
stylein Qt Designerwithout recompilingQt or Qt Designer. Thestyleof anexistingQt applicationcan
bechangedusingastylepluginwithout recompilingtheapplication.

On-line References

http://doc.trolltech.com/3.0/customstyle.html

10. Layouts

Layoutsprovidea powerfulandflexiblealternativeto usingfixedsizesandpositions.Layouts
freeprogrammersfromhavingtoperformsizeandpositioncalculations,andprovideautomatic
scalingto suit theuser’sscreen,languageandfonts.

Qt provideslayoutmanagersfor organizingchild widgetswithin theparentwidget’sarea.They feature
automaticpositioningandresizingof child widgets,sensibleminimum anddefault sizesfor top-level
widgetsandautomaticrepositioningwhenthecontentsor thefont changes.Qt Designerisoptimizedfor
layingoutwidgetsusinglayoutmanagers.

Figure 28. English,FrenchandFrenchwith layouts

Layoutsarealsousefulfor internationalization.With fixedsizesandpositions,thetranslationtext isoften
truncated;with layouts,thechild widgetsareautomaticallyresized.
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10.1. Built-in Layout Managers

Qt’sbuilt-in layoutmanagersareQHBoxLayout, QVBoxLayout andQGridLayout.

Figure 29. QHBoxLayout, QVBoxLayout andQGridLayout

QHBoxLayout organizesthemanagedwidgetsin asinglehorizontalrow from left to right. QVBoxLay-
out organizesthemanagedwidgetsin asingleverticalcolumn,from topto bottom. QGridLayout orga-
nizesthemanagedwidgetsin agrid of cells;widgetsmayspanmultiplecells.

In most cases,Qt’s layout managerspick optimal sizesfor managedwidgetsso that windows resize
smoothly. If the defaultsare insufficient,developerscanrefinethe layout usingthe following mech-
anisms:

1. Settinga minimumsize,a maximumsizeor a fixedsizefor somechild widgets.

2. Addingstretch itemsor spaceritems.Stretchor spaceritemsfill emptyspacein a layout.

3. Changingthesizepoliciesof thechild widgets.By callingQWidget::setSizePolicy(),programmers
canfine tunetheresizebehavior of a child widget. Child widgetscanbesetto expand,contract,
keepthesamesize,etc.

4. Changingthe child widgets’ sizehints. QWidget::sizeHint()and QWidget::minimumSizeHint()
returnawidget’spreferredsizeandpreferredminimumsizebasedonthecontents.Built-in widgets
provideappropriatereimplementations.

5. Settingstretch factors. Stretchfactorsallow relativegrowth of child widgets,e.g. two thirdsof any
extraspacemadeavailableshouldbeallocatedto widgetA andonethird to widgetB.

The‘spacing’betweenmanagedwidgetsandthe‘margin’ aroundthewholelayoutcanalsobesetby the
programmer. By default,Qt Designersetsindustry-standardvaluesbasedonthecontext.

Layoutscanalsorunright-to-left andbottom-to-top. Right-to-left layoutsareconvenientfor internation-
alizedapplicationssupportingright-to-left languages(e.g. ArabicandHebrew).

10.2. Nested Layouts

Layoutscanbe nestedto arbitrarylevels. Here’s an exampleof a dialog box, shown at two different
sizes:
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Figure 30. Smalldialogandlargedialog

The dialog usesthreelayouts: a QVBoxLayout that groupsthe pushbuttons,a QHBoxLayout that
groupsthecountrylistboxwith thepushbuttonsandaQVBoxLayout thatgroupsthe“Selectacountry”
label with the rest of the widget. A stretchitem maintainsthe gap betweenthe Canceland Help
buttons.

Thedialog’swidgetsandlayoutsarecreatedwith thefollowing code:

QVBoxLayout * buttonBox = new QVBoxLayout( 6 );
buttonBox->addWidget( new QPushButton("OK", this) );
buttonBox->addWidget( new QPushButton("Cancel", this) );
buttonBox->addStretch( 1 );
buttonBox->addWidget( new QPushButton("Help", this) );

QListBox * countryList = new QListBox( this );
countryList->insertItem( "Canada" );
/* … */
countryList->insertItem( "United States of America" );

QHBoxLayout * middleBox = new QHBoxLayout( 11 );
middleBox->addWidget( countryList );
middleBox->addLayout( buttonBox );

QVBoxLayout * topLevelBox = new QVBoxLayout( this, 6, 11 );
topLevelBox->addWidget( new QLabel("Select a country", this) );
topLevelBox->addLayout( middleBox );

Qt makeslayoutssoeasythatprogrammersrarelyusefixedpositioning.

Figure 31. Layingouta form in Qt Designer

Qt Designermakeslayoutseveneasier. With only17mouseclicks,youcancreateandlayoutthewidgets
for thedialogshown above.
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10.3. Custom Layouts

Developers can define custom layout managersby subclassingQLayout. The customlayout

exampleprovidedwith Qt presentsthreecustomlayoutmanagers,BorderLayout , CardLayout and
SimpleFlow , whichprogrammerscanuseandmodify.

Qt also includesQSplitter, a splitter bar that end userscan manipulate. In somedesignsituations,
QSplitter maybepreferableto a layoutmanager.

For completecontrol, it is alsopossibleto perform layout manuallyin a widget by reimplementing
QWidget::resizeEvent()andby callingQWidget::setGeometry()oneachchild widget.

On-line References

http://doc.trolltech.com/3.0/layout.html
http://doc.trolltech.com/3.0/customlayout.html

11. Events

ApplicationobjectsreceivesystemmessagesasQt events.Applicationscanmonitor,filter and
respondto eventsat differentlevelsof granularity.

In Qt, anevent is anobjectthat inheritsQEvent. Eventsaredeliveredto QObject objectssothat they
canrespondto them. Programmerscanmonitorandfilter eventsat theapplicationlevel andat theobject
level.

11.1. Event Creation

Mosteventsaregeneratedbythewindow systemandinformwidgets,for example,thatakey waspressed,
thata mousebuttonwasclickedor that theapplicationwindow wasresized.It is alsopossibleto send
simulatedeventsto objectsprogrammatically. Thereareover fifty typesof event,of which the most
commonlyusedareMouseButtonPress , MouseButtonRelease , MouseButtonDblClick , Wheel ,
KeyPress , KeyRelease , Paint , Resize andClose . Developerscanaddtheir own event typesthat
behavelike thebuilt-in types.

It is usually insufficientmerelyto know that a key waspressedor that a mousebutton wasreleased.
The receiver alsoneedsto know, for example,which key waspressed,which button wasreleasedand
wherethemousewaslocated.Thisadditionalinformationis availablefrom QEvent subclasses,suchas
QMouseEvent, QKeyEvent, QPaintEvent, QResizeEvent andQCloseEvent.

11.2. Event Delivery

Qt delivers events by calling the virtual function QObject::event(). For convenience, QWid-
get::event() forwards the most commontypesof event to dedicatedhandlers,for example,QWid-
get::mouseReleaseEvent()andQWidget::keyPressEvent().Developerscaneasilyreimplementthesehan-
dlerswhenwriting theirown widgetsor whenspecializingexistingwidgets.

Someeventsaresentimmediately, while othersarequeued,readyto bedispatchedwhencontrolreturns
to theQt kernel.Qt usesqueueingtooptimizecertaintypesof events.For example,multiplepaintevents
arecompressedinto asingleeventto minimizeflickerandmaximizespeed.
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Oftenanobjectneedsto look at anotherobject’sevents,e.g. to respondto themor to block them. This
is achieved by having a monitoringobjectcall QObject::installEventFilter()on the object that it will
monitor. The monitor’s QObject::eventFilter()virtual function will be called with eachevent that is
destinedfor themonitoredobjectbeforethemonitoredobjectreceivestheevent.

It’salsopossibleto filter all theapplication’seventsby installingafilter onqApp, theuniqueQApplica-
tion instance.Suchfiltersarecalledbeforeany widget-specificfilters. It isevenpossibleto reimplement
QApplication::notify(),theeventdispatcher, for completecontrol.

On-line References

http://doc.trolltech.com/3.0/eventsandfilters.html
http://doc.trolltech.com/3.0/qapplication.html#notify

12. Input/Output and Networking

Qt canloadandsavedatain plain text,XML andbinaryformat. Qt handleslocal filesusingits
ownclasses,andremotefilesusingtheFTPandHTTPprotocols.Inter-processcommunication
andsocket-basedTCPandUDP networkingarealsofully supported.

12.1. Input/Output

Qt providesclassestoperformadvancedI/O onmultipleplatforms.TheQTextStream classhasasimilar
interfacetothestandard<iostream> classes,andsupportstheencodingsprovidedbyQTextCodec. The
QDataStream classisusedtoserializethebasicC++typesandmany Qt typesin aplatform-independent
binary format. For example,the following codewritesa Unicodestring,a font anda color to the file
splash.dat:

QFile file( "splash.dat" );
if ( file.open(IO_WriteOnly) ) {

QDataStream out( &file );
out << QString( "SplashWidgetStyle" )

<< QFont( "Times", 18, QFont::Bold )
<< QColor( "skyblue" );

}

Thedatacaneasilyberetrievedandused,for example:

QString str;
QFont font;
QColor color;

QFile file( "splash.dat" );
if ( file.open(IO_ReadOnly) ) {

QDataStream in( &file );
in >> str >> font >> color;

if ( str == "SplashWidgetStyle" ) {
splashWidget->setFont( font );
splashWidget->setColor( color );

}
}

In practice,theaboveexamplewouldbewrittenmoreconciselyandeasilyusingQSettings.
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QTextStream andQDataStream operateonany QIODevice subclass.Qt includestheQFile, QBuffer,
QSocket andQSocketDevice subclasses,andprogrammerscanimplementtheir own customdevices.
QIODevice also provides low-level functionssuchas readLine()and writeBlock() that can be used
independentlyof any stream.

DirectoriesarereadandtraversedusingQDir. QDir canbeusedto manipulatepathnamesandaccess
the underlyingfile system(e.g. createa directoryor deletea file). QFileInfo providesmoredetailed
informationaboutafile, suchasits size,permissions,creationtime,lastmodificationtime,etc.

The following example lists the hidden files in the user’s home directory along with their size, in
decreasingsizeorder:

QDir dir = QDir::home();
dir.setFilter( QDir::Files | QDir::Hidden );
dir.setSorting( QDir::Size | QDir::Reversed );
QStringList names = dir.entryList();

for ( int i = 0; i < names.count(); i++ ) {
QFileInfo info( dir, names[i] );
cout << names[i].latin1() << " "

<< info.size() << endl;
}

Transparentaccessto remotefilesis providedby QUrlOperator. In additionto localfile systemaccess,
Qt supportsthe the FTP and HTTP protocolsand can be extendedto supportother protocols. For
example,filescanbedownloadedusingFTPlike this:

QUrlOperator op;
op.copy( QString("ftp://ftp.trolltech.com/qt/INSTALL"),

QString("file:/tmp") );

URLscaneasilybeparsedandrecomposedusingQUrl.

Imagefiles areusuallyreadby creatinga QImage with the file nameasargument. Printing text and
imagesis handledby QPainter. Theseclassesaredescribedin 2D Graphics[p. 22].

12.2. XML

Qt’sXML moduleprovidesaSAX parserandaDOM parser, bothof whichreadwell-formedXML and
arenon-validating. TheSAX (SimpleAPI for XML) implementationfollows thedesignof theSAX2
Java implementation,with adaptednamingconventions.TheDOM (DocumentObjectModel)Level 2
implementationfollowstheW3Crecommendationandincludesnamespacesupport.

Many Qt applicationsuseXML formatto storetheirpersistentdata.TheSAX parseris usedfor reading
dataincrementallyandisespeciallysuitablefor simpleparsingrequirementsandfor verylargefiles. The
DOM parserreadstheentirefile into a treestructurein memorythatcanbetraversedatwill.

12.3. Inter-Process Communication

TheQProcess classis usedto startexternalprogramsandto communicatewith themfrom aQt applica-
tion in a platform-independentway. Communicationis achieved by writing to the externalprogram’s
standardinputandpotentiallyby readingits standardoutputandstandarderror.

QProcess worksasynchronously, reportingtheavailability of databy emittingsignals.Qt applications
canconnectto thesignalsto retrieveandprocessthedata,andoptionallyrespondby sendingdataback
to theexternalprogram.
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12.4. Networking

Qt providesacross-platforminterfacefor writing TCP/IPclientsandservers.

The QSocket classprovidesan asynchronousbuffered TCP connection.QSocket is a QIODevice,
makingit easyto useQTextStream andQDataStream onasocket.

QSocket is designedto work well within a GUI application. A live currency converter application
illustratesthis:

Figure 32. Livecurrency converter

The applicationusesthe fictional protocol CCP (Currency ConversionProtocol)to accessthe latest
exchangeratesfrom aserver. Only linesrelatedto networkingarepresented.

socket = new QSocket( this );
connect( socket, SIGNAL(readyRead()),

this, SLOT(updateTargetAmount()) );

The socket is createdin the Converter constructor. Socket communicationis asynchronous,and the
socketemitsthereadyRead()signalwhenthereis dataavailableto read.

void Converter::convert()
{

QString command = "CONV " + sourceAmount->text() + " " +
sourceCurrency->currentText() + " " +
targetCurrency->currentText() + "\r\n";

socket->connectToHost( "ccp.banca-monica.nu", 123 );
socket->writeBlock( command.latin1(), command.length() );

}

Theconvert() slot is calledwhentheuserclicks theConvert button. It openstheconnectionandsends
a CONVrequest(e.g. CONV100 EURUSD) to port 123on theserverccp.banca-monica.nu . QSocket
automaticallyusesQDns to resolveccp.banca-monica.nu to its IP address.All theseoperationsare
non-blockingto keeptheuserinterfaceresponsive.

void Converter::updateTargetAmount()
{

if ( socket->canReadLine() ) {
targetAmount->setText( socket->readLine() );
socket->close();

}
}

TheupdateTargetAmount()function is calledwhentheserver repliesto theCONVrequest.It readsthe
reply, updatesthedisplayandclosestheconnection.

SimpleTCPserverscanbeimplementedby subclassingQServerSocket, which worksasynchronously
likeQSocket. QServerSocket setsupa listeningsocket thatacceptsincomingconnections,andcallsa
virtual functionto servetheclient.
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The QSocketDevice classprovides a platform-independentwrapperfor the native socket APIs. It
providestheunderlyingfunctionalityfor QSocket andQServerSocket, andcanbeusedfor UDP.

On-line References

http://doc.trolltech.com/3.0/xml.html
http://doc.trolltech.com/3.0/datastreamformat.html

13. Collection Classes

Collectionclassesareusedtostoregroupsof itemsin memory. Qt providesasetof classesthat
arecompatiblewith theStandard TemplateLibrary (STL),andthatworkregardlessof whether
thecompilersupportsSTLor not.

Applicationsoftenneedto manageitemsin memory, for example,groupsof images,widgetsor custom
objects.Many C++ compilerssupporttheSTL, which providesready-madedatastructuresfor storing
items. Qt provideslists,stacks,queuesanddictionarieswith STL-syntax.Qt’scollectionclasseswork
with bothSTL andnon-STLcompilers.

Qt’s rich set of portablecollection classes(‘containers’)and associatediteratorsare heavily used
internally, andareprovidedaspartof theQt API. Qt’scontainersareoptimizedfor speedandmemory
efficiency usingtwo techniques,‘privateclasses’and‘implicit sharing’.ProgrammerscanalsouseSTL
containerson theplatformsthatsupportthem,at thecostof losingQt’soptimizations.

Templateclassesusuallyincreasethesizeof executablesdramatically, becausethecompilergenerates
essentiallythesamecodefor eachspecializedtype. Qt’s templatecollectionclassesreducecodebloat
becausethey area thin layerovernon-templateprivateclasses.

13.1. Value-based Collections

Qt providesfive value-basedcollectionclasses:QMap<Key,T>, QValueList<T>, QValueStack<T>,
QValueVector<T> andQStringList. They have an interfacevery similar to the STL containersand
arefully compatiblewith theSTL algorithms.Qt providessomeSTL-equivalentalgorithms:qCopy(),
qFind(),qHeapSort(),etc. On platformswith STL support,Qt providesautomaticconversionoperators
betweenSTL andQt containers.

Qt’svalue-basedcollectionclassesareimplicitly shared,alsocalled‘copy onwrite’. Copiesof instances
of theseclassessharethe samedata in memory. The datasharingis handledautomatically;if the
applicationmodifiesthecontentsof oneof thecopiedobjects,adeepcopy of thedataismadesothatthe
otherobjectsareleft unchanged.Whenanobjectiscopied,onlyapointerispassedandareferencecount
incremented,which is muchfasterthanactuallycopying thedataandalsosavesmemory.

Sharingis usedwherever it makes sense:in Qt’s value-basedcollection classes,and in QBitmap,
QBrush, QCursor, QFont, QIconSet, QPalette, QPen, QPicture, QPixmap, QRegion, QRegExp,
QString, etc. Programmerscansafelyandefficientlycopy objectsof theseclassesbyvalue,avoidingthe
risksrelatedto usingpointersandhandoptimization. In particular, theimplicitly sharedQString class
makesstringprocessingeasyandfast.

Qt alsoprovidesthelow-level QMemArray<T> classwith itssubclassesQBitArray, QByteArray and
QPointArray. Theseclassesareveryefficientfor handlingbasic‘plain old data’types.
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13.2. Pointer-based Collections

Qt providesmany low-level, generic,pointer-basedcollectionclasses:QDict<Key,T>, QPtrList<T>,
QPtrQueue<T>, QPtrStack<T>, QPtrVector<T>andQCache<T>.Theseclassesstorepointersrather
thanvalues.They areespeciallyusefulfor storingpointersto QWidgets andQObjects. Thepointer-
basedcollectionclassescanoptionallytakeownershipof theobjectsthey containandautomaticallydelete
themwhenthecollectionis destroyed.

On-line References

http://doc.trolltech.com/3.0/qtl.html
http://doc.trolltech.com/3.0/collections.html
http://doc.trolltech.com/3.0/shclass.html

14. Plugins and Dynamic Libraries

Qt can accessfunctionsfrom dynamiclibraries platform-independently. Qt also supports
plugins,which allow developers to createand distributeQt codecs,databasedrivers,image
formatconverters,stylesandcustomwidgetsasindependentcomponents.

14.1. Dynamic Libraries

TheQLibrary classprovidescross-platformdynamiclibrary loading,amorepowerful mechanismthan
themorerestrictivebuild-timelinking.

Below isanexampleof themostbasicwaytodynamicallyloadandusealibrary. Theexampleattemptsto
obtainapointertotheprint_str symbolfromthemylib library(mylib.dll onWindows,mylib.so

onUnix).

typedef void (StrFunc)( const char * str );

QLibrary lib( "mylib" );
StrFunc * func = (StrFunc * ) lib.resolve( "print_str" );
if ( func )

func( "Hello world!" );

Callinga functionthisway is not typesafe,andonly symbolswith C linkagearesupported(dueto C++
namemangling).Theselimitationsdonotapplyto Qt plugins.

14.2. Plugins

Convertinga Qt codec,databasedriver, imageformat converter, style or customwidget into a plugin
is achievedby subclassingtheappropriateplugin baseclass,implementinga few simplefunctions,and
addingamacro.

For example,if a developerhascreateda QStyle subclasscalledCopperStyle that they want to make
availableasaplugin,they wouldcreateasubclasslike this:

class CopperStylePlugin : public QStylePlugin
{
public:

CopperStylePlugin() { }

44



~CopperStylePlugin() { }

QStringList keys() const {
return QStringList() << "CopperStyle";

}

QStyle * create( const QString& key ) {
if ( key == "CopperStyle" )

return new CopperStyle;
return 0;

}
};

Q_EXPORT_PLUGIN( CopperStylePlugin )

Thenew stylecanbesetlike this:

QApplication::setStyle( QStyleFactory::create("CopperStyle") );

Databasedrivers,codecs,customwidgetsandimageformatsthataresuppliedaspluginsaredetectedand
usedby theapplicationautomatically.

Companiesalreadyprovide Qt componentsin sourceform, as precompileddynamic libraries or as
plugins.

Figure 33. Oneof KlarälvdalensDatakonsult’smany commercialcomponents

On-line References

http://doc.trolltech.com/3.0/plugins-howto.html

15. Qt’s Architecture

Qt’s functionalityis built on the low-level APIsof theplatformsit supports.ThismakesQt
flexibleandefficient.

Qt is an‘emulating’cross-platformtoolkit. All widgetsaredrawn by Qt, andprogrammerscanextend
or customizethemby reimplementingvirtual functions. Qt’s widgetsaccuratelyemulatethe look and
feel of thesupportedplatforms,asdescribedin StylesandThemes[p. 35]. This techniquealsoenables
developersto derivetheirown customstylesto provideadistinctlook for theirapplications.
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Figure 34. Qt’sArchitecture

Qt usesthelow-level APIsof thedifferentplatformsit supports.Thisdiffersfrom traditional‘layered’
cross-platformtoolkits thatarethin wrappersover single-platformtoolkits (e.g. MFC on Windowsand
Motif onX11).Layeredtoolkitsareusuallyslow, sinceevery functioncall to thelibrary resultsin many
additionalcallsdown throughthedifferentAPI layers.Layeredtoolkitsarelimited by theinflexibilities
of theunderlyingtoolkits,andusuallybehaveslightly differentlyonthedifferentplatformsthey support,
leadingto obscurebugsin applications.

Qt is professionallysupported,and takesadvantageof the availableplatforms: Microsoft Windows,
X11,MacOSX andEmbeddedLinux. Usingasinglesourcetree,aQt applicationcanbeconvertedinto
anexecutablesimply by recompilingon the target platforms. AlthoughQt is a cross-platformtoolkit,
customershave foundit to beeasierto learnandmoreproductive thanplatform-specifictoolkits. Many
customersuseQt for single-platformdevelopment,bothonWindowsandon Unix, preferringQt’s fully
object-orientedapproach.

15.1. Microsoft Windows

Qt/WindowsusestheWin32 API andGDI for eventsanddrawing primitives. Qt doesnot useMFC or
any othertoolkit. In particular, Qt doesnot usetheinflexible ‘commoncontrols’,but ratherprovidesits
own morepowerful, customizablewidgets. (For non-specializeduses,Qt usesthenative Windowsfile
andprint dialogs.)

With Qt, thesameexecutableworkson Windows 95/98/NT4/ME/2000.Qt performsa run-timecheck
for theWindowsversion,andusesthemostadvancedcapabalitiesavailable.For example,onlyWindows
NT4and2000supportrotatedtext natively;Qt rendersrotatedtext onall Windowsversions,andusesthe
nativesupportwhereavailable. As thisexampledemonstrates,Qt developersareinsulatedfrom changes
in theWindowsAPI.

Qt supportstheMicrosoft accessibilityinterfaces.UnlikeWindows’scommoncontrols,Qt widgetscan
beextendedwithout losingtheaccessibilityinformationof thebasewidget. Customwidgetscanalso
provideaccessibility.

Qt alsosupportsmultiplescreensonMicrosoftWindows.

Qt/WindowscustomerscreateQt applicationsusingMicrosoftVisualC++andBorlandC++.

15.2. X11

Qt/X11usesXlib to communicatewith the X server directly. Qt doesnot useXt (X Toolkit), Motif,
Athenaor any othertoolkit.

Qt applicationsautomaticallyadaptto theuser’swindow manageror desktopenvironment,andhave a
native look andfeelunderMotif, SGI,CDE,GNOMEandKDE.Thiscontrastswith otherUnix toolkits,
which lock usersinto theirown look andfeel.
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Qt provides full Unicode support [p. 32]. Qt applicationsautomaticallysupportboth Unicode and
non-Unicodefonts. Qt combinesmultiple X fonts to rendermulti-lingual text. Qt’s font handlingis
intelligentenoughto searchall theinstalledfontsfor charactersunavailablein thecurrentfont.

Qt takesadvantageof X extensionswherethey areavailable. Qt supportstheRENDERextensionfor
anti-aliasedfontsandalpha-blending.Qt provideson-the-spoteditingfor X InputMethods.Qt supports
multiplescreensbothwith traditionalmulti-headandwith Xinerama.

Qt supportsthe following versionsof Unix: AIX, BSDI, FreeBSD,HP-UX, Irix, Linux, NetBSD,
OpenBSD,Solaris,Tru64 and UnixWare. Seehttp://www.trolltech.com/products/platforms/for an
up-to-datelist of supportedcompilersandoperatingsystemversions.

15.3. Mac OS X

New in version3.0, Qt supportsMac OSX usingthe CarbonAPI. Qt/Mac createsa new market for
customerswhosellQt applications.

Qt introduceslayoutsandstraightforwardinternationalizationsupportto theMacintosh.Qt handlesfiles
andasynchronoussocket input/outputin theeventloop. Qt providessoliddatabasesupport.Developers
can createMacintoshapplicationsusing a modernobject-orientedAPI that includescomprehensive
documentationandfull sourcecode.

Macintoshdeveloperscancreateapplicationsontheir favoriteplatformandbroadentheirmarkethugely
simplyby recompilingon,for example,Windows.

Qt/Macalsobringssometechnicalbenefitsto Macintoshdevelopment,for example,standardOpenGL,
straightforwardinternationalizationandpowerful visualdesignwith Qt Designer.

15.4. Embedded Linux

Qt/Embeddedprovidesits own windowing environmentandwritesdirectly to theLinux framebuffer.
Qt/Embeddedeliminatestheneedfor anX server,andrunsfasterandwith alowermemoryfootprintthan
X11-basedembeddedLinux devices.

Qt/Embeddedusesalpha-blendingfor imagepainting and anti-aliasedscalableTrueType and Type1
fonts. Qt/Embeddedhasflexible input handling,including hand-writingrecognition,a pickboardand
a virtual keyboard;it is easyto write new input methods.By selectively choosingfeatures,thememory
demandsof Qt/Embeddedcanbetunedto between800KB and3MB in ROM.

SeetheQt/Embeddedwhitepaperfor acompletetechnicaloverview.

15.5. Qt’s Development World

Companiesand developersfrom aroundthe world are joining the Qt developmentcommunityevery
day. They have recognizedthat Qt’s architecturelendsitself to rapid applicationdevelopment.These
developers,whetherthey aretargetingoneor many platforms,arebenefitingfrom Qt’s consistentand
straightforwardAPI, andfrom Qt’spowerful supportingtoolssuchasqmake andQt Designer.

Qt hasanactive andhelpful usercommunitywho communicateusingtheqt-interest mailing list.
Seehttp://qt-interest.trolltech.comto subscribeor to browsethearchive.

Qt’sextensivedocumentationis availableon-lineathttp://doc.trolltech.com.

DeveloperscanevaluateQt,with support,for 30dayson theirpreferredplatform.
Seehttp://www.trolltech.comfor details.For furtherinformation,emailinfo@trolltech.com .
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