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Abstract

ThiswhitepaperdescribestheQt C++toolkit. Qt supportsthedevelopmentof cross-platformGUI applications
with its ‘write once,compile anywhere’approach.Using a single sourcetree and a simple recompilation,
applicationscanbe written for Windows 95/98/NT4/ME/2000,Mac OSX, Linux, Solaris,HP-UX andmany
otherversionsof Unix with X11.Qt applicationscanalsobecompiledto run on Qt/Embedded.Qt introduces
a uniqueinter-objectcommunicationmechanismcalled‘signalsandslots’.Qt hasexcellentsupportfor many
programmingdomains: 2D and 3D graphics,internationalization,XML, etc. Qt applicationscan be built
visuallyusingQt Designer.
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1. Introduction

Qt is a C++ toolkit for cross-platformGUI andapplicationdevelopment.In additionto theQt C++
classlibrary, the toolkit includestools to make writing applicationsfast and straightforward. Qt’s
cross-platformcapabilitiesand extensiveinternationalizationsupportensure that Qt applications
reach thewidestpossiblemarket.

TheQt C++ toolkit hasbeenat theheartof commercialapplicationssince1995.Qt is usedby companiesas
diverseasAT&T, IBM, NASA andXerox,andbynumeroussmallercompaniesandorganizations.Qt 3.0retains
theease-of-useandpower of earlierversionswhile addingsignificantfunctionalityandintroducingmany new
classes.Qt’sclassesarefully featuredto reducedeveloperworkload,andprovideconsistentinterfacesto speed
learning.Qt is,andalwayshasbeen,fully objectoriented.

This whitepapergivesan overview of Qt’s toolsandfunctionality. Eachsectionbeginswith a non-technical
introduction, then presentsthe technical details in increasingdepth. Code extracts, and small complete
applications,arepresented.To evaluateQt for 30days,visit http://www.trolltech.com.

1.1. Executive Summary

Qt includesarich setof widgets[p.4] (‘controls’in Windowsterminology)thatprovidestandardGUI function-
ality. Qt introducesaninnovativealternativefor inter-objectcommunication,called‘signalsandslots’[p.9], that
replacestheoldandunsafecallbacktechnique.Qt alsoprovidesaconventionalevents[p.40]modelfor handling
mouseclicks,key presses,etc. Qt’scross-platformGUI applications[p. 11]canuseall theuserinterfacefunc-
tionality requiredby modernapplications,suchasmenus,context menus,dockabletoolbars,balloonhelp,drag
anddrop,etc.

Intuitive naming conventionsand a consistentprogrammingapproachsimplify coding. Qt also includes
Qt Designer[p.18],atool for designinguserinterfacesgraphically. Qt DesignersupportsQt’spowerful layouts
[p. 37] in additionto absolutepositioning.Qt Designercanbeusedpurelyasa designtool,or it canbeusedto
createentireapplicationswith thebuilt-in C++codeeditor.

Qt hasexcellentsupportfor 2D and3D graphics[p. 23]. Qt is thede-factostandardGUI toolkit for platform-
independentOpenGLprogramming.

Qt makesit possibleto createplatform-independentdatabaseapplicationsusingstandarddatabases[p. 30].Qt
includesnative driversfor Oracle,Microsoft SQL Server, SybaseAdaptive Server, PostgreSQL,MySQL and
ODBC-compliantdatabases.Qt’sdatabasefunctionalityis fully integratedwith Qt Designer, whichofferslive
preview of databasedata.Qt includesdatabase-specificwidgets,andany built-in or customwidgetcanbemade
dataaware.

Qt programshave native look and feel on all supportedplatforms using Qt’s styles and themessupport
[p. 36]. From a single sourcetree, recompilationis all that is requiredto produceapplicationsfor Win-
dows95/98/NT4/ME/2000,MacOSX, Linux, Solaris,HP-UX andmany otherversionsof Unix with X11.Qt
applicationscanalsobecompiledto run on Qt/Embedded.Qt’sqmake build tool producesMakefilesor .dsp

filesappropriatetothetargetplatform. SinceQt’sarchitecture[p.47]takesadvantageof theunderlyingplatform,
many customersalsouseQt for single-platformdevelopmentonbothWindowsandonUnix becausethey prefer
theQt approach.
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QtusesUnicodethroughoutandhasconsiderablesupportfor internationalization[p.33].Qt includesQtLinguist
[p.35]andothertoolstosupporttranslators.Applicationscaneasilyuseandmix text in Arabic,English,Hebrew,
Japanese,Russianandall theotherlanguagessupportedby Unicode.

Qt includesavarietyof domain-specificclasses.For example,Qt hasanXML module[p.43]thatincludesSAX
andDOM parsers.Objectscanbestoredin memoryusingQt’sSTL-compatiblecollectionclasses[p.44].Local
andremotefile handlingusingstandardprotocolsareprovided by Qt’s input/outputandnetworking classes
[p. 41].

Qt applicationscanhave their functionalityextendedby pluginsanddynamiclibraries[p. 46].Pluginsprovide
additionalcodecs,databasedrivers,imageformats,stylesandwidgets.Librariescanoffer anunlimitedrangeof
functionality. Pluginsandlibrariescanbesoldasproductsin theirown right.

Qt is a mature,solid C++ toolkit that is widely usedacrossthe world. In additionto Qt’s many commercial
uses,the freeeditionof Qt is the foundationof KDE, theLinux desktopenvironment. Qt makesapplication
developmentapleasure,with its cross-platformbuild system,visualform designandelegantAPI.

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.) thatcaterfor mostsituations.Qt’swidgetsare
flexibleandeasyto subclassfor specialrequirements.

Qt providesa full set of widgets. Widgetsarevisual elementsthat arecombinedto createuser interfaces.
Buttons,menus,scrollbars,messageboxes,applicationwindows,etc.,areall examplesof widgets.Qt’swidgets
arenot arbitrarily dividedbetween‘controls’and‘containers’;all widgetscanbeusedbothascontrolsandas
containers.Customwidgetscaneasilybecreatedby subclassingexistingQt widgets,or createdfrom scratchon
therareoccasionwhenthisis necessary.

Widgetsareinstancesof QWidget or oneof its subclasses,andcustomwidgetsarecreatedby subclassing.

QTimer

QObject

QWidget

QDialog

QLabel

QFrame

QLineEdit

QSpinBox

Figure 1. An extractfrom theQWidget classhierarchy

A widget may containany numberof child widgets. Child widgetsare shown within the parentwidget’s
area.A widgetwith no parentis a top-level widget(a ‘window’), andusuallyhasits own entryin thedesktop
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environment’staskbar. Qt imposesnoarbitrarylimitationsonwidgets.Any widgetcanbea top-level widget;
any widgetcanbeachild of any otherwidget. Thepositionof child widgetswithin theparent’sareacanbeset
automaticallyusinglayoutmanagers[p.37],or manuallyif preferred.Whenaparentwidgetisdisabled,hidden
or deleted,thesameactionis appliedto all its child widgetsrecursively.

Labels,messageboxes,tooltips,etc.,arenot confinedto usinga singlecolor, font andlanguage.Qt’s text-ren-
deringwidgetscandisplaymulti-languagerich text usingasubsetof HTML. SeeText Rendering[p. 34].

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 inputcanbeconstrainedor validatedusingaQValidator subclass.
Qt regularexpressionscanbeusedfor validation.

Widgetsthat are usedto display large amountsof data (e.g. QTable, QListView and QTextEdit) inherit
QScrollView andcandisplayscrollbarsautomatically.

QMenuBar, QStatusBar, QToolBar andrelatedwidgetsarepresentedin GUI Applications[p. 11]. QMes-
sageBox, QFileDialog, QTabDialog, QWizard andotherdialogsarepresentedin Dialogs[p.15].QSplitter is
coveredin Layouts[p. 37].QCanvas andQGLWidget arepresentedin 2D and3D Graphics[p. 23].
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ThescreenshotthatshowstheQRadioButtonsandQCheckBoxeswasproducedwith thefollowing code:

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 widgetsand dialogsby subclassingQWidget or oneof its subclasses.To
illustratesubclassing,thecompletecodefor adigital clockwidgetis presented.

Figure 8. Clockwidget

TheClock widget is a LCD thatdisplaysthecurrenttime andupdatesitself automatically. A colonseparator
blinksto 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 widget
classes,with optionalparent andname parameters.(Testinganddebuggingareeasierif name is set.) The
timerEvent()functionis inheritedfrom QObject andis calledat regularintervalsby thesystem.

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 )

{
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showTime();
startTimer( 1000 );

}

void Clock::timerEvent( QTimerEvent * )
{

showTime();
}

void Clock::showTime()
{

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

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

}

The constructorcalls showTime() to initialize the clock with the current time, and tells the systemto call
timerEvent()every1000millisecondsto refreshtheLCD display.

In showTime(),QLCDNumber::display()iscalledwith thecurrenttime. Thecolonis replacedby aspaceevery
othertimeshowTime()is calledto makethecolonblink.

Theclock.h andclock.cpp filescompletelydefineandimplementtheClock customwidget. Thiswidget
canbeusedstraightawayin 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();

}

Thisexampleprogramcontainsasinglewidget(theClock) andnochild widgets.Complex widgetsarebuilt by
combiningwidgetsin layouts.

Developerscanalsowrite customwidgetsfrom scratch.For example,to createan analogclock, it would be
necessaryto draw theclock’s faceandhandsin coderatherthanrelyingon thefunctionalityimplementedin a
baseclass.Thisapproachis coveredin 2D Graphics[p. 23].

On-line References

http://doc.trolltech.com/3.0/qwidget.html
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3. Signals and Slots

Signalsandslotsprovideinter-objectcommunication.They areeasyto understandanduse,andare
fully supportedbyQt Designer.

GUI applicationsrespondto useractions.For example,whena userclicksa menuitem or toolbarbutton,the
applicationexecutessomecode. More generally, we wantobjectsof any kind to beableto communicatewith
eachother. Theprogrammermustrelateeventsto the relevant code. Older toolkits usemechanismsthat are
not typesafe(i.e. arecrashprone),areinflexible,andarenot objectoriented.Trolltechhasinventeda solution
called‘signalsandslots’.Signalsandslotsisapowerful inter-objectcommunicationmechanismthatcanbeused
to completelyreplacethecrudecallbacksandmessagemapsusedby legacy toolkits. Signalsandslotsaretype
safe,flexible, fully objectorientedandimplementedin C++.

To associatesomecodewith a buttonusingtheold callbackmechanism,it is necessaryto passa pointerto a
functionto thebutton. Whenthebutton is clicked,thefunctionis thencalled. Old toolkitsdo not ensurethat
argumentsof theright typearegivento thefunctionwhenit iscalled,whichmakescrashesmorelikely. Another
problemwith thecallbackapproachisthatit tightly bindstheGUI elementtothefunctionality,makingit difficult
to developclassesindependently.

Qt’ssignalsandslotsmechanismisdifferent. Qt widgetsemitsignalswheneventsoccur. For example,abutton
will emit a ‘clicked’signalwhenit is clicked. Theprogrammercanchooseto connectto a signalby creating
a function(calleda slot)andcallingtheconnect()functionto relatethesignalto theslot. Qt’ssignalsandslots
mechanismdoesnot requireclassesto have knowledgeof eachother, which makesit mucheasierto develop
highly reusableclasses.Signalsandslotsaretypesafe,with typeerrorsbeingreportedby warningsratherthan
by crashes.

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

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

Connectionscanbeaddedor removedatany timeduringtheexecutionof aQt application.

The signalsand slots implementationsmoothly extendsC++’s syntax and takes full advantageof C++’s
object-orientatedfeatures.Signalsandslotsaretypesafe,canbeoverloadedor reimplementedandmayappear
in thepublic,protectedor privatesectionsof aclass.

3.1. A Signals and Slots Example

To benefitfrom signalsandslots,a classmustinherit from QObject or oneof its subclassesandincludethe
Q_OBJECTmacroin theclass’sdefinition. Signalsaredeclaredin thesignals sectionof theclass,while slots
aredeclaredin thepublic slots, protected slots or private slots sections.

Here’sanexampleQObject subclass:

class BankAccount : public QObject
{

Q_OBJECT
public:
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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 hasa constructor, a get functionbalance(),anda set
functionsetBalance().

The classalsohasa signalbalanceChanged(),which announcesthat the balancein the accounthaschanged.
Signalsarenot implemented;whenasignalis emitted,theslotsit is connectedto areexecuted.

Thesetfunctionis declaredin thepublic slots section,soit is a slot. Slotsarestandardmemberfunctions
with animplementationthatcanbecalledlikeany otherfunction,andwhichcanalsobeconnectedto signals.

Here’stheimplementationof theslot setBalance():

void BankAccount::setBalance( int newBalance )
{

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

}
}

Thestatement

emit balanceChanged( curBalance );

causesthebalanceChanged()signalto beemittedwith thenew currentbalanceasits argument.Thekeyword
emit , like signals andslots , is providedby Qt andis transformedinto standardC++ by theC++ pre-pro-
cessor.

Here’sanexampleof how to connecttwo BankAccounts:

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

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

Whenthe balancein x is set to 2450,the balanceChanged()signal is emitted. The signal is received by y ’s
setBalance()slot,whichsetsy ’sbalanceto 2450.

Oneobject’ssignalcanbeconnectedto many differentslots,andmany signalscanbeconnectedto oneslot in
a particularobject. Connectionsaremadebetweensignalsandslotswhoseparametershave thesametypes.A
slot canhavefewerparametersthanthesignalandignoretheextraparameters.
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3.2. Meta Object Compiler

The signalsand slotsmechanismis implementedin pure standardC++. The implementationusesthe C++
pre-processorandtheMetaObjectCompiler(moc) includedwith theQt toolkit.

Themoc readstheapplication’s headerfiles andgeneratesthenecessarycodeto supportthesignalsandslots
mechanism.Developersneverhaveto edit or evenlook at thegeneratedcode.Theqmake build tool generates
thecorrectMakefilesfor thetargetplatform.

In addition to handlingsignalsand slots,moc supportsQt’s translationmechanism,its propertysystemand
extendedrun-timetypeinformation. Themetaobjectcompileralsomakesthecross-platformintrospectionof
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

4. GUI Applications

BuildingmodernGUI applicationswith Qt is fastandsimple,andcanbeachievedbyhandcodingor
byusingQt Designer,Qt’svisualdesigntool.

Qt providesall theclassesandfunctionsnecessaryto createmodernGUI applications.Qt canbeusedto create
both‘main window’ styleapplicationswith a menubar, toolbarsandstatusbarsurroundinga centralarea,and
dialogstyleapplicationsthatusebuttonsandpossiblytabsto presentoptionsandinformation. Qt supportsboth
SDI (singledocumentinterface)andMDI (multipledocumentinterface).Qt alsosupportsdraganddropandthe
clipboard.

Tool barscanbemovedaroundwithin thetoolbararea(calledthe‘dock area’),draggedto otherdockareas,or
floatedastool palettes.Thisfunctionalityisbuilt in andrequiresnoadditionalcode,althoughprogrammerscan
applyconstraintsto toolbarbehavior if they wish.

Qt simplifiesprogramming.For example,if a menuoption,a toolbarbutton anda keyboardacceleratorall
performthesameaction,theactionneedonly becodedonce.

Qt alsoprovidesmessageboxesandafull setof standarddialogsto makeit easyfor applicationsto asktheuser
questions,andto get theuserto choosefiles,folders,fontsandcolors. In practice,a one-linestatementusing
oneof Qt’sstaticconveniencefunctionsis all thatis necessaryto presentamessageboxor astandarddialog.

Qt canplatform-independentlystoreapplicationsettings,suchasuserpreferences,most recentlyusedfiles,
window andtoolbarpositionsandsizes,etc.
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4.1. Main Window Classes

4.1.1. The Main Window

TheQMainWindow classlaysoutasetof relatedwidgetsto providea framework for typicalapplicationmain
windows.

Figure 9. An applicationmainwindow

A mainwindow containsa setof standardwidgets.Thetopof themainwindow containsa menubar, beneath
which toolbarsarelaid out. The toolbarscanbe moved to any dock area;main windows have dock areasat
thetop,left, right andbottom. Toolbarscanalsobedraggedout of a dockareaandfloatedasindependenttool
palettes.Thebottomof themainwindow, below thebottomdockarea,is occupiedby a statusbar. Thecentral
areacontainsany widget for SDI applicationsor a QWorkspace for MDI applications.Tooltipsand“What’s
this?”helpprovideballoonhelpfor theuser-interfaceelements.

4.1.2. Menus

TheQPopupMenu widgetpresentsmenuitemsto theuserin a vertical list. Popupmenuscanbestandalone
(e.g. acontext menu),canappearin amenubar, or canbeasub-menuof anotherpopupmenu.Menuscanalso
havetear-off handles.

Eachmenuitemcanhaveanicon,acheckboxandanaccelerator. Menuitemsusuallycorrespondtoactions(e.g.
Save).Separatoritemsaredisplayedasa line andareusedto grouprelatedactionsvisually.

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.
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TheQMenuBar classimplementsa menubar. It automaticallysetsits geometryto thetopof its parentwidget
(typicallyaQMainWindow). It splitsitscontentsacrossmultiplelinesif theparentwindow isnotwideenough.
Qt’sbuilt-in layoutmanagersautomaticallytake themenubarinto consideration.On theMacintosh,themenu
barappearsat 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. Menu
itemswith customizedappearanceandbehavior canbecreatedby subclassingQCustomMenuItem.

4.1.3. Toolbars

TheQToolButton classimplementsa toolbarbuttonwith an icon,a 3D frameandanoptionallabel. Toggle
toolbarbuttonsturn featureson andoff. Other toolbarbuttonsexecutea command.Different iconscanbe
providedfor theactive,disabledandenabledmodes,andfor theonandoff states.If only oneicon is provided,
Qt automaticallydistinguishesthestateusingvisualcues,for example,grayingoutdisabledbuttons.Pressinga
toolbarbuttoncanalsobeusedto triggerapopupmenu.

QToolButtons usually appearside-by-sidewithin a QToolBar. An applicationcan have any numberof
toolbars,andtheuseris freetomovethemaround.Toolbarscancontainwidgetsof almostany type,for example
QComboBoxesandQSpinBoxes.

4.1.4. Balloon Help

Modernapplicationsuseballoonhelpto briefly explainthepurposeof user-interfaceelements.Qt providestwo
mechanismsfor balloonhelp: tooltipsand“What’sthis?”help.

Tooltipsaresmall,usuallyyellow, rectanglesthatappearautomaticallywhenthemousepointerhoversover a
widget. Tooltipsareoftenusedto explain a toolbarbutton,sincetoolbarbuttonsarerarelydisplayedwith 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’sthis?”helpis similar to tooltips,exceptthattheusermustrequestit, for exampleby pressingShift+F1
andthenclicking a widgetor menuitem. “What’s this?”helpis typically longerthana tooltip. Here’show to
setthe“What’sthis?”text for a ‘Save’ toolbarbutton:

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

The QToolTip and QWhatsThis classesprovide virtual functions that can be reimplementedfor more
specializedbehavior. For example,to displaydifferenttext accordingto thepositionof themousewithin the
widget.
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4.1.5. Status Bar

QStatusBar implementsastatusbar. Statusbarsdisplaythreekindsof indicators:

1. Temporarymessages.Thesearedisplayedattheleft. Temporarymessagesvanishafteradefinableamount
of time,or whenanothermessageis shown.

2. Standard indicators. Thesecanbealmostany widgetandappearon theright. Long messagesmayhide
themtemporarily.

3. Permanentindicators. Theseappearto theright of standardindicatorsandareneverhidden.

4.1.6. Actions

Applicationsusuallyprovide theuserwith severaldifferentwaysto performa particularaction. For example,
mostapplicationsprovide a ‘Save’ actionavailablefrom the menu(File|Save), from the toolbar (the ‘floppy
disk’ toolbarbutton) andasan accelerator(Ctrl+S). The QAction classencapsulatesthis concept. It allows
programmersto 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 the stateof menuitemsstaysin syncwith
thestateof toolbarbuttons,andthat tool tips aredisplayedwhennecessary. Disablinganactionwill disable
any correspondingmenuitemsandtoolbarbuttons. Similarly, if the userclicks a toggletoolbarbutton, the
correspondingmenuitemwill becheckedor uncheckedaccordingly.

4.1.7. The Central Widget

Thecentralareaof aQMainWindow cancontainany widget. For example,atext editorcoulduseaQTextEdit
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 usedas
thecentralwidgetof a QMainWindow, but it canbeusedlikeany otherwidget.
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Child widgetsof QWorkspace arealsoordinarywidgetsof any type. They arerenderedwith aframesimilar to
theframearoundtop-level widgets.Functionssuchasshow(), hide(),showMaximized()andsetCaption()work
in thesamewayfor child MDI widgetsasfor ordinarytop-level widgets.

QWorkspace providespositioningstrategiessuchascascadeandtile. If thechild widgetsextendoutsidethe
MDI area,scrollbarscanbesetto appearautomatically. If achild widgetis maximized,theframebuttons(e.g.
Minimize)areshown in themenubar.

4.3. Dialogs

MostGUI applicationsusedialogboxesto interactwith theuserfor certainoperations.Qt includesready-made
dialog classeswith conveniencefunctionsfor the most commontasks. Many aspectsof the dialogscanbe
configured.For example,settingthetext usedby thebuttonsandlabelsin a QMessageBox.

Screenshotsof someof Qt’sstandarddialogsarepresentedbelow.

Figure 10. A QMessageBox

QMessageBox isusedtoprovidetheuserwith informationor topresenttheuserwith simplechoices(e.g. ‘Yes’
or ‘No’).

Figure 11. A QFileDialog

QFileDialog is a sophisticatedfile selectiondialog. It canbeusedto selectsingleor multiple local or remote
files(e.g. usingFTP),andincludesfunctionalitysuchasdirectoryandfile renaminganddirectorycreation.Like
mostQt dialogs,QFileDialog is resizable,which makesit easyto view long file namesandlargedirectories.
Applicationscanbesetto automaticallyusethenativefile dialogwhencompiledfor Windowsor Macintosh.
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Figure 12. A QProgressDialog

QProgressDialog displaysaprogressbaranda ‘Cancel’button.

Figure 13. A QWizard

QWizard providesa framework for wizarddialogs.

Figure 14. A QFontDialog

QFontDialog is usedto selecta font.

Qt alsoprovidesstandarddialogsfor colorselectionandprintingoptions.

Dialogsoperatein oneof threeways:
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1. A modaldialogblocksinput to theothervisible windows in thesameapplication.Usersmustclosethe
dialogbeforethey canaccessany otherwindow in theapplication.

2. A modelessdialogoperatesindependentlyof otherwindows. Thereis little differencebetweenamodeless
QDialog anda QWidget.

3. A semi-modaldialogreturnscontrol to thecaller immediately. Thesedialogsbehave like modaldialogs
from theuser’spoint of view, but allow theapplicationto continueprocessing.This is particularlyuseful
for 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

Dock windowsarewindows that theusercanmove insidea dockareaor from onedockareato another. The
usercanundocka dockwindow andmake it float on topof theapplicationor minimizeit. Dock windowsand
areasareprovidedby theQDockWindow andQDockArea classes.

Qt providesoneQDockWindow subclass,QToolBar. QMainWindow automaticallyprovidesfour dockareas,
oneoneachsideof thecentralwidget.

Developerscancreatecustomdockwindowsby instantiatingaQDockWindow objectandby addingwidgetsto
it. Thewidgetsarelaid out side-by-sideif thedockareais horizontal(e.g. at thetopof themainwindow) and
aboveeachotherif theareais vertical(e.g. at theleft of themainwindow).

Dockareasarenotboundto QMainWindow; developerscanuseQDockArea in any customwidget. Toolbars
andotherdockwindowscanbeusedwith any dockarea.

Someapplications,including Qt Designer [p. 18] and Qt Linguist [p. 35], usedock windows extensively.
QDockArea providesoperatorstosaveandrestorethepositionof dockwindows,sothatapplicationscaneasily
restoretheuser’spreferredpositions.

4.5. Settings

UsersettingsandotherapplicationsettingscaneasilybestoredondiskusingtheQSettings class.OnWindows,
QSettings makesuseof thesystemregistry;onotherplatforms,settingsarestoredin text files.

A particularsettingisstoredusingakey. For example,thekey /SoftwareInc/ Zoomer/RecentFiles could
containa list of recentlyusedfiles. Booleans,numbers,Unicodestringsandlists of Unicodestringscanbe
stored.
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4.6. Multi-Threading

GUI applicationsoften usemultiple threads:one threadto keepthe user interfaceresponsive, and one or
many otherthreadsto performtime-consumingactivities suchasreadinglargefiles andperformingcomplex
calculations.Qt canbeconfiguredto supportmulti-threading,andprovidesfour threadingclasses:QThread,
QMutex, QSemaphore andQWaitCondition.

On-line References

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

5. Qt Designer

Qt Designeriswrittenin Qt andprovidesvisualuser-interfacedesign.Qt applicationscanbewritten
entirelyassourcecode,or usingQt Designerto speedupdevelopment.

Figure 15. Qt Designer
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Designinga form with Qt Designeris a simpleprocess.Developersclick a toolbarbutton representingthe
widgetthey want,thenclick on a form to placethewidget. Thewidget’spropertiescanthenbechangedusing
thepropertyeditor. Theprecisepositionsandsizesof thewidgetsdoesnot matter. Developersselectwidgets
andapply layoutsto them. For example,somebuttonwidgetscould beselectedandlaid out side-by-sideby
choosingthe ‘lay out horizontally’option. This approachmakesdesignvery fast,andthefinishedformswill
scaleproperlyto fit whateverwindow sizetheend-userprefers.SeeLayouts[p. 37] for informationaboutQt’s
automaticlayouts.

Qt Designereliminatesthetime-consumingcompile,link andrun cycle for userinterfacedesign.Thismakes
it easyto corrector changedesigns.Qt Designer’spreview optionslet developersseetheir formsin any style,
for example,a Windowsdevelopercanpreview a form in Motif style. Qt Designerprovideslive preview and
editingof databasedatathroughits tight integrationwith Qt’sdatabaseclasses.SeeDatabases[p. 30] for more
aboutQt’sdatabasesupport.

Developerscancreateboth‘dialog’styleapplicationsand‘mainwindow’ styleapplicationswith menus,toolbars,
balloonhelp,etc. Severalform templatesaresupplied,anddeveloperscancreatetheir own templatesto ensure
consistency acrossanapplicationor familyof applications.Qt Designeruseswizardstomakecreatingtoolbars,
menusanddatabaseapplicationsasfastandeasyaspossible.Programmerscancreatetheirown customwidgets
thatcaneasilybeintegratedwith Qt Designer.

Qt Designersupportsa project-basedapproachto applicationdevelopment. A project is representedby a
.pro file, whichqmake canuseto generateMakefiles. Developerscreateanew projectandthenaddformsand
sourcefilesasrequired.Developerscancompletelyseparatetheuserinterfacefrom theunderlyingfunctionality
by subclassing,or they cankeeptheir sourcecodeandformstogetherby editingtheform’s sourcedirectly in
Qt Designer.

Iconsandotherimagesusedin theapplicationareautomaticallysharedacrossall formsin a projectto reduce
executablesizeandspeeduploading.

Formdesignsarestoredin XML formatin .ui filesandconvertedinto C++headerandsourcefilesby theuic

(UserInterfaceCompiler).Theqmake build tool automaticallyincludesbuild rulesfor uic in theMakefilesit
generates,sodevelopersdonotneedto invokeuic themselves.

Usuallyformsarecompiledinto theexecutable,but in somesituationscustomersneedtomodify theappearance
of an applicationwithout accessingthe sourcecode. Qt supports‘dynamic dialogs’: .ui files that can be
loadedat run-timeanddynamicallyconvertedinto fully functionalforms. Companiescansupplyapplication
executablesalongwith thecustomer-modifiableformsin .ui format,andthecustomercanuseQt Designerto
customizetheappearanceof theapplication’sforms. Loadingadynamicdialogis trivial:

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

Qt Designer’s on-line help is provided by the Qt Assistantapplication. Qt AssistantdisplaysQt’s entire
documentationset,andworksin a similarwayto a webbrowser. Unlikewebbrowsers,Qt Assistantappliesan
intelligentindexing algorithmto providefastsearchingfor wordsandphrasesthatoccurin thedocumentation.

Figure 16. Qt Assistant

Qt’sreferencedocumentationconsistsof around1,500HTML pages(over 2,500USlettersizedpages),which
documentQt’s classesand tools, and which include overviews and introductionsto variousaspectsof Qt
programming.

Qt Assistantis a Qt applicationthat rendersQt’s HTML referencedocumentationusing QTextEdit. The
QTextEdit classsupportsa subsetof HTML 3.2, and can also usecustomtagsthat are createdwith the
QStyleSheet class.
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5.2. GUI Application Example

Figure 17. Classhierarchyapplication

Theclasshierarchy applicationisaclassic‘dialog’ styleapplicationwheretheuserchoosessomeoptions,in this
casepaths,andthencarriesout someprocessingbasedonthoseoptions.

Thecompletecodefor theapplicationis presentedbelow. Themain.cpp file wasproducedby a Qt Designer
wizard. Theform wasdesignedin Qt Designerandstoredin a .ui file. The.ui file is convertedinto C++by
uic , leaving thedeveloperfreeto focuson theapplication’sfunctionality.

The addSearchPath(), removeSearchPath() and updateHierarchy() functions are all slots. They have been
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" ) {
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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,
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
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6. 2D and 3D Graphics

Qt providesexcellentsupportfor 2D and3D graphics.Qt’s2D graphicsclassessupportbitmapped
andvectorgraphics.Animationandcollisiondetectionarealsosupported.Qt canload andsavea
wideandextensiblerangeof image formats.Qt candrawUnicoderich text,rotatedandshearedas
required. Qt is thede-factostandard GUI toolkit for platform-independentOpenGLprogramming.

6.1. 2D Graphics

6.1.1. Images

TheQImage classsupportsthe input,outputandmanipulationof imagesin several formats,includingBMP,
GIF1, JPEG,MNG, PNG,PNM,XBM andXPM.

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

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

Figure 18. An icononabutton

QImage supportsimageswith colordepthsof 1,8and32bits. Programmerscanmanipulatethepixelandpalette
data,apply transformations(e.g. rotations,shears,etc.) andreducethecolor depthwith ditheringif desired.
Applicationscanstorean ‘alphachannel’in a QImage alongwith thecolor datafor their own purposes(e.g.
transparency andalpha-blending).

TheQMovie classcanbeusedto displayanimatedimages.

6.1.2. Painting

The QPainter providesa platform-independentAPI for paintingwidgets. It providesprimitivesaswell as
advancedfunctionalitysuchastransformationsandclipping. All Qt’s built-in widgetspaint themselvesusing
QPainter. ProgrammersinvariablyuseQPainter whenimplementingtheirown customwidgets.

QPainter providesstandardfunctionsto draw points,lines,polygons,ellipses,arcs,Beziercurves,etc. The
following commanddrawsa 120x 60 rectanglewhosetop-left point is at (25,15),with a 2-pixel wide dashed
redoutline:

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

1If youarein a countrythatrecognizessoftwarepatentsandwhereUnisysholdsa patentonLZW decompression,Unisysmayrequireyou
to licensethetechnologyto useGIF.
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By default,thetop-left cornerof awidgetis locatedatcoordinates(0,0),andthebottom-rightcorneris located
at (width() - 1, height()- 1).Thecoordinatesystemof a QPainter objectcanbetranslated,scaled,rotatedand
sheared.Theobjectsto bedrawn canbeclippedaccordingto a ‘window’, andpositionedonthewidgetusinga
‘viewport’.

Figure 19. Qt’sxform exampleshowing rotatedtext

Thecodebelow drawsabar-graphcustomwidget. It usesaQPainter in thereimplementationof paintEvent(),
with thedefault coordinatesystem.

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 );
}

Thewidgetis drawn correctlyat differentsizesbecausethecodeusesthewidth(),height()andrect()functions.
Thewidgetproducedby thiscodeis shown below.
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Figure 20. Customwidget

QPainter supportsclipping usinga region composedof rectangles,polygons,ellipsesandbitmaps.Complex
regionsmaybecreatedby uniting,intersecting,subtractingandXOR’ing simpleregions. Clippingcanbeused
to reduceflickerwhenrepainting.

TheQColor classstoresacolorspecifiedbyaRGBorHSVtriple,orbyaname(e.g. ‘skyblue’).Qtprogrammers
canspecifyany 24-bit color; Qt automaticallyallocatesthe requestedcolor in the system’s palette,or usesa
similarcoloroncolor-limiteddisplays.Commonlyusedcolors,includingred ,green andblue , arepredefined
in Qt.

6.1.3. Paint Devices

QPainter canoperateon any ‘paint device’. Thecoderequiredto paint on any supporteddevice is thesame,
regardlessof thedevice. Qt supportsthefollowing paintdevices:

• A QPixmap is essentiallyan ‘off-screenwidget’. Graphicscanbepaintedon a QPixmap first, andthen
bit-blitted to a QWidget to reduceflicker. Thistechniqueis called‘doublebuffering’.

• A QPicture isavectorimagethatcanbescaled,rotatedandshearedgracefully. TheQPicture classstores
animageasalist of paintcommandsratherthanaspixel data.It supportstheSVG (W3C’sScalableVector
Graphics)XML formatfor inputandoutput.

• A QPrinter representsaphysicalprinter. OnWindows,thepaintcommandsaresentto theWindowsprint
engine,which usestheinstalledprinterdrivers. On Unix, PostScriptis outputandsentto theappropriate
print daemon.

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

Figure 21. TheKAsteroidsgamewrittenwith QCanvas

TheQCanvas classprovidesahigh-level interfaceto 2Dgraphics.It canhandleaverylargenumberof ‘canvas
items’thatrepresentlines,rectangles,ellipses,texts,pixmaps,animatedsprites,etc. Canvasitemscaneasilybe
madeinteractive(e.g. usermovable).

Canvasitemsareinstancesof QCanvasItem subclasses.They aremorelightweightthanwidgets,andthey can
bequickly moved,hidden,andshown. QCanvas hasefficientsupportfor collisiondetection,andcanlist all the
canvasitemsin a givenarea.QCanvasItem canbesubclassedto provide customitem typesandto extendthe
functionalityof existingtypes.

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

QCanvas is idealfor datavisualisation.It hasbeenusedbycustomersfor drawingroadmapsandfor presenting
network topologies.It is alsosuitablefor fast2D gameswith lotsof sprites.

6.2. 3D Graphics

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

1OpenGLis a trademarkof SiliconGraphics,Inc. in theUnitedStatesandothercountries.
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Qt’s OpenGLmoduleis availableon Windows, X11 and Macintosh,and usesthe system’s OpenGLlibrary
(includingMesa).

Figure 22. Brain Innovation’sBrainVoyagerapplicationwritten in Qt andOpenGL

Qt developerscansetthedisplayformat of anOpenGLrenderingcontext: singleor doublebuffering,depth
buffer, RGBA or color index mode,alphachannel,overlays,etc. They canalsosetthecolormapmanuallyin
color index mode.

WhenusingQt,developerswrite in pureOpenGL.Qt alsoprovidestwo conveniencefunctions,qglClearColor()
andqglColor(),thataccepta QColor argumentandwork in any mode.
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6.3. A 3D Example

Figure 23. 3D box

Thecompletecodefor anapplicationthatdrawsa 3D 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 )
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{
object = 0;
rotX = rotY = rotZ = 0.0;

}

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>
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#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 );
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-platform GUI databaseapplications. Pro-
grammers can easilyexecuteSQLstatements,usedatabase-specificwidgets,and make any widget
dataaware.

TheQt SQLmoduleprovidesacross-platforminterfacefor accessingSQLdatabases.Qt includesnativedrivers
for Oracle,MicrosoftSQLServer, SybaseAdaptiveServer, PostgreSQL,MySQL andODBC.Thedriverswork
on all platformssupportedby Qt and for which client librariesareavailable. Programscanaccessmultiple
databasesusingmultipledriverssimultaneously.

Programmerscan easily executeany SQL statements.Qt also provides a high-level C++ interface that
programmerscanuseto generatetheappropriateSQLstatementsautomatically.
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Any Qt widget,includingcustomwidgets,canbe madedataaware. Qt alsoincludessomedatabase-specific
conveniencewidgets,to simplify thecreationof dialogsandwindowsthatpresentrecordsasformsor in tables.
Data-awarewidgetsautomaticallysupportbrowsing,updatingand deletingrecords. Most databasedesigns
requirethat new recordshave a uniquekey that cannotbe guessedby Qt, so insertionusuallyneedsa small
amountof codeto bewritten. Theprogrammercaneasilyforcetheuserto confirmactions,e.g. deletions.

Qt’sSQLmoduleisfully integratedintoQt Designer,whichprovidestemplatesandwizardstomakethecreation
of databaseformsasquickandeasyaspossible.Thewizardscancreateformswith navigationbuttons,andwith
update,insertanddeletebuttons.

Usingthefacilitiesthat theQt SQL moduleprovides,it is straightforwardto createdatabaseapplicationsthat
useforeignkey lookups,presentmaster-detailrelationships,andsupportdrill-down.

7.1. Executing SQL Commands

TheQSqlQuery classis usedto directly executeanySQL statement.It is alsousedto navigatetheresultsets
producedby 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 alsoprovidesthefirst(),
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 programmerswho are not comfortablewriting raw SQL, the QSqlCursor classprovides a high-level
interfacefor browsingandeditingrecordsin SQLtablesor viewswithouttheneedtowriteSQLstatements.For
example:

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

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

}

QSqlCursor alsosupportstheorderingandfiltering thatareachievedusingtheORDERBY andWHEREclauses
in SQLstatements.
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Calculatedfieldsareusefulboth for realcalculations(e.g. calculatingtotals)andfor performingforeignkey
lookups(e.g. to displaynamesratherthancodes).Calculatedfieldscanbecreatedby subclassingQSqlCursor,
addingadditionalQSqlFields with their calculatedpropertyset to TRUE, andby reimplementingQSqlCur-
sor::calculateField().

Databasedrivers usually supply data as strings, regardlessof the actual datatype. Qt handlessuch data
seamlesslyusingtheQVariant class.Databasedriverscanbeaskedaboutthefeaturesthey support,including
query-sizereportingandtransactions.Thetransaction(),commit()androllback()functionscanbeusedif the
databasesupportstransactions.

7.2. Data-aware Widgets

QDataTable isaQTable thatdisplaysrecordsfromaresultsetusingaQSqlCursor. QDataTable, likeQTable,
supportsin-placeediting. Programmerscanforceusersto confirm all or selectedchanges(e.g. deletions)by
settingQDataTable’s confirmationproperties.The editor widget chosenfor eachtype of datadependson
thedatatype. For example,a QLineEdit is usedfor CHARfields,whereasa QSpinBox is usedfor INTEGER

fields. Theprogrammercanoverridethedefaultsby creatingapropertymapfor thetable,whichmatchesfields
(columns)to theeditorwidgettypetheprogrammerprefers.

Figure 24. A QDataTable anda QDataBrowser

Recordscanbeupdatedanddeletedwithoutwriting any code.Insertionsrequiresomecodesincemostdatabase
designsexpectnew recordsto becreatedwith a uniquekey. Thiscaneasilybeachievedby generatingthekey
in aslot connectedto theQDataTable::beforeInsert()signal.

QDataTable usesintelligent buffering to make the loadingof large result setsfast,while keepingthe user
interfaceresponsive. For databasesthatarecapableof reportingquerysizes,thescroll barslider is displayed
proportionallyimmediately.

Qt alsoincludesQDataBrowser andQDataView to displayrecordsasforms,typically with oneor perhaps
just a few recordsshown at a time. Theseclassesprovidebuttonswith ready-madeconnectionsfor navigating
throughtherecords.QDataView isusedfor read-onlydata.QDataBrowser isusedfor editing,andcanprovide
ready-madeinsert,updateanddeletebuttons.

QDataTable andQDataBrowser havebothapopupcontext menuandkeyboardshortcutsfor editingrecords.

Programmerscanmanipulatedataretrievedfrom thedatabasebeforeit is displayedby implementingaslotand
connectingit to theprimeInsert()andprimeUpdate()signals.Datacanalsobemanipulatedor actionslogged
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justbeforechangesarewrittenbackto thedatabase,for example,convertinga foreignkey’sdisplaytext into its
ID by implementingaslot connectedto beforeInsert(),beforeUpdate()andbeforeDelete().

Developerscancreatetheirown formsfor displayingdatabaserecords.Unlikeoldertoolkitsthatduplicatetheir
widgetswith data-awareversions,any Qt widget(includingcustomwidgets)canbemadedataaware.All thatis
necessaryis to includethewidgetin aQSqlForm andsetupapropertymapto relatetherelevantdatabasefield
to thewidgetthatwill presentandedit thefield’sdata.

Master-detailrelationshipsareeasilysetup by filtering thedetail form or table’scursorby themasterform or
table’scurrentrecord.Drill-downisalsoeasytoachievebyassociatingabutton,menuitemorkeyboardshortcut
with adrill-down form thatis invokedwith thecurrentrecord’skey asaparameter.

Qt’sSQLmoduleis fully integratedwith Qt Designer.Qt Designercanpreview databaseformsandtablesusing
live dataif desired,allowing developersto browse,deleteandupdaterecords.Qt Designerhastemplatesand
wizardsto makecreatingdatabaseformsfastandsimple.

On-line References

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

8. Internationalization

Qt fully supportsUnicode, the international standard character set. Programmers can freelymix
Arabic, English,Hebrew, Japanese, Russian,and every other language supportedby Unicode, in
their applications.Qt alsoincludestoolsto supportapplicationtranslationto helpcompaniesreach
internationalmarkets.

Qt includestoolsto facilitatethetranslationprocess.Programmerscaneasilymarkuser-visible text thatneeds
translation,andatool extractsthistext from thesourcecode.Qt Linguist isaneasy-to-useGUI applicationthat
readstheextractedsourcetexts,andprovidesthe texts with context informationreadyfor translation.When
thetranslationis complete,Qt Linguistoutputsa translationfile for useby applicationprograms.Qt Linguist’s
documentationprovidestherelevantinformationfor releasemanagers,translatorsandprogrammers.

8.1. Unicode

Qt usesthe QString classto storeUnicodestrings,andusesit throughoutthe API and internally. QString
replacesthecrudeconst char * andthe16-bitQChar classreplaceschar. Constructorsandoperatorsare
provided to automaticallyconvert to andfrom 8-bit strings. Programmerscancopy QStrings by value,since
they areimplicitly shared(copy onwrite) [p. 44],whichmakesthemfastandmemoryefficient.

QString is morethana16-bit characterstring. FunctionssuchasQChar::lower()andQChar::isPunct()replace
tolower()andispunct()andwork overthewholeUnicoderange.Qt’sregularexpressionengine,providedby the
QRegExp class,usesUnicodestringsbothfor theregularexpressionpatternandthetargetstring.

Conversion to and from different encodingsand charsetsis handledby QTextCodec subclasses.Qt uses
QTextCodec for fonts,inputmethodsandI/O; programmerscanuseit for theirown purposesaswell.

Qt 3.0 supports37 different encodings,including Big5 and GBK for Chinese,EUC-JP, JIS and Shift-JIS
for Japanese,KOI8-R for Russianand the ISO 8859series;seehttp://doc.trolltech.com/3.0/qtextcodec.html

33



for the completelist. Programmerscanaddtheir own encodingsby providing a charmapor by subclassing
QTextCodec.

8.2. Text Rendering

Qt provides a powerful text-renderingengine for all text that is displayedon screen,from the simplest
label to the most sophisticatedrich-text editor. The enginesupportsadvancedfeaturessuchasspecialline
breakingbehavior, bidirectionalwriting anddiacriticalmarks. It rendersmostof theworld’swriting systems,
includingArabic,Chinese,Cyrillic, English,Greek,Hebrew, Japanese,Korean,Latin andVietnamese.Qt will
automaticallycombinetheinstalledfontsto rendermulti-languagetext.

8.3. Input Methods

Far-Easternwriting systemsrequiremany morecharactersthanareavailableon a keyboard. The conversion
from asequenceof key pressesto actualcharactersis performedat thewindow-systemlevel by softwarecalled
‘input methods’.Qt automaticallysupportstheinstalledinputmethods.

8.4. Dates and Times

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

8.5. Translating Applications

Qt providestoolsandfunctionsto helpdevelopersprovideapplicationsin their customers’native languages.

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

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

tr() attemptsto replacea stringliteral (e.g. “Save” ) with a translationif oneis available;otherwiseit usesthe
original 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 whichcasetheclasscontainingthetr()
call is usedasthecontext. The‘sourcetext’ is thetext to translate.The‘comment’is optional;alongwith the
context, 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.
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1. lupdate extractsall the (context, sourcetext, comment)triplesfrom thesourcecode,includingQt De-
signer.ui files,andgeneratesa .ts file (TranslationSourcefile). .ts filesarein human-readableXML
format.

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

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

Thesestepsarerepeatedasoftenasnecessaryduringthe lifetime of anapplication. It is perfectlysafeto run
lupdate frequently, asit reusesexisting translationsandmarkstranslationsfor obsoletesourcetexts without
eliminatingthem. lupdate alsodetectsslight changesin sourcetextsandautomaticallysuggestsappropriate
translations.Thesetranslationsaremarkedasunfinishedsothata translatorcaneasilycheckthem.

Qt itself containsabout400user-visiblestrings,for whichTrolltechprovidesFrenchandGermantranslations.

8.6. Qt Linguist

Qt Linguist is aQt applicationthathelpstranslatorstranslateQt applications.

Figure 25. Qt Linguist

Translatorscanedit .ts filesbyhand,or moreconvenientlyusingQt Linguist. The.ts file’scontextsarelisted
in theleft-handsideof theapplication’swindow. Thelist of sourcetextsfor thecurrentcontext is displayedin
thetop-rightarea,alongwith translations.By selectingasourcetext, thetranslatorcanentera translation;mark
it doneor unfinished;andproceedto thenext unfinishedtranslation.Keyboardshortcutsareprovidedfor all the
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commonnavigationoptions: Done & Next, Next Unfinished, etc. Theuserinterface’sdockablewindowscan
bereorganizedto suit thetranslators’preferences.

Applicationsoftenusethesamephrasesmany timesin differentsourcetexts. Qt Linguistautomaticallydisplays
intelligent guessesbasedon previously translatedstringsand predefinedtranslationsat the bottom of the
window. Guessesoftenserve asa goodstartingpoint thathelpstranslatorstranslatesimilar textsconsistently.
Qt Linguistcanoptionallyvalidatetranslationsto ensurethatacceleratorsandendingpunctuationaretranslated
correctly.

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

9. Styles and Themes

Qt automaticallyusesthenativestylefor look andfeel. Qt applicationsrespectuserpreferencesfor
colors,fonts,sounds,etc. Qt programmersarefreeto useanyof thesuppliedstylesandcanoverride
any preferences.Programmers canmodifyexistingstylesor implementtheir ownstylesusingQt’s
powerfulstyleengine.

A styleimplementsthe‘look andfeel’of theuserinterfaceonaparticularplatform. A styleisaQStyle subclass
thatimplementsbasicdrawing functionssuchas‘draw aframe’,‘draw abutton’,etc. Qt performsall thewidget
drawing itself for maximumspeedandflexibility .

9.1. Built-in Styles

Qt providesthe following built-in styles: Windows,Motif, MotifPlus,CDE,Platinum,SGI andAqua (on the
Macintosh).By default,Qt usestheappropriatestylefor theuser’splatformanddesktopenvironment.Thestyle
canalsobechosenprogrammatically, or with the-style command-lineoption.

Figure 26. Comboboxesin thedifferentbuilt-in styles

A styleiscomplementedby atheme,whichencapsulatestheuser’spreferencesfor colors,fonts,sounds,etc. Qt
automaticallyadaptsto thecomputer’sactivetheme.For example,Qt supportsscrollandfadetransitioneffects
for menusandtooltipsonWindows.
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9.2. Style-aware Widgets

Qt’sbuilt-in widgetsarestyleaware. Customwidgetsanddialogsarealmostalwayscombinationsof built-in
widgetsand layouts,andareautomaticallystyle aware. On the rareoccasionsthat it is necessaryto write a
customwidget from scratch,developerscanuseQStyle to draw primitive user-interfaceelementsratherthan
drawing raw rectanglesdirectly.

9.3. Custom Styles

Customstylesareusedto provideadistinctlook to anapplicationor family of applications.Customstylescan
bedefinedby subclassingQStyle, QCommonStyle or any otherdescendentof QCommonStyle. It is easyto
makesmallmodificationsto existingstylesby reimplementingoneor two virtual functionsfrom theappropriate
baseclass.

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. 46]. Pluginsmake it possibleto preview a form in a customstyle
in Qt Designerwithout recompilingQt or Qt Designer. Thestyleof anexistingQt applicationcanbechanged
usingastylepluginwithout recompilingtheapplication.

On-line References

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

10. Layouts

Layoutsprovidea powerfuland flexible alternativeto usingfixedsizesand positions.Layoutsfree
programmersfromhavingto performsizeandpositioncalculations,andprovideautomaticscalingto
suit theuser’sscreen,languageandfonts.

Qt provides layout managersfor organizing child widgetswithin the parentwidget’s area. They feature
automaticpositioningandresizingof child widgets,sensibleminimumanddefault sizesfor top-level widgets
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andautomaticrepositioningwhenthe contentsor the font changes.Qt Designeris optimizedfor laying out
widgetsusinglayoutmanagers.

Figure 28. English,FrenchandFrenchwith layouts

Layoutsarealsouseful for internationalization.With fixed sizesand positions,the translationtext is often
truncated;with layouts,thechild widgetsareautomaticallyresized.

10.1. Built-in Layout Managers

Qt’sbuilt-in layoutmanagersareQHBoxLayout, QVBoxLayout andQGridLayout.

Figure 29. QHBoxLayout, QVBoxLayout andQGridLayout

QHBoxLayout organizesthemanagedwidgetsin a singlehorizontalrow from left to right. QVBoxLayout
organizesthemanagedwidgetsin a singleverticalcolumn,from top to bottom. QGridLayout organizesthe
managedwidgetsin agrid of cells;widgetsmayspanmultiplecells.

In mostcases,Qt’s layoutmanagerspick optimalsizesfor managedwidgetssothatwindowsresizesmoothly.
If thedefaultsareinsufficient,developerscanrefinethelayoutusingthefollowing mechanisms:

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(),programmerscanfine
tunetheresizebehavior of achild widget. Child widgetscanbesettoexpand,contract,keepthesamesize,
etc.

4. Changingthe child widgets’ sizehints. QWidget::sizeHint()and QWidget::minimumSizeHint()return
a widget’s preferredsizeand preferredminimum sizebasedon the contents.Built-in widgetsprovide
appropriatereimplementations.
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5. Settingstretch factors. Stretchfactorsallow relativegrowth of child widgets,e.g. two thirdsof any extra
spacemadeavailableshouldbeallocatedto widgetA andonethird to widgetB.

The ‘spacing’betweenmanagedwidgetsand the ‘margin’ aroundthe whole layout can also be set by the
programmer. By default,Qt Designersetsindustry-standardvaluesbasedonthecontext.

Layoutscanalsorun right-to-left andbottom-to-top.Right-to-left layoutsareconvenientfor internationalized
applicationssupportingright-to-left languages(e.g. ArabicandHebrew).

10.2. Nested Layouts

Layoutscanbenestedto arbitrarylevels. Here’sanexampleof adialogbox,shown at two differentsizes:

Figure 30. Smalldialogandlargedialog

Thedialogusesthreelayouts:a QVBoxLayout thatgroupsthepushbuttons,a QHBoxLayout thatgroupsthe
countrylistboxwith thepushbuttonsandaQVBoxLayout thatgroupsthe“Selectacountry”labelwith therest
of thewidget. A stretchitemmaintainsthegapbetweentheCancelandHelpbuttons.

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.
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Figure 31. Layingouta form in Qt Designer

Qt Designermakeslayoutseveneasier. With only 17mouseclicks,you cancreateandlay out thewidgetsfor
thedialogshown above.

10.3. Custom Layouts

Developerscan define custom layout managersby subclassingQLayout. The customlayout example
provided with Qt presentsthreecustomlayout managers,BorderLayout , CardLayout and SimpleFlow ,
whichprogrammerscanuseandmodify.

Qt alsoincludesQSplitter, a splitterbar thatenduserscanmanipulate.In somedesignsituations,QSplitter
maybepreferableto a layoutmanager.

For completecontrol, it is alsopossibleto perform layout manuallyin a widget by reimplementingQWid-
get::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 andrespond
to eventsat differentlevelsof granularity.

In Qt, an event is an object that inheritsQEvent. Eventsaredeliveredto QObject objectsso that they can
respondto them. Programmerscanmonitorandfilter eventsat theapplicationlevel andat theobjectlevel.

11.1. Event Creation

Most eventsaregeneratedby thewindow systemandinform widgets,for example,thata key waspressed,that
a mousebuttonwasclicked or that theapplicationwindow wasresized.It is alsopossibleto sendsimulated
eventsto objectsprogrammatically. Thereareover fifty typesof event,of which themostcommonlyusedare
MouseButtonPress , MouseButtonRelease , MouseButtonDblClick , Wheel , KeyPress , KeyRelease ,
Paint , Resize andClose . Developerscanaddtheirown eventtypesthatbehavelike thebuilt-in types.
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It isusuallyinsufficientmerelytoknow thatakey waspressedor thatamousebuttonwasreleased.Thereceiver
alsoneedsto know, for example,which key waspressed,which buttonwasreleasedandwherethemousewas
located.Thisadditionalinformationisavailablefrom QEvent subclasses,suchasQMouseEvent, QKeyEvent,
QPaintEvent, QResizeEvent andQCloseEvent.

11.2. Event Delivery

Qt deliverseventsby callingthevirtual functionQObject::event().For convenience,QWidget::event()forwards
the most commontypesof event to dedicatedhandlers,for example,QWidget::mouseReleaseEvent() and
QWidget::keyPressEvent().Developerscaneasilyreimplementthesehandlerswhenwriting their own widgets
or whenspecializingexistingwidgets.

Someeventsaresentimmediately,whileothersarequeued,readytobedispatchedwhencontrolreturnsto theQt
kernel. Qt usesqueueingtooptimizecertaintypesof events.For example,multiplepainteventsarecompressed
into asingleeventto minimizeflickerandmaximizespeed.

Oftenanobjectneedstolookatanotherobject’sevents,e.g. torespondtothemor toblockthem.Thisisachieved
byhavingamonitoringobjectcallQObject::installEventFilter()ontheobjectthatit will monitor. Themonitor’s
QObject::eventFilter()virtual functionwill becalledwith eachevent that is destinedfor themonitoredobject
beforethemonitoredobjectreceivestheevent.

It’s alsopossibleto filter all the application’s eventsby installinga filter on qApp, the uniqueQApplication
instance.Suchfiltersarecalledbeforeany widget-specificfilters. It is evenpossibleto reimplementQApplica-
tion::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 can load and savedata in plain text, XML and binary format. Qt handleslocal files using its
ownclasses,and remotefilesusingtheFTP andHTTPprotocols. Inter-processcommunicationand
socket-basedTCPandUDP networkingarealsofully supported.

12.1. Input/Output

Qt providesclassesto perform advancedI/O on multiple platforms. The QTextStream classhasa similar
interfaceto the standard<iostream> classes,and supportsthe encodingsprovided by QTextCodec. The
QDataStream classisusedtoserializethebasicC++typesandmany Qt typesin aplatform-independentbinary
format. For example,thefollowing codewritesaUnicodestring,a font andacolor to thefile splash.dat:

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

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

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

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.

QTextStream andQDataStream operateonany QIODevice subclass.Qt includestheQFile, QBuffer, QSock-
et andQSocketDevice subclasses,andprogrammerscanimplementtheirowncustomdevices.QIODevice also
provideslow-level functionssuchasreadLine()andwriteBlock()thatcanbeusedindependentlyof any stream.

Directoriesarereadand traversedusingQDir. QDir canbe usedto manipulatepathnamesandaccessthe
underlyingfile system(e.g. createa directoryor deletea file). QFileInfo providesmoredetailedinformation
aboutafile, suchasits size,permissions,creationtime,lastmodificationtime,etc.

The following examplelists the hiddenfiles in the user’s homedirectoryalongwith their size,in decreasing
sizeorder:

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 remotefiles is provided by QUrlOperator. In additionto local file systemaccess,Qt
supportsthetheFTPandHTTPprotocolsandcanbeextendedtosupportotherprotocols.For example,filescan
bedownloadedusingFTPlike this:

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

QString("file:/tmp") );

URLscaneasilybeparsedandrecomposedusingQUrl.

Imagefilesareusuallyreadby creatinga QImage with thefile nameasargument.Printingtext andimagesis
handledby QPainter. Theseclassesaredescribedin 2D Graphics[p. 23].
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12.2. XML

Qt’sXML moduleprovidesaSAX parserandaDOM parser,bothof whichreadwell-formedXML andarenon-
validating. TheSAX (SimpleAPI for XML) implementationfollowsthedesignof theSAX2 Java implemen-
tation,with adaptednamingconventions.TheDOM (DocumentObjectModel)Level2 implementationfollows
theW3Crecommendationandincludesnamespacesupport.

Many Qt applicationsuseXML format to storetheir persistentdata. TheSAX parseris usedfor readingdata
incrementallyandisespeciallysuitablefor simpleparsingrequirementsandfor verylargefiles. TheDOM parser
readstheentirefile into a treestructurein memorythatcanbetraversedatwill.

12.3. Inter-Process Communication

TheQProcess classis usedto startexternalprogramsandto communicatewith themfrom aQt applicationin a
platform-independentway. Communicationisachievedby writing to theexternalprogram’sstandardinputand
potentiallyby readingits standardoutputandstandarderror.

QProcess works asynchronously, reportingthe availability of databy emitting signals. Qt applicationscan
connectto the signalsto retrieve and processthe data,and optionally respondby sendingdataback to the
externalprogram.

12.4. Networking

Qt providesacross-platforminterfacefor writing TCP/IPclientsandservers.

TheQSocket classprovidesanasynchronousbufferedTCPconnection.QSocket is a QIODevice, makingit
easyto useQTextStream andQDataStream onasocket.

QSocket is designedto work well within a GUI application.A live currency converterapplicationillustrates
this:

Figure 32. Livecurrency converter

Theapplicationusesthefictional protocolCCP(Currency ConversionProtocol)to accessthe latestexchange
ratesfrom aserver. Only linesrelatedto networkingarepresented.

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

this, SLOT(updateTargetAmount()) );

Thesocketiscreatedin theConverter constructor. Socketcommunicationisasynchronous,andthesocketemits
thereadyRead()signalwhenthereis dataavailableto read.
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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 calledwhentheuserclickstheConvert button. It openstheconnectionandsendsa CONV

request(e.g. CONV100 EURUSD) to port 123on theserver ccp.banca-monica.nu . QSocket automatically
usesQDns to resolveccp.banca-monica.nu to its IP address.All theseoperationsarenon-blockingto keep
theuserinterfaceresponsive.

void Converter::updateTargetAmount()
{

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

}
}

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

SimpleTCP serverscanbe implementedby subclassingQServerSocket, which works asynchronouslylike
QSocket. QServerSocket setsup a listeningsocket that acceptsincomingconnections,and calls a virtual
functionto servetheclient.

TheQSocketDevice classprovidesa platform-independentwrapperfor thenativesocketAPIs. It providesthe
underlyingfunctionalityfor 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

Collectionclassesare usedto store groupsof itemsin memory. Qt providesa set of classesthat
are compatiblewith theStandard TemplateLibrary (STL),and that work regardlessof whetherthe
compilersupportsSTLor not.

Applicationsoftenneedto manageitemsin memory, for example,groupsof images,widgetsor customobjects.
Many C++compilerssupporttheSTL,whichprovidesready-madedatastructuresfor storingitems.Qt provides
lists,stacks,queuesanddictionarieswith STL-syntax.Qt’scollectionclasseswork with bothSTL andnon-STL
compilers.

Qt’srich setof portablecollectionclasses(‘containers’)andassociatediteratorsareheavily usedinternally, and
areprovidedaspart of theQt API. Qt’s containersareoptimizedfor speedandmemoryefficiency usingtwo
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techniques,‘privateclasses’and‘implicit sharing’.ProgrammerscanalsouseSTL containerson theplatforms
thatsupportthem,at thecostof losingQt’soptimizations.

Templateclassesusuallyincreasethesizeof executablesdramatically,becausethecompilergeneratesessentially
thesamecodefor eachspecializedtype. Qt’s templatecollectionclassesreducecodebloatbecausethey area
thin layerovernon-templateprivateclasses.

13.1. Value-based Collections

Qt providesfive value-basedcollectionclasses:QMap<Key,T>, QValueList<T>, QValueStack<T>, QVal-
ueVector<T> andQStringList. They haveaninterfaceverysimilarto theSTLcontainersandarefully compat-
iblewith theSTLalgorithms.Qt providessomeSTL-equivalentalgorithms:qCopy(),qFind(),qHeapSort(),etc.
Onplatformswith STL support,Qt providesautomaticconversionoperatorsbetweenSTL andQt containers.

Qt’svalue-basedcollectionclassesareimplicitly shared,alsocalled‘copy onwrite’. Copiesof instancesof these
classessharethesamedatain memory. Thedatasharingishandledautomatically;if theapplicationmodifiesthe
contentsof oneof thecopiedobjects,adeepcopy of thedataismadesothattheotherobjectsareleft unchanged.
Whenanobjectis copied,only apointerispassedandareferencecountincremented,whichismuchfasterthan
actuallycopying thedataandalsosavesmemory.

Sharingis usedwherever it makessense:in Qt’s value-basedcollectionclasses,and in QBitmap, QBrush,
QCursor, QFont, QIconSet, QPalette, QPen, QPicture, QPixmap, QRegion, QRegExp, QString, etc.
Programmerscansafelyandefficientlycopy objectsof theseclassesby value,avoidingtherisksrelatedtousing
pointersandhandoptimization. In particular, theimplicitly sharedQString classmakesstringprocessingeasy
andfast.

Qt also provides the low-level QMemArray<T> classwith its subclassesQBitArray, QByteArray and
QPointArray. Theseclassesareveryefficientfor handlingbasic‘plain old data’types.

13.2. Pointer-based Collections

Qt providesmany low-level, generic,pointer-basedcollection classes:QDict<Key,T>, QPtrList<T>, QP-
trQueue<T>, QPtrStack<T>, QPtrVector<T> and QCache<T>. Theseclassesstorepointersrather than
values.They areespeciallyusefulfor storingpointerstoQWidgetsandQObjects. Thepointer-basedcollection
classescanoptionallytakeownershipof theobjectsthey containandautomaticallydeletethemwhenthecollec-
tion is 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
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14. Plugins and Dynamic Libraries

Qt can accessfunctionsfrom dynamiclibraries platform-independently. Qt also supportsplugins,
which allow developersto createanddistributeQt codecs,databasedrivers,imageformatconverters,
stylesandcustomwidgetsasindependentcomponents.

14.1. Dynamic Libraries

The QLibrary classprovidescross-platformdynamiclibrary loading,a morepowerful mechanismthanthe
morerestrictivebuild-timelinking.

Below isanexampleof themostbasicwaytodynamicallyloadandusealibrary. Theexampleattemptstoobtain
apointerto theprint_str symbolfrom themylib 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++ name
mangling).Theselimitationsdonotapplyto Qt plugins.

14.2. Plugins

ConvertingaQt codec,databasedriver, imageformatconverter, styleor customwidgetinto apluginisachieved
by subclassingtheappropriatepluginbaseclass,implementinga few simplefunctions,andaddingamacro.

For example,if adeveloperhascreatedaQStyle subclasscalledCopperStyle thatthey wantto makeavailable
asaplugin,they wouldcreateasubclasslike this:

class CopperStylePlugin : public QStylePlugin
{
public:

CopperStylePlugin() { }
~CopperStylePlugin() { }

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

}

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

return new CopperStyle;
return 0;

}
};

Q_EXPORT_PLUGIN( CopperStylePlugin )
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Thenew stylecanbesetlike this:

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

Databasedrivers,codecs,customwidgetsandimageformatsthataresuppliedaspluginsaredetectedandused
by theapplicationautomatically.

CompaniesalreadyprovideQt componentsin sourceform,asprecompileddynamiclibrariesor asplugins.

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 thelow-level APIsof theplatformsit supports.ThismakesQt flexible
andefficient.

Qt is an ‘emulating’ cross-platformtoolkit. All widgetsare drawn by Qt, and programmerscan extend or
customizethemby reimplementingvirtual functions. Qt’swidgetsaccuratelyemulatethelook andfeelof the
supportedplatforms,asdescribedin StylesandThemes[p.36].Thistechniquealsoenablesdevelopersto derive
theirown customstylesto provideadistinctlook for theirapplications.

Qt Application Source Code

Qt API

Qt/Windows Qt/X11 Qt/Macintosh Qt/Embedded

GDI Xlib Carbon

Embedded LinuxMS-Windows Unix/Linux Mac OS X

Figure 34. Qt’sArchitecture

Qt usesthe low-level APIs of the different platforms it supports. This differs from traditional ‘layered’
cross-platformtoolkits thatarethin wrappersover single-platformtoolkits (e.g. MFC on WindowsandMotif
on X11). Layeredtoolkits areusuallyslow, sinceevery functioncall to the library resultsin many additional
callsdown throughthedifferentAPI layers.Layeredtoolkitsarelimited by theinflexibilities of theunderlying
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toolkits,andusuallybehaveslightly differentlyon thedifferentplatformsthey support,leadingto obscurebugs
in applications.

Qt is professionallysupported,andtakesadvantageof theavailableplatforms: Microsoft Windows,X11,Mac
OSX andEmbeddedLinux. Usinga singlesourcetree,a Qt applicationcanbeconvertedinto anexecutable
simply by recompilingon thetargetplatforms. AlthoughQt is a cross-platformtoolkit, customershave found
it to be easierto learn and more productive than platform-specifictoolkits. Many customersuse Qt for
single-platformdevelopment,bothonWindowsandonUnix, preferringQt’sfully object-orientedapproach.

15.1. Microsoft Windows

Qt/Windows usesthe Win32 API andGDI for eventsanddrawing primitives. Qt doesnot useMFC or any
othertoolkit. In particular, Qt doesnot usetheinflexible ‘commoncontrols’,but ratherprovidesits own more
powerful,customizablewidgets. (For non-specializeduses,Qt usesthenativeWindowsfile andprint dialogs.)

With Qt, thesameexecutableworkson Windows 95/98/NT4/ME/2000.Qt performsa run-timecheckfor the
Windowsversion,andusesthemostadvancedcapabalitiesavailable.Forexample,onlyWindowsNT4and2000
supportrotatedtext natively;Qt rendersrotatedtext onall Windowsversions,andusesthenativesupportwhere
available. As thisexampledemonstrates,Qt developersareinsulatedfrom changesin theWindowsAPI.

Qt supportsthe Microsoft accessibilityinterfaces.Unlike Windows’s commoncontrols,Qt widgetscan be
extendedwithout losing the accessibilityinformationof the basewidget. Customwidgetscanalsoprovide
accessibility.

Qt alsosupportsmultiplescreensonMicrosoftWindows.

Qt/WindowscustomerscreateQt applicationsusingMicrosoftVisualC++andBorlandC++.

15.2. X11

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

Qt applicationsautomaticallyadaptto theuser’s window manageror desktopenvironment,andhave a native
look andfeel underMotif, SGI,CDE,GNOME andKDE. Thiscontrastswith otherUnix toolkits,which lock
usersinto theirown look andfeel.

Qt providesfull Unicodesupport[p. 33].Qt applicationsautomaticallysupportbothUnicodeandnon-Unicode
fonts. Qt combinesmultiple X fonts to rendermulti-lingual text. Qt’s font handlingis intelligent enoughto
searchall theinstalledfontsfor charactersunavailablein thecurrentfont.

Qt takesadvantageof X extensionswherethey areavailable.QtsupportstheRENDERextensionfor anti-aliased
fontsandalpha-blending.Qt provideson-the-spoteditingfor X Input Methods.Qt supportsmultiple screens
bothwith 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.
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15.3. Mac OS X

New in version3.0,Qt supportsMacOSX usingtheCarbonAPI. Qt/Maccreatesa new market for customers
whosellQt applications.

Qt introduceslayoutsandstraightforward internationalizationsupportto theMacintosh.Qt handlesfiles and
asynchronoussocket input/outputin theeventloop. Qt providessoliddatabasesupport.Developerscancreate
Macintoshapplicationsusingamodernobject-orientedAPI thatincludescomprehensivedocumentationandfull
sourcecode.

Macintoshdeveloperscancreateapplicationsontheir favoriteplatformandbroadentheirmarkethugelysimply
by recompilingon,for example,Windows.

Qt/Mac also brings some technical benefitsto Macintosh development,for example, standardOpenGL,
straightforwardinternationalizationandpowerful visualdesignwith Qt Designer.

15.4. Embedded Linux

Qt/Embeddedprovides its own windowing environment and writes directly to the Linux frame buffer.
Qt/Embeddedeliminatesthe needfor an X server, and runsfasterand with a lower memoryfootprint than
X11-basedembeddedLinux devices.

Qt/Embeddedusesalpha-blendingfor imagepainting and anti-aliasedscalableTrueType and Type1fonts.
Qt/Embeddedhas flexible input handling, including hand-writing recognition,a pickboard and a virtual
keyboard;it is easyto write new input methods.By selectively choosingfeatures,the memorydemandsof
Qt/Embeddedcanbetunedto between800KB and3MB in ROM.

SeetheQt/Embeddedwhitepaperfor acompletetechnicaloverview.

15.5. Qt’s Development World

Companiesanddevelopersfrom aroundtheworld arejoining theQt developmentcommunityeveryday. They
haverecognizedthatQt’sarchitecturelendsitself to rapidapplicationdevelopment.Thesedevelopers,whether
they aretargetingoneor many platforms,arebenefitingfrom Qt’sconsistentandstraightforwardAPI, andfrom
Qt’spowerful supportingtoolssuchasqmake andQt Designer.

Qt hasan active and helpful usercommunitywho communicateusing the qt-interest mailing list. See
http://qt-interest.trolltech.comto subscribeor to browsethearchive.

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

DeveloperscanevaluateQt,with support,for 30daysontheirpreferredplatform. Seehttp://www.trolltech.com
for details.

For furtherinformation,emailinfo@trolltech.com .
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