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Abstract

Thiswhitepapedescribeshe Qt C++toolkit. Qt supportghedevelopmentbf cross-platformrGUI applications
with its ‘write once,compile anywhere’approach.Using a single sourcetree and a simple recompilation,
applicationscanbe written for Windows 95/98/NT4/ME/2000Mac OS X, Linux, Solaris,HP-UX andmary
otherversionsof Unix with X11.Qt applicationsanalsobe compiledto run on QVEmbeddedQt introduces
a unigueinter-objectcommunicatiormechanisntalled ‘signalsandslots’. Qt hasexcellentsupportfor mary
programmingdomains: 2D and 3D graphics,internationalizationXML, etc. Qt applicationscan be built
visually usingQt Designer
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1. Introduction

Qtis a C++ toolkit for cross-platformGUI and applicationdevelopmentin additionto the Qt C++

classlibrary, thetoolkit includestools to male writing applicationsfast and straightforward. Qt's
cross-platformcapabilitiesand extensiveinternationalizationsupportensue that Qt applications
read thewidestpossiblemarket.

The Qt C++toolkit hasbeenat the heartof commercialapplicationssince1995.Qt is usedby companiesis
diverseasAT&T, IBM, NASA andXerox,andby numerousmallercompanieandorganizations.Qt 3.0retains
the ease-of-usandpower of earlierversionswvhile addingsignificantfunctionalityandintroducingmary new
classesQt'sclassearefully featuredo reducedeveloperworkload,andprovide consisteninterfacedo speed
learning. Qt is, andalwayshasbeenfully objectoriented.

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

1.1. Executive Summary

Qtincludesarich setof widgets[p. 4] (‘controls’in Windowsterminology)thatprovide standards Ul function
ality. Qtintroducesninnovativealternatvefor inter-objectcommunicationgalled'signalsandslots’[p. 9], that
replacesheold andunsafecallbackiechnique.Qt alsoprovidesacorventionaleventgp. 40]modelfor handling
mouseclicks, key pressesetc. Qt's crossplatform GUI applicationgp. 11] canuseall the userinterfacefunc
tionality requiredby modernapplicationssuchasmenusgcontext menusgdockableoolbars palloonhelp,drag
anddrop,etc.

Intuitive naming corventionsand a consistentprogrammingapproachsimplify coding. Qt also includes
Qt Designerfp. 18], atool for designinguserinterfacegyraphically Qt DesignersupportQt'spowerful layouts
[p. 37]in additionto absolutguositioning. Qt Designercanbeusedpurelyasa designtool, or it canbeusedto
createentireapplicationswith thebuilt-in C++ codeeditor.

Qt hasexcellentsupportfor 2D and3D graphicgp. 23]. Qt is the defactostandardGUI toolkit for platform-
independen®penGLprogramming.

Qt makesit possibleto createplatform-independerdatabasapplicationausingstandardiatabasefp. 30]. Qt
includesnative driversfor Oracle,Microsoft SQL Sener, SybaseAdaptive Sener, PostgreSQLMySQL and
ODBC-compliandatabasesQt's databaséunctionalityis fully integratedwith Qt Designerwhich offerslive
preview of databaseéata. Qtincludesdatabase-specifigcidgets,andary 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-
dows 95/98/NT4/ME/2000Mac OS X, Linux, Solaris HPUX andmary otherversionsof Unix with X11. Qt
applicationcanalsobe compiledto run on QVEmbedded Qt’'s gmake build tool producedviakefilesor .dsp
filesappropriatéo thetargetplatform. SinceQt'sarchitecturgp. 4 7]takesadvantagef theunderlyingplatform,
mary customersalsouseQt for singleplatformdevelopmenbnbothWindowvsandon Unix becauséhey prefer
theQt approach.



QtusedJnicodethroughoutandhasconsiderablsupportor internationalizatiofp. 33]. QtincludesQt Linguist
[p. 35]andothertoolsto supportranslators Applicationscaneasilyuseandmix text in Arabic,English,Hebreav,
Japanes&ussiarandall theotherlanguagesupportedy Unicode.

Qtincludesavarietyof domain-specificlassesFor example Qt hasanXML module[p. 43]thatincludesSAX
andDOM parsers.Objectscanbestoredn memoryusingQt'sSTL-compatiblecollectionclasse$p. 44].Local
and remotefile handlingusing standardprotocolsare provided by Qt's input/outputand networking classes

[p. 41].

Qt applicationscanhave their functionality extendedby pluginsanddynamiclibraries[p. 46]. Pluginsprovide
additionalcodecsdatabasdrivers,imageformats stylesandwidgets. Librariescanoffer anunlimitedrangeof
functionality Pluginsandlibrariescanbe soldasproductsn their own right.

Qt is a mature,solid C++ toolkit that is widely usedacrosghe world. In additionto Qt's mary commercial
usesthe free edition of Qt is the foundationof KDE, the Linux desktopervironment. Qt makesapplication
developmenta pleasurewith its cross-platfornbuild systemyisualform designandelegantAPI.

On-line References

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

2. Widgets

Qt hasarich setof widgets(buttonsscmll bars,etc.) that caterfor mostsituations.Qt'swidgetsare
flexible and easyto subclasdor specialrequirements.

Qt providesa full setof widgets. Widgetsare visual elementghat are combinedto createuserinterfaces.
Buttonsmenusscrollbarsmessagboxes,applicatiorwindows, etc. areall exampleof widgets. Qt’swidgets
arenot arbitrarily divided betweertcontrols’ and‘containers’;all widgetscanbe usedboth ascontrolsandas
containers.Customwidgetscaneasilybecreatedyy subclassingxisting Qt widgets or createdrom scratchon

therareoccasionwvhenthisis necessary

Widgetsareinstance®f QWidget or oneof its subclassesndcustomwidgetsarecreatedoy subclassing.

QObiject

QTimer

| QSpinBox

QLineEditr

Figurel. An extractfrom theQWidget classhierarchy

A widget may containary numberof child widgets. Child widgetsare shovn within the parentwidget's
area. A widgetwith no parentis a top-level widget (a ‘window’), andusuallyhasits own entryin the desktop



ervironmentstaskbar Qtimposeso arbitrarylimitationson widgets. Any widgetcanbeatop-level widget;
ary widgetcanbeachild of ary otherwidget. Thepositionof child widgetswithin the parentsareacanbeset
automaticallyusinglayoutmanagerfp. 37],or manuallyif preferred.Whena parentwidgetis disabledhidden
or deletedthe sameactionis appliedto all its child widgetsrecursvely.

Labels,messag®oxes,tooltips,etc.,arenot confinedto usinga singlecolor, font andlanguage.Qt's text-ren
deringwidgetscandisplaymulti-languageich text usinga subseof HTML. SeeText Renderindp. 34].

2.1. A ‘Hello’ Example

i hellal S [=[jE
Hello Q¢

Figure2. Hello Qt!

Thecompletesourcecodefor a programthatdisplays‘Hello Qt!” follows:

#include  <gapplication.h>
#include  <glabel.h>

int main( int argc, char x=xargv )

{
QApplication app( argc, argv );
QLabel =*hello = new QLabel( "<font color=blue>Hello <i>Qtl</i>"
"</font>", 0);
app.setMainWidget( hello );
hello->show();
return  app.exec();
}

2.2. Built-in Widgets

Thescreenshotselowv presenthemain Qt widgets. They areshavn usingthe Windows style.

A& label  Push but‘lonl

Figure3. A QLabel anda QPushButton laid outwith a QHBox

QButtonGroup
& Radio1 [ Check1

 Radio2z ¥ Check2

Figure4. Two QRadioButtonsandtwo QCheckBoxeslaid out with a QButtonGroup
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“Everything T atways
he made as simple as
possible, but not simpler.”

Albert Einsteir

| Combobox text |

Figure5. A QDateTimeEdit, aQLineEdit, aQTextEdit anda QComboBox laid out with a QGroupBox
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Figure6. A QDial, aQProgressBar, aQSpinBox, aQScrollBar, aQL CDNumber anda QSlider laid outwith aQGrid
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Figure7. A QlconView, aQListView, aQListBox anda QTable laid outwith aQGrid

QComboBox, QLineEdit andQSpinBox’sinputcanbeconstrainedr validatedusinga QValidator subclass.
Qtregularexpressionganbeusedfor validation.

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

QMenuBar, QStatusBar, QToolBar andrelatedwidgetsare presentedn GUI Applications[p. 11]. QM es-
sageBox, QFileDialog, QTabDialog, QWizar d andotherdialogsarepresentedh Dialogs[p. 15]. QSplitter is
coveredin Layouts[p. 37]. QCanvasandQGLWidget arepresentedn 2D and3D Graphicqp. 23].



Thescreenshahatshovsthe QRadioButtons andQCheck Boxeswasproducedwith thefollowing code:

parent = new QButtonGroup( 2, Qt:Vertical, "QButtonGroup" );
radiol = new QRadioButton( "&Radio 1", parent );
radio2 = new QRadioButton( "R&adio 2", parent );

radiol->setChecked( TRUE);
checkl = new QCheckBox( "&Check 1", parent );
check2 = new QCheckBox( "C&heck 2", parent );
check2->setChecked( TRUE);

2.3. Custom Widgets

Developerscan createtheir own widgetsand dialogshby subclassindQWidget or one of its subclassesTo
illustratesubclassinghecompletecodefor a digital clock widgetis presented.

Figure8. Clockwidget

The Clock widgetis a LCD thatdisplaysthe currenttime andupdatestself automatically A colonseparator
blinksto indicatethe passingseconds.

In clock.h,  Clock is definedikethis:
#include  <glcdnumber.h>
class Clock : public QLCDNumber

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

protected:
void timerEvent( QTimerEvent =*event );

private:
void showTime();

bool showingColon;

h

Clock inheritsits LCD functionality from the QL CDNumber widget. It hasa constructortypical of widget
classeswith optionalparent andname parameters(Testinganddehuggingareeasierif name is set.) The
timerEwent()functionis inheritedfrom QObject andis calledat regularintervalsby thesystem.

In clock.cpp,  thefunctionsdeclaredn clock.h  areimplemented:
#include  <qgdatetime.h>
#include  "clock.h"

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



showTime();
startTimer( 1000 );

}
void Clock::timerEvent( QTimerEvent =+ )
{
showTime();
}
void Clock::showTime()
{
QString time = QTime::currentTime().toString().left( 5);
if ( !showingColon )
time[2] ="' 7
display( time );
showingColon = !showingColon;
}

The constructorcalls shavTime() to initialize the clock with the currenttime, and tells the systemto call
timerEwent()every 1000millisecondgo refreshthe LCD display

In shavTime(),QLCDNumber::display(js calledwith thecurrenttime. Thecolonis replacedy aspacevery
othertime shovTime()is calledto make the colonblink.

Theclock.h andclock.cpp  files completelydefineandimplementthe Clock customwidget. Thiswidget
canbeusedstraightawayin a simpleprogram:

#include  <qgapplication.h>
#include  "clock.h"

int main( int argc, char =x=xargv )

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

}

Thisexampleprogramcontainsa singlewidget(the Clock) andno child widgets. Complex widgetsarebuilt by
combiningwidgetsin layouts.

Developerscanalsowrite customwidgetsfrom scratch. For example,to createan analogclock, it would be
necessaryo drav the clock’'sfaceandhandsn coderatherthanrelying on the functionalityimplementedn a
baseclass. Thisapproachs coveredin 2D Graphicdp. 23].

On-line References

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



3. Signals and Slots

Signalsand slotsprovideinter-objectcommunicationThey are easyto undestandand usg and are
fully supportedby Qt Designer

GUI applicationgespondo useractions. For example whena userclicks a menuitem or toolbarbutton,the
applicationexecutessomecode. More generallywe wantobjectsof ary kind to be ableto communicatawvith

eachother The programmeimustrelateeventsto the relevant code. Oldertoolkits usemechanismshat are
nottypesafe(i.e. arecrashprone) areinflexible, andarenot objectoriented. Trolltech hasinventeda solution
called'signalsandslots’.Signalsandslotsis a powerfulinter-objectcommunicatioomechanisnthatcanbeused
to completelyreplacethecrudecallbacksandmessagenapsusedby legagy toolkits. Signalsandslotsaretype
safe flexible, fully objectorientedandimplementedn C++.

To associatssomecodewith a button usingthe old callbackmechanismit is necessaryo passa pointerto a
functionto the button. Whenthe buttonis clicked,the functionis thencalled. Old toolkits do not ensurethat
argumentf theright typearegivento thefunctionwhenit is called whichmakescrashesnorelikely. Another
problemwith thecallbackapproachsthatit tightly bindstheGUI elemento thefunctionality makingit difficult
to developclassesndependently

Qt'ssignalsandslotsmechanisnis different. Qt widgetsemit signalswvheneventsoccur For exampleabutton
will emita‘clicked’signalwhenit is clicked. The programmeicanchooseto connectto a signalby creating
afunction(calleda slot) andcalling the connect(¥unctionto relatethe signalto the slot. Qt'ssignalsandslots
mechanisndoesnot requireclassedo have knowledgeof eachother which makesit mucheasierto develop
highly reusablelasses Signalsandslotsaretype safe with typeerrorsbeingreportedoy warningsratherthan
by crashes.

For examplejf aQuit button’sclicked()signalis connectedo theapplicationsquit() slot,ausersclick on Quit
malkestheapplicationterminate.In code thisis writtenas

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

Connectionganbeaddedor removedat arny time duringthe executionof a Qt application.

The signalsand slots implementationsmoothly extends C++'s syntax and takes full adwantageof C++'s
object-orientatefeatures.Signalsandslotsaretypesafe canbeoverloadedr reimplemente@ndmayappear
in the public, protectedor privatesectionf aclass.

3.1. A Signals and Slots Example

To benefitfrom signalsandslots,a classmustinherit from QObject or oneof its subclasseandincludethe
Q_OBJECTmacroin theclasssdefinition. Signalsaredeclaredn thesignals  sectionof theclasswhile slots
aredeclaredn thepublic slots, protected slots orprivate slots sections.

HeresanexampleQObject 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;
k

In the style of mostC++ classesthe classBankAccount hasa constructora getfunctionbalance()anda set
functionsetBalance().

The classalsohasa signalbalanceChanged(vhich announceshat the balancein the accounthaschanged.
Signalsarenotimplementedwhena signalis emitted theslotsit is connectedo areexecuted.

Thesetfunctionis declaredn thepublic slots sectionsoit is aslot. Slotsarestandardnemberfunctions
with animplementatiorthatcanbecalledlik e ary otherfunction,andwhich canalsobeconnectedo signals.

Herestheimplementatiorof theslotsetBalance():

void BankAccount::setBalance( int newBalance )
{
if ( newBalance != curBalance ) {
curBalance = newBalance;
emit balanceChanged( curBalance );
}
}
Thestatement

emit balanceChanged(  curBalance );

causeshe balanceChangedg§jgnalto be emittedwith the new currentbalanceasits agument. The keyword
emit , likesignals andslots |, is providedby Qt andis transformednto standardC++ by the C++ prepro-
cessor

Heresanexampleof how to connectwo BankAccounts:

BankAccount X, v;

connect( &%, SIGNAL(balanceChanged(int)),
&y, SLOT(setBalance(int)) );

x.setBalance( 2450 );

Whenthe balancein x is setto 2450,the balanceChangedsgjgnalis emitted. The signalis receved by y’'s
setBalance(3lot,which setsy’sbalanceo 2450.

Oneobjectssignalcanbe connectedo mary differentslots,andmary signalscanbe connectedo oneslotin
a particularobject. Connectionsremadebetweersignalsandslotswhoseparameterhave the sametypes. A
slot canhave fewer parameterthanthe signalandignorethe extra parameters.

10



3.2. Meta Object Compiler

The signalsand slots mechanismis implementedin pure standardC++. The implementationusesthe C++
pre-processcandthe MetaObjectCompiler(moc) includedwith the Qt toolkit.

The moc readsthe applications headeffiles andgenerateshe necessargodeto supportthe signalsandslots
mechanismDevelopersever haveto editor evenlook atthegeneratedode. Thegmake build tool generates
thecorrectMakefilesfor thetargetplatform.

In additionto handlingsignalsand slots,moc supportsQt’s translationmechanismits propertysystemand
extendedrun-timetypeinformation. The metaobjectcompileralsomakesthe cross-platformintrospectiorof
C++programgpossible.

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 fastand simpleand canbeachievedby handcodingor
by usingQt DesignerQt’s visualdesigntool.

Qt providesall theclassesindfunctionsnecessario createmodernGUI applications.Qt canbeusedto create
both ‘main window’ style applicationswith a menubar, toolbarsandstatusbar surroundinga centralareaand
dialogstyleapplicationghatusebuttonsandpossiblytabsto presenbptionsandinformation. Qt supportdoth
SDI (singledocumentinterface)andMDI (multiple documentinterface) Qt alsosupportsiraganddropandthe
clipboard.

Tool barscanbe movedaroundwithin thetoolbararea(calledthe‘dock area’),draggedo otherdockareaspr
floatedastool palettes.Thisfunctionalityis built in andrequiresno additionalcode althoughprogrammersan
applyconstraintgo toolbarbehaior if they wish.

Qt simplifiesprogramming.For example,if a menuoption,a toolbarbutton and a keyboardacceleratoall
performthe sameaction theactionneedonly becodedonce.

Qtalsoprovidesmessagéoxesandafull setof standardlialogsto makeit easyfor applicationgo asktheuser
guestionsandto getthe userto choosefiles, folders,fontsandcolors. In practice a one-linestatementising
oneof Qt'sstaticconveniencedunctionsis all thatis necessaryo presena messagéox or astandardlialog.

Qt canplatform-independentlgtoreapplicationsettings,suchas userpreferencesmnostrecentlyusedfiles,
window andtoolbarpositionsandsizesgtc.

11



4.1. Main Window Classes

4.1.1. The Main Window

TheQMainWindow clasdaysoutasetof relatedwidgetsto provide a framework for typical applicationmain
windows.

2 QMainWindow
Eile Edit Help

[ o o g BB

kAD Child 1

,.Die Mathematiker sind eine Art
Franzosen: redet man zu ihnen, so

MDI Child 2

“Mathematicians are like Frenchmen:
whenever you say something to them, they
translate it into their own language, and at
once it is something entirely diffierent.”

Goelie

Status message Indicatar 1 | Indicator 2 4

Figure9. An applicationmainwindow

A mainwindow containsa setof standardvidgets. Thetop of themainwindow containsa menubar, beneath
which toolbarsarelaid out. The toolbarscanbe movedto any dock area;main windows have dock areasat
thetop,left, right andbottom. Toolbarscanalsobe draggedut of a dockareaandfloatedasindependentool
palettes.Thebottomof the mainwindow, below thebottomdockareajs occupiedby a statushar. Thecentral
areacontainsary widgetfor SDI applicationsor a QWor kspace for MDI applications.Tooltipsand“What's
this?”helpprovide balloonhelpfor the userinterfaceelements.

4.1.2. Menus

The QPopupM enu widget presentsnenuitemsto the userin a verticallist. Popupmenuscanbe standalone
(e.g. acontet menu),canappeain amenubar, or canbeasub-menwf anothepopupmenu. Menuscanalso
have tearoff handles.

Eachmenuitem canhave anicon,acheckboxandanacceleratorMenuitemsusuallycorrespondo actionge.g.
Save).Separatoitemsaredisplayedasa line andareusedto grouprelatedactionsvisually.

Heresanexamplethatcreates File menuwith New, OpenandExit menuitems:

QPopupMenu =*fileMenu = new QPopupMenu( this ;

fileMenu->insertltem( "&New", this, SLOT(newFile()), CTRL+Key_N);
fileMenu->insertltem( "&0Open...", this, SLOT(open()), CTRL+Key _O);
fileMenu->insertSeparator();

fileMenu->insertltem( "E&xit", gApp, SLOT(quit()), CTRL+Key _Q);

Whena menuitemis chosenthecorrespondinglotis executed.

12



TheQMenuBar classmplementsamenubar It automaticallysetsits geometryto thetop of its parentwidget
(typically aQMainWindow). It splitsits contentsacrossnultiplelinesif theparenwindow is notwide enough.
Qt'shuilt-in layoutmanagerautomaticallytake the menubarinto consideration. Onthe Macintoshthe menu
barappearatthetop of thescreerasexpected.

Hereshow to createa menubarwith File, Edit andHelpmenus:

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

Qt'smenusystemnis veryflexible. Menuitemscanbeenableddisabledaddedor removeddynamically Menu
itemswith customizedappearancandbehaior canbecreatedy subclassin@CustomM enultem.

4.1.3. Toolbars

The QToolButton classimplementsa toolbarbutton with anicon, a 3D frameandan optionallabel. Toggle
toolbar buttonsturn featureson and off. Othertoolbar buttonsexecutea command. Differenticonscanbe
providedfor theactive,disabledandenablednodesandfor theon andoff states.If only oneiconis provided,
Qtautomaticallydistinguisheshestateusingvisualcuesfor example grayingout disabledouttons. Pressing
toolbarbuttoncanalsobeusedto triggera popupmenu.

QToolButtons usually appearside-by-sidewithin a QToolBar. An applicationcan have ary number of
toolbarsandtheuseris freeto movethemaround. Toolbarscancontainwidgetsof almostary type,for example
QComboBoxesandQSpinBoxes.

4.1.4. Balloon Help

Modernapplicationaiseballoonhelpto briefly explainthe purposeof userinterfaceelements.Qt providestwo
mechanism$or balloonhelp: tooltipsand“What'sthis?”help.

Tooltipsaresmall,usuallyyellow, rectangleshat appearautomaticallywhenthe mousepointerhoversover a
widget. Tooltipsareoftenusedto explain atoolbarbutton,sincetoolbarbuttonsarerarely displayedwith text
labels. Hereshow to setthetooltip of a‘Save’toolbarbutton:

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

It is alsopossibleto setalongerpieceof text to bedisplayedn thestatusbarwhenthetooltip is shavn.

“What'sthis?”helpis similar to tooltips,exceptthatthe usermustrequesit, for exampleby pressingsShift+F1
andthenclicking awidgetor menuitem. “What'sthis?” helpis typically longerthanatooltip. Hereshow to
setthe“What'sthis?”text for a‘Save’toolbarbutton:

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

The QToolTip and QWhatsThis classesprovide virtual functionsthat can be reimplementedfor more
specializethehaior. For example,to displaydifferenttext accordingto the positionof the mousewithin the
widget.

13



4.1.5. Status Bar
QStatusBar implementsa statusbar. Statusbarsdisplaythreekindsof indicators:

1. Tempoary messges. Thesearedisplayedattheleft. Temporarynessageganishafteradefinableamount
of time,or whenanothemessagés shovn.

2. Standad indicators. Thesecanbe almostary widgetandappearon theright. Long messagemay hide
themtemporarily

3.  Permanenindicators. Theseappeato theright of standardndicatorsandarenever hidden.

4.1.6. Actions

Applicationsusuallyprovide the userwith severaldifferentwaysto performa particularaction. For example,
mostapplicationsprovide a ‘Save’ actionavailablefrom the menu(File|Sae), from the toolbar (the ‘floppy
disk’ toolbar button) and asan accelerato(Ctrl+S). The QAction classencapsulatethis concept. It allows
programmerso defineanactionin oneplaceandthenaddthatactionto a menuor toolbar Actionsthatonly
make senseasmenuoptionscanbeaddedo menudirectly.

Thefollowing codeimplementsa ‘Save’ menuitem, a ‘Save’ toolbarbutton anda ‘Save’ acceleratqrall with
balloonhelp:

QAction =*saveAct = new QAction( "Save", savelcon, "&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 ensureghat the stateof menuitemsstaysin syncwith
the stateof toolbarbuttons,andthattool tips aredisplayedwhennecessaryDisablingan actionwill disable
ary correspondingnenuitemsandtoolbar buttons. Similarly, if the userclicks a toggletoolbar button, the
correspondingnenuitemwill bechecledor unchecledaccordingly

4.1.7. The Central Widget

Thecentralareaof aQM ainWindow cancontainary widget. For example atext editorcouldusea QTextEdit
asits centralwidget:

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

4.2. Multiple Document Interface

Multiple Documentinterface(MDI) is provided by the QWor kspace class. QWor kspace is typically usedas
thecentralwidgetof a QM ainWindow, but it canbe usedlik e any otherwidget.
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Child widgetsof QWor kspace arealsoordinarywidgetsof ary type. They arerenderedvith aframesimilarto
theframearoundtop-level widgets. Functionssuchasshaow(), hide(),shovMaximized()andsetCaption(jvork
in thesameway for child MDI widgetsasfor ordinarytop-level widgets.

QWorkspace providespositioningstrat@yiessuchascascadeandtile. If the child widgetsextendoutsidethe
MDI areascrollbarscanbesetto appearautomatically If achild widgetis maximizedtheframebuttons(e.g.
Minimize) areshavn in themenubatr.

4.3. Dialogs

Most GUI applicationsisedialogboxesto interactwith theuserfor certainoperations . Qtincludeseady-made
dialog classeswith corveniencefunctionsfor the most commontasks. Many aspectof the dialogscanbe
configured.For example settingthetext usedby the buttonsandlabelsin a QM essageBox.

Screenshotsf someof Qt'sstandardlialogsarepresentedbelow.

x

& Ciitemphresume, hkml already exists,

Do you want ko replace it?

Figure10. A QM essageBox

QM essageBox is usedto provide theuserwith informationor to presentheuserwith simplechoiceqe.g. ‘'Yes’
or‘No).

Look in: I —+ C:/Home/andy/gt/main/zrc/ j L] & 5 =
[ dialogs e | shyles @ qt.plg
Cdicorwiew  [tshle qt.pra
Cdkemel e | tmp qt_inztall pri
Cdmoe Ctacls qt_prafessional pri
Clnetwak,. [0 widgets gt.dsw qtmain.dsp
[} opengl e | workspace gt.nch __ qtmain.pro )
[ sl Csml qt.opt
|« 121
File name: I"Makefile" "'t akefile.main' "'gt.dsp"
File type: | Al Files [ | Cancel |

2

Figurell. A QFileDialog

QFileDialog is a sophisticatedile selectiondialog. It canbe usedto selectsingleor multiple local or remote
files(e.g. usingFTP),andincludedunctionalitysuchasdirectoryandfile renaminganddirectorycreation.Like
mostQt dialogs,QFileDialog is resizablewhich makesit easyto view long file namesandlarge directories.
Applicationscanbesetto automaticallyusethe native file dialogwhencompiledfor Windows or Macintosh.
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Converting C:\database\customers.dat..

Figure12. A QProgressDialog

QProgressDialog displaysa progresdaranda ‘Cancel’button.

Main Window Wizard 21xl
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Lategory I File: LI
Actions Toolbar
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Open G@ | Open

Save Save

Save s | Prirt

Prink @ <Separatory
E it Undo
<Separator: (f |

N |

Cancel | < Back I Mext » I Help

Figure13. A QWizard

QWizard providesa framavork for wizarddialogs.
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Figure14. A QFontDialog

QFontDialog is usedto selecta font.

Qt alsoprovidesstandardlialogsfor color selectionrandprinting options.

Dialogsoperatan oneof threeways:
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1. A modaldialogblocksinput to the othervisible windows in the sameapplication. Usersmustclosethe
dialogbeforethey canaccesary otherwindow in theapplication.

2. A modelesslialogoperateindependentlyf otherwindows. Thereisllittle differencebetweeramodeless
QDialog anda QWidget.

3. A semi-modalialog returnscontrolto the callerimmediately Thesedialogsbehae like modaldialogs
from theusers point of view, but allow the applicationto continueprocessing.Thisis particularlyuseful
for progresslialogs.

Modal dialogsaretypically usedik e this:

QFileDialog dialog(  workingDirectory, "™, 0, 0, TRUE);

dialog.setFilter( "Text files (*.txt)" );

if ( dialog.exec() == QDialog::Accepted ) {
do_something_with_file( dialog.selectedFile() );

}

Programmersancreateheir own dialogsby subclassing)Dialog, whichinheritsQWidget.

4.4. Dock Windows

Dock windows arewindows thatthe usercanmove insidea dock areaor from onedock areato another The
usercanundocka dockwindow andmale it float ontop of theapplicationor minimizeit. Dock windowsand
areasareprovidedby the QDockWindow andQDockArea classes.

Qt providesoneQDockWindow subclassQToolBar. QM ainWindow automaticallyprovidesfour dockareas,
oneoneachsideof thecentralwidget.

Developerscancreatecustomdockwindowsby instantiatinga QDock Window objectandby addingwidgetsto
it. Thewidgetsarelaid out side-by-sidef thedockareais horizontal(e.g. atthetop of themainwindow) and
above eachotherif theareais vertical(e.g. attheleft of themainwindow).

Dockareasrenot boundto QM ainWindow; developerscanuseQDockArea in arny customwidget. Toolbars
andotherdockwindows canbeusedwith any dockarea.

Someapplications,ncluding Qt Designer[p. 18] and Qt Linguist [p. 35], use dock windows extensiely.
QDockArea providesoperatorso save andrestoreghepositionof dockwindows,sothatapplicationsaneasily
restoreheuserspreferredpositions.

4.5. Settings
Usersettingsandotherapplicationsettinganeasilybestoredondisk usingthe QSettingsclass.OnWindows,
QSettings makesuseof the systenregistry; on otherplatforms settingsarestoredin text files.

A particularsettingis storedusingakey. For example thekey /Softwarelnc/ ~ Zoomer/RecentFiles could
containa list of recentlyusedfiles. BooleansnumbersUnicodestringsandlists of Unicodestringscanbe
stored.
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4.6. Multi-Threading

GUI applicationsoften use multiple threads: one threadto keepthe userinterface responsie, and one or
mary otherthreadgo performtime-consumingactivities suchasreadinglarge files and performingcomplec
calculations.Qt canbe configuredto supportmulti-threadingandprovidesfour threadingclasses:QThread,
QM utex, QSemaphore andQWaitCondition.

On-line References

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

5. Qt Designer

Qt Designeris writtenin Qt and providesvisualuserinterfacedesign.Qt applicationscanbewritten
entirely assouicecode or usingQt Designerto speedup development.

[=®] Ot Desianer by Trolltech [el=iral
File Edit Project Search Tools Layout Prewiew Mindow Help

N FEEEEINT el |

FIEREEY IR EREEEI EEREAT

[hodiE|B@ReEEDORED @ O[5 |m 5 H#cl & 35|11
|

| Multiclip

lCurrent Clipping |

muficltppro .} e——~———+~ <=1 !
= 0 omefmonica - Previous Clippings
‘home/monicaftest/multiclip/m... |
D main.cpp ﬁ
)l )
o
Properties | Signal Handlers | |
Property |Value B
text [ z.cwit |
pixmap :
accel Alt+Q J ....................................
toggleButton False
on False 4|

W Edit MulticlipF arm
vold MUTticTipForm:  deleteClippingll
£

Widgets ISource |

Name Class -] clippingChanged( "" ;
- J clippingsListBox->removel tem(
HBox clippingsListEox->currentItem(l J:

..|GLabel ZI

.. |GLineEdit Line: 81 Col: 36
HBox

Figure 15. Qt Designer
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Designinga form with Qt Designeris a simple process.Developersclick a toolbar button representinghe
widgetthey want,thenclick on aform to placethewidget. Thewidget's propertiesanthenbe changedising
the propertyeditor. The precisepositionsandsizesof thewidgetsdoesnot matter Developersselectwidgets
andapply layoutsto them. For example,somebutton widgetscould be selectedandlaid out side-by-sideby
choosingthe ‘lay out horizontally’option. This approachmakesdesignvery fast,andthe finishedformswill
scaleproperlyto fit whatever window sizetheend-useprefers. SeeLayouts[p. 37]for informationaboutQt’'s
automatidayouts.

Qt Designereliminateghetime-consumingompile,link andrun cycle for userinterfacedesign. This makes
it easyto corrector changedesigns.Qt Designers preview optionslet developersseetheir formsin ary style,
for example,a Windows developercanpreview a form in Motif style. Qt Designerprovideslive preview and
editingof databaséatathroughits tight integrationwith Qt’'sdatabaselasses SeeDatabasefp. 30]for more
aboutQt'sdatabassupport.

Developersancreateboth'dialog’ styleapplicationgand'main window’ styleapplicationsvith menustoolbars,
balloonhelp,etc. Severalform templatesaresupplied anddeveloperscancreatetheir own templateso ensure
consisteng acros@napplicationor family of applications.Qt Designerusesvizardsto make creatingoolbars,
menusanddatabasapplicationssfastandeasyaspossible.Programmersancreatetheir own customwidgets
thatcaneasilybeintegratedwith Qt Designer

Qt Designersupportsa project-basedpproachto applicationdevelopment. A projectis representedy a
.pro file, whichgmake canuseto generatdakefiles. Developersreatea new projectandthenaddformsand
sourcdilesasrequired.Developerssancompletelyseparatéheuserinterfacefrom theunderlyingfunctionality
by subclassinggr they cankeeptheir sourcecodeandformstogetherby editingthe form’s sourcedirectly in
Qt Designer

Iconsandotherimagesusedin the applicationareautomaticallysharedacrossll formsin a projectto reduce
executablesizeandspeediploading.

Form designsarestoredin XML formatin .ui filesandconvertedinto C++headerlndsourcefilesby theuic
(UserInterfaceCompiler).Thegmake build tool automaticallyincludesbuild rulesfor uic in the Makefilesit
generatesodevelopersdonot needto invoke uic themseles.

Usuallyformsarecompiledinto theexecutablebut in somesituationcustomersieedto modify theappearance
of an applicationwithout accessinghe sourcecode. Qt supportsdynamic dialogs’: .ui  files that can be
loadedat run-timeanddynamicallycornvertedinto fully functionalforms. Companiecansupplyapplication
executableslongwith thecustomemodifiableformsin .ui  format,andthe customeicanuseQt Designerto
customizeheappearancef theapplicationsforms. Loadinga dynamicdialogis trivial:

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

Qt Designets on-line help is provided by the Qt Assistantapplication. Qt AssistantdisplaysQt’s entire
documentatioset,andworksin a similarwayto awebbrowser Unlike webbrowsersQt Assistantappliesan
intelligentindexing algorithmto provide fastsearchingor wordsandphraseshatoccurin thedocumentation.

i @t Assistant by Trolltech Bl = =]
Eile Edit Wiew So Bookmarks Help
P IEY FICCNEREY
| Home | All Classes | Main Classes | Annotated | Grouped Classes | Functions @fa;
Contents | Index I BookrrJL
Look For:
i Qt Reference Documentation
@VButtonGroup =l || General Getting Started YWhat's Mew
@Vectlor Class Reference (obso s About Git + |nstallation * Key Features in Git
q@‘{’gf&” B + GtEdtions « Tutorial 30 .
GWaitCt?ndition * Common Problems *« Examples . Chalnge History
qWarning . :\?G;s * Step-hy-step Examples o g‘;g';‘(g from Gt 2xto —
i ¢ Window system ’
owWheeEvent speci ntes
* How to buy Gt
GWWidgetFactory o
SWidgetltem AP| Reference hodules Owerviews
@Widgettack s All Classes * Ahout Modules + All Overviews and
@WindowsMime * hain Classes * Canvas HOWTOs
GWindowsStyle * Grouped Classes * [conview = Gt Object Model
gmfﬂaartl:ix * Annotated Classes * Metwork * Signals and Slots
i _’|LI ¢ |nheritance Hierarchy * OpenGlL * Geormetry
N — « All Functions {long) . SGL MEmEgsmesi =
annotated.html A

Figure16. Qt Assistant

Qt'sreferencelocumentatiorronsistof aroundl,500HTML pageqover 2,500US letter sizedpages)which
documentQt’s classesand tools, and which include overviews and introductionsto variousaspectof Qt
programming.

Qt Assistantis a Qt applicationthat rendersQt's HTML referencedocumentatiorusing QTextEdit. The
QTextEdit classsupportsa subsetof HTML 3.2, and can also use customtagsthat are createdwith the
QStyleSheet class.
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5.2. GUI Application Example

- Class Hierarchy °
Source file [ LanguEye
[c- -

: yyFlexlexer FlexLexer.h
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§----NCursesP.ppIicati0n cursesapph &dd Search Path |
--NCursesException etip.h
Q--NCursesFieldType cursesth Remove Search Path |

i L.plnha Fiald rursrsfh LI

Update I Close |

L 1

Figure 17. Classhierarchyapplication

Theclasshierarcly applicationisaclassicdialog’ styleapplicationwheretheuserchoosesomeoptionsin this

casepathsandthencarriesout someprocessindpasedn thoseoptions.

The completecodefor theapplicationis presentedbelon. Themain.cpp file wasproducedoy a Qt Designer
file is corvertedinto C++ by

wizard. Theform wasdesignedn Qt Designerandstoredin a .ui
uic , leaving thedeveloperfreeto focusontheapplicationsfunctionality.

file. The.ui

The addSearchd®h(), remoreSearch&th() and updateHierarcyx) functionsare all slots. They have been

visually connectedo theappropriatduttonsusingQt Designer

void ClassHierarchy::addSearchPath()

{

QsString  path = QFileDialog::getExistingDirectory(

QDir::homeDirPath(), this, 0, "Select
if ( !path.isEmpty() &&
searchPathBox->findltem(path, ExactMatch) ==
searchPathBox->insertltem( path );

}
void ClassHierarchy::removeSearchPath()
{

searchPathBox->removeltem( searchPathBox->currentltem()
}
void ClassHierarchy::updateHierarchy()
{

QsString  fileNameFilter;

QRegExp classDef;

if ( language->currentText() == "C++"

fileNameFilter = "*h"

classDef.setPattern(
"Wbclass\\s+([A-Z_a-z0-9]+)\\s*"
"(?:\{{]:\\\s*public\\s+([A-Z_a-z0-9]+))"

( language->currentText() == "Java"

) |

} else if

) |
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fileNameFilter
classDef.setPattern(

= " java";

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

"([A-Z_a-z0-9]+)"
}

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

for (int i =0; i
QDir dir =
QStringList names =

for (int j =0; j
QFile file(

if ( file.open(IO_ReadOnly)

QsString
int k
while

content

:0,
( k =

k++;

}

void ClassHierarchy::processClassDef(

< searchPathBox->count();
searchPathBox->text( i)
dir.entryList(

< names.count();
dir.filePath(names]j]) );

classDef.search(content, k) = -1
processClassDef(

);

i++ ) {

'fiIeNameFiIter );

) 1

)
= file.readAll();

) |

classDef.cap(1), classDef.cap(2),

names[j] );

const QString& derived,

const QString& base, const QString& sourceFile )
{
QListViewltem * derivedltem insertClass( derived, sourceFile );
if ( !base.isEmpty() ) {
QListViewltem *paseltem = insertClass( base, "™ );
if ( derivedltem->parent() = 0) {
listView->takeltem( derivedltem );
baseltem->insertltem( derivedltem );
derivedltem->setText( 1, sourceFile );
}
}
}
QListViewltem * ClassHierarchy::insertClass( const QString& name,
const QString& sourceFile
if ( dictlname] = 0) {
QListViewltem xjtem = new QListViewltem( listView, name,
sourceFile );
item->setOpen( TRUE);
dict.insert( name, item );
return  dictfname];
}

On-line References

http://doc.trolltech.com/3.0/desigreranual.html
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6. 2D and 3D Graphics

Qt providesexcellentsupportfor 2D and 3D graphics. Qt's 2D graphicsclassesupportbitmapped
and vectorgraphics. Animationand collision detectionare alsosupported.Qt canload and savea
wideand extensiblerange of image formats. Qt candraw Unicoderich text,rotatedand sheaed as
required. Qt is thede-factostandad GUI toolkit for platform-independer®penGLprogramming

6.1. 2D Graphics

6.1.1. Images

The QI mage classsupportghe input, outputand manipulationof imagesin severalformats,including BMP,
GIF., JPEGMNG, PNG,PNM, XBM andXPM.

Many of Qt'sbuilt-in widgetscandisplayimagesfor example buttons labels,menuitems,etc. Hereshow to
displayanicon ona pushbutton:

QPushButton +button = new QPushButton( "&Find Address", parent );
button->setlconSet( QlconSet(Qlmage("find.bmp™)) );

Q, Find Address

Figure18. Anicononabutton

QI magesupportsmageswith colordepthf 1,8and32bits. Programmersanmanipulatehepixelandpalette
data,apply transformationge.g. rotations,shearsetc.) andreducethe color depthwith ditheringif desired.
Applicationscanstorean ‘alphachannelin a QI mage alongwith the color datafor their own purposege.g.
transparengandalpha-blending).

TheQMovie classcanbeusedto displayanimatedmages.

6.1.2. Painting

The QPainter providesa platform-independenfPI for paintingwidgets. It provides primitivesaswell as
adwancedfunctionality suchastransformationgndclipping. All Qt's built-in widgetspaintthemselesusing
QPainter. ProgrammergvariablyuseQPainter whenimplementingheir own customwidgets.

QPainter providesstandardunctionsto drav points,lines, polygons.ellipses,arcs,Bezier cures,etc. The
following commanddravs a 120x 60 rectanglevhosetop-left pointis at (25, 15), with a 2-pixel wide dashed
redoutline:

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

1f youarein a countrythatrecognizesoftwarepatentsandwhereUnisysholdsa patenton LZW decompressiot)nisysmayrequireyou
to licensethetechnologyto useGIF.
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By default,thetop-left cornerof awidgetis locatedat coordinateg0, 0), andthe bottom-rightcorneris located
at (width() - 1, height()- 1). The coordinatesystemof a QPainter objectcanbetranslatedscaledyotatedand
sheared.Theobjectsto bedravn canbeclippedaccordingo a‘window’, andpositionedon thewidgetusinga
‘viewport'.

 Image
" Picture

Select font...l
|He||o atl

Figure19. Qt'sxform exampleshawving rotatedtext

Thecodebelov dravsabargraphcustomwidget. It usesa QPainter in thereimplementatiof paintEvent(),
with thedefault coordinatesystem.

void

{

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" ),

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 dravn correctlyat differentsizesbecausehe codeuseghewidth(), height()andrect()functions.
Thewidgetproducedy thiscodeis shavn below.
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Figure20. Customwidget

QPainter supportslipping usinga region composedf rectanglespolygons ellipsesandbitmaps. Comple
regionsmaybecreatedy uniting,intersectingsubtractingandXOR’ing simpleregions. Clipping canbeused
to reducdlickerwhenrepainting.

TheQColor classstoresacolorspecifiedoyaRGBor HSV triple,or by aname(e.g. ‘skyblue’).Qt programmers
canspecifyarny 24-bit color; Qt automaticallyallocatesghe requestectolor in the systems palette,or usesa
similarcoloroncolor-limited displays.Commonlyusedcolors,includingred , green andblue ,arepredefined

in Qt.
6.1.3. Paint Devices

QPainter canoperateon ary ‘paint device’. The coderequiredto painton ary supportedievice is the same,
regardlesof thedevice. Qt supportghefollowing paintdevices:

A QPixmap is essentiallyan ‘off-screenwidget’. Graphicscanbe paintedon a QPixmap first, andthen
bit-blitted to a QWidget to reducdlicker. Thistechniqués called‘doublebuffering’.

A QPictureisavectorimagethatcanbescaledrotatedandshearedyracefully TheQPictureclassstores
animageasalist of paintcommandsatherthanaspixel data. It supportsheSVG (W3C’sScalable/ector
Graphics)XML formatfor inputandoutput.

* A QPrinter representaphysicalprinter OnWindows,thepaintcommandsresentto theWindowsprint
engine which usegheinstalledprinterdrivers. On Unix, PostScripis outputandsentto the appropriate
print daemon.

e A QWidget isalsoapaintdevice,asshavnin theearlierbargraphexample.
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6.1.4. Canvas
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Figure21. TheKAsteroidsgamewrittenwith QCanvas

TheQCanvas classrovidesahigh-level interfaceto 2D graphics.It canhandleaverylargenumberof ‘canvas
items’thatrepresenlines,rectanglesellipsestexts, pixmapsanimatedsprites etc. Carvasitemscaneasilybe

madeinteractie (e.g. usermovable).

Carvasitemsareinstance®f QCanvasl tem subclassesThey aremorelightweightthanwidgets andthey can
bequickly moved,hiddenandshavn. QCanvas hasefficientsupportfor collisiondetectionandcanlist all the
carvasitemsin a givenarea. QCanvasltem canbe subclassetb provide customitem typesandto extendthe

functionalityof existingtypes.

QCanvas objectsarerenderecby the QCanvasView class. Many QCanvasView objectscanshav the same

QCanvas, but with differenttranslationsscalesrotationsandshears.

QCanvasisidealfor datavisualisation.It hasbeenusedby customersor draving roadmapsandfor presenting

network topologies.lt is alsosuitablefor fast2D gameswith lots of sprites.

6.2. 3D Graphics

OpenGLis a standardAPI for rendering3D graphics.Qt developerscanuseOpenGLto drav 3D graphicsn
their GUI applications.Thisis achiezed by subclassinQGLWidget, a QWidget subclassanddraving with

standarddpenGLfunctionsratherthanwith QPainter.

10penGLis atrademarlof Silicon Graphics)nc. in theUnited Statesandothercountries.
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Qt's OpenGLmoduleis available on Windows, X11 and Macintosh,and usesthe systems OpenGLlibrary

(includingMesa).
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Figure 22. BrainInnovation’sBrainVoyagerapplicationwrittenin Qt andOpenGL

Qt developerscansetthe displayformat of an OpenGLrenderingcontet: singleor doublebuffering, depth
buffer, RGBA or color index mode,alphachanneloverlays,etc. They canalsosetthe colormapmanuallyin

colorindex mode.

WhenusingQt, developersnrite in pureOpenGL Qt alsoprovidestwo corveniencdunctions gglClearColor()
andqglColor(),thataccepta QColor argumentandwork in ary mode.
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6.3. A 3D Example

e

.

Figure23. 3D box

The completecodefor anapplicationthatdravsa 3D box, with slidersto rotatethebox aroundthe X, Y andZ
axes,is presentedbelow.

In box3d.h, Box3D isdefinedlikethis:
#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;
GlLfloat rotX, rotY, rotZ;

3
In box3d.cpp, thefunctionsdeclaredn 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()

{
gglClearColor( darkBlue );
object = makeObject();
glShadeModel(  GL_FLAT );

}

void Box3D::paintGL()

{
glClear( GL_COLOR_BUFFER_BIT);
glLoadldentity();
glTranslatef( 0.0, 0.0, -10.0 );
glRotatef( rotXx, 1.0, 0.0, 0.0 );
glRotatef( rotYy, 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)
gIMatrixMode( GL_PROJECTION);
glLoadldentity();
glFrustum( -1.0, 1.0, -1.0, 1.0, 5.0, 150 );
glMatrixMode( GL_MODELVIEW);

}

GLuint  Box3D::makeObject()

{
GLuint list = glGenLists( 1)
gINewList( list, GL_COMPILE);
gglColor( yellow );
glLineWidth( 2.0 ),
giBegin( GL_LINE_LOOP );
glVertex3f( +1.5, +1.0, +0.8 );
glVertex3f( +1.5, +1.0, -0.8 );
o
glEnd();
glEndList();
return  list;

}

In main.cpp, aBox3D instanceandthreeslidersarecreated:
#include  <qgapplication.h>

#include  <gslider.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, O,

QSlider::Horizontal, parent );

slider->setTickmarks( QSlider::Below );

QObject::connect( slider, SIGNAL (valueChanged(int)), box3d, slot );
}
int main( int argc, char x=xargv )
{

QApplication::setColorSpec( QApplication::CustomColor );

QApplication app( argc, argv );
if ( !'QGLFormat::hasOpenGL() )
gFatal( "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/caas.html
http://doc.trolltech.com/3.0/opengl.html

7. Databases

The Qt SQL modulesimplifiesthe creation of crossplatform GUI databaseapplications. Pro-
grammes can easily executeSQL statementajsedatabasespecificwidgets,and male any widget
dataaware.

TheQt SQL moduleprovidesacross-platformnterfacefor accessingQL databaseQtincludesativedrivers
for Oracle Microsoft SQL Sener, SybaseAdaptive Sener, PostgreSQLMySQL andODBC.Thedriverswork
on all platformssupportedby Qt andfor which client librariesare available. Programscan accessnultiple
databasessingmultiple driverssimultaneously

Programmersan easily executeary SQL statements.Qt also provides a high-level C++ interface that
programmersanuseto generateéheappropriateSQL statementautomatically
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Any Qt widget,including customwidgets,canbe madedataaware. Qt alsoincludessomedatabase-specific
cornveniencawidgets to simplify thecreationof dialogsandwindowsthatpresentecordsasformsor in tables.
Data-avare widgetsautomaticallysupportbrowsing, updatingand deletingrecords. Most databasealesigns
requirethat new recordshave a uniquekey that cannotbe guessedy Qt, soinsertionusuallyneedsa small
amountof codeto bewritten. The programmercaneasilyforcetheuserto confirmactionsg.g. deletions.

Qt'sSQLmoduleisfully integratednto Qt Designerwhich providestemplatesindwizardsto makethecreation
of databaséormsasquick andeasyaspossible. Thewizardscancreatdformswith navigationbuttons andwith
updatejnsertanddeletebuttons.

Usingthefacilitiesthatthe Qt SQL moduleprovides,it is straightforwardto createdatabasapplicationghat
useforeignkey lookups presenimasterdetailrelationshipsandsupportdrill-down.

7.1. Executing SQL Commands

The QSglQuery classis usedto directly executeany SQL statementlt is alsousedto navigatetheresultsets
producedby SELECTstatements.

In theexamplebelaw, aqueryis executedandtheresultsetnavigatedusingQSqlQuery::ngt():

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

<< query.value( 0 ).toint()
<< " surname: "
<< query.value( 1 ).toString() << endl;

}

Fieldvaluesareindexedin theorderthey appeain the SELECTstatementQSglQuery alsoprovidesthefirst(),
prev(), last()andseek(navigationfunctions.

INSERT, UPDATEandDELETEareequallysimple. Below is anUPDATEexample:

QSqlQuery query( "UPDATE staff SET salary = salary * 1.10"
" WHEREd > 1155 ANDid < 8155" );
if ( query.isActive() ) {
cout << "Pay rise given to
<< query.numRowsAffected()
<< " staff" << endl;

}

For programmersvho are not comfortablewriting raw SQL, the QSqglCursor classprovides a high-level
interfacefor browsingandeditingrecordsn SQL tablesor viewswithouttheneedto write SQL statementsFor
example:

QSqlCursor  cur( "staff" );

while (' cur.next() ) {
cout << "id: "
<< cur.value( "id* ).tolnt()
<< " surname: "
<< cur.value( "surname" ).toString() << endl;
}

QSqglCursor alsosupportghe orderingandfiltering thatareachieved usingthe ORDERBY andWHERI[Elauses
in SQL statements.
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Calculatedfields areusefulboth for real calculationge.g. calculatingtotals)andfor performingforeign key
lookups(e.g. to displaynamesatherthancodes)Calculatedieldscanbecreatedy subclassingSqgl Cur sor,
addingadditionalQSqglFields with their calculatedpropertysetto TRUE, and by reimplementingQSqlCur
sor::calculateField().

Databasedrivers usually supply data as strings, regardlessof the actual datatype. Qt handlessuch data
seamlesslysingtheQVariant class. Databaselriverscanbe asked aboutthefeatureghey supportjncluding
query-sizereportingandtransactions.The transaction()commit() androllback() functionscanbe usedif the
databassupportdransactions.

7.2. Data-aware Widgets

QDataTableisaQTablethatdisplaysecordsrom aresultsetusingaQSglCursor. QDataTable, likeQTable,
supportsan-placeediting. Programmersanforce usersto confirmall or selectecchangege.g. deletions)oy
settingQDataTabl€e' s confirmationproperties. The editor widget chosenfor eachtype of datadependson
the datatype. For example,a QL ineEdit is usedfor CHARfields,whereasa QSpinBox is usedfor INTEGER
fields. Theprogrammecanoverridethedefaultsby creatinga propertymapfor thetable which matchedields
(columns)o the editorwidgettypethe programmeprefers.
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Title |The I an in the High Castle

Tite Price | Motes
David Copperfield 1598
Deadlock 1| 999 Hrarnm..
Hard Times 1459 |Add a Comme Price |3.93
Irclernnity Only 999 |Coolboak Author | Dick |
999 |Changed
T ——— < First | << Prev | et | Last 3| I
i 2 and

The kan in the High Castle 9493 |Worth reading Insert | Update I Delete | Cloze I

0 | The Man'who Japed BS99 |A good book v|
3
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— | w
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Figure24. A QDataTableandaQDataBrowser

Recordsanbeupdatecanddeletedwvithoutwriting ary code. Insertiongequiresomecodesincemostdatabase
designsxpectnew recordgo be createdwith a uniquekey. Thiscaneasilybeachieredby generatinghekey
in aslot connectedo the QData®ble::beforelnsertgignal.

QDataTable usesintelligent buffering to make the loading of large result setsfast,while keepingthe user
interfaceresponsie. For databasethat are capableof reportingquerysizesthe scroll bar slideris displayed
proportionallyimmediately

Qt alsoincludesQDataBrowser andQDataView to displayrecordsasforms,typically with oneor perhaps
justafew recordsshavn atatime. Theseclasseprovide buttonswith ready-madeonnectiongor navigating
throughtherecords.QDataView is usedor read-onlydata. QDataBrowser isusedor editing,andcanprovide
ready-madénsert,updateanddeletebuttons.

QDataTable andQDataBrowser have botha popupcontext menuandkeyboardshortcutdor editingrecords.

Programmersanmanipulatedataretrievedfrom the databaséeforeit is displayedby implementinga slotand
connectingt to the primelnsert(and primeUpdate(kignals. Datacanalsobe manipulatedr actionslogged
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justbeforechangesrewritten backto thedatabasdpr example corvertinga foreignkey’sdisplaytext into its
ID by implementinga slot connectedo beforelnsert()pbeforeUpdate@ndbeforeDelete().

Developersancreateheir own formsfor displayingdatabaseecords.Unlike oldertoolkitsthatduplicatetheir
widgetswith data-avareversionsany Qtwidget(includingcustomwidgets)canbemadedataaware. All thatis
necessaris to includethewidgetin a QSqglFor m andsetup a propertymapto relatetherelevantdatabaséeld
to thewidgetthatwill presentindeditthefield'sdata.

Masterdetailrelationshipsareeasilysetup by filtering the detailform or table’s cursorby the masterform or
tablescurrentrecord. Drill-downis alsoeasyto achieve by associating button,menuitemor keyboardshortcut
with adrill-down form thatis invokedwith the currentrecordskey asa parameter

Qt'sSQL moduleis fully integratedwith Qt Designer Qt Designercanpreview databaséormsandtablesusing
live dataif desiredallowing developersto browse,deleteandupdaterecords.Qt Designerhastemplatesand
wizardsto make creatingdatabaséormsfastandsimple.

On-line References

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

8. Internationalization

Qt fully supportsUnicode the international standad character set. Programmes can freely mix
Arabic, English,Hebrew, JapanesgRussianand every other language supportedby Unicode in
their applications.Qt alsoincludestoolsto supportapplicationtranslationto helpcompaniesead
internationalmarlets.

Qtincludegtoolsto facilitatethetranslationprocess.Programmersaneasilymark uservisible text thatneeds
translationandatool extractsthistext from thesourcecode. Qt Linguistis aneasy-to-us&Ul applicationthat

readsthe extractedsourcetexts, and providesthe texts with context informationreadyfor translation. When

thetranslationis completeQt Linguist outputsa translatiorfile for useby applicationprograms.Qt Linguist’s

documentatioprovidestherelevantinformationfor releasemanagerdranslatorandprogrammers.

8.1. Unicode

Qt usesthe QString classto storeUnicodestrings,and usesit throughoutthe API andinternally QString
replaceshecrudeconst char * andthel6-bitQChar classreplaceshar. Constructoreandoperatorsare
provided to automaticallycorvert to andfrom 8-bit strings. Programmersancopy QStrings by value,since
they areimplicitly sharedcopy onwrite) [p. 44], which makesthemfastandmemoryefficient.

QString is morethana 16-bitcharactestring. FunctionssuchasQChar::laver()andQChar::isPunct@eplace
tolower()andispunct(Jandwork overthewholeUnicoderange.Qt'sregularexpressiorengine providedby the
QRegEXxp classusedJnicodestringsbothfor theregularexpressiorpatternandthetargetstring.

Cornversionto and from different encodingsand charsetds handledby QTextCodec subclassesQt uses
QTextCodec for fonts,input methodsandl/O; programmersanuseit for their own purposesswell.

Qt 3.0 supports37 different encodingsjncluding Bigs and GBK for Chinese EUC-JR JIS and Shift-JIS
for JapaneseKOI8-R for Russianand the ISO 8859 series;seehttp://doc.trolltech.com/3.0/gtecodec.html
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for the completelist. Programmerganadd their own encodingsby providing a charmapor by subclassing
QTextCodec.

8.2. Text Rendering

Qt provides a powerful text-renderingenginefor all text that is displayedon screen,from the simplest
label to the most sophisticatedich-text editor The enginesupportsadwvancedfeaturessuchas specialline
breakingbehaior, bidirectionalwriting anddiacriticalmarks. It renderamostof theworld’s writing systems,
includingArabic, ChineseCyrillic, English,Greek Hebrav, Japanesdsorean Latin andVietnamese Qt will
automaticallycombinetheinstalledfontsto rendemulti-languageext.

8.3. Input Methods

Far-Easternwriting systemgequiremary more charactershanareavailableon a keyboard. The conversion
from asequencef key presse$o actualcharacterss performedat thewindow-systemevel by softwarecalled
‘input methods’ Qt automaticallysupportgheinstalledinput methods.

8.4. Dates and Times

Theeditorclassesor datesandtimes(QDateEdit, QTimeEdit andQDateTimeEdit) respectheuserSlocale
for separatorandordering.

8.5. Translating Applications

Qt providestoolsandfunctionsto helpdevelopersrovide applicationsn their customershative languages.

To make a stringtranslatablesimply wrapit in acall to tr() (read‘translate’):
saveButton->setText( tr("Save") );

tr() attemptdo replaceastringliteral (e.g. “Save” ) with atranslationf oneis available;otherwisét usegshe
originaltext. Englishcanbe usedasthesourcdanguagendChineseasthetranslatedanguageor vice versa.
Theargumentto tr() is corvertedto Unicodefrom theapplicationsdefault encoding.

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

The'context’ isthenameof aQObject subclasslt is usuallyomitted,in which caseheclasscontaininghetr()
call is usedasthe context. The‘sourcetext’ is thetext to translate.The ‘comment’is optional;alongwith the
contet, it providesadditionalinformationto humantranslators.

Translationgsrestoredn QTranslator objectswhichusedisk-basedgm files(Qt Messagédiles).Each.qm file
containghetranslationgor a particularlanguage.Thelanguageanbe choserat run-time,in accordancevith
thelocaleor userpreferences.

Qt providesthreetoolsfor preparinggm files: lupdate, QtLinguistandirelease.



1. lupdate extractsall the (contet, sourcetext, commentjtriplesfrom the sourcecode,including Qt De-
signer.ui files,andgeneratesa.ts file (TranslationSourcefile). .ts filesarein humanreadableXML
format.

2. TranslatoraiseQt Linguistto provide translationgor thesourceextsin the.ts files.
3. Highly compressedim filesaregeneratedby runninglrelease  onthe.ts files.

Thesestepsarerepeatedasoften asnecessarguringthe lifetime of anapplication. It is perfectlysafeto run
lupdate frequently asit reusesxisting translationsandmarkstranslationgor obsoletesourcetexts without
eliminatingthem. lupdate  alsodetectsslight changesn sourcetexts andautomaticallysuggestappropriate
translations.Thesdranslationaremarkedasunfinishedsothata translatorcaneasilycheckthem.

Qtitself containaabout400uservisible strings for which Trolltech providesFrenchandGermartranslations.

8.6. Qt Linguist

QtLinguistis a Qt applicationthathelpstranslatordranslateQt applications.
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Figure25. QtLinguist

Translatorganedit.ts filesby handor morecorvenientlyusingQt Linguist. The.ts file’scontextsarelisted
in theleft-handsideof theapplicationswindow. Thelist of sourcetextsfor thecurrentcontext is displayedn
thetop-rightareaalongwith translations By selectinga sourceext, thetranslatorcanenteratranslationmark
it doneor unfinishedandproceedo thenext unfinishedranslation.Keyboardshortcutsareprovidedfor all the
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commonnavigationoptions: Done & Net, Next Unfinished etc. The userinterfaces dockablewindows can
bereomganizedto suitthetranslatorspreferences.

Applicationsoftenusethesamephrasesnary timesin differentsourceexts. Qt Linguistautomaticallydisplays
intelligent guessedasedon previously translatedstrings and predefinedtranslationsat the bottom of the
window. Guessesftensene asa goodstartingpoint thathelpstranslatorgranslatesimilar texts consistently
Qt Linguistcanoptionallyvalidatetranslationgo ensurghatacceleratorandendingpunctuatioraretranslated
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 automaticallyuseghenativestylefor look and feel. Qt applicationsrespecuserprefeencegor
colors,fonts soundsetc. Qt programmes are freeto useanyof thesuppliedstylesand canoverride
any prefeeences.Programmes can modify existing stylesor implementtheir own stylesusingQt's
powerfulstyleengine

A styleimplementghe‘look andfeel’ of theuserinterfaceonaparticularplatform. A styleisaQStylesubclass
thatimplementdasicdraving 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 and Aqua (on the
Macintosh)By default, Qt usegheappropriatestylefor theusersplatformanddesktopervironment. Thestyle
canalsobechoserprogrammaticallyor with the-style  command-lineoption.

IWindows style vl Motif style jl MotifFlus style _l| CDE style j|

[Platinum style i] | SGf siyle :l Agua style ?

Figure26. Comboboxsin thedifferentbuilt-in styles

A styleis complementetty athemewhich encapsulateheuserspreferencefor colors fonts,soundsetc. Qt
automaticallyadaptgo thecomputersactive theme. For example Qt supportsscrollandfadetransitioneffects
for menusandtooltipson Windows.
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9.2. Style-aware Widgets

Qt'shuilt-in widgetsarestyle aware. Customwidgetsanddialogsarealmostalwayscombinationof built-in
widgetsand layouts,and are automaticallystyle aware. On the rare occasionghat it is necessaryo write a
customwidgetfrom scratchdeveloperscanuseQStyle to drav primitive userinterfaceelementgatherthan
drawving raw rectangleslirectly.

9.3. Custom Styles

Customstylesareusedto provide adistinctlook to anapplicationor family of applications.Customstylescan
be definedby subclassin@Style, QCommonsStyle or ary otherdescendendf QCommonStyle. It is easyto
make smallmodificationgo existing stylesby reimplementingneor two virtual functionsfrom theappropriate
baseclass.

QCommonStyle |

QMotifStyle QWindowsStyle |
<

(QCDESterJ (QMotifPIusStyleJ QSGISterJ QAquasStyle | QPlatinumStyle

Figure27. Thefull QStyle classhierarchy

[

An applicationsstylecanbesetlik e this:
QApplication::setStyle( new MyCustomStyle );

A style canalsobe compiledasa plugin [p. 46]. Pluginsmake it possibleto preview aform in a customstyle
in Qt DesignerwithoutrecompilingQt or Qt Designer Thestyle of anexisting Qt applicationcanbechanged
usinga stylepluginwithout recompilingthe application.

On-line References

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

10. Layouts

Layoutsprovide a powerfuland flexible alternativeto usingfixed sizesand positions. Layoutsfree
programmesfromhavingto performsizeand positioncalculationsand provideautomaticscalingto
suittheusersscreenjanguage andfonts.

Qt provides layout managerdor organizing child widgetswithin the parentwidget’s area. They feature
automatigpositioningandresizingof child widgets,sensiblaninimum anddefault sizesfor top-level widgets
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and automaticrepositioningwhenthe contentsor the font changes.Qt Designeris optimizedfor laying out
widgetsusinglayoutmanagers.

French

Username: I Mom d'utilisateur: I

Password: I hot de passe: I

Figure28. English,FrenchandFrenchwith layouts

Layoutsare also useful for internationalization.With fixed sizesand positions,the translationtext is often
truncatedwith layouts thechild widgetsareautomaticallyresized.

10.1. Built-in Layout Managers

Qt'shuilt-in layoutmanagerareQHBoxL ayout, QVBoxL ayout andQGridL ayout.
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o
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[z [0 [ 11
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Figure29. QHBoxL ayout, QVBoxL ayout andQGridL ayout

QHBoxL ayout organizesthe managedvidgetsin a singlehorizontalrow from left to right. QVBoxL ayout
organizesthe managedvidgetsin a singlevertical column,from top to bottom. QGridL ayout organizesthe
managedvidgetsin agrid of cells;widgetsmayspanmultiple cells.

In mostcasesQt's layoutmanagerick optimalsizesfor managedvidgetssothatwindows resizesmoothly
If thedefaultsareinsufficient,developerscanrefinethelayoutusingthefollowing mechanisms:

1. Settinga minimumsize a maximunsizeor a fixedsizefor somechild widgets.
2. Addingstretch itemsor spacetitems. Stretchor spaceiitemsfill emptyspacen alayout.

3. Changinghesizepoliciesof thechild widgets. By callingQWidget::setSizePoliq), programmersanfine
tunetheresizebehaior of achild widget. Child widgetscanbesetto expand contractkeepthesamesize,
etc.

4. Changingthe child widgets’ size hints. QWidget::sizeHint()and QWidget:minimumSizeHint()return
a widget’s preferredsize and preferredminimum size basedon the contents. Built-in widgetsprovide
appropriateeimplementations.
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5. Settingstretch factors. Stretchfactorsallow relative growth of child widgets,e.g. two thirdsof arny extra
spacemadeavailableshouldbeallocatedo widgetA andonethird to widgetB.

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

Layoutscanalsorun right-to-left andbottom-to-top. Right-to-leftlayoutsare corvenientfor internationalized
applicationsupportingight-to-leftlanguagesge.g. ArabicandHebraw).

10.2. Nested Layouts

Layoutscanbenestedo arbitrarylevels. Heresanexampleof adialogbox,shavn attwo differentsizes:

[ International Trader 21xl
Select a courtr
[ International Tradel 2lx| b

Canada

Select a country

France
Italy ;I

Germany Cancel |
Japan ‘|Jta|.'r'
Russia apan
C | -
United Kingdom L 4Ia”°e EuleKl ,
rited Kingdam
Help | United States of America

I‘I»Ivilm-l Chaban rI\F Ar:

Help |

Figure30. Smalldialogandlargedialog

Thedialoguseghreelayouts: a QVBoxL ayout thatgroupsthe pushbuttons,a QHBoxL ayout thatgroupsthe
countrylistboxwith thepushbuttonsanda QV BoxL ayout thatgroupsthe“Selecta country”labelwith therest
of thewidget. A stretchitem maintainghe gapbetweerthe CancelandHelp buttons.

Thedialog'swidgetsandlayoutsarecreatedvith 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->insertltem( "Canada" );

x o

countryList->insertltem( "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 makeslayoutssoeasythatprogrammersarelyusefixed positioning.
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Figure31l. Layingoutaformin Qt Designer

Qt Designermalkeslayoutseveneasier With only 17 mouseclicks,you cancreateandlay out the widgetsfor
thedialogshavn above.

10.3. Custom Layouts

Developerscan define custom layout managershy subclassingQLayout. The customlayout — example
provided with Qt presentghree customlayout managersBorderLayout , CardLayout and SimpleFlow ,
which programmergsanuseandmodify.

Qt alsoincludesQSplitter, a splitter bar that enduserscanmanipulate.In somedesignsituations QSplitter
maybepreferabldo alayoutmanager

For completecontrol, it is also possibleto perform layout manuallyin a widget by reimplementingQWid-
get::resizeEgnt()andby calling QWidget::setGeometryfn eachchild widget.

On-line References

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

11. Events

ApplicationobjectgeceivesystenmessgesasQt events.Applicationscanmonitotfilter andrespond
to eventsat differentlevelsof granularity.

In Qt, an eventis an objectthat inherits QEvent. Eventsaredeliveredto QObject objectsso thatthey can
respondo them. Programmersanmonitorandfilter eventsattheapplicationlevel andat the objectlevel.

11.1. Event Creation

Most eventsaregeneratedby thewindow systemandinform widgets for example thata key waspressedthat
a mousebutton wasclicked or that the applicationwindow wasresized. It is alsopossibleto sendsimulated
eventsto objectsprogrammatically Thereareover fifty typesof event,of which the mostcommonlyusedare
MouseButtonPress , MouseButtonRelease , MouseButtonDbIClick , Wheel, KeyPress , KeyRelease

Paint ,Resize andClose . Developerscanaddtheir own eventtypesthatbehave like the built-in types.
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It isusuallyinsufficientmerelyto know thatakey waspressear thata mousebuttonwasreleased Therecever
alsoneedgo know, for example which key waspressedwhich buttonwasreleasedaindwherethe mousewas
located. Thisadditionalinformationis availablefrom QEvent subclassesuchasQM ouseEvent, QK eyEvent,
QPaintEvent, QResizeEvent andQCloseEvent.

11.2. Event Delivery

Qt deliverseventsby callingthevirtual functionQObject::@ent().For convenienceQWidget::event()forwards
the most commontypesof event to dedicatedhandlers for example, QWidget::mouseReleaseént() and
QWidget::keyPressEent().Developerscaneasilyreimplementhesehandlersvhenwriting their own widgets
or whenspecializingexistingwidgets.

Someeventsaresentimmediatelywhile othersarequeuedreadyto bedispatcheavhencontrolreturngo the Qt
kernel. Qt usegjueueingo optimizecertaintypesof events. For example multiple painteventsarecompressed
into a singleeventto minimizeflickerandmaximizespeed.

Oftenanobjectneeddolook atanotheobjectseventsge.g. torespondothemor to blockthem. Thisisachieved
by having amonitoringobjectcall QObject::installEentFilter(Jontheobjectthatit will monitor Themonitor’s
QObject::@entFilter()virtual functionwill be calledwith eacheventthatis destinedfor the monitoredobject
beforethemonitoredobjectrecevestheevent.

It's alsopossibleto filter all the applications eventsby installing a filter on gApp, the unique QApplication
instance.Suchfiltersarecalledbeforeary widgetspecificfilters. It is evenpossibleto reimplemenQApplica
tion::notify(), theeventdispatcherfor completecontrol.

On-line References

http://doc.trolltech.com/3.0ventsandfilters.html
http://doc.trolltech.com/3.0/gapplication.html#notify

12. Input/Output and Networking

Qt canload and savedatain plain text, XML and binary format. Qt handleslocal files usingits
ownclassesand remotefilesusingthe FTP and HTTP protocols. Inter-processcommunicatiorand
soket-basedl CPand UDP networkingare alsofully supported.

12.1. Input/Output

Qt providesclassedo perform advancedl/O on multiple platforms. The QTextStream classhasa similar
interfaceto the standarckiostream>  classesand supportsthe encodingsprovided by QTextCodec. The
QDataStream classs usedto serializethebasicC++typesandmary Qttypesin a platform-independeriinary
format. For example thefollowing codewritesa Unicodestring,a font anda color 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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}

Thedatacaneasilyberetrievedandusedfor 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 practicethe abore examplewould bewritten moreconciselyandeasilyusingQSettings.

QTextStream andQDataStream operatenarny Ql ODevicesubclassQtincludegheQFile, QBuffer, QSock-
et andQSocketDevice subclassesndprogrammersanimplementheirown customdevices. Ql ODevicealso
provideslow-level functionssuchasreadLine(JandwriteBlock() thatcanbeusedindependentlpf ary stream.

Directoriesarereadand traversedusing QDir. QDir canbe usedto manipulatepathnamesand accesghe
underlyingfile system(e.g. createa directoryor deletea file). QFilel nfo providesmoredetailedinformation
aboutafile, suchasits size permissionsgreationtime, lastmodificationtime, etc.

The following examplelists the hiddenfiles in the users 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++ ) {

QFilelnfo info(  dir, names[i] );

cout << namesli].latin1() << " "

<< info.size() << endl;

}

Transparentaccesgo remotefiles is provided by QUrlOperator. In additionto local file systemaccessQt
supportghetheFTPandHTTP protocolsandcanbeextendedo supporiotherprotocols.For example filescan
bedownloadedusingFTPlik ethis:

QUrlOperator  op;
op.copy(  QString("ftp:/ftp.trolltech.com/qt/INSTALL"),
QsString(“file:/tmp™) );
URLscaneasilybeparsedandrecomposedssingQUrl.

Imagefiles areusuallyreadby creatinga QI mage with thefile nameasargument. Printingtext andimagess
handledby QPainter. Theseclassesiredescribedn 2D Graphicdp. 23].
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12.2. XML

Qt'sXML moduleprovidesaSAX parseianda DOM parserbothof whichreadwell-formedXML andarenon-
validating. The SAX (SimpleAPI for XML) implementatiorfollows the designof the SAX2 Javaimplemen
tation,with adaptechamingcorventions. TheDOM (Documen®ObjectModel) Level 2 implementatioriollows
theW3Crecommendatioandincludesnamespacsupport.

Many Qt applicationsuseXML formatto storetheir persistentlata. The SAX parseiis usedfor readingdata
incrementallyandis especiallysuitablefor simpleparsingequirementandfor verylargefiles. TheDOM parser
readgheentirefile into atreestructurein memorythatcanbetraversedat will.

12.3. Inter-Process Communication

The QProcess classs usedto startexternalprogramsandto communicatevith themfrom a Qt applicationin a
platform-independemay. Communications achievzedby writing to theexternalprograms standardnputand
potentiallyby readingits standardutputandstandarderror.

QProcess works asynchronouslyreportingthe availability of databy emitting signals. Qt applicationscan
connectto the signalsto retrieve and procesghe data,and optionally respondby sendingdatabackto the
externalprogram.

12.4. Networking

Qt providesa cross-platformnterfacefor writing TCP/IPclientsandseners.

The QSocket classprovidesanasynchronoubuffered TCP connection.QSocket is a QI ODevice, makingit
easyto useQTextStream andQDataStream onasoclet.

QSocket is designedo work well within a GUI application. A live curreny corverterapplicationillustrates
this:

J100 JEUR =]
| [usp =]

Figure32. Livecurreny corverter

The applicationusesthefictional protocol CCP (Curreng CornversionProtocol)to accesshe latestexchange
ratesfrom asener. Only linesrelatedto networkingarepresented.

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

Thesocletiscreatedn theConverter constructor Socketcommunications asynchronousndthesocletemits
thereadyRead(3ignalwhenthereis 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.latinl(), command.length() );

}

Thecorvert() slotis calledwhenthe userclicks the Cornvert button. It openghe connectiorandsendsa CONV
requesie.g. CONV100 EURUSD to port123onthesenerccp.banca-monica.nu . QSocket automatically
useDnsto resole ccp.banca-monica.nu toitsIP addressAll theseoperationsarenon-blockingto keep
theuserinterfaceresponsie.

void Converter::updateTargetAmount()

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

The update@rgetAmount()functionis calledwhenthe sener repliesto the CONVrequest.It readsthereply,
updateshedisplayandclosegheconnection.

Simple TCP senerscanbe implementedby subclassing)Server Socket, which works asynchronouslyike
QSocket. QServer Socket setsup a listening soclet that acceptsncoming connectionsand calls a virtual
functionto senetheclient.

The QSocketDevice classprovidesa platform-independenwrapperfor thenative soclet APIs. It providesthe
underlyingfunctionalityfor QSocket andQSer ver Socket, 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 setof classeghat
are compatiblewith the Standad TemplateLibrary (STL),and that work regardlessof whetherthe
compilersupportsSTLor not.

Applicationsoftenneedto managaetemsin memoryfor example groupsof imageswidgetsor customobjects.
Many C++compilerssupportheSTL,whichprovidesready-madeéatastructuregor storingitems. Qt provides
lists,stacksgueuesanddictionarieswvith STL-syntax.Qt'scollectionclassesvork with bothSTL andnon-STL
compilers.

Qt'srich setof portablecollectionclasse$'containers’Jandassociatederatorsareheavily usedinternally, and
areprovided aspartof the Qt API. Qt’s containersareoptimizedfor speedand memoryefficieng/ usingtwo



techniquesprivateclassesand‘implicit sharing’.ProgrammersanalsouseSTL containersn the platforms
thatsupportthem,atthe costof losingQt'soptimizations.

Templateclassesisuallyincreasehesizeof executablesiramaticallybecaus¢éhecompilergeneratesssentially
the samecodefor eachspecializedype. Qt'stemplatecollectionclasseseducecodebloatbecaus¢hey area
thin layerover non-templaterivateclasses.

13.1. Value-based Collections

Qt providesfive valuebasedcollectionclasses:QMap<Key, T>, QValuelList<T>, QValueStack<T>, QVal-
ueVector<T>andQStringList. They haveaninterfaceverysimilartotheSTL containerandarefully compat
ible with theSTL algorithms.Qt providessomeSTL-equivalentalgorithms:qCopy(), gFind(),gHeapSort()etc.
Onplatformswith STL supportQt providesautomaticcorversionoperatordetweerSTL andQt containers.

Qt'svalue-basedollectionclasseareimplicitly sharedalsocalled'copy onwrite’. Copiesof instancesf these
classesharghesamedatain memory Thedatasharings handledautomaticallyif theapplicatiormodifiesthe
content®f oneof thecopiedobjectsadeepcopy of thedatais madesothattheotherobjectsareleft unchanged.
Whenanobijectis copiedonly apointeris passedndareferenceountincrementedyhichis muchfasterthan
actuallycopying thedataandalsosaszesmemory

Sharingis usedwherever it makessense:in Qt's value-basedollectionclassesandin QBitmap, QBrush,
QCursor, QFont, QlconSet, QPalette, QPen, QPicture, QPixmap, QRegion, QRegEXp, QString, etc.
Programmersansafelyandefficiently copy objectsof theseclassedy value,avoidingtherisksrelatedto using
pointersandhandoptimization. In particulartheimplicitly sharedQString classmakesstringprocessingasy
andfast.

Qt also provides the low-level QM emArray<T> classwith its subclasse®BitArray, QByteArray and
QPointArray. Theseclassesirevery efficientfor handlingbasic'plain old data'types.

13.2. Pointer-based Collections

Qt providesmary low-level, generic,pointerbasedcollection classes:QDict<Key, T>, QPtrList<T>, QP-
trQueue<T>, QPtrStack<T>, QPtrVector<T> and QCache<T>. Theseclassesstore pointersratherthan
values.They areespeciallyusefulfor storingpointerso QWidgetsandQObj ects. Thepointerbasedollection
classesanoptionallytake ownershipof theobjectghey containandautomaticallydeletethemwhenthecollec
tion is destroed.

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 accesdunctionsfrom dynamiclibraries platform-independentlyQt also supportsplugins,
which allow developesto createand distribute Qt codecsgatabasalrivers,image formatcorverters,
stylesand customwidgetsasindependentomponents.

14.1. Dynamic Libraries
The QLibrary classprovidescross-platformdynamiclibrary loading,a more powerful mechanisnthanthe
morerestrictive build-time linking.

Below isanexampleof themostbasiovayto dynamicalljloadandusealibrary. Theexampleattemptdo obtain
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!" );

Calling a functionthis way is not type safe,andonly symbolswith C linkagearesupporteddueto C++name
mangling).Thesdimitationsdo notapplyto Qt plugins.

14.2. Plugins
Corvertinga Qt codecdatabasdriver,imageformatcorvertet styleor customwidgetinto a pluginis achieved
by subclassingheappropriatglugin baseclassjmplementinga few simplefunctions,andaddinga macro.

For example,f adeveloperhascreateda QStyle subclasgalledCopper Stylethatthey wantto make available
asa plugin,they would createa subclasdik e this:

class CopperStylePlugin © public  QStylePlugin
public:
CopperStylePlugin() {1}
~CopperStylePlugin() {1}

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

}
QStyle =create( const QString& key ) {
if ( key == "CopperStyle" )
return  new CopperStyle;
return  0;
}

h
Q_EXPORT_PLUGIN(CopperStylePlugin )
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Thenew stylecanbesetlik ethis:
QApplication::setStyle( QStyleFactory::create("CopperStyle") );

Databaselrivers,codecscustomwidgetsandimageformatsthataresuppliedaspluginsaredetectecandused
by theapplicationautomatically

Companiesireadyprovide Qt component& sourceform, asprecompileddynamiclibrariesor asplugins.

Y

01:18:02 pm ) Juli
Sun Mon Tue Wed Thu Fri  Sat

1 2z 3 4 5 & 7

8§ 3 10 11 1z 13 14
15 17 18 19 20 21
2z 23 24 25 26 7 I8
23 a0 #

Figure 33. Oneof Klaralvdalen®Datalonsultsmary commerciacomponents

On-line References

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

15. Qt’s Architecture

Qt's functionalityis built on the low-level APIs of the platformsit supports.ThismalkesQt flexible
and efficient.

Qt is an ‘emulating’ cross-platformtoolkit. All widgetsare dravn by Qt, and programmersan extend or
customize¢hemby reimplementingvirtual functions. Qt'swidgetsaccuratelyemulatethe look andfeel of the
supporteglatforms asdescribedn StylesandThemegp. 36]. Thistechniguealsoenableslevelopergo derive
their own customstylesto provide a distinctlook for their applications.

Ot Applica 0 e Coae
Qt/Windows Qt/X11 Qt/Macintosh Qt/Embedded
GDI Xlib Carbon
MS-Windows Unix/Linux Mac OS X Embedded Linux

Figure 34. Qt'sArchitecture

Qt usesthe low-level APIs of the different platformsit supports. This differs from traditional ‘layered’
cross-platforntoolkits thatarethin wrappersover single-platformtoolkits (e.g. MFC on Windows and Motif

on X11). Layeredtoolkits areusually slow, sinceevery function call to the library resultsin mary additional
callsdown throughthedifferentAPI layers. Layeredtoolkits arelimited by theinflexibilities of theunderlying
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toolkits,andusuallybehae slightly differentlyon the differentplatformsthey supportjeadingto obscurebugs
in applications.

Qtis professionallysupportedandtakesadwantageof the availableplatforms: Microsoft Windows, X11, Mac
OSX andEmbedded.inux. Usinga singlesourcetree,a Qt applicationcanbe corvertedinto an executable
simply by recompilingon the target platforms. Although Qt is a cross-platformtoolkit, customersiave found
it to be easierto learn and more productive than platform-specifictoolkits. Many customersuse Qt for
single-platformdevelopmentbothon Windows andon Unix, preferringQt'sfully object-orientedpproach.

15.1. Microsoft Windows

Qt/Windows usesthe Win32 API and GDI for eventsand drawing primitives. Qt doesnot useMFC or ary
othertoolkit. In particular Qt doesnot usetheinflexible ‘commoncontrols’,but ratherprovidesits own more
powerful, customizablavidgets. (For non-specializedisesQt useghe native Windowsfile andprint dialogs.)

With Qt, the sameexecutableworks on Windows 95/98/NT4/ME/2000Qt performsa run-timecheckfor the
Windowsversionanduseshemostadwvancedcapabalitiesvailable. For example pnly WindowsNT4 and2000
supportrotatedtext natively; Qt rendergotatecdtext on all Windowsversionsanduseghenative supportwhere
available. As thisexampledemonstrate®t developersareinsulatedrom change$n theWindows API.

Qt supportsthe Microsoft accessibilityinterfaces. Unlike Windows’s commoncontrols,Qt widgetscan be
extendedwithout losing the accessibilityinformation of the basewidget. Customwidgetscanalso provide
accessibility

Qt alsosupportsnultiple screensn Microsoft Windows.

Qt/Windows customergreateQt applicationsusingMicrosoft Visual C++andBorlandC++.

15.2. X11

Qt/X11lusesXlib to communicatavith the X senerdirectly. Qt doesnotuseXt (X Toolkit), Motif, Athenaor
ary othertoolkit.

Qt applicationsautomaticallyadaptto the users window manageior desktopervironment,andhave a native
look andfeel underMotif, SGI,CDE, GNOME andKDE. This contrastaith otherUnix toolkits, which lock
userdnto theirown look andfeel.

Qt providesfull Unicodesupportp. 33]. Qt applicationsautomaticallysupportboth Unicodeandnon-Unicode
fonts. Qt combinesmultiple X fontsto rendermulti-lingual text. Qt's font handlingis intelligent enoughto
searchall theinstalledfontsfor charactersinavailablein thecurrentfont.

Qttakesadwantagef X extensionsvherethey areavailable. Qt supportsheRENDERextensiorfor anti-aliased
fontsandalpha-blending.Qt provideson-the-spoeditingfor X Input Methods. Qt supportamultiple screens
bothwith traditionalmulti-headandwith Xinerama.

Qt supportghe following versionsof Unix: AlX, BSDI, FreeBSDHP-UX, Irix, Linux, NetBSD,OpenBSD,
Solaris, Tru64 and UnixWare. See http://www.trolltech.com/products/platform$ér an up-to-datelist of
supportedcompilersandoperatingsystemversions.

48



15.3. Mac OS X

New in version3.0,Qt supportdvlac OS X usingthe CarbonAPI. Qt/Maccreates nev market for customers
whosell Qt applications.

Qt introducedayoutsand straightforvard internationalizatiorsupportto the Macintosh. Qt handlediles and
asynchronousocletinput/outputin theeventloop. Qt providessolid databassupport. Developersancreate
Macintoshapplicationsisingamodernobject-oriented\PI thatincludescomprehensiedocumentatioandfull
sourcecode.

Macintoshdevelopersancreateapplication®ntheir favorite platformandbroadertheir markethugelysimply
by recompilingon, for example Windows.

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

15.4. Embedded Linux

Qt/Embeddedprovides its own windowing ervironment and writes directly to the Linux frame buffer.
Qt/Embeddectliminatesthe needfor an X sener, and runsfasterand with a lower memoryfootprint than
X11-basedmbedded.inux devices.

Qt/Embeddedusesalpha-blendingor image painting and anti-aliasedscalableTrueType and Typelfonts.
Qt/Embeddedhas flexible input handling, including hand-writing recognition,a pickboardand a virtual
keyboard;it is easyto write new input methods.By selectvely choosingfeaturesthe memorydemandof
Qt/Embeddeaanbetunedto betweerBOOKB and3MB in ROM.

Seethe Qt/Embeddedvhitepapefor acompletetechnicaloverview.

15.5. Qt’s Development World

Companiesinddeveloperdrom aroundtheworld arejoining the Qt developmenttommunityeveryday They
have recognizedhat Qt’sarchitecturdendsitself to rapidapplicationdevelopment. Thesedeveloperswhether
they aretargetingoneor mary platforms arebenefitingfrom Qt's consistenandstraightforvard API, andfrom
Qt's powerful supportingoolssuchasgmake andQt Designer

Qt hasan active and helpful usercommunitywho communicateusingthe gt-interest mailing list. See
http://gt-interest.trolltech.como subscribeor to brovsethearchive.

Qt'sextensive documentatiolis availableon-lineat http://doc.trolltech.com

DeveloperscanevaluateQt, with supportfor 30 daysontheir preferredplatform. Seehttp://www.trolltech.com
for details.

For furtherinformation,emailinfo@trolltech.com
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