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Abstract

This whitepaperdescribeghe Qt C++ toolkit. Qt supportsthe developmentof cross-platformGUI
applicationawith its ‘write once,compilearywhere’approach.Usinga singlesourcetreeanda simple
recompilationapplicationgcanbewrittenfor Windows95/98/NT4/ME/2000Mac OSX, Linux, Solaris,
HP-UX and mary otherversionsof Unix with X11. Qt applicationscanalsobe compiledto run on
Qt/EmbeddedQtintroducesa uniqueinter-objectcommunicatioomechanisntalled'signalsandslots’.
Qt hasexcellentsupportfor mary programmingdomains: 2D and 3D graphics,internationalization,
XML, etc. Qt applicationcanbebuilt visually usingQt Designer



Qt 3.0 Whitepaper
Trolltech

Contents

Jdntroduction . .. L L
1.1 EXeCUtVESUMMANY. . . . . o e e e e e e e e

. Widgets .

21.A°

Hello' Example . . . . . .. . .

2.2.Built-in Widgets . . . . . . . .
2.3.CustomWidgets . . . . . . ..

. Signalsand

SIOtS . . . e e e

3.1. ASignalsandSlotsExample . ... ... ... ... . . .. ... .
3.2. MetaObjectCompiler . . . ... ... . . . . .
CGUIApplications . . . . o o
4.1. MainWindow Classes . . . . . . . . i e
4.2. Multiple Documentinterface . . . . ... ... ... ...
4.3.DiIalogs . . . .. e
4.4, DOCKWINAOWS . . . . o
45, Settings. . . . .. e
4.6. Multi-Threading . . . . . . . .
CQEDESIgNET . .
5.1.QtAsSIStant . . . . . ..
5.2. GUI ApplicationExample . . . . . .. .. ... .. e
.2Dand3D Graphics . . . . . . e e
6.1.2DGraphics . . . . . . . e
6.2.3DGraphiCs . . . . . .
6.3. A3DExample. . . . . ...

. Databases

7.1. ExecutingSQLCommands . . . . .. .. ...
7.2. Data-avareWidgets. . . . . . . .. e
JInternationalization . . . . . ..
8.1.Unicode . ... ... e
8.2. TextRendering . . . . . . . . .
8.3. InputMethods . . . . . . . . . .. ..
8.4.DatesandTimes . . . . . . . . e
8.5. TranslatingApplications . . . . ... .. .. ... . .. ..
8.6. QtLinguUist . . . . . ...
StylesandThemes . . . . . .
9.1.Built-in Styles . . . . . . ..

© o N oo~ ww

W W WWWOmWwWOowWOowWwaowOwNRNNNNNRERPERRPEPRERERRER
O AR O®ONRNNROONONNOOOOMN~NOOD~ADRBRERO



9.2. Style-avareWidgets . . . . .. . . . e
9.3. CustomStyles . . . . . . ... e
10, LayOULS . . . o e e
10.1. Built-in LayoutManagers . . . . . ... ...
10.2. NeStedLayOuUtS. . . . . . .ot t e
10.3. CustomLayouULS . . . . . . . e e
11 EVENtS . . o
111 EventCreation . . . . . . .o
11.2. EventDelivery . . . . . . . e
12. Input/Output and Netarking . . . . . . . . .
12.2. Input/Output . . . . . o
12.2. XML . e
12.3. Inter-Proces€ommunication . . . . . .. ... ... .. ..
12.4. Networking . . . . . .. e
13. CollectionClasses . . . . . . oot
13.1. Value-base®ollections . . ... .. ... ... . . .. ...
13.2. PointerbasedCollections. . . . . . ... ... .. ...
14. PluginsandDynamicLibraries . . . . . . . .. . ..
14.1. DynamicLibraries . . . . . . . .. e
14.2.PIUGINS . . . . . e
15. QUSAIChIteCtUre . . . . . . .
15.1. MicrosoftWindows . . . . . . . . . e
15.2. XA L . e
15.3. MaCOSX . . .
15.4. Embeddediinux . . . . . ...
15.5.Qt'sDevelopmentWorld . . .. ... ... .. .. ...

35
35
36
37
37
39
39
39
39
40
40
41
41
42
43
43
44
44
44
44
45
46
46
47
47
47

48



1. Introduction

Qt is a C++ toolkit for cross-platformGUI and application development.In addition to
the Qt C++ classlibrary, the toolkit includestools to make writing applicationsfast and
straightforwad. Qt's cross-platformcapabilitiesand extensiventernationalizationsupport
ensuethat Qt applicationsreact thewidestpossiblemarket.

TheQt C++toolkit hasbeenattheheartof commerciabpplicationsincel995.Qt is usedoy companies
asdiverseasAT&T, IBM, NASA and Xerox, and by numeroussmallercompaniesand organizations.
Qt 3.0retainsthe ease-of-usand power of earlierversionswhile addingsignificantfunctionality and
introducingmary new classesQt'sclassesarefully featuredo reducedeveloperworkload,andprovide
consisteninterfacedo speedearning. Qtis, andalwayshasbeenfully objectoriented.

Thiswhitepapegivesanoverview of Qt'stoolsandfunctionality Eachsectionbeginswith anontechni
calintroductionthenpresentshetechnicalletailsin increasinglepth. Codeextracts andsmallcomplete
applicationsarepresentedTo evaluateQt for 30 days,visit http://wwwtrolltech.com

1.1. Executive Summary

Qtincludesarich setof widgets[p. 4] (‘controls’in Windows terminology)that provide standardsUI
functionality Qtintroducesaninnovativealternatvefor inter-objectcommunicationgalled'signalsand
slots’[p. 8], thatreplaceghe old andunsafecallbacktechnique.Qt alsoprovidesa corventionalevents
[p.39]modelfor handlingmouseclicks,key pressestc. Qt’'scross-platfornGUI applicationgp.11]can
useall the userinterfacefunctionality requiredby modernapplicationssuchasmenuscontet menus,
dockabletoolbarspalloonhelp,draganddrop,etc.

Intuitive namingcornventionsanda consistenprogrammingapproachsimplify coding. Qt alsoincludes
Qt Designer]p. 18],atool for designinguserinterfaceggraphically Qt DesignersupportQt’'spowerful
layouts[p. 36]in additionto absolutepositioning. Qt Designercanbe usedpurelyasa designtool, or it
canbeusedto createentireapplicationsvith thebuilt-in C++ codeeditor.

Qt hasexcellentsupportfor 2D and 3D graphics[p. 22]. Qt is the de-facto standardGUI toolkit for
platform-independer®penGLprogramming.

Qtmalkesit possiblao createlatformindependendatabasapplicationsisingstandardlatabasdp. 29].
Qt includesnatve driversfor Oracle,Microsoft SQL Sener, SybaseAdaptve Sener, PostgreSQL,
MySQL andODBC-compliantdatabaseQt'sdatabas&unctionalityisfully integratedwith Qt Designer
which offerslive preview of databaselata. Qt includesdatabasepecificwidgets,andary built-in or
customwidgetcanbemadedataaware.

Qt programshave native look andfeel on all supportedlatformsusingQt’s stylesandthemessupport
[p. 35]. Froma singlesourcetree,recompilationis all thatis requiredto produceapplicationgor Win-

dows 95/98/NT4/ME/2000Mac OS X, Linux, Solaris,HP-UX andmary otherversionsof Unix with

X11.Qtapplicationsanalsobecompiledto runon Qt/EmbeddedQt’'sgmake build tool producedake-

filesor.dsp filesappropriaté¢othetargetplatform. SinceQt'sarchitecturgp. 45]takesadwvantageof the
underlyingplatform,mary customersalsouseQt for singleplatformdevelopmenbnbothWindowsand
on Unix because¢hey preferthe Qt approach.

QtusedUnicodethroughoutandhasconsiderablsupportfor internationalizatiorp. 32]. Qt includesQt
Linguist[p. 34]andothertoolsto supportranslators Applicationscaneasilyuseandmix text in Arabic,
English,Hebrav, Japanesé&ussiarandall theotherlanguagesupportedy Unicode.



Qt includesa variety of domain-specificlasses.For example,Qt hasan XML module[p. 41] that
includesSAX andDOM parsers.Objectscanbestoredn memoryusingQt'sSTL-compatiblecollection
classe$p. 43].Localandremotefile handlingusingstandargrotocolsareprovidedby Qt'sinput/output
andnetworking classe$p. 40].

Qt applicationscanhave their functionality extendedby pluginsanddynamiclibraries[p. 44]. Plugins
provide additionalcodecsdatabaseirivers,imageformats,stylesand widgets. Librariescanoffer an
unlimitedrangeof functionality Pluginsandlibrariescanbe soldasproductsn theirown right.

Qt is a mature,solid C++ toolkit that is widely usedacrossthe world. In additionto Qt's mary
commercialusesthefree editionof Qt is thefoundationof KDE, the Linux desktopervironment. Qt
makesapplicationdevelopmenta pleasurewith its cross-platformbuild systemyisualform designand
elegantAPI.

On-line References

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

2. Widgets

Qt hasa rich setof widgets(buttons,scmoll bars,etc.) that cater for mostsituations. Qt's
widgetsare flexible and easyto subclasgor specialrequirements.

Qt providesafull setof widgets. Widgetsarevisualelementshatarecombinedo createuserinterfaces.
Buttonsmenusscroll barsmessagboxes,applicationwindows, etc.,areall examplesof widgets. Qt's
widgetsarenot arbitrarily divided betweericontrols’ and‘containers’;all widgetscanbe usedboth as
controlsandascontainers.Customwidgetscaneasilybe createdy subclassingxisting Qt widgets,or
createdrom scratchontherareoccasiorwhenthisis necessary

Widgetsareinstance®f QWidget or oneof its subclassesndcustomwidgetsarecreatedoy subclass
ing.

| QObject

QWidget

QDialog QSpinBox

[ QLineEdit

Figurel. An extractfromthe QWidget classhierarchy

A widgetmaycontainany numberof child widgets. Child widgetsareshovn within theparentwidget’s
area. A widgetwith no parentis a top-level widget (a ‘window’), andusuallyhasits own entryin the
desktopervironmentstaskbar Qt imposeso arbitrarylimitations on widgets. Any widgetcanbea
top-level widget;ary widgetcanbe a child of arny otherwidget. The positionof child widgetswithin

the parents areacan be set automaticallyusing layout managergp. 36], or manuallyif preferred.



Whena parentwidgetis disabledhiddenor deletedthe sameactionis appliedto all its child widgets
recursvely.

Labels,messagdoxes,tooltips, etc.,arenot confinedto usinga single color, font andlanguage.Qt's
text-renderingvidgetscandisplaymulti-languageich text usingasubsebf HTML. SeeText Rendering
[p. 32].

2.1. A ‘Hello’ Example

i hellga] 5]
Hello @t/

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

2.2. Built-in Widgets

Thescreenshotiselow presenthemainQt widgets. They areshavn usingthe Windows style.

& label  Push buﬂonl

Figure3. A QLabel andaQPushButton laid outwith a QHBox

GButtonGroup
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Figure4. Two QRadioButtonsandtwo QCheckBoxeslaid outwith a QButtonGroup



Figure5. A QDateTimeEdit, aQLineEdit, aQTextEdit anda QComboBox laid out with a QGroupBox

Figure6. A QDial, aQProgressBar, aQSpinBox, aQScrollBar, a QL CDNumber anda QSlider laid outwith aQGrid
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Figure7. A QlconView, aQListView, aQListBox anda QTable laid outwith aQGrid

QComboBox, QL ineEdit andQSpinBox’s input canbe constrainedr validatedusinga QValidator
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subclassQt regularexpressionganbeusedfor validation.

Widgetsthatareusedto displaylargeamount®f data(e.g. QTable, QListView andQTextEdit) inherit

QsScrollView andcandisplayscrollbarsautomatically

QMenuBar, QStatusBar, QToolBar andrelatedwidgetsare presentedn GUI Applications[p. 11].
QM essageBox, QFileDialog, QTabDialog, QWizar d andotherdialogsarepresentedh Dialogs[p. 14].
QSplitter iscoveredin Layoutgp. 36]. QCanvasandQGLWidget arepresenteéh 2D and3D Graphics

[p.22].

The screenshothat shavs the QRadioButtons and QCheck Boxeswas producedwith the following

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

Developerscancreatetheir own widgetsanddialogsby subclassingQWidget or oneof its subclasses.
Toillustratesubclassinghecompletecodefor a digital clock widgetis presented.

Figure8. Clockwidget

The Clock widgetis a LCD that displaysthe currenttime and updatesdtself automatically A colon
separatoblinksto indicatethe passingseconds.

Inclock.h,  Clock isdefinedikethis:
#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
widgetclasseswith optionalparent andname parameters(Testinganddeluggingareeasietif name
is set.) The timerEwent() functionis inheritedfrom QObject andis calledat regular intervals by the
system.

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()

QsString time = QTime::currentTime().toString().left( 5);
if ( !showingColon )
time[2] =’
display( time );
showingColon = !showingColon;

}

TheconstructorcallsshovTime()to initialize theclock with thecurrenttime, andtellsthe systento call
timerEwvent()every 1000milliseconddo refreshthe LCD display

In shonvTime(),QLCDNumber::display(s calledwith thecurrenttime. Thecolonisreplacedyaspace
every othertime shonvTime()is calledto make thecolonblink.

Theclock.h andclock.cpp filescompletelydefineandimplementthe Clock customwidget. This
widgetcanbeusedstraightawayin a simpleprogram:

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

int  main( int argc, char =*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 widgetsare
built by combiningwidgetsin layouts.

Developerscan also write customwidgetsfrom scratch. For example,to createan analogclock, it
would be necessaryo draw the clock’s faceandhandsin coderatherthanrelying on the functionality
implementedn abaseclass. Thisapproachs coveredin 2D Graphicqp. 22].

On-line References

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

3. Signals and Slots

Signalsand slotsprovideinter-objectcommunication.They are easyto undestandand use
and arefully supportedby Qt Designer

GUI applicationsrespondto useractions. For example,when a userclicks a menuitem or toolbar
button, the applicationexecutessomecode. More generallywe wantobjectsof ary kind to be ableto
communicatevith eachother The programmemustrelateeventsto therelevantcode. Oldertoolkits
usemechanismshatarenot type safe(i.e. arecrashprone),areinflexible, andarenot objectoriented.



Trolltech hasinventeda solutioncalled‘signalsandslots’. Signalsandslotsis a powerful inter-object
communicationmechanisnthatcanbeusedio completelyreplacehecrudecallbacksandmessagenaps
usedby legagy toolkits. Signalsandslotsaretype safe flexible, fully objectorientedandimplemented
in C++.

To associatsomecodewith a buttonusingtheold callbackmechanismit is necessaryo passa pointer
to a functionto the button. Whenthe buttonis clicked,the functionis thencalled. Old toolkits do not
ensurahatargumentf theright type aregivento the functionwhenit is called,which makescrashes
morelikely. Anotherproblemwith the callbackapproachs thatit tightly bindsthe GUI elemento the
functionality, makingit difficult to developclassesndependently

Qt'ssignalsandslotsmechanismis different. Qt widgetsemit signalswheneventsoccutr For example,
abuttonwill emita‘clicked’signalwhenit is clicked. Theprogrammercanchoosdo connecto asignal
by creatingafunction(calledaslot)andcallingtheconnect(functionto relatethesignalto theslot. Qt's
signalsandslotsmechanisndoesnot requireclassedo have knowledgeof eachother which makesit

mucheasierto develop highly reusableclasses.Signalsand slotsaretype safe,with type errorsbeing
reportedby warningsratherthanby crashes.

For example,f a Quit button’sclicked()signalis connectedo theapplications quit() slot,a usersclick
on Quit makestheapplicationterminate.In code thisis writtenas

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

Connectionganbeaddedor removedat ary time duringtheexecutionof a Qt application.

ThesignalsandslotsimplementatiorsmoothlyextendsC++'s syntaxandtakesfull advantageof C++'s
object-orientatedeatures.Signalsandslotsaretype safe canbe overloadecr reimplementeéndmay
appeain thepublic,protectecbr privatesectionf aclass.

3.1. A Signals and Slots Example

To benefitfrom signalsandslots,a classmustinheritfrom QODbject or oneof its subclasseandinclude
the Q_OBJECTmacroin the classsdefinition. Signalsaredeclaredn thesignals  sectionof theclass,
while slotsaredeclaredn 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;
3

In thestyleof mostC++ classegheclassBankAccount hasa constructora getfunctionbalance()and
asetfunctionsetBalance().



The classalso hasa signal balanceChanged(jvhich announceghat the balancein the accounthas
changed.Signalsare not implementedwhena signalis emitted,the slotsit is connectedo are exe-
cuted.

The setfunctionis declaredin the public slots section,soit is a slot. Slotsare standardnember
functionswith an implementationthat can be called like ary other function, and which can also be
connectedo signals.

Herestheimplementatiorof theslotsetBalance():

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

emit balanceChanged( curBalance );

causeghe balanceChangedgignalto be emittedwith the new currentbalanceasits argument. The
keywordemit ,likesignals andslots ,isprovidedby Qtandistransformednto standardC++by the
C++ pre-processor

Heresanexampleof how to connectwo Bank Accounts:

BankAccount X, v;

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

x.setBalance( 2450 );

Whenthe balancén x is setto 2450,the balanceChangedgjgnalis emitted. The signalis received by
y’'ssetBalance(3lot,which setsy’sbalanceo 2450.

Oneobjects signalcanbe connectedo mary differentslots,andmary signalscanbe connectedo one
slotin a particularobject. Connectiongre madebetweensignalsandslotswhoseparameterfiave the
sametypes. A slotcanhave fewer parameterthanthe signalandignoretheextra parameters.

3.2. Meta Object Compiler

Thesignalsandslotsmechanisnisimplementedn purestandardC++.TheimplementatiousegheC++
pre-processaandthe MetaObjectCompiler(moc) includedwith the Qt toolkit.

Themoc readgheapplications headeffilesandgeneratethe necessargodeto supportthe signalsand
slotsmechanism.Developersnever have to edit or evenlook at the generateadode. The gmake build
tool generatethe correctMakefilesfor thetargetplatform.

In additionto handlingsignalsandslots,moc supportQt’s translationmechanismits propertysystem
and extendedrun-time type information. The meta object compiler also makes the cross-platform
introspectiorof C++ programgossible.

On-line References

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

Building modernGUI applicationswith Qt is fastand simple and can be achieved by hand
codingor by usingQt DesigneyQt’svisualdesigntool.

Qt providesall the classesandfunctionsnecessaryo createmodernGUI applications.Qt canbe used
to createboth ‘main window’ style applicationswith a menubar, toolbarsand statusbar surrounding
a centralarea,and dialog style applicationghat usebuttonsand possiblytabsto presentoptionsand
information. Qt supportdoth SDI (singledocumeninterface)andMDI (multiple documeninterface).
Qtalsosupportsiraganddropandtheclipboard.

Tool barscanbe moved aroundwithin the toolbararea(calledthe ‘dock area’),draggedo otherdock
areasor floatedastool palettes.Thisfunctionalityis built in andrequiresno additionalcode although
programmersanapply constraintgo toolbarbehaior if they wish.

Qt simplifiesprogramming.For example,jf a menuoption,atoolbarbuttonandakeyboardaccelerator
all performthesameaction theactionneedonly becodedonce.

Qt alsoprovidesmessagboxesandafull setof standardlialogsto malkeit easyfor applicationdo ask
the userquestionsandto getthe userto choosdfiles, folders,fontsandcolors. In practicea one-line
statementisingoneof Qt’sstaticconveniencdunctionsis all thatis necessaryo presenamessagbox
or astandardlialog.

Qt canplatform-independentlgtoreapplicationsettings suchasuserpreferencesnostrecentlyused
files,window andtoolbarpositionsandsizesgtc.

4.1. Main Window Classes

4.1.1. The Main Window

TheQMainWindow clasdaysoutasetof relatedwidgetsto provide aframeawork for typicalapplication
mainwindows.

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

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

Goele

Status message Indicator 1 | Indicator 2 4

Figure9. An applicationmainwindow

A mainwindow containsa setof standardvidgets. Thetop of the mainwindow containsa menubar,
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beneathwhich toolbarsarelaid out. Thetoolbarscanbe movedto any dock areamainwindows have
dockareasatthetop,left, right andbottom. Toolbarscanalsobedraggedut of adockareaandfloated
asindependentool palettes.The bottomof the mainwindow, belov the bottomdock areajs occupied
by a statushar The centralareacontainsany widgetfor SDI applicationsor a QWor kspace for MDI
applications.Tooltipsand“What'sthis?” help provide balloonhelpfor the userinterfaceelements.

4.1.2. Menus

The QPopupMenu widget presentamenuitemsto the userin a vertical list. Popupmenuscan be
standalonée.g. acontext menu) canappeain amenubar, or canbeasub-menwf anothepopupmenu.
Menuscanalsohave tearoff handles.

Eachmenuitem can have anicon, a checkboxand an accelerator Menu items usually correspond
to actions(e.g. Save). Separatoitems are displayedasa line and are usedto group relatedactions
visually.

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.

TheQMenuBar classmplementsaamenubar. It automaticallysetsits geometryto thetop of its parent
widget (typically a QM ainWindow). It splitsits contentsacrossmultiple linesif the parentwindow is
notwide enough.Qt's built-in layoutmanagersutomaticallytake themenubarinto considerationOn
theMacintoshthemenubarappearstthetop 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'smenusystemis veryflexible. Menuitemscanbeenableddisabledaddedor removeddynamically
Menuitemswith customizedappearancandbehaior canbe createdoy subclassing)CustomM enu-
Item.

4.1.3. Toolbars

The QToolButton classimplementsa toolbar button with anicon, a 3D frameand an optional label.
Toggletoolbarbuttonsturn featureson and off. Othertoolbarbuttonsexecutea command. Different
iconscanbe providedfor the active, disabledandenablednodesandfor theon andoff states.If only
oneiconis provided,Qt automaticallydistinguisheshe stateusingvisualcuesfor example grayingout
disabledobuttons. Pressinga toolbarbuttoncanalsobeusedto triggera popupmenu.

QToolButtonsusuallyappearside-by-sidevithin aQToolBar. An applicationcanhave ary numberof
toolbars andtheuseris freeto move themaround. Toolbarscancontainwidgetsof almostary type,for
exampleQComboBoxesandQSpinBoxes.

12



4.1.4. Balloon Help

Modern applicationsuse balloon help to briefly explain the purposeof userinterface elements.Qt
providestwo mechanism$or balloonhelp: tooltipsand“What'sthis?”help.

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

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

It is alsopossibleto setalongerpieceof text to bedisplayedn thestatusarwhenthetooltip is shavn.

“What's this?” helpis similar to tooltips, exceptthatthe usermustrequestt, for exampleby pressing
Shift+Flandthenclicking awidgetor menuitem. “What'sthis?”helpis typically longerthanatooltip.
Hereshow to setthe“What'sthis?”text for a‘Save’toolbarbutton:

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

TheQTool Tip andQWhatsT his classeprovide virtual functionsthat canbe reimplementedor more
specializedehaior. For exampleto displaydifferenttext accordingo thepositionof themousewithin
thewidget.

4.1.5. Status Bar
QStatusBar implementsa statushar. Statusbarsdisplaythreekindsof indicators:

1. Tempoary messges. Thesearedisplayedattheleft. Temporarymessageganishafteradefinable
amountof time,or whenanothemessagés shavn.

2. Standad indicators. Thesecanbealmostary widgetandappeaontheright. Longmessagemsay
hidethemtemporarily

3. Permanenindicators. Theseappeato theright of standardndicatorsandarenever hidden.

4.1.6. Actions

Applicationsusually provide the userwith several differentwaysto performa particularaction. For
example mostapplicationgrovide a‘Save’ actionavailablefrom themenu(File|Sae), from thetoolbar
(the ‘floppy disk’ toolbar button) and asan acceleratoCtrl+S). The QAction classencapsulatethis
concept.It allows programmerso defineanactionin oneplaceandthenaddthatactionto a menuor
toolbar Actionsthatonly make senseasmenuoptionscanbeaddedo menuddirectly.

Thefollowing codeimplementsa ‘Save’ menuitem, a ‘Save’ toolbarbuttonanda ‘Save’ acceleratqgrall
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 ensureshatthe stateof menuitemsstaysin sync
with thestateof toolbarbuttons andthattool tipsaredisplayedvhennecessaryDisablinganactionwill
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disableary correspondingnenuitemsandtoolbarbuttons. Similarly, if theuserclicksatoggletoolbar
button,thecorrespondingnenuitemwill bechecledor unchecledaccordingly

4.1.7. The Central Widget

The centralareaof a QM ainWindow cancontainary widget. For example,a text editor could usea
QTextEdit asits centralwidget:

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

4.2. Multiple Document Interface
Multiple Documentinterface(MDI) is provided by the QWor kspace class. QWor kspace is typically
usedasthecentralwidgetof a QM ainWindow, but it canbeusedlik e any otherwidget.

Child widgetsof QWor kspace arealsoordinarywidgetsof ary type. They arerenderedvith aframe
similar to theframearoundtop-level widgets. Functionssuchasshaw(), hide(),shavMaximized()and
setCaption(jvork in thesamewayfor child MDI widgetsasfor ordinarytop-level widgets.

QWor kspace providespositioningstrat@iessuchascascadandtile. If thechild widgetsextendoutside
theMDI areascroll barscanbe setto appearautomatically If a child widgetis maximized the frame
buttons(e.g. Minimize) areshovn in themenubar.

4.3. Dialogs

MostGUI applicationsisedialogboxestointeractwith theuserfor certainoperations Qtincludeseady-
madedialogclassesvith conveniencdunctionsfor themostcommontasks.Many aspect®f thedialogs
canbeconfigured.For example settingthetext usedby thebuttonsandlabelsin a QM essageBox.

Screenshotsf someof Qt’'sstandardlialogsarepresentedbelow.

x

Ciitemplresume. html already exists,
Do you wank to replace it?

Figure10. A QM essageBox

QM essageBox is usedto provide the userwith informationor to presenthe userwith simplechoices
(e.g.‘Yes’or ‘No’).
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Figure11. A QFileDialog

QFileDialog is a sophisticatedile selectiondialog. It canbe usedto selectsingleor multiple local or
remotefiles(e.g. usingFTP),andincludedunctionalitysuchasdirectoryandfile renaminganddirectory
creation. Like mostQt dialogs,QFileDialog is resizablewhich makesit easyto view long file names
andlargedirectories.Applicationscanbe setto automaticallyusethe native file dialogwhencompiled
for Windows or Macintosh.

Converting C:\databasehcustomers.dat....
ARRRRENNRRRNENENN B4%

Figure12. A QProgressDialog

QProgressDialog displaysa progresdaranda ‘Cancel’button.

mMain Window Wizard el e
Setup Toolbar
Categony | File LI
Actions Toalbar
Mew Mew
Open Open
Save Save
Save As Print
Frint <Separator:
Exit Unda

<Separator:

: Hedo

b Lt 1o

Cancel | < Back | Mext > I Help

Figure13. A QWizard

QWizard providesaframework for wizarddialogs.
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Figure14. A QFontDialog

QFontDialog is usedto selectafont.
Qt alsoprovidesstandardlialogsfor color selectiorandprinting options.

Dialogsoperatan oneof threeways:

1. A modaldialogblocksinputto theothervisiblewindowsin thesameapplication.Usersmustclose
thedialogbeforethey canaccessry otherwindow in theapplication.

2. A modelesslialog operatesndependentlyf otherwindows. Thereis little differencebetweena
modeles®)Dialog anda QWidget.

3. A semi-modalialogreturnscontrol to the callerimmediately Thesedialogsbehae like modal
dialogsfrom the users point of view, but allow the applicationto continueprocessing.This is
particularlyusefulfor progresslialogs.

Modal dialogsaretypically usedlik 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 subclassin@Dialog, whichinheritsQWidget.

4.4, Dock Windows

Dockwindows arewindowsthattheusercanmove insidea dockareaor from onedock areato another
Theusercanundocka dockwindow andmake it float on top of the applicationor minimizeit. Dock
windowsandareasareprovided by the QDockWindow andQDockAr ea classes.

Qt provides one QDockWindow subclassQToolBar. QMainWindow automaticallyprovides four
dockareaspneon eachsideof thecentralwidget.

Developerscan createcustomdock windows by instantiatinga QDockWindow objectand by adding
widgetsto it. Thewidgetsarelaid out side-by-sidaf thedockareais horizontal(e.g. atthetop of the
mainwindow) andabove eachotherif theareais vertical(e.g. attheleft of themainwindow).
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Dock areasarenot boundto QM ainWindow; developerscanuseQDockArea in ary customwidget.
Toolbarsandotherdockwindows canbeusedwith ary dockarea.

SomeapplicationsincludingQt Designerip. 18]andQt Linguist [p. 34], usedockwindows extensvely.
QDockArea providesoperatorgo save andrestorethe positionof dock windows, sothat applications
caneasilyrestoreheusers preferredpositions.

4.5. Settings

Usersettingsandotherapplicationsettingscaneasilybe storedon disk usingthe QSettings class. On
Windows, QSettings makesuseof the systemregistry; on other platforms,settingsare storedin text
files.

A particularsettings storedusingakey. Forexamplethekey /Softwareinc/  Zoomer/RecentFiles
couldcontainalist of recentlyusediles. BooleansnumbersUnicodestringsandlistsof Unicodestrings
canbestored.

4.6. Multi-Threading

GUI applicationsoften usemultiple threads:onethreadto keepthe userinterfaceresponsie,andone
or mary otherthreadgo performtime-consumingactiities suchasreadinglarge files and performing
comple calculations. Qt can be configuredto supportmulti-threading,and providesfour threading
classesQThread, QM utex, QSemaphore andQWaitCondition.

On-line References

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

Qt Designeris writtenin Qt and providesvisualuserinterfacedesign.Qt applicationscanbe
written entirely assourcecode or usingQt Designerto speedup development.

Gt Desianer by Trolltech
e Edit Project Search Tools Layout Preview Window Help

JJ_Ai'-IE m “J ) = .lmultlcllp JHJ@H |
Mﬂg\ c o[ BRl080SE0EEIEE e #||v

M m@-lumao%-h-@@\ DEEE

= bulticlip

multiclip.pro j ]Current Clipping | [

E| W MulticlipForm: fhomefmonical... - |Previous Clippings
i '.u’homea’monicaftestf’multiclipa’m... |

D main.cpp i
Ell))
E)
Properties I Signal Handlers | |
Property |Value B
text ]&@uit | )
pixmap L
accel Alt+0 [ . | A S—
toggleButton False
Sl olee = W Edit hulticlipForm
| vold MulticlipForm: :deleteClipping()
Widgets ISource |
e Class -] clippingChanged{ "" J;
T J cl ipp'ir]gslTi StBQx—>reToveItemC .
== Layoutz |HBox clippingsListBox—rcurrentItemiy ;
Glabel
a GlineEdit
é--l%LayoutS HBox Ad|
”Rt?ady Y,

Figure15. Qt Designer

Designinga form with Qt Designeris a simpleprocess.Developerstlick atoolbarbuttonrepresenting
the widget they want, then click on a form to placethe widget. The widget's propertiescan then

be changedusingthe propertyeditor. The precisepositionsand sizesof the widgetsdoesnot matter

Developersselectwidgetsandapplylayoutsto them. For example somebuttonwidgetscouldbeselected
andlaid out side-by-sideby choosingthe ‘lay out horizontally’ option. This approachmakesdesign
veryfast,andthefinishedformswill scaleproperlyto fit whateverwindow sizetheend-useprefers.See
Layoutg[p. 36]for informationaboutQt’'s automatidayouts.

Qt Designereliminateghetime-consumingompile,link andrun cycle for userinterfacedesign. This
makesit easyto corrector changadesigns.Qt Designers preview optionslet developersseetheir forms
in ary style,for exampleaWindowsdevelopercanpreview aformin Motif style. Qt Designerprovides
live preview and editing of databaselatathroughits tight integrationwith Qt’s databaselasses.See
Databasefp. 29]for moreaboutQt’'s databassupport.
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Developerscancreateboth‘dialog’ styleapplicationsand‘'main window’ styleapplicationsvith menus,
toolbars,balloonhelp, etc. Several form templatesare supplied,and developerscan createtheir own
templateso ensureconsisteng acros@anapplicationor family of applications.Qt Designemusesvizards
to make creatingtoolbars menusand databasapplicationsasfastandeasyaspossible. Programmers
cancreatetheir own customwidgetsthatcaneasilybeintegratedwith Qt Designer

Qt Designersupportsa project-basedpproachto applicationdevelopment. A projectis represented
by a.pro file, which gmake canuseto generatéviakefiles. Developerscreatea new projectandthen
addformsandsourcefiles asrequired. Developerscancompletelyseparatehe userinterfacefrom the
underlyingfunctionalityby subclassingyr they cankeeptheir sourcecodeandformstogetherby editing
theform’ssourcedirectlyin Qt Designer

Iconsandotherimagesusedin the applicationareautomaticallysharedacrossall formsin a projectto
reduce=xecutablesizeandspeeduploading.

Form designsarestoredin XML formatin .ui filesandconvertedinto C++ heademlandsourcefiles by
theuic (UserlnterfaceCompiler).The gmake build tool automaticallyincludesbuild rulesfor uic in
the Makefilesit generatessodevelopersdo notneedto invokeuic themseles.

Usually forms are compiledinto the executableput in somesituationscustomersieedto modify the
appearancef an applicationwithout accessinghe sourcecode. Qt supportsdynamic dialogs’: .ui
filesthatcanbeloadedat run-timeanddynamicallycorvertedinto fully functionalforms. Companies
can supply application executablesalong with the customemodifiable forms in .ui  format, and
the customercanuseQt Designerto customizethe appearancef the applications forms. Loadinga
dynamicdialogis trivial:

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

5.1. Qt Assistant

Qt Designetson-linehelpis provided by the Qt Assistantapplication. Qt AssistantisplaysQt'sentire
documentatiorset,andworksin a similar way to a web browser Unlike web browsers,Qt Assistant
appliesanintelligentindexing algorithmto provide fastsearchindor wordsandphraseshatoccurin the
documentation.
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Figure 16. Qt Assistant

Qt'sreferencalocumentatiorconsistof aroundl,500HTML pageqover 2,500US lettersizedpages),
whichdocumenQt’'sclassesndtools,andwhichincludeovervievsandintroductiondo variousaspects
of Qt programming.

QtAssistanis aQt applicatiorthatrendert'sHTML referencelocumentatiomsingQTextEdit. The
QTextEdit classsupportsa subsebf HTML 3.2,andcanalsousecustomtagsthatarecreatedwith the
QStyleSheset class.

5.2. GUI Application Example

Class Hierarchy -
Source file - Language
= — |C++ j
E--5.'5.'Fle><Le><er FlexLexer.h
El--Machine — Search Paths
B aircraft aircrafth fhomedasminyer!
: i irplane airplane.h fustfincludes
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é----NCursesApplication cursesapp.h Add Search Path |
E-MCursesException  etip.h
él--NCursesFieldType cursesth Bemaove Search Path |
! . Alnha Field rursesth :I
Update I Close |
L L

Figure 17. Classhierarchyapplication

Theclasshierarcly applicationisaclassicdialog’ styleapplicatiorwheretheuserchoosesomeoptions,
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in this casepaths andthencarriesout someprocessindpasecbn thoseoptions.

The completecodefor the applicationis presentedbelon. The main.cpp file was producedby a
Qt Designerwizard. Theform wasdesignedn Qt Designerandstoredin a.ui  file. The.ui file is
convertedinto C++ by uic , leaving thedeveloperfreeto focusontheapplicationsfunctionality

TheaddSearch&th(),removeSearch&h()andupdateHierarcy() functionsareall slots. They havebeen
visually connectedo theappropriatdouttonsusingQt Designer

void ClassHierarchy::addSearchPath()

{
QsString path = QFileDialog::getExistingDirectory(
QDir::homeDirPath(), this, 0, "Select a Directory” );
if ( !path.isEmpty() &&
searchPathBox->findltem(path, ExactMatch) == 0 )
searchPathBox->insertltem( path );
}
void ClassHierarchy::removeSearchPath()
{
searchPathBox->removeltem( searchPathBox->currentltem() );
}
void ClassHierarchy::updateHierarchy()
{
Qstring  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]+))" );
} else if ( language->currentText() == "Java" ) {
fileNameFilter = " java";
classDef.setPattern(
"Wbclass\\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( [
QStringList names = dir.entryList( ‘fileNameFilter );
for (int j = 0; j < names.count(); i+ ) A
QFile file( dir.filePath(namesj]) );
if ( file.open(I0O_ReadOnly) )
QsString content = file.readAll();
int k = 0;
while ( (k = classDef.search(content, k) = -1 ) {
processClassDef( classDef.cap(1), classDef.cap(2),
names[j] );
k++;
}
}
}
}
}
void ClassHierarchy::processClassDef( const QString& derived,
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const QString& base, const QString& sourceFile )

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

On-line References

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

6. 2D and 3D Graphics

Qt providesexcellentsupportfor 2D and 3D graphics. Qt's 2D graphicsclassessupport
bitmappedandvectorgraphics. Animationandcollisiondetectiorarealsosupported.Qt can
load and savea wide and extensiblerange of image formats. Qt candraw Unicoderich text,
rotatedandsheaedasrequired. Qtisthedefactostandad GUI toolkit for platformindepen
dentOpenGLprogramming

6.1. 2D Graphics

6.1.1. Images

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

Many of Qt’sbuilt-in widgetscandisplayimagesfor example buttons Jabels,menuitems,etc. Here’s
how to displayanicon ona pushbutton:

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

1If you arein a countrythat recognizesoftware patentsandwhereUnisysholdsa patenton LZW decompressionJnisysmay
requireyouto licensethetechnologyto useGIF.
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Q, Find Address

Figure18. Anicononabutton

QI magesupportsmagewith colordepthof 1,8and32bits. Programmersanmanipulatehepixeland
palettedataapplytransformationge.g. rotationsshearsetc.) andreducehecolor depthwith dithering
if desired.Applicationscanstorean‘alphachannelin a QI mage alongwith thecolordatafor theirown
purposege.g. transparencandalpha-blending).

TheQMovie classcanbeusedto displayanimatedmages.

6.1.2. Painting

TheQPainter providesa platform-independerPI for paintingwidgets. It providesprimitivesaswell
asadwancedunctionalitysuchastransformationandclipping. All Qt'sbuilt-in widgetspaintthemseles
usingQPainter. ProgrammerdvariablyuseQPainter whenimplementingheir own customwidgets.

QPainter providesstandardunctionsto drav points,lines,polygons ellipsesarcs,Beziercunes,etc.
Thefollowing commanddravs a 120x 60 rectanglevhosetop-left pointis at (25, 15), with a 2-pixel
wide dashededoutline:

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

By default,thetop-left cornerof awidgetis locatedat coordinateg0, 0), andthebottom-rightcorneris
locatedat (width() - 1, height()- 1). Thecoordinatesystenof aQPainter objectcanbetranslatedscaled,
rotatedandsheared Theobjectso bedravn canbeclippedaccordingo a‘window’, andpositionedon
thewidgetusinga ‘viewport'.

" Picture n’

Select font... |
IHeIIu il

Figure19. Qt'sxform exampleshaving rotatedtext

The codebelon drawvs a bargraph customwidget. It usesa QPainter in the reimplementatiorof
paintEwent(),with thedefault coordinatesystem.
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void BarGraph::paintEvent( QPaintEvent  * )

{
QPainter  painter( this );
draw_bar(  &painter, 0, 39, Qt:DiagCrossPattern );
draw_bar(  &painter, 1, 31, Qt:BDiagPattern );
draw_bar(  &painter, 2, 44, Qt:FDiagPattern );
draw_bar(  &painter, 3, 68, Qt:SolidPattern );
painter.setPen( black );
painter.drawLine( 0, 0, 0, height() - 1)
painter.drawLine( 0, height() - 1, width() - 1, height() - 1)
painter.setFont( QFont("Helvetica", 18) );
painter.drawText( rect(), AlignHCenter | AlignTop, "Sales" );
}
void BarGraph::draw_bar( QPainter  * painter, int  month, int barHeight,
BrushStyle  pattern )
{
painter->setPen( blue );
painter->setBrush( QBrush(darkGreen, pattern) );
painter->drawRect( 10 + 30 * month, height() - barHeight, 20,
barHeight );
}

The widgetis drawvn correctlyat differentsizesbecausehe codeusesthe width(), height()and rect()
functions. Thewidgetproducedoy this codeis shovn below.

Figure20. Customwidget

QPainter supportsclipping using a region composedf rectanglespolygons,ellipsesand bitmaps.
Comple regions may be createdby uniting, intersecting subtractingand XOR’ing simple regions.
Clipping canbeusedto reducdlicker whenrepainting.

The QColor classstoresa color specifiedoy a RGB or HSV triple, or by a name(e.g. ‘skyblue’). Qt
programmersanspecifyary 24-bit color; Qt automaticallyallocategherequesteaolorin thesystems
palette or usesasimilar color on colorlimited displays. Commonlyusedcolors,includingred , green
andblue , arepredefinedn Qt.

6.1.3. Paint Devices

QPainter canoperateon ary ‘paint device’. The coderequiredto painton ary supportedievice is the
sameregardlesof thedevice. Qt supportdhefollowing paintdevices:
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A QPixmap is essentiallyan‘off-screenwidget’. Graphicsanbe paintedon a QPixmap first,and
thenbit-blitted to a QWidget to reduceflicker. Thistechniqués called‘doublebuffering’.

A QPictureisavectorimagethatcanbescaledrotatedandshearedracefully TheQPictureclass
storesanimageasallist of paintcommandsatherthanaspixel data. It supportghe SVG (W3C's
ScalablevectorGraphics)XML formatfor inputandoutput.

* A QPrinter representaphysicalprinter OnWindows,thepaintcommandsiresenttotheWindows
print enginewhich usegheinstalledprinterdrivers. On Unix, PostScripis outputandsentto the
appropriaterint daemon.

* A QWidget isalsoapaintdevice,asshavn in theearlierbargraphexample.

6.1.4. Canvas
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Figure21. TheKAsteroidsgamewrittenwith QCanvas

TheQCanvas classprovidesa high-level interfaceto 2D graphics.It canhandleaverylargenumberof
‘carvasitems’thatrepresenlines,rectanglesllipsestexts,pixmapsanimatedpritesetc. Carvasitems
caneasilybemadeinteractve (e.g. usermovable).

Carvasitemsareinstance®f QCanvasltem subclassesThey aremorelightweightthanwidgets,and
they canbe quickly moved, hidden,andshavn. QCanvas hasefficientsupportfor collision detection,
andcanlist all thecarvasitemsin agivenarea.QCanvasl tem canbesubclassetb provide customitem

typesandto extendthefunctionalityof existingtypes.

QCanvas objectsarerenderedy the QCanvasView class. Many QCanvasView objectscanshow the
sameQCanvas, but with differenttranslationsscalesyotationsandshears.

QCanvasis idealfor datavisualisation.It hasbeenusedby customerdor draving road mapsandfor
presentingnetwork topologies.lIt is alsosuitablefor fast2D gameswith lots of sprites.
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6.2. 3D Graphics

OpenGL is a standardAPI for rendering3D graphics. Qt developerscan use OpenGLto drav 3D
graphican their GUI applications.Thisis achieved by subclassingQGLWidget, a QWidget subclass,
anddrawing with standarddpenGLfunctionsratherthanwith QPainter.

Qt's OpenGLmoduleis available on Windows, X11 and Macintosh,and usesthe systems OpenGL
library (includingMesa).
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Figure 22. BrainInnovation’sBrainVbyagerapplicationwrittenin Qt andOpenGL

Qt developerscansetthe displayformat of an OpenGLrenderingcontext: singleor doublebuffering,
depthbuffer, RGBA or colorindex mode,alphachannelpverlays,etc. They canalsosetthe colormap
manuallyin colorindex mode.

When using Qt, developerswrite in pure OpenGL.Qt also provides two corveniencefunctions,
gglClearColor(andqgglColor(),thataccepia QColor agumentandwork in any mode.

!OpenGLis atrademarlof SiliconGraphics)nc. in the United Statesandothercountries.
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6.3. A 3D Example

-l

N

Figure23. 3D box

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

In box3d.h, Box3D is definedikethis:
#include  <qgl.h>
class Box3D : public QGLWidget

Q_OBJECT

public:
Box3D( QWidget xparent = 0, const char *name = 0 );
~Box3D();

public  slots:
void setRotationX( int deg ) { rotX
void setRotationY( int deg ) { rotYy

deg; updateGL();
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;

3
In box3d.cpp, thefunctionsdeclaredn box3d.h areimplemented:
#include  "box3d.h"

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

object = 0;
rotX = rotY = rotZ = 0.0;
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Box3D::~Box3D()
{

makeCurrent();
glDeleteLists( object, 1);

void Box3D::initializeGL()

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

void Box3D::paintGL()

glClear( GL_COLOR_BUFFER_BIT);
glLoadldentity();

glTranslatef( 0.0, 0.0, -10.
glRotatef( rotX, 1.0,
glRotatef( rotY, 0.0,
glRotatef( rotZ, 0.0,
glCallList( object );

);
);
);
);

oro
POOO
ocoo

0,
.0,
0

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

glViewport( 0, 0, w, h);

gIMatrixMode( GL_PROJECTION);

glLoadldentity();

glFrustum( -1.0, 10, -10, 1.0, 5.0, 150 );
glMatrixMode( GL_MODELVIEW);

}

GLuint Box3D::makeObject()

{
GLuint list = glGenLists( 1)
gINewList( list, GL_COMPILE);
gglColor( yellow );
glLineWidth( 20 );

glBegin(  GL_LINE_LOOP );
glVertex3f( +1.5, +1.0, +0.8 );
glVertex3f( +1.5, +1.0, -08 )

glEndList();
return list;

}

In main.cpp, aBox3D instanceandthreeslidersarecreated:
#include  <gapplication.h>
#include  <gslider.h>
#include  <qgvbox.h>

#include "box3d.h"

void create_slider( QWidget =*parent, Box3D *box3d, const char =*slot )
QSlider = slider = new QSlider( 0, 360, 60, O,
QsSlider::Horizontal, parent );
slider->setTickmarks( QsSlider::Below );
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QOhbject::connect( slider, SIGNAL (valueChanged(int)), box3d, slot );

int main( int argc, char =*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 cross-platformGUI databaseapplications.
Programmes caneasilyexecuteSQLstatementsjsedatabase-specifiwidgets and male any
widget dataaware.

TheQt SQL moduleprovidesa cross-platformnterfacefor accessingQL databaseQtincludesative
driversfor Oracle Microsoft SQL Sener, Sybaséddaptive Sener, PostgreSQLMySQL andODBC.The
driverswork onall platformssupportedy Qt andfor which clientlibrariesareavailable. Programsan
accessultiple databasessingmultiple driverssimultaneously

Programmersaneasilyexecuteary SQL statementsQt alsoprovidesa high-level C++ interfacethat
programmersanuseto generatehe appropriateSQL statementautomatically

Any Qt widget,includingcustomwidgets,canbemadedataaware. Qt alsoincludessomedatabasespe
cific corveniencewidgets,to simplify the creationof dialogsandwindowsthatpresentecordsasforms
or in tables. Dataawarewidgetsautomaticallysupportbrowsing,updatinganddeletingrecords. Most
databaseesigngequirethatnew recordshave a uniquekey thatcannotbe guessedby Qt, soinsertion
usuallyneedsa smallamountof codeto bewritten. Theprogrammecaneasilyforcetheuserto confirm
actionsg.g. deletions.

Qt'sSQL moduleis fully integratedinto Qt Designerwhich providestemplatesandwizardsto makethe
creationof databaséormsasquick andeasyaspossible. Thewizardscancreateformswith navigation
buttons,andwith updatejnsertanddeletebuttons.
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Usingthefacilitiesthatthe Qt SQL moduleprovides,it is straightforvardto createdatabasepplications
thatuseforeignkey lookups presenmasterdetailrelationshipsandsupportdrill-down.

7.1. Executing SQL Commands

TheQSqlQuery clasds usedto directly executeany SQL statementlt is alsousedto navigatetheresult
setsproducedoy SELECTstatements.

In theexamplebelaw, a queryis 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 theSELECTstatementQSqlQuery alsoprovidesthe
first(), 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 programmersvhoarenotcomfortablewriting raw SQL,theQSqlCur sor classprovidesahigh-level
interface for browsing and editing recordsin SQL tablesor views without the needto write SQL
statementsFor example:

QSqlCursor  cur( "staff" );

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

QSglCursor alsosupportghe orderingandfiltering thatareachieved usingthe ORDERBY and WHERE
clausesn SQL statements.

Calculatedieldsareusefulbothfor realcalculationge.g. calculatingtotals)andfor performingforeign
key lookups(e.g. to displaynamesatherthancodes) Calculatedfields canbe createdoy subclassing
QSqlCursor, addingadditionalQSglFieldswith their calculatedpropertysetto TRUE, andby reimple
mentingQSqlCursor::calculateField().

Databaseriversusuallysupplydataasstrings,regardlesf the actualdatatype.Qt handlesuchdata
seamlesslysingthe QVariant class. Databasalriverscan be asled aboutthe featuresthey support,
includingquery-sizereportingandtransactionsThetransaction(}gommit()androllback()functionscan
beusedif thedatabassupportdransactions.
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7.2. Data-aware Widgets

QDataTableisaQTablethatdisplaysrecordfrom aresultsetusinga QSqlCursor. QDataTable, like
QTable, supportsn-placeediting. Programmersanforceusergo confirmall or selectecchangege.g.
deletions)y settingQDataTabl€ s confirmationproperties.The editorwidgetchoserfor eachtype of
datadepend®nthedatatype. For example,a QLineEdit is usedfor CHARfields,whereasa QSpinBox
isusedfor INTEGERfields. Theprogrammecanoverridethedefaultsby creatinga propertymapfor the
table whichmatchedields(columns)o the editorwidgettypethe programmeprefers.

2
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Figure24. A QDataTableandaQDataBrowser

Recordscanbeupdatedanddeletedwithout writing any code. Insertionsequiresomecodesincemost
databaselesignsexpectnew recordsto be createdwith a uniquekey. This caneasilybe achieved by
generatinghekey in aslot connectedo the QData®ble::beforelnsert§ignal.

QDataTable usesintelligent buffering to make the loadingof large resultsetsfast,while keepingthe
userinterfaceresponsie. For databasethatarecapableof reportingquerysizesthescroll barslideris
displayedproportionallyimmediately

Qt alsoincludesQDataBrowser and QDataView to display recordsasforms, typically with one or
perhapgust afew recordsshovn atatime. Theseclasse@rovide buttonswith ready-madeonnections
for navigatingthroughtherecords.QDataView is usedfor read-onlydata. QDataBrowser is usedfor
editing,andcanprovide ready-madénsert,updateanddeletebuttons.

QDataTable andQDataBrowser have both a popupcontet menuandkeyboardshortcutsor editing
records.

Programmersanmanipulatedataretrieved from the databaséeforeit is displayedby implementinga
slotandconnectingt to the primelnsert(andprimeUpdate(kignals. Datacanalsobe manipulatecor
actionsloggedjust beforechangesarewritten backto the databasefor example,corverting a foreign
key’'s displaytext into its ID by implementinga slot connectedo beforelnsert()peforeUpdate(and
beforeDelete().

Developerscan createtheir own forms for displaying databaseecords. Unlike older toolkits that
duplicatetheir widgetswith data-avareversionsarny Qtwidget(includingcustomwidgets)canbemade
dataaware. All thatis necessarys to includethe widgetin a QSglForm andsetup a propertymapto
relatetherelevantdatabaséeld to thewidgetthatwill presentandeditthefield’sdata.

Masterdetail relationshipsare easily setup by filtering the detail form or table’s cursorby the master
form or table’s currentrecord. Drill-down is alsoeasyto achieve by associating button,menuitem or
keyboardshortcutwith a drill-down form thatis invokedwith thecurrentrecordskey asa parameter
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Qt'sSQLmoduleisfully integratedwith Qt DesignerQt Designercanpreview databaséormsandtables
usinglive dataif desiredallowing developersto browse,deleteand updaterecords. Qt Designerhas
templatesandwizardsto make creatingdatabaséormsfastandsimple.

On-line References

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

8. Internationalization

Qt fully supportsUnicode theinternationalstandad character set. Programmes canfreely
mix Arabic, English, Hebrew, JapanesgRussianand every other language supportedby
Unicodein their applications.Qt alsoincludegtoolsto supportapplicationtranslationto help
companiesead internationalmarkets.

Qt includestoolsto facilitate the translationprocess.Programmergan easily mark uservisible text
thatneeddranslationanda tool extractsthis text from the sourcecode. Qt Linguist is an easy-to-use
GUI applicationthat readsthe extractedsourcetexts, and providesthe texts with context information
readyfor translation. Whenthe translationis complete Qt Linguist outputsa translationfile for use
by applicationprograms. Qt Linguist's documentatiorprovidesthe relevant information for release
managerdranslatorandprogrammers.

8.1. Unicode

Qt usesthe QString classto store Unicode strings,and usesit throughoutthe API and internally.
QString replaceshecrudeconst char * andthe 16-bit QChar classreplaceshar.  Constructors
andoperatorsare provided to automaticallycorvert to and from 8-bit strings. Programmergsan copy
QStrings by value,sincethey areimplicitly sharedcopy onwrite) [p. 43], which makesthemfastand
memoryefficient.

QString is morethana 16-bit charactestring. FunctionssuchasQChar::laver()andQChar::isPunct()
replacetolower() andispunct()andwork overthewhole Unicoderange. Qt'sregularexpressiorengine,
provided by the QRegEXxp class,usesUnicodestringsboth for the regular expressionpatternandthe
tamgetstring.

Corversionto andfrom differentencodinggndcharsetss handledoy QTextCodec subclassesQt uses
QTextCodec for fonts,input methodsandl/O; programmergsanuseit for their own purposesswell.

Qt 3.0 supports 37 different encodings, including Big5 and GBK for Chinese,
EUCJR JIS and ShiftdIS for JapaneseKOI8-R for Russianand the ISO 8859 series; see
http://doc.trolltech.com/3.0/gtecodec.htmfor the completelist. Programmersanaddtheir own en
codingsby providing a charmapor by subclassin@ TextCodec.

8.2. Text Rendering

Qt providesa powerful text-renderingenginefor all text thatis displayedon screenfrom the simplest
labelto the mostsophisticatedich-text editor The enginesupportsadvancedfeaturessuchasspecial
line breakingbehaior, bidirectionalwriting anddiacriticalmarks. It rendersnostof theworld’swriting

systems,ncluding Arabic, Chinese Cyrillic, English, Greek,Hebrav, Japaneseorean,Latin and
VietnameseQt will automaticallyjcombinetheinstalledfontsto rendemulti-languageext.
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8.3. Input Methods

Far-Easternwriting systemsrequire mary more characterghan are available on a keyboard. The
conversionfrom a sequencef key presse$o actualcharacterss performedat thewindow-systemlevel
by softwarecalled‘input methods’ Qt automaticallysupportgheinstalledinput methods.

8.4. Dates and Times

Theeditorclasse$or datesandtimes(QDateEdit, QTimeEdit andQDateTimeEdit) respectheusers
localefor separatorandordering.

8.5. Translating Applications
Qt provides tools and functionsto help developersprovide applicationsin their customers’native
languages.

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

tr() attemptdoreplaceastringliteral (e.g. “Save” ) with atranslatiorif oneisavailable;otherwiseat uses
theoriginaltext. Englishcanbeusedasthe sourcdanguageandChineseasthetranslatedanguageor
vice versa. Theargumentto tr() is corvertedto Unicodefrom theapplicationsdefault encoding.

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

The‘context’ isthenameof a QObj ect subclasslt is usuallyomitted,in whichcaseheclasscontaining
thetr() call is usedasthe context. The‘sourcetext’ is thetext to translate.The ‘comment’is optional,
alongwith thecontet, it providesadditionalinformationto humantranslators.

Translationsrestoredin QTrangator objectswhichusedisk-basedgm files(Qt Messagdiles).Each
.gm file containghetranslationdor a particularlanguage.Thelanguagecanbe choserat run-time,in
accordancevith thelocaleor userpreferences.

Qt providesthreetoolsfor preparinggm files: lupdate,  QtLinguistandirelease.

1. lupdate extractsall the (contet, sourcetext, commentriplesfrom the sourcecode,including
Qt Designer.ui  files,andgeneratesa .ts file (TranslationSourcefile). .ts  filesarein human-
readableXML format.

2. TranslatoraiseQt Linguistto provide translationdor thesourcetextsin the.ts files.
3. Highly compressedim filesaregeneratedby runninglrelease  onthe.ts files.

Thesestepsarerepeatedisoftenasnecessarguringthe lifetime of anapplication. It is perfectlysafe
torunlupdate frequently asit reusesxisting translationsand markstranslationgor obsoletesource
texts without eliminatingthem. lupdate  alsodetectsslight changesn sourcetexts andautomatically
suggestappropriateranslations.Thesetranslationsare marked asunfinishedso that a translatorcan
easilycheckthem.

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

QtLinguistis a Qt applicationthathelpstranslatordranslateQt applications.

Qt Linquist by Trolltech - japanese.ts

File Edit Translation Validation Phrases Miew Help

GBS |@]w |4 R @] »www]a 12 ]|
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Figure25. QtLinguist

Translatorganedit.ts filesby hand,or morecorvenientlyusingQt Linguist. The.ts file's contexts
arelistedin theleft-handsideof theapplicationswindow. Thelist of sourcaextsfor thecurrentcontext
is displayedin thetop-rightarea,alongwith translations.By selectinga sourcetext, the translatorcan
enteratranslationmarkit doneor unfinishedandproceedo thenext unfinishedranslation.Keyboard
shortcutsareprovidedfor all the commonnavigationoptions: Done & Net, Next Unfinished etc. The
userinterfaces dockablewvindows canbereomanizedto suitthetranslatorspreferences.

Applicationsoftenusethe samephrasesnary timesin differentsourceexts. Qt Linguistautomatically
displaysintelligent guessedasedon previously translatedstringsand predefinedtranslationsat the
bottomof thewindow. Guesseseftenseneasagoodstartingpointthathelpstranslatorsranslatesimilar

texts consistently Qt Linguist canoptionallyvalidatetranslationdo ensureghatacceleratorandending
punctuatioraretranslatectorrectly

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 automaticallyusesthe nativestylefor look and feel. Qt applicationsrespectuser prefer
encedor colors,fonts,soundsetc. Qt programmes are freeto useany of thesuppliedstyles
andcanoverrideanyprefeences Programmescanmodifyexistingstylesor implementheir
ownstylesusingQt's powerfulstyleengine

A styleimplementghe‘look andfeel of theuserinterfaceon a particularplatform. A styleis aQStyle
subclasghat implementsbasicdrawving functionssuchas ‘draw a frame’, ‘draw a button’, etc. Qt
performsall thewidgetdrawing itself for maximumspeedandflexibility .

9.1. Built-in Styles

Qt providesthefollowing built-in styles: Windows, Motif, MotifPlus,CDE,Platinum SGlandAqua(on
theMacintosh)By default,Qt usegheappropriatestylefor theusersplatformanddesktopervironment.
Thestyle canalsobechoserprogrammaticallyor with the-style  command-lineoption.

IWindows style 'I Motif style _"I MotifPlus style _l| CDE style £

[F‘Iatinum style i] | S&F siyle ll Agua style m

Figure26. Comboboxsin thedifferentbuilt-in styles

A styleis complementedthy athemewhich encapsulatetheusers preferencefor colors,fonts,sounds,
etc. Qt automaticallyadaptgo the computers active theme. For example,Qt supportsscroll andfade
transitioneffectsfor menusandtooltipson Windows.

9.2. Style-aware Widgets

Qt's built-in widgetsare style aware. Customwidgetsand dialogsare almostalwayscombinationsof
built-in widgetsandlayouts andareautomaticallystyleaware. Ontherareoccasionshatit isnecessary
to write a customwidget from scratch,developerscan use QStyle to drav primitive userinterface
elementsatherthandrawing raw rectangleslirectly.

9.3. Custom Styles

Customstylesareusedo provideadistinctlook to anapplicatioror family of applications. Custonstyles
canbedefinedby subclassin@Style, QCommonStyle or ary otherdescendendf QCommonStyle. It

is easyto make smallmodificationgo existing stylesby reimplementingneor two virtual functionsfrom

theappropriatdaseclass.
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Figure27. Thefull QStyleclasshierarchy

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

A stylecanalsobecompiledasa plugin [p. 44]. Pluginsmake it possibleto preview aform in acustom
stylein Qt DesignerwithoutrecompilingQt or Qt Designer The styleof anexisting Qt applicationcan
bechangedisinga styleplugin withoutrecompilingtheapplication.

On-line References

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

10. Layouts

Layoutsprovidea powerfulandflexible alternativeto usingfixedsizesand positions.Layouts
freeprogrammesfromhavingto performsizeandpositioncalculationsandprovideautomatic
scalingto suittheusers screenjanguage andfonts.

Qt provideslayoutmanagers$or organizingchild widgetswithin the parentwidget'sarea. They feature
automaticpositioningandresizingof child widgets,sensibleminimum and default sizesfor top-level

widgetsandautomatiaepositioningvhenthecontentr thefont changes Qt Designetis optimizedfor

laying outwidgetsusinglayoutmanagers.

[%] Clsi=]

Username: I
Password: I

Maom dutilisateur: I
Mot de passe: I

Cannecter

Figure 28. English,FrenchandFrenchwith layouts

Layoutsarealsousefulfor internationalizationWith fixedsizesandpositionsthetranslatiortext is often
truncatedwith layouts the child widgetsareautomaticallyresized.
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10.1. Built-in Layout Managers

Qt'shuilt-in layoutmanagersreQHBoxL ayout, QVBoxL ayout andQGridL ayout.

| o I I 3 | 4
[0
I [Too [ o1
[z [0 [ 1
s [“z0
B

Figure29. QHBoxL ayout, QVBoxL ayout andQGridL ayout

QHBoxL ayout organizegshemanagedvidgetsin asinglehorizontalrow from left toright. QVBoxL ay-
out organizegshemanagedavidgetsin asingleverticalcolumn,from topto bottom. QGridL ayout orga
nizesthemanagedvidgetsin a grid of cells;widgetsmayspanmultiple cells.

In most casesQt's layout managergick optimal sizesfor managedvidgetsso that windows resize
smoothly If the defaultsareinsufficient,developerscanrefinethe layout usingthe following mech
anisms:

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

3. Changingthesizepoliciesof thechild widgets. By calling QWidget::setSizePoliq), programmers
canfine tunetheresizebehaior of a child widget. Child widgetscanbe setto expand,contract,
keepthe samesize etc.

4. Changingthe child widgets’ size hints. QWidget::sizeHint()and QWidget:minimumsSizeHint()
returnawidget’spreferredsizeandpreferredninimumsizebasednthecontents.Built-in widgets
provide appropriateeimplementations.

5. Settingstretch factors. Stretchfactorsallow relative growth of child widgets e.g. two thirdsof ary
extra spacemadeavailableshouldbeallocatedo widgetA andonethird to widgetB.

The‘spacing’betweemanagedvidgetsandthe‘margin’ aroundthewholelayoutcanalsobesetby the
programmer By default, Qt Designersetsndustry-standarglaluesbasenthecontext.

Layoutscanalsorunrightto4eft andbottomio-top. Righttodeft layoutsarecorvenientfor internation
alizedapplicationsupportingight-to4eft languages¢e.g. ArabicandHebrew).

10.2. Nested Layouts

Layoutscanbe nestedto arbitrarylevels. Here’s an exampleof a dialog box, shavn at two different
sizes:
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Figure30. Smalldialogandlargedialog

The dialog usesthreelayouts: a QVBoxL ayout that groupsthe pushbuttons,a QHBoxL ayout that
groupghecountrylistboxwith thepushbuttonsanda QVBoxL ayout thatgroupsthe“Selecta country”

label with the rest of the widget. A stretchitem maintainsthe gap betweenthe Canceland Help
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" );

* K

countryList->insertltem( "United States of America" );

QHBoxLayout +*middleBox =
middleBox->addWidget(
middleBox->addLayout(

new QHBoxLayout(
countryList );
buttonBox );

11 );

QVBoxLayout =*topLevelBox =
topLevelBox->addWidget(
topLevelBox->addLayout(

new QVBoxLayout(
new QLabel("Select
middleBox );

this, 6, 11 );
a country", this) );

Qt makeslayoutssoeasythatprogrammersarelyusefixed positioning.

- {France

- | Germany

C ] taly

- {Japan

- IRussia

| United Kingdom

© | United States of America

Cancel

l\\\\\\\\\\\\\\\\\\\\\\.|

Figure31. Layingoutaformin Qt Designer

Qt Designemakeslayoutseveneasier With only 17mouseclicks,youcancreateandlay outthewidgets
for thedialogshown above.
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10.3. Custom Layouts

Developers can define custom layout managersby subclassingQLayout. The customlayout
exampleprovided with Qt presentshreecustomlayoutmanagersBorderLayout , CardLayout and
SimpleFlow , which programmersanuseandmodify.

Qt alsoincludesQSplitter, a splitter bar that end userscan manipulate.In somedesignsituations,
QSplitter maybepreferableo alayoutmanager

For completecontrol, it is also possibleto perform layout manuallyin a widget by reimplementing
QWidget::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

ApplicationobjectsreceivesystenmessgesasQt events.Applicationscanmonitot filter and
respondo eventsat differentlevelsof granularity.

In Qt, aneventis anobjectthatinheritsQEvent. Eventsaredeliveredto QObject objectssothatthey
canrespondo them. Programmersanmonitorandfilter eventsattheapplicationevel andattheobject
level.

11.1. Event Creation

Mosteventsaregeneratedby thewindow systemandinform widgetsfor example thatakey waspressed,
thata mousebuttonwasclicked or thatthe applicationwindow wasresized.It is alsopossibleto send
simulatedeventsto objectsprogrammatically Thereare over fifty typesof event,of which the most
commonlyusedareMouseButtonPress , MouseButtonRelease , MouseButtonDbIClick , Wheel ,
KeyPress , KeyRelease , Paint , Resize andClose . Developerscanaddtheir own eventtypesthat
behae like thebuilt-in types.

It is usuallyinsufficientmerelyto know that a key waspressedr that a mousebutton wasreleased.
Therecever alsoneedgo know, for example,which key waspressedyhich button wasreleasedand
wherethemousewaslocated. Thisadditionalinformationis availablefrom QEvent subclassesuchas
QM ouseEvent, QK eyEvent, QPaintEvent, QResizeEvent andQCloseEvent.

11.2. Event Delivery

Qt delivers events by calling the virtual function QObject::@ent(). For corvenience, QWid-
get::event() forwardsthe most commontypesof event to dedicatedhandlers.for example, QWid-
get::mouseReleaseént()andQWidget::keyPressEent() . Developersaneasilyreimplementhesehan
dlerswhenwriting their own widgetsor whenspecializingexisting widgets.

Someeventsaresentimmediatelywhile othersarequeuedreadyto be dispatchedvhencontrolreturns
totheQtkernel. Qt usegjueueingo optimizecertaintypesof events. For example multiple paintevents
arecompressethto a singleeventto minimizeflickerandmaximizespeed.
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Oftenanobjectneeddo look at anotherobjects events,e.g. to respondo themor to block them. This
is achieved by having a monitoring object call QObject::installEentFilter()on the objectthat it will
monitor. The monitor's QObject::@entFilter() virtual function will be calledwith eachevent that is
destinedor the monitoredobjectbeforethemonitoredobjectrecevestheevent.

It' salsopossibleo filter all theapplicationseventsby installingafilter on gApp, theuniqueQApplica-
tion instance.Suchfiltersarecalledbeforeary widgetspecificfilters. It is evenpossibleo reimplement
QApplication::notify() theeventdispatcherfor completecontrol.

On-line References

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

12. Input/Output and Networking

Qtcanload andsavedatain plain text, XML andbinaryformat. Qt handledocal filesusingits
ownclassesandremotdilesusingtheFTPandHTTPprotocols.Inter-processommunication
andsodet-basedl CPand UDP networkingare alsofully supported.

12.1. Input/Output

Qtprovidesclasseso performadvanced/O onmultiple platforms. TheQTextStream classhasasimilar
interfacetothestandarciostream> classesandsupportsheencodingprovidedby QTextCodec. The
QDataStream classs usedto serializethebasicC++typesandmary Qt typesin aplatformindependent
binary format. For example,the following codewrites a 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" );
}

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 practicetheabore examplewould bewritten moreconciselyandeasilyusingQSettings.
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QTextStream andQDataStream operateonary QI ODevice subclassQtincludesheQFile, QBuffer,
QSocket and QSocketDevice subclassesnd programmerganimplementtheir own customdevices.
QI ODevice also provides low-level functionssuchasreadLine()and writeBlock() that can be used
independentlpf any stream.

DirectoriesarereadandtraversedusingQDir. QDir canbeusedto manipulatepathnamesandaccess
the underlyingfile system(e.g. createa directoryor deletea file). QFilel nfo providesmore detailed
informationaboutafile, suchasits size permissionsgreationtime, lastmodificationtime, etc.

The following example lists the hiddenfiles in the users home directory along with their size,in
decreasingizeorder:

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;

}

Transparenaccess$o remotefilesis providedby QUrIOperator. In additionto localfile systemaccess,
Qt supportsthe the FTP and HTTP protocolsand can be extendedto supportother protocols. For
example filescanbedownloadedusingFTPlik e this:

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

URLscaneasilybe parsedandrecomposedisingQUrl.

Imagefiles are usuallyreadby creatinga Qlmage with the file nameasargument. Printing text and
imagesds handledoy QPainter. Theseclassesredescribedn 2D Graphicgp. 22].

12.2. XML

Qt'sXML moduleprovidesa SAX parseranda DOM parseybothof whichreadwell-formedXML and
arenon-walidating. The SAX (Simple API for XML) implementatiorfollows the designof the SAX2
Javaimplementationwith adaptechamingcornventions. The DOM (DocumentObjectModel) Level 2
implementatiorfollowsthe W3C recommendatioandincludesnamespacsupport.

Many Qt applicationsiseXML formatto storetheir persistentata. TheSAX parselis usedfor reading
dataincrementallyandis especiallysuitablefor simpleparsingrequirementandfor verylargefiles. The
DOM parsereadgheentirefile into atreestructureén memorythatcanbetraversedat will.

12.3. Inter-Process Communication

TheQProcessclasss usedto startexternalprogramsandto communicatevith themfrom a Qt applica
tion in a platformindependentvay. Communications achieved by writing to the externalprograms
standardnput andpotentiallyby readingits standardutputandstandarcerror.

QProcess worksasynchronouslyeportingthe availability of databy emittingsignals. Qt applications
canconnecto thesignalsto retrieve andprocesthe data,andoptionallyrespondoy sendingdataback
to theexternalprogram.
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12.4. Networking

Qt providesa cross-platforninterfacefor writing TCP/IPclientsandseners.

The QSocket classprovides an asynchronousuffered TCP connection. QSocket is a QI ODevice,
makingit easyto useQTextStream andQDataStream on a soclet.

QSocket is designedto work well within a GUI application. A live curreny corverter application
illustratesthis:

J100 JEuR ~|
| fusD =]

Figure32. Livecurrengy corverter
The applicationusesthe fictional protocol CCP (Curreny CorversionProtocol)to accesghe latest
exchangeatesrom asener. Only linesrelatedto networking arepresented.
socket = new QSocket( this );
connect( socket, SIGNAL(readyRead()),
this, SLOT(updateTargetAmount()) );

The soclet is createdin the Converter constructor Socket communications asynchronousand the
socletemitsthereadyRead$ignalwhenthereis dataavailableto read.

void Converter::convert()

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

socket->connectToHost( "ccp.banca-monica.nu”, 123 );

socket->writeBlock( command.latinl(), command.length() );

}

Thecorvert() slot is calledwhenthe userclicks the Corvert button. It opensthe connectiorandsends
aCONWeques(e.g. CONVI00 EURUSD to port123onthesenerccp.banca-monica.nu . QSocket
automaticallyusesQDnsto resol\e ccp.banca-monica.nu toits IP addressAll theseoperationsre
non-blockingto keeptheuserinterfaceresponsie.

void Converter::updateTargetAmount()

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

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

SimpleTCP senerscanbeimplementedy subclassing)Ser ver Socket, which worksasynchronously
like QSocket. QServer Socket setsupalisteningsocletthatacceptsncomingconnectionsandcallsa
virtual functionto senetheclient.
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The QSocketDevice classprovides a platform-independentvrapperfor the native soclet APIs. It
providestheunderlyingfunctionalityfor 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

Collectionclassesreusedto storegroupsof itemsin memory Qt providesa setof classeshat
arecompatiblevith theStandad Template_ibrary (STL) andthatworkregardlessof whether
thecompilersupportsSTLor not.

Applicationsoften needto managetemsin memory for example groupsof imageswidgetsor custom
objects. Many C++ compilerssupportthe STL, which providesready-madelatastructuregor storing
items. Qt provideslists, stacksgueuesanddictionarieswith STL-syntax. Qt's collectionclassesvork
with bothSTL andnon-STLcompilers.

Qt's rich set of portable collection classeg(‘containers’) and associatedteratorsare heavily used
internally andareprovided aspartof the Qt API. Qt's containersareoptimizedfor speedandmemory
efficieng/ usingtwo techniques'privateclassesand‘implicit sharing’.ProgrammersanalsouseSTL
containerontheplatformsthatsupporthem,atthe costof losingQt's optimizations.

Templateclassesisuallyincreasehe size of executablesiramatically becausehe compilergenerates
essentiallythe samecodefor eachspecializedype. Qt’'stemplatecollectionclasseseducecodebloat
becaus¢hey areathin layerover non-templatgrivateclasses.

13.1. Value-based Collections

Qt providesfive value-basedollectionclasses:QMap<Key,T>, QValueL ist<T>, QValueStack<T>,
QValueVector<T> andQStringList. They have aninterfacevery similar to the STL containersand
arefully compatiblewith the STL algorithms. Qt providessomeSTL-equvalentalgorithms: gCopy(),
gFind(),qHeapSort()etc. On platformswith STL supportQt providesautomaticconversionoperators
betweerSTL andQt containers.

Qt'svalue-basedollectionclassesireimplicitly sharedalsocalled‘copy onwrite’. Copiesof instances
of theseclassessharethe samedatain memory The datasharingis handledautomatically;if the
applicationmodifiesthecontent®f oneof thecopiedobjectsadeepcopy of thedatais madesothatthe
otherobjectsareleft unchangedWhenanobjectis copied pnly a pointeris passe@ndareferenceount
incrementedwhichis muchfasterthanactuallycopying the dataandalsosasesmemaory

Sharingis usedwherever it makes sense:in Qt's value-basedollection classesandin QBitmap,
QBrush, QCursor, QFont, QlconSet, QPalette, QPen, QPicture, QPixmap, QRegion, QRegEXp,
QString, etc. Programmersansafelyandefficiently copy objectsof theseclasseby value avoidingthe
risksrelatedto usingpointersandhandoptimization. In particular theimplicitly sharedQString class
malkesstringprocessingasyandfast.

Qtalsoprovidesthelow-level QM emArray<T > classwith its subclasse®@BitArray, QByteArray and
QPointArray. Theseclassesrevery efficientfor handlingbasic'plain old data’types.

43



13.2. Pointer-based Collections

Qt providesmary low-level, generic pointerbasedcollectionclasses:QDict<Key,T>, QPtrList<T>,
QPtrQueue<T>, QPtr Stack<T>, QPtrVector <T>andQCache<T>. Theseclassestorepointergather
thanvalues. They areespeciallyusefulfor storingpointersto QWidgets and QObjects. The pointer
basedollectionclassesanoptionallytake ownershipof theobjectghey containandautomaticallydelete
themwhenthecollectionis destrged.

On-line References

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

14. Plugins and Dynamic Libraries

Qt can accessfunctionsfrom dynamiclibraries platform-independentlyQt also supports
plugins,which allow developes to createand distribute Qt codecsdatabasedrivers,image
formatcorverters,stylesand customwidgetsasindependentomponents.

14.1. Dynamic Libraries

TheQLibrary classprovidescross-platformdynamiclibrary loading,a morepowerful mechanisnthan
themorerestrictive build-time linking.

Below isanexampleof themostbasiowvayto dynamicalljoadandusealibrary. Theexampleattemptdo
obtainapointertotheprint_str symbolfromthemylib library (mylib.dll onWindows,mylib.so
on Unix).

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

QLibrary lib(  "mylib" );

StrFunc  *func = (StrFunc ) lib.resolve( "print_str" );
if ( func )
func( "Hello  world!" );

Callingafunctionthisway s not type safe andonly symbolswith C linkagearesupporteddueto C++
namemangling).Thesdimitationsdo notapplyto Qt plugins.

14.2. Plugins

Corverting a Qt codec,databaselriver, imageformat corverter style or customwidgetinto a plugin
is achieved by subclassinghe appropriateplugin baseclassjmplementinga few simplefunctions,and
addinga macro.

For example,if a developerhascreateda QStyle subclassalledCopper Style thatthey wantto make
availableasa plugin,they would createa subclasdik e this:

class CopperStylePlugin . public  QStylePlugin

public:
CopperStylePlugin() {}



~CopperStylePlugin() {1}
QStringList keys() const ({

return  QStringList() << "CopperStyle";
}
QStyle +create( const QString& key ) {
if ( key == "CopperStyle" )
return  new CopperStyle;
return  O;
}

2
Q_EXPORT_PLUGIN(CopperStylePlugin )
Thenew stylecanbesetlik e this:
QApplication::setStyle( QStyleFactory::create("CopperStyle") );

Databaselrivers,codecscustomwidgetsandimageformatsthataresuppliedaspluginsaredetectecaind
usedby theapplicationautomatically

Companiesalreadyprovide Qt componentsn sourceform, as precompileddynamiclibraries or as
plugins.
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Figure 33. Oneof Klaréalvdalen®atalonsultsmary commerciacomponents

On-line References

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

15. Qt’s Architecture

Qt’s functionalityis built on the low-level APIsof the platformsit supports. This makesQt
flexible and efficient.

Qtis an‘emulating’ cross-platforntoolkit. All widgetsaredravn by Qt, andprogrammerganextend
or customizethemby reimplementingvirtual functions. Qt's widgetsaccuratelyemulatethe look and
feel of the supportecplatforms,asdescribedn Stylesand Themegqp. 35]. Thistechniquealsoenables
developerdo derive their own customstylesto provide a distinctlook for their applications.
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Qt/Windows Qt/X11 Qt/Macintosh Qt/Embedded
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MS-Windows Unix/Linux Mac OS X Embedded Linux

Figure34. Qt'sArchitecture

Qt useghelow-level APIs of thedifferentplatformsit supports.This differsfrom traditional‘layered’
cross-platforntoolkits thatarethin wrappersover single-platformtoolkits (e.g. MFC on Windows and
Motif on X11).Layeredtoolkits areusuallyslow, sinceevery functioncall to thelibrary resultsin mary

additionalcallsdown throughthe differentAPI layers. Layeredtoolkits arelimited by theinflexibilities

of theunderlyingtoolkits,andusuallybehace slightly differentlyonthedifferentplatformsthey support,
leadingto obscurebugsin applications.

Qt is professionallysupportedand takes advantageof the available platforms: Microsoft Windows,
X11,MacOSX andEmbedded.inux. Usingasinglesourceree,a Qt applicationcanbecorvertedinto
an executablesimply by recompilingon the target platforms. Although Qt is a cross-platforntoolkit,
customersave foundit to be easierto learnandmoreproductve thanplatform-specifidoolkits. Many
customersiseQt for single-platformdevelopmentpbothon Windows andon Unix, preferringQt’s fully
object-orientecpproach.

15.1. Microsoft Windows

Qt/Windows usesheWin32 APl andGDI for eventsanddrawing primitives. Qt doesnot useMFC or
ary othertoolkit. In particular Qt doesnot usetheinflexible ‘commoncontrols’,but ratherprovidesits
own morepowerful, customizablavidgets. (For non-specializedises Qt usesthe native Windows file
andprint dialogs.)

With Qt, the sameexecutableworks on Windows 95/98/NT4/ME/2000Qt performsa run-timecheck
for theWindowsversion anduseghemostadwvancedcapabalitiesvailable. For example only Windows
NT4 and2000supportrotatedext natively; Qt rendersotatedtext onall Windowsversionsanduseghe
native supportwhereavailable. As thisexampledemonstrate€t developersareinsulatedrom changes
in theWindows API.

Qt supportghe Microsoft accessibilityinterfaces.Unlike Windows’s commoncontrols,Qt widgetscan
be extendedwithout losing the accessibilityinformationof the basewidget. Customwidgetscanalso
provide accessibility

Qtalsosupportsnultiple screengn Microsoft Windows.

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

15.2. X11

Qt/X11lusesXlib to communicatenith the X sener directly. Qt doesnot useXt (X Toolkit), Motif,
Athenaor ary othertoolkit.

Qt applicationsautomaticallyadaptto the users window manageror desktopervironment,andhave a
native look andfeelunderMotif, SGI,CDE,GNOME andKDE. Thiscontrastsvith otherUnix toolkits,
whichlock usergnto their own look andfeel.
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Qt provides full Unicode support[p. 32]. Qt applicationsautomaticallysupportboth Unicode and
non-Unicodefonts. Qt combinesmultiple X fonts to rendermulti-lingual text. Qt's font handlingis
intelligentenoughto searchall theinstalledfontsfor charactersinavailablein the currentfont.

Qt takesadvantageof X extensionsvherethey areavailable. Qt supportshe RENDER extensionfor
anti-aliasedontsandalpha-blending Qt provideson-the-spogditingfor X Input Methods.Qt supports
multiple screendothwith traditionalmulti-headandwith Xinerama.

Qt supportsthe following versionsof Unix: AIX, BSDI, FreeBSD,HP-UX, Irix, Linux, NetBSD,
OpenBSD,Solaris, Tru64 and UnixWare. See http://www.trolltech.com/products/platform$ér an
up-to-datdist of supporteccompilersandoperatingsystenversions.

15.3. Mac OS X

New in version3.0, Qt supportsMac OS X usingthe CarbonAPI. Qt/Mac createsa nev market for
customersvhosell Qt applications.

Qtintroducedayoutsandstraightforvardinternationalizatiosupporto theMacintosh.Qt handlediles
andasynchronousocletinput/outputin theeventloop. Qt providessolid databassupport.Developers
can createMacintoshapplicationsusing a modernobject-orientedAPI that includescomprehensie
documentatiomndfull sourcecode.

Macintoshdeveloperscancreateapplicationntheir favorite platformandbroadertheir markethugely
simply by recompilingon,for example Windows.

Qt/Macalsobringssometechnicalbenefitao Macintoshdevelopmentfor example standardOpenGL,
straightforvardinternationalizatiomndpowerful visualdesignwith Qt Designer

15.4. Embedded Linux

Qt/Embeddedgrovidesits own windowing ervironmentandwrites directly to the Linux frame buffer.
Qt/Embeddeeéliminategsheneedor anX sener, andrunsfasterandwith alowermemoryfootprintthan
X11-baseembeddedLinux devices.

Qt/Embeddedisesalpha-blendingor image painting and anti-aliasedscalableTrueType and Typel
fonts. Qt/Embeddedasflexible input handling,including hand-writingrecognition,a pickboardand
avirtual keyboard;it is easyto write new input methods.By selectvely choosingfeaturesthe memory
demandsf Qt/Embeddedanbetunedto betweerBOOKB and3MB in ROM.

Seethe Qt/Embeddedvhitepapefor acompletetechnicaloverview.

15.5. Qt's Development World

Companiesand developersfrom aroundthe world are joining the Qt developmentcommunity every
day They have recognizedhat Qt's architecturdendsitself to rapid applicationdevelopment. These
developerswhetherthey aretargetingoneor mary platforms,are benefitingfrom Qt’s consistentand
straightforvard API, andfrom Qt’'s powerful supportingoolssuchasgmake andQt Designer

Qt hasan active and helpful usercommunitywho communicataisingthe gt-interest mailing list.
Seehttp://qt-interest.trolltech.cono subscribeor to brovsethearchie.

Qt'sextensve documentatioris availableon-lineat http://doc.trolltech.com

DeveloperscanevaluateQt, with supportfor 30 daysontheir preferredolatform.
Seehttp://wwwitrolltech.confor details. For furtherinformation,emailinfo@trolitech.com
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Widgetstyle 35,45
width(), 23 24
Window, 14, 23
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