C++ GUI Programming with Qt 4
By Jasmin Blanchette, Mark Summerfield

Publ i sPreernit i ce Hal l
Pub Daltuemie 21, 2006
PrintN-1066B1318724%8
Print -1338MN80-13187243
Pages60

Overview
The Only Off iRriaact iBceestGui de to Qt 4.1 Programming

Using Trolltech's Qt yeur rcecargthbuiC+d iarpdustcraitalons t hat
Wi ndows, Linux/UXixanMaemB8daed hbiunuxmaki ng source ¢
this book Trolltech insidefrisnihalvegwirde ttemm @etsttiamg gr
power ful version of Qt ever <created: Qt 4. 1.

Usi €¢g+ GUI Programming ywilu'ldi Qtco4 er the most effecti:’
patterns and techniques as you master key technol ogi

to Qt's powerful new 2D paint engine. The authors pr
event moderd | ayout system. Then, wusing realistic exa
for everything from basic GUI development to advance
O Includes new chapters on Qt 4's model /view aralhadi
with a brief introduction to Qtopia embedded pro
0O Covers all Qt fundamentals, from dialogs and win
functionality
O Introduces best practices for | ayout management
0 Shows how to makte Qhedmsshew API s, including the

and the ndwue@asyontainer cl asses

O Contains completely updated materi al in every <ch
0O Presents advanced Qt 4 techniques covered in no
applicmpltuginns to interfacing with native API s

0 Containsdemth nappendi x on C++/ Qt programming for

The accompanROMGgi CDl udes the open source edition of
and many Unixes, as wel lofasf rMienGW,avaaisl abl e devel opm
build Qt applications on Windows, and also the sourc



INDEX

Copyright
Foreword

Preface

Acknowledgments
A Brief History of Ot

Part 1: Basic Ot

Chapter 1. Getting Started
Hello Ot
Making Connections
Laying Out Widgets
Using the Reference Documentation
Chapter 2. Creating Dialogs
Subclassing QDialog
Signals and Slots in Depth
Rapid Dialog Design
Shape-Changing Dialogs
Dynamic Dialogs
Built-in Widget and Dialog Classes
Chapter 3. Creating Main Windows
Subclassing QMainWindow
Creating Menus and Toolbars
Setting Up the Status Bar
Implementing the File Menu
Using Dialogs
Storing Settings
Multiple Documents
Splash Screens
Chapter 4. Implementing Application Functionality

The Central Widget
Subclassing QTableWidget
Loading and Saving
Implementing the Edit Menu
Implementing the Other Menus
Subclassing QTableWidgetltem
Chapter 5. Creating Custom Widgets
Customizing Ot Widgets
Subclassing QWidget
Integrating Custom Widgets with Qt Designer
Double Buffering

Part Il: _Intermediate Ot

Chapter 6. Layout Management
Laying Out Widgets on a Form
Stacked Layouts
Splitters
Scrolling Areas
Dock Widgets and Toolbars
Multiple Document Interface

Chapter 7. Event Processing

Reimplementing Event Handlers
Installing Event Filters

Staying Responsive During Intensive Processing

Chapter 8. 2D and 3D Graphics

Painting with QPainter
Painter Transformations




High-Quality Rendering with Qlmage
Printing
Graphics with OpenGL
Chapter 9. Drag and Drop
Enabling Drag and Drop
Supporting Custom Drag Types
Clipboard Handling
Chapter 10. Item View Classes
Using the Item View Convenience Classes
Using Predefined Models
Implementing Custom Models
Implementing Custom Delegates
Chapter 11. Container Classes
Sequential Containers
Associative Containers
Generic Algorithms
Strings, Byte Arrays, and Variants
Chapter 12. Input/Output
Reading and Writing Binary Data
Reading and Writing Text
Traversing Directories
Embedding Resources
Inter-Process Communication
Chapter 13. Databases
Connecting and Querying
Presenting Data in Tabular Form
Implementing MasterDetail Forms
Chapter 14. Networking
Writing FTP Clients
Writing HTTP Clients
Writing TCP _ClientServer Applications
Sending and Receiving UDP Datagrams
Chapter 15. XML
Reading XML with SAX
Reading XML with DOM
Writing XML
Chapter 16. Providing Online Help
Tooltips, Status Tips, and "What's This?" Help
Using QTextBrowser as a Simple Help Engine
Using Ot Assistant for Powerful Online Help
Part Ill: _Advanced Ot
Chapter 17. Internationalization
Working with Unicode
Making Applications Translation-Aware
Dynamic Language Switching
Translating Applications
Chapter 18. Multithreading
Creating Threads
Synchronizing Threads
Communicating with the Main Thread
Using Ot's Classes in Secondary Threads
Chapter 19. Creating Plugins
Extending Qt with Plugins
Making Applications Plugin-Aware
Writing Application Plugins
Chapter 20. Platform-Specific Features




Interfacing with Native APIs
Using ActiveX on Windows
Handling X11 Session Management
Chapter 21. Embedded Programming
Getting Started with Qtopia
Customizing Qtopia Core
Appendix A. Installing Ot
A Note on Licensing
Installing Qt/Windows
Installing Qt/Mac
Installing Qt/X11
Appendix B. Introduction to C++ for Java and C# Programmers
Getting Started with C++
Main Language Differences
The Standard C++ Library
About the Authors
Production

Index



Copyright

Many of the designations used by manufacturers and
as trademarks. Wherenshappedesiignathi s book, and the
trademark claim, the designations have been printed

The authors and publisher have taken care in the pr.i
or implied warranty of any kind and assume no respol
assumed for incidental or consequential damages i n

information or programs contained herein.

The pulbrl iosfHfeer s excell ent discounts on this book whe
special sales, which may include electronic version:
your business, training goal s, mar kesi nFofomase ant:

contact:

U. SCor poraantdzo v er nnanlte s
(80BBB419
corpsales@earsontechgroup. com

For sales outside the United States, pl ease contact

Il hernat$ahnad
international @pearsoned. com

Visit us onwww.eprWerbhal | professional . com

Li braorf@Qongr eGast al ogiirRgbt¢t ati Dat a

Bl anchédasejn.

C++GUIlprogr ammi @4/ JasmBlhanch&éat&8ummer field.
p.c m.

I nc | ubdiebsl i o g rraepfhe rceamicdesde x .

| SBOW131872H49 pbkal:lpaper)

1.Graphusaifknt er f(Coenp ug st eL)++( Compupreaogrlaamguage)
I Summer f Malr& ITi t | e.

QA76.9.U82BbHB8B2

005.4"'"37dc22

2006013376

Copyright © 2006 Trolltech AS

Al'l rights reserved. Prtianteesd oifn Atmeea iGrmai.t eTchi s publ i c
subject to the terms and conditions set forth in thi
|l atest version hitsp:a/vanwwachapet eartt . or g)openpub/

Trol I°t e®h Qt Bpiaand the Trolltech and Qtopia |logos ar
AS.

Text printed in the United States on recycled paper

First printOiOnég, June 2



Foreword

Why Qt? Why do programmers | ike us choose Qt? Sures;
i

source compatibil

ty, its feature richness, its C++

its document at iqum,l ittlye atteicgqlmpport, and all the other

Trolltech's glossy marketing materials. This is al
Qt is successful beclaiuls®t programmer s

Ho
en
ma
go
f o
do

come programmers |ike
neers enjoy technol ogy
things. I n the Qt 3 ed
exammwlme @fardg i cularly ba
ed us to do apparently r
n't feel right. Another
rammers are | azy. What we | ove about computers
to do the same things over and over.

on
t at feels right, but d
i i

dom things depending

<om-osas
DQ ®”w o ax —

gineer.

Real ity |l ook
what soever d
companies, t
mo ment , and
straigh
umber s
umber i
i t
X w

ff

ng with those forms,the engineers
seems to be a common pattern. We d
t

e proper fields with the date, the
0s designed to ease someone's r k.,
i ven
tra get your money back, one would i nk
s ma l
par a
u ca
mi | a

I
t ists the standar
n
r
me wh e
n
g
i
S

ument somewhere that
st sel ect "Chicago";

|
i
yance with the exchange rate field. On
I
r
I
c

® D
=]

haps with Google's helpand then enter
u should waird tompwgouwy
e that they used. Whi
nt sources, and t hen

wk war d.

eaki
chan
om di
edl e

e this is
opying the relev

S0 000 <0 >
® = XT O O
<

®Q D ~FO S0 Cc o

QD

g can be a lot Ilike filling in travel re
h

cC X0 0oQ
m“

[_\(D'_"g
)
CQo®» O >

—_ -

now unifies modedinvarsktap Wysdewms XB,
, and provides the foundation for the Qto

C—T-"®oo ~30
\><_‘

SO ~"0ws50o0 3
c~®~—"=c o3

ODCo~a——o T
>3 0 TO0OO0O®mOo
x = a

—Zo0 o0 <

Matthias -Bstoi cNerJwany2 00 6

n
hing that ddouvensdnanic yf.e eGo

e should think, and given the monetary incent-upe

w0
dat e, |l ocati on, description, and amol
t h

otyhaen-dpeeerms r at e, t hough, which depends on

ttehcehrn? | Poggrys, o rbault!| yd ils | b d

e
h

t on of t he book, | me n i
d technology. The phone
a
t

et me emphasize thiswvopdidnte xvwaintph ea rtealv el rei mbur se
orsmcome as fancy spreadsheets; you fill them out,
n
n

1

erent, thougpmpaWlyi Iseemsbddy halvee ai

d
e i

i mes we anh gttt ietv.enWHy rigeett hat ? Look
standard procedure. One has to coll

di

nst ehd cc aygou ymaiwr e etl

e

t|
toredstue a statem
not har

a l

e rescue. Qt is different. For one thing,
oncentr at eWhoenn yQturs toarsikgsi nal architects f a
good solution, or the simplgehsdsp!l sbioni oan:
it. Granted they made mistakes, anddagrdani
f time, but they still got a Il ot of thing:
You can see this by the fact that a syst:
Ma

pi

Long before Qt became so popular and so widely used,
the right sol@ttiomecinmalde That dedication is just as
devel ops and maintains Qt. For wus, working on Qt 1is
hel ping to make your professional and opambml®ource |



Preface

Qt is a comprehensive C++ fr amepdoatkf drom Glelv ed pmliinaga t
once, compile anywhere" approach. Qt | ets programme.]
tht will run on Windows 98 to XP,UMacarmd magniyintulxer
Uni x with X11. The Qt Il ibraries and tools are also |

own window system on top of embedded Linux.

rposebwmdk tihs st o teach you how to write GUI pr
Qt" and quickly progresses to more advanced
ing drag and drop. The text is compleemendca o
e programs. The CD also includes the open sou
rms, as wel | as Mi nGWwW, a set of freely avail a
ations é&ppWnddewm.ains how to install the soft

The p
"Hel |
provi
examp
pl atf

appli

C
1
f
|
|

O 0 —TQ o c

ok is dividedPadrnttcod vtehrrse ealplartthse. concepts and p
mmi ng GUI applications hisi par®t alkmewliesdgea fdf
aRdrothslolver s central Qt topi cBaritn dglrdeva tdeers dreop tet
vanced That ehiaplPar d safildl can be read in any ordi
arity withPaht Icontents of

T o0 Lo

of etdh
ition

¢ i Qin »f this book wild.l find this new e
i has been updated to take advantage of
ced with Qt 4.1) and to present proadger @rmmitng hi
ues. I n many cases, we have used examples si.|
t affect new readers, but wil/l hel p those whi
a clearer, amyl enore expressive

>

—_

-

o
-S> —ao -
moaocawn

ner,

ition includes new chapters covering Qt 4's |
rk, and embedded programming with Qtopia, as
book, the emphasis is on explaininngi@tplyr oghammiimg |
tensive online documentation.

ve written the book with the assumption that vy
he code examples use a subset of C++, avoididg
programmi ng Qt. I'n the few places where a more
ined where it is used.

you already know Java or C# but have Ilittle or nu
gin by Ap@mendigxwBi ch provides sufficient introduct
ok. r a more thorough-oirntemdceudc tpirmmgrtaonmoe mjgectn C+
+ How to PrbygrBmrvey Deitel and Gratu lPrDamletye ISt aan e yi
p

pman, Josée Lajoie, and Barbara E. Moo.

Qt made its reputtliadgd oasn d rameswor k, but because of
many organizations -pbat Qbrmodesehgpment. Adobe Pohnoet
example of-mar massWi ndows application written in Qt.
in vertical mar ket s, such as 3D animation tool s, di o
(for chip design), oil antl gesvexpbkor anidomedfiicaanc imi
I f you are making a living with a successful Wi ndow:
new markets in the Mac OS X and Linux worlds simply

Qt i s available underl fvayowuwant ctemmskewi | d commerci al
commercial Qt Ilicense; if you want to build open soi
(GPL) edition. Qt is the foundation on which the K |
soer applications that go with it are built

I'n addition to Qt's hundr edsonosf tchlaas seexst,e ntdh eQt€ sa rsec oi



of these products, |like Qt Script for Applications |
avail able fecoam Whol lkt ot hers are supplied by other ¢
communityht tSpe:e/l / www. trolltech.comiproduonftos 8t doprasr.o yg
al so hase#@walwkl §hed and thriving userqgtcioterest nmd iyl it ha@t |
http://1lists.tfrod |l detchi lcom/

I f you spot errors in the book, have sutggteos tgiiovnes ufso |
we would be delighted to hear f mgabm glo@t r oflolut edme o emn
be pl aclktdt phdoc. trol l-beoc&r camaqght ml




Acknowledgments

Our first acknowledgmenEngs ®foEltekhChambesi dent . |
ent husiastically encouraged us to write the Qt 3 edi
condseir abl e amount of our work time writing it. Eirik

manuscript and provided valuable feedback. Their gel
by Matthias Ettrich, Trolltech'slllgadcdepelecdpeour Ma!
we oObsessed over the writing of the first edition o
programming styl e.

For the Qt 3 edition, we asked two OQt customer s, Pai
extmreal reviewers. Both are Qt experts with an amazin
proved by spotting some very subtle errors in our mi
i mprovements. And within Trolltech, alongwéedewdat Rai
Stadl bauer. His technical insight was invaluable, ai
we didn't even know were possible

For this Qt 4 edition, we have continued to benefit
Ha aavr d , and Matthias. Kl aus Schmidinger continued to
our key reviewers were Andreas Aardal Hanssen, Henr i

Schulz, Andy Shaw, and P&l de Vibe.

I'n addition to thei opedeawbogeemewe received expert he
(databases), Vol ker Hilsheimer (ActiveX), Bradl ey Hi
graphics and databases), Lars Knoll (2D graphi copmka)n,
Mar i us Bugge Monsen (item view classes), Dimitri Pap
wi dgets and embedded programming), Rainer Schmid (ni
(introduction to C++), and Gunnar Sletta (2D graphi
Extra thanks are due to Trolltech's documentation -al
related issues while the book consumed so much of o1
administrators for keeping our machines artumrmi nd reomnud
project.

On the production side, Trenton Schulz created the
handled the contracts and | egalities on our behalf.

illustrations. RAedstasthbhoksnbd Lara Wysong from Pe;
production practicalities so wel



A Brief History of Qt

The Qt f
Nord (Tr
Nor wegi a
in compu

ework first became publicly
tech’ hemBgengnfd TEDl Il ke€h' s
nsti te of Technol ogy in

i

ce.

n

i
sci

c

ram
ol |
n |
t r

o ~
5

e

est in C++ GUI
o develop a
wer e wor ki

devel
C++ GUI f
ng togethe
o be able toMaonhntwosh, a
nd Eirik went outside
-reieedn taend odvij sepcltay

d's inte
h compan
d and Ei
eeded

, Haavar
d said,

e

|

Haava
Swedi
Haava
syste
summe
Haava
i t el
b u

o~ S < =
xl-?

tual fo

[EnY

writing the ¢
year, Eirik
paradigm that

ng
ng

- T O O

e
t graphi cismgklea mert
sted that they go i

DO <®s o0
3 - o< o0

(.D-
=
o
-

ear 19914
imerelde t
wi ves we
rd expect

began
wi t h
re
ed

i nauspiciously wit
no customers, an
employed and therefor
to need to develop th

© D~ O
< To
[V e B

tter Q'
The " 1t'
orated
ech.

as the cl ass
stand for
994 ,0loagigds,a

was
was
on March

chosen
added to
4, 1

OO S o

—

ma d
co

I n
Nor
Tr ol |

| 1995, thanks to a contact
an company Metis gave them a
cMrmitr &ddl brandsen, who during
us documentation system as well

=

(0]
—_ 0 =
o o — =

On
ann
Wi n
t wo
free
afl

20, 1995, Qt 0.
ecdnp.@sn | i nux. announce. This was
and Unix devel opment, r
enses from day one: A commer
ftware edition was availabl e
, whil e for ten |l ong months n

Qt " s fi

of ferin
ci
f

o0 uno

g
a
o]
o o
I n Mar
commer
rel eas
Qt had
bet wee

(¢}

he European Space
ses. With unwaver.i
end of May, and on
et
i s

oo
- o=

ng f

scostbméyrseigach in
year also saw the f

Qt 1. 2
bea@me
Septe

1997.
for C+ +

eased in April
standard

ol ltech in and

wa s

Matt hias
t hat

joined
year . Qt 2.0

1998,

Trondhei

opment

system.
dpecibeant @dp |¢cat@sosr m GUI

amnad @d oidmpleadmen thatnido n .

unf i

"t

hi s

Quhsi teauac. adyp | Bd ke d atys |
rst

Mat t hi as
GUI

available in
president) . Hi
m, wh e

iboengeadn biyn a
ramewor k. A cC
r on a C++ dat
aGdl Wondbws x, !
to enjoy the
" The resu
framewor k th

|l asses that e
claomes 'up avi g ihmy
has now been
By 1993

atnide iwre rewra bwied d

nto business |

h the two-youl
ni shed prod
e able to sup|

eeproduct and

refix becau:
ol ki t", i ns|
Itl hye m sa QuTarsalr |

p
0

e through one
ntract to devi:
Ssi X years

as contributi

ater, t he
public rel
the same API
d é welnspEmeavmats,
open source

I
r
ne bought a ci

Agtomgr bewiatme a hpt

aith Eirik
24,
rent

of

a l
19!
C
t h

Ettrich'
devel opment

the |l ast maj

releasedwiopdnneodnN®d®.| iQters &
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Chapter 1. Getting Started

0 Hell o Qt

0 Making Connections

0 Laying Out Widgets

0 Using the Reference Documentation
This chapter shows how to combine basic C+®t wiohct éai
small graphical user interface (GUI) applications. °
signals and sl ot sCh aaptde rlvwagy owitlsl. glon i nt o nCchrae tdea pmtdh
start building a more realistic application.
I f you already know Java or C# but have | imited exp:
reading the C++ iAmptpreondduicxt iBon i n
Hello Qt
Let's start with a veryWsiwplle ©Qitr pr ogtrady it | ine L
compile and run it.
1 #include <QApplication>
2 #include <Q.abel >
3 int main(int argc, char *argv[])
44
5 QApplication app(argc, argv);
6 Q,abel *label = new QLabel ("Hello Q!");
7 | abel - >show() ;
8 return app. exec();
9}
Lines 1 and 2 include Appeicaieod iam@babelord asfsetshe For eve
there is a header file with the same name (and capi'
def iomi.t i
Line 5 crQappicatsonaobj ect t o manaegw deep prleiscoautrQapphscati dnh e
construct orargc eqnadgy ebsecause Qt support sl ianef eaw gcuonmenmatnsd
Line 6 crQehbet esi caget that displayand HEmil o Q& riw.indbgiredt ®y
visual el ement in a user interface. The term stems |
both "control" and "container" in Windows terminol ol
al |l exampl es W dgiedgetcan contain other widgets; for
usually a widget QwehuBar, ca nffewliBars , &% atusBar, and some ot he
Most applicaQwmiowsdows 8 eQDamlog as the applicatios wonflbex
any widget can be a windowlabdl nwitdhg et eixamphe,apiplei cat
Line 7 makes the | abel visible. W dgets are al ways |
before showing them, thereby avoiding flicker.
Lien 8 passes control of the application on to Qt. At
This is a ktibnyd noofd es twvahnedr e t he program waits for wuser
key presses. User eveno@Eal g@ nea laltgeeds "")metsos whi ch t he
respond, usually by executing one or more functions.



"mouse press”" and a "mouse release" event are gener;
drastically fralm kathovke ngriogr ams, which typically pro
terminate without human intervention.

For simplicity, we daeéetonboQthbet rolcjaddti ngt t hmin@nduwodt
This memory | eak is harmpeegram, sschca smhal memory wi
operating system when the program terminates.

Figure 1. 1. Hell o on Linux

I't is now possible to try the pFogsam gouywiut | owe enhi
a later Qt 4 release), a pAppesd.i khhrAdmimrowe x@rd ,aiwme dwii
you have a correctly install ebin ddpye cg fornQtBATBHU emwdi rt chran
variabl e. (On Windows, this is done automatically b
the program's source otebldbeppi nnaafdl eechlbd. ¢ droaul lceach ty
hello.cpp your sel f ,t ofrr ocroptyhei CD provided with this book
| exanpl es/ chap01/ hel | o/ hel | 0. cpp.

From a command prompt, chahelde tttheenditryepct ory t o

gmeke -project

to create a npdeaptefnodremt pheldp.pro)t, ftihen (t ype

gmeke hello.pro

to create asppelcaitffiocr nmakefile from the project file.

Typreke t o build theéeRpnoigt abmhelld yopni ngi n d/deviso, on Uni »pen an
hello.app on Mac OS X. To ter minat e ctlhoes ep rbougtrtaonm, icnl itchke t

t1If you get a compiler error on the <QAppl i cat i on> include, it probably means that you are using an older version of Qt. Make
sure that you are using Qt 4.1.1 or a later Qt 4 release.

I f you are usinghWvedowstahtded the Qt Open Source Ei

you wi || have a shortcut to a DOS Prompt window t hat
set up for Qt. I f you start this window, y o ugnmkea rn nebel
as described above. The executabl es prdeshg coeadeaser o pdi

for e X aa@n\mt - Bopk\ hel | o\ r el ease\ hel | 0. exe.

I f you are using Microsoft Vi suonake iCnstt, engtkdb.uo Mlitl e r pnaetein
can create a Visual St hbetlo.propbyjtexpi igle from

gmeke -tp vc hello.pro

and then build the program in Visual Studi o. I f you



an Xcode project using the command

gmake -spec macx-xcode

Fgure 1.2. A | abel with basic HTML

Hello Qt!

Before we go on to the next example, |l et's have somi

QLabel *I abel

new QLabel ("Hello Q!");
wi t h

QLabel *label = new QLabel ("<h2><i>Hello</i> "
"<font color=rred>Q!</font></h2>");

and rebuild the application. As the example illustr:;
user interface using-ssgrme diompnlae t HHhigL

Making Connections

The second exampl e estpowsd hHow utserr actions. The appli
the user can click to quit. The source code is very
QPushButton i nst ea@abedfasw our main widget, and we ar e kcionngr

button) to a piece of code.

This application's sour ce c bedaepl ésischapon/ quith guitCcpp. i Hetr lee s

contents of the file:

1 #include <QApplication>

2 #include <QPushButton>

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

4 {

5 QAppl i cation app(argc, argv);

6 QPushButton *button = new QPushButton("Quit");
7 QObj ect : : connect (button, SIGNAL(clicked()),
8 &pp, SLOT(quit()));

9 but t on- >show() ;

10 return app. exec();

11 }

Qt ' s widgsiten ®Ilindot i ndi cate that a user action o+4! Faorc



i nst a@PashButton e mi tckickad() si gnal when the user clicks th
connected to a fuslcoi ont ftaeaXtt)e.d a0 t hat when the sig

automatically executed. I n our exalmgkede), swgnabdbnhect hi
Qdpplication obj equitt()ss| ot SIGNRI)e ansdor() macros are part of th
explainede demail in the next chapter.

[T Qt signals are unrelated to Unix signals. In this book, we are only concerned with Qt signals.

Figure 1.3. The Quit applicati:

We will now Bpipldct@alhi on. We assume that you duave cr
cont aigoiit.rcmp. Rgmake i n quihedi rectory to generate the pro
generate a makefile, as foll ows:

gmeke -project
gmake quit.pro

Now buil dpltihceataipon, and run it. I f you click Quit, o
the application will terminate.

Laying Out Widgets

I n this wecwilih,create a small exampl e application t
manage the geometry of widgets in a window and how
wi dgets. The application asks for the usnamipudage, ngl
spin box or a slider.

The application consi stQ3inBok, t@lirdere whn@ydget.s: T @edget i s t
application' s mai@inBox nadnodw (SlhTer ear e render e dWidgets i d é etyl
chil droefre Qihiget. Al ternatively, wéwdgetni s gpyahréemaf @S eBox

and hiaer. T@nedget has no parent itself becausleevietl iwsi nb

The const r u@dgetr a nfdoral | of i ts SWdygetl|*a praaense tteark et haat s
parent widget.

Figure 1.4. The Age applicatio

Here's the source code:

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



#i ncl ude <Qslider>

#i ncl ude <QSpi nBox>

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

QAppl i cation app(argc, argv);

QW dget *w ndow = new QW dget ;

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

QSpi nBox *spi nBox = new QSpi nBox;

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

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

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

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

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

spi nBox- >set Val ue( 35) ;

@HBoxLayout *l ayout = new QHBoxLayout ;

| ayout - >addW dget ( spi nBox) ;

3
4
5
6
-
8
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21 | ayout - >addW dget (sl i der);

22 wi ndow >set Layout (| ayout) ;

23 wi ndow >show() ;

24 return app. exec();

25}

Lines 8 and 9QNgget tlthpptt hve | | serve as the application
setWndowTitle() t o set the text displayed in the window's
Lines 10 and QsiinBox @ a td@slader, and | iama@es 1B2set their val
safely assume that the user i s at meiadow 1®0QSyieBaxr & nal |
Slider constructors, specifying thawindbwhasettwedgepareht
necessary heréehkbetayset system will figure this out
parent of the spin box and the slider, as we wil/ S
The tQapect::connect() calls shown in |Iines 14 to 17 ensure
synchronitzhead stohey al ways show the same value. Whene
i tvalueChanged(int) si gnal i s emisettvaduk(inta nsdl atheof the other w

the new value.

Line 18 sets the spin box val uteh @mwnB3x5 e mWWh sval teltHangsd(i hta |
signal wntt Argonment of 35. This ar gQshiden'tseiValuegfiatg seldo t ¢

which sets the slider value t ovaBueChandel(ént)s Isiiyenralt, h ére ci
own value chiaggedi, ng t haet¥apue(hnt)b ax'os . But adetValbe(ist)po
doesn't emit any signal, since the spin box value i

Figuresiumbiari zes the situation.

Figure 1Clhanging one widget's value ¢



1. 0% D |
setValue(35)
2, 351 [+ |
valueChanged(35)
.......................... i
setValue(35)
3. 351 [ + |
valueChanged(35)
e )
setValue(35)
4, 351 | + |
In lines 19 to 22, we |l ay out the slpdyo btoxmamah el a ydo
manager is an objedtzet matd peotsg ttiloen 0f the widgets t
Qt has three main | ayout manager cl asses:
0 @BoxLayout | ays out widgets horizontally from |l eft t

0 QvBoxLayout | ays out widgets verbtoitctaoni.y from top to
0 Q&idLayout | ays out widgets in a grid.

The c aQwldgett: osetLayout() on | ine 22 installs the | ayout man
scenes (SpitnBbbe an@lider are "reparented" to be children of
is i estalhd for this reason we don't need to specif
wi dget that will be put in a layout.

Figure 1.6. The Age application's

il Window Title il

OWidget — QHBaoxLayout

| [ aspmBox || _askeer ]!

Evemotugh we didn't set the position orQSgrBaxea 0@l idarny
appear nicely |l aid out si de@Bok-yayauti daeu.t oTruaits cias | bye caasuss
positions and sizes to the widgeassed oon whhiecihr ine e dss .i
managers free us fromcobdéengheceeeh pasdtions in our
wi ndows resize smoothly.

Qt's approach to building user interfaces is simple
commop pattern that Qt programmers use is to instanti
properties as necessary. Programmers add the widget:
sizing and positioning. User interéatienpenwiadgetrsitsodq

signals and sl ots mechani sm.



Using the Reference Documentation

Qt's reference documentation is an essenti al tool fu
and function in Qt. This booksmakesdusenct i masy Qut:
of them, nor does it provide every detail of those |
Qt, you should familiarize yourself with the Qt ref:
The documemt ats available in dbcThid dior en@at o yw ®Qnd scan |
web browser. YouQtaAssil solm&és eQt hel p browser, which
and indexing features that make it quicker. afhd B@smnda
Assistamrtdick Qt by Trolltech v4.x.y| Assi st amdsisiant D h
the command | ine on-cUmnick, Aesi dgoamltei n the Mac OS X
The links in the "API Ref erence" sedaitfifoenr eoemt tvhaey sh oarf
classes. The " Al Classes" page |lists every class i1
most commonly used Qt classes. As an exercise, you |
functions that wet hhiasv ec huaspetde ri.n
Figure 1.7. Qt's doQuméstsatwihnamaicn OS X
View full size image]
g-_ﬁ_ﬂ___ a2 Hﬂlﬂm wr_hunﬂmn_ p_— — I — ';rl
| ¢ {‘r .Jsb.# !.R il
|:'sc'nrh'£ 1'—’“!"'”““ =
&= Cleider . Bk 54-!! a .
u;":‘: 3 LU alm All CEuyks - Magn Chasses - Coosoed Classias - Modu'es - Fenaiizas TR_}LLTE I-:Hn
o - Qlayout Class Reference
&:::;r: Tose Olawonet dlis o the babe Cliss of geomessry misegeis. Mase.
LR et Finrlude COlapact®
I ma -esaiine Inderca isec and Snmalios:
m m“wm E Inderited by (ioslaesat, Dordlacout. wnd Qftachcdlavos.
CLdyons  SeFimkd5ihe alist ol af mmban. inihdng irhgated mambes
cepipaErp A 003 Suged vk
s e Public Types
] aarven SeeCananala) | Aaloladelens s, SaliedSae, forMi i minpe. St Manbvnerdopt, Toiblbadliyetor:,
L Sediolonitrant b
L cmryinie: &
Lorawie varis Foere
e » musgin . nt
E3 il i L b @ * glaston kg - SaeCositraa
QL arpife. EadimphoaPall S amacing - irk
g_:-fmw: r::‘r::s;:': 1 propey Isheing iom GOl
ﬂj::::-::nfﬁ:;‘“ Fuhlic Functions
L ayen | T * paewar |
= QLaveas
= bl wgiieas
avimed voed addiem ¢ Olayosines = gem | = 0
wvnd dhidgel ¢ CWidgee T
i Hvirudl oL CRuRl () <onEL = O k
v wwittesl O Coiemaisns l‘.lMMWwDiU nl -
i & s
Note that inheratedddauammentoemd i n t he basQushBdttors sh;a sf onr

show() function of its own, but it Qwndee IFigsr @rsé ofdvrso rh oiw
classes we have seen so far relate to each other.

Figur.e8.1 Inheritance tree for the Qt ¢



QObiject
|

| | |
QCoreApplication QWidget QLayout

QApplication CQBoxLayout

CAbstractButton QAbstractSpinBox QAbstractSlider  QFrame QHBoxLayout

QPushButton QSpinBox QSlider QLabel

The reference documentation for the current version
onl inkttag: // doc. tr.olThiesc hs.ictoem/al so has @&l Quaedenhegi

programmer s' newsl etter sent to all commerci al

Widget Styles

The screenshots we have seen osno Lfiarruxhaveutb eQetn

native on every supported platform. Qt achieve
and feel, rather than wrapping a particular pl
Figure 1.9. Styles availabl e e

== Enter Your Age

5|

Motif

With Qt/ X11 and Qtopia Core, the default style
antailiasing to provide a modern |l ook and feel.
default sgsiyng -thip)e w o mmalnidne opti on. For exampl ¢
application using the Motif style on X11, simp

.lage -style notif

on the command | ine.

Figure 1. 10. -sholeactifforcmstyl es

Il i cel



B Enter Your Age Mi=E3 @ © O Enter Your Age .

Windows XP

|l es, the Windows XP and Ma
y rely on the platfor ms' t

Unli ke the other sty
platforms, since the

This chapter has introduced the key cohagptus sof I $i di

begun to reveal Qt ' s conwirdteente darag pfrwlalcyh dwj @ chte c o
wi dget s. I f you browse through Qt's documentation,
makes it straightfor wared nteov Iwe adrgre thsow atnad wou wi | | a
chosen names for functions, parameters, enums, and

pl easant and easy.

The followingPeaehalpiielr de ofiundament als covered here, s
compl ete GUI applications with menus, tool bars, doc!
along with the underlying functionality to read, pr«



Chapter 2. Creating Dialogs

0 Subclassing QDialog

0 Signals and Slots in Depth

0 Rapid Dialog Design

0O Shap&hanging Dialogs

0 Dynamic Dialogs

O Bui-ilh Wi dget and Dialog Classes
This chapter will teach you how toDtcakagebdkaebopgr bsi
options and choices, and allow them to set the opti:
choices. They are called dialog boxes, or simply "di

users and apprdi“taglilontso'caeach ot her.

Most GUI applications consist of a main window with
di alogs that complement the main window. It is also
respond directly tobtyhepeuserms nghoheesappropriate ac
calculator application).

We will create our first dialog purely by writing ci
build dial@tgsDasii,qmtr' s visual deQ@ti ghhe g¢ioginse aUdiortg f as
handoding and makes it easy to test different desi gl

Subclassing QDialog

Qur first exaocpldeé al ®gawFitten entirely in C++. We w
its own right. By doing so, we-cmakeaeiintedar oimpbeaEearnde .
signals and sl ot s.

Figure 2.1. The Find dialog

Find what: [WEHD l Eind
(% Match case

[] search baclward

The source code i s spr &iaddialog h oasnédnddivaloog. tpp.l eWe wi | | st a
finddi al og. h.

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

cl ass QCheckBox;

cl ass Q.abel ;

class QineEdit;

cl ass QPushButt on;

~No o~ wWNPRE



Lines 1 and 2 (and 27) protect the header file agai./|

Line 3 includes tQhaogdefhei basa ofass QDoatogdii mh edyidgets n

Lines 4 to 7 are forwar@Qt delcasasas i bmat ofve t wiel | use t
forward decl aedtisonhe C++ compiler that a class exi
class definition (usually |l ocated in a header filse
shortly.

Next, we FihdDfalogeas a s ub@ilalmg:s of

8 class FindDialog : public QD al og

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

The&®OIECT macro at the beginning of the cl| adsasdefsi ntihtait
signals or sl ots.

The&indDbalog constructor is typical @drenQtp awiadngeette rc | sapsescei s
widget. The default is a nul/l pointer, meaning that
13 signals:

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

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

Theaignals section declares two signals that the dialog
| f the Search backwar dhepdi @Ino §i sdPravitus();e do,t hter wi s e, i
findNext ().

Theignals keyword is actually a macro. The C++ preproc:t

before the c¢omg@i:lCaseSensieievisy iits. an enum type that can t
Q ::CaseSensitive a nQ@l::Caselnsensitive.

16 private slots:

17 voi d finddicked();

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

20 QLabel *1 abel;

21 QLineEdit *lineEdit;

22 QCheckBox *caseCheckBox;

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

25 QPushButton *cl oseButton;

26 };

27 #endif

In the class's private section, we declare two sl ot:
most of the dialog's child widgets, |30 sWahsekkeeeypvopadi nt
si gnal s, a macro that expands into a construct that the

For the private variabl es, we used forward decl arati



they are all pointers amdiwettenhtadecefssl eh so the
full class definitions. We <coul d hav eQheokBox>u<ealokl > h et
but using forward declarations when it is possible 1
We wi | Il orodkwiedtialog.cpp, which contains the | RipdDalmg rctlatsisc

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

First, we<QiGne |l mdeheader file that contains the defin
sever al moadcuhl eosf, wehi ch |l ives in its own |ibrarQt.CoTtleeg
Qt Gui , Qt Net wor k, Qt ORE 8 GY aQQX®G I ThQeawi> header file ¢
definition of all t he cl|l QtsG @& nQht &tu ineordeu | peasr.t | tnicd tulhde an
saves us the bother of including every class indivi:
| nfiledialog.h, instead ofQialpgel amd ngsi ng f or war d QQleekBdxaQ abdl |
Qi neEdi t, a @QPdshBut t on, we coul d simpl y<Qluax e Homwelvied endeirtal il §
style to include such a big header file from anotheil
3 FindDi al og: : Fi ndDi al og( QW dget *parent)

4 QDi al og( parent)

5 {

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

7 lineEdit = new QLineEdit;

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

9 caseCheckBox = new QCheckBox(tr("Match &case"));

10 backwar dCheckBox = new QCheckBox(tr("Search &backward"));

11 findButton = new QPushButton(tr("&Find"));

12 findButton->setDefault(true);

13 findButton->set Enabl ed(fal se);

14 cl oseButton = new QPushButton(tr("C ose"));

On line 4, we pgpens spaornaniehteer to the base class constr
wi dget str()Thenction calls around t he ost rtirmagy slliatte roanl s

| anguages. The f unctQbopest iasn dd ewlearye d uibre | as s QtOBIECT ntaocnr

I't'"s a good habit -vtiosisbulrer osutrRi) hugssevreen t hf you don't ha
for translatingnyouo aphpéichanguages. Transl ati rCdha@t
17

In the string l|literals, we use ampersands (' &"') to i
aFind button, which tbhe byepreasiagtiAVt+F on platfor
keys. Ampersands can also be used to control focus:
(Al't+W), and on |Iine 8 we set the | abeldyi sbuad dwi dtgoe tl
acepts the focus when the | abel's shortcut key 1is pr
|l abel's shortcut), the focus goes to the Iine editol
On line 12, we make the Find button t hsetDafaukt{toug). s Thel
default button is the button that is pressed when 1t
button. When a widget is disabled, it is wusually shi
interaction.

15 connect (lineEdit, SIGNAL(textChanged(const QString &),

16 this, SLOT(enabl eFi ndButton(const QString &)));

17 connect (findButton, SIGNAL(clicked()),

18 this, SLOT(findCicked()));

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



20 this, SLOT(close()));

The pr i v &dad eFsndButtt on(const QString & i s call ed whenever the t
changes. The pindChickede) s sortall ed when the wuser clicks
closes itself when the cuseé)r s¢loitchks CindQa¥dgett Ele €8 r D ns
behavior is to hide the widget from view (without diu
enabl eFi ndButton() a nfdndClicked() sl ots | ater on.

Si ncGject i s oARedDalfog' s ancestorocsmi tweddjetn:. prefix in fro
connect() cal | s.

21 (HBoxLayout *topLeftlLayout = new QHBoxLayout ;

22 topLeft Layout - >addW dget (| abel ) ;

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

24 QvBoxLayout *|eftlLayout = new QvVBoxLayout;

25 | ef t Layout - >addLayout (t opLeft Layout);

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

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

28 QvBoxLayout *rightLayout = new QvBoxLayout;

29 ri ght Layout - >addW dget (fi ndButton);

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

31 ri ght Layout - >addStretch();

32 (HBoxLayout *mai nLayout = new QHBoxLayout ;

33 mai nLayout - >addLayout (| eft Layout ) ;

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

35 set Layout (mai nLayout) ;

Next, we | ay out the chilmamwadgegresd.s luasy mmwyt 4 aggaorutcont a
ot her | ayout s QHBoRLayou 8 S;Boxbagout S aGrddLayouts i n various con
possible to build very sophisticated dial ogs.

For the Find di alQaxklLayomts @ % e QIBmxdayouts , as s hkiwgnurien I h2

outer |l ayout is the main | arabalog onh I s nen8babhddieni
dialog's entire area. The oltdyouttdhr eBhe alyibtut lse ab®p i
ofEiqgurei®. 2 spacer item (or "stretch"). |t uses up
buttons, ensuring that these buttons occupy the top

Figure 2.2. The Find dialog's | a

View full size image]
ill__I'Window Title ol Tl

leHLayaul = ' [ Alabel ” OLineEdit QPushButton -;u—- rightLayout
topLeftLayout —g-— . e g Bation ~ - mainlayout
H QCheckBox
| OCnesBor |1 E._rp_ spacer
One subtle aspect of the | ayout manager opotheads (ke
Qayout, whi ch i n t@Qwact.i nthnertihtes fi gure, widgets are rep
|l ayouts are represented by dashed outlines to highld.i
application, |l ayouts are invisible.

When t hed asywhut s are added to the parent | ayoluaydqut e



automatically reparented. Then, when the main | ayoul
a child of the dialog, and alalr et hree pvairdegnettesd itno tbheec olm
dialog. The resulting parentchiiddrédaiz2rarchy is depi

Figure 2.3. The Find dialog's parentc

FindDialog
ClLabel {labal)
QLineEdit {lineEdity
QCheckBox (caseCheckBox)

— QCheckBox {backwardCheckBox)
QPushButton (findButton)

— PushButton (closeBution)
GHBoxLayoul (mainLayout)

I:mrauxmm (lefiLayout)

L cHBoxLayout (lopLefiLayout)
OVBoxLayout {rightLayout)

36 set WndowTitle(tr("Find"));

37 set Fi xedHei ght (si zeHi nt (). height());

38 }

Finally, we set the title to be shown in the dialog'
height, since there atrteem'di alnyg wtihldagtetsan nmeani ngf ul |

space. QNldhee: :sizeHint() function returns a widget's "ideal'

This completes FKihdBialbg® wi €ewnaftruct or . nei the ec weatues etdh e

wi dgets and | ayostem itthawowl need to writdelete dreseaal
the widgets and | ayouts we created. But this isn't I
objects when the parent i s destroyed, and t hearcthd | df
Fi ndDi al og.

Now we wi || l ook at the dialog's sl ots:

39 void FindDi al og::finddicked()

40 {

41 QString text = lineEdit->text();

42 Q::CaseSensitivity cs =

43 caseCheckBox->i sChecked() ? Q:: CaseSensitive

44 . Q::Caselnsensitive;

45 i f (backwar dCheckBox->i sChecked()) {

46 emt findPrevious(text, cs);

47 } else {

48 emt findNext(text, cs);

49

50 }

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

52 {

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

54 }

TheindCicked() sl ot is called when the user cl ifimdPsevibus(@ &
t heindNext() signal, depending on the Seeantlkebyavokvdarid dax
|l i ke other Qt extensions it is converted into stand:

T h enabl eFindButton() sl ot is called whenever the user chang:¢



enables the button if there i s some ttheexrtwiisne.t he edi i

These two slots complete the dnaialcppgf i We ¢ aF hdBialvg O U €
wi dget :

1 #include <QApplication>

2 #include "finddial og. h"

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

4 {

5 QApplication app(argc, argv);

6 Fi ndDi al og *di al og = new Fi ndDi al og;

7 di al og- >show() ;

8 return app. exec();

9}

To compil e the g¢gmkegarsam,s uauln FiSiDnatog dlhaess definition

QOBJECT macr o, the makef idmke gweinlelr aitnecdl ubdye s pewmcj aQt r sl me
object compil eqobj(e@tt' symdtean i s covered in the next

Fomc to work correctly, we must put the class defini

i mpl ementation file. Thec codkbudesaet Hties dhnbdg daedrd sf is o me
of its own.

Classes thagQOoBlEGTemabheo musnbc haweon t hem. Thi s i s ngnekei
automatically adds the necessary rules to the makef.i
usi gngke anndc i sn't run, the linker wild/|l complain that
i mpl emented. The messages can be fairly obscure. GCI

finddialog.o: In function 'FindDialog::tr(char const*, char const*)':
lusr/lib/qt/src/corelib/global/qglobal.h:1430: undefined reference to
" FindDi al og: : stati cMet albj ect

Vi sual C++'s output starts | ike this:

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

I f this ever happeekes agai ot o wpowate the makefile, t
Now run the program. | f shortcut keys are shown on
Al t +W, AIAl + € B, and Alt+F trigger the correct behavi
widgets with the keyboard. The default tab order 1is

This can be ¢ h@Vdgee dsetTad deg().

Providing a sedamesi mknad tkeby boorard shortcuts ensures t ha
cannot) use a mouse are able to make full use of t hi
appreciated by fast typists.

I Chapterw8 wihe BserdIdtdialog inside a real applicati
findPrevious() a nfdndNext() signals to some sl ots.



Signals and Slots in Depth

The signals and sl ots mechanism is fundamental to Qtf
programmelyi ntdo obj ects together without the objects Kk
have already connected some signals and sl ots toget/
i mpl emented our own slots, and emitted our ownt stihgen:
mechani sm more closely.

Sl ots are almost identical to ordinary C++ member f
overl oaded; they can be public; protected, or prival
C++ member functiompayamed erlseicamn be of any types. T
al so be connected to a signal, in which case it is
Th eonnect() statement | ooks | ike this:

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

wh ersender anrdceiver ar e poi Qbjects &od whgeal eansttot are functi
signatures without parsagGrat)ea nsiGa(nmemac ITdhhe essentially
argument to a string.

I'n the examples we hvevehasveemlsvayfsarc,onnected di ffere
There are other possibilities to consider.

One signal can be connected to many sl ot s:

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

OooooOoo

When the signal is emitted, the slots are called
Many signals can be connected to the same sl ot:

connect (I cd, SIGNAL(overflow()),
this, SLOT(handl eMathError()));
connect (cal cul ator, SIGNAL(di visionByZero()),
this, SLOT(handl eMathError()));

OooOoood

When either signal i s emitted, the sl ot is calle
A signal can be connected to another signal

connect (1ineEdit, SIGNAL(textChanged(const QString &),
this, SIGNAL(updateRecord(const QString & ));

I i

When the first signal is emitted, the second sig
signal signal connections are indistinguishable f

Connections caonvebdee r em

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

OoooOod



This is rarely needed, because Qt automatically
when that object is deleted.

To success |
t

y connect aarmsadatghmerl diogmals) ,ott {ey rmwst
types in a

full

he same order:

connect (ftp, SIGNAL(rawCommandReply(int, const QString &)),
this, SLOT(processReply(int, const QString &)));

Exceptional

Iy if a signal has moreéspaoametcérs tloan
parameters ar

e simply ignored:

connect (ftp, SIGNAL(rawCommandReply(int, const QString &)),
this, SLOT(checkErrorCode(int)));

I f the parameter types are incompatible, o@®t iwilleis
warning -t meuinf the application is built in debug mc
parameter names are included in the signal or slot
So far, we have only wused signals and slidtsselvwi tils wim
Qhject and isn't | imited to GUI programmi ng. Qlbheet meditd

cl ass Enpl oyee : public QObject

Q OBJECT
public:

Enmpl oyee() { nySalary = 0; }

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

void setSal ary(int newSal ary);

signal s:

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

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

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

}
}
Noti ce heewnsSaltary®@ sl ot i s i mpl ement edsalaWeChanget(y seingintalt hie
newSalary != nySalary. Thi s ensures that cyclic connections d

Qt's Meta-Object System

One of Qt's maj drs &alsi eéoeeemernt he extension of C
creating independent software components that
component knowing anything about the other con



The mechanism imetcaab] edtt hgasntdem t provides two
signal sslots and introspection. The introspect
i mpl ementing signals and slots, and all ows -apr¢g
i nformati o@W¥jeca bsowhc!| as s etsi naet, riumc It bhai | i st of s
supported by the object and its class name. Th
(f®Qt Desi)gnenmd text translation (for internat:.i
foundation for Qt Script for Applications (QSA

StandaC++ doesn't provide supporitnfformathieo nd ymeas
met-abject system. Qt solves this problmem bhapr

par s@®IECT cl ass definitions and makes the infor
functi oonemc Smpl ements all its functional-{othy ewcd
system works with any C++ compiler.
The mechanism works as foll ows:

0 Th&®OJECT macro declares some introspection f

i mpl ement ed Qibpecte ¢ @by Imetathject(), TR(), gt _netacal I (), an
few more.

0O Qt 'mc t ool generates implementations Q@GBIECTt h
and for all the signals.

0 Qhject member funct i oconnect(9 ua Mddsacknect() use t he
introspection functikons to do their wor
Al'l of this is handlgeke, myt amadjtectc abbyyby rarely
think about it But i f you ar e Qeoadhjecu sc,| aysosu c a
documentation and have a | ook at theocCtte seerh

i mpl ementation wor ks.

Rapid Dialog Design

Qt is designed to be pleasantdeandndntuitbsveotouhasd:
devel otpi reen Qt applications purely by writing C++ sou
use a Vvisual approach for designing forms, because- |
coding, and they want to be able to rexpmorenequi ovk It yh
than is possi bdoeden tfho rhnasn.d

Qt Desi gomxpands the options available to programmers
capabiQti Degsi gnemr be used to develop all or just some
ae create®@Qtudesggered up as C+@t cbeei gseenr be used wit

convent.

onal tool chain and imposes no special requi

I'n this sectio@t Desiwdtiad  rcuseeat-e oGehlel Glo al o g-isghuaven 2 nnd
whet her we do i tQti nDecsodgenceore aitnng a dialog al ways i n-
fundament al steps:

0 Create and initialize the child widgets.

0 Put the child widgets in | ayouts.

0 Set the tab order

0O Establish shgepalsbas.co

O I mplement the dialog's custom sl ot s.

Figure 2. 4.-tdCed IGadi al og



[F=» Go to cell

Cell Location: |A12 |

| ok || cancel |

To | aQncbesi,gnelrick Qt by Trolltech v4.x.y| Designer

designer on the command | ine -chi ORi DPesogneoubhet he M@t
Designetarts, it wildl pop up a l|list of templates. ClI
"Dialog with Buttons Bottom" templ dtobe mihghkt elxampl e
OK and Cancel buttons by hand to show how it is doni

"Untitled".

By defQtulDesi'gneuser interface coheivel swohdoeaser alf t
style inteifacenevetlopwi ndow an-di ssewevsg!l cdulk Edit ]| Us
Mode| Docked Wi ndow.

The first step is to create the child widgets and pl
editor, one horizontal spacer ,eaacnhd ittweom,p udsrha gb uitttsdrnsa
Desigherwidget box and drop the item roughly where |
which is invisible in th@t fDesailgafsorram,bliue stpowmgi.n

Figure Q2. Designedockeddwwimode on Wi ndow

i\ew full size |maie
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Now drag the bottom of the form up to make it isshogitn
Figure Doéd't spend too much time positioning the it
l ay them out precisely | ater on

Figure 2.6. The form with some wi



= Untitled*

Set each widget's Q@tr opegitdseesprwspiengy edi tor:

1.Click the text | abelobjediidahkeepsaperthatsithbateetl " an
property to "&Cell Location: "
2.Click the I ine edt hatobjéchNateeprsauperty is "l ineEdit
3.Click the first obpecttNdm® np.r oSpeetr ttyh et o " oekaBlied tpa ro'p,e rtt by
"fal setext pheperty to "doflaldlt panodp etritey to "true".
4. Click the second objedtMaenp p8&8et yt he "cancel Bext tporno"p
to "Cancel "
5.Click the form's background t objestdNdme dto t"hGe TfodCrerh | il
windowTitle to " Go to Cell ".
Al'l the widgets |l ook fine now, exceptchheonexCliakel
Buddies to enter a special mode that allows you to
red arrow |ine to the |ine editor, t heCel t eLeasatéei omh:i

l'ine editor as iHdci thjuBRdiyt. Wildge&t s to | eave buddy mod

Figure 2.7. The form with propert

[F=w Untitled *

The next step is to |l ay out the widgets on the form:

e Cel |l Locathohmhtl aelyoandl| pcé&ss h® [ ine ed

1. Click t
t sCel li ecckt eFdo.r m| Lay Out Horizontally.

h
are both

2.Click the spacer, then hold Shift as you Clliicckk Ftohr
Out Horizontally.

3. Click the bafcktghreoufnodr o t o desel ect any selected it
Vertically.

4. Click Form| Adjust Size to resize the form to its

The red |ines that appear on the form show the | ayol

when fbem is run.



Figure 2.8. The form with the | a

Now click Edit]|]Edit Tab Order. A number in a blue r:
can accept focusg.dgelti dkn dgauaimh wn the order you want
Edit| Edit Widgets to | eave tab order mode.

Figure 2.9. Setting the form's t

[a}}

B =w Untitled*

cell tion: . ]

r (8]4 ~H— Cancel l

To preview t hek dtitad oFgar e[|l Rr evi ew menu opti on. Check
repeatedly. Close the dialog using the close button
Save t he ddotodelddialaggui i n a dir ecgotweceyi, cahtdedrmeiatcpp fai | e

same dir eustionrgy a plain text editor:

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

Now rquake t o cremd d id e and agnekea-lpreojfectt gmké goto-cell.pro) . Tgfake

tool is smart enough to detgototceltdhatogwis earn di nttoe rgfeanceer afti
approprilkefei Ima r ul egic,t o0Qti'nsvoukseer i nter fuacc e ocod mgiolner.r
gotocelldialog.ui i nto C++ and putus_gadadreldratog.thl t i n

The geneu agdtecdlldialogh file contains thei: dedCelhDddgonl g s
i C++ equi valgetondelldidlogguref il e. The class decl ares mer
the form's child widgesaupdMdf bagbubdbe, thatd Banitiali z:¢
generated class |l ooks |like this:

class U ::GoToCel | D al og



{

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

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

The generated class doesn't i nhuesrei tt haen yhi oQdpp, cilwes <.r e Wl
Qialog and passstuplt().t o

I f you run the program now, the dialog will work, b

0 The OK button is always disabl ed.
0O The Cancel button does nothing.
0 The |l ine editammry acexedpts nstead of only accepting

We can make the dialog function properly by writing
a new cl ass t hatQial ogh anul:t ®@TobebltOialog and that i mpl ement ¢
fum¢onal ity (thus proving the adage that any softwa
another |l ayer of indirection). Our naming conventi ol
uiccgener ated cl ass Hiut pwietfhioxuut t he

Using a text edeéeat e ogptodeilbialog@ltlheed contains the foll

#i f ndef GOTOCELLDI ALOG H

#defi ne GOTOCELLDI ALOG H

#i ncl ude <QDi al og>

#i ncl ude "ui _gotocelldial og. h"

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

Q OBJECT
public:

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

void on_lineEdit_textChanged();
}H

#endi f

The i mpl ement at i gohoceblalilaloog. gpp: i n

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

Qi al og( parent)
{

setupUi (this);

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

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

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



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

}

I'n the constr usettuglr() twe icnailtli ali ze the form. Thanks t
acceW:sGToCellDialog s members directly. After csetepit() ng Itlh
automatically connect any sl ots t hetobjkcoNadeosingnal Naree() n B i
t he <cor r e sopjectNiien gignalNane() si gnal . I n ous mxampsetahlr) hwi |
establish the following signalslot connection:

connect (lineEdit, SIGNAL(textChanged(const QString &)),
this, SLOT(on_lineEdit_textChanged()));

Al'so in the constructor, we set wup a vianlpiudat oQt tpor orvi
buiilnt val i dat oQrnt\Vall datos, €@Xubl eval i dator, a QRdgExpVvalidator. Here we |
QRegExpValidator wi th the regul arZazX Foles®i{oon 2"}["A which mea
uppercase or | owercaséyl emteed, gfiol i owé he range 1 to
two digits each in the range 0 to 9. (For an QegBxg ad:
documentation.)

By pasthisngo QdyExpvalidator constructor, we md KGeToCeltlDialog hi |
object. By doing so, we don't haQrRegExdp\wliuaoor rlya tadro;uti td
del eted automatically when its parent is deleted.
Qt'"s parentchild mechani@wpeci.s Whnepnl ewee nctreeda tien an, obj e
validator, or any other kind) with a parent, the palil
When the parent is deleted, it walks through its I 1i:
themselves then del ete alslo oofn trheeciurr scihvielldyr eunnt ialn dnon
The parentchild mechanism greatly simplifies memory
|l eaks. The only objects we must delete exnpWw Bodt t hadal
parent. And iaf cwhei Idde loebtjeect before its parent, Qt wi
from the parent's Iist of children.

For widgets, the parent has an additional meaning: |
area. When we delete the paesnt hei dpel d manishl §yrom
vani shes from the screen.

At the end of the constructor, QiWaogt aceeaptg ts |tohte akd bt uht

button tepecti()hes | ot . Both sl ots cdcoepte) Slké¢ sdit &leoegsjudbtoiy's
QDi al og: : Accepted ( whi ch equarlejectl)) seandt he Qv @ dgu: Bejeicted ( whi c h
0). When we use this dialog, we can use the result

accordingly.

Theen_lineEdit_textChanged() sl emnabl es or disables the OK buttor
edit contains a v alirneEditc:aadsAcceptabtearipit@nuses t he validat ¢
constructor.

This completes the dial ogaincdde tmamsreowtrewrite

#i ncl ude <QApplication>

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

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

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



return app.exec();

Rebuil d t he amkel-projedtj gpake §otocell .pro) and run it again. T

edit, and notice that the OK button becomes enabl ed.
validator does its job. Click Cancel to close the di
One of the beauQti eBe swifginssritimtatal | ows programmers (gr ec
their form designs without being forced to change t|
purely by writing C++ code, changes-ctomstuhme ndg®Qs iWg t hc
Designeno time deicloismplsy nregenerates the source coc
changed. The dialog's useruiifhitlef @a@aes K#®Lfsialvee df d mmat )
functionality is i mpl emenitcegke nbey as teldc Icd sassisng t he

Shape-Changing Dialogs

We have seen how to creatéaodi dlhegs atmeatwi allgwedyss whene
some cases, it is desirable to provide dialogs that
shapenangi ng diedtxtogrssiaor damwmndudggiage di al 8gsh types o
be i mpl emennt@td, either purelt iDesdgderor using

Extension dialogs wusually present a simple appearani
to switch between the dialog's simple and extended
used Ppeotiaations that are trying to cater for both
options unless the user explicitly asks Qb Peesgi gthe m.
create the extensi oR gduireel .o2g 1sOhown i n

Figure 2.10. The Sort dialog with simple

View full size \maie

— Brimary Key

— Primary Key

Column: |¢ - | cancel | Column: [c v cancel
Order: |Ascending |~| | - 7 Gidan Hﬁﬁﬂill!ll

| dore |
— Secondary Key
b Column: [None [+
order:[pacandng |7
— Tertiary Key

order

The dialog is a sSpreaddhhmdetg amplai cati on, where the u
columns to sort on. The dialog's simple appearance
extended appearance provides for two extra sohlhtbed&ktwe
the simple and extended appearances.

We will create the widget withQti tBe seixgneewmdle dhi alpp ¢ drea |



tertiary keysneatasrmmeded. The widget | ooks complQtca

Des

ignefle trick is to do the primary key part first,

secondary and tertiary keys:

1.
2.

I f
For

We

[E=Y

w

.Make the dialog window tall enough for the ex
.Hold down the Ctrl key (Alt on the Mac) and c
t

Click File| New Form and choose the "Dialog with
Create the More button and drag it imeottbal vepht
Mor e buttéxomp'rsoperty to " &bheckable, praomplernty Set "t heet
butt odefaust property to "true".

.Create a group box, t wo | abel s, t wo comboboxes,

anywhere foar mhe

.Drag the bottom right corner of the group box to

wi dgets into the group box and positid&ngtuumemapgd

Figure 2.11. Laying out thengioup Ilgo

[ View full size i mage]
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(a) Without layout (b) With layout

.Drag the right edge of the second combobox to ma

combobox.

.Sd the grotuplebprxdmerty to "&Primary téaypgropdearet yi

"Column: ", and t hetexs ecrompe rltayp etld s" Or der :

.Rigktick the first combobox and choose Edit Qten

Desi gher combediotxbrreat e one item with the text " Nt

.Rigktick the second combobox and choose Edit |Ite

"Descending" item.

.Click the group box, then click Form|Lay Out in

Form| AdjSudgtai s will produce tRéegluago@h)>d&hown in

or i f you |

a |l ayout doesn't turn out qu t
it wi dgets and

i gh
m| Break Layout, then reposi e

wi || now add the Secondary Key and Tertiary Key
tra
I ic
iotf s tdentoentgd )nadn tbhomg he

d
I'l pressing Ctrl (or Alt). Kk
e second group box.

of the group box (an
group box, while sti
dragging it below th

.Change tihheipproperties to "&Secondary .Key" and " &
.Create one vertical spacer and place it between

secondary key group box.

.Arrange the widg4tkei pather @i igdhown@ad)h.2

Figure 2.12. Laying out time af grrm'ds

[View full size image]




6.Click the form to deselect any selected widbetfop
shoul d matweihgur e (2b)l.2
7.Set the two verti ciazéH ns pparcoeprerittyemsd [ 20, 0] .

The resulting grid layout has two columns and four |
Key group box, thellsepamesti vemfiche Secondary Key ¢
h

Key group box eac occupy a single cell. The vertici
buttons occupies two cells. That | earviegshtt woof etnpd iydica
what you have, undo the | ayout, reposition the widg:

rm " SortDialog" and change the window |

Rename the fo
t h oFsieg usrheo w2n. 1i3n

wi dgets to

Figur&32. Naming the form's widget

View full size image]

Click Edit|Edit Tab Order. Click each combobtokemmncli



