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Qt Creator Advances with Version1.2 ...................... 1 One of our goals for Qt 4.5 was to improve the performance of

Designing a Benchmarking LibraryforQt .................. 1 Qt. To help us achieve this goal we decided to extend QTestLib

New Ways of UsingDialogs .............ccvvviiiiinnnnn.. 3 with support for benchmarking. In this article, we will give a

DevelopingwithQtonS60 .............cccviiiiiiiinann.... 6 practical example of how you can use this new functionality to

Hierarchical Finite State MachinesinQt.................... 7 benchmark your own classes and applications. Among many

QENBWS o e e e 12 candidates for this benchmarking test, we picked out QVector,
and decided to test out the performance of its append()
function.

There are many interesting questions to ask abQWec-
Qt Creator is the integrated development environment that ~ tor::append() . What is the performance in Qt 4.5 compared with

now comes with Qt, and was released for the first time with ~ Qt 4.4? How does it compare witDList::append()? How does it
Qt 4.5, Its goa| is to provide a Comp|ete Cross_p|atform IDE perform with different vector sizes? We'll now take a look at how

for development of Qt applicationsSmaking it easier and these questions can be answered using the benchmarking extension

more pleasant to both get started with, and hang on to, Qt  to QTestLib.

development. Benchmarking can be done in several ways, ranging from small
Qt Creator comes with all the features one expects from a modunit-test-like benchmarks, ... How faQ¥ector::append(}t to full

ern, fully-"edged IDE. Among other things, it has project manage- scale system tests, ...Does the GUI on this new handled device stay

ment, integrated debugging, and an advanced code editor with syrfesponsive after spending one hour sending and receiving mails?t

tax highlighting, code folding, and rich search features. Also, the Since QTestLibis primarily a unit testing library we decided to add

Qt Help System and Qt Designer integrate nicely into the IDE. ~ support for unit test benchmarks.

Version 1.2 of Qt Creator is now available. It brings with it Writing and Running a Simple Test
many new features and improvements based on feedback from . o )
Ot Creator's users. We have especially good news for Win- 1 he standard test function looks something like this:
dows developers as creator now has new support for debug- Void tst_QVector::appen(
ging applications using the Microsoft Visual Studio toolchain. QVectosint > vector:
For a full overview of the changes for this version, you can see QVERIFY(vector.isEr,npty());
http://qgtsoftware.com/developer/changes/changes-gtcreator-1.2 vector.append( );
A new tutorial shows how to create an application from scratch. QVERIFY (vector.isEmpty() ==alse);

You can download Qt Creator either as part of the Qt SDK, or o _ _ _ _
by itse|f; you can ind the packages available for all SupportedEXtendlng it with a benChmark, will make it look like this:

platforms athttp://www.qtsoftware.com/downloads void tst_QVector::appen()
{
QVectogint > vector;
New Qt for S60 Preview Released QVERIFY (vector.isEmpty());
. , QBENCHMARK {
The %fth prerelease from the Qt for S60 porting project, vector.append( );
... Towert, is now available. Based on the Qt 4.5 codebase, the '}
focus in this release has been on improving graphics and net- QVERIFY (vector.isEmpty() ==alse);
work performance, better GUI integration, and porting even
more Qt modules to S60. Run the test the same way as standard test cases and you'll see the
A detailed list of changes is available at: benchmark result appear in the output:

Jtst_vector append

http://pepper.troll.no/s60prereleases/packages/changes-4.5.2-tower RESULT : tst vector vs_stdappend:

The developers have set up a mailing list for technical feed- msec peiiteration
back. To join, send a mail to (total: , iterations: )
mailto://qts60-feedback-request@trolltech.com This output shows that 0.000023 milliseconds is the average run-

with the subject set to ...subscribet. The list is read by all the time for one iteration, and that the measurements were accumu-
Qt for S60 developers, so it's the most direct way to give lated over appro>_<|mately 1M cal!s tc_) append (the con'.[ents of the
feedback on the release. QBENCHMA&Yfo is repeated). This gives us a rough estimate of the
performance ofQVector::append()which can be used for compar-
isons with other versions of Qt @LinkedList::append()for exam-

ple. One caveat is that calling append modites the vector, so we're
not measuring how long inserting the frst item takes, but rather an

The next release will focus on fnishing the experimental
features of this release and will be released as part of Qt 4.6.
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average insertion time as the vector grows. We'll see how to dea
with this issue later on.

The reason for repeating the contentSIBENCHMARI&at the
default measurement backendl$imewhich has a resolution of

one millisecond. Thisistoo coarse for a lot of benchmarks, some of
which have a run-time in the range of a few hundred CPU cycles.

All'is not lost, however. On some platforms we provide alternative
backends with higher resolutiaitkcountemwhich uses hardware
CPU cycle counters, arahllgrind which uses the Valgrind debug-
ging and protling tool to count the number of instruction loads by
simulating a CPU.

Backend (0K
tickcounter Windows, Linux, OS X
callgrind Linux, OS X(Qt 4.6 and later)

Example output withickcounter

Jtst_vector append -tickcounter
RESULT : tst_vector_vs_stdappen(:
728ticks per iteration (total: 1)
More options are available for further tuning. Use titerations
option to explicitly set the number of accumulation iterations, or

72§ iterations:

-medianto run the test function several times and take the median . . .
viewed in any modern Web browser. You can see an image of the

of the results. In the following example | also usk to get verbose
benchmarking output.

Jtst_vector append -tickcounter -median 3 -vb

QDEBUG : tst_vector_vs_stdppenf) warmup stage result

: 134904

QDEBUG : tst_vector_vs_stdppen) accumulation stage

result: 1008

QDEBUG : tst_vector_vs_stdppenf) accumulation stage

result: 805

QDEBUG : tst_vector_vs_stdppenf) accumulation stage

result: 798

RESULT : tst_vector_vs_stdappen(:
805ticks per iteration (total:

805 iterations: 1)

One interesting thing here is the warm-up stage. During testing wi
found that the cycle counter and Valgrind measures produced u
usually large results during the frst iterations. Our frst guess wa

ing the Valgrind call graphs we found that the time was spent by the.

dynamic linker resolving the symbols for the functions under test
(for exampleQVector::append(). This is something we don't want
toinclude in this results, so whenever tigkcounteror callgrind
backend is selected QTestLib adds a warm-up stage.

Using Data Functions

Like standard test functions, benchmarks can also_usga()
functions to run one test function several times with different input
data. This data function creates a 2D data set that can be used
test QLinkedList::append() and QVector::append()for different
data sizes:

void tst_QVector::appendMany_dgta

QTestaddColumrn@ByteArray("type");
QTestaddColumngt >("size" );
for (int size = 10 size < 2000 size += 100 {
const QByteArraysizeString =
QByteArraynumber(size);
QTestnewRow((QLinkedList%o™+
sizeString).constData())
<< QByteArraf)'QLinkedList") << size;
QTestnewRow({QVector%ot+
sizeString).constData()) <<
QByteArraf'QVector) << size;

ware. This electronics drop-out is obsessed wi

Here is theappendManyflinction:
void tst_QVector::appendMa@ly

{
QFETCHQByteArraytype);
QFETCH(t, size);
if (type =="QVector) {
QVectosint > vector;
QBENCHMARK {
for (int i = 0; i < size; ++i)

vector.append( 250);
}
} else {
QLinkedLis&int > list;
QBENCHMARK {
for (int i = 0; i < size; ++i)
list.append( 250);

}
}

This will produce a lot of output, so to visualize it we can
use the-chart option (available with Qt 4.6, get a preview at
http://qt.gitorious.orjy

Jtst_vector append_many -tickcounter -chart
The chart is saved to a fle namegbults.html which can be

chart below.

Summary

:\in this article, we have seen how the new benchmarking exten-

sion to QTestLib can be used. In this case, we benchmapkied-

Yor's append() and we compared the performance between it
that this was due to CPU cache warm-up effects, but when analyz- ppend( P P

andQLinkedLists append() These results were also visualized us-
ing QTestLib.

Morten Sgrvigis a software engineer at Qt Softi

F
multithreaded programming. He originates fron
Playa Los Fjordos on Norway's southern coast.

Qt Quarterlyis published by Nokia Corporation, Oslo, Norway.
Copyrighta 2009 by Nokia Corporation or original authors.

Authors: Kristian Amlie, Kent Hansen, Trenton Schulz, Morten
Sgrvig.

Contributors: David Boddie, Knut Yrvin, Kavindra Devi Palaraja.
Production: Katherine Barrios.

Editor: Geir Vattekar.

A selection of Qt Quarterlys articles and source code is avail-
able fromhttp://doc.trolltech.com/qqg/ . Potential contributors
should contact the editorsgt.comments@nokia.com

No part of this newsletter may be reproduced, in any form or by any
means, without permission in writing from the copyright holder.

Nokia, Qt and their respective logos are trademarks of Nokia Corpo-
ration in Finland and/or other countries worldwide. All other prod-
ucts named are trademarks of their respective owners. Produced in
Norway.


http://qt.gitorious.org

Issue 30 3

property ourselves, we can see a mapping between functions in
QDialogand thewindowModalitproperty:

One of the new features in Qt 4.5 is a collection of new methods @ (0 -> :NonModal

in QDialog that make it much easier to use application dialogs i () ->  :ApplicationModal

beyond the traditional modal way. These include window  The mapping above does not inclu@:WindowModahowever.
modal dialogs (sheets in Mac OS X) and ...live feedbackT |n the past, the solution was to set thimdowModalitproperty to
dialogs. They came as a result of our re-examination of  Qt::windowModblefore callingshow() or exec(). This works, but
dialogs, which allowed us to create a more unified way it s a bit different than just calling one function, and requires the

of presenting dialogs and more flexibility in using native  geveloper to remember one extra step.
dialogsSfirst on Mac OS X and later on the other platforms.

The Qt documentation provides the following description for
dialogs: ...A dialog window is a top-level window mostly used for
short-term tasks and brief communications with the user. QDialogs
may be modal or modeless.t

Traditionally when using dialogs in Qt, the code looks some-
thing like this:
MyQDialogSubclass dialog;

/I Various bits of initialization

if (dialog.exec() == ::Accept) {
/I Set new values or do extra work
/I based on results.

}
This code creates a dialog and then calkitsc() method, which
halts any further progress in the function uetiec() returns. This

is what is known as aapplication modakvent loop. User events, The mapping above is also incomplete when we look at Mac OS

such as mouse press and key press events, are still dispatched%nS concept of sheets. The Apple Human Interface Guidelines

the window that started the application modal event loop, but not tosays, ...A sheet is a modal dialog attached to a particular document

any other windows in the application (thisisthe ...modet that modzyr window ensuring that the user never loses track of which win-

refers to). dow the dialog applies to. Sheets also allow users to perform other
Another way of using dialogs is to treat them like normal win- tasks before dismissing the dialog, with no sense of the system be-

dows. This is accomplished by using the standawdidgemeth-  ing “hijacked'by the application.t An example of a sheet is shown

ods (i.e.show() close() , etc.). When used this way, dialogs don't in the image above.

block interaction with any of the other application windows. They If we look at this closely, we see that sheets are simply a special-

gre said FO be non-modal, bgt they do offer othgr ways of dlsmlss"|zation of window modal windows that makes them easier to know
ing the window used by the dialog and communicating results badﬂ/vhich window the sheet is modal for

from it.

There is another way of interaction callvthdow modabr doc-
ument modainteraction. This mode is between application modal
and non-modal. The idea behind a window modal dialog is that th
dialog blocks interaction with the window that it is a child of, but

Qt has offered the ability to use sheets since Qt 4.0. Like window
modality, it requires some extra thought on the part of the develop-
er. An example of using sheetsis provided in Qt Quarterly 18. Here

€isa reprint of the code:

does not block the interaction with other windows in the applica- void MainWindow. 0
tion. An example where this could be used is an application where if (ImessageBox) {
each ...documentt is represented in a separate window. Openingup  messageBox = new (tr( ),
a window modal dialog asking a question, e.g., where to save a tle, tr(
allows the user to continue working on other windows in the appli- . ) ),
cation (or even create more). This example shows when window ::\\/(veagnllng, Default
modality can be preferable compared to putting everything else in ;;No, h '
the application on hold to deal with one dialog. Naturally, this con- ::Cancel | ::Escape,
cept only makes sense for dialogs that have a parent. this, ::Sheet);

Qt supports the concept of window modal dialogs viawlie messageBox->setButtonText( :Yes,
dowModalitproperty ofQWidgethat was introduced in Qt 4.1. This isUntitled ? tr( ) tr( Dk

messageBox->setButtonText( ::No,

property allows the programmer to select any of the modalities )
mentioned above. The modality takes effect when the window is o )

shown. By default, all windows are created witindowModalitget connect(messageBox, SIGNAL(finished(nt )),
to Qt:NonModatSo, by default, any window that is shown is non- ) this , SLOT(finishClose(nt )));
modal and does not block interaction with other windows, which is messageBox->show();

what we expect. }

ThewindowModalitproperty is also used in the implementation This creates &MessageBaith the typeQt::Sheet, creates a con-
of QDialog::exec(), where the current modality of the dialog is nection from thdinished() signal to a slot in the main window for
saved, then set to lf@t::ApplicationModal, and then restored back  tnishing the close, and then shows the message box. The code is
whenexec() tnishes. Assuming we don't alter tagndowModality  very straightforward and it is not unreasonable to think that a Mac
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OS X developer would write this code, but it's very unlikely that for window modal dialogs. This resulted in tl@Dialog::open()
a cross-platform developer would bother to write itSthey would method.

probably just use the static function instead. QDialog::open()will show a dialog as a window modal dialog.
The example above shows how to use sheets correctlySthatOn Mac OS X, the dialog will be a sheet. To cooperate correctly
is, as a window modal sheet that returns immediately and doesn'with all the event loopppen() returns immediately. This requires
block the function. The result of what happens in the sheet is hanyou to use some sort of signal-slot connection to fnish up the
dled later in a slot. This ensures that the user interface works corwork on the window. LuckilyQDialoghas a built-infinished()
rectly with the other windows that are not blocked by the sheet. signal that contains the value that is set wifieish() is called,

We mentioned above that the function should return after show-something that bothccept() andreject() call.
ing the sheet and not block until the sheet has tnished its run. Itis Of course, nothing stops you from adding your own signals to
worth exploring why this is. The typical way to prevent the func- your QDialogsubclasses. The best part is that it works as a drop-in
tion from returning while still dispatching eventsis to create a local replacement for the code that was written in the earlier Qt Quarter-
QEventLoagnd quit the event loop when the window closes. A bad ly article, and, as a bonus, we don't need to speQifySheetwhen

example to compare with the code above is shown below: creating the message box. Instead of caltihgw() we callopen()
// BAD! DON'T DO SHEETS LIKE THIS! and get a sheet that works in a window modal way. You also have
void MainWindow - 0 th.e beneitt that the application is still able to handle work in other
windows. The user can then come back to the sheet when they want
if (!messageBox) { to. This works well on all platforms.
missageBOX = new (tr( ), With the advent ofQDialog::open() we now have a good map-
" ) ping of functions to match the different types of modality:
:Warning, : () -> :NonModal
ffmﬁs | :Default, (0 -> ::ApplicationModal
::Cancel | ::Escape, n () ->  :WindowModal
this, ::Sheet);

This should make choosing window modality for dialogs much
messageBox->setButtonText( iYes, easier than in the past. Create your dialog and call the function that

isUntitled 2 tr( ) ) matches the modality you want. It is also important for another part
mes(sageBox->setButt0);1Text( =No, of the puzzle, which we show below.
tr ; ) .

} Saicswcassenciors
eventLoop; . . .

P Another goal was to make it impossible to misuse sheets. The way
to do this is to have a strong coupling with window modality. This
means that specifying the sheet type is no longer necessary. Also, if

you tried to open an application modal sheet, you would instead get

eventLoop.exec(); a normal application modal dialog. This also means that, whenever
finishClose(messageBox->result()); ) e .’ .

} you asked for a window modal dialog, you get a sheet instead. This

While this works in some cases, it does not work in all situations,Vasmorea result of porting to Cocoa as Cocoa had no mechanism

Consider the situation where a user has two document Windowéor showing a window modal dialog without using a sheet.

with unsaved changes and you are handling the window close Having made the decision that application modal dialogs would
using code like that shown above. The user clicks the close buttoriiever be sheets had a consequence for all the static functions that
on one of the documents and gets a sheet for it. The user then clickgXisted in QDialog subclasses; e.gQColorDialog QFontDialog

on the close button for the other document and a sheet is shown foRFileDialog QInputDialogandQMessageBu¥e think in particular
this window as well. of the creator functions, e.qg., tiColorDialog::getColor() family
Don't Savet buttcm functions, which create@ColorDialog@nd display it in a modal

on the frst sheet that was shown. The sheet is dismissed, but th\ga?/' EVaCh fu.ncticl).n reCtulrni tﬂe color pickeld bﬁ the use'r of the
window doesn't close, because it is still locked in the second evemd'a ogsor an invalid QColoif the user canceled the operation.

loop created by the second sheet. Clearly this is not the behavior The problem about these static functions is that, since they re-
that is desired. quire an application modal dialog, they can never use sheets. This

Another possible place where sheets can be misused is to usdady bea bit, of a shock for users QFiIgDiangsince Qt in some .
them as an application modal sheet. While Qt has allowed thicases ran this dialog as a sheet (despite the effects it had on usabil-

in the past (and Qt's static tle dialogs did exactly this), it is not ity). Since other Mac OS X applications can run the tle dialog as a

recommended by the Apple Human Interface Guidelines. It alsoSheeL it would be nice to have this ability in Qt as well.

creates confusion because the sheet doesn't function this way in With QDialog::open()giving us a way to access all three types

other applications. In other words, Qt's static fle dialog functions of modality, we decided to see if we could include some additional
shouldn't have been using sheets. functionality to thes@®@Dialogsubclasses. We are pleased with the

result and believe that it offers access to more idioms of interacting
_ with documents that required more work in the past.
During the Cocoa port, some time was taken to revisit the sheet For many of the subclasses, we added convenience overloads
problem and attempt to make them easier to use. of open() that allow developers to specify the slots for processing
Another thing that was noticed was ti@gbialog::exec() always results. The dialogs take care of connecting the appropriate signals
made the dialog work in an application modal way if the modality 0 these slots, so no extra code is required.

of the window wa€Qt::NonModalt seemed logical that it would
make sense to add a function that would do something similar

connect(messageBox, SIGNAL(closed()),
&eventLoop, SLOT(quit()));

messageBox->show();

The user then goes back and clicks on the .
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The overloads are given in the following list: class MainWindow

< QFileDialog::open(QObject *receiver, const char *slot); { Q_OBJECT

< QColorDialog::open(QObject *receiver, const char *slot); ...

< QFontDialog::open(QObject *receiver, const char *slot); p”V"’/‘}e :

< QPrintDialog::open(QObject *receiver, const char *slot); *globalColorDialog;
< QPageSetupDialog::open(QObject *rec, const char *slot); . ...

< QlnputDialog::open(QObject *receiver, const char *slot); .
class PaintArea

< QProgressDialog::open(QObject *receiver, const char *slot);

< QPrintPreviewDialog::open(QObject *rec, const char *slot); Q_OBJECT
The idea is to connect the arguments passed to the typical signal publicmslots :
that is used for the dialog. Below is a list that shows which signals void setBrushColor¢onst &color);
the various dialogs will connect to. ...
< QColorDialogwill connect the slot passed in to itslorSelect- g
ed(QColor) Since we will not be using @ColorDialogcreated with one of its

static creator functions (e.gColorDialog::getColor()), we need
to keep a pointer to it around. We do that in the main window
subclass. We also need move t@RaintAreas::setBrushColor()
method to a slot.
< QProgressDialowill connect to itscanceled() signal. void MainWindow 0
You can also check out the offcial Qt documentation to learn {
more about the signals the dialog will connect to. Doing the setu . .
in open() keeps thg code clean a%d simplites setup ofgthe dialog. globalColorDialog = _new _ (this);

i . ) globalColorDialog->setCurrentColor(paintArea->brushColor());
You glsc? get 'Fhe benett of a native _dla_log in cases whe_re we can  globalColorDialog->setOption(
provide it, as is currently the case wilFileDialog QColorDialog ::NoButtons, true);
QFontDialogandQPrintDialog connect(globalColorDialog,

SIGNAL(currentColorChanged( ),

Since we had gone to the extra effort of making native dialogs SLOT(setBrushColor( );
work with open(), it wasn't much more of a stretch to have it work globalColorDialog->show();
also when the dialogs are shown non-modally wsitlow() While }

at #rst glance this may not seem to be that useful, it opens up a newye set the color to match that of the current brush, and we set the
interaction paradigm that is a standard metaphor on Mac OS X, th‘QColorDialog::NoButtonsption to avoid showing th@kandCan-
..live feedbackT dialogs. Something that is incredibly easy to dge| puttons. The main reason for doing this is that they do not make
with Qt. sense here, since we will be setting the color immediately (cancel
The static get functions of tf@Dialogsubclasses encourage peo- will not undo tho color change). However, it may be problematic on

ple to write applications where you stop the user to ask a questiortertain window managers on X11 where the window decorations
(such as ...which font do you want to use?t). However, this can ido not include a close button. Finally, we set up a connection be-
some situations slow down the work™ow and even become annoy-+ween thecurrentColorChanged(signal and thesetBrushColor()

ing for the user. slot that we promoted. We then calow()on the dialog. If the

For examp]e7 consider a scenario in which the user is exper-COlor dlalog is already ViSible, the call mOWOWIH raise it above
imenting with a color using &ColorDialog They have to click ~ other windows.
through a dialog to choose the color, dismiss the dialog, and then It comes as no surprise that it's not much different to do the
see how it applies. If they are not happy with the color choice, thesame folQFontDialog\Ve create a font dialog that we hold onto and
dialog has to be re-opened before a new color can be selected. Nattook it up to method in th@aintAreathat selects a font. You can
urally, it is more time consuming and tedious to repeat this procesalso look further at the changed example to see how it is done for
rather than keeping the dialog open while choosing a color and seea live feedback font dialog, and when using sheets for opening and
ing its effects immediately. saving tles.

One can of course provide alternatives to using dialogs t_
achieve a non-modal way of experimentation like that describe
above. In the case of font selection, for instance, Qt ha@Bumt- A lot of effort has gone into making this new way of working with
ComboBalass, which makes it possible to select fonts in a non-dialogs run smoothly, and we think that most people will nd these
modal way. But it doesn't have all the power and ease of use thafiew ways of interacting much more consistent and usable. While

QFontDialochas, and using dialogs is often a more intuitive way there are someissuesin Qt4.5.0 and 4.5.1, most of them have been
to go. addressed, so there is no better time to give it a go. We also hope to

With the addition of theQFontDialog::currentFontChanged() ~Nave more native dialogs hooked up in future versions of Qt.
signal that is emitted whenever the font is changed if@fentDia-
log, we can connect to this signal, and, by calléhgw() we have a
dialog that doesn't block the other windows and that provides live
feedback to the application. TigColorDialogclass also benetts
from a similar setup. We can show how this is done by reworking
the plug-and-paint example to use a live feedback color dialog. It's
straightforward and makes the program feel a bit faster.

< QFontDialogvill connect to thdfontSelected(QFont)signal.

< QFileDialogwill connect to thdileSelected(QString) orfiles-
Selected(QStringList) signal, depending on its mode.

if (!globalColorDialog) {

Trenton Schulzis a Senior Software Engineer
at Qt Software in Oslo. He is soon bidding the
Qt development world farewell and beginning a
career in researching.
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time of writing, the latest Qt for S60 can be found at
http://pepper.troll.no/s60prereleasds/the future, it will be part

Qt for S60 was released on June 25. 2009. This means that you ©f mainline Qt.

now can use Qt to write applications for an S60 device. In this Then we will need Open CAZ, which is the Symbian POSIX
article, we give a little insight into the peculiarities of the S60  implementation. It can be found on the same page as Qt. Open
platform, and show how to best utilize Qt on it. C/C++will detect your SDK location and install itself there.

Let's start by looking a little bit at how the Symbian operating ~ After the software has been installed, some additional steps are
system and the S60 platform came to be. Symbian was frst reneeded to confgure the environment properly. Firstly, we need to
leased back in the early nineties by Symbian Ltd. (under a differ-runx68Build\env_switch\env_updatizom the Carbide installation
ent name), and was programmed specitcally for embedded devicedirectory in order to set up the tools path correctly. Beware that this
with strict resource constraints. Later on, in the early 2000s, severals a system wide change that could interfere with other toolchains,
companies created their own Ul specializations on top of Symbians0 you might want to back up your environment. Then launch the
which resulted in UIQ, S60, S80, S90 and MOAP. Nokia created Qt for S60 Command Prompfrom the Windows Program Menu.
Series 60, or S60, which soon became their main Symbian based The latest release of Qt for S60 comes with binaries precom-
platform. piled, soitis not necessary to confgure or build Qt unless you want

to modify the library itself. To see some examples and demos you

can launch the emulator by typirgo¢ and then $nd an example

to run in the S60 menus.

We really want to build our own application though! Rest assured
that for most programs, the process of creatingra fle and
building the project is almost the same as on the other platforms Qt
supports. The real difference lies in executing the binary.

Let's start with the simplest Qt application there is:

#include <QtGui>;

int (int argc, char **argv)
{
app(argc, argv);
button;
button.setText( );

button.show();
return app.exec();

}

The Nokia N95 is based on S60. This is accompanied by the very simppeo fle:

SOURCES = main.cpp

: - .
How does Qt # mto_all this? Well, most of _the Qtcode is _Iayered The build process then works as usual, by execupinagkandmake
on top of Symbian directly, and only a relatively small portion lay-

ered on tqp of S60. The Ia_tter portion deals wi_th aspects of Qt's in;;:jtn fr:)l ??hg]grzﬁlz;)(;:?\?ebperg\zgg ;Ss??rf::tdi ;h(gtusj:&:ﬂ:.
tegration into the S60 environment, such as displaying the title an Ln

icon in the status pane, and using the editing capabilities for input

methods. The remaining Symbian code deals with more generic

platform APIs, such as those for painting, window management

and networking. This means that Qt sits on top of both of these

technologies.

But let's get into how we can actually use Qt together with S60.
First off, we'll need a Windows machine since the toolchain is not
yet adapted to other platforms. Let's start by getting hold of the
tools and SDKs needed for S60 development.

First off, we need Carbide €, which is the develop-
er environment we use for S60. It can be easily found with
a quick Web search for those two words. We then need an'hatwas easy, wasn'tit? Now, let's get into a slightly more tricky
S60 SDK appropriate for the phone we are developing for.area: debugging.
To #nd out which S60 edition your phone is using, check out For debugging, we use the Carbidé-JDE. Carbide is based
http://www.forum.nokia.com/devicedhe S60 editions are back- on Eclipse, so if you have used Eclipse before, you should feel at
wards compatible, so you can always use the latest one, but the usbome. First, we need to import our project into Carbide. This is
interface in the emulator may be different from the actual device.done by choosingnport from theFilemenu. The latest version of

After picking an SDK, download it from Forum Nokia. Carbide can import Qt projects directly, so choose that from the
For deployment to the device, Nokia PC Suite needs to peavailable options. On the next screen, locate.gine fle we just
installed. This is not required if you only use the emulator. made and leave the rest alone. You choose the correct SDK on the

Of course, you will also need the Qt package. At the nextscreen.
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By now you should have a project in your project explorer which
contains our tles. Try to open thain.cpptle and set a breakpoint _
by o!ouble clicking on the left margin. Click on the project ONnce ot 4.6 will add a framework for defining and executing
again and then choogbugfrom theRunmenu. This should give  pierarchical finite state machines. Qt State Machines allow
you a working debug session. you to effectively model how some system (a widget, a
Let's now look at how to compile the application and deploy it component, a server processSanything) reacts to events
on the phone. This is made a little more challenging by the securityover time; these state machines are a natural extension to
model used in Symbian. In brief, all Symbian applications neeth's event-driven programming model. This article gives an
to be signed before they can be installed. It is possible to self-sigroverview of the core concepts and functionality of Qt State
applications (which we will do), but they can not be granted all Machines.
the capabilities that Nokia-signed applications can. However, weThe article is laid out as follows. The trst section attempts to give
will not talk about this in detail here; for our Simple application, NO reasonsfor Why you would ever want to use a state machine frame-
special capabilities are needed. work in your Qt application, and why we at Qt Software felt there's
Because Symbian natively supports hot-switching between ema need for it. The second section gives an overview of state ma-
ulator and hardware builds, it is not necessary to recontgure Qtchine terminology and concepts. The third section shows how to
However, at the time of this writing, it is not possible to compile Qt get started using the Qt State Machine framework (...Show me the
for hardware unless you own a license to use the RVCT ARM com-code!T). The fourth section explains the basics of Qt State Ma-
piler. Fortunately, this restriction applies only to the library itself, chine's execution model and how it is re"ected in the APIs. The
and not to applications. So we can install the prebuilt libraries from $fth section details an example state machine that brings together
Qt Software and compile our test application against those. the features discussed in previous sections. The sixth section talks
Start by connecting your phone via the USB cable; Nokia about error handling. The seventh and $nal section concludes the
PC Suite should pick this up. The current Nokia phones do nota'ticle, and offers some pointers about where to go for more infor-
come with Open C/€+ preinstalled, so you need to locate the mation.

nokia_plugin\openc\s60opencsiglirectory inside your SDK in- _

stallation directory, and then open thgs and openc_sspack- ) . )
Imagine that you are standing in the middle of a large, open feld

ages found there. This will trigger an installation by Nokia PC ) )

Suite onto your phone. Do the same for thtelcpp package during a thunderstorm. You are feeling great. Then, all of a sudden,

found in nokia_plugin\opencpp\s60opencppsisThen locate the YU get struck by lightning, and you fall to th_e grqund, paralyzed.

gt_libs package in the Qt installation directory, and install that to Mom.ents .Iater, you ggt Sthk again, thus dlspglllng the old myth
that lightning never strikes in the same place twice. However, since

the phone.
AIf)t h lib . llation i | I diod you're already paralyzed at this point, the second strike in”icts
er the Qtlibrary installation is complete, all you need to do practically no damage (only trimming your eyebrows).

is return to the application folder at the command prompt and exe- . .
Apart from teaching you that you should never, ever stand in the

cutemake debug-gc¢e default when running justakés debug- i ) >
winscw. This will create the binaries, which we can install by exe- m|ddle of a Iargg, open teld du.rmg.a thunde.rstorm, thls'anecdote
illustrates how similar events (in this case, lightning strikes) can

cutingcreatepackage -i main_gcce_udeb.pKnat script will self aiff g di hich .
sign the package and install it. When asked whether you want th.lve literent outcomes ePe”, 'n,g on which state a system .(|n
this case, you, the protagonist) is in. How would you model this

install to the phone, answer yes and follow the instructions. After o o
behavior in a computer application?

this, the application should be available from your phongjsica-
tion menu. In a conventional event-driven application, the main loop takes

the next event from a queue and dispatchesit. The event loop itself
is not context-awargi.e., it does not take previous events into
account when deciding how to dispatch the current event. Thus, it
is left up to subscribers to that type of event to maintain state and
handle the event accordingly. For example, we could image that
the developer reimplements tlightningStrikeEvent() handler
function as follows:

void Protagonist:: (event)

if ('paralyzed) {
paralyzed =  true;
fallToTheGround();

Goncusion ] }
R
There are many more aspects to S60 development, such as signinge event handler is using a member variable to decide what needs

UIDs and debugging directly on the phone, but that is beyond they, e gone. This code might look innocent enough, but the moment
scope of this article. Hopefully this has given you some pointersto,,s start introducing more complexity into our model we could

start developing for Qt on S60! get into trouble. For example, the protagonist could be able to pull

Kristian Amlieis a Software Engineer at Qt Soft- out a magic conductor gadget from his pocket, providing a shield
ware, Nokia, in Oslo, Norway. When not trying against lightning. Or, on the third strike of lightning, the protago-
to tame the S60 beast, he likes conjuring up cool nist's moustache could catch *re. This approach can then lead to
riffs on his guitar and doing sports. some serious spaghetti codeSnahéente

As another (perhaps more familiar) example, consider a standard
calculator application. The handling of some input symbols (for
example, whether + should be treated as a unary or binary opera-
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tor) depends on the calculator's current state, which in turn was de- In the earlier detnition of a fnite state machine, all states are
rived from previous input. In this case, also, using variables to im-atomiSthere is no concept of nested states. When the number of
plicitly represent and infer state is a proven way of producing bug-states grows large, it becomes diftcult for human brains to manage
gy code that's hard to read, verify and maintainSeven for some- such a machine. Furthermore, there is no way to capture redundan-
thing as ...trivialt as a calculator (for an enlightening analysis of they in the machine (i.e., a subset of the states should share behavior
calculator case, see Miro Samek's book ...Practical Statecharts imder a certain input).

CICr+1). In a hierarchical state machine, states can have child states
Who's really to blame for spaghetti codeSis it the application (which can have child states, and so on). Such child states are also

developers? Arguably, yes, but one could also rightfully argue thatknown as sub-states. In such a machine, the machingisntstate

there should be tools and APIs available that help the developenctually refers to aetof states, known as the machinelisrrent

construct state models for their application. This lets the developercontgurationThis set contains the innermost (atomic) active state,

focus on implementing the logic that's unique to their application but also the ancestors of that state.

(i-e., doing their job!), rather than having to deal with mundane (but  State composition provides abstraction and encapsulation which
oh-so-important) plumbing works well Why, if suchan APIwere  makes it possible for mere mortals to manage very complex state
readily available and easy to use, maybe developers would actuallyhachines. It makes it possible to construct state machines that

feel inclined to use it, rather than going the way of the pasta. Thecan be ...plugged intot other state machines, or that can be further
result would arguably be more robust applications that are easiegpecialized and extended.

FO mal_ntaln and ex_tend, since state would be explicitly embodied With nested states, transitions that originate from a sub-state can
in the implementation. overridetransitions that originate from the parent state; in other
This is exactly the motivation for introducing a state machine words, if a sub-state doesn't handle an event, the parent state gets a
framework in Qt. The framework provides you with a means of chance to handle it instead. This is a very powerful mechanism, and
separating context-determining logic (tifie of spaghetti code, so s similar in concept to class-based inheritance (where you create
to speak) from useful work. In other words, instead of your code 3 subclass and either reimplement a method, or rely on the base

always having to check whether some conditions are satistedmplementation); hence, the mechanism is commonly referred to
before it can do what iteally wants to do, you expressthe logicin  3shehavioral inheritance

a sFate machine that .guarantees a well-dened context at the time Other important features that hierarchical state machines can
a piece of your code is executed.

Before delving into API and code, it can be helpful to brie’y
review some relevant terminology and concepts.

In mathematics, &nite state machinis defned in terms of an
input alphabet, a set of states,iaitial state, a set ofnal states,

provide are the ability to detne states whose child states are en-
tered inparallel and history states that enable save/restore func-
tionality for composite states. In total, such a hierarchical state ma-
chine ...toolboxt enables you to succinctly model a wide range of
behavior.

The additional power that a hierarchical state machine provides
o . over a "at state machine comes at a price: increased complexity of
an_d a statq;;_lnsnmr_\functlon_. Take care m_)t_ to confuse state Ma” the state machin@achineryRather than attempting to invent our
chine transitions with graphical (Ul) transitions. In state machine own wheels (only to helplessly watch them all fall off at the #rst
terminology, a transition is an instantaneous function, a mappinglum), the Qt State Machine framework adopts the algorithm from
from (state, input symbol) pairs to the next state. During executionthe SCXML ittp:/www.w3.0rg/TR/scxm)/specitcation devel-
the currentstate is the state that the machine is currently in. TheOloed by the World Wide Web Consortium (W3C). Qt Software is

machine starts in the initial state, reads the frst input symbol, Con'actively contributing to this open standard.

sults the transition function to determine the next state, and tran-

sitions to that state. The machine then reads the next input sy_

bol, and soon. Mfa?y Stite rrr:achmes will tﬁ/pmally want tc\)/\;/)':erforrr? The core Qt State Machinet@ APl is part of the QtCore module,
someaction (useful work) when a state change occurs. When t €soit's instantly available to any application that uses Qt 4.6 and

machine transitions to a +nal state, it will halt. beyond. Here's a small example; it shows a button that says ...Hello,
A state machine can be thought of adieected graphwhere  states!t and quits when the button is clicked:

the vertices represent states and the edges represent transitions. By; . (int argc, char **argv)

using a simple notation consisting primarily of circles (states) and ¢

labeled arrows (transitions), a state machine can be visualized in a
state diagramin software engineering, UML (United Modeling
Language, selettp://www.uml.orgis a popular language that pro-
vides a notation for drawing state diagrams; there are many tools
available, both commercial and non-commercial, that support this
syntax.

Awell-known usage of tnite state machinesin softwareisin lex-
ical analysis and parsing. In this case, the state transition function is
typically implemented as a lookup table or a switch statement. The
input alphabet typically consists of values of a native type (e.g.,
characters/integers), and the actions are embedded in the state ma-
chine implementation itself, which may be automatically generat-
ed; e.g., from a grammar defnition tle. Thisis a highly specialized
form of state machine, and is great as such, but it can be hard to
adapt to modebtherkinds of behavior (with different input alpha-
bets), since that's not what the tool/language was designed for.

app(argc, argv);
button;
machine;
*s0 = new (machine.rootState());
sO->assignProperty(&button, , (20Q 100Q);
s0->assignProperty(&button, ,

::connect(s0, éIGNAL(entered()),
&button, SLOT(show()));

*sl = new
machine.rootState());
sO->addTransition(&button, SIGNAL(clicked()), s1);
.:connect(&machine, SIGNAL(finished()),
&app, SLOT(quit()));

machine.setlnitialState(s0);
machine.start();

return app.exec();
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The following paragraphs explain what's going on in this ex- which path to follow next.

ample. Transitions are represented@gbstractTransitionobjects. The
TheQStateMachingass represents a state machine; you can cre-QAbstractTransition class defnes an interface that the state ma-

ate as many instances of this class as you want, and they run indehine uses to 1) query a transition whether it should be triggered

pendently of each other. You populate tQ&tateMachinebject by a particular event (th@AbstractTransition::eventTest() func-

with QStateobjects which represent the possible states of the mation); and 2) inform the transition thathiasbeen taken, thus giving

chine;in the previous example, there are only two stafemdsl the transition a chance to do additional processing if it wants to (the

(Although not shown in this example, creating nested states is onlyQAbstractTransition::onTransition() function).

a matter of passing another stateSthe parent stateStoQ@%ate The transition'sventTest() function receives th@Evenbbject

constructor.) to test as its argument. The frst thing an implementation of this
The QState::assignProperty() function is used to specify the function typically does is check the event's type; it might then go

value of an object's property ...in the futuret, that is, when the staten and check attributes of the event, thus makingcibraditional

is actually entered. In the example, the size and text propertie®r guarded transition for that event type. For instance, a particular

of the button will be set when stas@is entered. When a state is transition that handles key events might be triggered when the key

entered, it emits th@State::entered() signal; in the example, we is A, but not by any other key.

connect this signal c80to the button'show()slot. (Although not At this point you might be saying, ...So hold on, If the state ma-
shown in the example, a corresponding signal is emitted when &hine is asynchronous and event-based, howigal transitions
state is exitedQState::exited() .) work?t Glad you asked! What in fact happens behind the scenes

TheQState::addTransition() function is used to add a transition is that the state machine construct3@ignalEvenbbject that rep-
from one state (the transitiors®urcg to another (the transition's  resents the signal emission, and posts the event to itself. The signal
targed. The previous example creates a transition based on a Qevent contains, in addition to the sender object and signal ID, the
signal, in this case a buttortficked() signal. Consequently, when arguments (if any) that the signal carried. There is a matching class
the button is clicked, the machine will transition from its current QSignalTransitionthat handles signal even€SignalTransitiorls
state,s0, to the transition's target state], andsl becomes the eventTest() implementation returns true only if the event's type is
current state. QEvent::Signaland the sender object and signal ID of the signal

Once the machine transitions to a top-level £nal state, it will emit €vent match those of the transition itself.
the QStateMachine::finished() signal. (Note that a state machine  To create a signal transition that's conditional on the signal
doesn'thaveto have any ¥nal states, though; it can run forever if it arguments as well (for example, a transition that should be trig-
wants.) Final states are represented byQR@éalStateclass; sim-  gered only if the frst argument to the signal is a number greater
ply create aQFinalStateobject and use it as the target of one or than 10), you would subclag@SignalTransition and reimple-
more transitions. In the example, the machirieshed() signal menteventTest(), where you have access to the signal arguments
is connected to the applicatiorgsit() slot; the effect is that the  through theQSignalEvent::arguments(unction.
application will quit as soon as the tnal statg,is entered.

Before a state machine can be started, its initial state mus_
be set by calling theQStateMachine::setinitialState() func- This section shows how to create a state machine that uses cus-
tion. The machine may then be started by calling @&tateMa-  tom events and custom vtransitions. It also shows how to use
chine::start() function. The machine executes asynchronously, NestedSincluding parallelSstates.
so nothing will actually happen until the application's event loop  We examine a small application that reads and matches a series
is entered. At that time, the machine will enter the initial state, andof characters, i.e., a parser of sorts, implemented using the state
wait for events to process. machine API. In a real-world application you would probably

not use the Qt State Machine framework for such low-level data

_ processing (although you certainly can, as the example applica-
Using only the basic API covered in the previous section, it's al- tion shows!) since there are highly specialized tools and languages
ready possible to construct useful state machines. Before we caavailable for that (e.g., parser generators like yacc). For API il-
take it to the next level, however, we need to peek behind the curlustration purposes, however, the author believes the example is
tain and understand state machine events and how they relate ®uitable.
transitions. Informally, the behavior of the state machine can be stated as

EachQStateMachinebject maintains its own event queue, con- follows. The machine reads characters from a stream, one at a time.
sisting of QEvenbbjects. Similar to how you can post events to As each character is read, it is compared to an expected character.
application objects usingdCoreApplication::postEvent() you If the character is different from the one expected, the state ma-
can post events to @StateMachinebject by callingQStateMa-  chine should print an error and terminate. Likewise, if the end of
chine::postEvent(). If you've ever used custom events for the character stream isreached before all expected characters have
things like thread communication in Qt, and reimplemer@&b-  been encountered, the state machine should print an error and ter-
ject::event() to handle those events, this should sound familiar; minate. When all expected characters have been matched and there
events and signals are the principal ways in which Qt objects com-are no more characters in the reader's stream, the machine termi-
municate. nates silently, indicating success.

When a state machine receives an event, it will basically ask all The state machine consists of two principal parts: a reader and
transitions that have the current state as their source state, ...Shoalcthatcher. Each of these is defned as a composite state, and they
you be triggered by this event?t If a transition says, ... Yes,T the staten inparallel, the reader and matcher don't communicate directly,
machine will transition to that transition's target state. In this way, but rather by the reader posting the characters as custom events to
the state machine can be said to provide the contexdrflyyasking the state machine, one at a time. When the reader reaches the end
those transitions that originate from the current state), and theof the character stream, it will post an End-Of-File (EOF) event.
transitions are the ...direction indicatorst that tell the state machiriéhe matcher, meanwhile, attempts to match the characters against
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those of another particular string, until it has matched everythingWe defne a transition that posts a new event every time it receives
and receives the EOF event. Error handling is achieved by hava CharEvent

ing ...catch-allf transitions for character events and EOF events inclass ReadTransition : public CharTransition

the top-level matcher state. If the event is not accepted by the ac- {

tive sub-state (e.g., because a character fails to match), the parent PuPlic:

state gets to handle the event instead, and it has a custom transition Re.a%Triir(lisnl)tlon( &n)
that treats the event as an error. The diagram below illustrates this o
design. protected:
void onTransition( *)
{ generateStimulus(m_in, machine()); }
private :
&m_in;

We defne a custor@harEventype as follows:

h
We detne a custom state that, when entered, posts a new input
event. The state has self-transition(a ReadTransitionobject)
that effectively makes the state ...loopt until there are no more
CharEventposted:

class ReadState :public

class CharEvent :public |{ouinC'
E)ubliC' ReadState( &in, *parent = 0)
CharEvent( const &value) : (parent), m_in(in)
: ~Type( =User+1), addTransition( newReadTransition(in));
m_value(value) {}
value() const { return m_value; } protected:
private : m value: void onEntry( *)
. - ’ { generateStimulus(m_in, machine()); }
’ . - ] private :
We defne a corresponding transition type that recognizes &m_in;
CharEvents k
class CharTransition : public We can now start to build up the state machine and the composite
EJUbliC' reader state. Firstly, we create a parallel top-level group state (the
CharTransition() {} matcher will later be addgd to this group as well):
protected: machine; _
bool eventTest( *e) *group =new (machine.rootState());
{ return (e->type() == :User+1); } group-> ( ::ParallelStates);
\ void onTransition( 9 { We detne the composite reader state. It consists of two sub-states:

We detne a similar pair of classes for End-Of-File events:

class EofEvent : public

one that's active as long as there are characters to read, and a fnal
sub-state that's entered when End-Of-File is encountered. For
simplicity, the string of charactersthe reader receives always spells

{ b ...Qt4.6%. The diagram below shows the sub-states of the reader.
public:
EofEvent()
: ( =Type( :User+2))
¢
I3
class EofTransition : public
{
public:
EofTransition() {}
prot%(;tgld; entTest( o Here is the code that builds the reader.
v * % _ .
{ return (e->type() == User+2); } rea?er B nev)v. (group);
void onTransition( {3 (&str); '
3 ;

We deifne a small helper function that generates a new event from

ReadState *read = newReadState(in, reader);

the character stream QirextStreambject): *eof = new (reader);
: - {
void ( &Tr,nachine) EofTransition *trans = newEofTransition();
{ trans->setTargetState(eof);
if (lin.atEnd() { read->addTransition(trans);
value; } - .
in >> value: reader->setlnitialState(read);
machine->postEvent( newCharEvent(value)); }
} else { At this point, if we run the state machine, it will generate events for
machine->postEvent( newEofEvent()); all the characters from the stream, and tnish when End-Of-File is
}

}

reached, as you would expect. However, it doesn't do any useful
processing of those characters. Which brings us to the matcher.
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We detne atransition that matches a particular character:
class GuardedCharTransition public CharTransition

{
public:
GuardedCharTransition(const
: m_value(value) {}
protected:
bool eventTest( *e)

&value)

if (!CharTransition::eventTest(e))
return false ;
CharEvent *ce = static_cast <CharEvent*>(e);
return (m_value == ce->value());

m_value;

h

protected:
void ( *e)

CharEvent *ce =
fprintf(stderr,
ce->value().toLatin1());

static_cast <CharEvent*>(e);

}
h
class PrematureEofTransition :public EofTransition
{
public:
0

protected:

void ( *)

fprintf(stderr, ):

The diagram illustrates the matcher's sub-states; notice that we }

create one sub-state for each character in the input string.

We detne a helper function that creates a composite matcher state

from a string.

* (const &str,
*parent = 0)
{
*matcher =new (parent);
*s = new (matcher);

matcher->setlnitialState(s);
for (int i = O; i < strlength(); ++i) {
*Ss = new (matcher);
GuardedCharTransition *trans =
newGuardedCharTransition(str.at(i));
trans->setTargetState(ss);
s->addTransition(trans);
S = ss;

*done =new (matcher);

EofTransition *trans = newEofTransition();
trans->setTargetState(done);
s->addTransition(trans);

}

return matcher;
}

The transitions are added to the matcher state, and will cause the
machine to transition to a ...badt tnal state:

*doneBad mew (ma-
chine.rootState());

PrematureEofTransition *trans =
newPrematureEofTransition();

trans->setTargetState(doneBad);

matcher->addTransition(trans);

ExpectCharTransition *trans =
newExpectCharTransition();

trans->setTargetState(doneBad);

matcher->addTransition(trans);

}

When the state machine fnishes, the machine's contguration can
be consulted to determine whether it did ...goodt or ...badt.

Jstringmatcher
prints nothing (success).
Jstringmatcher
printsexpected '6'.
Jstringmatcher
printsexpected "." .
Jstringmatcher
printspremature end of tlglehere refersto the reader's character

We create the matcher as a child of the parallel state group (thetream; i.e., the txed string ...Qt 4.67).

string to match is taken to be the frst argument passed to the appl

cation):
( »:fromLatin1(argv[ 1]));
*matcher = (arg, group);

The Qt state machine framework scheduled for Qt 4.6 provides a
powerful and robust way of detning logic within Qt applications.

If everything goes well, both the reader and the matcher will enterThe framework integrates deeply with Qt's meta-object system
their $nal sub-states, which will cause the parallel group state toand event system, and is a natural extension to Qt's foundations.

tnish, which will cause the state machine to transition to a top-level

fnal state, which will cause the state machine to tnish:

*doneGood rew
machine.rootState());
(group, SIGNAL(finished()),
doneGood);

group->

There are a lot of Qt State Machine goodies that haven't been
covered in this article; for example, how to use history states to
model pause-and-resume behavior, and how to use the state ma-
chine framework together with the animation classes (also to be
introduced in Qt 4.6). Naturally, the offcial Qt documentation is a
good resource for more details and working examples. The blogs
on theQt LabsWeb site is also a place to watch for tips, tricks and
new developments. Finally, be sure to check out the QtSCXML

We deitne transitions that handle errors; these are specializatiorgroject in the Labs, which aims to provide full SCXML support

of the generic€harTransitionandEofTransition classes:
class ExpectCharTransition : public CharTransition

{
public:
ExpectCharTransition() {}

based on the Qt State Machine framework.

Kent Hansernis a Software Engineer at Qt Software.
When he's not busy helping the Qt State Machines
take over the world, he enjoys playing the harmonica
and the Irish whistle.



Nokia, Qt Software is pleased to announce the dates for our sixth

annual conference, Qt Developer Days 2009! Each event offers
On May 11, Qt Software started the process of opening the detwo full days of in-depth technical workshops and seminars on Qt
velopment of Qt and related projects to the Qt user and develtopics, plus a day of introductory seminars and training sessions.

oper community. The 1rst step in this process is the opening of  agsual, attending Developer Days gives you the chance to ask
Qt's source code and revision history via a publicly accessible e Qt developers your toughest Qt questions and gives you the
source code management system based on the Git version contrgl,qrunity to network with other Qt users and developers in the
system. wider world.

Interested parties can access the source code via the Gitorious
Web interface ahttp://gt.gitorious.orgbr use their favorite Git
front-end to obtain a copy of the code and its history.

Motivated developers can submit changes to Qt via an online
contribution system that enables both contributors and core Qt de-
velopers to keep track of new code and cleanly integrate accepted
changes into offcial Qt releases.

_ng
Some discussion of core Qt development now takes place on the
#qt-labs IRC channel at Freenodéet{p://freenode.ngtcomple-
menting the existingqt discussion channel for users.
ng

Nokia has released Qt 4.5.2. This release coincides with version _ _ _
1.2 of Qt Creator. In addition, Nokia has provided additions and More information can be found on the Developer Days 2009 site:
updates to the Qt Visual Studio Add-In and the Qt Eclipse Inte- http://www.qtsoftware.com/qgtdevdays2009

gration.

Qt 4.5.2 includes bugixes and optimizations made sinc_

the release of Qt 4.5.1. Aside from these, the release also inDevices that come with multi-touch capabilities have become
cludes a new example (Fancy Browser) that shows how to usenore commonplace in recent timesSfor instance, Apple's iPhone
jQuery in QtWebKit. You can nd a detailed list of changes here: and iPod touchSand desktops are quickly catching up with this
http://www.qgtsoftware.com/developer/changes/changes-4.5.2  trendSfor instance, Dell and HP have multi-touch Tablet PCs. At
Both Qt 4.5.2 and Qt Creator 1.2 are available in a new build Qt Software, we are frequently asked when Qt will contain support
of the Qt SDK (Build 2009.3). The Qt SDK contains everything for such devices.
needed to begin cross-platform development with Qt, and is freely = Qt Software is developing a new multi-touch API that is planned
available for download dittp://www.qtsoftware.com/downloads to be released with 4.6. However, it is already possible to take
The wupdated Visual Studio Add-n and Eclipse @ sneak peek atitin our public Gitorious repository. We are also
Integration are available for download separately from integratingitinto the Qt mainline very soon, so you will be able to
http://www.qgtsoftware.com/downloads play around with it long before the 4.6 release, which is planned
for later in the year.

_ You can tnd it heréhttp://gt.gitorious.org/qt

Qt Mobility is a project within Qt Software to create a new suite of

Qt APIs for mobile device functionality with the aim of enabling _

cross-platform mobile application development. The popularity of ultra-portable and small netbooks presents sever-
The new APIs aim to make Qt an even more comprehensivey| problems for established user interface managers like KDE and
framework. Developers will be able to write cross-platform Qt GNOME. Most of these result from the reliance on large screen
applications that take advantage of mobile device functionality,resolutions that desktop users have enjoyed for so long. This re-
making it possible to create rich applications targeting Series 60qyjres the developers of these environments to $nd new solutions
Windows CE and Maemo. and perhaps move away from the ...desktopt concept altogether.

hitp://labs. gtsoftware.com/page/Projects/QtMobility KDE has now started development of Plasma for netbooks. The

_ Plasma executable for netbooks is simpler than the one used for

) X : desktops. It has a main view (we don't use the word desktop here)
This year, for the frst time, developers from the rival KDE and j \which it can show an activity; i.e., a GUI program. For now, the

GNOME free desktop projects will be holding their annual Akade- pygject is focusing on two activities. Firstly, a full screen applica-
my and GUADEC meetings together in Las Palmas, Gran Canariayjon, |auncher, document browser, search interface, etc. Secondly, a
instead of at separate events. newspaper activity, which can scroll a view of selectable widgets

The summit begins on July 3, and scheduled events are plannedn the screen; this can, for instance, be used to select between run-
until July 11. There is no charge for registering, but attendees mushing applications.

register in advanceSthis can be done online. Development is still in an early phase, but it looks promising.
More information about the event can be found on the confer-You can tnd information about it at the following site:
ence Web sitéhttp://www.grancanariadesktopsummit.org/ http://www.notmart.org/index.php

Contact address: Nokia Norge AS, Sandakerveien 116, P.O. Box 4332, Nydalen, NO-0402 Oslo, Norway



