WWW.JAMK.FI

OPTIMAL MIXING OF NATIVE FUNCTIONALITY
AND WEB TECHNOLOGIES: CASE QT

Anna Szewczyk

Bachelor’s Thesis
April 2011

Degree Programme in Information Technology
School of Technology

{(2&2\\ JYVASKYLAN AMMATTIKORKEAKOULU
-

L8
4) JAMK UNIVERSITY OF APPLIED SCIENCES



JAMK UNIVERSITY OF APPLIED SCIENCES

P/ A - .
lfm\\ JYVASKYLAN AMMATTIKORKEAKOULU
l% y/

4
Author(s) Type of publication Date
Bachelor’s Thesis 02.04.2011
Pages Language
SZEWCZYK, Anna
45 English
Confidential Permission for web
publication
() Until GRANTED

Title

OPTIMAL MIXING OF NATIVE FUNCTIONALITY AND WEB TECHNOLOGIES: CASE QT

Degree Programme

Information Technology

Tutor(s)

PELTOMAKI, Juha

Assigned by

Digia Finland Oyj

Abstract

The main goal of the thesis assigned by Digia Finland Oyj was to explain what hybrid applications are,
present the way of creating them and define the most optimal choices of their development. All these
aspects are presented based on Qt, which provides an excellent set of tools for building hybrid
applications.

With the internet and mobile industry development, end users’ demands started to increase. Accessing
the internet with common mobile browsers was not enough anymore. Following the customer’s needs,
developers all over the world had to investigate the problem of creating mobile applications, offering
access to the most popular web services. This is how the idea of a hybrid application was raised. The
assumption was to create availability to the service both for connected and disconnected users. The goal
was to create a native application with no feature access restrictions, which is fast because demanding
customers do not accept any delays and to attract as many potential users as possible the application had
to be versatile.

The thesis describes the basic aspects of a hybrid application’s idea. It presents to the readers simple
examples of hybrid application building, how they look and what should be taken into account during the
whole process of application development. In the thesis a way of combining the best parts of both native
functionality and web technology are illustrated, which as a result gives a hybrid application - an
application which can reign on the future mobile phones and tablets.
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BSD Berkeley Software Distribution license
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NPAPI Netscape Plugin Application Programming Interface
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Ul User interface
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XAML eXtensible Application Markup Language
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DEFINITIONS

Hybrid application — it is a combination of native and web applicatibhe outer
shell of the application is a native one and ittaors web parts in form of primary
user interface implemented in HTML, CSS and JavaSand running inside of the

platform’s web control.

(Mills, 2009; Pavley, 2010)

Native application —it is an application designed to run on a desioperating
system and machine firmware. Typically it needbeéadapted in order to be used on

different devices.

(dotMobi, 2010)

Web application — it is an application which is accessed via nekwl uses a web
browser as a client, which means that browsered as a program the person uses for

running the application.

(Chaffee, 2000)



1 INTRODUCTION

Nowadays computer and internet are essential f&ofoour daily life. The power and
range of the Internet has become so huge that almasne imagines living without
it. It is basic mass-media and people use it iagplects of their life, starting from
gaining new information from multimedia librariegatching programs, finding

places through online maps, striking up the acdaaces, sharing their photos etc.

Simultaneously with the development of the Intertied demand for more and better
applications supporting internet services has as®d. Desktop applications were no
more sufficient and that is how hybrid applicatistarted to be developed.

With the development of ever fancier, faster andare¢echnologies meeting
customer’s expectations, the boundary between alesifiplications and the web
became very thin. Eventually these two distincgpaonming models were combined
within one single application program creating glapplication, which in the

nearest future can reign the whole portable devitaket.

Objectives of the thesis

The main goal of this Bachelor’s thesis is to shvawat hybrid applications are, how
they were formed and how they can be built. In ptdelo that firstly basic

information about tools and technologies requiadcfeating hybrid applications is
presented and explained. There are many diffeeshinblogies that can be used for

creating a hybrid application, inter alia:

* OSGi +Java EE

* Flex+ HTML

» Microsoft Silverlight + JavaScript
* Adobe AIR + HTML, JavaScript
» Appcelerator Titanium

* Phone Gap



» Oracle’s Java Platform integrated with Gecko

e Qt+ WebKit.

However, due to the fact that currently Qt has beza more and more popular
framework, it will be used in this document to shexamples of hybrid application
creation. That is why firstly the reader is familza&d with Qt and the possibilities and
tools that it provides. Next the notion of WebKitoaQt WebKit are explained and
their basic usage is shown. An inseparable parybfid applications is also
JavaScript which will be described in one of thiéofeing chapters (3.2).

After characterizing essential technologies antstoeeded for hybrid applications
creation, the advantages and disadvantages ofasuapplication are described. The
basic aspect of creating hybrid application is @nésd - among other things, which
parts of native functionality and web technologiesuld be used in order to create the
best hybrid application are explained. Additionathe author explains when it is
worth to take the hybrid approach, and when ititdy to choose a purely native or

web application.

Finally, the problems that each hybrid applicatieveloper can face are
demonstrated. The reader is also familiarized wighbasic ways of solving such
problems with the usage of Qt and the tools it ples as well as JavaScript. In the
last paragraphs the author acquaints the readethégtbasics of a QML language and

presents an example of hybrid application.

2 QT FRAMEWORK

Qt is a set of cross-platform framework dedicate@++. It was produced by the
Norwegian company Trolltech and since 2008 it imed by Nokia. The latest stable

version 4.7.2 was released on the first of Marchl20
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FIGURE 1. Availability of Qt framew ork on different platforms; (Nokia, 2011)

Qt libraries weravritten in C++ and rve fully objecteriented archi:cture However,
they can be also useda language bindings, in applicationsitten in several other
languages, includinglava, C, Ada, Pascal, Perl, PHP, Ruby d@ython Their main
purpose is to creatmmplex desktop applications with graphic intce. Qt librarie:
contain classeespoisible for graphic elements and the ones resible for lower
level operations. Qgives possibility of building multithread progrs, working with
files, sockets, signaland sloi mechanism or hierarchical system lfi@ndlin¢ events.
It also offersmoduleshandlint OpenGL, databases (SQL), XMicalizatior and

cross-compiling.
(Nokia, 2011)

Qt contains a numberf specialized tools which can be divideto two groups:

graphic and preomgpilation tools and they are presented below.
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FIGURE 2. Graphic and pre-compilation tools available on Qt(Nokia, 2011

The most important t Graphic tools are presented be as follows.

Qt Creator IDE

Qt Creator idreely available for downloaccross-platform IDEwhich enables

creating applicationsormultiple desktop and mobile device platfcs The latest

stable version 2.1.0 as released on the first of March 2( It can be run or

Windows, Linux/X11and Mac OS X operating syste

Qt Creator provides set of very useful featu, like C++ and JavaSipt code editor.

It supportdifferent varsion control systes:

« CSV
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+ Git
* Mercurial
» Perforce
» Subversion
It also provides GDB, CDB and internal JavaScrgihubgers, project and build
management tools, simulator for mobile Uls and swipjor mobile and desktop

targets. Qt Creator has also an integrated Ul desigllowing modifying the Ul files,

which are XML files encoding the user interfacaimachine-readable way.

(Nokia, 2011)
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FIGURE 3. Qt Creator in edit mode (Nokia, 2011)

Qt Designer

Qt Designer is an application for creating instaptlieviewed graphical interfaces
with drag and drop functionality. It contains aréiby of standard widgets but enables
also creating customized ones. Moreover it gengi@ter or Java code directly from

created interface. Qt Designer can be used witbaliStudio and Eclipse IDEs.
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FIGURE 4. Qt Designer in edit mode (Nokia, 2011)

Currently Qt is very popular and it is used, irdéa, to develop the following apps:

* Adobe Photoshop Album

e Gadu-Gadu (v8)

* Google Earth

* Mathematica

¢ Opera

e Opie

* Picasa

* Skype

e VLC media player

* VirtualBox
(Ovisoftware, 2010)

It is also used as development tool, inter aliafdlipwing companies:

* Autodesk
* European Space Agency

« KDE
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* Panasonic

e Philips

e Samsung
* Siemens
* Volvo

* Walt Disney Animation Studios

(Panayara, 2011)

The constantly growing popularity of Qt, its verigtin terms of its possible use on
various platforms and also whole bunch of tools/jgked by it, decided on its choice
as an exemplary framework for showing hybrid aggglan creation. Furthermore, Qt
has a rich selection of features for hybrid appstigment: Qt WebKit,
QtScriptModule, QtXMLPatterns and QNetworkAccesssiger.

(Nokia, 2011)

Qt & Digia company

Digia PlIc as one of the world’s largest indepengavider of OS based software
integration services and solutions for smartphavidsa unique expertise in, inter
alia, mobile devices and web application desigs,lieen involved in Qt development
for a long time. It has not only employed many &elopers, prepared Qt trainings,
taken part in different Qt events, for which it leways prepared varied showcases
but it has also developed a many QT applicatiom& @f them was released in the
year 2009: Digia @Web, which is fully finger touchntrollable, web browser
specifically designed application to run on MaefRESURE 5).
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FIGURE 5. Digia @Web Qt browser (Digia Plc, 2011)

Currently Digia has approached even closer to thel@@ to the fact that on the
seventh of March 2011 it has signed the agreemientNwokia to acquire the Qt
commercial licensing and service business. It peeted that Digia will be involved

in further Qt growth even more than up to presemét With hundreds of Qt experts it

will contribute to Qt innovations and support flattQt growth.

(Digia Plc, 2011)

3 Qt WEBKIT

3.1 WebKit

WebKit is a browser engine developed as open saafteare. It allows rendering
internet pages, HTML and executing JavaScript. i@aigy it was authored in C++
and used in Apple’s web browser — Safari. Lateai been ported to many
frameworks. Currently WebKit is used in many apgicns: browsers, E-Mail
Clients, Instant Messenger Clients, Web Developmg@mlications etc. Itis a
technology which not only web developers but alst esers are familiar with and it

has been also widely used on mobile devices.
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WebKit contains two of the most important librari#éebCore and JavaScriptCore,
which are available as system frameworks. WebCodeJavaScriptCore are
developed on LGPL license and the other WebKit camepts are available on BSD

license.

WebCore is a layout allowing processing and remdenieb pages. It is Document
Object Model library for HTML and SVG that is a waf/presenting complex XML
and HTML documents as an object model. This maglptegramming language and

platform independent.

JavaScript Core is a framework implementing usdglaeaScript language, which is

described more precisely in the next subsection.

(The WebKit Open Source Project, 2011)

3.2 JavaScript

JavaScript was originated in Netscape company\aSdript —scripting language
expanding HTML. In 1995, based on the agreementdest Netscape and Sun

Microsystems companies a new language — JavaScwgs created.

It is an implementation of the ECMAScript languag@ndard, which is widely used
for client-side scripting on the web. JavaScripdspting, object-oriented, interpreted
language, which allows creating short programsctliyeembedded in HTML code.
These short JavaScript parts can recognize aneégyagact on different events

caused by end user.

JavaScript is a multiplatform language, which mehas the code written in
JavaScript, in most cases, can be used on diffeparating systems (like Windows,
Linux, MacOS). What is more, on all of these systéhe scripts should give the same
results. It is very important because currently potars and other devices - used for
Internet, browsing, are created on various opegaystems. Without the cross-
platform nature of JavaScript and its wide rangproperties, developing scripts
improving WWW pages for users working on differ&imd of systems, would be

much more difficult. Moreover, the cross-platfornoperty of JavaScript -



15

contributed to its increasing popularity, becausaigects of web pages noticed a

chance in this language to reach the widest gro@ma users.

JavaScript's main application is to improve webgsadt is done by introducing
dynamic and interactive effects to static pageschvts impossible to be obtained
only with usage of HTML. It can be used for implertiag error handling for data
entered to HTML forms. JavaScript can also be tsedork with XML data as well
as with XML based languages such as XHTML, SVG, XAMRDF, XUL etc.

The main JavaScript features are:

» cross-platform, lightweight, object-oriented, stirig, interpreted language

» itis based on predefined objects but it does haoiveto use all of the object-
oriented programming mechanisms like inheritance

* it can react to different kind of end user’s evelike mouse clicking,
navigating between pages etc.

* itis embedded in HTML code

» itintroduces dynamic and interactive effects t® skatic web pages

» it can handle errors caused for example by daeretto HTML forms

e it can create cookies on browser side.

(Watt, Watt, Simon, & ODonnell, 2003, 21-29)

3.3 Qt WebKit

Qt WebKit is a Web browser engine, based on then(Gmeirce WebKit engine,
integrated with Qt. As it is a web contents renagengine, it is also one of the most
important components required for creating hybpgligations. With this module it is
much easier to integrate Open Source WebKit ingkidg applications. It is fully
featured and standard compliant. It supports JayatSEITML / XHTML, CSS, SVG,
XPath and AJAX technologies. This is a very useafodule and there are already

many applications using it, for example:
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* Arora
« Konqueror
* Rekonq
e Light
« Orange Mobile Browser
» Google Earth
* Spotify for Linux
e grr
* Crochik Macuco
e (reddit
« QtWRT.

(Nokia, 2011)

Provides simple
Allows to intuitive way for
use of network embedding web
resources content into
application

Supports cookies,
settings, history, Allows enhancing
both native and content with
non-native plugins, native controls
Java

QtWebKit

JavaScript, HTML / ma | n both Qt from

Supports: Enables calling

JavaScript and
JavaScript from Qt

XHTML, CSS, SVG,
XPath and AJAX

features

FIGURE 6. Qt WebKit main features (Nokia, 2009) (Ksonen, 2009)
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Qt WebKit has nwve application integration which means that loand web conter
can be merged. It islmsicmodule used focreating hybrid applicayn, mainly
because it provides mponents which allow integration of web teologies It has
also variedset of tool and features, some of which are describdel GURE 6 and it

also has moderrend:ring features presenten FIGURE 7.

oo
EMSUTEs aboUt proper |
| SHSUIeS dUOUL PIOPET |

FIGURE 7. Qt WebKit rendering features(Nokia, 2009

3.4 Qt WebKit classe

Qt WebKitmodule povides a great number afasses which allow ndeing HTML,
XHTML and SVG dcuments. The following classes can be fourQt WebKit:

* QWebFrame +t is responsible for frame inside a web page

* QWebHistory- it is directly elated to the history of visitediges. Thanks 1
this class it isaossible to navigate histt

*  QWebHistorynterface— this class gives an interface, whistused to creai

link history



18

*  QWebHistoryltem — as the name suggests, this dasmply responsible for
one single item in the history. QWebHistoryltemretosuch as properties of
the web page like: title, URL, date and time of lde& visit on the page and an
icon of the page

*  QWebHitTestResult — this class returns web pagéeots information after
hit test

* QWebPage - it allows viewing and editing web péigalso holds a main
frame which is directly related to web contentwtsole history and settings

*  QWebPluginFactory — it is responsible for creaphggins

*  QWebSettings — this class keeps all settings cordifor the page

« QWebView — it allows rendering web page contentohsists of the objects
of the other Qt WebKit classes like QWebFrame aideQPage.

(Nokia, 2011)

FIGURE 8. Qt WebKit architecture (Nokia, 2011)

The list above presents all classes incorporatediire Qt WebKit module. There are,
however, also other TCP / IP protocol based clasdated to this module that were

introduced in the Qt to provide a complete browssamework.

*  QNetworkAccessManager — providing functionality $@nding network

requests and receiving replies



19

*  QNetworkRequest and QNetworkReply- they hold dalated to request sent
and reply received with QNetworkAccessManager

*  QNetworkCookie — it stores one network cookie

*  QNetworkCookieJar — it stores all cookies (QNetv@wkkie) from previous
request

* QAuthenticator — when accessing service requiréseatication, this class
allows to give authentication information to thelset

* QTcpSocket and QSsISocket — they provide TCP ahds8&kets

(Nokia, 2011)

3.5 Qt WebKit simple example

The simplest Qt WebKit example is an applicatiosdshon QWebView class, which
provides a widget for viewing and editing web doeunts. To start using Qt WebKit
we need to add it to the project file (.pro filé)oor application, as shown in FIGURE

9 in seventh line.

§ Project created by QtCreator 11-03-05

b W LR

H

QT += core gui webkit

TARGET = Examplel
TEMPLATE = app

FIGURE 9. Example of project file containing webkit
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After that we can start creating the first progré&instly we need to create a new
QWebView widget (FIGURE 10 line 7). With the loadifhction (FIGURE 10 line 9)
an exemplary web page will be loadéut{p://www.maps.google.con)."onto
QWebView widget. To display QWebView widget, shov(hction has to be invoked
(FIGURE 10 line 10).

Projekty T S + | 4 gMan{nt, char =[)
4 [ Bamplel finclude <QBpplication®
[ Ecemplelpro z finclude <QtWebEit,/QWebView>
4 g Zrodia
[& rain.cpp ! 4 int main(int arge, char *argv[])

fipplication a(arge, argvy);
QWebView “wview = new QWebView;

view—>load(QUrl ("http://www.maps.google.com/™) ) ;
view—>show();

return a.exec();

FIGURE 10. Example of Simple Qt WebKit application

After building and running this example we will bble to use

http://www.maps.google.cormeb page — search different places, zoom in anthzoo

out the map, pan the map etc. But there will bpassibility of using more advanced
functionality that is normally provided by each Wweer, like going back or forward,
changing web page etc. FIGURE 11 shows exampliswfthis application works
and what its limitations are.
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FUNCTIONALITY BECAUSE OF LACK OF ADOBE FLASH PLAYER

FIGURE 11. Application performance and its limitations: examples

4 HYBRID APPLICATION

4.1 Brief definition of hybrid application
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Hybrid

applications

HTML,
CSS,
JavaScript

FIGURE 12. Hybrid application as combinations of naive and web technologies

Hybrid application is more of a program than a \s@b, because it has the ability to
work in offline mode. It uses both features of watand web technologies as well as it
has some of their properties. In general, a hydypjlication is somewhere between
web and native applications trying to get as muomfboth of them as possible - it

tries to be as reachable as a web app and assrmative app.
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REACH (ON WEB)

NATIVE

APPS

- >

RICH (ON DEVICE)

FIGURE 13. Hybrid application in relation with Web and Native applications
(Nokia, 2010)

4.2 Benefits of hybrid, native and web technologies

As already mentioned, hybrid applications are almoation of native and web
technologies and they mix the best features of bbthem. However, hybrid
applications cannot completely replace native do egplications. There are still
situations when it is more beneficial to use omdjit@chnologies instead of their
combination, that is, the hybrid application. Tigufe below shows when each type
of application should be chosen, in order to créaegprogram that will meet all

expectations of both developers and end users.
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FIGURE 14. Image showing when each type of application ould be use«
(Nokia, 2010)

From the figureabove it is clearly noticeable that again thgbrid apalication has
features of théwo other technologies. But ia situation when thg/pe of technolog
needs to be chosen meet some predefined criteria each of the ation will be
suitable for different)urpose:

Native app is definity used whe adeveloper wants to make moror the product
which hassnhanced inctionality, premium content and is secure private. Goot
examples of such afications are different kir of unique gamewshere no developer
wants to share thetontent for free or in a way thareused as partf some othe
program.

Web applications shiuld be used whenevthe content is heavy anequires storini
on servers. These kis of apps are usually free services amdhoft:n if their owners
make some moneyn these kins of applications, it is not dorkrecty on them bu
for exampleon different kind of advertisemenlocated in appS/Neb applications ar
also very popular bawuse they use welrowser as a clientyhich is not only
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ubiquitous but also in most cases simple to usentptary web apps can be Social

Networks or bank applications.

In turn, hybrid applications - the same as nativeso- are easy to be monetized but
also the same as web ones they have wider potemdikiet and can have big content..

This group may include, for example, some mapsspezialized medical application.

It is more clear now that each type of applicateomore suitable depending on
situation and its purpose. FIGURE 14 shows alsoescommon features for native
and hybrid apps or web and hybrid ones. This isdwer, only a small part of the
large number of properties which connect thesen@logies. FIGURE 15 shows a
better comparison between all of them and indicata@sh features of hybrid apps

were taken from native and web technologies.

(Nokia, 2010)



ISSUES NATIVE HYBRID WEB

INTERNET

ACCESS NOT REQUIRED

NOT REQUIRED REQUIRED

DEVELOPMET

COSTS HIGH COSTS

LOWER COSTS LOWER COSTS

LIMITED

HAS TO BE
DEPLOYED /

INSTALLATION BOTH JUST "REFRESH"

DOWNLOADED

WEB CONTENT

UPDATE "JUST REFRESH"

DIFFICULT BOTH

CAN HAVE IT CAN HAVE IT

MONETIZATION EASY EASY DIFFICULT

MARKET LIMITED

CONTENT BOTH

FUNCTIONALITY BETTER BETTER LIMITED

FIGURE 15. Comparison of attributes taken from Natve and Web applications
(Nokia, 2010)

As presented in the FIGURE 15 hybrid applicatiorns time best attributes of native
and web apps. First of all, the same as a natigetap hybrid one does not require
constant internet access to be used. Of cours#izes web services but it should be

created in a way allowing for offline usage. A sfgant benefit from native



27

technology is also better functionality which alwareating richer application if only
because it helps to improve the web part of theitlydpplication. Hybrid applications
have also better security comparing to web oneseffample they can have DRM)

and they are easy to be monetized.

There are, however, also many benefits that hydplications “inherit” from web
technologies. First of all, they can be larger tharmal native apps. This is because
the web part of the hybrid app is not stored onpibiential device but on different
servers. Directly related to that are lower co$tspplication development since part
of it is still web service. Hybrid applications tkame as web ones have a wider
market. As mentioned previously usually they useramon web service as a part of
the program and they are created to be used npbgrd limited group of customers

but all of the device’s users.

FIGURE 15 shows also that there are attributesitalaetly from native and partly
from web functionalities. This group includes idstion and update which of course
needs to be done like for normal desktop applioatithat is the whole program needs
to be deployed and downloaded, on the other h&rdyeb section is regularly
updated through the internet. The same situatianitisits content — potential

customer needs to pay for the application, howdherwhole web content is free.

(Nokia, 2010)

5 QtWEBKIT INTEGRATION

Due to the fact that hybrid applications are singlyix of both native and web
functionalities, it is worth understanding exadatligich features of these technologies

form a hybrid application.

If we consider Qt as native part, it is easy toaottelements that can be used from
this framework, first of all, C++ as developmemdaage, but also a large set of
reusable libraries, a rich set of widgets and vidhaery important, easy access to
device API. On the other hand, the web part supplie hybrid application in:
JavaScript (and also JavaScript libraries), HTMH @$S but also more rapid

development.
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It is clearly visible that both native and web tegclogies give a varied set of useful
tools that can be used to create very strong agjait. Of course with all these tools

come not only their advantages but also disadvastag

(Lal, 2009)

5.1 Hybrid application — basic problems

While creating different kinds of applications, ttheveloper faces various problems.

They depend on the type of applications, toolstandnologies that are used etc.. The
same situation takes place when hybrid applicattwasmplemented. Of course some
of the issues are directly related to the applicationtent but there are also some that

are quite common for all hybrid applications. Spebblems can include, inter alia:

* interaction between native and web content
e access to data
+ sudden network lost and offline mode

* web data processing

There are different kinds of solutions that carubed to handle each of these
problems. Everything depends on specific techne®giat are used. The next
subsections show what kind of methods can be wskdrtdle the above issues in the

case of the use of Qt as native functionality.

5.2 Interaction between native application and renderectontent

Hybrid application is a combination of both nataved web technologies. In order to
be used together, however, there needs to be stearadgtion between both of these
functionalities. For this purpose Qt WebKit wagaaluced, which provides a set of
features allowing collaboration between native mpgpilon and rendered content, as it

is shown in FIGURE 16 and described in the follayvubsections.



Usage of object-tag allows to
embed Qt widgets into a web
page. Thus it is possible for web
page to containg Qt widgets and
use them as visual elements of
the page.

JavaScript functions in their web
page context can be directly
called from C++ code. It provides
a way for triggering events in the
web page.

Qt objects can be accessed from
JavaScript (C++ objects are
inserted into JavaScript context),
which enables web page's script
for direct interaction with data
structures.

Client-side storage - gives access
to database, with large amounts
of data, from both C++ and
JavaScript even if there is no
network connection.
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FIGURE 16. The ways of interactions of native and @b functionalities (Nokia,

2009)

5.3 Embedded Qt Objects

The Qt WebKit provides functionality for efficiemttegration of native C++ and

JavaScript. Two different ways of embedding Qt otgento a web page are described

below:

» Writing browser plug-ins which enables embeddingRQjects into a web page

using object-tag. An exemplary way of writing swchimple plug-in and its

usage are shown below:

QObject * MainWindow::createPlugin(

{

QWidget *widget = O;

)

if (classid == "MyContacts"

{
widget = new MyContacts;
return  widget;

}

const QString  &classid)
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The fragment of code above shows the native funatity which can be used

with object-tag:

<OBJECT type ="application/x-qt-plugin” classid ="MyContacts" />

» Adding Qt objects directly to the JavaScript cohte#fxthe page can be done
using the method:
QWebFrame:addToJavaScriptWindowObject
The above function does not ensure that after hgadinew URL Qt object
remains accessible. To do that Qt object needs tadded to the slot

connected to the signal below:
QWebFrame:javaScriptWindowObjectCleared

(Nokia, 2009)

5.4 Client-side storage

If the software application has to be useful, @sachave to be stored in a persistent
way. Hybrid application has the same issue to beeddut with the HTMLS5 advent,
the new way of storing data appears, namely chetg-database storage or “offline
storage”. Client-side storage is divided into thmeethodologies, which are described
in FIGURE 17.
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e it lasts as long as the current window is open
e its space is limited but usually it runs into megabytes
¢ its data is related to the single browser window that it was created in

¢ session data is not sent automatically to the server to reduce payload
of each request

e it lasts across the browser sessions so it can be used for long term
storage
¢ its data is accessible across all browser windows

e it is directly related to local storage
e itis real SQL database

¢ it allows to store temporary data, which can be accessed for example
when device is in offline mode

FIGURE 17. Client-side storage methodologie@handhania, 2011

Based on FIGURE 1Zlientside storage enables storing at leaste temporary dat
whenthe device is oine. This is very impatant for hybrid technolgy because
allows toreduce traff: and also to use the application even wtiene is no networ
connection. Of coursé can be used for storing largeantities of dta in a structure
way, howevergach cvelopeishould figure out themselveghat dat are really

needed and should Istored in “offline databas:

The chtabase can beccessed in two ways: either from JavaScriphroughQt's
SQL module usin@@t WebKit.

The first wayconsist: of searching database from Java@acode anl based on th
results generating HVL. Below there is an exemplary code, (thet about creatin

database is omittedhowing the main idea of this method. It uses main function

* openDatabase - — it opens a database if it exists, if noteavrone is created ar

opened



32

* transaction(function(tx)}{}); - it runs a database transaction and what is

important it has the ability to roll back changes.

The example below opens an already existing da¢t@@S db” and runs its
transaction. It selects the content of “userld” &amkrText” from “cs” database,
process text of returned results and in case okamys it displays a proper error
message.(Nokia, 2009)

<html>
<head>

<script language ="javascript">

db = openDatabase("CS_db", "1.0", "Client-side sto rage
database", 200000);
db.transaction(function(tx)

{
tx.executeSql("SELECT userld, userText FROM cs",[ 1
function(tx, result)
{
var len = result.rows.length, i;
for (i=0;i<len; i++)
{
var row = result.rows.item(i);
processText( row['userld], row['userText]
);
}
3
function(tx, error)
{
alert('Error processing SQL - ' + error.message) ;
return;
1
Dk
</script>
</head>

<body onload="onBodyLoad()">
<h1>Client-side storage database example</h1>
</body>
</html>

(Sharp, 2010)
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The second method, using Qt WebKit, allows to asdesabase through Qt's SQL
module. From hybrid application point of view itasvery valuable feature. One of the
reasons is that for example the web part of théiggipn can use the same
mechanism for storing data as when sharing theim tvé native part of the
application. What is very important is that thesnti side database can be accessed
only through JavaScript from the right securitygori It has to be done in this way to
avoid any kind of security breaches. To accesseallrity origins from C++ code
there are two methods which can be usgdliebSecurityOrigin  ::allOrigins()

and QWebFrame:securityOrigin().

The code below shows how to access HTML5 databasged with JavaScript. It can
be done usin@WebSecurityOrigin  ::databases() function, which returns the
database defined by security origin. Then a newatlyfQSqlDatabase class —

sqldb is created, which allows access to the databasaghrconnection. Using
QSglDatabase ::addDatabase() function a database connection with driver type
"QSQLITE" and the connection nameebconnection” is added to the previously
createdQSqglDatabase object. Afterwards usinfjeName() = method, the name of
the web database is returned and assignsdldd database with the usage of
setDatabaseName()  function. To have an effect, the connection’s dasgname
needs to be assigned before the connection is agech is done in the last part of

the code.

QWebDatabase webdb
QSglDatabase sqldb

"webconnection" );

mySecurityOrigin.databases()[index];
QSglDatabase :addDatabase( "QSQLITE",

sgldb.setDatabaseName(webdb.fileName());
if  (sqgldb.open())

{
QStringList tables = sqldb.tables();

}
(Nokia, 2009)
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5.5 Web dataprocessing

When creating hybriapplications, there is still a problem of pre@ng data availabl:
through the web. Soe ofthe specific data formats (géata, news ieds etc cannot
be directly presenten the program, but Qt has also solved this em by preparin
Qt’s networking moale allowing to download data in an easy weurther dat:
processing can be hdled either bxcustom code or for exargif the output format i
XML or it should be lisplayed in the web page XHTMandthen it can be done b
the QtXmlPatterns ndule

v
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FIGURE 18. Network Access (Johnson, 2008)

Downloading thedate frcm the web server using Qt's networking dule is simple
andthis is presentech FIGURE 18.QNetworkAccessManager cres
QNetworkRequest, vnich is sent to http web ser. The web servereturn: a network
reply whch is encapulated in QNetworkReply obje The exampldelowshows
how it is done in praice.QNetworkAccessManager :get()  method is called t
obtain the reply to tt sent request. The result is received throughal:

finished(  QNetworkkReply *) and there is also@ossibility to moiitor the progres

of request by listenin to the signaldownloadProgress(qint64, qint64).
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QNetworkAccessManager  *manager = new QNetworkAccessManager (this );
connect( manager, SIGNAL(finished(  QNetworkReply *)),
this ,  SLOT(replyFinished( QNetworkReply *)));

connect( manager, SIGNAL(finished( QNetworkReply %)),
m_progressBar, SLOT(hide()) );

QNetworkReply  *reply = manager->get(  QNetworkRequest ( QUrl (Url ) ) );
connect(  reply, SIGNAL(downloadProgress(qgint64, gint64)),
this , SLOT(updateProgress(qint64,qint64)) );

When data downloading is finished, it still had®processed before displaying the
data in the application. One of the possible otigrto use QXmlQuery class
allowing to convert unformatted XML to the datanhzan be displayed in

QWebView as it is shown below:

QXmlQuery query( QXmlQuery ::XSLT20);
query.setFocus(&reply)
query.setQuery(&queryFile);
query.evaluateTo(&result);

QWebhView *view = new QWebView
view -> setHtml( QString (result))
(Nokia, 2009)

6 QML

Qt WebKit is a powerful engine, which allows to é®p high standard hybrid
applications. However, following the market demaasla part of Qt framework, a
new language — QML was created, that provides fonality for creating different
kind of applications.
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FIGURE 19. RSS News Reader QML demo (Nokia, 2011)

Eite: Recording [ebugging Seftings  Help

ecent uploads lagged lower

Update

FIGURE 20. Flickr QML demo (Nokia, 2011)

QML is a JavaScript based, declarative language.ldtiest stable version 4.7.2 was

released on the first of March 2011. Its purpode @esign user interfaces mainly for
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applications where user experience is crucial. QMthe first place focuses on how a
Ul looks like and behaves. As it is based on JanpSdt is enough to know it in

some degree and maybe some basics of other waintegies, such as HTML and
CSS to be able to use QML without any problemis #tiso very beneficial, however,

to extend QML in C++, which enables, inter alia:

» using functionality defined in C++ source
» accessing functionality in the Qt Declarative medul

» writing own QML elements.
(Nokia, 2011)

QML defines the user interface as a tree of objeits properties. The objects are
declared with their name and two curly bracketsictv contain the object’s
properties. The QML code example below shows thatdbjects are created: a
Rectangle and its childText . The parent- child relationship is a characteristi
feature of QML, since it is very common that ongecbcan be nested in the other
one. Both of the elements, from the example befmgsess a set of properties which
defines them. For example an objBettangle has the propertiesidth and

height both with values equal00.

Rectangle {
width : 200
height : 200
Text {
X: 66
y: 93
text : "Hello World"

The code fragment above shows only two QML elemeviten in practice there are

various groups of elements. The basic division BiL(elements is presented below:

» Basic QML Elements(ltem, Component, QtObject)
« Graphics (Rectangle, Image, Gradient, etc.)

» Text Handling (Text, Textlnput, TextEdit, etc.)
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Mouse and Interaction Area(MouseArea, Keys, etc.)
Positioners and RepeatefColumn, Row, etc.)
Transformations (Scale, Rotation, Translate)
States(State, PropertyChanges, etc.)
Animation and Transitions (Transition, Behavior, SequentialAnimation, etc.)
Models and Data Handling(ListModel, XmlListModel, Package, etc.)
Views (ListView, GridView, PathView)
Path Definition (Path, PathLine, etc.)
Utility (Connections, Qt, etc.)
Graphical Effects (Particles, ParticleMotionLinear, etc.)

Add-On Elements (WebView, Mobility QML Plugin).

(Nokia, 2011)

QML provides also direct access to some concepts @t, which are listed below:

QAction

QObject signals and slots
QObject properties
QWidget

Qt models (e.g. QAbstractModel).

(Nokia, 2011)

QML is also therefore a good solution for creatiryprid applications. However,

despite the fact that it allows to design nice bl davaScript takes care of the

application’s logic, sometimes it still benefictaluse C++. It can extend the

application and enrich it with additional functiditig which is very crucial when

developing applications that should meet the eed siexpectations.

(Nokia, 2011)
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7 EXAMPLE OF HYBRID APPLICATION

Hybrid applications can be less or more complicatederything depends on many
factors, like: an application’s purpose and howetgsanded, efficient, fast and secure
it is. Below is an example that presents a veryp&rhybrid application — image

gallery.

The main precondition that had to be met beforelbging the program was setting
up a web server. It was created based on the fregwvagram WebServ (Geeknet,
2003). In the main folder of the web server imaged a folder with image’s
thumbnails were placed, as it is presented in FIG2R and in FIGURE 22.

webserv
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FIGURE 21. Web server main folder
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Name Last maodified Size Description

5 Parent Directory -
L

= photol.jpg 13-Mar-2011 17:23 15K
photo2.jpg 13-Mar-2011 17:21 29K
E‘—: photo3.jpg 13-Mar-2011 17:21 14K
E‘—: photod.jpg 13-Mar-2011 17:21 5_4K
photoS.jpg 13-Mar-2011 17:21 &.5K
E‘—: photo6.jpg 13-Mar-2011 17:21 4_5K
photo7.jpg 13-Mar-2011 17:22 21K
photo8.jpg 13-Mar-2011 17:322 15K
" phote9.jpg 13-Mar-2011 17:22 &.1K
photol0.jpg 13-Mar-zZ011 17:22 15K

FIGURE 22. Web Server thumbnails folder

The main purpose of the application is to show @b content is retrieved from the
server and displayed in a native application. ttdse mainly using QWebView and
JavaScript. JavaScript is responsible for basictfanality, such as displaying images
and thumbnails, transition and user interactiomwiumbnails. Native core is
responsible for creating QWebView and loading aepgflagm demo.htm.

FIGURE 23. Transition between two images in the imgeviewer application run
on Microsoft Vista
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FIGURE 24. ImageViewer application run in the Qt Smulator

8 CONCLUSION

The main goal of this Bachelor’s thesis was thdieafion of the hybrid application
concept and basic aspects helping in its optimatld@ment. | wanted to present both
the advantages and problems that each developées teéce while creating such as
application. All presented information aims at Highting how powerful hybrid
applications can be but only when they are usedgroper way and for creating an

application that uses all benefits of hybridization

Nowadays Internet is one of the most powerful dnredhiggest source providing a
very large amount of both information and servidasong the offered services there
are the biggest and the most popular ones, likeels@ok, Flickr, Twitter, MySpace,
Google Maps, Picasa, Ebay, Amazon etc. All of thessds of services provide a huge
amount of content that is not so easily acces$ibia mobile devices, mainly due to
lack of a mouse, a keyboard and large enough gispllaich for example a common
computer has. Limitations of mobile devices areg/\aten a reason for which an
average user has problems with using such serthcasgh mobile phones’ web
browsers. This is, however, the opportunity fortiglapplications which allow
creating an application containing native functiggahat is used for building user-

friendly interface and providing an easier access thosen service. Therefore a very
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popular, common service can be still used on mal@l@ces but in a much easier way

than when it would have to be accessed througlowadar.

The other benefit from creating hybrid applicatiesmghat a major part of the
application is stored on the web servers. This@ggr brings many advantages, like

lighter application and hence faster installatiod also less complex updates.

The next thing worth mentioning is the possibitifyreduction of demand for
computing power. Applications installed on the dewtan contain most of the
functionality, however, all very complex calculatgéocan be executed on the

powerful, fast servers and only the final resutt ba resent to the actual application.

On the other hand, developing hybrid applicatices entail various problems. The
largest problem is a network connection lost, wiiabses that the applications’
functionality cannot be fully used. The applicasphowever, can show for example
the last active state, or a part of the functidpalan be used. For example if Twitter
is used as web content, the solution can be tkeaighr can still write some posts

which are kept on hold and they are sent only wherconnection is restored.

There are many other problems that have to be takemccount when designing a
hybrid application, like security of the applicatjavhich is limited due to the web
content used in the application or speed of thermeit connection. These issues,
however, can be solved or bypassed and they depkaten the type of the
application’s content. What is worth consideringhis reliability of the web services’
providers. Hybrid applications rely on web servjogkich in the extreme situations
can be malfunctioned, down, hacked or even shuhdavd then the application

related to this service becomes useless.

The examples above show that hybrid applicationsbeathe future of mobile

devices, because they can bypass the limitatiosaaf devices by putting most of

the functionality on the web servers. On the ottaard there are still many problems
that have to be considered when designing and alewej hybrid applications. Pure
native or web applications are still very good $ohs in many situations, that is why
the key for using all benefits of hybridizationt@stake into account all aspects of
using and maintaining such applications and they dan became a strong competitor

amongst other applications on mobile devices’ marke
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