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In this thesis we enter the world of application development for modern
smartphones with focus on declarative methods for designing user inter-
faces combined with the orientation awareness feature.

Software development tools are taking declarative user interface languages
into use in order to separate the outer appearance from inner functionality.
This is to facilitate user experience creation for the application and allow
development of user interfaces independently of the functionality itself.

Orientation awareness means that the device is able to detect if it is posi-
tioned vertically or turned 90 degrees to maximize horizontal width. The
function is a natural consequence of the fact that the screen real estate of
a mobile device is severely limited and the unit is easily turned.

The use case is an orientation aware calculator that gets added buttons
for scientific functionality in landscape mode, much like the calculator
bundled with Apple’s iPhone OS equipped devices. The chosen platforms
for this research are Android by Google with its Eclipse based SDK, the
iPhone by Apple with its Xcode development suite and Qt Quick by Nokia
with its Qt Creator IDE.

We find out that the paths chosen for the platforms are quite different
from each other. While Android and iPhone have XML based declarative
code representing the interfaces, Qt Quick with its QML language is not
XML based, instead it is a script language.
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I denna avhandling stiftar vi bekantskap med applikationsutveckling for
moderna smarta mobiler, med fokus pa deklarativa metoder att formge
anvandargranssnitt kombinerat med egenskapen orientationsmedvetenhet.

Mjukvaruutvecklingsverktyg borjar alltmer anvinda deklarativa sprak for
att separera det yttre utseendet fran den inre funktionaliteten. Detta for
att framja skapandet av applikationens anvindarupplevelse och for att
tillata utveckling av anvindargranssnittet oberoende av sjalva funktiona-
liteten.

Orientationsmedvetenhet betyder att enheten kan detektera om den &r
positionerad vertikalt eller svingd 90 grader for att maximera horisontell
bredd. Funktionen &ar en naturlig konsekvens av att skirmutrymmet pa en
mobil enhet ar allvarligt begrinsat och enheten latt att svinga.

Anviandarfallet &r en orientationsmedveten riknemaskin som far tillaggs-
knappar for vetenskapliga funktioner da den &r i landskapslége, precis som
den réknemaskin som finns som standardverktyg i Apples enheter som kor
iPhone OS. Plattformerna for denna forskning &r Android av Google med
sin Eclipse-baserade utvecklingsmiljé6 Android SDK, iPhone av Apple med
sin utvecklingssvit Xcode samt Qt Quick av Nokia med sin integrerade ut-
vecklingsmiljo Qt Creator.

Vi ser att l6sningarna &r véldigt olika sinsemellan. Android och iPhone
har baserat sina deklarativa koder for anvindargranssnitt pa XML medan
Qt Quick valt att inte folja XML-standarden i sitt sprak QML, utan i
stallet ha en syntax som ett skriptsprak.

Nyckelord: mobil, smart mobiltelefon, deklarativ, XML, orienta-
tionsmedvetenhet, layout, anvindargranssnitt
Sprak: engelska
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Orientaatiotietoisuus mobiililaitteiden deklaratiivisissa kayttoliittymakie-
lissd: tapaustutkimus ja arvostus
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Tassa tutkielmassa ldhdemme modernien dlypuhelinten sovelluskehityk-
sen maailmaan, jossa fokusoimme deklaratiivisiin metodeihin kiyttoliitty-
mésuunnittelussa yhdistettyna orientaatiotietoisuuden ominaisuuteen.

Ohjelmistokehitystyokalut alkavat yha enemmén kayttad deklaratiivisia
kielid erottaakseen ulkomuodon sisaisiltd toiminnoilta. T&lld edistetdan
sovelluksen kayttdjaelamyksen luomista ja sallitaan kayttoliittyméan toi-
minallisuudesta riippumaton kehitys.

Orientaatiotietoisuus tarkoittaa, ettd yksikkd pystyy havaitsemaan, onko
se suunnattu pystysuunnassa vai kidantynyt 90 astetta ja ndin maksimoi-
maan vaakatason leveyden. Toiminto on luonnollinen seuraus siitd, etta
mobiililaitteen ndyton tarjoama tila on vakavasti rajoittunut ja laite on
helposti kiddnnettavissa.

Kayttotapaus on orientaatiotietoinen laskin, joka vaakatasossa
saa lisdd nappeja tieteellisille toiminnoille, samalla tavalla kuin
Applen iPhone OS:iin perustuvien laitteiden standardityokaluista
16ytyva laskin. Valittuja alustoja ovat Android Googlelta Eclipse-
pohjaisella Android SDK-kehitysympéristolladn, iPhone Applelta Xcode-
kehitystyokalukokoelmallaan sekd Qt Quick Nokialta omalla integroidulla
kehitysymparistolldan Qt Creator.

Tulemme ndkemadn miten alustoille on valittu hyvinkin erilaisia menet-
telytapoja. Kun Android ja iPhone perustavat omia deklaratiivisia kéyt-
toliittyméakoodejaan XML:adn, on Qt Quick omalla QML-kielelld&n sen
sijaan valinnut olla toteuttamatta XML-standardia ja kayttad skriptin
kaltaista kielté.

Avainsanat: mobiili, alypuhelin, deklaratiivinen, XML, orientaatio-
tietoisuus, layout, kdyttoliittyma
Kieli: englanti
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Abbrevations and Acronyms

API

GUI

IDE

0OS

PDA
QML

Qt Quick
RDA
RIA
SDK

Ul
VM
WIMP

WYSIWYG

XML

Application Programming Interface is the language
in which applications are written for the specific
platform

Graphical User Interface

Integrated Development Environment, a tool that
provides functions for application development in-
cluding editor and building tools

Operating System, software that provides a user in-
terface for hardware

Personal Digital Assistant, pocket computer gener-
ally with a touch screen

Qt Meta-Object Language

Qt User Interface Creation Kit

Rich Desktop Application

Rich Internet Application

Software Development Kit, a set of tools for creating
applications for the specific platform

User Interface

Virtual Machine, middleware that acts as a machine
for running its own kind of applications

Refers to a traditional graphical user interface for
PC, the letters stand for Window, Icon, Menu and
Pointing device

What You See Is What You Get, refers to editors
that look like the produced document, as you type
you see the preview in real time

Extensible Markup Language, standard rules for de-
fineable declarative languages
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Chapter 1

Introduction

The first decade of the 21st century has seen technical advancements that
enable use of digital services on the move. Internet services, multimedia,
navigation and office applications can be enjoyed not only while benched at
a desktop computer, but any time and anywhere using mobile equipment
such as mobile phones, multimedia players, navigators and personal digi-
tal assistants. The devices vary in features but the convergence of digital
technologies easily enables several tasks to be performed on one single de-
vice. Modern mobile phones are entering into a paradigm where they are
perceived more as mobile personal computers than just portable telephones.
The progress of mobile technologies, Internet mobility and the digital con-
vergence are phenomena that impact our daily lives and society, and are
documented in literature such as [49].

1.1 Mobile User Interfaces

Different mobile devices may be dedicated to different kinds of digital ser-
vices, but under the hood they are all basically small computers running
software. Regardless of purpose, the devices all need a user interface of some
kind. The most typical means of communication towards the user is a screen
on which the user may see and read information produced by the device.
The most typical communication towards the device is a button that the
user presses to indicate his wish to perform a certain task. Because the de-
vices are used for tasks of advanced nature, this communication may easily
be perceived as difficult for the user to understand. The usability of the de-
vice requires a user interface that is clear enough for the user to understand
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how to express his wish and receive the outcome of the task. User interface
design is thus a fundamental part of designing technical tools.

In software development, user interfaces have traditionally been implemented
together with the rest of the functionality. However in recent trends, user
interface implementation is separated from the functionality engine of the
application. A popular concept is the Model-View-Controller architecture
[47], where a separation is made between graphical layout, functionality and
data structuring. The benefit of having data structuring and functionality
separate from the user interface code is that changes in user interface then
does not interfere with the functionality. Similarly the same functionality can
be applied to a different user interface, e.g. when adapting the application
to a completely different platform or device. Furthermore, the user interface
programmer does not need to know the functionality code. He may not
even need to have programming skills. Using for instance an XML based Ul
description language, the Ul designer may design a user interface like a web
designer would a web page. This is why it makes sense to have a declarative
user interface language, and there are several available. Some well established
and mature languages from the world of desktop applications are Microsoft’s

XAML, Adobe’s MXML and Mozilla’s XUL.

Mobile devices come in different sizes so scalability plays an important role in
the properties of layout design. By scalability we mean how the screen layout
is fitted onto different screen sizes and proportions. Further, because of the
small size and limited screen size, it makes sense to utilize the screen in both
portrait and landscape orientation, depending on what is more suitable at
the time. In desktop environments, utilizing both orientations of the screen
has been far less common. It was really made feasible with the introduction
of flat LCD-based monitors but can not really be seen as a mainstream way
of working. Flipping a mobile device sideways is a lot easier and it is being
used in many modern applications. The event of turning the device can be
detected by a tilt sensor or accelerometer in the hardware of the device.

The iPhone by Apple have a bundled calculator in their product that since
its version 2.0 utilizes orientation awareness in quite an innovative way. The
calculator in portrait mode has only the basic functionality but in landscape
mode the more advanced scientific functions are added. The orientation
awareness is in this way utilized to add real functionality to the application.
This seems like a perfect example of utilizing orientation awareness for added
functionality. The application is illustrated in figure 1.1.

When pondering on how a declarative user interface language for mobile
devices should be designed, scalability of screen components is an obvious
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Figure 1.1: The iPhone calculator is orientation aware and adds scientific
functions in landscape mode. [9]

key element. Also the static nature of XML and declarative programming
makes description of dynamic user interfaces somewhat problematic. This
is because changes in Ul depending on the state of some functionality really
requires some kind of imperative programming that executes this change.

The purpose of this thesis is to evaluate the solutions of currently established
products within the field of smartphones. We will take a look at the declar-
ative user interface languages that these offer and compare them to each
other. The use case will be a calculator application user interface with but-
tons and a screen, which should all be drawn on the mobile screen. We will
consider possibility of orientation awareness and orientation change trigger-
ing an event, button scalability and availability of screen components based
on some state.

1.2 Problem Statement

When describing an interface using a declarative language, how do we then
express how it should scale to different screen sizes or utilize portrait and
landscape orientations? What about the situation when we have declared a
screen in portrait orientation, how could we then define what it should look
like in landscape? We could define a completely new version of it in landscape
orientation, but then the screen components, or widgets, we declare will be
different instances than the ones in portrait mode. So if we need to change
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one widget we may need to change its corresponding counterpart for the
other orientation. If we want the same instance of our declared widget to
appear in both orientations, some solution has to be there to change possible
widget properties to fit the other orientation. In a declarative language we
may then want to have a concept of states where we define different property
values for different states.

This thesis aims to discover and evaluate how, or by all means whether, the
leading smartphone platforms have chosen to solve the scaling and orienta-
tion awareness in a declarative user interface language. We will compare
the approaches to each other for strengths and weaknesses to this problem
statement.

As platforms for this research we choose Nokia’s Qt framework, Apple’s
iPhone and Google’s Android. Qt is in the process of getting established
as the main graphical framework of both Nokia’s Symbian and Maemo plat-
forms. Notable here is also that Maemo is soon to be called MeeGo as it
is merged with Intel’s Moblin platform. At the time of writing the Sym-
bian platform is the market leader within smartphones. The iPhone is a
very important phone in the sense that it has set a new standard for how
user interfaces are expected to work. Android is a smartphone platform that
is rapidly growing, most smartphone manufacturers are planning to release
phones with Android.

To get an idea of how the scaling and orientation awareness is implemented
on these platforms, we will try the use case of an orientation aware calculator
and see how well we can apply it on these platforms. We will install each
platform’s development tools and produce an implementation. The evalua-
tion will be a comparison of how well these technologies are suited for this
task, with regards to how we get scaling of screen components and possibility
of orientation awareness. We will gather information on the complexity and
challenges of creating this kind of application using each platform respec-
tively, the good and bad features, and possible suggestions for improvement.



Chapter 2

Background

In this chapter we will go through the basic concepts that revolve around the
subject of our study, namely user interface development from the mobile per-
spective. We will explain the main principles and also take a brief overview
of the past and present situation of this rapidly evolving scene.

2.1 Graphical User Interface Principles

User interfaces share some common concepts. Usually when one platform
releases a new innovative Ul concept, it is not unusual that the feature starts
appearing on other platforms as well. Especially when comparing the desk-
tops of Windows vs. Mac, debates on which invented which feature are
present all over the Internet. In fact, as [44] also acknowledges, the com-
mon UT architecture is nowadays dictated by the leading platforms, namely
Windows, Mac and Linux. The principles are so well established that re-
searchers hardly question them anymore and there is no huge progress be-
cause there is a lack of criteria for evaluating system architectures. Graphical
user interfaces based on screen, mouse and keyboard are as self evident now
as command-line interfaces were before. As smartphones are gaining their
shares from desktop computers as Internet communication devices, and also
tablet devices, perhaps we are now seeing the beginning of a new era of
mainstream GUIs in the form of touch screens.
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2.1.1 Interaction

There is always a reason why a particular user is using a particular device or
application. When designing how to use the application, there are obviously
a lot of things to consider. First and foremost there is the aspect of intu-
itiveness, how a novice user will be able to figure out how to do things using
only his intuition and familiar patterns of similar scenarios. Then there is
the expert user who wants to be able to do things easily and conveniently
possibly using shortcuts and macros to really take out all possibilities of the
tool.

Apart from these basic aspects we could further consider who is the user
presumably, with regard to age, gender, etc. Also we should account for what
the real purpose of the tool is, why is the user using the tool? For instance
the most appealing look and feel of an application could differ substantially
depending on these criteria. [51]

2.1.2 User Experience

In mobile handset development, especially after the release of the iPhone,
the user experience of the device and its software has been given a central
meaning. User-central design (UCD) is a designing philosophy that aims
to design the product according to the user’s need and expectation. It has
spawned ISO 13407, a standard for this purpose.

2.1.3 Graphical User Interfaces

The user interface is the part of the application that is visible and touchable
for the user. If the user wants a certain task done, the user has to manipulate
the user interface in such a way that the task in initiated and then presented
back to the user. In a way the user interface can never be good enough in the
sense that there will always be some kind of inconvenience associated with
the procedure of launching an operation. The perfect user interface could be
e.g. the way the human brain can control the hands of the individual, by
mere thought. Ideally the user interface should give the user a sense that the
tool extends his own being, as if it was part of the user himself, so that the
user could concentrate on what to do instead of how to do it. The design
of the user interface will always be the limiting factor to how well the tool
can be used. One main aspect of usability is the intuitiveness of the user
interface for new users, which determines how well a new user can guess the
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functionality of the UI based on previous experiences, culture and sense of
logic. The second aspect is the user friendliness of the user interface for
experienced users, that is, the provided tasks should be at the user’s disposal
with as little effort as possible.

Graphical User Interfaces or GUIs are user interfaces that interact with the
user through graphical presentation of the information. The GUI is mostly
replacing the Command Line Interface or CLI as the mainstream means of
user interfacing. Where the CLI puts quite small demands on the presenta-
tion hardware, the GUI really requires a decent screen and graphics process-
ing. The GUI is said to have its roots in radar technology in the 60s, it was
further developed by Xerox PARC (Palo Alto Research Center) in the 70s
but really made it to the public in 1984 with the release of the Macintosh by
Apple, which featured a mouse driven GUI. Microsoft also introduced this in
the Windows product and so this became the common way of working with
desktop computers. [15]

WIMP

The traditional desktop is commonly associated with the WIMP paradigm,
which refers to an interface using windows with icons and menus and a mouse
controlling a cursor as pointing device. [26] The letters ought to stand for
something along the lines of window, icon, menu and pointing device. The
point-and-click way of operation is the self evident way of using desktop and
laptop computers with the legacy command line interface still available for
the sake of advanced functionalities and simple operations that just don’t
have the GUI interface implemented.

The WIMP GUIs have become a de facto standard in computing. The bene-
fits are that the interfaces are easy to learn and use. The consistency between
how applications work increases the intuitivity by improving the accuracy of
the user’s expectations. Once familiar with point-and-click interfaces, appli-

cations may be used by professionals as well as home users or even young
still illiterate children. [52]

The WIMP paradigm has remained the standard for over two decades which
could imply that it is sufficient for desktop applications, however it has been
criticized for stagnating the development of new ways to interact with appli-
cations. The drawbacks have been considered to be the non-linear increase of
complexity of the UI the more features you add to the application. Also too
much time is spent on operating the Ul instead of the actual task. Experi-
enced users get annoyed by having to perform several layers of point-and-click
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operations. The screen may be cluttered with too many unnecessary widgets
and the experienced user would probably prefer key shortcuts. Further the
principle is natural only for 2D applications such as word processing and
spreadsheets. A 3D application interface does not fit as well. Also using the
mouse and screen equipment disregarding ergonomics may become a strain
on the user’s body, needless to say if the user is disabled in some way. [52]

A traditional WIMP style GUI tends to require a fair amount of screen
space and the pointing device is best used in a fairly static environment.
On the mobile side WIMP GUIs were first replaced with simple menu trees
with movable focus on the menu items. In recent devices, the touch screen is
getting increasingly popular, replacing the mouse cursor point-and-click with
taps directly on the selected screen position. Also tablet computers have
tried the touch screen approach. The movement away from the mouse and
keyboard and towards touching and gesturing is referred to as Post-WIMP.
Other methods still in more or less experimental stage are Augmented Reality
(AR) [25] where the user interface combines reality with the data model
to create some kind of application experience, or Natural User Interfaces
(NUI) [46] where the interface mimics behavior of the real world as much
as possible. Virtual Reality and 3D Interaction are old ideas that due to
technical requirements are rarely implemented, except in special cases such
as flight training. [54|

Mobile User Interfaces

What makes the mobile device really mobile is no doubt its size. It has to be
small enough to carry around, in a bag or preferably in a pocket. The size
limits the screen space and the possibility of user input. The mobile device
is being used on the go. It is prone to be used in situations where the user
can’t give the application his undivided attention the way we would expect
in a desktop application. A factor to consider is whether the device can be
used with only one hand.

Generally it is regarded that writing text is to be avoided on mobile devices.
Thus a graphical user interface is definitely preferable to a command line
interface, where the user would be forced to write a lot.

The interaction with the user interface has traditionally been done with a
controller button or a small joystick. The controller moves focus from one
screen object to the next. The user can select the screen component he wants
to interact with by selecting it when it is in focus.

Mobile devices have gone through a sequence of phases, as new technology
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has allowed new models to get smaller, have bigger screens and more effi-
cient energy consumption than their predecessors. It has come to the point
where physical keys are being replaced altogether by virtual keys on a touch
screen. The product that really set the trend in this direction was the iPhone
which was released in 2007 by Apple. For instance [29] reviews this evolution
and acknowledges the iPhone as a very significant milestone where mobile
interfaces are concerned.

A modern smartphone is equipped with camera, positioning sensor be it GPS
or cell site, network connection and a user interface. This gives possibilities
of using information of the user’s environment for applying augmented reality
[25] into the smartphone user interface.

Touch Screen

A touch screen is a very natural way to interact with the screen. Compared
to working with a mouse steering a cursor, the touchable user interface is
more direct or more intimate, as Apple CEO Steve Jobs said at the release
event of their Internet tablet called the iPad. Studies show that the touchable
interface is a straightforward and enjoyable way to use technical equipment.
[33]

A touch responsive screen is not a new invention. Studies in electrically
detecting human touch have been going on since the 1950’s [28] but touch
screens really came to market first with PDAs such as the Palm, Psion and
PocketPC and later to phones such as the Sony Ericsson P900 series who
ran the UIQ platform based on Symbian. After Apple’s iPhone, the touch
screen has become a common input method for mobile handsets by all major
manufacturers.

There are alternative technologies within touch screens. Resistive and capac-
itive ones are the ones currently used in commercial handsets, though others
such as Surface Acoustic Wave (SAW) [16] exist. Resistive screens were the
first ones used in PDAs, and are still used e.g. in handsets by Nokia. They are
precise and work with a finger or stylus. They are made of layers that come
in contact when pressed. The capacitive screens are used on newer handsets
like the iPhone and Android phones by HTC and Motorola. They are made
of an insulator layer, i.e. glass, and on top of that a conductive transparent
surface. When touched with a finger or a person holding a conductive stylus,
the capacitance will change. This is measured and the position of contact
can then be calculated from that data. Generally this is not as precise as
with the resistive screen, but here even the slightest contact is detected. [37]
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2.1.4 Controls and Widgets

In a GUI, the user has to be able to express his wish and the entities for
picking up these expressions are called controls or widgets. Basically a widget
is a screen element that is responsive for certain user events. Once the event
occurs, the widget will trigger an action. The action may depend on some
state and the result may be another state. Examples of widgets or controls
could be clickable or tapable in-screen buttons, text fields, check boxes or
radio buttons, depending on whether the input device is a mouse or a touch
screen.

The word widget comes from Window Gadget and was used in this context
for the first time in 1988 in the X Toolkit in the Athena project. In the
X Toolkit, according to [50], the widget is the fundamental entity for user
interface construction.

Widgets form tree shaped relationships with each other. Widgets have one
parent and may have one or more children. The root widget disposes over
the whole screen area and its children in turn own their part of that area.

140]

Widgets are often referred to as virtual components, as opposed to real com-
ponents. A real button would be a physical one that is present all the time
whereas a virtual one would be visible on the screen when needed.

The term widget is also used in another context. Complete applications that
reside on the desktop and have a small and simple purpose are called desktop
widgets. Examles of these could be a clock, a small calendar or rss reader.
These are generally run by a widget engine and there are several products
of this kind. Noteworthy examples are Apple’s dashboard widgets, Yahoo!
Widgets, Gadgets in Google Desktop and Microsoft’s Desktop Gadgets in-
troduced in Windows Vista. But these are not to be confused with widgets
of widget toolkits, where widgets are not complete applications but merely
visual components of a user interface.

2.1.5 Layout and Scalability

One of the more demanding parts of having a GUI instead of a simple CLI
is that the user interface actually has to be designed. Mostly this means the
sizes and positions of the screen controls and indicators have to be coordi-
nated to fit into the screen in question. A user friendly interface provides
intuitive ways of working for the novice user, as well as comfortable and
efficient ways of working for the advanced user.

10
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The scalability part becomes an issue when screen sizes change or the screen
orientation is switched. The widgets may have to be repositioned and resized
according to some logic or in the worst case, the whole screen may have
to be re-designed completely. On the desktop side, we often use resizable
windows so window components may be programmed to scale in different
ways depending on what space is available. On the mobile side, we generally
have so little screen space that windows just wouldn’t make sense. The screen
real estate needs to be utilized fully. So applications take up the whole screen
with the exception of an occasional toolbar with indicators of battery life,
transmission signal strength, operator etc. Scalability is in that sense not
an issue until we bring up support for different handsets in different sizes
and capabilities, and the more recent utilization of screen orientation. There
is great variety among different handsets and a screen designed specifically
to look good on one screen size may look terrible on another, unless proper
scaling is included.

Sun’s mobile edition of Java, Java Platform Micro Edition or Java ME, for-
merly known as Java 2 Platform Micro Edition or J2ME, uses a very limited
user interface framework library called ledui. It provides basic screen com-
ponents that work and scale to any device supporting it, and a lot of devices
do support it. The downside is that the UI looks very basic and there is
no way for the application developer to add cosmetic features. A low level
canvas based alternative is also included in Java ME but then any scaling
functionality has to be programmed from scratch, or a custom framework
may be added to the application to draw a canvas based UI. The point is
that in order to make a simple tool for Ul creation that supports any device,
great compromises were made with regard to customizability.

Layout Containers

A layout is, strictly speaking, something that determines the placement and
combination of a series of rendered components that produce a composite
presentation. A set of parts are geometrically assembled into one group of
objects that are visually aligned in a certain manner. [39]

To define rules for how these parts should be arranged, we often are provided
with layout containers of different kinds. Typically the simplest form of
containers arrange parts one dimensionally in a flow of objects. These can
be arranged horizontally as in figure 2.1 or vertically as in figure 2.2.

There may be a wrapping functionality as well, as shown in figure 2.3. Wrap-
ping means that if the dimensions of the screen are smaller than what would

11
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Figure 2.1: A horizontal flow layout container places components horizontally
after each other.

Figure 2.2: If used vertically the flow layout places components underneath
each other. A list or an options menu could be an ideal application for this.

be required to display all objects in a row, the rest of the objects may be
placed on the following row.

If wrapping is not used then another possibility is to allow components to
be placed outside the actual screen. This leads to a situation where we have
an oversized layout and the screen must then have some way of scrolling
through the contents of the oversized layout, as shown in figure 2.4. More of
the oversized layout will follow in this section under off-screen content.

Yet another common type of container is a grid. A grid is an arrangement
of cells placed in rows and columns. In some implementations cells may
optionally span several rows and columns.

Image Scaling

User interfaces often contain images of different kinds. The most basic appli-
cation would be just showing a picture. A digital photography of somewhat
decent quality can be scaled down to fit any mobile screen. A mobile screen
typically has a resolution far less than that of a digital photo. Thus the
picture will lose quality but still use the same pixel density as anything else
portrayed on the screen. If, however, a really tiny picture was to need en-

12
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Figure 2.3: Wrapping can be used to proceed to place components on the
following row once the row is full.

< >
[ | ]

Figure 2.4: If the components are too many and too big to show on the
screen, the layout gets oversized. The screen then has to be scrollable so
that the off-screen components may be shown.

largement on the screen, then we would need to upscale it. Then also the
aliasing from the low resolution and other possible imperfections of the image
would be magnified and more visible on the screen. Also the calculation of
one resolution to another will cause some additional aliasing in the picture,
unless the new resolution is a multiple of the old one.

Vectorized images are pictures that instead of being defined by a rasterized
bitmap is defined by points joined by lines. These lines are always drawn
with the maximum resolution of the screen.

Bordered scaling, or 9 slice scaling, of images is a method of resizing an
image while keeping the border resolution sharp. A typical picture could
be a background square, for instance an on-screen button, typically a raster

13
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Figure 2.5: A grid layout consists of rows and columns. In some implemen-
tations cells can span several columns and rows.

image with sharp edges and gradients in the middle. In this case we get a
nice result if not scaling the edges, scaling the borders only sideways and the
middle piece is scaled in both directions. The loss of sharpness in the middle
piece is less noticeable if it’s a unicolor or gradient, with no sharp changes in
color that will be smeared out in the stretching process.

Off-screen content

In mobile applications the idea of having a larger workspace than the actual
viewport does make a lot of sense. Scrolling, panning and zooming techniques
have been used for mobile browsers and maps where the content is larger than
can be shown on the display at once, like in figure 2.4. These are ways to
get the user to achieve a mental model of the workspace by relying on the
memory of the user. Though generally exposing the user’s own memory to
work loads is considered a last resort that should be avoided if possible, there
are only few other choices here. All, of course, because of the lack of screen
real estate.

Article [34] on off-screen navigating distinguishes between time-multiplexing
and space-multiplexing navigation. Time-multiplexing means that the user
in time gets a view of the workspace by viewing different parts of it at a
time. Panning, scrolling and zooming are usable techniques here. The space-
multiplexing means that the whole workspace is visible at once but there may
be a separate overview and detailed view visible at the same time. There
could be an overview and a fish eye or magnifying glass to see more details
of a particular spot on the workspace.

14
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Figure 2.6: Border scaling, also known as 9 slice scaling: A bitmap can be
resized keeping sharp borders by stretching the border pieces only in the
direction of the border.

2.2 Design and Development

The word smartphone is generally seen as a phone capable of running 3rd
party applications. If there are applications, there must also be tools for
creating them. Thus all platforms for smartphones come with their own
SDK. As the competition between smartphone platforms is quite intense,
also the SDKs of the platform become a factor to reckon with. It is through
the SDK that applications are made and 3rd party developers will be more
productive the better the SDK is. This leads to more applications being
made which again gives more value to the platform.

2.2.1 Integrated Development Environments

An Integrated Development Environment (IDE) is a tool that offers a com-
plete set of features needed for application development. Traditionally pro-
gramming has involved using a set of independent programs for different
phases of the development process. The code editing has been done on a
text editor with no more capability than altering the content of text files.
The code has then been compiled and possibly linked using a compiler. In
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more advanced programming projects build scripts have been used to auto-
mate the process of gathering the code pieces and to check dependencies. The
outcome has been a runnable program that can be run as such or debugged
in a separate debugging program.

The IDE is an attempt to put the various tools needed for development under
one roof. This also allows more integration between the tools. Generally
an IDE offers an integrated way to make a project that contains all pieces
necessary for the complete application, so the developer does not need to
produce all the pieces separately. The pieces can be edited and debugged
within the same tool.

An IDE that is designed for a certain platform may be based on an existing
IDE platform or it may implement its own IDE features. If the platform does
not have its own independent IDE, a very popular choice for IDE platform
is Eclipse [31]. Other competing alternatives would be Microsoft’s Visual
Studio, Sun’s NetBeans or Apple’s Xcode. Some platforms support different
versions of the SDK and then the developer may choose his IDE of preference.

The Eclipse IDE platform is a free open source platform that has its roots
in IBM but is nowadays maintained by the Eclipse Foundation and released
under its own license [3]. It has an advanced plug-in architecture and is quite
a competent platform to use as a base for an IDE. Eclipse runs on Java but
that does not mean that it can be used only for Java based development.
With the right plug-in it can function as an editor of any language and can
be run on Windows, Mac and Linux based desktops.

From our platforms, only Android has chosen to rely on Eclipse, as iPhone
uses Apple’s own Xcode IDE and Qt also uses its own Qt based toolkit Qt
Creator. Eclipse is however used by several other noteworthy development
tools, like Adobe’s Flex Builder and Nokia’s Carbide C++ development en-
vironment for S60 applications.

2.2.2 Software Development Kits

A Software Development Kit (SDK) is a package containing a complete set
of tools needed for application development. It could be a complete IDE,
but it may also include separate tools. It supplies the application program-
ming interface (API) for the platform in question, along with the libraries
needed. It can contain documentation and examples. It is also possible that
a platform vendor chooses to split different functions over to different SDK
packages. For example device driver development, which works below op-
erating system level, may have a separate driver development kit (DDK).
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An example of this is Microsoft’s Windows platform. Regular application
developers would probably not be interested in driver interface functionality
anyway as the applications work on top of the operating system.

Another example of multiple SDKs is the Android platform. There is the
regular SDK for producing applications on top of Android’s application plat-
form which is a Dalvik virtual machine. This does not have direct access to
device drivers. To satisfy possible needs for that, there is also a native devel-
opment kit (NDK) available for such cases. More details about the Android
SDK will follow in chapter 3.1.1.

2.2.3 Application Programming Interface

An application programming interface defines the way a developer can ac-
cess the functions provided by the platform. The interface will certainly be
based on some kind of programming language, and it will probably add some
libraries of its own that the developer can call to execute certain commands
that are specific to this platform.

For instance the Android SDK is based on the Java programming language
but the default application imports Android specific libraries such as
android.os.Bundle and android.app.Activity.

2.2.4 Graphical User Interface Builders

When designing user interfaces, especially more advanced ones, it can be
quite helpful to have a graphical tool. That way, the designer can test and
play around with various layouts and let the imagination flow in quite another
way than if the interface has to be designed programmatically. Graphical
builders are known from the desktop development tools for Windows such as
Microsoft Visual Studio and Borland’s Builder, as well as Interface Builder
in Xcode for the Mac. These are tools that offer a WYSIWYG editors for
application windows. Also web application development kits such as Adobe’s
Flash and Flex tools have this feature. Also Qt Designer has a graphical
builder for desktop applications using the Qt framework.

On the mobile side the tools have not been graphical up until recent years,
again with the iPhone SDK, which also uses Xcode and Interface Builder.
Tools for creating Java ME or Symbian applications have had emulators that
allow previewing of the applications but no way to see them in real time. The
Android SDK and Qt Creator both offer real time previewing although these
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are viewers more than graphical editors. On these the actual editing is still
programmatic.

Graphical user interface builders are surely something we can expect to see
more of on the mobile scene as applications get closer to desktop standard and
also declarative languages for user interface creation makes implementation
of a graphical editor easier than if it has to generate imperative code for it.

[41]

2.2.5 User Interface Modeling

A well designed user interface needs to be planned out. The working flow can
be thought out in advance by using some kind of tool. A really simple way
is to just use a pen, paper and a pair of scissors, and simply draw screens
and place them in a logical order. Article [24] presents some different dia-
grams that can be made using UML, for instance use case diagrams, sequence
diagrams, domain, task and event models and presentation model. Article
[27], about mobile Ul modeling using a modeling language called MIMIC,
suggests that a Ul model should be expressed by a modeling language that
is declarative and independent of implementation. A platform model is a
description of computer systems that may run the UI. A presentation model
deals with the visual appearence and a task model presents how user tasks
can be performed.

2.2.6 User Interface Markup Language

The same way HTML is a Hyper Text Markup Language for laying out web
pages, a user interface markup language is for laying out user interfaces.
There are quite a few different languages for this, many of which are XML
based. Some of the most common languages of this kind are Microsoft’s
XAML, Adobe’s MXML and Mozilla’s XUL. Also Qt Designer has an XML
based language for describing forms made in the graphical editor. These are
all bound to their own respective technology. On the mobile side Android has
taken the markup approach with their user interface XML. The iPhone SDK
relies more on the graphical editor though user interfaces are saved in XML
format. Qt Creator has its QML language for declarative UI for mobile but
here the approach is to have a scripting language instead of an XML based
one.

Markup languages are declarative in the sense that they don’t have com-
mands as such, it’s merely for declaring data. This said, nothing prevents a

18



CHAPTER 2. BACKGROUND

markup language from having prepared commands invoked upon declaration
of some defined tags or properties. The XML compliant language XSLT for
instance is a Turing-complete language [45]. More on declarative languages
in the next section.

2.2.7 Developer Experience

We've seen that the user experience is given special attention in modern ap-
plication development. It is not enough that the user is able to fulfill his
task, but the experience doing it has to be enjoyable in some way. Why
not think the same way about development tools? As new mobile platforms
compete with other existing ones, one added value is clearly the range of
available applications. There is a limit to how many applications the man-
ufacturer can produce, so the way to really get applications is to allow 3rd
party development and supply a developer friendly environment.

The Symbian based platforms, for instance, have been known for their lack
of developer friendliness. The C++ based API is highly optimized for lim-
ited hardware and consequently contains some special developing metholo-
gies that developers with background in other platforms are not familiar
with. Symbian has traditionally had some declarative Ul resource files which
allowed a limited set of Ul components to be defined. These were called
Eikon and later Uikon in Symbian, Avkon for S60 and Qikon for UIQ. Newer
platforms seem to have more emphasis on the developer friendliness. The
iPhone SDK has been praised for its graphical UI designing tool, though the
programming language is Objective C, which is less commonly known than
Java or C++. The Android API is essentially Java, with an XML based
UI creation language included. Qt is C++ based and the QML language is
meant to make Ul development more convenient.

2.3 Model-View-Controller Architecture

The Model-View-Controller architecture was originally developed by Norwe-
gian computer scientist Trygve Reenskaug for Smalltalk at Xerox Parc. The
idea is to create an architecture that recognizes the different parts in a GUI
application. In the original paper, Reenskaug defines the model as “A Model
is an active representation of an abstraction in the form of data in a com-
puting system”. This implies the data structures that hold the information
that the application is working with. The view part is defined as “To any
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given Model there is attached one or more Views, each View being capable
of showing one or more pictorial representations of the Model on the screen
and on hardcopy. A View is also able to perform such operations upon the
Model that is reasonably associated with that View.”. Finally the controller
part is referred to as editor in the original paper and it is defined as follows:
“An Editor is an interface between a user and one or more views. It provides
the user with a suitable command system, for example in the form of menus
that may change dynamically according to the current context. It provides
the Views with the necessary coordination and command messages.” [47]
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Figure 2.7: The Model-View-Controller structure enables that the same
model element can be seen simultaneously in different contexts and from
different viewpoints. An ideal solution creates an illusion that the user is
manipulating the domain model directly. [48|

The figure shows the user receiving a mental picture of the model through
the user interface. The user receives this information through the view. The
view is responsible for the communication towards the user. The user is able
to manipulate the model through controls, so the control part is basically the
entity that has power to really change the model through logic of its own.
One kind of control where the user gets direct control of a part of the model
can be called an editor.

The MVC architecture can be applied to any application that has a UL
Nowadays the architecture is very widely used, especially in web based ap-
plications. When it comes to mobile devices this approach is especially useful
considering the differences in mobile devices. The same logic could be used
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for different devices using different layouts adapted to the device in question.

2.4 Declarative User Interface Languages

In programming we can make a distinction between declarative and imper-
ative parts of the program. The declarative part defines what it is that we
are working with, merely declaring the data. The imperative part defines
how things are done, i.e. programming functionality and logic by using com-
mands. A declarative language is thus more or less programming without
functionality. This is also referred to as non-procedural programming [36].

A user interface has to supply the user a set of controls that enable usage of
the application. These controls each have their own purpose and functionality
beneath the surface. However what is presented to the user may be considered
the dashboard of the application. The layout of this dashboard could easily
be laid out using a similar technology as, say, the layout of a document or a
web page. This is why XML is well suited as a way to declare the layout of
the application the same way that HTML is designed to declare the layout
of a web page. The declarative language is more design specific than an
imperative language. A screen element appears just because it’s there in the
code, all invocations of painting and refreshing method calls are invisible to
the developer at this level. The XML language has a tree structure so screen
elements can be declared on the screen and they may contain child elements.

Encoding user interfaces in XML instead of an imperative language does
not bring any new functionality, instead it adds to the amount of files for
building the application. Anything presented in an XML file can just as well
be programmed e.g. in Java. Therefore, because it is used, the benefit of
using XML has to be significant.

Maybe the biggest reason for using XML is the possibility of using a GUI
builder to graphically edit the Ul in a WYSIWYG manner. It could theoret-
ically be done in Java as well but re-reading the definition to support editing
is made much easier using XML. [41]

Other than that the obvious benefits of separating the layout from the func-
tionality means that changes can easily be made to the Ul without interfering
with the functionality part.

There are quite numerous examples of languages for Ul declaration. Many of
them are XML based. In this study I have chosen to look into three advanced
and popular Ul languages of which two are XML based.
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QML is Nokia’s brand new language for declarative Ul creation on the Qt
framework. This language is not XML based, in an attempt to make it more
dynamic.

2.4.1 1iPhone

The iPhone SDK by Apple is primarily a WYSIWYG graphical editor, but
the Ul is stored in an XML format. The format is XIB and it is used by
Interface Builder in Xcode. It is XML based and thus human readable, but
the XIB files are not meant to be edited by hand. During building, the XIB
file is compiled into a NIB file which is deployable on OS X and can not be
edited. [11]

2.4.2 Android XML

The Android SDK by Google allows the Ul to be created declaratively using
its XML language or programmatically using its Java API. The preferable
way is declarative whenever possible. The Android SDK has a graphical
editor as well as a text based one, and editing can be done both ways.
It is even possible to try the Android Ul XML on a Java enabled web
browser, the DroidDraw is a Ul creation tool for Android available on-line
at hitp://www.droiddraw.org, or as a standalone Java application. Also here
editing can be done both graphically or textually.

2.4.3 QML

QML is the Qt framework’s Ul language. It is not XML based, and at the
time of writing, at a very early stage of development. It is set to be available
with version 4.7 of the Qt framework and a preview version is available for Qt
4.6. QML is the API of Qt Quick, which is a declarative Ul technology based
on Qt. QML supports JavaScript, states and conditions so it is possible to
make complete applications though it is primarily intended for UI creation.
The code can be hand written or tool generated.

The Qt framework is a graphical framework that works on several platforms,
thus applications developed in this language should be easy to run on different
platforms provided the Qt framework is installed. It has a long history on
desktops, especially the Linux and GNU scene. Newer trends show that
mobile devices will use this framework in the future. Nokia is porting Qt to
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support their Symbian and Maemo platforms. Qt and QML are open source,
released under GPL or LGPL and there is a commercial license option as
well.

2.4.4 Other Ul languages

The three technologies above were chosen because they have a certain rel-
evance in the mobile industry of today. There are however several other
declarative Ul languages. Let us take a brief look at some of them, for the
sake of getting an idea of where these technologies fit in the big picture.

XAML XAML is used for both rich desktop applications (RDA) and rich
internet applications (RIA). Again an example of the trend where the line
between internet and desktop applications are being dimmed. Currently web
applications are rendered through the Silverlight plug-in of the web browser
while desktop applications are run in WPF, natively in Windows Vista or
XP Service Pack 2. But the same user interface implemented in XAML could
easily be used for either Silverlight or WPF. XAML is a compiled language
as opposed to XUL which is interpreted at runtime.

MXML MXML is Adobe’s XML based Ul language used in its Flex frame-
work. The applications in Flex are built in MXML for declarative parts
and ActionScript from programmatic parts. In this way it’s combining the
benefits of markup languages with object oriented programming. [22] Flex
applications are compiled into a rich internet application (RIA) in the SWF
format, which can then be rendered through Adobe Flash Player or Adobe
AIR. [14]

XUL XUL is Morzilla’s XML based UI language. This language is used
for building add-ons for the Firefox browser. There is a lighter engine for
running these applications called XULRunner.

JavaFX Script The JavaFX platform is designed for RIAs and as the
name implies is connected with Sun’s Java platform. The applications are
run in a Java Runtime Environment (JRE) on the desktop, in a browser
or in a mobile device. It is a competitor to Adobe’s Flash and Microsoft’s
Silverlight. JavaFX script is not XML based. The first version of JavaFX
was released in December 2008.
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HTML5 + CSS3 HTML, the language of the World Wide Web, was the
first markup language and designed for constructing layouts of web pages.
Since its development, web pages have grown into dynamic and interactive
web applications. The newest version is an attempt to provide tools for
adapting HTML for web applications. [32] It is set to include new tags for
richer content elements such as drag and drop, media playback and canvas 2D
drawing. The new features are filling the same voids that Flash, Silverlight
and JavaFX have been filling and it has been speculated as to whether this
technology would make them redundant. [35] Adobe Flash being the leading
technology for multimedia on the web does not really integrate well with the
web and is a proprietary technology.

Angular Angular is an extension to HIML that allows creation of dynamic
web applications declaratively.

LZX LZX is an XML based language for the open source platform Open-
Laszlo, also designed for RIAs. Applications run on an OpenLaszlo server
which is a Java servlet.

UIML UIML stands for User Interface Markup Language and is an XML
based language specifically for creating user interfaces. It is supposed to be
very abstract in the sense that it makes very little assumptions about the kind
of application, so it is in that sense platform and technology independent.

[13]

Qt Designer QQt Designer is a graphical tool for creating graphical user
interfaces for the Qt framework. User interfaces are saved in the XML based
UI format. The UI format is intended to be tool written. The UI can
be used for applications for the KDE window manager or other Qt based
environments.

Glade Glade is a graphical editing tool for creating graphical user interfaces
for the GTK+ framework. The designs can be saved in the GladeXML
format. These can be used for creating applications for the Gnome window
manager or other GTK+ based environments.
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2.5 Mobile Platforms

There are various kinds of mobile devices but the most advanced ones ought
to be what is called smartphones. It has been debated as to what criteria are
needed for a device to be called a smartphone. Generally it is a phone with
functionality like that of a PC. However some may not consider a web browser
and e-mailing capability to be sufficient capabilities for a smartphone. Some
argue that you actually have to be able to install 3rd party applications
natively. In this case Java ME is not considered a native application platform.
A lot of mobile platforms support it but the applications are run inside a
sandbox and have limited access to the OS resources.

2.5.1 Symbian OS

Symbian OS is a mobile operating system based on Psion’s EPOC which was
used on their PDA products, and is designed to run on ARM processors.
Symbian Software Ltd. was an initiative by most leading companies in the
mobile industry at the time. Nokia developed a few platforms on top of
Symbian called Series 60 for regular smartphones, Series 80 for communica-
tors and Series 90 for touch screen phones. Series 60 was renamed to S60
and the other two have been discontinued. UIQ or previously User Inter-
face Quartz was another Symbian based platform by UIQ Technologies. The
platform made it to some Sony Ericsson devices but has been discontinued
since. Nokia acquired Symbian Ltd. in 2008 and turned it into the Symbian
Foundation, who now maintain S60 and are in the process of turning it into
open source. Nokia’s mature S60 platform has come to dominate the smart-
phone market but is being criticized for being old-fashioned and the C++
based API too difficult. The Avkon framework used in S60 is likely to be
replaced with a Qt framework in the future.

Nokia is expanding their repertoire of mobile platforms and have just intro-
duced their first phone that uses their Linux based internet tablet platform
called Maemo, which is supposed to be more advanced and PC-like than the
Symbian based ones. Also, Nokia still has S40, a very mature and lightweight
platform for low-end phones. It is not considered a smartphone OS but it
does support the very common Java ME application platform.
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2.5.2 Android

The Android platform was developed by Android Inc. which was acquired by
Google in 2005. Since 2007, it is developed by the Open Handset Alliance.
It was released as a smart phone platform in late 2008. It’s a Linux based
operating system. Android is a promising platform for smart phones at the
time of writing, with a handful of phones released and more on the way.
The OS is developed in an open source project that for the most part and
preferably uses the Apache 2.0 license. The Linux kernel however uses the
GPLv?2 license with system exceptions. [7]

Application development on Android is done using the freely available Java
based SDK that is conveniently combinable with the Eclipse IDE. Android
has its own XML based declarative language for UI design. UI may be defined
programmatically as well.

For this study, the declarative Ul language of Android is a particularly inter-
esting source for finding solutions for the mobile related problems of declar-
ative Ul languages.

2.5.3 1iPhone

In 2007, Apple entered the mobile phone market with its iPhone. The plat-
form iPhone OS is based on the OS/X operating system. The iPhone has
been taking the market by storm since its release. Though touch screens have
been available before, this was a trend setter and really challenged the con-
siderably more mature competition in the user interface department. This
was the first phone to use multi touch. The touch screen is capacitive instead
of resistive, which means one has to only touch the screen with a finger or
other conductive material instead of pushing the screen. Also a stylus won’t
work on the capacitive screen as on a resistive one. It has been very much
hyped for its user interface but also criticized for its lock-in approach. It
is usually operator locked and comes with a subscription. Also applications
can only be installed through their App Store, so Apple is in control of the
application assortment. The software restrictions can be cracked by using
software that exploits vulnerabilities in the software, this is known as jail
breaking the device. The platform is also used in a stripped version called
the iPod Touch, which is a media player but is essentially an iPhone without
the phone.
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2.5.4 Maemo

Internet tablet OS by Nokia and based on Linux. During the time of writing,
Nokia has announced its first mobile phone based on the Maemo platform.
So it looks like it could be a mobile platform on the rise, to compete with
iPhone and Android. It was recently announced that the Maemo platform
will be integrated with IBM’s Moblin to form a new platform called MeeGo.
Maemo uses the GTK+ framework but since Nokia’s acquirement of the
Norwegian company Trolltech in 2008, the Qt framework is well in the works
for future products. The Qt platform in turn is C++ based and also famous
from the open source desktop environment KDE which also is built upon
this framework. There is a fresh developing Ul language called QML for Qt,
which is not XML based.

2.5.5 RIM/Blackberry

Blackberry is the most popular smartphone in the USA. They use proprietary
networks. They were the first ones to make phones designed as e-mail clients
with a simple small qwerty keyboard right underneath the screen, much
smaller than Nokia’s communicator models at the time.

2.5.6 Windows Mobile

Windows Mobile consists of the Windows CE mobile operating system and
the Windows Mobile middleware. .NET Compact Framework runs on Win-
dows CE and .NET Micro Framework can run directly on ARM processor
based devices, but neither contain the XAML declarative Ul language which
is included in the full . NET Framework. The upcoming version of Windows
Mobile has been named Windows Phone 7 and has big changes in the UI.

2.5.7 Palm WebOS

Palm, recently acquired by Hewlett Packard, introduced its first product
running WebOS, the Palm Pre, in the beginning of 2009. The OS runs
a Linux kernel with added components. Palm was among the pioneers of
PDA devices in the late 90s using their Palm OS based touch screen devices,
which later were also made into smartphones. Maybe the most characteristic
feature was the Graffiti writing mechanism, which allowed a stylus to be used
to write letters on a pad that were interpreted into text.
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Application Development

In this chapter we will have a closer look at the SDKs of our chosen mobile
platforms, namely Android, iPhone and Qt Quick. We will investigate how
they have chosen to implement orientation awareness and try them out by
applying our calculator use case and see how well we can utilize these tools
for adding functionality to this capability.

3.1 Case: Android

Mobile applications for Android are best created using the Android SDK
provided by Google. Let us now take a closer look at how the Android SDK
works and how to implement our use case with orientation aware features
using this SDK.

3.1.1 Developing on the Android SDK

The Android SDK is a set of tools for making Android applications. The
programming language is Java based and the SDK supports editing with the
Eclipse IDE, though any editor may be used. An emulator based on the
QEMU processor emulator is included in test the software.

The applications are managed code, i.e. run by a virtual machine instead of
directly by the OS. If native driver access is needed, it is possible through a
native software development kit (NDK). A regular application will however
use the normal SDK. The language is Java, more precisely a subset of the
Java core libraries as implemented by Apache Harmony combined with some
libraries of its own. Instead of being handled by a JVM like regular Java
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applications, they are run by a Dalvik virtual machine that is especially
optimized for the limitations of the mobile device.

The compiled bytecode is further compiled into a Dalvik Executable (.dex) by
the included dx tool. To minimize the memory footprint, the Dalvik virtual
machine is register based as opposed to Java’s stack based approach. An
Android application is run by its own instance of the Dalvik virtual machine.
The applications have access to the libraries of the application framework as
can be seen in figure 3.1.

APPLICATIONS

Contacts Phone

APPLICATION FRAMEWORK

Window Content View

- e
Activity Manager Manager Providers System

Package Manager T:‘l‘:ﬁi?;’

Resource Location Notification
Manager Manager Manager

LIBRARIES ANDROID RUNTIME

Media i Core Librarfes
Framework

3 vl
St Machine

SSL

LiNnuxX KERNEL

Display : Flash Memory Binder (IPC)
an:-e.; S B Driver Driver

Keypad Driver WIFi Driver sl e oy

Figure 3.1: System architecture of the Android platform as shown on Android
Developer’s Guide. [1]

The application interfaces with the device using the Dalvik virtual machine,
on the other side there is the user interface that serves as the connecting
link between the application and the user. Android comes with a palette of
prepared widgets, also called views. In Android visible widgets are derived
from the class android.view.View. An example of these could be a button or
a text box. They are easy to use and include and usable for most use cases,
but should the application require more flexibility than these can provide, low
level UI programming may be used. Canvas areas may be defined and within
those it is possible to programmatically draw any user interface imaginable.

The high level user interface may be accessed through the Java API but
there is also an XML based declarative Ul language included, which may be
used to declare the layouts of the application screens. The declared Ul is
static in the sense that the declared screen only represents the initial state
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of the screen, not necessarily how interactions will affect it. The declared
screen is compiled into an android.view.View resource, which may be altered
at runtime by the logic part of the application, thus making it functional.

3.1.2 Declarative Ul on the Android SDK

User interfaces may be programmed using the Java based API, but the pre-
ferred way is to utilize the declarative Ul language included in the Android
SDK. The language is XML based and the SDK contains a UI editor that
can be used to graphically design the user interface. The declared user in-
terface is static and may be considered the main state of the Ul screen. The
contents may be changed at runtime by the logic of the application, so the Ul
is capable of reacting to different expected situations like user input events
or variable states. Those however must be programmatically implemented.
The XML merely defines the layout in a static way.

The declarative language enables defining widgets, or views, on to the mobile
screen. The views have parameters for size. The ordering and scalability
depends on what kind of layout the widget has been placed in.

ViewGroup
[ ViewGroup View View
View View View

Figure 3.2: Android screen components are ordered in a tree of ViewGroups
and Views. [2]

Android supports a few different kinds of layouts:

e AbsoluteLayout
e FrameLayout
e LinearLayout

e RelativeLayout

30



CHAPTER 3. APPLICATION DEVELOPMENT

e TableLayout

The layouts are descendents of ViewGroup as in figure 3.2. Layouts play a
crucial role in the scalability and adaptability of the UI on different resolu-
tions or screen orientations. Thus it is appropriate to give a brief description
of these layout types here.

AbsoluteLayout Every child widget specifies its coordinates relative to
the parent area. This layout allows free positioning of widgets but on the
other hand does not scale to different screen sizes or orientations.

FrameLayout FrameLayout is like no layout at all. All objects placed on
the screen will be placed in the upper left corner. A frame can be defined
around this though.

LinearLayout The elements are placed in a row or column depending on
the orientation parameter, which may be vertical or horizontal. Elements
may have gravity or weight properties that determine how they scale.

RelativeLayout Elements are structured into parent and child elements.
Children can specify their position in relation to where the previous child
ended. The children may only relate to the child defined before itself so the
relationships have to be built from top to bottom in the XML file. ID is
required for each widget and these are used to refer to the previous widget.

TableLayout Specifies table rows. Child elements are placed into a row
and column.

3.1.3 Orientation Awareness on Android

The Android platform supports orientation awareness. Applications may uti-
lize this possibility by programmatically implementing the functionality for
these different modes. Android also features its own XML based declarative
Ul language. The declarative way is considered the better choice as it clearly
separates the Ul from the logic.

Android’s solution is reasonably flexible in the sense that simple layouts
may be created easily by alignment using layout containers, which provides
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automatic scalability. For more advanced screens, the absolute layout gives
less automatic scalability and the responsibility of scaling is then placed
on the application designer, as both screen orientations must be declared
separately.

Anchoring

The easiest method of ensuring that widgets keep a suitable position on the
screen in both orientations is to use anchoring. The widget is anchored to a
certain position of the screen. It may be a corner or side and will be mapped
and scaled to that position regardless of the screen orientation.

Anchoring limits full utilization of the screen in the sense that the layout
will show the components in the same order, so reordering or repositioning
will not work. On the other hand a simple user interface will look reasonably
good and scaled in both orientations.

Anchoring is done using the RelativeLayout. The anchoring position is then
determined by assigning true or false values to alignment parameters. A
button anchored on the upper left side could be declared like this:

<Button
android:id="@+id/button"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="Top Left Button"
android:layout_alignParentLeft="true"
android:layout_alignParentTop="true"

/>

Centralizing

The widget may be centralized horizontally or vertically. Centralizing is the
same as anchoring and aligning the component in the center.

<Button
android:id="@+id/button"
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:text="Middle Button"
android:layout_centerVertical="true"
android:layout_centerHorizontal="true"

/>
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Resize and Reposition

Resize and reposition in practice means using AbsoluteLayout and designing
the whole layout separately for both modes. The portrait version is located in
the layout-port folder under res, the landscape version is in the layout-land
folder under res. This method gives unlimited flexibility, as the different
modes trigger different screen designs altogether. On the other hand this
method occupies two layout files that are independent of each other and a
change in one will likely require a change to the other one as well.

3.1.4 Android SDK Test Environment

The Android SDK installs as an Eclipse plug-in. It installs and updates
through a repository located at:

https://dl-ssl.google.com/android/eclipse/

The version in our test setup started out as Android Development Tools 0.9.3
for Android 1.5, more precisely android-sdk-mac_x86-1.5_r1, in Eclipse the
plug-in was later updated to support Android 2.0 and Android Development
Toolkit version is 0.9.5.v200911191123-20404.

3.1.5 Use Case Implementation on Android SDK

To implement our use case, we started by creating a new Android project
with the wizard provided by the SDK, shown in figure 3.3.

In our project folder res, there is a folder called layout. For the orientation
awareness we need to change that folder name to layout_port and create a
similar one called layout_land. We now have two versions of main.xml, one
for portrait and one for landscape, as shown in figure 3.4. We can proceed
to design these separately.

We can open the main.zml files and edit them with xml or the graphical
editor. The Android SDK supports design of different versions for landscape
and portrait orientation by keeping files with the same name in directories
layout-land and layout-port. The solution works out of the box and com-
pletely declaratively. The screen automatically switches between the layouts
when switching orientation. This also means that we have two entirely differ-
ent designs for portrait and landscape mode with different instances of also
the common buttons.
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8,00 New Android Project
New Android Project
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) Create new project in workspace
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Application name: | CalculatorAndroid
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Figure 3.3: The Android project wizard.

In Android’s XML, widgets are represented by their own tag including their
properties. The declaration for the button for number one looks like this:

<Button
android:id="@+id/buttonl"
android:layout_width="78px"
android:layout_height="62px"
android:text="1"
android:layout_x="2px"
android:layout_y="304px"
>

</Button>
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Figure 3.4: The Android project tree.

3.2 Case: iPhone

Applications for iPhone OS are can be created using the iPhone SDK for
Xcode by Apple. Let us look into how the iPhone SDK can be utilized to
implement our use case with orientation aware features.

3.2.1 Developing on iPhone SDK

The iPhone SDK uses Apple’s own Xcode environment with Interface Builder.
The native language is Objective-C. The iPhone architecture is shown in fig-
ure 3.7.

Xcode runs on Mac OS/X only and can be used for both Mac and iPhone ap-
plication development. The tool provides a wizard for creating new projects
with templates for both iPhone and Mac OS/X applications.
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Figure 3.5: Calculator in portrait for Android.

3.2.2 Declarative Ul design on iPhone

Interface Builder is a graphical tool for creating the user interface. There is
a widget gallery in a view called Library. A calculator could easily be made
up of a text field and buttons. These can be found in the library and can be
dragged to the screen. However there is no grid layout here. The widgets do
snap on to each other in an intelligent manner, but creating a row of buttons
with exactly the same width and padding between each other and divided
evenly over the width of the screen required more work than it would if a
grid layout had been available.

Scaling of widgets is not a problem on the iPhone platform. Only one reso-
lution and screen size is available, so the interface is pixel perfect.

3.2.3 Orientation Awareness on iPhone

Orientation awareness is available on the iPhone. An application created
from the template will have it switched off by default. To activate it, the
following method should be uncommented:
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Figure 3.6: Calculator in landscape for Android.

Cocoa Touch

Media

Core Services

Core OS

Figure 3.7: The iPhone application architecture as illustrated in Apple’s
development pages. [10]

/*

// Override to allow orientations other than the default portrait orientation.

- (BOOL)shouldAutorotateToInterfaceOrientation: (UIInterfaceOrientation)interfaceOrientation {
// Return YES for supported orientations
return (interfaceOrientation == UlInterfaceOrientationPortrait);

¥

*/

This means that it is assumed that we do need programming to get orienta-
tion awareness, it is not possible merely through Interface Builder.

Scaling of the designed screen is possible through the scaling tool in Interface
Builder in figure 3.8. The screen components can be configured to scale along
with the screen in horizontal and/or vertical direction and to align to any
combination of sides. This way we can, to a certain extent, decide how the
component will react to a change in screen height and width.
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Figure 3.8: The iPhone autosizing tool.

The iPhone has only one type of screen. The resolution and size are fixed.
Widget scaling due to resolution is thus eliminated in a very efficient way.
Interface Builder supports building in either portrait or landscape orienta-
tion. The autosizing is mainly designed for window scaling and not so much
with thought of separate modes of orientation. Still, it can be used in iPhone
development as well. The only application for this would be to scale between
orientations in this case.

3.2.4 iPhone Test Environment

To try the use case on the iPhone development tools we needed to install the
iPhone SDK.

The iPhone SDK is based on Apple’s own Xcode IDE and is only available
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for Mac. The version of Xcode is 3.1.4 and it comes bundled with Interface
Builder 3.1.4 (680). The component versions are Xcode IDE: 1203.0, Xcode
Core: 1204.0, ToolSupport: 1186.0.

The tool creates a project including the different files needed to compile
an iPhone application. The native language is Objective-C and the UI is
made of Xib files that are edited in the graphical tool Interface Builder. The
Xib is XML based but not very reader-friendly, when looking at the code it
becomes apparent that the xml code involved in creating a single button of
the calculator is 21 rows long.

3.2.5 Use Case Implementation on iPhone
A new application is easily created with the project wizard of the iPhone

SDK. When choosing a View-Based application we get a stub application
with one empty view. The view is represented by the MainWindow xib file,

which opens in Interface Builder.
Toggle orientation
anc - ;5.)

362 362

280 280

Figure 3.9: Changing orientation in Interface Builder. [17]

Basically the available options are to keep position and size constant or scal-
able in vertical and /or horizontal direction. Additionally there are options for
keeping a constant margin to sides of the screen. These utilities do set limits
to how widgets can adapt to the screen orientation, but used in a creative
way within these boundaries makes simple orientation awareness operations
possible. For less limited operations there would be a need to create controls
programmatically.

As far as disabling widgets or moving them independently depending on
orientation is not possible with this scaling tool. For our use case, the ori-
entation aware calculator, we would need to specify which buttons are to
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be stretched and which removed. This tool does not provide this capability
without entering the programmatic part. There is however a way to design
the calculator within the limits of this tool, that lets us scale buttons and
hide some outside the screen area in portrait orientation. The button wid-
gets can be set to align to the right, stretch vertically and keep absolute
size horizontally. Then buttons left of the width in portrait but within the
width in landscape will be visible only in landscape mode. This is the effect
we want to achieve but not necessarily bound by this constraint, because
the size of the buttons then have to be just right. The tool is clearly not
designed for this flexible orientation awareness without the use of imperative
programming. Nevertheless, the use case implemented with this technique is
shown in figures 3.10 and 3.11.

800  Window ~
O.
MR M+ M- /
7 8 9 *
4 5 6
1 2 3 -
C 0 =

Figure 3.10: A calculator on the iPhone SDK, in portrait.
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Figure 3.11: A calculator on the iPhone SDK, in landscape.

3.3 Case: Qt Quick

Qt Quick is an umbrella term for the declarative user interface part of Qt.
It’s an acronym for Qt User Interface Creation Kit. [53| It consists of the
following parts:

e (ML declarative script language for Ul creation.
e ()t Creator IDE for application creation, including a visual editor.

e (QtDeclarative, a library based on Qt that provides the logic behind the
declarative functions.

The Qt framework is supported on many platforms as can be seen in figure
3.12.

3.3.1 Developing on Qt Creator

Qt Creator is a complete IDE that contains a set of tools needed for appli-
cation creation on the Qt framework. [43]
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Figure 3.12: Qt architecture on top of the supported platforms. [4]

3.3.2 Declarative Ul Language QML

QML is a declarative Ul language built on top of the Qt framework. The
language is not XML based, but implements its own syntax. The syntax
could be said to resemble CSS or JavaFX because it also uses brackets to
enclose the parameters associated with an element.

The reason XML was not chosen is that the expressions in XML are string
based whereas QML expressions are JavaScript based. [6] Also the readability
of XML easily gets messy.

QML is designed to be human readable and writable, as well as having the
possibility of graphical Ul design. Qt Designer, an older graphical tool for
designing Qt forms using QWidgets, uses another XML format to describe
the UI. The files have the extension ui. However this format is, like in the
iPhone SDK, better suited for graphical UI design than written by hand.

The syntax for a simple Hello World screen could look like this:

import Qt 4.6

Rectangle {
width: 200
height: 200
color: "white"
Text {
text: "Hello World"
anchors.centerIn: parent
}
}

The code is rather self-explanatory. A rectangle of 200 by 200 in white color
with the text 'Hello World’ aligned in the center.

QML supports a few layout styles.
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Row The Row layout is a flow layout in horizontal direction. The syntax
would look like this:

Row {

spacing: 2

Rectangle { id: "elementl"; width:
Rectangle { id: "element2"; width:
Rectangle { id: "element3"; width:

Column The Column layout

syntax could be as follows:

Column {

spacing: 2

Rectangle { id: "elementl"; width:
Rectangle { id: "element2"; width:
Rectangle { id: "element3"; width:

20;
20;
20;

height:
height:
height:

is a flow

20;
20;
20;

height:
height:
height:

Grid The Grid layout is a grid layout defining the amount of rows and
columns. The elements are then placed each in turn.

Grid {
rows: 2
columns:

spacing: 2

Rectangle
Rectangle
Rectangle
Rectangle
Rectangle
Rectangle

B e S

id:
id:
id:
id:
id:
id:

"elementl";
"element2";
"element3";
"element4";
"element5";
"element6";

width:
width:
width:
width:
width:
width:

20;
20;
20;
20;
20;
20;

height:
height:
height:
height:
height:
height:

20
20
20
20
20
20

[T RS L

Anchor The Anchor layout is a special kind of layout in QML. It attaches
an object to another object. The object will then be placed or stretched to
cling on to the other object. This rule will overrule any other layout rules.

Rectangle { id: elementl;

-}

Rectangle { id: element2; anchors.left: elementl.right; ... }

This would bind the left side of element2 to the right side of element]1.

Border scaling is supported with the BorderImage element.
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BorderImage {
width: 180; height: 180
border.left: 30; border.top: 30
border.right: 30; border.bottom: 30
horizontalTileMode: BorderImage.Stretch
verticalTileMode: BorderImage.Stretch
source: "content/colors.png"

3.3.3 Qt Quick Orientation Awareness

The state of the orientation can be utilized in QML. In this solution we
have to consider from where we get this information. It depends on what
environment we are using to run the application.

When run in QML Viewer, which is included in Qt Creator, the state can
be checked from the viewer in the property Screen.Orientation. This can be
done by adding an item representing this property of QML Viewer.

Item {
QML Viewer.Screen { id: QML ViewerScreen }

}

We can then set a state to depend on this property.

states: State {
name: "Landscape"; when: QML ViewerScreen.orientation == QML Viewer.Screen.Landscape
PropertyChanges { target: mainScreen;width: 800;height: 4803}

When running this on a real device such as the Nokia N900, the property
has to be checked in a slightly different way. Here we can get the orientation
from the accelerometer of the device. There is an example of this available
at:

http://qt.gitorious.org/qt-mobility/qt-mobility/trees/master/examples/sensors/orientation

Here we are referencing a library called qorientationsensor.h. It provides a
set of orientation properties:

enum Orientation {
Undefined = 0,
BottomUp,
BottomDown,
LeftUp,
RightUp,
FaceDown,
FaceUp

};
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These can be read from the QML as follows:

OrientationSensor {
id: orientation

onReadingChanged: {

if (reading.orientation == OrientationReading.LeftUp)
content.state = "Portrait";

else if (reading.orientation == OrientationReading.BottomDown)
content.state = "";

else if (reading.orientation == OrientationReading.RightUp)
content.state = "ReversePortrait";

else if (reading.orientation == OrientationReading.BottomUp)
content.state = "ReverseLandscape";

else if (reading.orientation == OrientationReading.FaceUp)
content.state = "FaceUp";

else if (reading.orientation == OrientationReading.FaceDown)
content.state = "FaceDown";

Note that the default orientation in Maemo is landscape, so LeftUp means
portrait. The orientation example for Maemo cited above and the library
code are released under LGPL.

Because the QML language is in an early state of development, the syntax
is prone to changes and the methods above apply to our test environment
consisting of Qt version 4.6 and Qt Creator 1.3.80. In the soon to be released
Qt 4.7, there will be syntax changes as explained in [12], so that we can access
the orientation state in both QML Viewer and a mobile device like the Nokia
N900 through a runtime object.

runtime.orientation == Orientation.Landscape

This will be a way to get the state of orientation from both QML Viewer and
the phone.

3.3.4 Qt Tool Setup

For the Qt implementation we use Qt Creator version 1.3.80, a preview
build that includes the QML plug-in and is available in the Qt archive at
ftp://ftp.qt.nokia.com/qml/. The Qt version is 4.6.

3.3.5 Use Case Implementation on Qt Quick

The QML language is a script language that supports some fundamental
logic. It can have conditions and states. The Qt Creator tool 1.3 is the first
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version to include the QML language as part of the declarative technology
called Qt Quick and features a graphical viewing tool to get previews of the
screens. Here all widgets are declared once but the layout changes depending
on the state.

There are some examples included in the Qt Creator with QML distribution.
The one found in the /Demos/declarative/calculator includes a calculator
constructed with QML. Like our use case, it also features a regular and an
advanced mode, however this one triggered by a button instead of orientation
awareness.

In order to get the current orientation state, we first declare an item that
represents the QML Viewer.

Item {
QML Viewer.Screen { id: QML ViewerScreen }

}

Then we change the main item state to depend on this property instead of
the toggle button.

states: State {

name: "Advanced"; when: QML ViewerScreen.orientation == QML Viewer.Screen.Landscape
PropertyChanges { target: basicButtons; x: 0 }

PropertyChanges { target: simpleOperations; y: 32 }

PropertyChanges { target: bksp; opacity: 1 }

PropertyChanges { target: c; x: 69; width: 67 }

PropertyChanges { target: ac; x: 138; width: 67 }

PropertyChanges { target: equals; width: 50 }

PropertyChanges { target: advancedButtons; x: 210; opacity: 1 }

Now the advanced state will be active whenever QML Viewer is in landscape
mode.
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Chapter 4

Evaluation

We have applied our calculator use case to the three subjects of our study.
We can conclude that the tested mobile platforms Android, iPhone and Qt
Quick have chosen quite different paths, not least where the declarative user
interface development is concerned. The products are all very much tied to
their specific platform. They are not general or standard ways of making user
interfaces even though theoretically the principles of one could be applied to
another if somebody had chosen to implement it that way. So in that sense we
have three different suggestions for a developing environment and experience,
for essentially the same application: declarative mobile application design.
What is really interesting is that these environments have chosen so different
approaches to the main interfacing technology for UI development. One has
chosen XML, another has rejected XML in favor of scripting and a third one
has not relied on writable XML but based it all on graphical WYSIWYG
editing. Surely all of the products have graphical editing possibility but the
main means of designing remain different.

When comparing to more mature and well established declarative UI lan-
guages such as Adobe’s MXML, Microsoft’s XAML and Mozilla’s XUL, there
are definitely similarities but still fewer than one might expect. These are all
XML based and designed to be human writable. The tools are not graphi-
cally WYSIWYG but do provide graphical previews. Also the basic layout
components are very similar in the desktop systems. Widgets are best lined
up with vertical or horizontal containers, vbox and hbox, or grids.
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4.1 Mobile Development

The mobile development of these systems clearly limits the application to
the specific platform of devices. That means that if choosing between them,
the technological aspect is not the only one to consider. If making an iPhone
application, it will not run on a device running another OS. Basically the
same goes for the other platforms as well, although there are some modifi-
cations of this. Since Android uses Java based API, it means that the step
towards porting it to Java ME is surely not as big as it would had it been
programmed in Objective-C or C+-+. The Qt platform on the other hand
is currently made for the Symbian and Maemo/MeeGo platforms but since
both Android and Qt are open platforms and have been known to use a Linux
kernel, it seems likely that Qt eventually will find its way over to Android as
well. In that sense the iPhone with its closed philosophy is left to its own, its
applications really need to be implemented separately from other platforms.

Of the tested mobile technologies Android, iPhone and Qt Quick, Android
and iPhone are clearly more productized specifically for mobile handsets.
This may not be a fair comparison since Ot Quick is in such an early state
of development and given the long history of Qt in desktop applications. Qt
Creator is at the time of writing in alpha state. Qt Quick is based on Qt,
which in itself has a far longer history on desktop systems. QMLViewer does
have some optional skins to make the application look like it is being run on
a mobile device. But QMLViewer is not an emulator like the Android and
iPhone emulators supplied with their respective SDKs. On those, the ap-
plication may be closed and the emulator still emulates the mobile platform
and has basic applications like a web browser. QMLViewer only runs the
QML code directly on top of Qt so there is no emulated operating system
here. The iPhone also proved to have some legacy features from the desk-
top world, like the autosize feature which seems better suited for a window
based application. It this respect, Android seems like the cleanest mobile
development tool of the bunch.

4.2 Declarative Language

The declarative languages used in Android, iPhone and Qt each present
their own solution to Ul design. We have representation from an XML based
solution, a graphical WYSIWYG editing solution and one scripting solution.

The one that mostly resembles the traditional Ul languages such as XAML,
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MXML or XUL would be the XML based declarative UI language used in
Android. It is based on the usage of layout components that resemble those
of the traditional ones. XML [19] is a well-tried technology that is familiar to
a lot of developers and web designers. It is in that sense a safe bet. Editing
can easily be done with any text editor, or for more comfort, with a dedicated
XML editor or even a graphical editing tool.

One XML language can be converted into another using rules defined with
XSLT (eXtensible Stylesheet Language Transformation) [21] and XPath [20].
The XML inheritance thus could make it possible to automate conversion
between Android and other XML based UI languages to a certain degree.
That means that using common features of other XML based platforms such
as Flash, Silverlight, WPF or Firefox plug-in applications, it could be possible
to create conversion rules to these.

The graphical editing is mostly relied on by iPhone. The design methodology
of laying out components is very simple. The designer drags and drops
components onto the screen, where they get absolute positions. The screen
is available in one size and resolution, so the need for scaling is in that sense
expected to be minimal. There is no out of the box grid container here. If
that is needed we may implement it programmatically or use a 3rd party
framework for it. The screen that is designed represents the initial state of
the screen and widgets may be altered during runtime by program logic or
scalability rules, also when applied to a change of screen orientation.

The UI files themselves are stored in an XML format with the extension
x1b, that is not developer friendly in the sense that the user discouraged to
edit them in a text editor. The Xib files are not runnable as such, they
are compiled into a format called Nib. [17] A similar technology is available
for Qt in the Qt Designer editor, which uses an XML based format for its
files with an extension of uwi. The .ui files can then be read in Qt code or
in QML. Both Apple’s Interface Builder and Qt Designer have their roots
in the desktop development, where graphical designing has been common
for a long time, cf. Borland C++ Builder for making graphical applications
for Windows. The mobile technologies thus far have had more text based
development tools, cf. the now obsolete Avkon resources from S60 setting
lists and tab views [23]. The need for designing UI freely by hand can be
assumed to be greater for bigger screen applications whereas order and tight
placing is more crucial on small screen spaces. So the legacy from the desktop
environment gives a certain maturity to the to the iPhone Ul editor, though it
seems the features from the desktop world remain present on the mobile side.
The rules for autosizing is a typical example of this. In a resizable window
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it makes perfect sense to define properties of which side of the window to
cling onto and whether to resize according to window size. This obviously
can also apply to different screen resolutions for mobiles, however the iPhone
applications produced by this SDK is only available in one resolution. In new
products such as the iPad or a possibly a future iPhone with bigger resolution
need to run legacy iPhone applications in the original iPhone resolution.
This becomes a huge drawback since there is then unutilized screen space, a
monumental failure one could say. Thus this autosizing property cannot be
said to be fully utilized here.

The iPhone’s approach is easily the most deviant one in this context. When
comparing QML and Android’s XML we can say that Android has the advan-
tage of being more typical as it is the one that mostly resembles traditional
UI markup languages. Further it is very easy to use with options of graphical
editing. There is even a Java based editor online at http://www.droiddraw. org
which enables UI development in a web browser.

QML again benefits from not being XML based in that it is the most compact
of the languages, and the most technically capable. QML could have been
XML based, it was just decided that the scripting way would be clearer. A
bold move to diverge from the safe XML but let’s face it, tags include some
redundant information that can just as well be represented with the name
and brackets. It is all about declaring items and defining their properties,
basically like XML. But QML does include the capability to have conditions
and states so it can be used for application logic as well. QML is more
technically capable than Android’s XML but at the same time it seems more
like a very high level programming language because of this. Based on this we
could assume that a graphical designer would have an easier time digesting
the Android way of doing things. A developer may find it a very convenient
way to build user interfaces though.

4.3 Layout Containers and Scaling

The most typical containers or layout panels are simple horizontal and verti-
cal flow containers, often called hbox and vbox, meaning elements are placed
one after another. Additionally there is usually some kind of grid layout that
allows ordering of components in rows and columns. It seems just about any
scalable layout may be created using these basic layout rules. The layout
will then scale widgets in the same proportions for the entire screen.

This convention is adapted by Android with its LinearLayout corresponding
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to the horizontal and vertical flow layout. Grid constructions can be achieved
with TableLayout or GridView. Additionally there are special alternatives
like RelativeLayout that allows child views to be positioned relative to their
parent views or sibling views. In QML we similarly have positioning ele-
ments Row and Column representing flow layouts for horizontal and vertical
positioning respectively, and Grid for a grid. Additionally there is the spe-
cial anchoring property that allows widgets to cling on to other widgets,
mentioned in section 3.3.2. The anchoring property overrides any other posi-
tioning rules. The iPhone does not use containers at all. Instead we are able
to position items freely in Interface Builder and configure scaling rules using
autosizing shown in figure 3.8. There are possibilities to implement tables
and grids but these require programming in Objective-C.

The containers are easy and convenient to use in both Android and Qt Quick.
The fact that anchor configurations override other positioning may cause
some confusion in Qt Quick, if this feature is not taken into account.

Border scaling of images is supported for QML as the BorderImage element
and in Android’s XML there is Nine-Patch Images [8] which do the same
thing. The iPhone does not appear to have anything like this.

As for CSS styling [18] it seems that the declarative languages are relying
on their own ability of styling. There is a discussion on the Qt blogs about
the possibility of including CSS into QML but it seems like for performance
reasons it is better left out [5].

On the whole we can say that Android and Qt Quick both provide sufficient
layout positioning containers. The iPhone has its own system with autosizing
and hint lines when positioning elements in the editor, but an easy declarative
grid or flow layout is left to be desired.

4.4 Orientation Awareness

The mobile screen is usually rectangular featuring a shorter and a longer side.
Depending on the application, the screen may be better used in horizontal
or vertical position. In a mobile device, changing the screen orientation is as
easy as turning the device.

The screen may be utilized by the application so that the proper orientation
is enforced by the application. The user is then expected to turn the device in
the correct way. Another option is to have detection of the orientation. The
user can then decide to use the application in either position. The detection
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feature must then toggle between the landscape and portrait mode of the
application.

The modes may feature different layouts and also work as a switch to enable
different functionality altogether. Some devices provide a button to lock
orientation in case the user wants the application to keep one orientation
despite a turn of the device.

The development tools for Android, iPhone and Qt all support orientation
awareness in one way or another. This is something that differs the mobile
languages from the desktop languages XAML, MXML and XUL.

Android has the option of using layout containers or separate Ul designs.
Both solutions are completely declarative and are enabled automatically.

The iPhone only provides the autosizing tool in the declarative part, and
the feature is not enabled by default. So the support for orientation aware-
ness is not possible using only the declarative part. It would really require
programming in Objective-C.

Qt Quick does have a state for checking the orientation, so the orientation
awareness is quite possible purely declaratively. The technique is explained
in section 3.3.3.

Conclusively we can state that Android has a simple and concrete mechanism
for changing UI design due to orientation change. Qt Quick has the most
flexible and compact solution in the sense that the state change really can
trigger any kind of functionality imaginable. For instance, if we have only
a small change in Ul design due to orientation change, that can’t be solved
with layout containers, then in Android we would probably design the whole
screen again but in Qt Quick we would simply implement the small change.

4.5 Language Efficiency

The languages we have tried are quite different. Let us take a look at how
much code is required to achieve the functionality.

Table 4.1: Lines of declarative code in the case implementation.

Case Lines

Android 647
iPhone 1119
Qt Quick 170
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We see that Qt Quick is clearly the most compact implementation. This
is easily explained by the fact that in this implementation each element, i.e.
button, is declared only once. This is also true for the iPhone implementation
but that code is generated from the graphical editor of Interface Builder.
Also, the autosizing rules are defined separately for each button, so this surely
increases the size compared to if these properties could have been configured
to a container. The Android implementation requires two separate screens
to be implemented so the amount of lines is bound to approximately double
due to this.

From this we can conclude that Qt Quick has the most compact language,
with Android second and iPhone third.
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Chapter 5

Discussion

When starting this work, I was looking for a solution to how scalability and
orientation awareness could most appropriately be implemented in a declara-
tive UI language. The products investigated were what I was considering the
most advanced, most popular and relevant products available today. This is
based on media and discussions with colleagues. The chosen platforms be-
came Android, iPhone and Qt Quick. At first I did some research on declar-
ative Ul languages for desktop applications as well, namely Adobe’s MXML,
Microsoft’s XAML and Mozilla’s XUL, however since the main topic was
orientation awareness and the use case a mobile calculator, it became clear
that it was the mobile platforms that really needed to be in focus.

The choice of mobile platforms was fairly obvious. Though there are quite
a few to choose from, these three were, from my personal point of view,
the obvious choices. The iPhone was obvious as it is certainly the most
hyped phone on the market and did change the mobile industry with its
multi-touch user interface. So this SDK had to be included here. Android
seems to be the first platform to really challenge the iPhone. It is already
competing on the market and it seems like this is only the beginning as
most smartphone manufacturers have plans for this platform. And it has an
XML based declarative Ul. Qt Quick is so new it isn’t even released in a
stable version yet. Despite this, it seems that Nokia, the worldwide leading
smartphone manufacturer, is investing heavily in this platform as the one
that in a not so distant future will play in the same league as iPhone and
Android.

For the use case for the study I needed something simple that just adds some
function to be triggered by an orientation change. Canon’s Ixus cameras
have already for quite some time had automatic orientation awareness in
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their digital cameras that detects the orientation the picture is taken in, and
rotates the resulting picture accordingly. For smartphones though, the best
example I could think of was the iPhone calculator that turns scientific in
landscape mode. It is a simple yet very usable feature. In portrait mode we
are given the basic mathematical buttons on the touch screen. The buttons
are big and a simple calculation can be performed comfortably. If we need
something more advanced like a square root or trigonometric functions, we
turn the phone into landscape mode. The calculator then remakes the layout
with additional buttons. The buttons are unavoidably smaller in this mode,
but that has to be expected since we are getting more keys and not getting
more screen real-estate.

The actual implementation required installation of development environ-
ments for the platforms. The Android SDK is a plug-in for the Eclipse IDE,
the iPhone SDK is a part of Apple’s Xcode suite of development tools and
Qt Quick is developed using the Qt Creator IDE. Since the goal of the study
really was to find declarative solutions to orientation awareness, preferably
no imperative programming was to be used. We were able to create orien-
tation aware calculator user interfaces using only the declarative Ul part of
the tools.

The concept of declarative Ul languages is still relatively new to the world of
mobile application development, while it has been around for a while on the
desktop and even longer on the web side. It seems that Android is the first
one to really have a built-in API that is usable as a declarative language. The
iPhone SDK does present its Ul in XML format as well, but it proved not to
be really usable as a programming language, as the Ul is meant to be designed
using the graphical editor of the SDK. QML is a declarative language that
actually balances on the border to imperativeness in the sense that it permits
states and conditions. It even supports scripting in JavaScript. Nevertheless
it seems to be about as easy to use as an XML based language. Widgets and
layout containers are quite well supported.

As a mobile development kit, Qt Quick is not yet on the same level of pro-
ductization as the Android and iPhone development tools. In the latter two,
the emulators are clearly targeting their respective platform. The emulators
for Android and iPhone both show some emulation of the operating system
beneath the application. The application can be closed and restarted inside
the emulator, and basic platform applications such as a web browser are also
included and can be run from within the emulator. So, when we used the
Android and iPhone SDKs we really felt like we were developing for a mobile
device and the specific platform. When developing on Qt Creator we felt like
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the application could just as well have been for a desktop application, and
actually it could. Qt is not really bound to any specific OS. The deliverable
is actually runnable on any OS with Qt installed. Apart from the new im-
plementations of Qt for Symbian and Maemo, the Qt framework is available
in mature versions for most desktop operating systems. This fact also makes
the technology interesting from a platform independency point of view.

In Qt Creator we are using QMLViewer to run the applications. It runs on
the desktop installation of Qt and is not emulating any other mobile OS. The
possibilities of QML seem to allow some quite dynamic Ul design in a high
level language. In that sense it seems to be quite a promising technology.

While Android and Qt Quick provide layout containers in the same familiar
manner as some other Ul languages, the iPhone offers its own way of scaling
widgets. The iPhone utilizes the scaling tool of XCode, the tool is displayed
in figure 3.8. For Mac developers this tool is surely familiar, for others it
is completely new. The solution presented here is quite limited from the
part of the iPhone. It proved that a real independent mode switch between
portrait and landscape mode requires some programming in Objective-C. So
the declarative part does not really support orientation awareness here. The
solution here is done with the scaling tool. Any elements can be configured
whether to scale or keep ratio in horizontal and/or vertical direction. Thus
it was possible to configure the scaling property of the calculator buttons to
scale vertically while keeping their width horizontally and align to the right
side of the screen. By adjusting just the right size of the buttons, we are in
this way able to get two columns of buttons that position within the screen
in landscape mode but outside in portrait.

The more traditional concept with layout containers used in Android and
Qt Quick are familiar for anyone even remotely experienced with Ul devel-
opment. Grid and flow layout managers combined are simple and powerful
tools for making flexible and scalable layouts. The grid layout easily divides
the screen into an arbitrary amount of columns and rows, effectively making
smaller areas of the screen which automatically scale as the areas are divided
from the full screen height and width. In the case of screen orientation, as
long as the screen would not require re-placement of widgets, the layout can
be usable in both modes with stretched widget areas.

What can be concluded about the orientation awareness in the existing
declarative languages? We have seen that the solutions presented here are
totally different from each other. Firstly, the solution by Apple cannot really
be said to have a declarative solution for this. The modes are supported
but would really require programming in Objective-C to get a well working
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solution. Anything else is left to configuring scaling properties of widgets,
which can only work to a certain extent. Secondly, the Android implementa-
tion is maybe the solution that mostly resembles what we would expect from
a declarative Ul language. There are options of using layout containers to
get screens to scale as we want them using traditional scaling rules. If that
is not enough, there is an easy way to design independent screens for both
modes respectively. When having independent screens, we of course have the
drawback that the widgets that are found in both orientations are different
instances in each orientation. The option of having the same instance of the
widgets move around between modes would require programming and then
this method with different designs would not suffice. Then again one could
think that if the solution is that advanced then it would be alright to do some
programming for it. Thirdly and lastly, the Qt Quick solution has a more
flexible solution. Here we are allowed to create states and freely reposition
widgets according to some criteria. There is no universal portrait and land-
scape state, this has to be derived from the classes that define that property
for the device in question. For instance the property for QMLViewer is not
the same as the corresponding one for the Nokia N900 Maemo device. An
implementation involving widgets that get a different set of property val-
ues in each state is quite possible on this platform, but how we determine
the state of the orientation will have to be checked differently if run on the
QMLViewer or a mobile device. Further, the flexibility including the possi-
bility to include expressions in JavaScript could be argued to give imperative
properties to the language. Though it is meant to be so easy to learn that
graphical designers could use this instead of just designing documentation
for the developers, it could be questionable if a non-programmer could adapt
to this easier than, say, an XML based pure markup language.

5.1 Declarative Ul and States

XML is static by nature. We usually do not loop or jump around in the
code. It is designed to be declarative, it defines a structure. The idea be-
hind it derives from HTML, where the purpose is to describe and define the
presentation of a web page.

Despite this, XML can be used to create any kind of language so it is not
at all unthinkable to create an imperative language in XML, all we need is
to create tags for the programmatic operations, such as if statements, loops
and variables, along with mathematical functions.

Another proposal is to utilize the tree structure of XML to create a tree
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shaped state automata. A root state leads to alternative states to form a
tree structure that could be described using XML tags. [42]

The QML language does support a concept of states. In that sense it is
balancing on the border to imperativeness. By using conditions we are able
to create dynamic interfaces.

5.2 Solution

If we were to consider a solution of our own for the orientation awareness
in declarative languages, and for our calculator use case, we would need a
mechanism for hiding, repositioning and resizing widgets. All depending on
the state of the orientation. A scalable layout sure helps in some situations
but if the real advantage of the screen orientation is to be utilized, the layout
must have the ability to be independently re-designed for both modes.

The obvious and easy solution is to design two totally independent screens
for each orientation. This is the approach that the Android SDK has taken.
The solution works but this also means the widgets on the screen do not
represent the same instance of the widget. E.g. if you change the label on a
button in one orientation you will need to do it also in the other.

Of the tested languages, Qt Quick is the only one to implement states in the
declarative part. The concept of declarative languages and XML is very static
by nature. We declare structures but we do not implement functionality. Still
one could think about the concept of states as declarative in the sense that we
could declare the existence of some states and then declare some parameter
values according to states. For instance, this could look something like this:

<MyXML states="2">
<button xPos="(10,20)" yPos="(10,30)"/>
</MyXML>

This could be one way to introduce states, we declare two states for our
screen and define a button to be placed on coordinates (10,10) in state 1 and
(20,30) in state 2.

5.3 Orientation Awareness in Web Applications

The products in this study represent tools for making mobile applications
that work on top of a mobile operating system platform. Cloud computing
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and Web 2.0 are concepts that we are seeing more and more of in today’s
web applications. The web pages are getting steadily more intelligent and
often can be seen more as complete applications than just pages. Already
Microsoft’s Silverlight is supporting largely similar UI declarations in XAML
as Windows’ native presentation framework (WPF). The interesting part
here is that the same Ul could be a either a Rich Internet Application (RIA)
or a Rich Desktop Application (RDA). We might not even have to know or
care which one it would be when designing the UI.

JavaFX is an interesting technology in this respect as well, as it produces
applications that can be run through the web or locally using a Java runtime,
even a mobile one.

With the 5th version of HTML [32] we will see more multimedia and other
possibilities of richness, so possibly when mobile browsers start supporting
HTML 5 we will be able to run almost as advanced web applications as the
native ones. If the application is not graphically advanced, like our calculator
use case, one alternative to the application SDKs is to use web technologies.
They are standardized and reasonably platform independent. If however the
platform does need special treatment, it can be checked in the user agent field
of the http request. It will work provided the mobile browser is good enough.
In fact, when the iPhone was first released, there was no SDK but the strategy
was that 3rd party developers would use AJAX web technology. AJAX
stands for Asynchronous JavaScript + XML. [30] Orientation awareness has
also been tried using web technologies, Engadgetinteractive have published
an example [38] of how orientation awareness can be achieved on the iPhone
using HTML, CSS and JavaScript. The JavaScript can check the orientation
from window.orientation, and there is an event called onorientationchange
for knowing when to update the layout.

5.4 A Multitude of Solutions

We have stipulated that some of the most relevant mobile platforms have
chosen very different technologies when it comes to mobile application devel-
opment, the declarative parts of user interface design and orientation aware-
ness. Conclusively let us reflect upon the situation of the multitude of mobile
platforms on the market and how these solutions might affect the industry.
For many years it seems that Nokia was the leading smartphone manufac-
turer. The S60 platform was one where 3rd party developers could make
native applications and Java ME applications could be run on most mobile
phones on the market. The situation is changing with newcomers such as the
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iPhone and Android. Also Microsoft is once again trying to make a comeback
with Windows Phone 7. Samsung is releasing its own smartphone platform
Bada. It is a lot of platforms and where is this going?

The platforms will obviously have their own ranges of mobile applications
which will vary depending on the policies for 3rd party development and,
indeed, the solutions for the application programming interfaces. The better
the possibilities for 3rd party developers there are, the richer the application
range will be and the more attractive the platform will become.

At the same time mobile web browsers are getting more advanced, as is web
technology in general. These will probably start competing more and more
with the local platform applications.

In an immature market such as this some think it is inevitable that a small
challenger will eventually conquer the giants that are less prone to make
radical changes in a dynamic environment. However there is also the matter
of money and legislation. The mobile market is a game where patents are
being traded and lawsuits are being filed between the companies, which surely
will limit possibilities of small players entering the competition.

The sharp competition forces innovative solutions and it seems every possible
stone is turned to find just the right set of tools to create the perfect mobile
experience for the consumer.

5.5 Conclusions

The goal of the study was to find out how leading smartphone platforms
had solved orientation awareness in their declarative Ul languages. For the
study we chose three current mobile platforms namely Android, iPhone and
Qt Quick. We installed the respective SDKs of each platform. We proceeded
to implement an orientation aware calculator UI that gets added function-
ality in landscape orientation. We discovered that the three platforms had
very different technologies where the declarative Ul language was concerned.
One was XML based, one graphical and one script based. The orientation
awareness was also entirely differently implemented on all platforms.

Android proved to have quite an effective method for designing orientation
aware user interfaces. The language was XML based and seemed almost
familiar compared to some other Ul languages such as XAML, MXML and
XUL. Either layout containers could be used or two completely different
screens could be designed and put into different folders and the application
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would automatically switch between these.

The iPhone’s declarative Ul is really generated code not meant to be hand
written. It is generated by the Interface Builder tool. It seemed to not really
provide much of a declarative solution for the orientation awareness. We
were really left with the autosizing tool, which can be used to set horizontal
and vertical scaling for individual components and align them to sides of the
screen. With that we were able to configure scaling properties to our cal-
culator buttons so that they scaled vertically but not horizontally. Because
their width was constant, we were able to declare columns of buttons that
were only visible in landscape but not portrait orientation. This is quite a
non-flexible solution that happened to apply reasonably well for the calcu-
lator use case, but would not suffice if more complicated changing patterns
were to be applied.

Finally, there is the Qt Quick platform with its non-XML QML language.
QML proved to be the most flexible declarative language for this purpose
because it also provides a concept for states and conditions, in addition to
the traditional layout containers like Row, Column and Grid. Using states
and conditions, components may be rearranged in any manner and the change
may be triggered by an event such as an orientation change.

To compare the solutions we could say that the most flexible one would be Qt
Quick because it allows us to rearrange widgets independently at orientation
change. The same instances of components can be moved. The Android
approach leads to two independent screens where the widgets visible in both
orientations will have to be declared twice, once for each orientation. On the
other hand Android would have to be the easiest one because the solution
just works right away when the screen declaration files are put in the right
folders of the workspace.
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