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ABSTRACT

Apps are the new model of application software that originally developed for the software distribution to
mobile devices, is emerging also in the other categories of devices. User finds the apps in a custom website
called the store, whereas apps in the form of an auto-installing software package can be downloaded freely or
after paying a fee, and easily installed and configured. The mobile platform environment shows a plethora of
systems considering the large number of mobile hardware and software manufactures. The apps regardless of the
type of category they belong (i.e., social, educational, games), are distinguished in native, web or hybrid apps
depending on the tools and technologies used to develop. The paper analyzes mobile operating systems from a
software developer perspective focusing on cross-platforms tools in order to propose actual and future platforms
where to deploy apps. The work is part of a research aimed at designing and developing apps for science
outreach and education. The selection of mobile platforms target influences the tools needed to develop apps.
Cross-platforms development tools allow greater distribution to different platforms, but have some limitations
and cannot be the only methodology adopted. The choice of mobile development framework depends both on the
type of the app and the mobile platform.
Keywords - mobile apps, mobile platform, software development Kits, apps stores, mobile cross-platforms tools

l. INTRODUCTION

Since the explosive growth in mobile device
adoption [1], the specific application software targeted
to mobile devices known as apps are gaining
popularity. With the term mobile device, we refer
mainly to tablets and smartphones considering them as
the best-selling devices, even if the term encompasses
a number of different devices. Mobile devices have
become the primary entry point for all types of users,
who are using smaller and light devices to do the same
or more as they do on the desktop system. Internet
connection or mobile Internet [2] from such devices is
more efficient thanks to wireless data transmissions
both through wireless networks and cellular networks
that allow higher band rate. Enhanced computing and
storage facilities allow mobile software to include
complex multimedia content as well as audio and
video content. Some apps could take advantage of
Internet connection and use the web platform as an
environment for apps execution. When using the app
by means of support distributed computing platforms,
apps are known as web apps [3]. A primary
categorization of apps lays on technologies involved
in their development. Apps can be distinguished in
web, native and hybrid meaning that they use web
technologies, programming languages used by mobile
platforms and specific cross platforms tools that are
able to mediate on these two methods. The distribution
of mobile software passes through the “app store” a
custom kind of an e-commerce site where a user could
find the software he/she needs distributed with
different types of licenses both payment and free.
Given the presence of a single container, apps are
categorized by scopes (entertainment, educational,

social) and the mobile platforms [4] (i0OS, Android,
Windows, and Blackberry OS). Regardless the scope
and the underlying operating systems, mobile apps
have some peculiarities since targeted to computer
systems that show limited capacities, are equipped
with some type of Internet connection and could show
specific hardware as sensors, camera, and Global
Positioning System (GPS) receivers. Usually mobile
devices, even if different as regards the scope and
functionalities (e.g., tablets can be seen as processing
devices while smartphones’” main purpose is
telephony), offer limited computing and storage
features, small screen size, input device with a touch
and without the usual pointing devices and the
integration with sensor devices. A plethora of mobile
operating systems [4] has been developed for
managing the different mobile hardware for the two
main computer systems categories (tablets and
smartphones), most of them tied to mobile devices
manufactures (Nokia-based systems such as Symbian
OS or Blackberry-based systems). But mobile
platform providers include software companies or
organizations such as the case of Android OS,
Windows Phone or the new proposals for operating
systems (e.g., Tizen OS or Firefox OS, Ubuntu
mobile) that developed mobile platforms suitable for
different categories of hardware. The paper analyzes
mobile platforms from a software developer
perspective examining the various existing and
development platforms, the type of apps that could be
developed for such environments and the tools
available for such purpose that could help to develop
for a cross-platform purpose. In fact the presence of
many mobile platforms, even if the actual market
reduces the number to two systems (iOS and Android
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0S) is characterized by numerous frameworks (i.e.,
Windows-based, Blackberry OS, Bada OS).
Developing an app for a single system excludes,
although with different percentages, the number of
potential users. The software developer needs to
understand to what mobile devices it is worthwhile to
develop an app. Moreover if the choice regards more
than one category, the developer should consider the
design of native or web apps meaning the use of
mobile platform developer software rather than web
technologies. Since the presence of mobile
frameworks helping the cross-platform development,
advantages and disadvantages of these software
should be examined.

This is a research carried out in order to
understand what mobile platforms and tools are to be
taken by considering actual and future platforms and
choices to make in offering educational and outreach
app. Our background is a research institute involved in
Astrophysics and this paper describes the study made,
to choose a platform where to develop education and
outreach Astronomy apps.

The remainder of this paper is organized as
follows: Section 2 gives an overview of apps features
according users’ behavior recent statistics from many
business companies. Section 3 describes the various,
mobile operating systems. Section 4 presents the
methods of using cross-platforms tools in app
development. Conclusion and future work are given in
the last section.

1. MOTIVATION FOR APPS’ DEVELOPMENT
Apps are a kind of software programs that
perform specific tasks for the mobile users. Usually an
app is downloaded by a store to be installed and run in
a handheld device. Sometimes for the specific type of
apps (e.g., those related to social networks) the
execution could refer to the web platform. Initially,
most famous apps were born in the context of social
network as an easy way to access to social tools like
Facebook or Twitter from mobile devices, but are
becoming a kind of software that could perform every
kind of task both for personal or work activities. From
a design point of view, an app is characterized by a
graphical element or widget that could be easily
started with a touch. This feature allows the user to
use the application software in the same way despite
the mobile platforms he/she uses. But apps’ structure
is generally rigidly defined. For example, an Android
app has a pre-defined structure with code and resource
organized into a number of folders, and the layout is
described by different XML files that help to define
the widgets (buttons, text fields and so forth) that
combine the application. Anyhow an apps should be
designed to solve a real problem and not as a simple
add-ons. In developing an app, the developer should
consider the scope, the technologies and the mobile
platforms. The app is becoming the new form of
application software considering that mobile devices
market (known also as ultra mobile market) that

includes the combined market for laptops, tablets, and
smartphones, are constantly growing. According to
several market analysts companies, including Gartner,
this market is still growing at the expense of the
traditional market of computing systems. It is
estimated, for example, that the world market for
tablets the smartphones devices total a 2.4bn units in
2013, an increase of 9% compared to 2012. The
estimate of the sale is shown in Fig. 1.

Device Type 2012 2013 2014 207
PC (Desk-Based and Notebook) 341,263 315.229 302.315 27,612
Ultramobile 9822 23,592 38.687 96.350
Tablet 116,113 197,202 265,731 467,951
Mabile Phone 1,746,176 1,675,774 1,949,722 2,128,871

Total 2,213,373 2,411,796 2,556,455 2,964,783

Fig 1: Estimates of mobile devices sales in thousands
of units (Gartner April 2013 Source)

Software applications typically have an
essential role in the sale of electronic products, as a
product makes sense if there is application software
that allows to use it. Even in the case of mobile
devices, the success or failure of a product depends on
the number and type of apps that are available for that
specific hardware.

Considering these estimates, the apps are the
new frontier of application development. An app
differs from traditional software applications to both
the media which is used for the conception that
embodies. It is an application that needs to be
performed on devices that have unique features and
therefore must be light, essential and fast.

Considering the fragmented landscape,
initially a developer focuses on the major player in the
market since usually only installed apps get used.
Regardless of the operating systems, the basic features
of the app are that should be simple, with a clear
navigation that interacts with the touch, and when
there is the need of Internet connection, the user
should be advised since a lot of users use Wi-Fi
connections. The technical approach is to build a
quick prototype of the app that could give a mobile-
optimized experience.

By considering the goal of the app, next to a
classification according market categories that, in Fig
2, we can see associated to an Android-based system
(e.g.., business, tools, education), we can see terms
such as social apps, smart apps, and so on that could
identify the role of an app.
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Top 10 Android market categories, June 6, 2013
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Fig 2 Top Android Apps category (AppBrain Source)

The new class of apps which embody the
definition of “smart” has the meaning that the apps
could be personalized, contextual and proactive. Smart
apps don’t all have to be a virtual assistant of personal
productivity apps. Fig. 3 shows the major activities
carried out by mobile Internet users in the world. We
can see how users use the mobile device when
connected to the Internet for a lot of activities that
range from accessing news to use email or navigating
on the web.

Top Mobile Activities in the U.S., EUS and Japan by % Share of Total

Mobile Users
82.7% Source: comScore MobiLens, 3 mo. avg. ending Dec-2010, Japan data for Dec-2010 only
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Fig. 3: Mobile activities (comScore Source)

The role of apps that not fall between these
major activities, must be able to attract users. Apps
should have such features of customization for users
since executed in devices the use of which is for
personal use rather that professional. All the apps
should consider that mobile devices have some
limitations as regards processing power, memory and
storage compared to the desktop computer that cannot
be forgotten or ignored otherwise apps perform badly.
Furthermore, the specific presence of sensors (e.g., the
GPS receiver and the camera) could be exploited to
develop apps that combine, for example, the
recognition of a location with the specific interests of
the user. An example of a type of apps that combines
these two aspects are the so-called augmented reality
[5] app. Such app takes advantage of sensors in
mobile devices to enrich the real world seen through
the devices with the digital world and thus what can

be derived from a user with the application software
that uses. Augmented reality is a term that describes
the enhancement of real-world objects or views with
computer generated actions. It is a technology that
combines virtual reality with computer graphics. An
augmented reality app can include several functions,
be they for interaction or display. There are different
kinds of apps also in this context [6] (i.e., those called
augmented browsers that consist in using a rich
browser able to display information about a real
object). These apps seem to be very interesting in the
context of educational or outreach apps. We could, in
fact, describe a particular real object (i.e., a telescope
or an instrument both ancient that modern) by mean of
a code (bar code or similar) on the base of the object.
The app developed could show a picture of that object
with a fully interactive description. This could be
extended to show a map highlighting similar objects
allowing to follow the map to their locations. Such
app displays lots of data, moves it continually around
the screen, and resized components, resulting in using
the device’s processing power to the maximum. It
needs a lot of time and efforts in coding to minimize
the amount of processing required. But it allows
having a custom user experience. These types of apps
need a specific type of development that depends both
on the mobile platform of reference and the types of

apps.

2.1 Apps Types: native, web and hybrid

Apps are categorized in native, web apps and
hybrid. The benefit of the hybrid architecture, which
combines the portability of web apps that mean apps
developed with web technologies such as those related
to the HTMLS5 framework [7], with a native container
that facilitates access to native device features, will
appeal to many developers. The need of context
awareness in mobile apps has increased the
capabilities of mobile devices, causing developers to
consider both hybrid and native architectures. For
applications to leverage location information,
notification systems, mapping capabilities and even
on-device hardware such as the camera, some
forecasts from research firm such as Gartner [8] say
that, by 2016, more than 50 percent of mobile apps
deployed will be hybrid. Native apps offer higher
performance, but the need of various versions of the
app to serve the users because different versions must
be made for each type of device or mobile platform,
drives developers to consider a hybrid approach.
HTML5 seems to provide interesting capabilities such
as offline apps execution and animation-rich tools that
allow a web app a good user experience, especially for
some categories of apps.

Given the current proliferation of mobile
devices, an app developer should create mobile
roadmaps, and strategies for the content. Table |
summarizes the main features required by the app and
the different methods. It shows how the method
chosen depends on the type and the purpose of the

WWW.ijera.com 523|Page



Serena Pastore et al Int. Journal of Engineering Research and Applications

Www.ijera.com

ISSN : 2248-9622, Vol. 3, Issue 6, Nov-Dec 2013, pp.521-531

app. Since the plethora of mobile platforms, even if
the market seems to reduce mobile operating systems
to few platforms (Android and iOS, Blackberry OS or
Windows Phone), there is a necessity to find a way to
build content or functionality once and deploy it on a
variety of different mobile platforms.

Apps types and Features

Narive Mabile web Hybrid
Internet access Mot requured requured required
Performence v x x
Hardware access v x =
OS5 access W X =
Hw and platform v w x
dependent
Tnstallation L“E‘; URL link L‘;’éz:ze
Distibution App store Mot required Het requured
Updated reinstallation simple temstzll

Table I: Comparison between different app
development methods

There are many solutions that you can take to
develop a cross-platform app. The different
frameworks can be more or less complex, and have
from low to high adoption rates and costs also linked
to the technical skills required. However, it is
necessary to decide when is the best time to use cross-
platform solution, since this option has some
requirements respect a simpler approach that is
developing for a native environment. In any case
before this choice, it would be better to know the
fragmented ecosystem of the mobile platforms in
order to understand the features of the existing and
developing mobile environments.

I1l. THE ECOSYSTEM OF MOBILE
OPERATING SYSTEMS

The mobile environment is a fragmented
landscape. Mobile operating system (OS) are
composed by software modules that should be
customized in order to manage mobile devices
features. Different kind of devices could be
categorized as mobile regardless their primary
functionalities:  tablet, laptop, mobile phone,
smartphone, game portable console, e-book readers
and so on.

MOBILE DEVICES CATEGORIES-> canywhere, anytime, everywheres
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Fig 4: Mobile categories devices
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We could define a mobile device as a system
that should be hand portable and usable in mobility
situations “everywhere, anywhere and anytime”.
Usually mobile devices are equipped with reduced
processing capabilities (e.g. ARM Cortex CPU), low
storage capabilities even if some of them could be
externally expanded, small screen sizes, touch input
device and no keyboard or other pointing devices.
Furthermore, they are equipped with added
functionalities such as sensors (especially in the
smartphone category) or other features such as
cameras, GPS receivers. They offer a network
connectivity that according the main function of the
device could allow Internet connectivity by using a
Wi-Fi adapter or a phone card. Fig. 4 shows a
categorization of mobile devices according the main
function: general purpose devices, dedicated devices
and phone devices. Even if there are these different
categories of devices, actually mobile devices are
identified with two main types: tablets and
smartphones that are the users’ most used devices both
for Internet, personal and business activities. All of
these devices is equipped with operating systems that
share main functionalities with a computer operating
systems, but should be optimized to the specific
hardware of mobile devices. In this way, operating
systems are composed by a kernel, a runtime
framework for the execution of the application and
user interface as the high-level OS, but each layer is
optimized for the specific hardware and the main
functionalities of mobile devices.

Mobile operating systems are described as
layered with specific software module that could
manage the hardware and the critical features of
mobile devices such as power capabilities in order to
give access to them in a secure way for the apps.
Among the plethora of mobile operating system, in
our study, we distinguish three categories of mobile
OS as showed in Table II: those that are actually
supported by devices and with different percentages
occupy the real market (i.e., iOS, Android, Blackberry
0S); those that are disappearing or are already
disappeared as having non supported devices and
those who are appearing in the market but have not yet
a mobile device or are not totally available all over the
world (e.g., Firefox OS). The success or otherwise of a
mobile platforms depends on the support of the other
main drivers of the mobile environment that are
hardware devices manufacturers, mobile network
operators and mobile application developers.

Hardware suppart No longer frow support ‘*?;;;2"'
105 ({Phone, 1Pad) Symbian 05 Tizen05
Android Operweb05 Firefox05
Windows Phone
Windows 8 Bada05 Ubuntu Phone
Blackbary 05 Salfish OS5

Table IlI: List of mobile operating systems
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Mobile OS as those born for phone devices
offered a closed environment related to the device
manufacturer. But with the market explosion of such
devices, also software vendors and open source
companies have developed operating systems versions
customized on mobile devices. This is the case of the
Windows Phone or of Android OS that is a system
that in few years has reached an incredible success.
Actually there are operating systems that:

- shows an unique hardware and software owner
(Apple or Blackberry products and in part Nokia
products);

- are equipped with proprietary software systems
(e.g., Windows) even if on different hardware
platforms (Nokia, HTC);

- are equipped with open source software (e.g.,
Android) and supported by various hardware
manufacturers (Samsung, LG).

Market researches in mobile operating
systems, prove as the Figure 5 shows in a research
taken from IDC, that Android and iOS occupy the
market reaching the 92,3 percent of both tablets and
smartphones operating system. In any case, the market
is quite volatile, considered that the success of
Android OS is exploded in just two years also thanks
to the hardware support by Samsung. There are
systems that face in the market as well as resist niche
solutions such as Blackberry. In these market sector,
for example, Windows Phone has surpassed
Blackberry, and Android OS and iOS exchange rates
when you consider smartphones or tablets devices.
Each operating system has its features, however, when
developing apps it is necessary to consider all these
environments even if most users actually prefer
Android or iOS system-based.

Top Five Smartphone Operating Systems, Shipments, and Market Share, 132013 (Unts in Millons)

Q13 112

Shpment  1Qi3Market  Shipmemt  1Q12Market  YearoverYear
Operatig System  Volume Share Velume Share Change
#ncrold 1621 [ T9.5% system market
08 a4 17.3% 65% share (source IDC)
Wincews Phione 70 324
BlackBarry 0S 63 28%
Linux 21 10% 36 24% “1T%
Symbizn 12 06% 104 6% 5%
trers ] 00% 06 04% £33%
Total 2162 100.0% 1527 100.0% 41.8%

Smartphone
mobile operating

008%
001%
0015
001%
000%

Tablet mobile operating system market share
(source netmarketshare.com)

Fig 5: Mobile operating system market share

The situation can change quickly. It is so
interesting to examine the new proposals of operating
systems such as TizenOS, Firefox OS or Salfish that
seem to be promising. We consider the main features
of such operating system in order to understand the
underlying environments and the tools needed to
develop an app for these environments. Each platform
support both native apps that are developed

considering the operating systems modules and web
apps that are apps based on HTML5 framework.
When analyzing the main features of mobile platforms
we made a comparison between different systems.

3.1 The iOS, Android OS and Windows 8

We made a first comparison between the
software architectures of Apple iOS [9], Android OS
[10] and Windows 8 OS [11] in the mobile version.
These three mobile platforms are operating systems
currently in constant development and are supported
by different hardware manufacturers both in tablets
and smartphones categories. Fig. 6 shows how the
main components of such operating systems are
similar. Mobile OS can be structured in three main
layers, as the Fig. 6 shows. The lower layer is the
kernel that operates in direct contact with hardware
managing it and providing utilities for the upper
layers. The kernel is the core of the operating systems
and act as an intermediate between the hardware and
the application software in order that applications
could use the hardware in a secure way. The
intermediate layer includes a framework with libraries
and runtime environments for app executions, that
interacting directly with the kernel, could take
advantage of the hardware. Finally, the last layer is the
application layer where resides application software
both as native software that web-based software. iOS
and Windows 8 are proprietary systems developed
respectively by Apple and Microsoft.

i0S arch Android Windows8 [Phonejarch |
: APPLICATION
_App LX) Native apps, thirdy party Metro apps, traditional
Thirdy-party APP
apps, developer apps win app

Application Framewark
Cocoa Touch (Uikit, {Views, Window manager,
Foundation activity manager, etc.)

Framework)

App framework (Silverlight,
Chakra & trident)

Libraries (graphics, media,
SQLite, etc) + Android
Runtime (Librieries +
DVM)

Libreries + runtime (Win32
+ WinRT APls)

Core services + media
services (graphics,
audio, videa)

Core 05 Darvin

(system utilities + Linux kernel NT kernel
Mach Kernel)

Fig 6: A comparison between iOS, Android and
Windows 8/Phone operating system architecture

Luckily, also to promote apps development,
such companies provide the software development kit
and tools. iOS were developed by Apple as an OS
adapted to different Apple devices (the so-called i-
device that is iPad or iPhone) that is, however, a
customized version of the OS X system that equips
Apple computers. It presents an open source Unix-
based kernel called Mach kernel and a proprietary
graphical interface (Aqua). Android OS represents the
first open source mobile platform that includes not
only the operating system but a middleware and
applications. It was developed by a group of
companies, of which the most famous is Google, as an
open source based on the Linux kernel. The interesting
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layer is the application runtime layer. Finally
Windows Phone and the Windows 8 version for
tablets, are the customized version of the main
Microsoft Windows 8 for mobile devices and with this
version of the OS share most of their functionalities.
From apps developer perspective, the most interesting
layer is the application framework that presents the
runtime environment where applications are executed
and could be linked to the various libraries related to
the core and media services. In the iOS system, the
native apps that could take full advantage of the
hardware are written in the Objective C language, a
proprietary object programming language that is,
however, compatible with the standard C language.
This layer includes all useful services and libraries
(e.g., the graphical libraries such as OpenGL [12]),
and these are the software tools to exploit the
hardware features of mobile devices. The runtime
Android that is used by all types of Android apps, is
composed by the core libraries and by the Dalvik
virtual machine (DVM) where apps are executed as in
a secure sandbox. The DVM is similar to the Java
Virtual machine (JVM) even if it is optimized for
mobile devices. Native Android apps should be in
Java language, and yet all apps are executed in the
DVM container. Also, Windows Phone offers various
runtime environments both for mobile or metro apps
(the so-called Win Runtime or WinRT) and Windows
traditional desktop-based apps or win apps (the Win32
framework) together with the web-based framework
app that includes the engine for rich web applications
(e.g. Silverlight, Microsoft JS-based applications such
as Chakra and Trident). As explained in Fig. 5, all the
three systems show an application layer that includes
the apps as distinguished as native or web or third-
party apps, each one taking advantage of the
underlying mobile operating system according the
approach used for development.

3.2 The interesting mobile operating systems:
OpenwebOS and Bada OS

Other interesting solutions, adopted however
on few devices, are the OpenwebOS and Bada OS.
The main structure of this two systems, shown in Fig.
7, present the same three main layers of the previous
systems. WebOS was a system implemented on HP
devices that gave rise to two projects: OpenwebOS
[13] now sponsored by LG see as a web operating
system and Enyo that is a Javascript library.

OpenWEB OS

BADA 0OS

Fig 7: WebOS vs. Bada OS architectures

Open webOS is based on Linux kernel and
has a layer of portability of the platform above the
kernel (known as Nyx) that isolates the rest of the
system dependencies hardware and core system. The
application layer is based on the main web
technologies (HTML, CSS and JavaScript), on top of
which stands the Enyo application framework.

Despite the good features of this operating
system that allows you to create web applications, HP
has preferred to focus on Android, and then pay for
licenses for their Android devices and sell the license
to LG that has invested in the platform as an open
source project. Probably so, given its limited
distribution, it will remain a niche OS or for specific
devices. Bada OS [14] is an operating system for low
profile smartphones developed by Samsung and
released as open source since 2011. The devices with
Bada take the name of Wave, as well as Android-
based devices get the Galaxy brand. Bada architecture
(Fig. 6) consists of four layers. A kernel layer includes
either a Linux kernel and a real-time operating system
(RTOS) or the Linux kernel; the device layer provides
core functions such as graphics, protocols, telephony
and security and the service layer, that is similar to an
application framework layer, offers service-oriented
services (there is a server called Bada Server that
supports them) that are provided by an applications
engine. The final framework layer provides the C ++
and web frameworks that offer the features for apps
life cycle management, event handling and apps
controls. Samsung has, however, announced the end
of the Bada operating system in 2013, bringing
together some of its features in a new system called
Tizen OS.

3.3 The new systems: TizenOS vs Firefox OS vs.
Salfish OS and Ubuntu Phone

The current market for mobile OS devices
sees the duopoly of Apple iOS and Google Android,
but considering that mobile devices market appears to
be a growing market, new mobile platform providers
are trying to conquer the shares. Many experts wonder
if the market is actually ready to receive new
operating systems for mobile devices. To survive in
the market, and OS should be attractive to users and
competitive than the others. In any case, the
excitement in the business allows the consumer a wide
range of possible options. We will examine four
mobile platforms, Salfish OS, Tizen OS, Firefox OS
and Ubuntu for mobile OS that are appearing in the
last period, even if in some cases not yet supported by
mobile hardware. A comparison between the
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architectures of the three first OS is shown in Fig. 7.

TIZEN 05 FIREFOX 05 SALFISH 05

User Interface + Web

apps
GAIA

Web app

Web framework
and runtime

Application runtime
engine
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Linux Kemel +device
Linux Kernel and device drivers drivers + HAL
GONK

Hardware specific kernel adaptation (jolla)

Fig 8: TizenOS vs.Firefox OS vs. Salfish OS
architectures

Sailfish OS [15] is platform created by a team who
now works at La Jolla, a Finnish company founded by
Nokia employees. It is proposed as a modern,
independent and alternative mobile operating system.
Its architecture is based on the MeeGo [16] open
source OS, a Linux-based platform developed to be
executed on different categories of devices. The same
MeeGo was created as a function of two projects:
Nokia's Maemo and Intel's Moblin. Maemo. The first
is the development platform of Nokia mobile devices
(tablets and smartphones), while Moblin is an open
source project started in 2007 dedicated to
applications for mobile portable devices. The use of
these technologies, includes in Salfish OS some
phone's features such as power management and
connectivity that are built-in and optimized for
embedded environments. The core of the OS is based
on the Mer project [17] that is based on other
frameworks such as the Qt [18] and its language (Qt
Modeling Language, QML) for the graphical user
interfaces and the HTML5 framework. It is interesting
to notice that Salfish OS includes a runtime
environment for the execution of Android applications
based on open source libraries and web development
tools. Sailfish has a minimal and clear user interface
that Jolla owner intends to use to differentiate its
mobile devices from other competitors. Jolla’s first
device running Salfish OS was announced to be
available probably at the end of the year: actually such
smartphone is available for preorder.

Tizen OS [19] is an open source software
platform based on standards consisting in an OS and
some apps. It is created to be supported on several
devices that range from mobile devices (smartphones
and tablets) to specific devices such as Smart TV. The
project is developing under the Linux Foundation, the
non-profit consortium founded in 2007 dedicated to
supporting Linux development. Tizen OS shows the
same architecture structured in different subsystems: a
Linux kernel, the core system that provides a set of
open libraries and an application framework to support
web and native applications. Samsung has confirmed
that it will launch on the market different devices
based on this new operating system. A prototype has
already been presented and probably the first devices

will come out towards the end of 2013. Many analysts
[20] argue that Tizen OS might cover only a 2%
market share by the year 2013, but a 5% by the end of
the following year.

Firefox Mobile OS [21] is the operating system
developed in early 2013, born to be supported on
different mobile devices by Mozilla Foundation, a
non-profit international organization that also
developed one of the most used web browser. Its
architecture consists of three main components (Fig.
7). a base layer codenamed Gonk that includes a
Linux Kkernel, the hardware abstraction layer (HAL)
and devices’ drivers; an application runtime layer
(Gecko) that is the engine used by other Mozilla
software such as Firefox or Thunderbird and provides
an implementation of open web standards; and the
web application layer. Some hardware manufacturers
(Alcatel, ZTE, Huawei and LG) are working with
Mozilla developers, and the first smartphones
equipped with such OS have been launched into the
market initially only in some countries (e.g., Spain,
Poland, Hungary) supported by leading mobile
network operators. The main goal of such OS is to
break down the differences with native applications
using web standards to make the operating system
software. The last layer is Gaia, the graphical interface
of the system is, in fact, entirely programmed as a web
application.

The last emerging mobile platform taking
into consideration is Ubuntu OS for phones and
mobile devices. Ubuntu Linux is a GNU/Linux-based
distribution born in 2004 as a customization of the
Debian distribution. Ubuntu become famous for its
ease of use and its user friendly user interface.
Originally geared towards desktop use, it is then
especially for other classes of computing systems. The
software is free under the GPL, but there is a support
company (Canonical), which gains on additional
services related to operate systems and software in
general. Some analyzes [22] show that the distribution
Ubuntu is among the most widely used Linux
distributions on the market. Ubuntu provides
customized versions of the distribution depending on
the platform and in specific there are released for
mobile phones (Ubuntu Phone), for tables, Ubuntu for
Android and Ubuntu TV. Canonical, therefore, aims to
create a unique operating system that can be used by
all mobile devices thanks to the "micro variants".
Ubuntu for phones has been officially unveiled in
2013, as the version for tablet, with the support of
entry-level and high-end level hardware support. All
Ubuntu distributions are based on the Linux kernel
being of derivation of the Debian distribution and thus
represent an ecosystem for which the writing of
applications is made for each type of device having
the same system software. Like other systems, the
architecture is represented in layers with the upper one
consisting in native and web apps. To date there is still
in the market for devices with these operating
systems: it was stated that will go on sale early next
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year (2014) or probably by the end of 2013. In the
meantime, a version was released for developers
installed on some devices of the series Galaxy Nexus.
Later it will be released for another 20 devices (e.g.,
Samsung Galaxy, HTC One, Galaxy Nexus, Sony
Xperia). Canonical is also developing a version called
Ubuntu for Android (a term that causes confusion
because Android is another mobile platform) meaning
that this OS will allow devices with Android hardware
to run its Ubuntu system. The idea is to have a co-
existence of the two systems that, based on the same
Linux kernel, can share it. The user could then use
Android and its applications using the device as a
phone and Ubuntu when using the device such as a
PC. The problem of groped to capture part of the
market remains connected to the need to obtain the
support of at least one of the major producers of
mobile devices and the need to ensure the support of
the largest possible number of telephone operators.
This is needed to obtain a commercial success and not
remain a niche business for server systems or users
connected to the world open.

IV. THE ROLE OF MOBILE FRAMEWORKS

Apps play an essential role in the use of the
OS and next to apps provided by mobile OS providers,
there are those offered by third-party companies that
could contribute to the success of a platform. It is
believed that the center of gravity of the software
industry will be allocated on mobile applications,
given the sales figures and margins for growth in this
area. There were a constantly increasing of the number
of companies that make use of apps on mobile
platforms to stay closer to their customers and groped
so keep active in the competition. As mobile devices
become everyday objects of users/consumers,
developments of applications designed for the mobile
world are the fastest growing area of the market. The
type of application would depend on the activities that
the user performs regularly with such devices. A
peculiar characteristic of mobile applications is their
method of distribution. Unlike what happened with the
desktop world, where the individual producer of
software applications found its own distribution model
(i.e., through external media or by downloading from
the network by logging into a website), for mobile
applications have been created especially containers,
called Application Store, which exploit the features of
online commerce (e-commerce). The store may be
specific to the manufacturer of the mobile device (e.g.,
Apple, Ovi Store), or producer of the software (e.g.,
Google Play / Android, Windows MarketPlace). Most
of these distribution models accept both native and
web apps and hybrid apps, even if with some
constraints. When choosing more a mobile platform
for apps development, we should necessary taken into
account cross-platforms tools to avoid the high cost of
native development for different platforms. We have
highlighted some features that must be considered in

the apps design project before making a decision
about which tools to use for development.

4.1 The requirements of cross-platform tools

When considering a cross-platform pool,
there are some things that need to take into account:
the design, the technical limitations related to the
mobile platforms update and the continuous support to
the platform, and the context in which the app is
located. These are all questions we need to ask to
assess the risk associated with using any cross-
platform tools before embarking any project. In the
app design, it is necessary to analyze what are the
functionalities required by the app in order to assess if
that app requires native code or plug-ins that could not
be supported by the tools. And the time spent hiring,
designing and coding around the issue, could turn out
to be very costly. At the same time, the benefits of
cost savings and time to market when cross-platform
mobile tools, can also be very real.

4.1.1 Issues in apps design for mobile platforms
When developing for different mobile
operating systems platforms, the developer should
consider that each platform has its own peculiarities.
There are design differences among mobile platforms
(e.g., in iOS the tabs go on the bottom, in Android the
tabs are on top and in Windows 8 everything scrolls
horizontally). Custom icons are made at different
sizes, and there are many screen resolutions and aspect
ratios to consider as well as many screen densities and
image sizes to account for. There are different app’s
requirements if the app needs to fit the iPad screen
right up to the edges (i.e., to support the iPhone
including retina and non-retina graphics) or if the app
must also fit perfectly on a Samsung Galaxy
smartphone and tablet of varying sizes and ratios.
When the requirement is the cross-platform
installation, the designer for that app needs to be
skilled in both iOS and Android design, and the
designs could conceivably be different enough to
warrant two completely separate code streams.

4.1.2  Mobile platforms technical limitations
Another aspect to consider is the evolution of
the mobile platforms’ functionalities. Each cross-
platform solution can logically only ever support a
subset of the functionality included in each native
platform. When new features come out, developers
must wait until the mobile frameworks could
incorporate them into the API. Without the control of
being able to incorporate new capabilities as soon as
they are introduced into each native platform, a
developer could risk to lost an opportunity (e.g., being
first to use a new feature is compelling for the app
success). In addition, a new functionality could require
the development of “plug-ins” for each platform,
which can become an unanticipated, costly and time-
consuming part of the project. The only way to ensure
an apps is built within the appropriate, and most
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efficient, technological parameters is to build it
natively.

Since an app is usually distributed by means
of stores, the developer should be sure that that store
support also cross-platform-based apps. Actually, for
example, Apple accepts some hybrid apps (e.g.,
PhoneGap-based apps), but it could be that with later
versions of operating systems, they are no longer
supported. In such cases, a developer should evaluate
what is the cost relative to the “port” of the cross-
platform code into a native app.

4.1.3 The apps context

Finally, there are scenarios to consider when
it might be appropriate to use cross-platform tools or
to use a native approach. For example apps for “online
Store” or educational app should have a presence on
as many platforms as possible (i.e., i0S, Android,
Windows Phone and BlackBerry). If the app is not
deemed to be graphically-intensive, and the initial
design wireframes need a conventional mobile app
layout even if responsive, this app probably could be
developed by means of a cross-platform such as
PhoneGap or Titanium. The decision is, however, a
decision based on costs, time, and performance of the
app.

If the app has a social network content and
needs to incorporate location-based functionality,
camera usage, graphical animations and sound
interactions, and needs different design for tablets of
smartphones, a careful approach must be taken.
Location-based functionality or camera usage is
available in most mobile frameworks, yet each OS
truly has different ways of handling location accuracy
and performance and as regards the camera usage,
there are advanced functionality, such as augmented
reality or built-in editing features, that the cross-
platform approach could not support.

Finally, especially for educational and
outreach aims, the video game app category is more
important for an app. In these scenarios, the Unity
approach allows the development for various mobile
platforms, but is expensive. Another approach could
be using open source free framework like cocos-2d or
cocos-3d to build an app on one platform and then
port it to the other. The downside, of course, is
multiple code streams in multiple languages, which
essentially makes for many products.

4.2. A list of cross-platform tools

There are some technologies that allow for
cross-platform development of mobile apps each one
with its features that make it appropriate or not for an
app or business. In Table 111, we propose a list of used
tools, available in open source and commercial
licenses that could be used to develop hybrid apps.
Among the different tools probably the most famous
are PhoneGap and Titanium tools that use a different
approach in the hybrid development.

PhoneGap, an open source project now under
the Apache Software Foundation (ASF) projects
known as Apache Cordova, is a tools for apps
development for different platforms (e.g., iOS,
Android, Windows Phone, Bada). It uses the HTML5
framework to create a mobile “web app” that sits
inside a native application wrapper. The web code is
packaged with a library that bridges web code to
native functionality. It has the benefits of a low barrier
to entry (HTML/JavaScript/CSS is the only skill
needed to get started), a single code base for all
platforms and rapid testing and deployment. But the
app could report poor performance since it works on a
WebView that is it deliver the web app as a part of a
mobile client application. But it lacks of supports for
native user interfaces elements and widgets. For this
issues, this tool is not probably good for graphically-
intensive apps.

Cross-platforms tools

rools Jearres

D Open  sowce famerwork  (uses

standardized web APLs for the platforms)
FhoneGap

— Apache License, 2 — part of ASF under

the name Apache Cordova

HIMLS mobile app framework
(commercial heense free-ofcharge under
the agreement and also avalable under the
GPFLx3 heense for open source projects).
Platform based on NET framework based
on BECMA standards and C# for the
common language mfrastmechre.
Sponsored by Movell Uses open source
licenses: GPL for the (G compiler, tools
and rmntime hbranes, MIT 311 for class
bbranes, ASP NET, MEF, DLE_ under
open source Microsoft Perniszive License
+ Aapche 2. There are also commercial
Open extensible development emvironment
for creating natrve apps across different
mobile devices and 05s inchding
Android windews and Blackbearry as well
as hybrid and HTMLS. It includes an open.
source SDE (Studio).

A pame developer ecosystem with
comnmercial beenses even 1f there 15 a2 free
version for windows with publishing
support for 105, Androed, desktop and
web
2D development platform for apps and
games with commmercial beence even if 1t
15 offered a starter kit for free.
Cross-platform push messagme. app
promohon in app purchasing for all apps
and deploved in anv environment
Live app creation too for omltiple
platformys (conmmumity & commercial
editions).

Cross-platform SDEK tools and HTMLS
tools for mobile app development
(MoSyne mobile sdk and mosyne reload
with GPL2 heenses)

Table H1: List of mobile cross-platform tools

‘I mono.

e

LIl HETT

Appcelerator  Titanium is a mobile
development environment that helps to create all types
of mobile apps: native i0S, Android, Windows and
Blackberry apps, HTML5-based apps and hybrid apps.
It uses JavaScript libraries to wrap the code and
transform it in an app that closely resemble the look
and feel of a native app. It is offered as an eclipse-
based integrated development environment (IDE) that
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simplifies the development process. The package
includes the open source JavaScript-based SDK with
devices and mobile operating system APIs, Studio that
is the IDE, Alloy a model-view-controller (MVC)
framework useful to the app design and cloud services
for ready-to-use mobile backend. Alloy is a
development framework to facilitate the rapid
development of high quality mobile apps that follows
a MVC architecture using XML and CSS to provide a
simple model for separating the app user interface,
business logic and data models.

While Appcelerator compiles the JavaScript
code into a native binary, converting the JavaScript
into native class and object files, PhoneGap simply
renders a WebView with the code being interpreted
inside. Since more close to the native way,
Appacelerator-based apps are faster to execute and
more compact in size. Conversely Phonegap-based
apps are faster to develop.

Within the presented list, if we focus on apps
developed as games, we can cite Unity. Unity focuses
on gaming and other graphically-intensive
applications. It currently supports mobile platforms
and also gaming platforms (e.g., Nintendo, Wii,
PlayStation 3 and Xbox 360). Unity provides a
development environment with which graphics,
physics and sound can be programmed. The
framework is built on Mono, the open source
implementation of the .NET framework. Programmers
can use different programming or scripting languages
like UnityScript (a custom language with JavaScript
syntax), C# or Boo (a Python-inspired syntax). The
downside of Unity is that it tends to be expensive by
comparison particularly when you add in the cost of
plug-ins used to build on multiple platforms. The
choice of this tool must be a tradeoff between the
required performance and the actual cost of
development.

V. CONCLUSIONS

Apps are the new way of software
development considering that sales of mobile devices
are surpassing those of desktop computers. But, while
desktop platforms are an established world with few
solutions (e.g., Windows-based, Mac OS or Linux
distribution), the ecosystem of mobile platforms is
highly fragmented and in constant evolution. There
are different types of mobile devices with different
functionalities and platforms that in many cases are
proprietary. If we focus on Internet-enabled mobile
devices such as tablets or smartphones, the platforms
are surely reduced, however, the market, even if
actually seems stabilized on two OS (iOS and Android
0S), shows the introduction of different mobile
platform. It is worth considering the emerging mobile
platform (e.g., Tizen OS and Salfish OS) that probably
could become the “Android” of the future. So then
developing an app, it is necessary to take into account
the different mobile platforms, each one with its
peculiarity. Focusing on one platform, iOS or

Android, could be very limited for the specific type of
apps. And when deciding to develop for more than
one platform, the problem is the selection of the best
framework. Developing native apps could be very
expensive and take a long time, so the use of cross-
platform tools in some cases could be a good solution.

When considering whether to use a cross-platform

tools instead of native mobile development, some

important deciding factors include:

- Platform requirements—which platforms must the
app support and which platforms are considered
“nice to haves”;

- Technology requirements—which mobile device
features must the app support and which are “nice
to haves”;

- Performance requirements—are there aspects of
the conceptual apps where performance,
especially graphical or computational, a
consideration;

- Design constraints—how disparate are the
designs for different device types.

Probably for most types of apps in our
context as regards education and outreach, we could
select a cross-platform strategy apart from games
development. Many of our apps can be designed as
quizzes and require no special graphics or high
performance. A cross-platform approach is helpful to
develop our apps for different types of mobile
platforms, since it allows to reach a large number of
potential users. We are therefore considering and
trying after this study, the different mobile
frameworks and then Phonegap and Appcelarator to
figure out which is the best tool for us from the point
of view of skills required, to be taken to develop this
type of apps. The aim is that type of development can
still be used immediately in the new mobile platforms
such as TizenOS or Ubuntu Phone as soon as there are
devices on the market that support such new operating
systems.
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