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Abstract—Mobile devices have changed how we conceive
software. There is a great range of development alternatives. In
this paper, four different multi-platform development
approaches (mobile web applications, hybrid, interpreted, and
cross-compiled) are analyzed, and their most significant features
through a case study are discussed.

Keywords—mobile devices, multi-platform mobile applications,
web mobile applications, hybrid mobile applications, interpreted
mobile applications, cross-compilation

I. INTRODUCTION

Software development for mobile devices poses new
challenges due to the unique features of this activity. The need
to cope with various platforms, standards, protocols and
network technologies, limited device capacity —although its
constant evolution—, and market time demands are but a few
of the issues faced. For this reason, software development for
mobile devices is considerably different from traditional
development [1].

To maximize their market presence, software products
should be able to be run in as many devices as possible. One
way to achieve this is by means of the native development of
the application on each of the existing platforms using each
platform's integrated development environment (IDE),
language, and tools [2].

Native applications allow accessing all of the features
offered by the device (camera, Global Positioning System
[GPS], accelerometer, calendar, and so forth), their
performance is high, Internet access is not strictly necessary,
and they can be run on the background and issue notifications
when user attention is required. These applications can be
distributed/marketed through the corresponding online stores.
However, the price for all these benefits is high: source code
cannot be re-used for different platforms, which means that
this type of development requires more effort and has higher
costs for the development, updating, and distribution of new
versions.

Multi-platform development, as opposed to native
development, allows code reutilization. Building mobile web
applications is a representative example of this approach.
However, due to the limitations inherent to having to run the
applications within a browser, software engineers have turned
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to other types of multi-platform applications that yield results
that are closer to those obtained with native solutions. In this
context, there are several sub-classifications [2] [3] [4], and
their inherent features can be analyzed by building an
prototype.

This paper goes deeper into the analysis of multiplatform
mobile development, begun in [5].Section 2 describes in detail
the most significant features that are common to multi-
platform mobile applications. Then, the case study is briefly
described, and the corresponding development in Phonegap
with Jquery Mobile, Sencha Touch, Appcelerator Titanium 3,
Xamarin and Delphi XE6 is discussed in the following
sections. Finally, the conclusions and future lines of work are
presented.

II. MULTI-PLATFORM MOBILE APPLICATIONS

Multi-platform development is focused in optimizing the
cost/benefit ratio by sharing the same code among the various
versions developed for the different platforms. Its main
advantages are: less development time and cost; near-native
services with access to device hardware and availability of
strong development environments (Delphi, Visual Studio) or,
alternatively, the use of technologies that are well-known to
web developers (HTMLS, Javascript and CSS) that allow them
transferring their knowledge and experience to the mobile
paradigm.

Multi-platform applications can be classified into: mobile
web applications, hybrid web applications, interpreted web
applications, and applications generated by cross-compilation

[2].

A. Mobile Web Applications

These applications, designed to be run within a browser,
are developed using web technology (HTML, CSS and
JavaScript) and present several favorable characteristics: they
do not require adaptation to any operating environment, they
are platform-independent, and they are easy and quick to
launch.

On the other hand, their response times are lower due to
client-server interaction, and they are less attractive than
native applications because they are not installed in the device.
Also, security restrictions imposed by the execution of the



code through a browser limit the access that these applications
have to all the features offered by the device [6].

B. Hybrid Applications

Hybrid applications use web technologies (HTML,
Javascript and CSS), but are not run by a browser. Instead,
they are run on a web container of the device that has greater
access to device-specific features through an Application
programming interface (API).

Hybrid applications offer great advantages because they
allow code reuse for the various platforms, access to device
hardware, and distribution through application stores [5].

Hybrid applications have two disadvantages in relation to
native applications: i) user experience is affected by not using
native components on the interface, and ii) execution is slower
due to the load associated to the web container.

C. Interpreted Applications

Interpreted applications are a base project that is mostly
translated to native code, with the rest being interpreted at
runtime. Their implementation is platform-independent and
uses several technologies and languages, such as Java, Ruby,
XML, and so forth.

One of the main advantages of this type of applications is
obtaining native interfaces, while their most remarkable
obstacle is total dependence from the development
environment. Appcelerator Titanium [7] is one of the most
popular development environment at this moment.

D. Applications Generated by Cross-Compilation

These applications are compiled natively by creating a
specific, high-performance version for each target platform.
Some examples of development environments used to
generate applications by cross-compilation are Applause [8],
Embarcadero Delphi XE6 [22] and Xamarin [26].

The open development environment Applause uses as
input a specific domain language based on Xtext framework
[9], explicitly designed for data-oriented mobile applications,
and it generates source code in Objective C, Java, C#, or
Python. The characteristics of Delphi XE6 and Xamarin are
discussed in subsequent sections.

III. CASE STUDY: WEBUNLP

WebUNLP is a virtual teaching and learning environment
that allows educators to present their educational proposals
and create a meeting space to communicate with their
students, share study material, and generate a virtual
educational experience [10].

Currently, WebUNLP is a web application for desktop and
portable computers; it is not adapted to be used on mobile
devices. However, as described in [5], certain functions of
WebUNLP were extended to this type of devices as part of an
case study on types of applications for mobile devices. In this
paper, this analysis is further developed after carrying out case
studies with multi-platform approaches: mobile web, hybrid,
interpreted, and cross-compiled.

The utility selected from WebUNLP to adapt to mobile
platforms is the electronic notice board, which is a
communication tool used to post news on courses, such as
changes in schedule, or reminders for assignment delivery
deadlines.

Some of the requirements that must be met by the mobile
application are:

e Users must be able to access the application with the
same credentials they use to access the web version.

e Users must be able to access the notice board of all the
courses they are taking, either as educator or student.

e Users must receive a notification on their devices when
there is news published on their notice boards. This
requirement is not possible for the web version that is
accessible from desktop and/or portable computers.

e Users must have the same use experience with all
operating platforms.

e The existing web application must be synchronized
with the mobile application to be developed, which
means that any changes made through the mobile
application must be reflected on the web version and
vice versa.

In relation to the graphic interface, a serial navigation
design was proposed, following the order shown on the
mockup [11] in Fig. 1.

IV. WEBUNLP MOBILE WEB APPLICATION

A web application that can access WebUNLP's notice
board was developed; this application is available to any
mobile device that has a browser that supports the features
used for its development: HTMLS5, CSS and JavaScript.

Since data transmission/reception speed in a mobile device
through WiFi, and 3G in particular, is lower than the speed of
a desktop, the web version of WebUNLP's notice board is
light and most of the requirements are implemented through
Asynchronous JavaScript And XML (Ajax) [12] to avoid, in
case of changes, the need to reload the entire page.

Due to the limitations that affect applications running on a
browser, the feature for receiving a notification on the device
when news are posted to the notice board cannot be
implemented.

V. WEBUNLP HYBRID APPLICATION

A. Hybrid Application developed with PhoneGap and Jquery
Mobile

The free, open source framework PhoneGap [13] was used,
which allows developing mobile applications that use
technologies that are common to all devices: HTMLS, CSS
and JavaScript. Also, the JavaScript framework called Jquery
Mobile [14] was used to achieve interfaces with consistent
aspect and behavior on the various mobile platforms.
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One of the requirements for the WebUNLP mobile
application is the feature of receiving notifications on the
device when there is news posted on the notice board. To meet
this requirement, the official Phonegap's plug-in, known as
PushPlugin [15], was used, which implements the feature for
receiving messages on the device. This plug-in is implemented
for the following platforms: Android, i0S, Windows Phone 8§,
and Amazon Fire OS.

Fig. 2 shows the interfaces of the application developed.
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Fig. 1. Prototype mockup for WebUNLP notice board

B. Hybrid Application Developed with Sencha Touch

Sencha Touch [16] is a free Model-View-Controller
(MVC) JavaScript framework built on Ext JS's class system
and specially designed for developing mobile web applications
for touch devices [17].

The same as PhoneGap, Sencha Touch allows developers
to create mobile applications from HTMLS, CSS and
Javascript web development.
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Fig. 2. Application developed with PhoneGap and Jquery Mobile



The development for WebUNLP that used this framework
benefited from the use of MVC's design pattern. This allowed
for more flexible and readable code [17][18].

Sencha offers Sencha Command, a command-line multi-
platform tool that provides automated tasks for the entire
lifecycle of the application [19]. In the case of WebUNLP, it
was used both for project creation as well as for application
packing.

Fig. 3 shows the interfaces of the application developed.

VI. WEBUNLP INTERPRETED APPLICATION WITH
APPCELERATOR TITANIUM 3

To develop a mobile application based on the interpreted
approach, the free, open source development environment
Appcelerator Titanium 3 [7] was used.

This development environment uses the Alloy framework,
designed for the agile development of mobile applications.
Alloy is based on MVC architecture and supports the use of
popular technologies such as Backbone.js [20] and
Underscore.js [21].

Application controllers and models are remarkably simple
and readable. To build the views, programming can be done
through Javascript and Titanium's API, or by means of an
XML specification with Titanium Style Sheets (TSS). The
latter simplifies the process for creating the views, although a
good interface visual editor to power it is still missing.

provides its PushNotifications module for Android and iOS
platforms.

Fig. 5a shows the development experiment carried out with
Titanium

VII. WEBUNLP APPLICATION GENERATED BY CROSS
COMPILATION

A. Development with Xamarin/Visual Studio

Xamarin is a proprietary, non-free development platform
that allows writing and compiling fully-native applications for
i0S, Android and Mac sharing the same base code entirely
written in C# language. Even though it has its own IDE, called
Xamarin Studio, it can be integrated with Microsoft Visual
Studio to generate applications for Windows as well, including
Windows RT for tablets and Windows Phone for cell phones.

Xamarin proposes a multi-platform  development
environment where the entire business logics code is shared.
However, interfaces must be programmed separately for each
of the target platforms (see Fig. 4). Thus, code reutilization,
according to statistical studies carried out by the company
Xamarin, is close to 85%.

For the WebUNLP development, Xamarin integrated with
Microsoft Visual Studio was used. Following the most
efficient strategy to work in this environment, a unique
solution containing three different projects was created. One
of these was used to generate the Android application, another

To meet device notification requirements, Titanium one was used for Windows Phone 8§, and the third project was
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Fig. 3. Application Developed with Sencha Touch
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Fig. 4. Xamarin's unique development approach

used for implementing a portable class library (PCL) where
the entire shared code. The three projects were developed in a
joint and concurrent manner.

Even though one of the most significant advantages of
Xamarin is code reutilization, it was strongly affected by the
type of application being developed. The existing relation
between interface complexity and business logics has a direct
impact on the possibility of maintaining most of the code
shared in the PCL. In the case of the development for
WebUNLP, code reutilization was close to 50%. However, the
advantages of using the same language, environment, and
toolkit for the development of applications for different mobile
platforms are not negligible.

Fig. 5b shows the interface developed for Windows Phone
8.

B. Development with Embarcadero Delphi XE6

Embarcadero Delphi XE6 [22] is a proprietary, non-free
development platform that allows developers quickly create
applications through a comfortable and intuitive visual
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environment. The application thus developed can be compiled
for multiple platforms, including Windows, Mac, Android,
and 108S.

Delphi XE6, the same as Xamarin, have the advantage of
producing multiplatform applications that are fully native,
with full access to device sensors and features (camera,
notifications, GPS, accelerometer, etc.).

In particular, for the WebUNLP development, both the
components provided by the tool to access RESTful services
as well as its visual development environment were highly
useful.

The feature for receiving notifications with WebUNLP
news on the device, the TPushEvent component connected to
the Kinvey service [23] was used.

Fig. Sc shows the interface of the application developed.

VIII. CONCLUSIONS

Given the increase in demand for specific software for
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Fig. 5. Application developed with: a) Titanium; b) Xamarin/Visual Studio, and c) Delphi XE6



mobile devices and the growing number of platforms, new
tools and technologies have appeared for mobile development.
Since companies need to cover as large a portion of the market
as possible, multi-platform application implementation is an
appealing option aimed at reducing times and costs.

Considering the difficulties inherent to the development of
native applications for the various mobile platforms, an
analysis in the development of multi-platform mobile
applications was carried out.

WebUNLP, a virtual teaching and learning environment
used by various grade and post-grade courses of the National
University of La Plata, was used as case study. Development
was replicated with four types of applications: web, hybrid,
interpreted, and cross-compiled.

The main advantages of the mobile web application are its
development simplicity and that it is easily distributed (all that
is needed is a web browser). On the downside, it does not
allow receiving notifications on the device when there is news
posted on the notice board.

On the other hand, the hybrid application developed with
Phonegap was able to combine the development simplicity of
the web approach with the use of all the features offered by the
device. Its performance is better than that of a mobile web
application, but worse than that of a native application.

In the case of interpreted applications, Titanium was
studied, and one of its main advantages is the generation of
native code for the interface, which helps achieve a high level
of performance. On the downside, there is no visual tool for
interface design.

Finally, in the case of applications generated by cross-
compilation, two alternatives were explored: Xamarin/Visual
Studio and Delphi XE6. In both cases, fully native
applications were obtained, although with different levels of
code reutilization: 100% with Delphi XE6 and 50% with
Xamarin/Visual Studio. This difference is caused by the need
of coding interfaces individually for each platform when using
Xamarin/Visual Studio.

It therefore follows that all the development alternatives
analyzed in this paper have both advantages and
disadvantages. If priority is given to good performance and
user experience towards native applications, interpreted and
crossed compilation approaches are the most appropriate. On
the other hand, if the goal consists of minimizing the
development effort, then hybrid and mobile web approach are
the best options. This analysis suggests that the first approach
should be adopted if access to higher capacities from mobile
device is required.

IX. FUTURE WORK

As a further step in the study of multi-platform application
development, an analysis will be carried out in the future to
determine the scope of other tools available in the market,
such as AppMethod [24], Applause [25], among others.

To carry out this study, quantitative and qualitative values
will be experimentally measured, for example, amount of

reused code, performance, battery consumption, look and feel,
user adoption, etc., that will allow accurately characterizing
each approach/tool analyzed.

Additionally, the mobile application for WebUNLP will be
expanded by adding functionalities that are already available
in the web platform, such as messaging and forum, as well as
the addition of a new chat service.
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