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ABSTRACT

This paper provides an overview of important software
engineering research issues related to the development of
applications that run on mobile devices. Among the topics are
development processes, tools, user interface design, application
portability, quality, and security.

Categories and Subject Degiptors
D.2 [Software Engineering: D.2.2Design Tools and Techniques

General Terms
Design, Reliability, Security, Human Factors

Keywords
Mobile devices, application development, software engineering,
programming environments, user interface design, research agenda.

1. INTRODUCTION

While application development for mobile devices goes back at
least 10 years, there has been exponential growth in mobile
application development since the iPhone AppStore opened in
July, 2008. Since then, device makers have created outlets for
other mobile devices, including Android, BlackBerry, Nokia Ovi,
Windows Phone, and more. Industry analysts estimate that there
are more than 250,000 applications available through the various
stores and marketplaces, some of which are available for multiple
types of devices.

We have recently conducted a small survey of mobile developers
[1], using available mobile developer forums to solicit
respondents. A key goal of the survey was to gain a better
understanding of development practices for mobile applications.
Our conclusions included the following points:

1) most of the applications were relatively small, averaging
several thousand lines of source code, with one or two
developers responsible for conceiving, designing, and
implementing the application;

2) there was a sharp divide between “native” applications,
those that run entirely on the mobile device, and web
applications, which have a small device-based client with
execution occurring on a remote server;
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3) developers adhered quite well to recommended sets of
“best practices” but rarely used any formal development
processes, and;

4) developers did very little organized tracking of their
development efforts and gathered few metrics.

There are numerous comprehensive programming environments
available for the major mobile platforms. Apple’s iOS Dev Center
offers the Xcode package, which includes an Interface Builder, an
iPhone emulator, and a complete development environment that
can be used across all Apple products [2]. For Android,
developers can use the Android Development Tools plug-in [3]
for the Eclipse programming environment [4]. For Windows
Phone, developers can use a specialized version of Microsoft’s
Visual Studio environment [5]. Similarly, there are application
development tools for BlackBerry, Symbian, and other platforms.
In addition, there are now some cross-platform development tools,
such as RhoMobile’s Rhodes, MoSync, and PhoneGap, which can
be used to create native applications on various brands of
Smartphones. Along the same lines, Netbiscuits, Appcelerator,
Kyte, and other companies provides tools and frameworks to
support the creation of mobile web and hybrid sites using their
SDK or one of the previously mentioned environments.

These powerful development tools and frameworks greatly
simplify the task of implementing a mobile application. However,
they are predominantly focused on the individual developer who
is trying to create an application as quickly as possible. For small
and medium-sized mobile applications that can be built (and
easily updated) by a single developer, they represent a vast
improvement on the previous generations of tools, and encourage
developers to adhere to the important principles of abstraction and
modularity that are built into the platform architectures.

However, as mobile applications become more complex, moving
beyond inexpensive recreational applications to more business-
critical uses, it will be essential to apply software engineering
processes to assure the development of secure, high-quality
mobile applications. While many “classic” software engineering
techniques will transfer easily to the mobile application domain,
there are other areas for new research and development. The
remainder of this paper identifies some of these areas.



2. SOFTWARE ENGINEERING AND
MOBILE APPLICATION DEVELOPMENT

We define “software engineering” as a process by which an
individual or team organizes and manages the creation of a
software-intensive system, from concept through one or more
formal releases.

2.1 What Makes Mobile Different?

In many respects, developing mobile applications is similar to
software engineering for other embedded applications. Common
issues include integration with device hardware, as well as
traditional issues of security, performance, reliability, and storage
limitations. However, mobile applications present some additional
requirements that are less commonly found with traditional
software applications, including:

1)  Potential interaction with other applications — most
embedded devices only have factory-installed software,
but mobile devices may have numerous applications
from varied sources, with the possibility of interactions
among them;

2)  Sensor handling — most modern mobile devices, e.g.,
“smartphones”, include an accelerometer that responds
to device movement, a touch screen that responds to
numerous gestures, along with real and/or virtual
keyboards, a global positioning system, a microphone
usable by applications other than voice calls, one or
more cameras, and multiple networking protocols;

3)  Native and hybrid (mobile web) applications — most
embedded devices use only software installed directly
on the device, but mobile devices often include
applications that invoke services over the telephone
network or the Internet via a web browser and affect
data and displays on the device;

4)  Families of hardware and software platforms — most
embedded devices execute code that is custom-built for
the properties of that device, but mobile devices may
have to support applications that were written for all of
the varied devices supporting the operating system, and
also for different versions of the operating system. An
Android developer, for example, must decide whether to
build a single application or multiple versions to run on
the broad range of Android devices and operating
system releases [6]

5)  Security — most embedded devices are “closed”, in the
sense that there is no straightforward way to attack the
embedded software and affect its operation, but mobile
platforms are open, allowing the installation of new
“malware” applications that can affect the overall
operation of the device, including the surreptitious
transmission of local data by such an application.

6)  User interfaces — with a custom-built embedded
application, the developer can control all aspects of the
user experience, but a mobile application must share
common elements of the user interface with other
applications and must adhere to externally developed
user interface guidelines, many of which are
implemented in the software development kits (SDKs)
that are part of the platform.

7)  Complexity of testing — while native applications can be
tested in a traditional manner or via a PC-based
emulator, mobile web applications are particularly
challenging to test. Not only do they have many of the
same issues found in testing web applications, but they
have the added issues associated with transmission
through gateways and the telephone network

8)  Power consumption — many aspects of an application
affect its use of the device’s power and thus the battery
life of the device. Dedicated devices can be optimized
for maximum battery life, but mobile applications may
inadvertently make extensive use of battery-draining
resources.

2.2 Best Practices

With all of the recent experience in creating mobile applications,
much is known about how to build them and about how people
use their devices and these applications.

At the same time, all but the largest and most complicated
software and system development projects have moved away from
a process-intensive approach toward a more agile approach, with
the Scrum approach [7] and other agile techniques, e.g., test-
driven development, finding widespread acceptance. That’s
particularly true of applications developed for the Web, where the
development model relies on many successive releases of the
evolving product. The Scrum development process is a sequence
of short (2-4 weeks) “sprints” where a team addresses a set of
tasks as a product increment, with each sprint addressing a
“backlog” of requirements. Our survey of mobile developers [1]
suggested that even individual developers are following a Scrum-
like process as they develop mobile applications.

Above and beyond the process, though, is the systematic
codification of knowledge about the best practices to follow for
application development. The World Wide Web Consortium has
issued a candidate set of recommendations for mobile web (not
native) applications [8]. Apple has published an iPhone
Application Programming Guide [9] with guidelines for various
aspects of iPhone development. The Developer’s Guide for
Android includes a Best Practices section that addresses
application compatibility, user interface guidelines, and designing
for performance and responsiveness, among other things [10].

In short, developers can find a lot of guidance to assist them with
programming their applications. Platform developers have drawn
on decades of software engineering knowledge to create software
architectures and SDKs that provide developers with access to
needed device resources. However, these technical aspects don’t
address the larger issues of creating large-scale applications.

2.3 Finding the Balance

One of the long-term challenges in every engineering discipline is
“scaling up”: finding appropriate techniques for managing
increasingly complex projects. Approaches that work well for an
individual engineer don’t always work when the tasks of a project
are divided among members of a team. The team (and any
supervisory management) need mechanisms for coordination and
reporting. The added complexity of larger projects often demands
greater  attention to [changing] requirements, product
architectures, and testing, as well as to key project properties,
such as robustness, usability, reliability, and more.



For mobile devices and their applications, the software
engineering process must not only be aware of the hardware
device properties, but must also address project management
issues and the unique aspects of mobile application development
noted above.

Many large-scale and enterprise-oriented mobile applications will
be part of a product family. These applications will often be
mobile web applications, rather than native mobile applications,
and will often complement or augment an existing application. As
a result, development of the mobile application will typically be
done within the context of the overall software development
effort, thus providing a management framework for the mobile
application. However, the unique qualities of the mobile
environment makes it important not to treat the mobile application
as an afterthought, but rather as an independent task with its own
software engineering process and product requirements.

3. ARESEARCH AGENDA FOR MOBILE
SOFTWARE ENGINEERING

Despite the development of 300,000+ mobile applications, there’s
still not much formal research around their engineering processes.
The existing body of knowledge is highly pragmatic, with lots of
guidelines and many pieces of sample code as examples. In this
section, we identify some of the most promising areas for
software engineering research related to development of mobile
applications

3.1 The User Experience

Using a mobile device is different from working with a desktop or
laptop computer. While gestures, sensors, and location data may
be used in game consoles and traditional computers, they play a
dominant role in many mobile applications. The smaller display
and different styles of user interaction also have a major impact
on interaction design for mobile applications, which in turn has a
strong influence on application development. The mobile user
interface paradigm is based around widgets, touch, physical
motion, and keyboards (physical and virtual) rather than the
familiar WIMP (Windows, Icons, Menus, Pointer) interface style
of Apple’s iOS and Microsoft Windows. Other context
dependencies may also play a role in the user experience,
including such aspects as physical location, proximity to other
mobile devices, and the activation of various device features

Mobile platforms include their own Ul libraries and guidelines, so
native applications for a device will share a common “look and
feel.” It’s in the interest of the application developer to adhere to
platform standards, especially on touch-screen devices, where
users expect to use the platform’s standard set of gestures, which
differs for each platform.

With the challenge of making the best possible use of limited
screen space, user interface design takes on greater importance
than ever. Mobile users are often seeking to quickly complete a
simple task, and can’t take advantage of the full range of
functionality provided by a traditional Web application.

The user interfaces for mobile web applications may borrow from
traditional web applications, but must often be redesigned to
highlight the most commonly used functions and to make most
effective use of the screen and the mobile user interface paradigm,
including both the user input and the associated motion and
location information.

These observations raise some research issues, including:

1) How does one determine which functions should be
present in a mobile version of a traditional application?
Are there techniques that can assure the maximum reuse
of code among different versions?

2) What is the comparable effort to build a native mobile
application (or a set of them for different platforms)
compared to a mobile web application? Is  there a
measurable difference in user satisfaction or
productivity with either of these?

3) Is there a need for specialized scenario development
processes and tools for mobile applications? Does the
mobile Ul require a different contextual design process
to support a different set of use cases?

4) How does a software designer integrate the various
forms of input and sensor data in application design?

The user experience is also strongly affected by other industrial
design issues related to the device itself, e.g., weight and size, but
these items are largely outside the domain of software
development, and not discussed further here

3.2 Non-functional Requirements

The success of any application, mobile or otherwise, depends on a
lengthy list of non-functional qualities. Among those most
relevant to mobile applications are performance (efficient use of
device resources, responsiveness, scalability), reliability
(robustness, connectivity, stability),quality (usability,
installability), and security. Many of these issues have been
addressed for web applications, and that knowledge provides an
excellent starting point for studying mobile application
requirements.

The mobile environment, with its dependence on different kinds
of networks, differs from traditional environments and thus raises
some new research questions, such as:

1) Do mobile web applications behave differently when
connected using the telephone network (3G, 4G) than
when using an 802.11 (WiFi) or 802.16 (WiMax)
connection? Are there differences in security? Is there a
significant difference in responsiveness? Are traditional
fallback and exception-handling techniques adequate, or
does the higher likelihood of a dropped connection (or
intermittent connectivity) require additional
mechanisms?

2) Are there new techniques needed for assuring data
integrity, or will the synchronization techniques from
traditional client-server computing suffice? Does
potential loss of connectivity or battery power represent
a risk to program and/or data integrity if such an event
occurs during a transaction or system update?

3) Should applications be designed differently depending
on the speed of the network on which they are being
used? In Asia, some countries offer rates of S0Mb or
higher, while typical speeds in the US, even with 3G
networks, are below 1 Mb.

4) How does a developer create applications that will
maximize battery life and resource usage?

Again, these questions are just a small subset of a broad range of
research questions that need further study.



3.3 Processes, Tools, and Architecture

As mobile applications become more complex and mission-
critical, development organizations must introduce processes that
address more aspects of the development process than are covered
in today’s agile processes and development environments. As
previously noted, the user experience is especially critical, so
there is a greater need to create prototypes of the user interface(s),
particularly when multiple devices will be supported.

Testing is another important area for mobile software engineering
research. One question involves the development of testing
methods for product families, such as Android devices. It’s
insufficient to merely test an Android application on an emulator;
it must be tested across many different Android devices running
different versions of the operating system on various telecom
networks, perhaps with 110n and i18n options. Integrated test
suites would simplify this process.

Another area for research involves application maintenance in the
rapidly changing world of mobile platforms. While “early-
adopter” consumers are often willing to update their device and
their applications, most enterprise users are less likely to do so. In
many cases, their companies will have policies discouraging them
from doing so, as can be seen by the slow enterprise transition
away from Windows XP and Office 2003. One particularly
interesting question involves the use of virtualization technology
on these devices as a way to support various platforms.

Finally, application development and deployment is moving
toward the “cloud”. This new computing paradigm will not only
affect development processes and tools, but also application
architectures.

3.4 Portability

Application developers quickly developed apps for the iPhone
platform following Apple’s creation of the AppStore. As noted
above, other providers of mobile platforms and devices have done
the same (or are in the process of doing so). An important issue
for the application developer is to decide which platform(s) to
support in the highly fragmented world of mobile development.
Today, there are at least five important platforms (iPhone,
Android, BlackBerry, Windows Phone, Symbian).

From the standpoint of the application developer, it’s quite
expensive to support multiple platforms, especially when there are
multiple versions and variants for each of them. The application
developer has several options:

1) develop for a single platform only and use, to the extent
possible, a common subset of the features available
across all variants and versions of that platform; thus,
for example, the developer would have only a single
code base for an application that would run on different
versions of the iPhone, the iPad, and possibly the iPod
Touch.  While that approach would simplify the
developer’s work, the resulting application would not be
able to take advantage of all of the differentiating
features of each device ;

2) develop native applications for each platform and
variant, trading off the development and maintenance
costs against the ability to optimize the application for
each platform.

3) develop mobile web applications, thus minimizing the
amount of native code for each platform; it remains
uncertain whether this approach will meet the needs of
the market, or;

4) use one or more layer(s) of abstraction that can map a
“write once” application into native executable
programs that will run on multiple platforms.

Each of these approaches presents a set of research questions, and
suggests the need for customized tools to support cross-platform
development and testing.

4. CONCLUSION

The items discussed in Section 3 are only a subset of the possible research
topics in software engineering for mobile applications, but serve to
indicate the breadth of research needs and opportunities in this emerging
field.

While the large number of mobile applications makes it appear
that software development processes for them are well
understood, there remain a large number of complex issues where
further work is needed. In addition, there is a mobile “angle” to
almost every aspect of software engineering research, where the
characteristics of mobile applications and their operating
environments present a new or different set of research issues
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Mobile systems have evolved to a level where they are required to carry out their operations in a wide range
of environments, from voice communication, networking and entertainment to complex business
applications. Software running on mobile devices has as well grown to a point in which it has earned a
major role and impact on the overall performance and capability of a system. This situation attracts a
genuine interest of knowing in a more detailed fashion the conditions under which mobile software systems
are conceived, designed, implemented, and maintained, both from process and product point of views.

In parallel, “mission-critical” is a recurrent concept in Software Engineering that refers to software
systems in which a malfunction may lead to injuries, loss of lives or loss of significant investment. As
consequence, these systems require the highest care through all steps of the software development cycle [1].
Application areas of mission-critical software comprehend manufacturing control, transportation systems,
weapon delivery systems, space programs, air traffic control, medical systems and many others [2].

The continuous growth in capabilities in software applications running in mobile devices allows them to
become an attractive platform to be part of more complex systems, including safety-critical or mission-
critical systems. As mentioned above, due to the nature of these environments, such mobile software system
would be required to meet strict assurance practices with regard to safety, security and performance, being
subject to attain certifications from competent authorities before entering into service.

Currently we count on several software processes and quality management systems intended to support
the development of general-purpose (e.g. CMMi, ISO 12207, ISO 15504) or application-specific (e.g.
RTCA/DO-178B, ISO 62304, EN 50128) software. These models were conceived and developed without
considering restrictions given by a specific target platform, and are general enough to accommodate any
execution environments (e.g. embedded, desktop, etc.), so they are prepared to suit the needs and
restrictions of mobile equipment.

On the other hand, the number of published development models specific for mobile software systems
(e.g. Mobile-D [3] or RaPiD7 [4]) is still limited, and they present addressable shortcomings. These models
converge in the selection of Agile methodologies to provide a development framework, calling attention on
the necessity of adapting the processes and practices to the evolving needs of mobile software, shorting the
development cycles. As a common characteristic, they have claimed little level of criticality on mobile
applications, so Agile quality assurance practices do not necessarily fulfill the requirements imposed by
application-critical standards or certification procedures [5].

In summary, currently it is not available a methodology or framework to manage the assurance of
mobile software so as to produce application-critical, certifiable software, taking into account the needs,
boundaries, and particular conditions given by a mobile environment. Such conditions may impact the
quality of the software product within a mission-critical system, and deserve to be carefully considered in
addition to the practices already dictated by safety-critical software development standards.



We believe that it is necessary to study (i.e. survey, leverage) current software assurance practices
adopted by mobile development, and analyze the existing gap between them and mission-critical software
standards. After knowing such distance, we may identify the ways in which current practices can be
strengthened or adapted to have a robust mobile software assurance process that positively aids mobile
developers to produce software able to be incorporated into a certifiable mission-critical environment.
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It is still difficult to find a disciplined, strong and dependable development process for mobile applications
[6]. Abrahamsson et al. [3] discussed that the development of mobile applications is a challenging task due
to the specific demands and technical constraints found on a mobile environment. By then, very little was
known about the suitability of the different development processes for mobile application development.
More recently, in the work of Franke and Weise [7] it is set the question “Does software quality assessment,
in particular testing, differ between desktop and mobile software?” after which they evaluate common
assurance practices to be applied to mobile software just in the way they are used for other environments.

A first attempt to design a software development methodology for mobile devices is introduced by
Abrahamsson et al. [3] in the methodology called Mobile-D (inspired by Extreme Programming). Mobile-D
is proposed as an Agile approach to mobile application development, later endorsed by independent works
by Abrahamsson [8] and by Rahimian and Ramsin [9]. In the same sense, RaPiD7 (Rapid production of
documentation in 7 steps) [4] was developed and applied at Nokia; it is as well inspired by Agile practices
and focuses on describing human interaction, planning and documenting in software projects, both related
and unrelated to mobile development. In all cases, the incorporation of Agile practices into mobile software
processes claimed little criticality level on mobile applications, and a strives for a continuous reduction of
the development cycles due to the constant evolution and change of requirements, platforms and users.

These works represent, indeed, an interesting approach to be followed; nonetheless, due to their Agile
nature they may fail on establishing a clear software assurance strategy based on traceable plans,
procedures, records and reports imposed by application-critical standards and certification authorities,
typically based on plan-driven practices.
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A significant amount of work is yet to be done to combine mobile software development processes with
application-critical standards. The goal is to take advantage of our experience on Agile and mission-critical
development to achieve the configuration of a robust framework that learns from both traditional and
innovative software engineering practices that have proven their value on the development of conventional
and mission-critical software:

*  Current mobile software methodologies based on Agile paradigms have to be adapted to meet the
needs of application-critical standards (i.e. adding traceability records, documentation, prescribing
independence between roles, etc.).

* A number of practices from Agile methodologies (e.g. refactoring, pair programming, customer
involvement) should be incorporated to the development of critical software thanks to the added
value and positive impact they give to the product’s quality.

The range of applications deployed on cellular telephones and tablets is continuously growing, moving
this family of devices towards becoming a primary end-user computing equipment. We are not far from
having mobile telephones as software platforms fully operating an aerospace system (e.g. maintenance
crews operating handheld gadgets), healthcare systems (e.g. monitors on cellphones with direct
communication to hospitals), or similar applications that require to meet safety-critical standards and obtain
government certifications previous to enter into service.
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Our vision is to innovate, extend and strengthen current mobile software frameworks to assure the quality
of the product to the most stringent safety-critical standards and certification requirements. As software for
mobile devices grows in capacity and dependability, the lack of a software assurance process for mobile
applications is more noticeable, and the unveiling of a proper one becomes an imperative.

To achieve this goal, we have identified as a starting point the adapting of Agile methodologies, based
on the fact that such methodologies are now the most accepted approach for managing mobile software
development processes. Analyzing independently current mobile software development methodologies and
Agile practices, we have identified that they lack of several practices and conditions required by
certification processes on application-critical software, for example, rigorous project documentation (plans
and results), traceability records, independence between major roles (e.g., independence between
development and testing individuals) and other requirements.

Our research approach is to leverage the requirements set by the most important development standards
for application-critical software (e.g., RTCA/DO-178B for airborne applications, ISO 62304 for medical
systems, and EN 50128 for rail systems) and conduct a gap analysis that will allow us to identify the major
limitations shown by current mobile development methodologies with respect to safety-critical standards.
In addition, we will incorporate further failure modes given by the mobile environment itself (e.g., failures
in communication networks, limited computational resources, and others) to complement the safety
considerations to be born in mind when a mobile device and its software are full participants on an
application-critical system.

After this analysis, we will count on a series of recommendations (namely practices, records and
requirements) to be added to the existing mobile software development methodologies. These
recommendations are not intended to replace current development practices for mission-critical software,
but they will represent a reliable guideline to strengthen different practices throughout the mobile software
development, with the objective that processes, products and documentation are suitable to meet safety-
critical certification requirements, and most important, assure the development of a software product that
will be deployed in an environment in which there is no room to afford any failure.
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Abstract? With the tremendous increase in the number
of mobile phone users. The demand on having mobile

applications that provide solutions to many of the SHR S Oid PV particular interest to théndroid mobile GHYHORSHU\

daily life aspects increases too. However, designing these
applications is different from the typical desktop
applications and imposes many software engineering
challenges that need to be taken into consideration. In this
paper, we present the system design and the software
engineering challenges encountered while implementing an
Android mobile application that provides a voiced based
text messaging functionalities for people who tends to text
whiledriving their cars.

Index Terms2 Voice recognition, Android mobile
development, automatic text messaging, voice based
softwar e development, mobile phone software engineering.

I. INTRODUCTION

With the way that technology has

aforementioned problem, with some emphasis on the software
and design challeres faced during the implementation, which

community

The rest of the paper is divided into three further sections.
Section Il describes the application developed and its
architecture. Section lllpresents some of the software
engineering challenges fat@uring the implementation and
how theywere addressed. Finallgection IV summarizes the

paper

II. SYSTEMDESIGNAND ARCHITECTURE

In this section, we provide a detailed description of the
application, its architecture, andall the modules and
components of the application.

A. Application Description

The main aim of the application is to enable users, specifically
drivers, to use their mobile phones on the road without having

revolutionizedo resort to physical cortawith the phone. This approach for

communication methods, mobile phones have become aimteraction with the device will greatly reduce the risk of
indispensablepart of keeping up with this fast paced world.accidents caused by distracted driving. The application focuses
Mobile phones have provided an-thego easy, fast and on the feature of text messaging or Short Message Service

efficient method ofcommunication and have opened ujfpta
of possibility for enhancing user experience with thgital

(SMS). When a mobile phone user reesi a text message
while driving, he iseither not going to reply until they stop or

world. However, this widespread adoption of these devices hgfey will have to pick up the phone to read and/or reply to the
stimulated software architects to create new applications aH%ssageTo provide a solution to that problem, we created

solutions that opened up a nevworizon for the software

this application that combines the featureseodt tmessaging

engineering community and imposed new challenges aWilth those of speech recognition and speech synthesis. Instead

limitation that did not exist in the persaln computer
applications.

People are always looking for the easiest, nusstr friendly
and most intuitive method of communicatitigrough their
devices and there is probably no easier waychieve that
than talking to your phone. Speech is on¢hef most intuitive
ways of interaction since it is the naturahethod of
communication between people. Thus, spegecbgnition over
mobile phones is rapidly becoming a mugvefeature in any
device. For people on the go, fexample while driving or

of havingthe usetto type in the reply using the keyboard, the
user could use the speech recognition feature and reply which
is then automatically translated by the recognitiogie. The
application is based on the idea of having a set of keywords
that correspond to longer stored messages. This means that
each user has a list of words stored on their phone and each
keyword is a sort of abbreviation for a longer textssage.

For example, thaiser defineckeyword " ODWHU’
TP EXVN ULJKW QRZ , ZLOO FDOO \RX

walking, it is quite difficult anchot to mention very dangerous hisfher own set of custom keywords and messages depending
to use mobile phones withowtny kinds of aids such as on their preferences and the most common situations that
wireless Buetoothearpeces anather accessories that make itcould be encounteredhile driving. The keywords are set to
hands free According to [], a shocking 16,000 deaths werebe exactly one word long in order to make it easier and faster
caused by texting while driving in the US between 2001 arwhile driving to just say a keyword instead of a whole

2007 and it is on the rise every yeak.solution toa problem

sentence. Moreover, this improves the chances of accurate

would be provided through the eisof Automatic Speech recognition rather than using long commplsentences.
Recognition (ASR). Through ASR softwa_re, drivers will neve{yhen the user receives a text message, by using speech
have to take their eyes off the road, their hands off the Wheglyhesis the system will ask the user if they would like to

or their minds off their safety. They can respond to te)ﬂeply. If the user repliesith "< H V ~

messages by simply speaking their replige main an of this
paper to present the software design metlugyoand steps
needed to design a voiced bagedt messagingpplication

over Android mobile phones that try to address the

W Kie pradrp@edor

the keyword they would like to send. Once the keyword is
spolen by the user, if the recognition is correct, the message
associated with that keyword is retrieved and used as the

FRXOG VYV



message body for the reply. The user will then confirm thsithout the need to look ahe phone. When a message
system to send the message. This is the core part of theeived, the system informs the user through speech synthesis
application that usedlahe key components. There is also ahat he/she has received a new message from certain contact.
component for viewing the inbox and a component for viewinghe system then asks the usehéfshewould like to hear the

and editing keywords. message. The system will then start the speech recognition and
wait for the user to respond. If there is no response from the

_B' Application Arch/tecture.'and Modles . user, the system will repeat the requesi more times and if
Figure 1 shows the block diagram f.or the system architectUifiere s still no response, it will exit on the grounds that the
There arethreemodules in thesysten; the keywords module, ger is unavailable. The systemill also exit in the case that
the messaging module and the dialogue module. The diagrfgild x VHU UHSOLHY ZLWK “1R° +RZHYHU LI
shows the main Android packages used in each module. The system will read out the received message. After that, the
boxes shaded in green correspond to Android packiles gysiem askshe user if he/shevould like to reply or hear the
while the boxes shaded in blue correspond to custom classgs,y vy pJH DJIDL Q | WKH XVHU UHSOLHYV
Below each box there is a note that contains all the clas$gsssage iseplayed and the dialog sequence resets from that
used within each package. For the custom classes, the nefe; | QW | WKH XVHU VD\V "1R°~ WKHQ WK
boxes are also custom classes in the same module that grg QILUPDWLRQ IURP WKH XVHU | WKH
related tp the main class. The boxes that .eXISt outside aP&tem will prompt the user for the keyword they would like to
modu_le like the Ativity Manager are general items that werg,qo a5 the replto the message. If the keyword spoken by the
used in all modules. . _ user was found in the database, then the user is asked to

1) Keywords Module: The keywords module is th&gnfirm that the recognition was correct. If yes, then the
component of the system that is responsible for managing th@ystem proceeds to send the message and exit. However, if the
keywords. There are six main functionalities in this module. Ac\yyy vD\V "1R” RitibnLrétunedrhoWds it Riden the
user can display bst of all keywords, add, show, edit, deletegytem will ask the user to say the keyword again. If the
or send a keyword. It is based on a simple Create, Rendgfsiem fails to find the keyworthreetimes, the system then
Update and Dete (CRUD) system with a single tlumn oyt At any given point in the speech recognition process, if

table database where one table entry corresponds to akeywQidk 4 XVHU VD\V WK H s2R Wi altbdaativally W K H
and its longer message. The usan see the list of keywords g

E\ VHOHMNIRUGY  IURP WKH PDLQ VFUHHQ 2QFH LQVLGH
the keyword list, the user can then choose to view a specific
keyword, add a new one or search for an existing keyword. If

Messaging Module

the user clicks on a certain keyword, he/sliebe directed to — ——

the viewor editwith the keyword and its message

2) Messaging Module: The messages module is a regular tex ﬂ
mehlessage

Messages

messaging system. Using this module, users can view thei
inbox, send messages and reply to received messages. Whe
users wishto send a message or reply to a message, they cal

Dialogue Module

‘ Content

—| SmsRecelver
\ EroadcastRecever

Speech

choose from the list of stored keywords. Once they select the || Recogizemer Keywords Moduls

required keyword from the list, they will be directed to the > [ e

VKRZ YLHZ RI WKDW NH\ZRUG 7KH\ | D . ey ]
from the menu and will thette H GLUHFWHG WR W A e N\ vew |

messaging application where they can choose a contact to sen
the message to. The message body is automatically filled ou
using the stored message from the chosen keyword and thi salite
user can edit it if he/she wishes to. In iidd to the selection pabase
from the list, users can send messages by using speec..
recognition. When a message is received, they can reply to it o ) )
by saying the keyword and the speech recognition will processFigure 1. Application Architecture Block Diagram
the input speech and automatically send the message af

confirmation from the user.

3) SysterdUser Dialog Module: In order to make the
application truly serve its purpose of eliminating physical and
visual contact with the phone while driving, we combined th
features of speech recognition and speech ssisth€hrough
these technologies, we were able to create a dialog between @tel/enge 1: Mobile Hardware and Software Diversity:

user and the system on the event of receiving a message. Tiie diversity that now exists between software and hardware
dialog is aimed at guiding the user to replying to the messagtforms for mobile devices is undeniable. It poses a great

Wigw, Menu, Meruttem

Widget
Toast, EditText, TedView,

Adapterview ArrayAdapter,

Listiew, Butlon

. SOFTWARENGINEERINGCHALLENGES

In this setion, we disucss some of the software challeneges
specifict to the mobile device environment that we have faced
8uring the systerdesign and implementation.



challenge in choosing between them or trying to dgveladevelopment is the lack of computational power required to
something that can work the same way across multipgeerform complex operations. Mobile degs that exist so far
platforms. Having to make this choice can be a difficult tradénave very limited computational power when compared to
off. Choosing a specific platform will limit the developer toPCs. In our application, the use of voice recognition requires a
the capabilities and features of this platform. Even within orfeuge amount of processing power in order to understand and
platform, tkere could be several different versions that caanalyze the speech input from the user. This is whyréidd
make applications behave differently from one device teoice recognition is done remotely on Google senjéis
another. Developers must always try to make their applicatiorsgher than locally on the devic&he amount of power
work smoothly and as expected regardless of the devicequired to perform speech recognition operations is too
Another significant problem idat it would limit the user base exhausting for a mobile device with the current hardware
of the application to those that own supporting deviceimitations. Furthermoresuch heavy and complex operations
However, sometimes limiting the user base is not necessarilyil also drain the battery out too quickly. Developers must try
disadvantage. It depends on what the application needs @odeep in mind the effect of the processing of the application
who it is targeted at. These problems caifl skist with and the services used by the application that will require a lot
regular Software Engineering and not only Mobile Softwaref battery powerHowever,one disadvantage of effoading
Engineering. However, the problem is mgmnounced and the mobile phone from the recognition functionality that it
accounted for in mobile development since the scales k#quires the mobile device to be connected to the Internet
growth are now tipping into the direction of mobile devicesvhich may not be always possible. Another challenge is
over PCsMoreover, most of the applications developed ovetelated to the limitedtorage space on mobilevilees. In order
PCs are usually web applications that are generally platfotm perform voice recognition, the application would require
independentln our application, we chose to develop on thé¢hat there be a huge dictionary of wortteat the user may say
Android platform. The reason for this selection is that theo match them up. This will require a lot of valuable space.
popularity of Android isincreasing rapidly that it has now This space is not an issue on PCs, but for mobile dsyic
become the market leader. Furthermore, it is also-eparce space consumption must be minimized to fit in all the other
which gives the advantage of more developer collaborati@pplications and processes required by the device. This is also
and insight into the details. In addition, crgdatform helped by therecognition engineactually being on Google
adjustments required betweemdkoid devics is a simple servers. The only space consumption required by the
process where the developer just needs to handle some desigplication is a &ry light anda basic database managed by
issues regarding the Ul and defining the features that tB&Lite engine that consists of only one table of keywords and
application needs to run, so that if this feature is not present messages.

a certain device, it would not install the applicationavoid

any crashes. In choosing Android, there are specific best IV. CONCLUSION

practilces_recommended by developer.s that point others inp ihis paper, we presentah Android mobile based voice

the d_lrectlon of Wha_lt works better. This means that thgre alBplication with an emphasis on the design aspects, and the
certain methodologies and concepts related to Android thaftare engieering practices related to the Android mobile
distingush the development process from other platforms;torm. Utilizing our application the driver can respond to
Hence, the software engineering procedure can not received text messages while driving by issuing a voice
generalized for other platforms. commands to his mobile phoneSome of the software

] . ~engineering challenges encounterevhile building the
Challenge 2:  Mobile OS Frequent Updates and Releases:  qnpicationwere the fact that designg a mobile application is

A challenge that may arise during mobile development is thg 5 pig extenvendor and platform dependent, this is why we
ability of the application developed to be altered to matdh, e chosen Android platform as it is implemented in a large
updates. Mobile platforms are very frequently updated andmper of mobile phones from different vendofsother
new versions come out quite often. Developed application,jienge was related to the frequent updates and releses
must be easily upgraded to fit the requirements and adaptyl@ mopile OSvhich wasaddressed by making the application
the changes of neweand better software versions. This iSyaqylar and upgradable. Finally, one should bear in mind the
helped by the fact that Android SOR] comes in the form of jiniteq computational and storage capabilities of the mobile
several components that can be used to build an <'appI|C<';1t|onp|J1fOne which werdaken into accouri our application byff-

an update occurs, then only the relevant components that pleying the mobile device from the recognition process and
used in the application wouldeed to be modified to fit the instead relying on theemoteGoogle servers

new version. For that reason, when developing for mobile
software, it is better to separate different components from REFERENCES
each other so that the application can be easily maintained and

upgraded. Once it is altered, newer releasen be published 19 ) :LOVRQ DQG - 6WLPSVRQ “7UHQGV LQ

to the market or app store. Distracted DrivingiQ WKH 8QLWHG 6WDWHV WR
Am J Public Health, 100.11 (2010):222219.
Challenge 3: Power, Processing and Storage Management: [2] Android SDK:http://developer.android.com/sdk/

Another significant challenge that comes with mobile[3] Google Mobile http://www.google.com/mobile/voieactions/
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Abstract? Today, both desktop and mobile software systems
are usually built to leverage resources available on the World
Wide Web. However, in recent years desktop and mobile
software have evolved in different directions. On desktop
computers, the most popular application for accessing content
and applications on the Web is the web browser. In mobile
devices, in contrast, the majority of web content is consumed
via custom-built native web apps. This divergence will not
continue indefinitely. We anticipatethat LQ WKH we wiflV
witness a major battle between two types of technologies: (1)
native web apps and (2) Open Web applications that run in a
web browser or some other standards-compliant web runtime
HQYLURQPH @sitle of We \Decade” will determine the
future of the software industry +as well as the future of
softwareengineering research for yearsto come.

Keywords-web applications, web programming, web-based
software development, software engineering, web engineering,
open web

I. INTRODUCTION

Although the World Wide Web has existed less than
twenty years, the Web has already transformed our lives in
countless ways. These days, everyday artifacts and services
such as documents, photos, music, videos and newspapers
are widely available on the Web. Online banking and stock
trading have become commonplace. Various documents that
used to be difficult to access, such as municipal zoning
documents, government budget documents or tax records,
are now readily available on the Web. Entire industries such
as banking, financial services, electronics and book retailing,
photography, and music distribution have undergone
dramatic transformations. Web-based services such as
Facebook and Twitter have altered the meaning of social life.
The Web is even having a profound impact on politics and
democracy, shaping the future of nations all over the planet.

The World Wide Web has also had a considerable impact
on the software industry. These days, both desktop and
mobile software systems are usually built to leverage
resources available on the Web, with the objective that the
same content can be accessed effortlessly from different
types of terminals. However, in recent years desktop and
mobile software systems have evolved in rather different
directions. On desktop computers, the most popular
application for accessing content and applications on the
Web is the web browser. In mobile devices, in contrast, the
majority of web content today is consumed via custom-built

native web applications, RU 3DSSV . IRU VKRUW

Antero Taivalsaari

Advanced Development & Technology
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Tampere, Finland
antero.taivalsaari@nokia.com

In this paper, we anticipate that LQ WKH
witness a major battle between two types of technologies: (1)
native web apps and (2) Open Web applications that run in a
web browser or some other standards-compliant web runtime
environment. The former approach implies the use of binary
software and traditional software engineering practices,
while the latter approach implies that conventional software
engineering methods and practices will be replaced by
technologies created for web development. 7 K L Batffe of
the Decade’, as we call it, will determine not only the future
of the software industry, but the future of software
engineering research as well.

This paper builds on a number of earlier papers [4, 5, 6,
7,11, 12, 13, 14]. Many of the topics in this short paper have
been covered more extensively in those earlier papers.

The rest of this paper is structured as follows. In Section
II we provide a brief discussion on the evolution of the Web
as a software platform, and then focus on the ongoing battle
between native apps and Open Web applications in Section
II. In Section IV we outline the research challenges that
arise from the two divergent paths. In Section V we draw
some final conclusions.

II.  EVOLUTION OF THE WEB AS A SOFTWARE PLATFORM

Over the past twenty years, the World Wide Web has
evolved from a document sharing system to a massively
popular, general purpose application and content distribution
environment =* in short, the most powerful information
distribution environment in the history of humankind. This
evolution has taken place in a number of evolutionary phases
or eras [14]. Note that here we intentionally focus on the
evolution of the Web as a software platform. When viewed
from other angles +e.g., from the viewpoint of online
banking or music or video distribution *the history of the
Web would look somewhat different.

In the first era +the Web as a document environment +
the programming capabilities of the Web were very limited,
reflecting the origins of the Web as a document sharing and
distribution environment. In the second era *the Web as an
application environment * the software development
capabilities of the Web started emerging, with different
technologies competing with each other vigorously. In the
third era that is unfolding currently + the Web as the
application environment twe believe that the landscape of
the software industry will change dramatically, as the
balance shifts irrevocably from binary end user software to
web-based software. Note that these three eras are by no
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Figure 1. Evolution of the Web as a Software Platform
(for high-quality image, see http:/lively.cs.tut.fi/WebEvolution.png)

means mutually exclusive. Rather, web pages and
applications representing all three eras coexist on the Web
today. A visual summary of the different eras is provided in
Figure 1. We will ignore many of the details in this paper,
since they are not relevant for the main theme of the paper.

III. THE BATTLE OF THE DECADE

The key point about the evolution of the Web presented
in Figure 1 is the current, ongoing battle between native web
apps and HTML5-based Open Web applications.

A Native Apps

Custom-built native apps have become one of the
dominant ways people use web services. For instance, on

of the users' actions is usually significantly shorter than in
the desktop space; the users wish to perform rapid, focused
actions instead of long-lasting sessions; actions must be
simple yet focused, and they must accomplished with ease,
using only a minimal number of keystrokes or finger presses,
often while the user is walking, driving a car or is somehow
otherwise distracted by other activities. The different usage
modalities and smaller screen sizes have a significant impact
on application design; generic web pages geared towards
laptop or desktop computer users are not usually ideal for
mobile use. In addition, performance issues or network
connectivity issues can make web applications nearly
unusable in mobile devices. The conventional web browser
simply was not designed for such use.

By using the native graphics libraries, the look-and-feel
of apps can be customized specifically to the needs of the
application and the device; the applications can also leverage
device-specific features much more comprehensively than a
pure web application could. The downside of such apps is
that they are Strictly platform-specific. Apps developed for
the iPhone run only on Apple devices, so several different
implementations *composed with different platform-specific
tools *are needed if the app is to run also on Android,
Blackberry, Symbian, or other commonly used target
platforms [15]. In many cases a separate app is needed for
each of the different versions of the target device. Such
fragmentation is what effectively killed Sun's (now Oracle's)
once highly successful Java ME platform [10].

Another source of fragmentation is that different apps,
developed by different parties, commonly assume different
ways of interaction. For instance, gestures that work in a
certain fashion in one application may imply totally different
functions in other applications. This can be confusing for the
user, and in the end lead to additional requirements on how
applications should be defined, together with associated style
guides and so forth.

Finally, unlike pure web applications, a native app
requires conventional installation. The user must usually
download the application binary from a specific location,
such as Apple's App Store (http.//store gople con). In order
to introduce new features, the user must typically download
and install a totally new version or upgrade the application
explicitly by device-specific means. This is clumsy and
inconvenient for the user, e.g., since the application or the
entire device may be partially unavailable while the

I ad
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Facebook, Twitter, and many other popular web services
using custom-built native apps rather than with the web
browser. Such native apps are not really web applications at
all; however, they use the same network protocols to access
the backend services as the web browser does.

There are good reasons for native web apps to exist.
While the underlying needs to communicate and access
information are the same in desktop and mobile
environments, the way people consume content and use
applications with different types of terminals and devices are
fundamentally different. In the mobile space, the time span

Following the Open Web principles laid out in the
Mozilla Manifesto [8], web applications should be built on
technologies that are open, accessible and as interoperable as
possible, and should run in a standards compatible web
browser without plugins, extensions or custom runtimes. In
December 2010, Tim Berners-Lee zthe inventor and founder
of the World Wide Web *published an article in which he
called the current trend towards custom-built native web
DSSV 3GLVWXUELQJ’
into separate content silos that are isolated from each other
[2]. Such content is off the Open Web, and usually under the
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control of an individual company. Typically, you cannot
bookmark, tweet or e-mail a link to such a page using a
standard browser. Rather, you must explicitly download,
install and use (and later upgrade) a vendor-specific app
from a vendor-specific app store for each device platform in
order to access such content.

Open Web applications have various benefits. For
instance, they require no installation or manual upgrades, and
they can be deployed instantly worldwide. A web application
published in Tampere (Finland), say, is instantly and equally
available in Tallahassee (Florida, USA), Tandragee (Ireland)
or Taree (New South Wales, Australia) without explicit
installation. The Open Web principles will allow application
development and instant worldwide deployment without
middlemen or distributors. Conventional binary applications
are at a major disadvantage when compared to web-based
software that can be deployed instantly across the planet.

So far, a number of obstacles have hindered the
development and deployment of full-fledged, truly
interactive web applications. The obstacles have been
especially apparent in the mobile device space. We have
analyzed the problems in earlier papers [4, 5, 6, 12].
However, new standards such as HTML5 and WebGL will
eliminate many of the limitations in this area.

The forthcoming HTML5 standard [16] complements the
capabilities of the existing HTML standards with numerous
new features. Although HTMLS is a general-purpose web
standard, many of the new features are aimed squarely at
making the Web a better place for desktop-style web
applications. Examples of features that support desktop-style
applications include offline applications that can be run even
when an active network connection is not available
(http://www.w3.org/TR/offlinewebapps/), a simple storage
mechanism that behaves like a simple key-value database,
allowing textual data to be stored locally in the
computer/device, Canvas API that provides a 2D drawing
canvas for procedural, interactive graphics, and built-in
audio and video support.

WebGL (http://www.khronos.org/webgl/) [3] is a cross-
platform web standard for hardware accelerated 3D graphics
API developed by Mozilla (http://www.mozilla.org) and
Khronos Group (http://www.khronos.org/), and a consortium
of additional companies including Apple, Google and Opera.
The main feature that WebGL brings to the Web is the
ability to display 3D graphics natively in the web browser
without any plug-in components. Unlike with earlier
technologies such as Flash, O3D, VRML and X3D, with
WebGL the 3D capabilities are integrated directly in the web
browser, meaning that 3D content can run smoothly and
portably in any standards-compliant browser. The possibility
to display 3D graphics natively in a web browser is one of
the most exciting things happening on the Web recently.

While HTMLS and the related W3C standard activities
play a critical role in turning the Web into a serious
application platform, it is important to note that the feature
set offered by an HTML5-compliant web browser is still
somewhat incomplete for real-world applications. As
depicted in Figure 1, our prediction is that another major
round of standardization will be necessary in mid-to-late

2010s to establish a more complete web application
platform. We refer to such standard work informally as
SHTML5+"
HTMLS5 Specification. A critical goal in that work will be to

PRUH FRPSUHKHQVLYHO\ 3 YLUWXDOL]H"

system and device capabilities, as well as ensure that the
necessary security mechanisms are in place to access the
platform and device capabilities securely.

IV. IMPACT ON THE SOFTWARE INDUSTRY AND
SOFTWARE ENGINEERING RESEARCH

The document-oriented origins of the Web have led to an
impedance mismatch between web development and
conventional software engineering. In this section we take a
brief look at this impedance mismatch and its implications
for the software industry and software engineering research.

A Webvs Conventional Software Development.
The Impedance Mismatch

As we have discussed in earlier papers, a historical
impedance mismatch exists between web development and
software engineering. This impedance mismatch reflects the
fact that the World Wide Web was originally designed to be
a document distribution environment #* not a software
platform. The differences are highlighted in Figure 2.

Conventional SW Development

- Applications

- Direct manipulation

- Directly drawn, dynamic graphics
- Conventional deployment

- Binary representations favored

- Development based on
established engineering principles

- More formal development

- Target environment specifically
intended for applications

- A wide variety of development
approaches available

Web Development

- Documents

- Page / form oriented interaction
- Managed graphics, static layout
- Instant worldwide deployment

- Source code and text favored

- Development based mostly on
conventions and “folklore”

- Informal development practices

- Target environment not
designed for applications

- Tool-driven development
approach

Figure 2. Impedance Mismatch Between Web Development
and Conventional Software Development

In the remaining parts of the paper, we will consider the two
divergent paths that the evolution of the Web may take as a
result of the Battle of the Decade. The implications for the
software industry and software engineering research are
entirely different depending whether the balance tilts
towards native apps or the Open Web.

B Scenario 1: Native Apps Will Dominate

Many people seem to take it for granted that especially in
the mobile industry native apps will continue to dominate.
For instance, in a September 2010 Wired magazine article
Chris Anderson and Michael Wolff claimed that the Web is
already dead [1], because for the vast majority of web
services such as e-mail, news, Facebook and Twitter, users
will prefer custom-built native applications (e.g., Flipboard
for iPad) over open, unfettered web browser access.
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The success of native apps is not entirely unexpected.
Native apps enjoy considerable success partly because of
commercial reasons (e.g., because it tends to be easier to
monetize closed rather than open platforms) and partly
because of technical reasons (e.g., because it is easier to
define new APIs and optimize overall system behavior in
world in which the platform is owned and controlled by a
single vendor.

Superficially, from the viewpoint of software
engineering, the native apps scenario is business as usual.
Since the development model in this scenario revolves
around the creation of rather conventional binary
applications that are written, installed and run in a well-
known fashion, existing design, integration and testing
practices and methods can be used without major changes.

However, under the surface there are numerous things
that need attention. To begin with, mobile devices are subject
to significantly more variations and fragmentation than
conventional desktop computers. For instance, screen size
differences, different interaction and input mechanisms,
memory and processing power limitations/differences and
intermittent network connections create additional challenges
for developers. In the area of Java ME development =*the
once dominant mobile application platform #*some game
companies reported that they had to create over a thousand
different variants of their applications for different devices!

These days, the mobile industry seems to be headed to an
equilibrium in which two or three native platforms will
dominate the industry. The companies controlling those
platforms place a lot stricter restrictions on the device
capabilities than the Java ME specifications ever did.
Nevertheless, the application developers will still have to
create a large number of variants of their applications if they
expect their applications to be available on all the major
platforms, devices and countries; even if the developer is

targeting only one major platform VXFK DV $SS O H $VsoftBafeRfpltations, and will HQDEOH

internationalization and localization may still require effort.

In general, the successful creation of commercial native
web apps places a lot of requirements on product family
management. In order to offer an attractive app portfolio that
covers all the different platforms, tools for managing
fragmentation in massive scale are needed. Those tools must
be able to provide cross-platform support that enables the use
of the same code in different platforms, and is capable of
recognizing and handling the micro-level fragmentation
issues (bugV D QG 3| HtWexnlHifdént devices that
use the same platform. The tools must also be able to take
into account the different installation practices for different
WDUJHW SODWIRUPV
devices, application installation can only take place via
$ S S ONY Store.

The topics discussed above are just a tip of the iceberg
for a proper research agenda for Scenario 1.

C Scenario 2: Open Web Will Dominate

The starting point for Scenario 2 is that the transition
towards web-based software development will continue and
will eventually have a profound impact not only for desktop
software but mobile software development as well.

The victory of Open Web applications is by no means
guaranteed, though. There are still numerous issues that
plague the development of web applications, and for mobile
devices especially. In our earlier papers, we have divided
those problems broadly into the following categories:

(1) software engineering principle violations,

(2) usability and user interaction issues,

(3) networking and security issues,

(4) browser interoperability and compatibility issues,

(5) development style and testing issues,

(6) deployment model issues, and

(7) performance issues.

We will not revisit all the categories in this brief paper.
Rather, we highlight a number of topics that we believe
should be high on the research agenda for Scenario 2.

First, the transition from binary applications to pure web
applications will result in a shift away from static
programming languages such as C, C++ or C# towards
dynamic programming languages such as JavaScript, PHP or
Python [9]. Since mainstream software developers are often
unaware of the fundamental development style differences
between static and dynamic programming languages, there is
a need for education in this area. Developers need to be
educated about the evolutionary, exploratory programming
style associated with dynamic languages, as well as agile
development methods and techniques that are available for
facilitating such development.

Second, the software deployment practices for web
applications are entirely different from conventional binary
software. Web applications are distributed primarily in the
form of source code, not binaries. Any application updates
that are posted on the Web are immediately accessible to

DQ\ERG\ DQ\ZKHUH RQ WKH SODQHW 7Kl

dimension will revolutionize the deployment and distribution

i.e., software releases that may occur multiple times per day
or even every few minutes. For instance, recently Netflix
(http://www.netflix.com/) reported that they commonly
publish updates to their web applications up to six times per
day! One of the main challenges in the deployment area is to
define a model that addresses the fundamental changes in the

nature of applications: applications that remain 3SDOZD\V RQ’

the ever-shortening nano release cycles, and the Yerpetual
beta syndrome ', i.e., applications that will stay in continuous
development mode indefinitely [11].

Third, in the testing area there is an increased need for
code coverage testing methods to ensure that all the parts and

JRU LQVWD Q F ¢&tecutigrpathSo$ Be-hfiplicakihk ReQdstedafpfopria@lp. G

Since web applications consist of pieces that are loaded
dynamically without any static compilation, type checking or
linking, it is quite possible for significant pieces of the
applications to be missing at runtime. This feature, when
combined with the lack of well-defined interfaces and
general fragility that characterize web-based software [6,
12], leads to many interesting research topics and challenges,
especially when developing mashups and mashware, i.e.,
software that dynamically combines content and components
published in different sites all over the world.
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In general, many of the development and deployment
practices that are common in web-based software
development go against the grain or even obliterate many of
the established software engineering principles. So far, there
has not been enough discourse between the software
engineering and web engineering communities; this is
definitely an area for future improvement.

V. CONCLUSIONS

In this paper, we have argued that the R Q J R Bgitle 6f
the Decade’
Open Web applications will determine the future of the
software industry and software engineering research. We
started the paper by summarizing the evolution of the Web
as a software platform, followed by an overview of native
web apps vs. Open Web applications that run in a web
browser or some other standards-compliant web runtime
environment. We then presented two alternative scenarios
for the future of the industry based on the possible outcomes
of the battle, as well as highlighted interesting areas for
future research.
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ABSTRACT

The rapid proliferation and ubiquity of mobile, smart
devices in the consumer market has forced the software
engineering community to quickly adapt development
approaches conscious of the novel capabilities of mobile
applications. The combination of computing power,
access to novel onboard sensors and ease of application
transfer to market has made mobile devices the new
computing platform for businesses and independent
developers. However, the growth of this new computing
platform has outpaced the software engineering work
taflored to mobile application development. This position
paper looks at four significant challenges to mobile
application software engineering and provides a
discussion of possible research directions, drawing from
existing areas of software engineering, that should be
further examined. Specifically, we examine the challenge
of: 1) creating user interfaces accessible to differently-
abled users; 2) handling the complexity of providing
applications across multiple mobile platforms, 3)
designing context-aware aware applications;, and, 4)
Specifying requirements uncertainty.

1. INTRODUCTION
Smart, mobile devices (hereafter, mobile devices)

the fastest growing computing platform with an estimated
1.6 billion mobile device users by 2013 (compared to a

current estimate of 2 billion PC userd)]. This rapid

proliferation of mobile devices over the last five years has
dramatically altered the platform that is utilized for social,
productivity and

business, entertainment, gaming,
marketing using software applicatior@ontaining global

positioning sensors, wirede connectivity, photo/video
capabilities, buikin web browsers, voice recognition,

for development. Howeer, the rapid proliferation of
mobile devices and applications has outpaced the
software engineering approaches lai@d to mobile
application software engineering.

Traditional software engineering appaines may not
directly apply in a mobile device contexirst, mobile
device user interfaces (Jprovide a new paradigrfor
new humarcomputer interaction sequess (e.g., muli
touch interfaces, QR code scanning, image recognition,
augmented reality, etc.) that have not been previously
explored in research and of which no established Ul
guidelines exist[2], [4]. Second, the divergent mobile
platforms (e.g., iOS, Android)Vindows 7, etc.), differing
hardware makers for platforms (e.g., Android versions
found on HTC, Google, Samsung) amdbile phoneand
WDEOHW SODWIRUPV H J
necessitated developers to make a series of the same
application tailored for each type of devi@. Third, the
novelty of a truly mobile computing platform provides
both unique opportunities and challenf&ls For example,
5RPDQ 3LFFR DQG O0XUSK\
represents a total meltdown of all the stability

DVVXPSWLRQV™ PDGH LQBYRIWZDUH HQJL

In this position paper, weliscusshow these three
factors present four significant challenge€o mobile
application software engineering that are criticaknable
the design and development of quality mobile application
utilizing the capabilities provided by mobile device
hardware and platforms.

2. MOBILE APPLICATION SOFTWARE

ENGINEERING
Based on the three factors novel to mobile application
developmentoutlined in Sectionl, we outline the

among other sensors, mobile devices have enabled théollowing fundamental, unique challenges to the stdte
development of mobile applications that can provide rich, practice in mobile application software engineering:

highly-localized contextaware content to users in

handheld devices equipped witlsimilar computational

power as a standard P[2]. Yet, these same novel
features/sensoréound in mobile devices present new

x Creating Universal User Interfaces. There has been
some preliminary researdh creating a universal user
interface for mobile devicds.f., [2], [4]). Each mobile

challenges and requirements to application developers platform has a unique guide to address developer user

that are not found traditional software applicatif8]s

The combination ofcomputing power, access to

novel onboard sensors attte ease in which agphtions

interface requirements. Theser interface guidelines
have several overlapping themes.

A significant consideration for mobile Ul

can be monetized and transferred to the marketplace has development relates to screen size and resolufion.

made mobile application the nef§ computing platform

example,Apple devices are limited to two sizes based

$SSOHTV L3
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on the size of the iPhone and the iPatiere &
Windows 7, Android, and Blackberry provide screens
of varying sizesand screen resolution8s a result Ul
designis difficult and mobile application developers
must anticipate th&argeteddevice(s)

6KQHLGHUPDQYV 3 *ROGHQ
"HVLJQdve Kbeen well received since their
introduction[6]. However, these rudemay notequally
apply to mobile device. Research by Gong and
Tarasewich suggestthat four
guidelines readily translate to mobiledevices
including: enabling frequent users to use shortcuts,
offering informative feedback, designing dialogs to
yield closure, and supporting internal locus of control.
The remaining rulesmust be modified to be made
applicable to mobile developmefi.

As these challenges continue to evolve, further
research should focus on streamlining application
development efforts regardless of the mobile platform
or device.Significant effort should be directed towards
anticipating thediverselandscape ofiser capabilities,
user interfaces and user input techniques.

x Enabling Software Reuse across Mobile Platforms.
Mobile applications currently span several different
operating system platforms (e.g., i0S, Android,
Windows 7, etc.), different hardware makers (Apple,
HTC, Samsung, Google, etcdelivery methods (i.e.,
native application, mobile web application) and
compuing platforms (i.e., smartphone, tablet). Each of
these options must be considered during mobile
applicationdevelopments they have a direct influence
on the software requirements.Companies currently

produce nearly native applications across multiple
platforms by rendering native applications interfaces
through webview$9]. However, this approach does not

allow for rich features that have access to the mobile
GHYLFHYV $3,

software engineering assets.

x Designing Context-Aware Mobile Applications.
of 6 KQHLGHUP DVplii¥ devices represent a dramatic departure from

traditional computing platforms as they ronger

U H S U H vtatiQ Wtidd 6f context, where changes are
absent, small or P HGLF\6D ERather, mobile
devices are highly personalized amdist continuously
monitor its environment thereby making mobile
applications inherently context aware (collectively
time-aware, locationaware, deviceware, etc.)[10],
[11]. Mobile applications are now contextualizing
proximity, location weather, time, etc. to deliver hyper
specialized, dynamic, rich content to users through
contextaware applications. Previously, web
applications would often provide contextualized content
based on time,detected location and language.
However, the extent of contexdwareness currently
possible in mobile applications is beyond what software
engineering approaches have encountered outside of
agentoriented software engineering[12]. The
consideration of contexdwareness as a firstas
feature in mobile application software engineering is
needed so that the requisittention is paid by
developeravhenanalyzing these requirememtsulting

in better designed conteatvareapplications.

need to make a business decision to target a singlex Balancing Agility and Uncertainty in Requirements.

mobile device platform with rich features, multiple
platforms through a mobile website with less rich
features or spend the resources necessatyrdadly
targetthe gamut of mobile devices with rich, native
applications.If targeting a single platform, develers
may decide to build a single application for all
platforms at the risk of some functional inconsistencies
or instead considebuilding multiple version targeting
each hardware/computing platfofBi[8].

Within this development environment, many

companies have separate development teams or

separately contracted othie development efforts for
different platforms (e.g., iOS and Android) essentially
redoubling the software engineering effort needed f
functionally similar mobile applicatien Even when
development is coordinated amongst development
teams targeting different platforms, itaftenin an ad
hoc basis without a concerted effort to reduce the
development time and cost through existimguse
conscious software engineering methodologies.

Recent efforts in adapting HTML&ith tools like
PhoneGap aim to reduce the development effort to

While most mobile application developers utilize an
agile apprach or a nearly ad hoc approach, the
growing demand for contextaware applications,
competition amongst mobile applications and low
tolerance by users founstable and/or unresponsive
mobile applications (even if free) necessitates a more
semiformal approach This should bentegrated into
agile engineering to specifyand analyze mobile
application requirements. The dynamic, contextual
nature of mobile application content (e.g., location
based applications) allows for situations in which the
DSSOLFDWLRQY Wotbél &Iz Yd_fRlly s&tibfy
the specified functional and ndanctional
requirementgherebynecessitating that the application
be selfadaptive In thisscenario the software will then
provide less rich contensatisfying less stringent
requirements. For some mobile applications, thisy
arise if, as determined in the requirements, it is better
for the applicationto run continuously and, when
necessary, to autonomously modify its behavior and
provide reduced functionality rather than provide no
functionality at all. For example, in Ipcationbased

DQG LV D WHFK&QRORJLF
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application several factors (e.g., low battery, GPS requirementsand is advantageous as it exploits the
sensor disabled, etc.) may affect the granularity andpotential for reusability in the analysis and development

recentness of its content. In some locatiased
applications, it may be better to provide old content
(i.e., content based on a prews location) rather than

[15]. A software product line a set of applicat®o
developed by a company that share a common set of core
requirements yet differ amongst each other according to a

displaying an error message or risk slow or no responseset of variable requirementgl5]. This approach can

from the application.

Within mobile application software engineering, the
need foran application to selhdapt, depending on
context has been corsictedusingad hoc approaches.
Yet, as mobile applications become more context
aware, seladaptive requirements will need to be more
formally integrated into agile development so that

reduce time and cost needed in software engineering and

fan arguably be viewed as the most successful approach

to intraorganizatioD O UHXVH R[16V RIWZDUH’
Weiss and Lai defined a twghaseSPLE approach

as follows: thedomain engineering phase defines the

requirements (both common and variable) for the entire

product line and thapp/ication engineering phase reuses

developers more rigorously consider the behavior of anthese to develop specific applications within the product

application wha its full requirements cannot be
satisfied @namically and how it can sel&dapt to
partially satisfy the requirements.

3. RESEARCH DIRECTIONS FOR MOBILE

APPLICATION SOFTWARE ENGINEERING
This sectionbuilds off of the challenges outlinedn
Section 2 and provides sketches offuture research
directions in existing software engineering fields tteah
contribute to mobile application software engineering

3.1 User Interfacesfor the Differently-Abled

As development of mobile applications continues to
expand research and development regardirgessibility
and utility for users who are differentbbledwill become
essential Recent US Census data reports that
approximatelyl5% of the United States population has at
least one disabilityincluding but not limited to sensory
and physical limitation§13]. Yet, limited data exists to
identify specific needs of thisommunity in relation to

mobile device application development and software

engineering.

Some guidelines exist for modifications and

development to assist those individuals with visual 1 -[P
il

impairment(e.g., $SSOHTV 9RLFH Zor th&JiOBR |
platform). These guidelines suggest the utilization of the
VoiceOver software to help blind and lexsion users

which works as a screen reader and requires minimal

additional information for most staadd interfaceg14].
Development of specific applications for those individuals
with other disabilities(e.g, phydcal and processing
differenceshas notyet been explored

3.2 Mobile Application SoftwareProduct Lines

line [15]. The approach may be suitable to mobile
application software engineering in that it would
encourage deslopers to proactively focus on what the
common requirements, design, resources, etc. to the
development of a mobile application across different OS
platforms (e.qg., iOS, Android, etc.) or hardware platforms
(e.g., HTC, Samsung, Google, etc. for the Adi@S).
Integrating SPLE into mobile application software
engineering encourages developers #ssess the
requirements for an application in a platfermlependent
manner and focus on what can be common across all
versions of the application. It wouldsal shift the mobile
application software engineering process develop
application requirements upfront, rather than assigning
the design and development to different, possibly
independent development teams/contrabtst may/may
not coordinate in their florts. Research efforts should
look to how SPLE can be specifically tailored for mobile
application software engineering to avoid duplicating
early software engineering work and/or assets.

3.3 Context-Aware Applications

Contextawarenesss novelfeature andneof theprimary
factors driving the popularity of mobile applications],
upport the desigand development of context
pplications, mobile application software
engineering must incorporate contaxtare software
engineering approaches like those existing in agent
oriented software engineerifgOSE).

AOSE provides higlevel abstractionsmodels and
software engineering approaches for developing the
autonomous software agents of a maljent system
(MAS) [12]. One vital consideration for MAS is being
context aware. Agents in a MAS must sense and react to
its surrounding environment to be able to achieve its

To support the reduction in cost in the development of desired goals(i.e., functonal requirements). This is

functionally similar mobile applications across several

platforms, mobile application software engineering must

proactively make use of existing reusenscious software
engineering apprxches like software product line

increasingly the case with mobile applications.

Studying how some of the concepts/abstractions
developed for AOSE can be utilized and/or adapted for
mobile application software engineering may improve the

engineering[SPLE) SPLE supports reuse by developing design of contexawae applications and further mobile
a suite of applications sharing a common, manage set Ofjevice innovation.



3.4 Self-Adaptive Requirements 5.
Non-functional requirementsare critical to mobile [1]
applicationg[3], and some mobile applications may need

to dynamically seHadapt to provide reduced
functionality. To better supporthe dynamism in mobile
applications as a result of contewareness and design 2]
for sdf-adaptation mobile application dbware
engineering should adapt existing sadffaptive systems
requirement specification approaches like RELAX].

Whittle et al. proposethe requirements specification
languageRELAX as a medium of explicitly expressing [3]
environmental and behavioral uncertainty for the behavior
of dynamically adaptive systenj&8]. Within RELAX,
requirements are partitioned to those that are invariant
(i.e., requirements that must alyg be satisfied) and
variant (i.e., requirements that may be partially satisfied)
and then are specified in a structured natural language
based on fuzzy logic and using fuzzy logic and using [s5]
modal, temporal and ordinal operatoFor each variant
requirenent, the RELAX process documents what
environmental changes can affect the requirement and6]
how the requirement can be partially satisfied. This [7]
approach extends the traditionadia// requirement
expression to also includeeywords includingas early as g
possible as close as possible to, eventually, as many as {9}
possible etc. to document the uncertainty and how the
application can adapt in the face of uncertainty to still
deliver some functionality.

Adapting RELAX into mobile application software
engineeing will direct developers to consider how an
application could adapt when the environment or its
behavior is noroptimal [18]. Integrated into an agile

approach, it would provide better requirements structure 1 -

and improve analysis and satisfaction of 4fienctional
requirements in madle applications when the
environment/context changes.

4. CONCLUDING REMARKS
This paper briefly described four current challenges that

we see for mobile application software engineering: [14] $SSOH ,QF

designing universal Uls, developing for mobile
application product ties, supporting contexware

applications and balancing agility with specifying
requirements uncertaintyrhis paper asserts that mobile

application software engineering research efforts need to[15] '

focus on development approaches emphasizing Ul design,
proactive reuse at early softwearengineering phases

attention to contextawareness and sensitivity to
specifyng requirements to handle requirements

[12] 1

[13] O

(16] -
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ABSTRACT

This paper proposes a model-based line of reseanth education for establishing new
development approaches for mobile applications,revlseveral non-trivial quality aspects of the
product must be considered. We first detail ouswed the main requirements for a mobile design
methodology and discuss why traditional softwargimeering processes fail to address such
requirements. In short, we believe the hierarchitalv of a mobile system is not actually available
to the software developer and this precludes priddiyc and overall quality of the resulting
systems. We then present our view on how new desigihodologies should tackle the existing
challenges and actually provide design and impleatiem layers that can improve productivity and
quality. The proposed line of action is based andhgfinition of appropriate high-level models and
on multi-disciplinary knowledge, shifting the focw$ education and research to topics that are
currently marginal in the software engineer cuftioy such as optimization theory, model-based
design and verification.

1 Mobile System Development Paradox

Mobile applications seem to converge to a genextiin-customization paradox. To see that,
let us consider the classic layered view of antme-based system, which includes a Business
layer, a Software Development Kit (SDK) layer (depenent software), a Hardware-dependent-
Software (HdS) layer and a Hardware layer (exeoufitatform), where one layer is positioned
above the next in the mentioned order, creatingieaalchical structure. Unfortunately, this
hierarchical view of the execution and developnm@&nan embedded system is realistic only for a
few classes of applications, namely, the ones wity specific requirements, usually having a
single target function, such as automotive suppgrystems, instrumentation, etc. Embedded
systems targeted to the mass consumer market mendy, mobile systems, have a more complex
structure, as shown in Fig. 1. The underlying cphds thevariability present at all levels. The
reality that is not represented in this view istthigrarchy is indeed accomplished in the execution
stack, but not in the development process, whigtilis'monolithic” in many aspects.

Business layer

Medical Teens GAmes Data collection Cooperative Automation e
apps apps apps apps apps
AN J
SDK layer
- - b z
Web. ng il RAS ; Algor\thm.s A)gon-thm.s D.aFa Data rogramming Inforfaoas
connection services implementations parallelization Mining Storage languages
) - -4
~"
Hardware-dependente software layer
Connection UOrotacols Memory allocation HW/SW Scheduling HW faults Run-time optimization
protocols B strategies testing algorithms compensation strategies
;2 J
~
Hardware layer
y
< >
Execution Execution Execution Execution Execution
platform 1 platform 2 platform 3 platform 4 platform 4

Figure 1: Embedded systems organization



In our view, actual hierarchy in the development process is the key to achiegh-tuality
mobile systems (for any definition and metrics afality) but current practice of software
engineering fails to support this development parad In this paper we elaborate this view and
present a possible research and education pathrdsvilae goal of a systematic, hierarchical, and
flexible approach to mobile application developméwbbile applications are based on and driven
by variability. Multiple execution platforms and &k variations (hardware layer) provide a broad
range of computational power and development ctiss, allowing the use of an electronic-based
system in a broad range of application fields (bess layer). Similarly, computer science fields are
in constant evolution towards the development oiv rtechnologies for the HdS layer (e.g.,
communication, optimization, and parallelizationpdaeven more for the SDK layer (e.g.,
algorithms, and data manipulations). This varigpikt all levels potentially gives the system
designer the necessary flexibility and adaptabiiitydesign a cost-effective solution that fits the
specific application requirements and constraints.

On the other hand, programming within this hugeigfespace can be cumbersome without
levels of abstraction. Indeed, mobile software tlgwment is making use of abstraction layers. The
hardware layer is accessible through developmetst &nd devices drives provided by specific
implementations of the HdS layer (different embetidgerating systems and device drivers
compiled to specific platforms). The concept oftsafe platforms has also been used to leverage
many of the challenges of the development of embeddftware, which are normally related to the
interaction with the lower layers. Software platha; such as Android [1], make it easier for an
ordinary programmer to access the resources ofh#rdware platform and interact with other
applications or system resources as well. Crogfopta development environments, such as
RhoMobile Rhodes [2] and PhoneGap [3], go one &tgper and help the developer deal with the
hardware variability.

From the concept of design platforms (hardwaresaftivare) one can conclude that embedded
systems tend to be based on generic solutionsatkabuilt to be customized at some point later in
the development cycle. This approach is in linehvthe market trend of the mobile field where
generic products are offered and further customiaeénd users according to their own needs. At
this point, one can classify the mobile softwareigieer in two groups: theoftware platform
provider and theapplication developer. The first group is responsible for the impleméptaof the
services provided by the HAS and SDK layers whetbasother group implements the final
applications that will actually interact with ancenser. Both groups develop mobile applications,
but each one requires different backgrounds.

The application developer customizes a device byeldping very specific applications and
using the programming resources provided by thevsoé platform. The concerns of an application
developer should focus on the business and endlagier and not on the translation of this logic
into, for instance, a power-efficient, low-leveldmthat must execute over multiple target hardware.
For this to be possible, the resources of the deweént platform should hide the details of the
actual implementation and concentrate on the behawi operations that actually represent the
business model. As a consequence, the platformidmowmust focus on providing a development
environment that can both capture the needs ofitldeuser programmer and generate a high quality
running code. This group should be concerned thighdefinition of mechanisms to automate the
translation of the services provided by the HdSetato the plethora of execution platforms
available, and the adaptability of those servicéth wespect to the constraints of the execution
process (performance, memory, power-management, Btis group must also find appropriate
abstractions to create a high-level access forgbeurces at each level, in such a way that thase c
be used by an application developer that is natmaputer science specialist. More than abstractions,
the software platform must also take advantagdefconstant new advances and variations of the
lower-level layers to ensure levels of performanadiability, availability, and overall system
quality. For instance, services provided by thefpien must be power-efficient, which can change
according to the use of the service or even tadtita. The platform must also be flexible to easily
accommodate new resources or variations in theAsedand future application needs.

We advocate thus that software engineering for haokiystems should focus on the
implementation of flexible and hierarchical featuri@a the SDK and HdAS layers, which is only



possible if the lower-level layers also provide tbarrect abstraction and information. Current
practice, however, requires that each type of agexl accumulates concerns and knowledge of
different layers. This implies a longer learningwaifor the use of a platform, and may preclude the
implementation of high-quality software, since malegisions are taken without proper knowledge
and information. Moreover, many decisions takerirduthe development might need to be adapted
during execution or during the application lifetinfehe current design model does not support this
level of flexibility. Even higher-level platformsush as PhoneGap or Rhodes still assume the
application developer has programming and compukingwledge to develop their application.
Hence, it seems to us that the developers of thwae platforms (HdS and SDK layers) is the one
who needs a strong computing and engineering baakgr; so that they can be able to provide an
abstract framework of high quality for mobile cusieation. Supporting mechanisms for the
development of high quality embedded software development frameworks is thus the focus of our
research group.

2 MAIN CHALLENGES AND PROPOSED APPROACH

Current software development platforms are tiedhtsingle execution model and hardware
platform. Therefore, the end-user developer camliysprovide and support their application for a
single or very few execution platforms. A few ptaths claim that a single software description can
be deployed to multiple execution platforms. Howewaich frameworks are still based on an
abstraction level rather low when compared to theds and the programming skills of the typical
application developer. Hence, there is a good ahéme developer will not use the full potential of
the platform, mainly due to misinformation and lafkdeeper knowledge, not to mention the often
required tuning to deal with the constraints of éxecution platform (power efficiency, restricted
memory, etc). Moreover, support for testing, perfance analysis, and overall quality evaluation of
the resulting application is still very limited, cdiralso requires expertise from the application
developer in those topics. For instance, mistakestd the misuse of available APIs can be hard to
be detected. Such mistakes may or may not leagisters failure, performance problems or other
non-functional issues, such as power consumptigorzk an acceptable range. It is expected that
the end-user developer has no freedom (and/or letge) in tuning the platform behavior for a
given application. Indeed, such a task must beeémphted by the platform, in many cases during
runtime. Current platform models have little suggorsuch an adjustment.

The keyword for mobile software developmentfiisibiliry. Flexibility allows the system to
cope with the variability in many levels (of therttaare, of the application needs, of the
programming languages, etc). It has been long kndhat one achieves flexibility by
modularization andabstraction. In this aspect, current knowledge of softwareimegring remains
valid. Reuse is another important concept, which is also alygaeesent in the current development
models. These concepts potentially imply higheriuaoftware, but this must be ensured by
methods and tools. What is still missing in the fieolfield is thequality-ensurance-by-methods-
and-tools concept. Much has been said and done about seftglity, but this is still not in the
mainstream in the mobile field. The second contiegitis still missing iglexibility-in-the-long-run.
How can the platform be flexible enough to reabzehange in the application behavior and/or in
the hardware behavior?

In this context, we can define five main challen§msthe development of a high-level and
high-quality mobile software development platform:

1) Definition of appropriate abstractions for eatdvelopment layer in such a way that: i) the
developer of the higher layers can use the providedices without further knowledge; ii)
interaction between layers is facilitated to suppariability and provide flexibility;

2) Definition of synthesis processes capable afidfi@ming the semantics of the end-user
application into cost-effective runtime code whiteking into account the non-functional
requirements of the application and of the exeoupiatform;

3) Support for application testing and fault-tolea mechanisms, including mechanisms to
deal with uncovered faults in the platform (hardsvar software) and misuse of the platform API;



4) Capture some hardware-related issues that hewp dnpact on the software development
process, such as the availability of multicore desiand of distributed computing environments;

5) Support for system evolution in several aspe@secution platform, requirements,
programming languages, and so on.

We propose a model-based approach to tackle théianed challenges. Current research and
results on models are still limited to traditioregplications and few tools are available for the
support of a complete model-based design. Furthernsmftware engineering models are still not
capable of capturing behaviors or adapting to tgability in the lower levels. One must find the
most suitable models to deal with the specificitidsthe mobile system: run-time adaptability,
variability, constant system evolution, verificatiocequirements, and so on. For instance, a
successful model, such as UML, still seems undéred due to the lack of supporting automation
tools that allow the interaction of the model witie actual runtime code. Our research group
proposes a development cycle based on models asaasnto achieve both flexibility and quality
supported by tools. Models can be verified, carfesufransformations that can be tracked and
verified according to different goals, and can seas a basis for a number of analysis. In our work,
we propose the use of models in every abstractiterface, which will require extreme modelling
capabilities at all levels, hence the term XModegpecifically, a research plan towards such a
powerful development platform includes the follogitopics:

- Investigation of distinct abstraction models atite mechanisms for implementing model
transformations that can be applied in the diffedasign levels;

- Definition of a formal basis for the different deds to enable verification and transformation
processes;

- Co-synthesis of fault-tolerant systems, combiriagdware and software techniques;

- Model-driven specification and management offplats;

- On-line and off-line monitoring strategies forifieation and optimization;

- Quality metrics applied to embedded software.

3 REQUIRED SKILLS FOR A SOFTWARE ENGINEER

In order to provide adaptive development framewar&pable of abstracting its behavior in
favour of expressiveness without losing the pobsibof adjustment to the execution platform, a
multi-disciplinary approach is required. It showdmbine traditional computer science knowledge
(algorithms, data structures, network, compilingemting systems, and programming languages)
with additional knowledge that is normally nottime mainstream of a computer science course.
This additional knowledge would be based on thio¥ahg ideas:
- Model-based design must be the focus of educaitien the software engineer must be capable of
defining and using different models as well asthe¢gathem through transformations;
- New abstraction models must be explored to caphe semantics of the end-user application. To
this end, natural language processing, visual laggs, and agent systems theory, for instance, can
be considered;
- Verification, Analysis, and Testing concepts srquired to support the software synthesis process
and evolution;
- Optmization theory can be applied in the synth@socess to deal with the execution constraints
and to the run-time adaptation;
- Fault tolerance is also a required knowledgettierplatform provider as a means to cope with the
escaped faults both in the hardware or in the sataoftware platforms;
- Metrics and assessment techniques, which are glifferent in the mobile domain w.r.t. the
traditonal software development;
- Parallel programming for MPSoC platforms, sirluis tooks like the future of mobile platforms.
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