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Abstract

Mobile devices and mobile computing have made tretoes advances and become
ubiquitous in the last few years. As a result, thedscape has become seriously
fragmentedwhich brings lots of challenges for the mobile elepment process. Whilst
native approach of mobile development still is the preth@nt way to develop for a
particular mobile platform, recently there is shidt towardscross-platformmobile
development as well.

In this thesis, a survey of the literature has h@aformed to see the trends in cross-
platform mobile development over the last few ye®W#h the result of the survey, it is
argued that the @&b-based approacland in particularhybrid approach of mobile
development serves the best for cross-platform Idpaeent. Using the hybrid
approach, a prototype application has also beereloged and built into native
application for different platforms. This has healp® get a better insight about the
domain of cross-platform mobile development andnigsn advantage of the unification
of the development and testing process.

The results of this work indicate that even thoegbss platform tools are not fully
matured they show great potential and reduce tke associated in developing native
mobile applications. Cross-platform mobile develeptnis equally suitable for rapid
development of high-fidelity prototypes of the mebapplication as well as fairly
complex, resource intensive mobile applicationsitsnown right. As the upcoming
future trends and the evolution of HTML5 contindesredefine the web, allowing its
growth as a software platform, there remains gogadortunities for cross-platform
mobile development and hence provides an attraelteznative for the native mobile
development.

Keywords

Mobile development, literature survey, web-basefdr@gch, hybrid approach, cross-
platform mobile frameworks, HTML5, jQuery Mobile,h&neGap, Google Maps,
Android, iOS, BlackBerry.
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1. Introduction

“With 5.9 billion mobile-cellular subscriptions, ghbal penetration
reaches 87% and 79% in the developing world. Mebiadband
subscriptions have grown 45% annually over the fast years and today
there are twice as many mobile-broadband as fixeddband
subscriptions.”[1]

With the rapid technological advancements in bo#indivare and software fronts,
coupled with broadband internet and World Wide Wmabpile computing has become
ubiquitous. People use different varieties of mehilevices (tablets, smartphones,
PDAs, etc) for all sorts of different purposes; wemknow when the next bus leaves,
watch online movies, learn a recipe for pasta, &duicket for the weekend game; you
name it. Just the totdbmartphone” shipment volumes alone reached 712.6 million
units in 2012, up a strong 44.1% than in the yédr12[2]. This prodigious growth in
mobile devices is equally complimented by the gloimtmobile content or information
that these devices consume. According to the relsegnoup Gartner Inc., worldwide
mobile app store downloads surpassed 45.6 bilha20il2, nearly double the 25 billion
downloads in 2011 which by 2016 will reach 310ibildownloads and $74 billion in
revenue [3]. Scott Ellison, vice president, Molailed Wireless research at IDC says

"Mobile app developers will ‘appify' just about gwénteraction you can
think of in your physical and digital worlds. Thetension of mobile apps to
every aspect of our personal and business livdsb&ibne of the hallmarks
of the new decade with enormous opportunities iivnally every business
sector."[4]

We have become an *“always-connected” society. Hemcavill not be an
overstatement to say that mobile devices have mad®ds into our lives and
completely revolutionized the way we live over thst few years.

1.1 Challenges in Mobile Development
Amidst so much of seeming opportunities, there dlsohuge challenges in the
development of content/ information or applicatidnat these devices will consume or
use. Challenges in developing mobile services aptications are multifold. There is a
great variety of mobile standards, operating systemn different devices. Often
unfortunately, one application can work on one pélbne very well, while it does not
work on the other [5]. The two main challenges tinaibile landscape presents can be
pointed down talevice fragmentatioandoperating system fragmentation
Fragmentationis the inability to"write once and run anywhere"More formally, it
is the inability to develop an application agaiasteferenc@perating context (OCand
achieve the intended behavior in @Cssuitable for the application [6]. Fragmentation
affects the whole ecosystem of application useesgelbpers, content providers and
distributors, network operators and device manufacs. As for device fragmentation,
we can refer to what J. E. Gir'ehal.[7] have rightly put as

“...in an effort to attract more public, several mdacturers incorporate
special features into their models, resulting itaak of uniformity among
them. Thus, devices present different processingmary, storage,
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communication and displaying capabilities. Thiselnegjeneity causes that
the application development process becomes novgeneous for all these
devices, increasing not only costs but also thesipddgy of creating
inconsistent versions of each application (onesfach device).”

Similarly operating system fragmentation also coumuts the problems in mobile
development. Different vendors/players in the nwlpilarket have their own platforms
running their operating systems. Applé&3S, Google’sAndroid, Microsoft's Windows
Phone RIM’s BlackBerry OSSymbian etc to name a few are the different operating
systems that ply on the majority of mobile devigesise. The platform inventors and
companies provide their own set advelopment environment and tooisthe form of
Software Development Kits (SDKaygeted and optimized for their platforms. Choice
of a platform relies on how deeply developers wantink the application with the
underlying operating system, as capabilities in a@perating system may not be
available in another. Using an SDK the developey aaiget a particular operating
system and take advantage of its specific capsilib create an application with those
features [8]. Such applications are calletive applicationsor native appsand they
guarantee the best usability, the best features ttza best overall mobile experience.
But this native development approadly using SDKs has its own drawbacks. These
SDKs are tied to the specific platforms and prifgarse different programming
languages lik®bjective-Cfor iOS, Javafor Android, C# for Windows PhoneJavafor
BlackBerry OS,C++ for symbian, etc [9]. The develop@ative applicationsare not
portable to other platforms meaning that one hasaltnost entirely rewrite the
application all over again for any other targetémtfprm. The figure 1.1 gives a better
picture regarding the native development.

ATORMS OS5 ' e symbir @ @
PROGRAMMING _ | AVASIRPT
LANGUABES “ “ “

DEVICES

(Chly sl s phe)

Figure 1.1: Sampling of the mobile platforms anelrtivarious programming languages
and devices [10].

The figure shows a sampling of six different molplatforms and their various
programming languages and devices. So in the napmoach in order to target
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different platforms, the developer needs to ha¥kermint skill sets and familiarity with
different platforms. Apart from that, developing application for each platform
individually will escalate the time and cost angd tbup with the maintenance cost of all
those different versions of applications. So theme challenges in developing mobile
applications which are interoperable across diffepdatforms using moreover the same
codebase.

1.2 Problem Definition

Even though native development approach comesallitthe bells and whistlesit has
one severe restriction of being tied to a particplatform. This means native approach
becomes a very expensive solution especially whmmkeld from the context of
fragmentation of the mobile landscape. So thera ieed for an approach of mobile
development which can address the fragmentatiasitigg from the different platforms
and devices. This obviously and advertently leadhé cross-platform approaches and
solutions. The motivation behind this thesis iset@lore the cross-platform mobile
development as an alternative to native mobile ldgweent; how can they be achieved,
how can they tackle the aforementioned challengesiabile development, and what
benefits can they bring. So it is envisaged thditesature survey followed by the
prototype cross-platform mobile application devehgmt will help better understand
these questions and the domain in general. Totmuiccinctly, the work will be aimed
at investigating the mobile development approach kkads tacross-platformmobile
solutions which can alleviate those mentioned engks and problems. Hence a
research question has been formulated as belowHmh this thesis work tries to find
plausible answer.

« What approaches of mobile development entail tossspatform mobile
applications in the fragmented mobile landscape artht are the potential
benefits of such approaches and applications?

To get a better understanding of the problem dafimiand answer it effectively the
above research question is divided into follownwg sub-questions.

a. What kind of practices and technologies exist and ltan they address the
issues of developing the applications that canacaross different platforms and
variety of mobile devices?

b. What are the potential benefits of adopting suchcpces and technologies to
devise solutions in the mobile development?

1.3 Structure of the Thesis

The remainder of this thesis is organized as fdlowhe chapter 2, State of the Art,
deals with the work done by other people in thifid survey of the relevant research
papers is conducted to identify the suitable pcastiand technologies to overcome the
problem definition. In chapter 3, Cross-Platformie Development, a cross-platform
tool is selected for a prototype application depeient following the comparison
between various tools. This is followed by Applioat Concept and Design in th& 4
chapter. Implementing the Application, the chapferdiscusses about application
implementation issues for various platforms. Analy®f the Application and
Development Efforts follows in chapter 6. Then fipahe chapter 7, Conclusion,

3



reflects about the work done, answers the reseguelstions and sheds light on the

future directions.
Below is the flowchart representation of the thesimucture. The square box
represents the different chapter/stage, and theomé after each chapter/stage is

represented by the label on the arrow. And of aguftse arrow direction shows the flow
of the thesis report.

Suitable Mobile
Challenges State of the |Development Approach Crosls-Platform
Introduction 7 Art » Mobile
Problem Definition Development -
E
Single Prototype Targeting : Pu-élilrocrlluﬂl Requirements Apyphication B
Multiple Platforms Tpl]jmelntmg the :.n tecture Concept and
pplication Desian
¥
Analysis of the Validation/Proof of Concept

Conclusion

v

Application and
Development Efforts

Figure 1.2: Thesis structure.



2. State of the Art

This chapter provides the groundwork towards sgltime problem definition that has
been raised. Since the thesis is concerned abeubgérability of applications across
multiple platforms in heterogeneous mobile devitles,main focus pertains to issues in
the development of cross-platform solutions fossthragmented mobile landscapes. As
mentioned for the reasons stated in section 1.11ahdwe are interested in exploring
the paradigm of cross-platform mobile development dts possibilities as an
alternative to native mobile development. The eelavork by other people in the field
will surely provide a better understanding of therkvand other things happening in the
domain. For this purpose, a survey of relevantams$earticles is conducted to gain
insight about the prevalent solution approachestedanological choices for the stated
problem.

2.1 Survey of Literature

To the best of the author’'s knowledge, there hasbeen any systematic literature
review (SLR) in the domain of cross-platform moldkevelopment. The attempt here is
to conduct a modest survey instead and by NO mehosld it be considered an
equivalent to a SLR which might include severaltpecol iterations, extensive sources
and sample size, detailed data collection, etc. é¥@wsome cues and ideas are taken
from the protocols of conducting SLR in order tokeaghis survey a systematic study of
literature. The rest of the chapter describes abowtthe survey has been conducted.

2.2 Planning the Survey (Methods)

A protocol inspired from Biolchini et al. [11], was develapaccording to which the
literature survey was conducted. We first identifitne keywordsto search for the
relevant literature. Then after selecting the didibrary sources, we used the keywords
in query stringand performed automated search in these libradesetrieve the
literature. Thereafter, only the papers meetinginclusion criteriawere filtered for the
survey purpose. More description about the methwtthe steps involved have been
presented hereunder.

2.2.1 Choice of Keywords

Initially we identified the following set of keywds to search for the literature:
mobile , interoperability , heterogeneous , and cross-platform
Different combinations of all the four keywords eioned initially were tried, but it
did not yield the expected results. The contextthefpapers were way off target than
what was aimed for. And even though some papersheutist initially, they did not
address the problem definition or at the best wieseribing the theory and architecture
rather than providing insights to tangible solusioithe domain is relatively new and
there is not so much literature published that redaite to our problem description. The
problem was compounded when all the four keywordsewased in the search string.
And it is not guaranteed that the authors will alsvaise those keywords which we
might be looking for, let alone using all the supgd keywords in their papers while
trying to address the similar problem descriptidfter several attempts when we did
not get the expected results, it was identified tha choice of keywords were not
exactly appropriate and especially using them raltlifferent combinations would be
futile. Hence the keywords were revised and trimmedn to make it as direct and apt
as possible. After many trial iterations, the faling keywords
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* “mobile ", and
* “cross-platform ”

were used to identify the relevant literature. Sime are talking here about tbess-
platform development approaches and solutions for riabile devices, these two
keywords are the most essential ones that carertathe problem domain and more
importantly to the research questions directly. @maivation to keep it basic is to
explore the diversified range of development apgmea and solutions in the domain.

2.2.2 Sources Selection
To locate the relevant literature, a couple of welhowned digital libraries were
identified. The sources lists are:

» |EEE XploreDDigital Library, and
* ACM Digital Library

These two digital libraries are one of the biggés¢, most prestigious and popular
ones where the leading research works in the fafl¢omputer science, electrical
engineering, electronics, and computing are archiv&nd of course, using the
university student log in, we can access the &rlg of the publications.

2.2.3 Search Method
The two identified keywordé'mobile” and“cross-platform”) were used in the search
string to query the digital databases. The databasere searched for the papers
published between 2000 and 2012. The purpose i®tithe frame was to look for the
evolvement of different kinds of mobile solutiomst were used from the initial days to
the modern day latest advancements and solutiohe ifield.

Following query was performed in the ACM Digitablary:

(Title: mobile, AND Title:"cross-platform™)
Years 2000-2012
Found 15 within The ACM Guide to Computing Literatu re

Similarly, in IEEEXplore Digital Library:

("Document Title":"mobile” AND "Document Title":"cr 0SS-
platform™)

Search: Full Text & Metadata

Years 2004-2012

Found 14 within The IEEE Xplore Digital Library

The method has been depicted in the figure 2.2wbélbie query retrieved 15 papers
from ACM and 14 papers from IEEE. By reading tifle®stracts and keywords 10
papers were selected further from ACM while 13 pgypeade through in case of IEEE.
Then on eliminating the duplicates from both, tatbl19 papers remained. These 19
papers were read fully and thoroughly and in theé &h papers were selected. The 2
papers were removed as they did not fulfill onenwore of the inclusion criteria
mentioned below.



ACM IEEE Xplore
v
Qli'ry Query
15 a.iicles 14 a.rtcles
'
Rf:au:lir.‘lgﬁitlf:s= abstracts and Reading titles, abstracts and
kevwords kevwords
10 a.iicles 13 a.rtcles
| T
Ehmmatm: duplicates
19 a.iicles
Reading l%u]l papers
'

17 articles included

Figure 2.1: Search method using the query string.

2.2.4 Inclusion Criteria

The inclusion criteria are drawn up to make suregefethe papers as highly relevant as
possible. Each paper has to fulfill all the crigein order to be considered for the
purpose of our work. The papers that do not futiitle or more of the criteria will be
discarded. Hence the selected papers will helpnas &nswers to our challenges and
problem description. Each criterion has been maetidbelow.

Criterion 1. Firstly, the papers should be about the mobilecgsvmeaning that the
devices should be portable enough to carry aroasdye such as mobile/smartphones,
PDAs, etc. Albeit not always in the pocket likel&b but not laptops.

Criterion 2. Secondly, the papers should mainly focus on tlsseplatform mobile
development issues or mostly be relevant to itePapaising different kinds of issues
related to mobile domain other than the cross-miatfare not included.

Criterion 3. Thirdly, the papers should strictly adhere to pineblem definition of this
thesis. It should be able to address the researehtiqn(s) raised above by providing
the concrete recommendations and solutions. Pdpatsdo not tackle the research
guestions, or at the best, propose insubstantiatisos with insufficient amount of
information, papers providing vague analytic distois rather than tangible solutions
and recommendations are also excluded.

2.2.5 Timeline of the Literature
After applying the inclusion criteria, we are lefith 17 articles. The figure below
shows the distribution of these publications owesirg.
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Figure 2.2: Timeline of the publications in the fayences.

In the figure 2.2, the horizontal axis shows tharyghile the vertical axis shows the
number of literature that have been shortlistedafparticular year. Understandably the
majority of articles are from the later years 2@htl 2012; however there is also couple
of articles each in the year 2009 and 2010. Alstugted is couple of articles from the
year 2004, where they also had the similar proldescription albeit in the context of
different mobile operating systems then. The sud@gs not have any articles through
the years 2005 to 2008. During those years, theeminof cross-platform mobile
applications or even mobile applications was notmaech in prominence. Also the
hardware aspects of the mobile devices were fambdiocre and smartphones were
hardly heard of then. The emergence of Apple’s &»8 Google’s Android, both in
2007, changed the whole scenario and initiatecctimeept of mobile applications. As
the platforms and their ecosystems started matwuay the next couple of years, so
was the increase in the wide spread acceptantesé systems from the consumers and
developers in general. But along the line, the gers community also realized the
restrictions brought about by native developmeuit feit for the need to reach the wider
audience and consumers based on different platfolsisuch, people started looking
for alternative means and the cross-platform mobédgelopment gained momentum
from 2009 onwards. This is also reflected in tigeife 2.2 above, where we see majority
of scholarly articles and research relating to sfplatform mobile development getting
published from 2009 onwards.

2.3 Conducting the Survey

After the survey plan has been put in place, tlreesuis conducted on all the included

articles. Each article is read fully and thorougtdygain insights about the problems it

has raised and the solutions proposed to tackkethmblems. The results of the survey
have been summarized in the table below.

References| Problem Description Proposed Technologies
Solution Used
[12] Portability and offlingl Web-based Yahoo! Mobile
execution. applications. Widget*, Google

Gears*, Google
Gadget, Apachg

v

Shindig.
[13] Choice of platform andCross-platform Cabana*(cross-
software for cross-platformweb-based platform web-
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development. development based mobile
environment. development
system),
JavasScript.

[14] Cross-platform mobile A frame of | Not Applicable.
development challenges. component-based

cross-platform
mobile web
application
development.
Application
development
divided into
hierarchy of
Application Layer,
JS Engine Layer,
Component Layef
and OS Layer.

[15] Secured cross-platform accessebinos platform| XACML
control for mobile weh cross-device (eXtensible Access
applications using privacypolicy system for Control  Markup
sensitive JavaScript APIs. web applications Language).

on a wide range df
web-enabled
devices.

[16] Mobile phone game Swerve Studio, X1 C/C++, Java.
development tools for cross¥orge.
platform development.

[17] Cross-platform mobile Cross-platform Web development
application with consistentmobile technologies,
user experience and real-timdevelopment native app
dynamic content delivery. frameworks  like| wrappers.

Mobile Web
Framework
(MWF) released
by UCLA and
other device-
agnostic
approaches.

[18] Device fragmentation andA hybrid | Cloud based XML
consistent user experience. | (private/public) specification.

model cloud baseq
enterprise mobile
application.

[19] Lack of standard for graphicsGapiDraw C++.
on handheld devices. platform.

[20] Non-uniform standards and th&lobile  payment Web technologies
security of payment restrictingstandard like HTML, CSS

the development of Mobile

-CUPMobile of

and JavaScript fo

=
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Commerce. China UnionPayapp development.
customized mobile
payment
middleware
CUPFace.

[21] Problems for existing mobileXMPP (the| Openfire  server
instant messaging systemExtensible based on XMPP|
regarding exchange ofMessaging and XML, MySQL,
information across differentPresence Protocol)Java ME.
platftorms as they use theachieves the unity
private protocols without theof various IM
inter-connective capability. protocols  across

different
platforms.

[22] Unreliable network A conceptual Not Applicable.
connection, applicationsmobile application
adaptive to network architecture whicl
conditions, consistent users adaptive, cross-
experience across differepplatform,  multi-
platforms, battery life network.
conservation.

[23] Alternatives to Java ME whemAn HTML-based| HTML, PHP,
writing medical applications medical MySQL.
for mobile devices acrossgnformation
multiple platforms. application.

[7] Adapting the user interfaceA mobile cross{ PhoneGap; We
(Ul) across to the actuallyplatform client-| technologies like
mobile devices and mobileserver architecture,JavaScript, XML
computing platforms. where a set of 4and HTML5, and

layers is defined native libraries.
that allows a

plastic  dynamig

deployment of user

interfaces.

[24] A mobile dictionary app of theThe use of HTML5, jQuery
English-Czech automaticHTML5  mobile | Mobile.
control terms  for  the frameworks.

Department of Contral
Systems and Instrumentation
with  the view of the
fragmented mobile landscape.

[25] Challenges in cross-platforpA conceptual Standard wel
development of mobile widget MWPDL (Mobile | technologies suc
and implementation of crossWidget Portable as HTML, CSS
platform API. Development JavaScript and

Library) XML.
architecture is a
replaceable

approach td

=)
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providing  cross-
platform  support
for development of
mobile widgets.

[26] Challenges for IoT basedOpenPlug Studio| Flex, ActionScript,
applications regardingbased on Flex, isMXML, CSS,
orienting different intelligent an appropriate C++.

terminals because of theross-platform
heterogeneous platformssolution which
which results in a problem ofrealizes the
duplicated development. conception of oncg
development an
multi-deployment.

A\Y”4

j =

[27] Requirements for the desigihe Mobile | Web technologies|
and development of an endMashup Editor] Google Web
user web  application Toolkit, XML,

programming software systentonsisting of 4 Titanium Mobile
that supports the creation apdlient representing Development
deployment of cross-platformweb browser basedPlatform.

mobile mashups. GUI editor and 3
server componernt
representing
storage. The
Mobile  Mashup
Viewer based or
the cross-platform
mobile framework.

Table 2.1: Survey results summarized. (Note:Technologiesthat have been
discontinued by their creators.)

In the table 2.1, the results after conductingdinerey have been summarized. Each
row in the table represents a paper, briefly desayiits problem description, proposed
solution and the technologies used to devise thgign. A more detailed outcome of
the survey mentioning each paper is available’h&véde range of problems regarding
portability, native platform and device featuresnsistent user experience, choice of
appropriate platform and software, approach of bgweent, non-uniform standards,
etc have been raised in the survey papers. Sigithfferent kinds of cross-platform
tools, technologies and approaches have been wusqumotvide solutions for these
problems.

2.4 Lessons Learned from Survey Results

It is clear from the survey results that the m#yodf solutions devised or proposed
make use of standard web technology stack of HTMISAS. The World Wide Web
has evolved from a relatively simple document tstion and browsing environment
into a general-purpose software platform. Taivaisaad Mikkonen [28] argues that

! http://goo.gl/UbXZD
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emerging technologies such as HTML5 and WebGL endi# use of the Web as a
target platform for full-fledged software applicats, and the vast majority of end user
software will be developed using web technologfesthe software industry continues
the paradigm shift towards cloud computing and Wwabed software, they opine that
more and more applications and services are inagggsvritten for the web instead for
specific operating systems or CPUs. So this is afgmecially true for mobile devices,
which are always on the move and nowadays renowmdze always connected, the
Web because of its openness has started becoméndetihnology on which the
applications/services are built upon.

Based on the survey outcome, the figure 2.3 shosishased approaches have been
the prevailing cross-platform solutions; howevee thybrid approach is also catching
up. The figure also shows sona¢hers solution approaches. This is because some
papers from the early days differently tackledidseies and some are mainly concerned
with the architecture and model for solutions. Allsdhe figure, we can see majority of
solutions make use of some kind of cross-platfasolst SDKs, frameworks, libraries,
platforms, etc.

20

15 no

10 M yes
others

M hybrid

H web-based

Solution Approach  Use of cross-platform
tools

Figure 2.3: Different solution approaches and dsgass-platform tools.

Even in this jungle of different mobile platformadavendors, one commonality is
the default inclusion of standards-compliant welowsers. These browsers from
different platform vendors have also started adgpthe latest web technologies like
HTML5, CSS3, JavaScript mobile frameworks which éasn leveraged the web-based
solutions. Off late these web-based solutions fobife devices are often callétlTML5
mobile appsand are basically a web page or series of web pagesobile websites
designed to work on a tiny screen that try to mimitative mobile application in looks
and feel. They are browser based applications Mtk or no access to native features
on the device and are not subject to app storahiisbn. Native codes have access to
APIs that can access device storage, sensors, @aandrdata. But this gap is being
bridged, too. However strides are being made onbtiosvsers to support different
functionalities. Most WebKit browsers (Chrome, S$afanow support hardware
accelerated CSS3 animation properties where spdeifks that would otherwise be
calculated by the main CPU are offloaded to theplyes processing unit
(GPU) resulting in improved render performance ameboth animations [29]. But it is
also coming to other browsers and platforms [30psMmobile browsers support
geolocation today, for example, and iOS recentlgeaidAccelerometer and a slew of
other HTML5 APIs. Given that the W3C has a Devic®l AWorking Group
(http://www.w3.0rg/2009/dap/); it is likely we wile seeing many more APIs reach the
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browser in the near futurd. a browser does not support a native capabilitig not
because it can’t or that it won't; it just meanshdsn’t been done yg31]. So it can be
safely concluded that the web-based applicationgltren the solutions that are operable
across different platforms and can tackle the ssu¢he fragmented mobile landscape.

Some articles [17][7][27] in the survey proposedyd®rid approachcombining the
best of both the native and web-based approachethid approach the web-based
applications are wrapped inside a thin native dostathat provides access to native
platform features, mobile device’s hardware suchth&s camera, accelerometer, and
storage. Such applications are callgdbrid applications In other words, we basically
use the web technologies and not platform deperngl®gramming languages to write
an application which then is built into native apations, so they possess the benefits
of both. Development of such hybrid applicationsieee on frameworks such as
PhoneGapor Titaniumand gives developers greater control over apphicatesign, yet
allowing access to device features. Along with wgimg the cross-platform
compatibility from a single codebase as well as stppe distribution, they also boast of
the power, performance and availability on par wite native applications. And these
applications are also not confined to browsers. fitnere 2.4 shows how developers
might use a hybrid solution in this way.

DEVELOP DEVELOP ' DEVELOP DEVELOP DEVELOP
bt ) {laial The hybrid approach HTML 655, 45} [HTML €55.45)
consolidates
devalopment and
testing info one

straamiined project.
TEST TEST TEST TEST TEST

The wab-based
aporoach craates a

BUILD BUILD BUILD BUILD BUILD BUILD > web application that < RELEASE

ol i) s oot Eolpss) o) B fntaimst
i e E S s ) released via the Intemet il
_J msteadofan appstore. \_

Both approaches result i Wab-based applcations
In native applications are restricted o the

E with comparable E browser and have <
performance and limited access to device
capabilities.

-/ features, -

Figure 2.4: The continuum of mobile application elepment [32].

The figure above shows how hybrid applicationschosing the gap between native
and web-based application development. The firkineo depicts the native approach,
the second column is the hybrid approach and tteoliae is the web-based approach.
As can be seen from the figure, the hybrid appraacties the development and testing
process into one streamlined project with justdbparate build processes required for
different targeted platforms. Unlike separate depgetest and build processes of native
approach this unified development and testing m®ce one of the hallmarks of hybrid
approach which greatly justifies it as a suitableice for cross-platform mobile
development. Vogel et al. [33] opine that the enmgrgveb and developing frameworks
are merging into a unified platform that providesvnpossibilities, and this pushes the
web to act as a software platform. They argue tthatatest web standards should not
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be tied to one platform, and should offer the suppwithin a broad range of
functionalities, so that developers can deploysaatform applications.

On the basis of the survey results and analyseshyiorid approach of development
is very suitable because of some of the followiegsons.

Unification of the development and testing process.

For the most part, development and testing arengallg one streamlined process
regardless of different target platforms. You budad test it on different
browsers, and then port the same code to diffgutforms to build for those
platforms. This greatly saves the time and money.

Use of the web-based code.

Using standard web technologies guarantee openmedsmost of the time
developers already know these technologies. Heoncaeed to learn different
languages for different platforms.

Device capabilities and native APIs exposed asSkayat APIs via frameworks.
Frameworks like PhoneGap, Titanium wrap the weledaode in a thin native
container. Then the application is able to access/en platform features and
device hardware through JavaScript API calls madeailable by these
frameworks. The framework acts like a bridge to oamicate these API calls
with the native code of different platforms.

Web apps built into native apps (.apk, .ipa, .l&r) using native tool chains and
framework and installable on devices.

The build process is perhaps separate for eacheofargeted platform. Cross-
platforms frameworks are used together with naibag chains (SDKs, IDEs, etc)
to build the web apps into native apps. Howeveddathis the framework must
support the target platform. These native appgltoam be installed on the devices.

Full screen web view control.

The hybrid approach leverages the device’s browsgine and the application is
displayed in a full-screen web view control mudtelia chromeless browser but
not in a browser.

Discovery and distribution via app stores.
Hybrid apps can be submitted to app stores. Thisnsiehe apps can be
discovered, distributed and installed into deviees app stores like the native

apps.

Monetization.

App store distribution means they are subject ¢enlsing and revenue sharing
model of the stores. If the developer choosesltdseapp on the store, this is the
less complicated model and allows the straight éodways to monetize.

As such hybrid approach provides the best tradevbéin it comes to cross-platform
mobile development.
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3. Cross-Platform Mobile Development

As learnt from the survey, hybrid approaches hameome more prevalent in cross-
platform mobile development. Cross-platform moldievelopment essentially makes
use of frameworks allowing developers to createtfgiam independent mobile
applications predominantly utilizing already famili web standards like HTML/
JavaScript/CSS. These frameworks act more or Issa middlewareor bridge and
provide the platform-specific implementation of AR the native programming
language for the language of the framework to comoate with the native code of
different platforms [34] [35]. According to MartiRowler, an author and speaker on the
topic of software development [36]

“When you use a cross-platform toolkit you defihe user-interface
elements in terms of the toolkit. The toolkit theenlds native, or native
looking elements for each target device. It mayhi® by generating native
code at compile-time, or putting a run-time librapn the device and
generating the Ul elements at run-tim¢37]

3.1 Cross-Platform Mobile Development Frameworks Cmparison on Different
Parameters

As learned from the section 2.4, hybrid approadvides a better alternative to develop
cross-platform mobile solutions. However there grete a few number of cross-
platform mobile development frameworks/tools thatpiy the hybrid approach of
application development. Adobe’®honeGap Appcelerator’s Titanium Motorola
Solutions’'RhoMobile Suiteetc are to name a few popular ones. For the ealkkis
thesis work, it is felt necessary that there iseadhfor a review of these frameworks.
This section deals with an analytic comparison betwthese frameworks. Heitkotter et
al. [38] list out 14 criteria from thimfrastructureanddevelopmenperspective to assess
cross-platform development approaches. SimilarlyGAvalas and D. Economou [39],
compare different mobile programming platformsiirefdifferent areas with respect to
various quantitative and qualitative criteria. Takisome inspiration from these criteria
and additionally identifying our own few accordit@the context of this work, a list of
comparison parameters has been drawn up. On tle diabhese parameters the above
mentioned three frameworks will be gauged agaifi$te parameters have been
mentioned below with the explanation how each efttiree frameworks fares on these
parameters.

I. Platform Support
Platform support means the number of differentfptats that the framework supports.
So the framework that supports more platforms méadees better on this parameter.

PhoneGap:Supports eight different mobile platforms as ofrtha2013 namely iOS,
Android, BlackBerry OS, Windows Phone, webOS, SynpBada and Tizen [40].

Titanium: As of March 2013, Titanium supports iOS, AndromdidlackBerry [41].

RhoMobile Suite:As of March 2013, RhoMobile supports iOS, AndroWfjndows
Phone 7 series, BlackBerry along with now discar@thWindows Mobile [42].
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ii. Development Environment

The development environment typically means thd tains associated with the
framework, particularly the integrated developmemtironment (IDE) with support of
emulator/simulator, debugger and various othewufeatand functionalities.

PhoneGap:Standard tools of web development, such as FireWep Inspector, and
any preferred text editor of choice can be usetherdevelopment with PhoneGap.
There is no requirement of native tool chain. Hogrevo run a PhoneGap application
on a native emulator/simulator, developers willgate a project for each of the native
platforms they wish to support, configure that pobjs “web root” directory in Xcode,
Eclipse, or whatever native tool chain is needed,taen run the project using that tool.
Similar workflow should be followed if the developwishes to install the native-
wrapped PhoneGap application to a device. Theatéssa cloud based compile service
called PhoneGap Build that relieves the developerthe pain of installing and
maintaining native SDKs. All one needs to do isoapl the web assets- a ZIP file of
HTML, CSS and JavaScript, or a single index.htrid fito PhoneGap Build, a cloud
service that compiles and packages the projecpamddes the download URLs for all
mobile platforms [35] [43].

Titanium: Developers are required to use Appcelerator’s TitBnium Studio based on

Eclipse platform. Since Titanium enables the dgwalent of native mobile applications
with a vast array of native functionality built-ithe native tool chains need to be
installed, for each of the mobile platforms tha¢ evishes to target [44].

RhoMobile Suite:A RhoStudio Eclipse plug-in with a fully-featureddmulator that
allows the use of single computer to quickly depelalebug and test a single
RhoElements application across multiple platforis.need to install different SDKs
or develop, test, debug and maintain separate capjpin versions on different
computers. It is a one-tool simplicity for entireligion from application development
to application integration with no need to worrypabemulators and devices [45].

lii. Access to Native Platform and Advanced Devic&pecific Features
Does the framework provide the access to nativeifes.and device hardware?

PhoneGap:Supports slew of features like accelerometer, camasmpass, contacts,
file, geolocation, media, network, notificationd€gl sound, and vibration), storage, etc
as of March 2013 [46].

Titanium: Accelerometer, camera, notification, network, dats) contacts, filesystem,
geolocation, media, map, a wide array of automiyisagaled data storage and web
services (such as user logins, photo uploads, oieclstatus updates, and push
notifications), etc are to name a few. Apart frdmde, it supports host of many more
other features and services as of March of 201B [47

RhoMobile Suite:Has support for wide range of features like acoeheter,

audio/video capture, barcode, camera, databasggéblocation, magnetometer, media
player, contact, ringtone manager, etc as of Magi8 [48].
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Note: Some of the features of the frameworks mesdiabove may be available only to
some of the devices/platforms that the framewaopbaus.

iv. Approach of Development

This means the approach of development that thecloleer should take while
developing the applications using a particular eamrk. Is it a simplistic approach or
does it involve lot of complex steps during devehemt?

PhoneGap:PhoneGap predominantly makes use of web techredognd basically
allows HTML-based web applications to be deployend anstalled as native
applications. So a PhoneGap application is a “pativapped” web application [35].
The user interface for PhoneGap applications istere using HTML, CSS, and
JavaScript. Application logic is written in Javaitby making use of the API provided
to access native operating system functionality.[49

Titanium: Titanium is essentially a high level, cross-platioJavaScript runtime and
API for mobile development. So writing a Titaniurppéication is writing a native

application in JavaScript. In Titanium, only a care mobile development APIs is
normalized across the platforms for code reuse.tid platform-specific APIs, Ul

conventions, and features are kept intact and dhbal incorporated for platform-
specific development to achieve the native perforreaand experience. A typical
application project directory may consist of a egufation file, localization files, and a
directory to contain the images, assets, and JayaSsource as application logic.
Normally direct editing of HTML and CSS files aretndone unless the application
contains both native and HTML-based Ul. User irstees are created with cross-
platform AND platform-specific components [35].

RhoMobile Suite:Rhodes applications are written within a Modelwi€ontroller
(MVC) pattern. The views are written with familiaeb development toolkit of HTML,
CSS, and JavaScript. The controllers are writtefRuby, using Rhodes first mobile
implementation of Ruby for each smartphone opegatigstem. Normally there are
couple of approaches for developing applicatiorishigh level of reliability or
significant business logic processing on the devitself is required, a native approach
is taken. In native approach, applications aretamitising HTML, CSS and JavaScript,
and the Rhodes-style Ruby framework for the appticalogic that resides on the
device itself. Another approach is the hybrid webraach with a more traditional web
app model typically written purely with HTML, CS&nd JavaScript or running from
any web server application technology (.NET, J&ta). These hybrid apps have their
application logic on the back end web applicatiod @are able to perform device
capabilities with both HTML tags and JavaScripisabince these apps operate in web-
connected environment, they can easily be moddied distributed to users each time
they are accessed. Hence any changes/updatesrecdydieflected without the user
needing to update from the device [50] [51].

v. Codebase/Code Reuse

How much of code reuse is possible across diffgulttorms when using the particular
framework? So if more or less the single codebam® lwe used across different
platforms or the larger amount of code can be uiee framework is considered
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better. The more the amount of changes/tweaks/oedéate required, the worse the
framework is considered on this parameter.

PhoneGap:A single codebase with few tweaks and quirks gatfgrm should be
enough for PhoneGap applications.

Titanium: Titanium is not an attempt at “write once, runrgwhere”. Moreover it is an
attempt to achieve code reuse with a unified JawaiSAPI, with platform-specific

features and native performance to meet user eafpmts. Hence lots of platform-
specific codes exist and ideally a single codelb@asmultiple platforms is not possible.
One codebase for multiple platforms though is asipdgy but then one will have to
sacrifice those platform-specific native featured performance [35].

RhoMobile Suite:One version of application suffices for any devitem any
manufacturer it supports. Hence application needset written only once and can be
run on any mobile device and any operating sys{égls

vi. Architecture and Porting
Architectural complexity, ease of porting acrosedent platforms and footprints left
by the frameworks are considered on this parameter.

PhoneGap:PhoneGap is small and simple from architecturalwpoint as only the
lowest common denominator of native APIs have begtemented into it [35]. Also it
is relatively easy to port to different platfornisom high-level application architecture,
PhoneGap applications act as a client for the useinteract with. This client
communicates with the application server, typicalyweb server with server side
scripting language, where the business logic isiethrout. The result is then passed
back to the client to display. At client side, thpplication architecture is usually a
single-page application model. The application doigi inside a single HTML page.
Data is retrieved from server using AJAX and digpthat client side by manipulating
HTML DOM [49].

Titanium: Abstraction layer and scope of API are large itafium. So normally the
architecture is bit more complex. Implementing fiten API for a new platform is a
massive undertaking which makes the addition of ptforms difficult [35].

RhoMobile Suite:The suite consists of Rhodes, RhoConnect, RhoHEiEmend
RhoStudio. Rhodes is a framework for building lbcaxecuting, device-optimized
mobile applications. Rhodes applications are impleted in MVC architecture.
RhoConnect is a “mobile app integration” serverchhnelps in creating and managing
connections to the backend business systems. RheBts is a powerful HTML5
development framework. Similarly RhoStudio is arlifise installation which makes
the cross-platform application development easied &aster. The architecture is
somewhat heavy but fairly modularized for differeaspects. The porting of
applications across different devices is easy [52].
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vii. Learning Curve

The learning curve associated with frameworks. Wkiadl of technologies, skills and
expertise are required to use a particular framk®?@o we need to reinvent the wheel
or can we use the already familiar standard tedyies?

PhoneGap:Web developers will have easier transition to Ri@ap as they can utilize
the already familiar web development skills andngdtads like HTML, CSS, and
JavasScript.

Titanium: Although JavaScript is used for development, hawekie learning curve is
relatively steep for Titanium as it demands lot frdmework-specific knowledge.
Platform-specific APIls, Ul conventions, and featurshould be incorporated in
development which requires experience.

RhoMobile SuiteThe development employs an MVC pattern with viemrgten in
familiar HTML, CSS, and JavaScript while controfleare written in Ruby. So it will
take quite some time for developers who do not krieuby. Also the different
components in the suite like RhoConnect, RhoElesiemght take some time to sink in
for the developers.

viii. Speed and Cost of Development
The speed and cost factor involved in using a @aer framework for development.

PhoneGap:As a single codebase can be used for differemftoptas, PhoneGap speeds
up the development and minimizes the cost as well.

Titanium: In case of Titanium, developers cannot simply @asesingle codebase
approach. It requires much of framework-specifiowtedge and additional work of
native intricacies to be taken care of. This insesathe size of code as well as the
maintenance cost. Hence the development speeawsasid the cost high.

RhoMobile Suite:Application only needs to be written once and lgingersion of
application runs on different devices and platfar®s lot of time and money otherwise
spent on creating and managing different versidresoh application can be saved [52].

ix. Documentation and Tutorial Available
Extensive and detailed documentation, along witbdgamount of tutorials, sample
examples, codes and active community play cruolalen taking up the framework.

PhoneGap:The documentation available is pretty good witls lof code examples and
in most cases a quick example and a full exampdeebBsary quirks for platforms have
also been provided in most cases. The communitfairby robust with PhoneGap
Google Group for questions and answers. TheressaPhoneGap IRC channel as well
as a PhoneGap Wiki page in github.

Titanium: Fairly structured and extensive documentationrbutimalist code samples
approach. There is also community questions angdemsgage.
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RhoMobile SuiteThe documentation, even though structured and taecover lots of
aspects, at times provides few code samples ahdexXamples. Discussions page is
available for questions and answers. Also theeeG®ogle Group for the same purpose.

3.2 Decision on Cross-Platform Mobile Developmentremework

In preceding section 3.1 above, comparison betwPéoneGap, Titanium and
RhoMobile Suite has been made on various paramefténssubsequent elaboration.
Now, for each parameter, the frameworks will beggalion the scale of 1 to 5. A score
of 1 means the framework faring worst on that patamwhile 5 means an excellent
score. It is to be noted that the scores are baedly on the information taken from
the official documentation of each framework andous other online resources on the
web. Some inputs have also been taken from codgdepers from the survey and other
research publications but no practical testinglieen performed for the purpose. As a
result, the absolute objectivity of the scores canme claimed; however the main
purpose here is to provide an overview about aiplesassessment matrix for the
frameworks. As such although some discrepanciebtrhigve remained, the assessment
still remains valid and credible for the most paithin the context and purpose of this
thesis work. Hence on the basis of the resourpessued and my individual judgement
on those, | have scored the frameworks. The restdbled as below:

Frameworks PhoneGap Titanium RhoMobile Suite
Parameters
Platform Support 5 2 3
Development Environment 5 3 5
Access to Native Platform and 4 5 3
Advanced Device-Specific Features
Approach of Development 5 3 3
Codebase/Code Reuse 4 2 5
Architecture and Porting 5 2 4
Learning Curve 5 3 3
Speed and Cost of Development 4 2 5
Documentation and Tutorial 5 3 3
Available
Total 42 25 34

Table 3.1: Frameworks comparison results scored.

The table 3.1 summarizes the score of three diffefeameworks PhoneGap,
Titanium, and RhoMobile Suite compared on nineedédht parameters. The results
suggest that PhoneGap scored the highest totd fiflbwed by RhoMobile Suite with
score of 34. Titanium scored 25 and came lastefhiee.

Hence on the basis of this analytical comparisomoneéGap is deemed as an
appropriate choice of framework technology thatl vk used in the prototype
implementation. Implementing a prototype will héletter understand how we can use
web technologies to develop cross-platforms mosdkitions. How these web-based
solutions can be leveraged using framework likeneBap? Putting into practice the
lessons learnt from the literature survey allowsougain the practical insight about the
survey and the overall process of developing suasseplatform solutions.
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4. Application Concept and Design

A location aware bus apf show the real time departure schedules of tised from
different bus stations in Vaxjo is taken as an @pgibn concept. This bus application is
namedNextBus The application is conceptualized a&eolocationand Google Maps
based web application. This means native featiee@ieolocation will be incorporated
into the application. Using Google Maps JavaSatipt will help understand how the
third party APIs/technologies can be effectiveliegrated and used in the application to
create robust cross-platform solutions that mee¢ssarequirements.

4.1 Adhering to the Comparison Parameters/AssessmeMatrix

It is also of interest to connect much of the assemnt matrix presented above in the
section 3.1 with the concept and design of theieajpbn. It is planned to be targeted
for the most popular platforms namely Android a@fj and also at least one other
platform. Targeting at least three platforms willeggus better idea about the variety of
platform support of the framework and cross-platfodevelopment in general. The
application will be developed initially as any nainweb application. PhoneGap does
not put constraints on the development and tesir@mwment. Hence we can use
standard web development tools. We can write tltee ao any of the preferred text
editor, debug it using debugger likereBug and test it on the desktop and mobile web
browsers. However after we have the code baseuitd the application into native
application, we must use the native tool chainghef target platform. As a rule of
thumb, PhoneGap allows any application that runtherbrowser to be packaged, built
and ported as native application on the platforsupports. All this makes the overall
approach of development a simplistic and straighwérd process. We can also get the
idea about how much of the code reuse is possibiesa different platforms and the
architectural and porting complexities while builgia web app into a native app. The
need to learn different programming languages israquired as we will be doing
essentially everything with web technologies. Andicim of the platform specific things
will be bridged by the PhoneGap. The learning cusvéairly simple for the people
having experience with the web. There is good armainofficial documentation,
tutorial, examples, community, forums, etc whic deelp the newcomers and the
experienced developers alike. But one of the nmagbrtant things of all is how much
can this approach expedite the development proaedsbring the cost down. The
coming sections describe about the requirements aaobditecture of the NextBus
application.

4.2 ldentifying the Requirements and Use Case Modej

The application is location aware, meaning that deeice should be geolocation
capable, and it will use the device’s current lmrato show the nearest bus stations on
the Google MapsThe map is displayed on the first page (home pdgteraction with
the stations on the map will show the real timeadepe timings from those stations on
the second page (detail page). In case a user wasédect any arbitrary station, instead
of the nearest stations displayed, there will Imeesmu option providing a list of stations
from where any station can be selected manuallysé€decting a station from the menu,
it will be displayed on the map and clicking onwiill show its timings on the detalil
page. From the detail page, the user can use the batton to return to the home page.
There will also be a refresh/reload button in tleenk screen to get the latest data in
case the app is idle for a long time. So basicilig a two page/screen application.
Exact functionalities on each page are listed below
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4.2.1 Home Page Functional Requirements As Use Cddedeling
Some of the main interactions of user on the homgepare termed as functional
requirements and have been presented as the folavge case diagram.

Home Page

Grants geolocation
permission

Picks one of the
nearest stations on
the map

Selects a station from
the menu panel

/1N

User

Picks the station on
the map chosen
from the menu panel

Reloads the page

Figure 4.1: Home page use case diagram.
4.2.2 Home Page Non-Functional Requirements

i.  The app starts and shows the user’s current lotafimng with the nearest five
bus stations from the user’s location on the map.

ii.  There will be a marker (balloon icon) on the usexsrent location and also
markers (bus icons) for the bus stations displagedthe map. Beneath the
marker for each bus station there will be a labehtioning the name of the bus
station and its distance from the user’s currecation.

iii.  On clicking any of the bus icons on the map wikeido the next page (detail
page), where the real time departure scheduleb&bistation will be displayed.

iv. Alternatively, there will also be a menu on the dexafrom which the user can
choose an arbitrary bus station from a list oficiet
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v.  On choosing a station manually from the menu, 8e’s current location along
with the chosen station will be displayed on theomath appropriate markers
and labels. The label consists of the station name its distance from the
current location. On clicking this bus icon/markéhe detailed departure
schedules for that station will be displayed.

vi.  There will also be a refresh/reload button on teader clicking on which will
retrieve the fresh data.

vii.  The application should scale/fit the screen, ireetige of the device display size
and orientation.
vii.  The map should have maximum zoom level possibldstvbounding all the

relevant station(s) and the user’s current locatice view.

ix. And, the usual map interactions like zooming in/q&nning, dragging should
also be possible.

4.2.3 Detail Page Functional Requirements As Use S8aModeling
The interactions of user on the detail page arefuhetional requirements that have
been presented as the following use case diagram.

Detail Page

Views the real time
departures for the
station picked

Appropriate
lavout
adaptation

<<gxtends==

Adjusts

SCreen size

F.etums back to the
home page

Figure 4.2: Detail page use case diagram.
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4.2.4 Detail Page Non-Functional Requirements

i. Real time detailed departure schedules for théostaticked from the previous
page.

ii.  Incorporatingresponsive web design (RWD) approatthdisplay the departure
schedules in a table so that it works optimallyoasra wide range of device
resolutions, screen densities and interaction madds the same underlying
codebase. This means, for smaller screens, the tablimns will be collapsed
into a stacked presentation that looks like blaufikdabel/data pairs for each row.
While for bigger screens, the design will switchth® normal tabular style
presentation.

iii. A back button on the header to return back to tiegipus page/view.

4.3 Application Architecture
The application architecture is basically a webedaslient-server model. The
architecture is depicted in the figure below.

Server

busstations.xml

mdex. hitml

£

http(s) request o \
i HPACHE

+
http(s) response

* html repository files

process.php

Clients

Figure 4.3: Web-based client-server applicatiomiéecture.

In its simplistic form, the client sends an httguest for a page on the server which
has a web-server running on it, typically an ApatfielP server. The web server, on
receiving the request, sends back the requestezlgrajassociated resources as an http
response to the client. This response is then gamsd displayed on the client side by
the browsers.

In the context of our application, the file systamihe server hoststml, xml and php
files of the application. Thimdex.htmifile is an entry point of the application. Where th
client makes a request, the web server fetcheshthi$ file along with the xml file
busstations.xmlHowever thaendex.htmlfile also has an Ajax call to therocess.php
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The web server cannot interpret the PHP code amnaafds it to the PHP interpreter.
The process.phps basically a background PHP process writterxtoaet the data from
the html repository files. The PHP interpreter exes this PHP file and sends the
results back to the web server as html. The webesg¢hen sends back the response
index.htmlwhich is rendered at the client side. One thingegmoted though is, for the
web application thisindex.html resides on the server. However for hybrid/native
application, thendex.htmlresides on the client side and is rendered offlyheith the
response generated from the server.

4.4 ldentifying the Appropriate Technological Requrements

As argued in the previous sections, the basic m@olres that will be used to develop
the app will beHTML5, JavaScriptandCSS And Apache Cordova/PhoneGagill be
used to package and build the application intoveasipplication for different mobile
platforms. Additionally, with the identified funcinal requirements in the preceding
section,Google Maps JavaScript APl v@&d HTML5 Geolocation APMwill also be
used. Also rather than writing thplain vanilla JavaScriptcode, using special
JavaScript libraries likejQuery and jQuery Mobile will serve better. A brief
introduction to all the technologies mentionednsvided in the following subsections.

4.4.1 Google Maps JavaScript API v3
The Google Maps JavaScript APl Version 3 is thedfabfficial JavaScript API from
Google for its web mapping service application gaehnology that powers many map-
based services. Using the JavaScript programmimg, APl lets you embed Google
Maps in your own web pages. Version 3 of this APPéspecially designed to be faster
and more applicable to mobile devices, as well @slittonal desktop browser
applications. The API provides a number of utifitter manipulating maps (just like on
thehttp://maps.google.conveb page) and adding content to the map througdriaty
of services, allowing you to create robust mapslieggons on your website. The
JavaScript Maps API V3 is a free service, availdbleany web site that is free to
consumers [53]. However there is alGmogle Maps API for Businegbat provides
Enterprise-ready application support with additideatures and benefits for a fee.
Since the API is JavaScript based, it can be sesildit into our web-based
approach of cross-platform solutions. Furthermom@ogle Maps provides its own
comprehensive list of Google Maps APl Web Servides Directions API, Distance
Matrix API, Elevation API, Geocoding API, Time ZoAél, and Places API off which
Geocoding and Distance Matrix APl will be usedhistapplication. They also provide
thorough documentation and examples on using thARBkEs to create map based
solutions. Other maps services either do not pewdpport for such comprehensive
extent of web services or in case they do, are Im#hird party solutions and not their
own. Also the documentation and examples are rmbtlgh when it comes to maps
services other than Google’s.

4.4.2 HTML5

HTMLS5 is an emerging standard currently being depetl by two standards bodies, the
Worldwide Web Consortium (W3C) and the Web Hypertdgplication Technology
Working Group (WHATWG) [54]. It is an evolution fno the previous HTML versions
and the upcoming standard for content structure medentation on the World Wide
Web and is being designed with the consideratiorbeshg able to run on power-
constrained devices such as smartphones and tfibé¢tsVith lots of different features
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and capabilities incorporated into HTML5 and insieg support from the browser
vendor community for it, this has lowered the &Erbetween the traditional desktop or
native applications and web-based solutions [5@day HTML5S is the ubiquitous
platform for the web and is making the web platfamore powerful in a number of
different areas.

4.4.3 HTMLS5 Geolocation API

The HTML5 Geolocation API is used to get the gepbreal position of a user. The
Geolocation API defines a high-level interface @odtion information associated only
with the device hosting the implementation, sucHatisude and longitude. The API
itself is agnostic of the underlying location infwation sources. Location information
can be gathered from the user’'s device using Gl&sitioning System (GPS) and
location inferred from network signals such as tllrass, RFID, WiFi and Bluetooth
MAC addresses, and GSM/CDMA cell IDs, as well asrusput [57]. Using the
Geolocation API capable devices, the user can sha#er location with the
websites/applications that they trust. The API nsakser'datitude, longitude altitude,
accuracy speed etc available to JavaScript which in turn candsiéback to the remote
web server and do fancy location-aware things filk@ing local businesses or showing
your location on a map [58]. The geolocation AP$upported by most browsers on the
desktop and mobile devices.

4.4.4 jQuery

jQuery is a free, open-source, fast, small, antufearich JavaScript library. It makes
things like HTML document traversal and manipulatievent handling, animation, and
Ajax much simpler with an easy-to-use API that veodcross a multitude of browsers
[59]. jQuery also provides capabilities for devedop to create plug-ins on top of the
JavaScript library. Developers can create abstmastior low-level interaction and

animation, advanced effects and high-level, theble-aidgets [60]. Used by 55.2% of
all the websites, that is a JavaScript library readhare of 91.8%, it is by far the most
popular JavaScript library in use today [61].

4.4.5 jQuery Mobile

jQuery Mobile is a touch-optimized Ul web framewddt smartphones and tablets. It
is based on jQuery core APIs and jQuery Ul allowting developers to write a unified,
HTML5-based user interface system for all populanbilie device platforms. Its
lightweight code is built with progressive enhaneein and has a flexible, easily
themeable design [62]. It is compatible with thestvianajority of all modern desktop,
smartphone, tablet, and e-reader platforms andd®mwIn addition, feature phones and
older browsers are supported because of the pmigeegnhancement approach. It
allows you to write a single website or applicatibiat will work on different mobile
devices, operating systems, desktop platforms &mdnates the need of rewriting the
websites/applications to target different hardwsoftyvare platforms. The jQuery
Mobile framework can also be used with various pthebile development frameworks
like PhoneGap, BlackBerry WebWorks, IBM Workligbtc.

4.4.6 CSS

Cascading Style Sheets, abbreviated as CSS, ydeassieet language used to describe
the presentation of a document written in HTML dvKX including different XML
variants like SVG, XHTML, XUL. CSS helps to keepetinformation content of a
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document separate from the details of how to dyspilaThe details of how to display
the document are known as style This style or style sheetonsists of a set aliles
that describes how the structured element mustehdered on screen, on paper, in
speech, or on other media. Its primary purpose oisavoid duplication, make
maintenance easier, and use the same content #éredt styles for different purposes
[63]. It can also be used to display the web patierdntly depending upon the screen
size, device on which it is being viewed.

CSS3 is the latest evolution of CSS and extends2AS®hilst being completely
backwards compatible. CSS3 has been split into eedand each module adds new
capabilities or extends the features from previeaisions. According to W3Schools
[64], some important modules are:

« Selectors

+ Box Model

« Backgrounds and Borders

+ Text Effects

« 2D/3D Transformations

+ Animations

+ Multiple Column Layout

« User Interface

As a result of modularization and being an emergimecification, different modules
have different stability and statuses [65]. Howewareasing number of modern web
browsers is increasingly supporting many differaodules and features.

4.4.7 Apache Cordova/PhoneGap

PhoneGap was donated to the Apache Software FaanddASF) under the
name Apache Cordova and hence is an open sourcdulisn of Apache Cordova.
PhoneGap is an open source framework for quickilgimg cross-platform mobile apps
using HTML5, JavaScript and CSS. Targeting multiph@bile platforms requires
knowledge of different languages/frameworks; PhamgGolves this by allowing the
developers to build mobile applications for differenobile platforms using the already
familiar standards-based web technologies [66].

Apache Cordova/PhoneGap provides a set of JavaS&Rps which allows the
developers to access the native platform and deviteatures like camera,
accelerometer, contacts, etc using JavaScriptcBsithere will be uniform platform-
specific JavaScript libraries that can be invoKedis will in turn invoke the device-
specific native backing code for those JavaScriipaties making possible the use of
platform and device specific features. Since thesare built without any native code
and using the standard web technology stack whrehcansistent across different
mobile platforms, the basic codebase remains tineesand should be portable to
different mobile platforms with minimal to no chasy[67]. Of course, these apps are
packaged as native apps for each targeted platfising the platform specific SDKS
and tool chains and can be made available forliastan from each device’s app store.
Ul framework such as jQuery Mobile or Dojo Mobile®encha Touch can also be used
and combined in the app development.

4.5 ldentifying and Preparing the Suitable Data Stucture

Initially | emailed Lanstrafiken Kronoberg who is responsible for all public
transportation within Kronoberg County, to knowvthiey provide the bus schedules data
in any appropriate format or as a web service. &they did not respond, | browsed
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their website where | found that they maintainN@reless Access Protocol (WAP)
service at the addresstp://wap.nastabuss.se/its4waytiich can be accessed from the
desktop/mobile browser with internet connection andquerying it, provides the real
time bus schedules in html. Here the user can e&haostation from a list of stations
using the drop down menu and it will provide thalregme timings of bus departures
from that station irhtml format. But unfortunately this WAP service weniwhoafter a
while and is no longer available as of this writing

However | had saved the html pages, before it wlemtn, for a number of stations
and that will be used asdummy datdor the purpose of this thesis. So for every bus
station there will be a corresponding HTML file imowvhere the data will be extracted
for that station. Of course because of this tha dall be staticwhich means every time
| make arequestfor the data of a particular station, | will bellng off data from an
offline html filefor that station.

4.5.1 Maintaining a Repository of Bus Stations

A repository should be maintained for the bus steti This repository is axml file
with a root node<nextbus> that consists of a series gktation> nodes. The
information about each station is stored inside <k&@tion></station> node.
Each of this<station> node consists of five children nodes namelyame>,
<url> , <localurl> | <latitude> and <longitude> . The <name> node
contains themameof the stationgurl> node contains therl that points to the remote
html file from which the data for the bus statioasnainitially supposed to be fetched;
but is redundant for our purpose now as the remata source is dowsocalurl>

node contains thalternative urlof the offline html file belonging to the statievhich
will be used to extract the data for the statilatitude> node contains thiatitude
coordinatesof the station anglongitude>  node contains thiengitude coordinates
of the station. Also a thing to be noted is, inasrtb obtain the latitude and longitude
coordinates of the stationShe Google Geocoding AR used which is a part of the
Google Maps APl Web Serviceburther information about this is available at
https://developers.google.com/maps/documentatioctgng/

<?xml version ="1.0" encoding ="utf-8" ?>
<nextbus>
<station>
<name>Resecentrum </name>
<url> http://wap.nastabuss.se/itsdwap/QueryForm.aspx?hpl= Resecent
rum+(V%C3%A4xj%C3%B6X/url>
<localurl>  http://crossplatform.co.nf/sample%20html/Resecentru m-+(
V9%C3%A4x]%C3%B6).html </localurl>
<latitude> 56.87677739999999 </latitude>
<longitude> 14.80657550 </longitude>
</station>

<station>
<name>Lunnabyvégen </name>
<url> http://wap.nastabuss.se/itsdwap/QueryForm.aspx?hpl= Lunnabyv
%C3%A4gen+(V%C3%A4xj%C3%B8jurl>
<localurl>  http://crossplatform.co.nf/sample%20html/Lunnabyv%C 3%A
4gen+(V9%C3%A4xj%C3%B6).html </localurl>
<latitude>  56.9127830 </latitude>
<longitude> 14.74299680 </longitude>
</station>
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</r;é.xtbus>
Code Extract 4.1: An XML repository containing thérmation of bus stations.

4.5.2 Pulling Data off HTML files

After maintaining an XML repository of the bus sbafs, it is now possible to look up
the required information of any station. Also usihgs information we can track the
appropriate HTML file for the corresponding bustista and then extract the
information off the HTML file as required. Howewirere is again an important security
concept for client side languages like JavaScagied thesame-origin policy{68], due
to which JavaScript code running on pages origngatfrom a different site
(combination of host/protocol/port number, etcly $a examplehttp://www.example-
social-network.com cannot access the methods, properties across pagning on
different sites, say for exampldtp://online-personal-calendar.canThough there are
some ways to circumvent this and allowing Java$tapnake such access, however |
decided to use server-side PHP scriptwhich has no such restriction, to pull off the
required data from the html files.

Using PHP’scURL, DOMDocumentDOMXPaththe html file is traversed and the
required data is extracted from inside the relevags. The data is then encoded into
JSON From JavaScript, aAJAXrequest can be made to this server-side scrifgtth
the required data.

<?php
header ('Content-type: text/html; charset=utf-8' );

if (! empty ($_GET 'url" 1))
$url = $ GET 'url" ;
else
$url = "http://crossplatform.co.nf/sample%20html/
Resecentrum+(V%C3%A4xj%C3%B6).html"

$curl = curl_init ($url );

curl_setopt  ($curl , CURLOPT_RETURNTRANSFERTRUE;
$output = curl_exec ($curl );

curl_close  ($curl );

$DOM= new DOMDocument;
$DOM> loadHTML ( $output );

$xpath = new DOMXPath( $SDONL

$tags = $xpath -> query ('//span[@id="LabelForecasts"]' );
$tag_data = array ();
foreach ($tags as $tag ) {
if (trim ($tag ->nodeValue ) = ")
$tag_data [|] =trim ($tag -> nodeValue );
}
$tags = $xpath ->query ('//span[@id="LabelTimeandStop"]' );
foreach ($tags as $tag ) {
if (trim ($tag ->nodevalue ) = ")
$tag_data [] =trim ($tag -> nodeValue );
}
$tags = $xpath -> query (//table[@id="GridViewForecasts"]
ltrj@class="darkblue_pane")/th’ );
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foreach ($tags as $tag ) {

if (trim ($tag ->nodeValue ) != " ){

$str  =trim ($tag -> nodeValue );

$tag_data [] = str_replace ("&nbsp;" ", $str );
}

}

$tags = $xpath -> query (//table[@id="GridViewForecasts"]
ltrj@class="white_pane"]/td |
[ltable[@id="GridViewForecasts"]

ltri@class="lightblue_pane"]/td’ );
foreach ($tags as $tag ) {
if (trim ($tag ->nodeValue ) = ")

$tag_data [|] =trim ($tag -> nodeValue );
}

echo json_encode ($tag_data );

?>

Code Extract 4.2: A PHP script to extract data fidiML files.
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5. Implementing the Application

In the beginning the application is developed kg normal web application using a
web server with PHP support and testing it in trenser. The first target is to build a
single generatodebasefor the web applicationwhich will then be built intonative
applications for different platforms. | registered for a freeelw hosting with PHP
support under the domainttp://crossplatform.co.nfwhich is used for the live
production as well as testing modalobe Dreamweaver C3¢ used as the text editor,
FileZilla 3.7.1is used as the FTP client. The testing is camigdon browser§soogle
Chrome Version 29.0.1547.57, mozilla Firefox 23.0.1 and Internet Explorer 10
Version 10.0.9200.16668nd also in android mobile browser and safari lsgwin
iPhone.

5.1 Developing a Single General Codebase
The following subsections will describe how the laggtion is realized in terms of
coding while providing brief description about éifént code parts.

5.1.1 Application Structure

The entire application is coded into a single pagegex.html The other pages
busstations.xménd process.phphave been mentioned in the design section. However
this is the main page where the application loggides and is the entry point for the
application. The page is structured as below:

<IDOCTYPE html>

<html>
<head>
<meta charset ="utf-8" >
<titte> NextBus Application <[title>
<meta name="viewport"
content ="width=device-width, initial-scale=1" >
<link rel ="stylesheet" href ="http://code.jquery.com/
mobile/1.3.1/jquery.mobile-1.3.1.min.css" />
<script  src ="//ajax.googleapis.com/ajax/
libs/jquery/1.9.1/jquery.min.js" ></script>
<script  src ="http://code.jquery.com/mobile/
1.3.1/jquery.mobile-1.3.1.min.js" ></script>
<script  type ="text/javascript"
src ="https://maps.googleapis.com/
maps/api/js?key=AlzaSyDJWtBGtXPE9BeyZyEc8IFvi3IOfs_ -
7mY&sensor=false"  ></script>
<script  type ="text/javascript"
src ="markerwithlabel_packed.js" ></script>
<style type ="text/css" >
<!l-- Custom CSS -->
</style>
<script>
[** JavaScript Application Logic**/
</script>
</head>
<body>
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<div data-role=  "page" >

<div data-role= "header" >
</div> <l!--/header -->

<div data-role= "content” >
</div> <I!--/content -->

<div data-role= "footer" >
</div> <!-- [footer -->

</div> <!-- /page -->
</body>
</html>

Code Extract 5.1: Skeleton of paigeex.html

All the necessary imports, local @ontent Delivery Network (CDNpf cssandjs
files go inside the<head> section. Some customss and the entire JavaScript
application logicare also inside thehead>. The<body> contains a jQuery Mobile
page <div data-role="page”> which in turn containsheader content and
footer. Here just for demonstration | have used a sipglge template inside the <body>
tag. However in the real application | have usechwdti-page structure, by stacking
multiple divs with adata-role of "page' inside the<body> tag and have also used a
panelwith <div data-role="panel"> . Thehtml of the multi-page structure with
pane| headerscontentsfootersin the application is like below:

<body>
<div data-role=  "page" id ="map-page" data-url=  "map-page" >
<div data-role=  "panel" id ="mypanel" data-theme= "a" >
<ul data-role=  "listview" data-theme= "a" id ="mylist" >
<li data-icon=  “delete" >
<a href ="#map-page" data-rel= "close" >Close menu </a>
</li>
<li data-role= "list-divider" >Stations  </li>

<!-- Remaining panel content will be
added dynamically here -->
</ul>
</div> <I--/panel -->

<div data-role= "header" >
<a href ="#mypanel" data-role=  "button"
data-icon= "bars" data-iconpos= "notext" >Choose Station </a>
<h1>NextBus App </h1>
<a href ="index.html" data-ajax=  "false" data-role=  "button”
data-icon=  "refresh" data-iconpos= "notext" >Refresh </a>

</div> <!I-- /header -->

<!I--Div for map display.-->
<div data-role=  "content" id ="map-canvas" >
</div> <I!-- /content -->

<div data-role=  “footer" data-id= "myfooter"
class ="ui-bar" data-position= "fixed" >
<h4>© 2013 Suyesh Amatya  </h4>

</div> <I!-- [footer -->
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</div> <!I-- /page -->

<div data-role=  "page" id ="detail-page" >
<div data-role=  "header" data-position= "fixed" >
<a href ="#map-page" data-icon=  "home"
data-iconpos=  "notext" data-rel=  "back" >Home</a>
<h1>Timings for station: </h1>

</div> <!-- /header -->

<div data-role=  "content" id ="contbl" >
<l-- tabular display -->

</div> <!-- /content -->

<div data-role=  "footer" data-position= "fixed" >
<h1>© 2013 Suyesh Amatya </h1>

</div> <!-- [footer -->

</div> <lI-- /page -->

</body>
Code Extract 5.2: jQuery Mobile multi-page struetof the application.

5.1.2 Custom CSS
The CSS is mainly applied dynamically by the jQuédtgbile framework. However
some custom CSS has also been written to maintutaye application.

<style type="text/css">
html { height :100%; }
body { height :100%; margin :0; padding :0; }
#map-page { height :100%; }

#map-canvas {

padding . 0;
position : absolute ! important ;
top :40px!  important
right . 0;
bottom :Opx! important
left :0! important ;
}
#mypanel . ui-panel-inner {height :40px! important ;}
.labels  {
color : red;
background-color . white;
font-family . "Lucida Grande" , "Arial" , sans-serif;
font-size : 10px;
font-weight : bold;
text-align : center,
border : 2px solid black;
white-space  howrap;
}
</ style>

Code Extract 5.3; Custom CSS.
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5.1.3 Page Initialization

All the JavaScript code is bound to the evgmadeinit ” which is triggered on the
page being initialized, after initialization occuie code is executed after this event is
fired. Thepage id“#map-page " is also passed upon which thenctionwill work.

$( document ). on( "pageinit” , '#map-page" , function(){

Code Extract 5.4: jQuery Mobile page initialization

5.1.4 Is Geolocation Supported?
After the page initialization, we check for the \Ws®r support of the Geolocation API.
If it does not support, we are out of luck and pistw a default map.

i f (navigator . geolocation ){

}

el se{
alert ("Browser doesn't support geolocation!" );
drawDefaultMap 0;

}

functi on drawDefaultMap (1
var map = newgoogle . maps. Map
document . getElementByld ("map-canvas" ),

{

zoom : 10,

center . defaultLatLng ,

mapTypeld : google . maps. MapTypeld . ROADMAP
)i
var marker = newgoogle . maps. Marker ({
position . defaultLatLng ,
map : map,
title : "Somewhere in Vaxjo!"
i

Code Extract 5.5: Checking for geolocation support.

5.1.5 AJAX Call to the Stations Repository
If the browser supports the Geolocation API, therAdAX request is made to the xml

stations repository. On success, the responsedthin the functioparseXml .

function parseXml (xml) {

$. ajax ({
type ;. "GET",
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url : "http://crossplatform.co.nf/busstations.xml" ,
dataType Doxmlt
success . parseXml

i
Code Extract 5.6: An ajax request to the xml refpogi

5.1.6 Getting the Current Device Position

We call a methodyetCurrentPosition on the navigator.geolocation

object which is used to get the current positiothefdevice. The method takes one, two
or three arguments. The first mandatory argumethieisuccess callback functidhat is
invoked with aPosition  object in case of a successful attempt. The seoptidnal
argument is theerror callback function which can be invoked with a

PositionError object in case of a failure. The third optionabwanent is a
PositionOptions object.
navigator . geolocation . getCurrentPosition (success , fail

{ maximumAge: 500000, enableHighAccuracy :true, timeout : 6000});

function success (pos) {

}
functionfail (error ) {
i f(error .code == 1) alert ("The user denied the permission!" );
el se if(error .code == 2) alert ("Network down
or position unavailable" );
el se if(error .code == 3) alert ('"Taking too long! Timed Out!" );
drawDefaultMap 0;
}

Code Extract 5.7: Getting current device positltamdling success and failure.

5.1.7 Calculating and Storing the Distance/Duratiorto All the Stations From the
Current Position

For each station in the xml repository, we cal@ilhiedistanceto that station from the
current position and theuration required to reach there by walk. The result iseston

an array.Google’s Distance Matrix Servics used for this purpose and is accessed

within the code via thgoogle.maps.DistanceMatrixService object.
allStations .each (function(){
/*
** The Client-side Google Distance Matrix Servi ce JavaScript

** AP| v3 Method
=

var name =$ (this). find ("name"). text ();

var localurl =$ (this). find ("localurl" ). text ();
var latitude =$ (this). find ("latitude" ). text ();
var longitude =$ (this). find ("longitude" ). text ();
var destination = newgoogle . maps. LatLng (latitude , longitude );
var service = newgoogle . maps. DistanceMatrixService 0;
service . getDistanceMatrix (
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{

origins . [origin ],

destinations . [ destination ],

travelMode : google . maps. TravelMode . WALKING
}, function(response , status ) {

calculatedDistanceResponse (response , status
cbAfterAllStationsPopulated )

}
)i

functi on calculatedDistanceResponse (response , status , callback ){
i f (status ==google . maps. DistanceMatrixStatus .0K {
var origins =response . originAddresses ;

for (vari = 0; i <origins .length ;i ++) {
var results =response .rows|[i]. elements ;
for (varj = 0;j <results .length ;| ++) {
var element =results [j];
var distance = element . distance .text ;
var duration = element . duration .text ;

stations . push ({ "name" : name, “localurl" : localurl ,
"latitude" . latitude , "longitude" . longitude
“distance” : distance , ‘“duration” : duration });

counter ++;
i f(counter === stationsLength )
callback 0;

}
}

h;
Code Extract 5.8: Calculate/Store distance/durataall the stations.

5.1.8 Sorting the Nearest Five Stations and Drawinghem on the Map
The array in which the result is stored is sortgdlistance and we get the nearest five
stations from the current position. These fiveigtat are drawn on the map.

var stationsSorted =stations .sort (function(a, b){
return parseFloat (a.distance ) - parseFloat (b. distance )

D
var nearestFiveStations =
/[Appropriate zoom level to fit in all the markers in the map.
var latingbounds = newgoogle . maps. LatLngBounds ();
for(vari = 0;i < 5; i ++){

nearestFiveStations . push ( stationsSorted [in;

latingbounds . extend (newgoogle . maps. LatLng(

nearestFiveStations [i] latitude
nearestFiveStations [i] longitude ));

}
drawMap( origin , nearestFiveStations , latingbounds );

Code Extract 5.9: Drawing the nearest five statimm$he map.
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5.1.9 Populating the Menu Panel and Registering @k Event to the Items

The menu panel is populated with all the statioms eelated data. Then we register a
click event to each item in the panel, clicking uponchhwill draw the relevant station
on the map.

$. each ( stationsAlphabetically , function(key, val }
var htmlStr = '<li><a href=\"#\" id=\"" +val . name+'\" data-
localurl=\"" +val . localurl +'\"
data-latitude=\""' +val . latitude +'\" data-
longitude=\"" +val . longitude +"\ "
data-distance=\" +val . distance +'\" data-
duration=\"" +val . duration +\">'" +val . namet+'</a></[i>'

$ ("#mypanelul" ). append ( htmIStr );
D

$( "#mylist" ). listview  (‘"refresh” );

$( #mylist' ). children (). each (function(}{
var anchor =$ (this). find ('a" );
i f(anchor .attr ('id" ) != null )
anchor .click (function({
var latingboundsForPanellLocation =
newgoogle . maps. LatLngBounds ();

$ ("#mypanel” ). panel ("close" );
var panelStation =
panelStation . push ({
"name" : anchor . attr ('id" ),
“localurl” : $ (this). data (‘localurl ),
"latitude” : $ (this). data ('latitude’ ),
“longitude” : $ (this). data ('longitude’ ),
"distance” : $ (this). data ('distance' ),
"duration” : $ (this). data ('duration’ )
D
latingboundsForPanelLocation . extend (

newgoogle . maps. LatLng (
panelStation [ 0]. latitude
panelStation [ 0]. longitude

)

latingboundsForPanelLocation . extend (origin );

drawMap (origin , panelStation ,
latingboundsForPanelLocation );

i
}
i
Code Extract 5.10: Filling menu panel with statiansl registering click event.

5.1.10 Drawing the Map

The map is drawn inside the functioinawMap. The function is invoked using the
appropriate arguments which are used to draw theewith appropriate stations and the
markers on it. The markers are attached with tlemehstener.
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functi on drawMap (currentLatLng , otherLocations , bounds ) {
var myMapOptions = {
mapTypeld : google . maps. MapTypeld . ROADMAP

\;ar map = newgoogle . maps. Map(document . getElementByld (
"map-canvas” ), myMapOptions );

/I Add a current lat/lng geolocation overlay to the map center
var markerCurrentLocation = new MarkerWithLabel  ({
position . currentLatLng
map : map,
title . "Current Location!" ,
labelContent . "Current Location!" ,
labelAnchor : newgoogle . maps. Point (22, 0),
labelClass : labels"
labelStyle : {opacity : 0.60}
i
var iconlmage = ‘'images/bus.png'
/I Add overlays to other locations
$ . each (otherLocations , function(index , value )
var markerOtherLocations = new MarkerWithLabel  ({
position . newgoogle . maps. LatLng (value . latitude ,
value . longitude ),
map : map,
title : value .namet+"" +value . distance
icon : iconlmage
labelContent : value .namet+"" +value . distance
labelAnchor : newgoogle . maps. Point (50, 0),
labelClass : "labels" , [/ the CSS class for the label
labelStyle . {opacity : 0.60}
i
google . maps. event . addListener ( markerOtherLocations , ‘click'
function() {
$ . when( callAjax ()). done(function(a){
/I Redirect with AJAX
$ . mobile . changePage ( "#detail-page”
{ transition o Mflipt  } o)
i
i
i
map.fitBounds(bounds);

}
Code Extract 5.11: ThdrawMap function.

5.1.11 Constructing the Detail Page

Every time a useclicks on one of the markers on the map, it will condtthe detail
pageon the fly. The detail page consists of the deparschedules from thatickedbus
station. Data is fetched from the PHP fijeocess.phpvia AJAX request. Using the
JSONresponse, the page is constructed and displaytbe taser.
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function callAjax ()

$ .ajax ({
url : 'http://crossplatform.co.nf/process.php?url='
+encodeURIComponent (value . localurl ),
dataType : 'json’
success : function(data ){
$ ( "#detail-page h1" ). html (data [ 1]);
$ ("#contbl" ). empty ();

var thdatal
var thdata2
var thdata3
var thdata4

"<th>" +data [ 2]+ "</th>" ;
"<th>" +data [ 3]+ "</th>" ;
"<th>" +data [ 4]+ "</th>" ;
"<th>" +data [ 6]+ "</th>" ;

var thirow  =$ ("<tr></tr>" );
var thead =39 ('<thead></thead>" );
var table =3 ("<table data-role=\"table\" id=\"time-
table\" " +” data-mode=\"reflow\"
class=\"ui-responsive table-stroke\">" );
tblrow . append ( thdatal );
tblrow . append ( thdata2 );
tblrow . append ( thdata3 );
tblrow . append ( thdatad );
thead . append ( tblrow );
table . append ( thead )
var row =$ ("<tr>" ),
var flag = 0;
var tbody =49 ('<tbody>" );
$ .each(data , function(key, val ){
i f(key >= 8)
i f(key%! != 3){
if(flag == 0)
row .append ( "<th>" +val +"</th>" );
el se
row .append ( "<td>" +val +"</td>" );
flag ++;

}
el se if(key%l == 3){

row .append ( "<td>" +val +"</td>" );

tbody . append ( row);

row =] $ ( "<tr>" ),

flag = 0;

}
}
D

table . append ( tbody );
table . appendTo ( "#contbl" );
$ ( '#detail-page’ ). trigger ('pagecreate’ );

i
Code Extract 5.12: TheallAjax  function.
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5.2 Resulting Web Application

The resulting application is also availabléntip://crossplatform.co.nHowever since it

is a location aware local bus application, the &itectionalities outside of Vaxj6 will
not work. But one can hardcode the latitude/lordgticoordinates of region around
Vaxjo as thecurrent positionto check the functions of the application. Untivn the
codebase of the application has been developedappkcation has also been tested
against thefunctional requirementdisted out in the design section and works pretty
fine. Below are some screenshots of the applicatiodifferent browsers.
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Figure 5.1: Home screen on the Chrome browser.
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Figure 5.4: Detail page takes stacked presentatide when Mozilla Firefox window is
scaled down.

Now we have a web application, we will build itamative applications for different
platforms. With the same codebase, and may beviealds or changes per platform, the
application will be packaged and built into natiapplication using PhoneGap and
platform specific native SDKs and tool chains facle targeted platform.

5.3 Building into Native Android Application
PhoneGap 2.9.0 was used for this purpose. UBmggCordova Command-line Interface
(CLI) as mentioned hefeone can create new projects, build them on differ
platforms, and run them within an emulator. Howenet all the things as mentioned
there worked for android platform when | tried og Windows 7machine. | was able to
run thecreate command to initialize and create the project stnec But | could not
run commands likplatform add  , build , oremulate , etc. So | just used the CLI
tool to initialize the project code and structuaiter which | used the platform IDE to
develop them further.

A very little change in the codebase was donetftw be able to properly run in an
android device. But that was mainly to accountthe way how a PhoneGap-Android

2 http://goo.gl/5Ujy83
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project is structured and the correct way of usj@gery Mobile and PhoneGap
together. No change whatsoever was required inafjication logic. Appropriate
platform-specific configuration and permissions eveowever added toonfig.xmland
AndroidManifest.xmto be able to access the Geolocation feature.

<link rel ="stylesheet" href ="js/jquery.mobile-1.3.1.min.css" />
<script type ="text/javascript" src ="cordova.js" ></ script >
<script type ="text/javascript" src ="js/index.js" ></ script >
<script src ="js/jquery-1.9.1.min.js" ></ script >
<script src ="js/jquery.mobile-1.3.1.min.js" ></ script >
<script >
var deviceReadyDeferred =$ . Deferred ();
var jgmReadyDeferred =$ . Deferred ();
document . addEventListener ("deviceReady" , deviceReady , fal se);

functi on deviceReady () {

deviceReadyDeferred . resolve ();
}
$ (document). on( "pageinit" , "#map-page" , function () {
jamReadyDeferred . resolve ();
$ . support .cors = true;
$ . mobile . allowCrossDomainPages = true;
i
$ . when(deviceReadyDeferred , jgmReadyDeferred ).

then ( dowhenBothFrameworksLoaded );

functi on dowhenBothFrameworksLoaded () {

}

</ script >
Code Extract 5.13: Some changes made in the coelebas

As seen from the code extract 5.13, instead ofguie CDN imports ofjs cancss
files, they have been used locally in the projeithvadditional imports otordova.js
andindex.js Sometimes the CDN imports have been reportesdbivorking, and same
happened with me, so this is rather a precautiorerisure that both the jQuery Mobile
and PhoneGap are loaded before they can be usedryjQeferredobject has been
used. This is also more of a good practice thathamy essential. So nothing much has
been changed in the codebase.

The web application was built into a native andrajgplication using android SDK
and tool chains in an Eclipse environment. Thermfttion about how to do this is also
available on PhoneGap Documentation ficEelipse Helios version 3.6\2as used as a

3 http://goo.gl/iKbCt
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platform IDE with Android Development Tools (ADT) version 22.@lbgin. The
application was built againgndroid Platform 4.0 API Level 1dnd was successfully
tested orSony Xperia UST25i)runningandroid version 4.0.4The screen captures of
the application running on the device are provideldw.
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Figure 5.5: Home screen of the application. Figure 5.6: Menu panel.
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Figure 5.7: Manual station selection. Figure 5.8: Stacked style detail page.
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Figure 5.9: Normal tabular style detail page.

5.4 Building into Native iOS Application

To build iOS applications, one needs to have thpl&p required tool chains running
on OS X operating system on Intel-based Macs. HeheeApple's ecosystem is a
closed and stricter one in terms of both hardwa software requirements when it
comes to application development for iOS. For mgppee | used, MacBookrunning
Mac OS X Lion version 10.7.8sing thecordova-ios from cordova-3.0.(distribution,
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and following the instructions hérd created the project structure for the applarati
Then | used the native tool chasode version 4.6.8ndiOS SDK 6.1o further build
the web application into a native iOS application.

A very little change in the main codebase andlierdame reason, as was previously
done for the android application, was performed.fdet after the changes, the
index.htmlfor android and iOS looked exactly identical. Appriate platform-specific
configuration was added toonfig.xmlto be able to access the Geolocation feature.
Some of the screenshots of the application runmngiPhone 6.1and iPad 6.1
simulators are provided below.
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Figure 5.10: Home screen on iPhone 6.1 Figure 5.11: Manual station selection.
simulator.

4 http://goo.gl/LhwHu7
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The application was alssuccessfullytested on a real deviciPod touch (4"
generation) running software version 5.

iPod 2 @ iPod & =
ﬁ Ep_ ‘I_Sa_t_ellite
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Figure 5.14: Home page and detail page on iPocht

5.5 Building into Native BlackBerry Application

Cordova for BlackBerry makes use of tBlackBerry WebWorl framework.
BlackBerry WebWorks SDK are available fBlackBerry 10 BlackBerry PlayBog,
BlackBerry 7 and earlierUsing any of these SDKs, the web application caruoé
into BlackBerry WebWorks applican which is a native BlackBerry application tl
runs on a BlackBerry smartphone or BlackBerry PlagiBtablel Instead of using th
commandine tool of SDK | used a Ul-based tool calleRipple emulatc that is
extension to th&soogle Chrom browser. TheRipple emulator uses the BlackBe
WebWorks SDK behind the scenes to build and packagapplicationHowever one
can quickly testhe application in a brows-basedenvironment for different device
and platforms in redime even without installing SDKsSo there is no hassle
installing multiple SDKs, simulators redeploying the application or restarting
simulator, etc.

With that said it is alays wise to test the applications in simulatarsl real device
One can install appropriate WebVks SDK and use it with Ripple emulator to bt
and package the applicaticUsing Ripple emulator and SDK, one agenerate th.cod
or .bar file which can be installeand runon simulators and devic. | tested the
application on th&ipple emulatc and it worked fine. @me screen shc of application
running on Ripple emulator emulating different fdans and devices are provid
below.
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6. Analysis of the Application and Development Eérts

The preceding section described in length aboutintiementation issues. Here we
reflect upon the application and the developmefurisf to validate the ideas presented
in favor of the cross-platform mobile development.

6.1 Reflecting Upon the Development Efforts

Initially | started out with developing the codeba®r the web application. At this
point, there is no PhoneGap involved in the procebkatsoever. The development,
debugging and testing processes were very muchihg&eormal web development. But
of course the difference being that you have te tako account the small display and
limited processing power of the mobile phones. édufQuery Mobile framework to
build the Ul of the application. It provides lot§ readymade Ul widgets, components
with predefined themes that work perfectly acrosdbihe and desktop viewports and of
course one can also define their own theme and G8fse it is also supported by
PhoneGap, | did not need to reinvent the wheelusmed it to make the pages, headers,
footers, different buttons, panels, etc of the @magibn. | also achieved the smooth page
transitions, animation and Ajax navigation usingigfy Mobile.

Any preferred text editor can be used to writedbde and | tested the application on
desktop as well as mobile browsers. One can alsuarihe mobile browser display on
the desktop browser by resizing the desktop browissvport to the size of the mobile
browser. However a better result can be achievetésiyng the application on Ripple
emulator. The Ripple emulator is a multi-platfornoliie environment emulator that is
custom-tailored to mobile HTML5 application devatognt and testing. It acts as an
extension to the Google Chrome browser that allgaws to quickly see how your
application looks and functions on multiple mobildevices and platforms.
JavaScript debugging, HTML DOM inspection, autordatesting, and multiple device
and screen resolution emulation in real-time candbee without redeploying the
application or restarting the emulator. | also u$éckbug to test and debug the
application on the Mozilla Firefox browser.

After the web application was ready, the same casiebvas ported to Android, iOS
and BlackBerry platforms and built into respecthagive applications. At this point |
used PhoneGap along with the native tool chainghef platforms. However for
BlackBerry, | used the Ripple emulator to run thpplecation instead of native tool
chains. A very few changes in the original codebaas required and some platform-
specific configurations and permissions were adtiedccessfully tested the respective
native applications on real android and iOS devidé® BlackBerry version was also
successfully tested on the Ripple emulator on togvger. Using Ripple along with the
SDK, | was also able to generate the actual depéoyrapplication for BlackBerry as
well but | did not test it on real BlackBerry dewic

The main benefit of this hybrid approach of croksfprm mobile development was
obviously the saved time and resources. With alesingdebase | was able to deploy
three native applications for the different plather Single development process was
enough for the three target platforms. So it canabgued that just alone in the
development process | was able to save twice theuatnof development hours,
provided if | know the different programming langes required by three different
target platforms. Even though Android and BlackBe@S both use Java as their
programming language for native development, theoils vary greatly while using for
each of these platforms. So it is not always agdttaforward transition even if you
happen to know the language. Even for Java SE/MEldpers, transitioning to android
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take some time getting used to Harmony flavoreda Jawplementation for Dalvik
virtual machine. The testing process for individpktforms also took far lesser time,
since majority of the testing had been performegnduthe web development part. And
it is also well known issue that restarting emuistoedeploying the application during
native development especially on android platfosnvery slow. Whilst the build
process is separate for each platform, but foreipat is not the most time consuming
process while developing an application.

6.2 Analysis Results
The table 6.1 provides the results of analysis lwdding more light on these issues
discussed and presenting them in more quantifiziphes.

Technical Issues Android | i0S | BlackBerry
Developing the ~200 hours
single commor
codebase
Lines of code in the ~454
codebase
Tools used to build PhoneGap, Native| PhoneGap, Nativeg Ripple emulator,
web application tool chains tool chains Native SDK
into native
application
Lines of code ~20 ~20 No changes
added/changed to
port as  native
application
Additional imports cordova.js, index.j$  cordovairgjex.js No imports
Platform-specific config.xml, config.xml config.xml
configuration and AndroidManifest.xml
permission for
CORS and
Geolocation
Restrictions  from No Apple’s hardware, No
developer’s oS required
perspective Registration as

Apple  developel

required even to

deploy locally.
Build and Slow Relatively fast Quick (Browser
deployment speed based Ripple

emulator used)

Native look and OK OK Good
feel
Performance and Good Good Good
speed

Table 6.1: Technical analysis of the applicatiod davelopment efforts across different
platforms.
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It took around 200 hours to develop the generakbade of the application. The
application’s index.html consists of around 454e$irof code. However there are also
PHP background service process.php of around ®4 lof code and XML repository
busstations.xml of around 262 lines of code writisrpart of the application. Since they
are platform agnostic, they have not been takem ¢onsideration in this analysis. To
build this web application into native Android ajgglkion, | used PhoneGap along with
Android SDK and Eclipse IDE. For iOS, | used Phoap@gether with Xcode running
on a Mac machine. One can also create new projaais, them on different platforms,
and run them within an emulator or device usingrfeii@ap’'s command-line interface
(CLI). But even if one wishes to use CLI for the ol application lifecycle, there
should be appropriate SDKs installed for each tgptggform. Alternatively, | used CLI
to initialize the project code and application giteh, after which | used Android and
IOS platforms’ respective SDKs and IDEs to develbpm further. For BlackBerry,
most of the time | just used the Ripple emulatotest the application on the Chrome
browser. | also generated the deployment applicatising Ripple with the BlackBerry
SDKs from the browser environment. PhoneGap andsIbre not used for this
purpose.

Around 20 lines of codes were added for Android #»8 platform in the original
codebase. But these additions were not an abselgterement for the application to be
able to run on the devices; instead it was donenlmao follow the conventions of
loading jQuery Mobile and PhoneGap when used tegetiWhile testing for
BlackBerry, the web app directly ran on the Ripgheulator without any changes on the
codebase whatsoever. However while testing on dorslaall the platforms require
inputting the Geolocation values in one way or ottee the emulators. Additional
imports of PhoneGap files cordova.js and indexgsemequired on Android and iOS
platforms. To allow Cross-Origin Resource Shari@@®RS) and Geolocation access, |
also had to whitelist the domains and provide prggmissions respectively on each
of the platform’s config.xml file. For Android, addnally proper Geolocation
permissions also need to be granted on AndroidMan¥ml. Android and BlackBerry
did not provide any restrictions to deploy and ti&t application locally. iOS was a
very closed ecosystem since you can only developppie’s hardware and operating
systems. That means you have to use compatibleck@ohs of Xcode, Mac OS, Mac
machines. And even to test the application locallyyour iOS device, you have to get
registered on Apple Developer Program which regusabscription fee. Build and
deployment process was relatively slow with Andrpidtform, and especially while
working with emulators. For iOS it was faster thlamdroid, and since the application
was tested mainly in the browser environment wiibppRe for BlackBerry, it was very
quick. But trying to generate the deployment agian with Ripple along with SDK
was also understandably slow. Native look and vask, it was kind of satisfactory
with both Android and i0S platforms. But since isva prototype application | did not
invest more time on the design aspects and mos#y the jQuery Mobile predefined
themes, it was understandable. Spending more timeesign and CSS can definitely
make it look and feel like native applications. (e Ripple emulator it looked better.
Even though there was fair bit of computation aadhglexity on the application logic,
the performance and speed of the application wad goross all the platforms.
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7. Conclusion

Though native approach of mobile development alltvesdevelopers to exploit the full
potential of the device hardware and platform fesgy it is not always the best
approach when it comes to mobile development. &olyfhigh hardware and resource
intensive applications, native approach might makieetter case but the majority of
applications being developed and available on egfiin stores do not require such
resources most of the time. Taking a native appr@atvertently/inadvertently means
taking an expensive approach. This cost factor sametimes be the single most
important factor that dictates which approach miggst suit one’s needs and business
requirements.

7.1 Answering the Research Questions

In this thesis work, | have explored the mobile @epment approaches that will allow
developing cross-platform mobile solutions. We kbaé why cross-platform solution is
an ideal way to minimize the cost associated inetiging mobile applications and
targeting different platforms. The research questidormulated in the problem
definition section will be answered below.

a. What kind of practices and technologies exist ama ban they address the issues
of developing the applications that can run acrdsgterent platforms and variety
of mobile devices?

From the survey carried out, we can see that predontly the already existing
standard web technologies stack of HTML/JS/CSSuseel to devise the cross-platform
solutions. Standards-compliant mobile web browsses included in every mobile
operating system which makes these web-based @ududi really viable one. The web-
based practices have been prevalent even frommited days. However this has really
gained momentum off late mainly due to the recemvetbpments and added
functionalities of HTML5 [69]. HTMLS5, today, supptsrrich set of growing features
like Semantics Offline & Storage Realtime/CommunicatiorFile/Hardware Access
Graphics/Multimedia CSS3 etc. The browser vendor community has strongly
embraced HTML5 as most of the latest browsers fidfarent vendors are increasingly
supporting many different class of these featufesthermore, JavaScript frameworks
like jQuery Mobile jQT (formerly jQTouch) etc leverage the HTML5 web applications
to a great deal. They eliminate the cross-browsglamentation incompatibilities and
help build touch-optimized HTML5 based Ul systenctessible on wide variety of
smartphone, tablet and desktop devices. Using theseeworks, one can easily
incorporateprogressive enhancemeamndresponsive web desigirinciples in the apps
development. These frameworks also provide a hbstamlymade widgets which are
flexible enough to be extended and easily themenhéet one’s design needs. These
web apps, for the most part, are mobile-optimizethsites that run on the browser and
are accessible through a URL. Deep linking with tinelerlying operating system and
full exploitation of device capabilities are notgsthble with the web-based approach.
Hybrid-approach can bridge this gap and move thie ays closer towards the native
apps. Cross-platform frameworks like PhoneGap,niuta, Sencha Touch wrap these
web apps in a thin native container and act as @dleware exposing the native
platform and device features through JavaScriptsAFPhe frameworks together with
native tool chains are used to package and buddettweb apps into native apps and
enable them for app store distribution and indialtaon devices. The resulting hybrid
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apps are essentially native apps that run on tudlenn web view control leveraging the
device’s browser engine.

The prototype web app in this thesis was built gigQuery Mobile. Web apps or
hybrid apps are powered by the device’s browsemend\nd jQuery Mobile supports
full enhanced experience with Ajax-based animategeptransitions for the vast
majority of all modern browsers running on differelevices and platforms. That being
said, the feature phones and older browsers acesaigported but might lack Ajax
navigation features and others might support b&BidL experience that is still
functional. So using framework like jQuery Mobile tackle this fragmented landscape
of mobile development makes a perfect sense. The app worked perfectly across
different mobile and desktop browsers of differplattforms. The web app provided the
general codebase, and then | used PhoneGap toibuntd hybrid app for each of the
targeted platforms. PhoneGap wraps the hybrid app thin native container and
exposes the native APIs and device features thrdaghScript APIs. This hybrid app
can then be installed and run on the respectiveed@latform for which it was targeted
against like any other native apps.

b. What are the potential benefits of adopting spchctices and technologies to
devise solutions in the mobile development?

Using jQuery Mobile eased a lot of task while depahg the application. It provides
a lot of widgets with predefined themes which oar easily use, extend and customize
in their applications. Like in this applicationhd&ve used a jQuery Mobile HTML5 page
widget with header, content and footer. Also useerewbuttons, panel, listview,
responsive tables with one of the predefined theamesCSS being applied on the fly.
Implementing Ajax navigation, animated page traoisg were also easily achieved
using the framework. One can also build the higtigtomized themes with highly
polished visuals, CSS3 properties and gradientge@sily using th&hemeRollerHere
one can drag and drop colors and mix and matchuidimited possibilities and the
custom theme can be downloaded as a CSS fileh&llmeans, the developers can do
more in less time and build the application quicldithout reinventing the wheel.
Furthermore the framework takes care of the fragatem in the ecosystem and allows
developers to concentrate on application developmésing PhoneGap, with little or
no code changes the same application was also iotdt native applications for
different platforms and installed and run on diéierdevices.

Apart from this cross-platform development providbee developers the different
options to devise the mobile solutions. One catdlibie solution as a web app which is
a series of web pages running on the server and dokeneed to be installed on the
devices. Hence any updates to these mobile optimiabsites will be automatically
available without the users having to perform arpdates thus guaranteeing the
availability of the latest version for everyone.dase one prefers the app distribution
through stores, local installation on devices andnatization possibility, hybrid
approach can be undertaken. So cross-platform malelvelopment practices and
technologies bring lots of benefits especially wivtensidered from the context of the
fragmented mobile landscape. Some of the main lsmgin be summarized as:

« Relying on already familiar standard web technaedor development purposes.
» For the most part: code once, deploy anywhere.
» Shorter development time, thus reduced cost ofldpueent.
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» Suitable for, but not limited to, rapid prototypipgrposes and fast high fidelity
mockups.

The main hallmark of the cross-platform mobile depeent is the unification of the
whole or most of the application development Iyele. As can be seen in the figure 2.4
from section 2, hybrid approach has unified develept and test process with separate
build process for different target platforms. Thebabased approach has entirely one
stream lined development, testing and release psoCEnhis essentially means saving
time and cost.

7.2 Future Directions

Cross-platform development promises a lot of paaé@ind offers great advantages in
the field of mobile development. Nevertheless istifl not fully matured and is in the
initial phases of development as compared to natiobile development. HTMLS5 itself

is an emerging standard and the real opportunifiesoss-platform development will
be more attractive once the HTML5 standard is fudgveloped and includes the
functions for access to native features of the phdimough some features have already
been well deployed, few are in experimental phaseslimitedly implemented, and a
lot more features still need to be incorporatedweler works are underway to bring as
many features as possible into the web [69].

The world of browser market is also fairly fragmeshtwith different vendors and
implementations. As such the usual problems in dekelopment might also persist in
the cross-platform development. So the mattae once, deploy anywherehight
most likely becomécode once, debug everywhereAlso native code always comes
out as a winner against JavaScript when performantiee factor. But proper design
architecture, well-written and optimized JavaScidptle can greatly offset this issue.
Nowadays we can see growing number of web-bases$-giatform solutions for high
traffic, complex and performance intensive appilwat. There is larger pool of
developers who are already familiar with the webetigpment paradigm and this has
contributed to the rising popularity and increasiagoption of cross-platform
development approach. All these emerging trendsrass-platform development can
also be deemed exciting with the new developmetiiénmobile OS market where we
have Firefox OS and Ubuntu Phone that use HTML& asin development language.

At the end of the day, choosing the developmentraggih depends on the app
objectives and the business realities it triesddress. For some specific needs, native
approach might be a better choice but for the meast the web-based cross-platform
solutions provide a very good and attractive adtwe. Like mentioned previously,
there is a continuous shifting towards cloud cormguand web-based software with
more and more applications and services comindh¢oWeb. This has allowed the
World Wide Web to evolve into a general-purposetveafe platform. As the
prominence of the Web ecosystem grows more anstalees as a software platform
continues to increase, there is certainly excitinges and opportunities ahead for the
cross-platform mobile development.
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