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Abstract: While smartphones are rapidly gaining popularity, they do not (yet) rely on a standardized platform. At least
five operating systems are considered important. Developing mobile applications (apps) is thus challenging.
Since native development for several platforms requires extreme effort, we designed criteria to assess cross-
platform development approaches. We applied our criteria to Web apps, to apps developed with PhoneGap
and Titanium Mobile, and — for comparison — to natively developed apps. Particularly the two frameworks
are interesting from a Web developer’s perspective since they bridge the gap between Web development and
mobile information systems. Our findings are presented as reference tables. Furthermore, we generalize our
results. Our criteria have proven to be viable for follow-up evaluations. With regard to the approaches, we
specifically found PhoneGap viable if very close resemblance of a native look & feel can be neglected.

1 INTRODUCTION HTML, CSS, and JavaScript. As these differ in their
general architecture and their capabilities, it is not ob-

SmartphoneS, i.e. mobile phones Combining a rangeViOUS Wh|Ch to prefer. We will Outline Cl’itel’ia that are
of different functions such as media player, cam- important when making a decision as well as evaluate
era, and GPS with advanced computing abilities and the popular approachesobile Web apps?honeGap
touchscreens, are enjoying ever-increasing popularity@ndTitanium Mobileaccording to these criteria.
(Gartner, 2011). They enable innovative mobile infor-  Our work makes several contributions. Firstly,
mation systems, often referred to @sps However, it gives a comprehensive overview of current ap-
the market of mobile operating systems for smart- Proaches for cross-platform app development. Sec-
phones is fragmented and rapidly changing. Accord- ondly, it proposes a framework of criteria for eval-
ing to Gartner (2011), Google's Android, Nokia’s uation. They are not only applicable in this paper
Symbian, Apple’s iOS, and RIM's Blackberry all but can be used for future assessments. Thirdly,
have at least a 10 % market share, with Microsoft's We present a detailed analysis of the considered ap-
Windows Phone expected to increase in popularity asProaches. Fourthly, we discuss and generalize our
well. As all platforms differ significantly from each ~ findings in order to provide decision advice.
other, software developers that want to reach a large ~ This paper is structured as follows. Related work
potential audience of users would be required to de- IS §tL!d|ed in Section 2. Section 3 gives an overview of
velop their apps for each platform separately. existing approac_hes. We then mtro_duce our catalogue
Cross-platform development approaches emergedo_f criteriain Se_ctlon 4, Th_e evaluatlon_ fol_lows in Sec-
to address this challenge by allowing developers to tion 5. In Section 6 we discuss our finding. Eventu-
implement their apps in one step for a range of plat- &lly, we draw a conclusion in Section 7.
forms, avoiding repetition and increasing productiv-
ity. On the one hand, these approaches need to offer
suitable generality in order to allow provision ofapps 2 RELATED WORK
for several platforms. On the other hand, they still
have to enable developers to capitalize on the specificMuch related work can usually be identified for an ar-
advantages and possibilities of smartphones. ticle that compares various technologies. However, if
Our paper analyses and compares existing cross-t deals with cutting-edge technology, the number of
platform approaches based on Web technologies likesimilar papers shrinks dramatically. General papers
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Table 1: Criteria of the infrastructure perspective.

11 License and Costs
This criterion examines whether the framework in questiodistributed as free software or even open source, theskten
under which it is published, if a developer is free to creammercial software, and whether costs for support ingsiirie
occur.

12 Supported Platforms
Considers the number and importance of supported mobitiopias, with a special focus on whether the solution sup-
ports the platforms equally well.

13 Access to advanced device-specific features
Comparison of features according to application programgnmterface (API) and Web site. Most frameworks support
standard hardware (e.g. the camera), hence more advanciebha features like NFC (near field communication) chips,
accelerometer, and the support of multi-touch gestures\aieated.

14 Long-term feasibility
Especially for smaller companies the decision for a frantewaight be strategic due to the significant initial investie
Indicators for long-term feasibility are short update eg;lregular bug-fixes, support of newest versions of molge o
erating systems, an active community with many develogard,several commercial supporters steadily contributing t
the framework’s development.

15 Look and feel
While the general appearance of an app can be influencedgddevelopment, it does matter whether a framework
inherently supports a native look & feel or whether its usg¢eiface looks and behaves like a Web site. Most users|seek
apps that resemble native apps. Furthermore, this critéries to ascertain how far a framework supports the special
usage philosophy and life-cycle inherent to an app. Appdraguently used for a short amount of time, have to be
“instant on”, and are likely to be interrupted, e.g. by a.célhen returning to the app, a user does not want to repeat her
input but wants to continue where she left the app.

16 Application Speed
Tries to compare the application’s speed at start-up artthmeni.e. its responsiveness on user-interaction. Fduatian,
instead of measuring the performance, we assess the subjeser-experience.

17 Distribution
Evaluates how easy it is to distribute apps created withabpective framework to consumers. One part is the posgibili
to use the app stores of mobile platforms, since client'srofivant to use this distribution channel. However, sglely
relying on app stores also has disadvantages; a framewferknof additional channels also has merits. Furthermabis t
criterion assesses whether updates are possible.

on the technologies dealt within this paper are cited dominant mobile platforms with regard to tlo@en-
in the appropriate sections, particularly in Section 3. nessof their architectures. Their approach takes a
Thus, this section assesses existing work that com-very close look at one aspect and thus can be seen
pares two or more approaches for cross-platform appas complementary with our work. Charland and Ler-
development. oux (2011) compare the development of native apps
Until recently, papers only discussed mobile plat- and Web apps. In contrast to our approach, they do
forms — or rather operating systems — for mobile de- not take a cross-platform perspective.
vices. An example is the paper by Cho and Jeon A comparison of iPhone and Android develop-
(2007). Comparison papers such as by Lin and ment is presented by Goadrich and Rogers (2011).
Ye (2009) only marginally help developing multi- Despite the topic, which is similar to our work, their
platform apps. The same applies to very specialized aim is different. In fact, they try to answer which
papers. They usually rather concern the business perplatform should be used for the education of students.
spective than deal with technology. An example is a Another study deals with mobile cloud apps (Laksh-
study of mobile service platforms (Tuunainen et al., man and Thuijs, 2011). While the authors deal with
2011). But even technically-driven papers that ad- cross-platform development, they focus on native thin
dress multiple platforms do not necessarily help to clients that access cloud services.
develop cross-platform apps. For instance, a study of A number of publications address more than one
smartphone malware (Felt et al., 2011) only roughly platform (David, 2011; Anderson and Gestwicki,
hints to platform particularities. 2011; Firtman, 2010). While these publications fos-
Anvaariand Jansen (2010) have compared the pre-ter a better understanding of the platforms, they do
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Table 2: Criteria of the development perspective.

D1 Development environment

=

Evaluates maturity and features of the development ernwiem typically associated with the framework, particyla
the tool support (IDE, debugger, emulator) and functidieailike auto-completion or automated testing. The terasé&e
of installation” summarizes the effort for setting up a yullsable development environment for a framework and a
desired platform.

U

D2 GUI Design

This criterion covers the process of creating the graphisat interface (GUI), especially its software-support.efia
rate WYSIWYG editor and the possibility to develop and testtiser interface without having to constantly “deploy” it
to a device or an emulator are seen as beneficial.

D3 Ease of development

This criterion sums up the quality of documentation and #ering-curve. Therefore, the quality of the APl and
documentation is evaluated. This part of the criterion idl-fudfilled if code examples, links to similar problens,
user-comments, etc. are available. The learning curveridescthe subjective progress of a developer during his| first
examination of a framework. Intuitive concepts bearingnelslance to already known paradigms allow for fast sucgess.
This can have a significant impact on how fast new colleagaesbe trained and how much additional, framework-

specific knowledge a developer needs to acquire.

D4 Maintainability

The lines of code (LOC) indicator is employed to evaluatentizéntainability (Kassinen et al., 2010, p. 53f.). The ckoic

of this indicator is based on the assumption that an apitas easier to support when it has less LOC, becauseg e.g.
training of new developers will be shorter, source code $$egdo read etc. While more sophisticated approaches tould
also be justified as relevant indicators, these are hardply,agspecially in case of complex frameworks and for apps
composed of different programming and markup languages.

D5 Scalability

Scalability is based on how well larger developer teams aoptgts can be conducted using the respective frameyork.
Modularization of framework and app are highly importanttas allows increasing the number of concurrent developers
and the scope of the app’s functionality.

D6 Opportunities for further development

Determines the reusability of source code across appreaai thereby assesses the risk of lock-in, which would be
increased if a project started with one framework could at#rlbe transferred to another approach.

D7 Speed and Cost of Development

Evaluates the speed of the development process and fac&trsinder a fast and straightforward development. Gosts
are not explicitly estimated because they are taken as loeipgndent on the speed of development, assuming that one
can abstract from differences in salary of a JavaScriptva daveloper.

not really compare the different approaches. Rather,and render its user interface by employing platform-
they explain how to use a technology on a multitude provided elements. In contrast, applications for iOS
of platforms or devices. Due to the high relevance for use the programming language Objective-C and Ap-
practitioners, the topic is also recognized in technol- ple’s frameworks. In case multiple platforms are to be
ogy weblogs (Newman, 2011; Behrens, 2011). Al- supported by native applications, they have to be de-
though such articles give valuable advice, they cannot veloped separately for each platform. This approach
be compared to our structured approach. is the opposite of the cross-platform idea and will

serve as a point of reference in this paper. Users will
install native apps from the platform’s app store or

3 OVERVIEW OF APPROACHES other platform-provided installation means. They re-

ceive an app that, by its very nature, has the look and

When developingative applicationsdevelopersim- €€l of the platform. _ o
plement an application for one specific target plat-  On the other handnobile Web applicationéVeb

form using its software development kit (SDK) and 2PP$ capitalize on the good browser support of mo-
frameworks. The app is tied to that specific environ- bile platforms and the standardization of Web tech-

ment. For example, applications for Android are typ-

nologies. Using this approach, developers implement

ically programmed in Java, access the platform func- their application aoneWeb site optimized for mo-
tionality through frameworks provided by Android, bile devices. The optimization has to account for the
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Table 3: Evaluation of mobile Web applications — Infrastaue perspective. The last column denotes the grade.

11 License and Costs
Fees may apply for using specific JavaScript frameworkshodigh most of these are open-source (jQuery MofSle,
2011; Sencha Touch, 2011), there are some examples thateregmmercial licenses (Sencha Ext JS, 2011). Mast
communities are very active and usually answer questionsrinmunity boards, which might be seen as some kind |of
free support. Nevertheless, selling support packagesyigieal business model for open-source software. MoreQver,
costs may occur from hosting (storage and traffic) a Web site.

12 Supported Platforms

All smartphone platforms have their own native browser. ifiddally, there are several alternatives, e.g. Mozilla
Firefox or Opera Mini. Hence, support of the different ptaths does only differ in browser-quality. Most natjve
browsers use the WebKit library, but their implementatidiffer slightly resulting in minor variation of displayintpe
user interface (Koch, 2009).

I3 Access to advanced device-specific features

JavaScript does not permit any hardware access on smaephbiTML5 offers “WebStorage” to locally store appb;
cation data. This concept, however, is in most browserddiio 5 MB (Pilgrim, 2011). Playback of video and audi
files and the use of multi-touch gestures are no longer a @bl
14 Long-term feasibility
HTML, CSS, and JavaScript are well established techniquegengoing steady improvement and development. [The
decision for a specific JavaScript framework can however duit to be problematic because changing the framewaork
later-on is in most cases expensive. Nevertheless, thersamne popular and wide-spread frameworks that can|be
assumed future-proof due to a very active developmentjaebug-fixes, and a large community.

15 Look and feel

The usage of native Ul elements from within the browser ispastsible; design and layout of apps depend on @&S.
There are several projects trying to imitate the design geai§ic platform, e.gCSS Theme for iPhor{2011). jQuery
Mobile does not follow this approach and manual work is neags CSS3 facilitates simple and fast development |of
user interfaces. There are major differences in the usagspphy of a Web site and an app. The browser can pe
closed at any time and does not have to notify the Web sitei®ktlent. Whenever the users returns to a Web app, the
app should have memorized settings and input, which, themkfML5, has become possible. By using a manifept
file (W3C, 2011), a Web site can request to keep an offline capycepts like WebStorage allow Web sites to save [data
in the local storage.
16 Application Speed
Due to the fact that a Web app has to be loaded via the Intdangtching the app may be slow. WebStorage and3he
manifest file (as described in I5) limit this phenomenon ®fitst start of an app. This is comparable to the installatipn
of a native app from an app store. At runtime, Web apps prafinfthe fact that today’'s smartphone browsers are
highly performance-optimized. Still, the authors’ expegnts with this approach have shown that especially wjth a
high number of animations and large amounts of content arcapgasily reach the limit of a smartphone’s CPU.
17 Distribution
Distributing a Web app is simple. Users only need to know iRLlANnd they will automatically get the most reces;
version. Using app stores is generally not possible. Onédopackage the Web app via PhoneGap or Titani
however, this is not permitted in Apple’s app store as thereiadditional benefit compared to loading it in a brows
(Apple, 2010).

O

[
D 5
= -

different screen size and usage philosophy of mobile ance and behavior from the native Ul elements pro-
devices. Support is provided by several frameworks, vided by the platform.

e.g. jQuery Mobile (2011) or Sencha Touch (2011). To resolve the lack of hardware functionality but
Due to the standardized technologies, the Web siteto still satisfy the desire to employ common Web
can be accessed in a similar way by mobile browserstechnologieshybrid approacheemerged as a com-
on all platforms. However, mobile Web apps cannot bination of Web technologies and native functional-
use device specific hardware features such as camerdéty. The most prominent exponent of this approach
or GPS sensor. They usually cannot be installed onis PhoneGap2011). PhoneGap was originally cre-
the mobile device but are retrieved via an URL. Typ- ated by Nitobi Software, which has been acquired
ically, these Web apps will at least partially look and by Adobe (Adobe, 2011), and is developed as open
behave like common Web pages, differing in appear- source under Nitobi's leadership by a diverse commu-
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Table 4: Evaluation of mobile Web applications — Develophperspective.

D1 Development environment

There are several development environments for develapitigHTML, CSS and JavaScript. They provide almost2j|l
desired functionality such as auto-completion. Instgllime software development kit (SDK) of the desired platform
is mandatory for the use of an emulator, although, for a firgiression, a desktop-browser might be enough. |In
summary, the maturity of development tools is high. Sofensrpport for debugging and testing is excellent; in mgst
cases tools lik&irebug(2011) can be employed in addition to a regular browser.

D2 GUI Design

Most tools for Web Ul design offer WYSIWYG editors. These ci¢e have special settings for e.g. display size [dnd
resolution to be helpful when developing smartphone apps.th& Web app can rapidly be reloaded on the target
device without having to recompile it, GUI design is comjdydast.
D3 Ease of development
As the quality of documentation (again depending on the éaank used) is very high and as concepts used in HT|IEIL,
CSS and JavaScript are intuitive, the ease of developmdmigher than with any of the other frameworks. Besides
having to know the underlying programming and markup lagegsgdHTML, CSS, and JavaScript), a programmer ¢loes
hardly need any further knowledge. He has to be aware of ctaistics and limitations of a smartphone (display gizg,
Web storage, limited CPU and GPU speed (Dornbierer et dl13@nd can then start developing.
D4 Maintainability
A good JavaScript framework enables short and elegant cBdactionality like sorting of data can sometimes be
inserted by using a single keyword. The underlying framéwaill then supply all necessary methods. The LO
indicator for the prototype application was lowest for thehife Web application.
D5 Scalability
Web apps in general can easily be split into a large numbemaflidiles that fit into the overall design. This migg
again depend on the framework employed. Project using jQfmrexample, tend to become confusing from a certain
size (Murphey, 2010), while others support modularizatiery well.
D6 Opportunities for further development
A project started as a Web app can easily be ported to Phorié&agess to the native API should become necesgHry.
It might also be packaged with a WebView control in Titaniuroldle or as a native application, although both wquld
contradict the “native” character of these apps and notigeoall of the advantages of these approaches. Altogether,
opportunities for further development are excellent.
D7 Speed and Cost of Development
In comparison to all other frameworks, developing the prqie as a Web app has taken the shortest amount of|tilme.
Development tools are technically mature, debugging astihtgand the design of the user interface can therefore|be
carried out fast and cost-efficient.

)

nity, including developers from major software firms AppceleratorTitanium Mobile (2011) follows a
like IBM or Microsoft (About PhoneGap, 2011). Us- different approach. It does not use HTML and CSS
ing PhoneGap, developers still employ the same setto create the user interface. Instead, the Ul is im-
of Web technologies to implement their application. plemented completely programmatically. Developers
Additionally, PhoneGap provides a JavaScript API to use JavaScript to build the interface and to implement
access hardware features. The Web pages are nolbgic and data, extensively using the Titanium API.
supposed to be displayed in a browser but packagedThe code is then packaged with Titanium'’s engine. At
with a specific engine. This engine displays the page runtime, this engine interprets the JavaScript code and
in a regular Web view and provides a bridge from creates the user interface. Similar to PhoneGap, apps
JavaScript to native functionality. This bridge routes can then be distributed via app stores. However, their
PhoneGap API calls to the corresponding native func- look-and-feel resembles the typical platform appear-
tions. The PhoneGap engine is specific for each sup-ance more closely; the Ul is made up of native ele-
ported platform but the apps developed on top of ments. Titanium Mobile is a product of Appcelerator,
PhoneGap work cross-platform. They only need to which leads development of the basic platform pro-
be packaged with the PhoneGap engine for each re-vided as open source (Titanium Mobile Open Source,
spective platform. Users can install these apps like 2011) and sells additional features and support.
native ones. As long as no additional measures are  The remainder of the paper will analyze and eval-
taken, their look and feel resembles that of Web apps. uate mobile Web apps, PhoneGap, and Titanium as
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Table 5: Evaluation of PhoneGap — Infrastructure perspecti

11 License and Costs |
Both PhoneGap and jQuery Mobile are open source softwastrifited under BSD/MIT, respectively GPL/MIZ
license). Commercial software can be created free of chatgebi, the company behind PhoneGap, earns money |by
selling support packages from USD 2520USD 2000 per month, including bug fixes and private teleprsmport
(PhoneGap License, 2011).

12 Supported Platforms
PhoneGap supports seven mobile platforms (i0OS, Android\ldBOS, BlackBerry OS, Windows Phone 7, Symbjan,
Bada); apart from Web apps this is the highest number ofrdifteplatforms. The amount of supported features differs
slightly, even among different versions of the same opagatystem. According to Nitobi's roadmap full support ofjall
features is planned (PhoneGap Roadmap, 2011). As PhoneBamWebView and the WebKit library to display the
user interface, JavaScript frameworks that are intendds# tased in addition to PhoneGap need to work on WebKit.
This holds for the combination of PhoneGap and jQuery Moafieanalyzed here (Original Graded Browser Magri
2011).

I3 Access to advanced device-specific features
PhoneGap gives easy access to advanced device-specificaharike accelerometer or NFC chips (so far, the lager

only for Android (PhoneGap Plugin NFC, 2011); NFC is not &lae for iOS). Using multi-touch-gestures is alsp
possible. Even more sophisticated functionality, e.gnsiay of barcodes, can easily be added via plugins.
14 Long-term feasibility
As both PhoneGap and jQuery Mobile are comparatively youogepts, with their first version released in Aug|&t
2008, respectively October 2010, long-term feasibilitgasd to estimate. The acquisition of Nitobi by Adobe (Adgbe
2011), the support from IBM (About PhoneGap, 2011), becgnain Apache project (Apache Callback, 2011), and
regular bug fixes and updates all are in favor of PhoneGap.s@ihree can be said about the active community, whitch
can be seen in the numerous plugins and community boardingffeupport. This also applies to jQuery Mobile.
15 Look and feel
In contrast to apps developed with Titanium Mobile or ndgivaut similar to Web apps, PhoneGap does not use n@jve
user interface elements. Using CSS to imitate the nativeappce of a platform requires a high amount of manual
work. jQuery Mobile’s standard stylesheet tries to imitdite iOS look and feel but does not succeed completely| For
example, small icons tend to look pixelated on large scredie life-cycle of an app is far better implementeq
PhoneGap than it is in Web apps. PhoneGap offers eventsréhariggered for all relevant changes in an app’s statys,
€.g. pause or resume.

16 Application Speed
Launching a PhoneGap app is fast and user interaction istsmBeen a large number of tasks did not influence|the
prototype’s performance, which is comparable to a natiye ap

17 Distribution

Although Apple reserves its right to decline apps that amagrily Web apps, this does not apply to apps develoged
with PhoneGap, insofar its API is used to access hardwardéatfopn-specific features (MacFadyen, 2010). Hence,
PhoneGap apps and updates can in general be distributeppvstaes.

=

cross-platform development approaches. These so-ssimilar to PhoneGap, and model-driven approaches.
lutions have been chosen because they are popu-The latter category has not been included because ex-
lar among developetsand represent different ap- isting model-driven solutions like iPhonical (2010) or
proaches to cross-platform development. Together, applause (2011) are still in early stages or not relevant
they make up the largest part of the decision spacein general practice.
relevant when thinking about cross-platform develop-
ment for mobile devices. Native apps serve as a point
of comparison. 4 CRITERIA

Other solutions and approaches not covered here

are, for example, Rhodes (2011), a hybrid approachln the following, we will elaborate on a list of cri-

LphoneGap counts more than half a million down- teria for evaluating cross-platform development ap-

loads and thousands of applications built with the frame- Proaches. In Section 5, this set of criteria will be
work (Adobe, 2011). Numbers from Appcelerator indicate Used to compare and review the solutions outlined
30,000 applications using Titanium (Appcelerator, 2011).  in the previous section. The selection of these cri-
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Table 6: Evaluation of PhoneGap — Development perspective.

D1 Development environment
As is the case with Web apps, the developer is not limited snchbice of a development environment when usig
PhoneGap. However, not all IDEs offer auto-completion foofeGap’s API. PhoneGap Build is a service that
compiles an app for different platforms in the cloud, so tik@telopers do not have to install the platform SDK
(PhoneGap:Build, 2011). After providing the source of af®ap app, apps are compiled and signed for all chosen
platforms and can easily be downloaded.

D2 GUI Design
As for Web apps, designing the graphical user interfaceaaely be done using a standard browser and WYSIWNG
editors like Adobe Dreamweaver.

D3 Ease of development
PhoneGap’s documentation is clearly structured. It pesidumerous examples — in most cases one quick an@pne
full example — and in some cases mentions problems with pegethods on a certain platform. This is not the
case with the documentation of jQuery Mobile. Although ggents all elements and design options, hardly any|caode
example can be found, so that in most cases further resesarefjuired. Almost no further knowledge is required in
addition to these APIs.

D4 Maintainability
Except for additional code that accesses the hardwareidhgpps do not require more lines of code than comparable
Web apps. Implementing our prototype with PhoneGap, wetgoithpression that the source code is short and clearly
structured, largely due to the use of jQuery Mobile.

D5 Scalability
The evaluation of Web apps with respect to this criteriorliappvithout modification. 2

D6 Opportunities for further development
A project using PhoneGap can, as long as no device-spedifigrés are used, also be run as a mobile Web site.|Z}his
enables a company to reach even those customers that do nat smartphone with an operating system supported
by PhoneGap or that do not want to download and install an app.

D7 Speed and Cost of Development

This is more or less equal to those of a Web app, with onlelatditional time required for implementing accesglio
hardware functionality.

n

teria is based on and has been influenced by various5 EVALUATION

sources. An initial set of criteria emerged from dis-

cussions with practitioners and domain experts from \We have evaluated the four solutions described in
small- to medium-sized software firms. They out- Section 3 according to the criteria of Section 4. The

lined their requirements for mobile development ap- evaluation draws on an analysis of the solutions in-

proaches. These have been augmented through literformed by own research and experiences as well as
ature research (“15 Most Important Considerations”, opinions from experienced developers. The expe-
2009; Pfeiffer, 2011; Lukasavage, 2011) and a com- rience was mainly gathered by developing a proto-

pilation of typical problems apparent in online de- typical task management app employing all four so-

veloper communities. Furthermore, important experi- |utions. Typical problems arising when using these

ences regarding necessary features have been gainegblutions were compiled from observing the respec-

from developing proto_typical apps. . tive developer communities and completed the back-
_For a better overview, the consolidated list of 14 ground information for the evaluation. In addition to
criteria has been structured intdrastructureandde- a textual evaluation, we assessed a solution’s fulfill-

velopmenperspective. The infrastructure perspective ment of each criterion on a scale from 1 to 6, with 1
sums up criteria relating to the life-cycle of an app, meaning “very good” and 6 “very poor”. This allows

its usage, operation and functionality/functional range for a quick overview. Due to space restrictions we
(see Table 1). The development perspective coverspresent the results in tabular form, with two tables per
all criteria that are directly related to the development solution, one for the infrastructure and one for the de-
process of the app, e.g. topics like testing, debugging velopment criteria, and summarize the main findings
and developmenttools (see Table 2). for each solution in the following subsections. Sec-
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Table 7: Evaluation of Titanium — Infrastructure perspeti

11 License and Costs
While Appcelerator provides a community edition of TitamitMobile free of charge and as open source, this edjfipn
is limited in functionality. Additional functionality is\ailable in proprietary, closed-source modules, whichaaly
available with a subscription, starting at USD 49 (TitaniBrans, 2011). Subscription packages include supportewhil
basic documentation is available in Appcelerataiéveloper centerln general, the Titanium ecosystem is less gp&n
than the other solutions.

12 Supported Platforms
As of November 2011, Titanium supports iOS and Android. Bleery support is in a closed beta state. Differdnt
importance is given to various platforms, with iOS receivthe highest one. Consequently, a large number of| API
methods are “iPhone only”. While this enables developerswmthe latest iOS API, it harms cross-platform compati-
bility, as platform-specific code might be necessary inaiertircumstances.

I3 Access to advanced device-specific features

Titanium’s spectrum of functionality can be compared td tf®PhoneGap. As with PhoneGap, usage of NFC chi[# is
only possible via a plug-in, which, however, is still in de@ment.
14 Long-term feasibility
Appcelerator’'s Web site explicitly mentions its large coomity with numerous developers and projects. NevertBie-
less, the community seems to be less active than PhoneG&pise posts in Appcelerator’s bulletin board remaijn
unanswered for weeks. This might be explained by the cortipalaless open nature of Appcelerator. Appcelerator
tries to embed current trends into their framework, e.gngisatest functionality of the operating systems. Updates
and bug-fixes occur continuously. However, as Titanium Néoisi driven by a single company, the long-term outlpgk
depends largely on their corporate strategy.
15 Look and feel
Instead of using HTML5 and CSS3, Titanium uses native Ul elasito create an app’s user interface (Titanium Nagiye
Apps, 2011). At first sight this approach seems to be lesgtiveuEven drawing a label or a button requires relatively
much knowledge (e.g. on compulsory versus optional argtshedltimately, creating a user interface that resemples
a native app requires far less time and effort than with Weis @p PhoneGap. The usage lifecycle of an app can easily
be implemented.
16 Application Speed
At start-up, the Titanium prototype did not differ from tigosreated with other framewaorks. At runtime, our prototjie
started to noticeable stutter as soon as many objects asad fatge amount of view elements had to be handled. As the
prototype is rather simple, programming errors can quiteag@y be ruled out. It is more likely that this stems fron
the interaction of operating system and Titanium’s JavipSittterpreter.
17 Distribution
Titanium apps can be distributed via the different app stari¢hout difficulty. 2

tion 6 draws a comparison between the solutions and5.2 PhoneGap
provides decision support.
Table 5 and Table 6 present the evaluation of Phone-
5.1 Web App Gap 1.2 in combination with jQuery Mobile 1.0 as a
hybrid cross-platform development approach. Phone-
Table 3 and Table 4 present the evaluation of mobile Gap offers generic access to device-specific features
Web apps as a cross-platform development approachon all major mobile platforms. Because it is based on
Web apps can be accessed from all smartphones viaWeb technology, development is only slightly more
the platform’s browser. They are based on open and complicated compared to Web apps. However, as a
mature standards and enable easy and fast developeonsequence, the visual appearance and, to a lesser
ment. The disadvantage of this approach is its lack of extent, the behavior do not reflect a native look and
hardware access and that the look and feel resembledeel but rather that of a Web site.
Web sites. While Web apps can easily be accessed
via their URL, it is not possible to use the distribu- 5 3 Titanium Mobile
tion and marketing facilities of app stores. This limits

their feasibility for commercial applications. Table 7 and Table 8 present the evaluation of Tita-
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Table 8: Evaluation of Titanium — Development perspective.

D1 Development environment
Using Titanium Mobile forces programmers to use AppceteifatDE Titanium Studio, which is based on Eclipse. [Bi-
tanium Studio is offered in a standard and a premium versi@whole functionality is only accessible to subscribers.
Debugging is one of the subscription features. As the IDEjeially tailored to Titanium, it offers auto-completion
for the whole Titanium API. Furthermore, Titanium Studigpshwith a feature called “fastdev server”, which enables
developers to dynamically reload JavaScript source araliress from an external server, instead of recompiling| and
deploying the application over and over again. As of Noveni@id 1, fastdev is only available for Android and has
some minor bugs, for example losing the connection betweariator and server, making a restart necessary ([Tifa-
nium Fastdev, 2011). Setting up the development envirohfieefTitanium is straightforward but the platform SDKg
still have to be installed separately.

D2 GUI Design
Titanium Mobile does not offer a WYSIWYG editor to create theerface. Especially as Titanium uses native 4)1
elements and thus requires quite a lot of APl commands, tbiddwbe useful and save time.

D3 Ease of development
The quality of Titaniums’s documentation is good. Thererammerous, although minimalistic code examples. Ng&r-
theless, initial progress and accustomization to the freanieis relatively slow, as a high degree of framework-sfieci
knowledge has to be acquired.

D4 Maintainability
The prototype developed with Titanium has comparativelyyriaes of code. Anyhow, the app still remains maBy-
tainable as Titanium apps can easily be modularized

D5 Scalability
The aforementioned ability to easily modularize a Titaniapp also enables better scalability. Separate files ¢
included usingri.include()and it is possible to have different windows run in complessparate JavaScript conte
even though passing data or objects between windows is gjaite

D6 Opportunities for further development
Source code of apps written for Titanium, at most with theegxion of an application’s inner logic, can in general |Bot
be used with other approaches due to the fact that a largerarabuitanium-specific functions is used. This creatgs
dependencies on the future development of Titanium (coeni@ar

D7 Speed and Cost of Development
Developing with Titanium requires a lot of framework-sgecknowledge, and does therefore demand a lot of ex(ri-
ence. The “fastdev” server is an interesting approach tease speed of development. Still, especially as designjng
the user-interface is only possible within an emulator omatevice, this cannot change the overall impression|of a
slow development process.

be

<)

nium Mobile 1.7.2 as a cross-platform development a cross-platform development approach. Abstracting
approach. As its main advantage, apps built with Ti- the results from the concrete platforms it can be said
tanium Mobile inherently have the look and feel of that native development benefits from the best support
native apps. Titanium only supports iOS and Android; but requires very specific knowledge.

the entire ecosystem is lespen Advanced features

often require a subscription. Developing apps with

Titanium requires a high amount of Titanium-specific § DISCUSSION

knowledge, which, together with the programmatic

GUI creation, slows down development. This section offers a synthesis of the evaluation and
) provides general advice for choosing a suitable cross-
5.4 Native App Development platform approach. Although native apps benefit from

an optimal integration into the respective mobile oper-
Table 9 and Table 10 present the evaluation of native ating system and good developer support, the analysis
development for Android and iOS. Apps developed showed that cross-platform approaches are a viable
specifically for each platform using their APIs and alternative. As soon as mobile apps have to be devel-
following their conventions inherently results in a na- oped for multiple platforms under tight budgets, with
tive look and feel. However, this has to be done sep- small developer teams, and in a short time frame, a
arately for each platform and thus does not representcross-platform approach is necessary. However, these
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Table 9: Evaluation of native applications for Android a@fi— Infrastructure perspective.

11 License and Costs &L
e

Android is distributed as open source by the Open Handsetrik led by Google under a combination of the Apg
Software License version 2 and GPL (Google, 2011). In centi@S is only available in combination with Apple’s own
hardware and is published under a proprietary end user aafticense agreement, with some components distributed
under GNU GPL and Apple Public Source License. A membershiipiple’s developer program for at least USD|99
per year is necessary to be able to deploy apps to end devicgdoad them to the app store (Apple, 2011; Chudpay,
2010). Both frameworks can be used to create commercialarst

12 Supported Platforms

Developing apps natively requires to do so separately foh gdatform, because programming language and ARls
differ. Hence, this approach does not support cross-phatttevelopment.

I3 Access to advanced device-specific features
Access to device-specific features is not limited for natigeelopment. 1
14 Long-term feasibility

Studies on the future of the smartphone market forecasbtithtoperating systems will remain to be popular. DeNigl-
opers can rely on large communities, regular bug-fixes addtes.

15 Look and feel
Full support of the platforms usage philosophy and the eympémt of native Ul elements are self-evident. By defjit-
tion, everything that can be done with cross-platform apphes is possible natively as well.

16 Application Speed
The native prototypes are as fast as the prototype develojfiedPhoneGap. It might be surprising that they are|hpt
faster, but this is likely due to heavily optimized implertegions of the WebKit library allowing efficient display pf
Web pages.

17 Distribution
Native apps can be distributed within the platform-spe@fip stores, taking into account the provider's — espediajly
Apple’s — policies concerningppropriateapps.

approaches are more than a second-best alternativeGap. The main disadvantages of Titanium are that it
Developers might prefer using a cross-platform solu- supports only two platforms — albeit the most impor-
tion even in the absence of these constraints. tant ones —, its less open business model, and a more
Mobile Web apps constitute an ideal starting point complicated development process. Thus, if there are
for cross-platform, because they do not require ad- no hard requirements regarding look & feel or if these
vanced knowledge and enable developers to start im-might be loosened, the evaluation showed PhoneGap
plementing the app right away. Web apps are a sim- to be the preferable option for cross-platform devel-
ple approach benefiting from good support by mobile opment.
browsers on all platforms. Furthermore, they can be However, these are only general guidelines that
easily ported to other cross-platform approaches. have to be adapted and interpreted for each project in-
As soon as device-specific functionality not avail- dividually. The results of our evaluation can be used
able from within the browser has to be accessed or if to support such decisions, for example in semi-formal
distribution via app stores is deemed important, other multi-criteria decision methods like the weighted sum
approaches are necessary. Both PhoneGap and Titamodel (Fishburn, 1967). Basic decision support can
nium Mobile fulfill these requirements. Their main be obtained by weighing the criteria according to
difference lies with the look & feel of apps developed the requirements of a given project and calculating a
with these approaches. If it is a strict requirement that weighted grade. Carefully interpreted and analysed
an app’s user interface should appear like a native app,for sensitivity, the result might yield first insights on
Titanium is to be preferred. However, Web apps or which solution best matches the requirements at hand.
apps built with PhoneGap merely tend to look slightly
different from native apps and more like Web sites,
which might even be desirable. This should be keptin
mind before postulating native look & feel as a must- 7 CONCLUSIONS AND FUTURE
have, especially as the look & feel criterion (15) is the WORK
only one where Titanium performs better than Phone-
In this paper, we presented a comprehensive set of
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Table 10: Evaluation of native applications for Android a@& — Development perspective.

D1 Development environment

Android apps can be developed with any Java-enabled IDEt taelopers will probably use Eclipse with the corts-

sponding Android plugins. iOS developers require Mac OSXgulle. Xcode is available as part of Apple’s develgper

program or from the app store for EUR 3,99. Both developmeanirenments are mature, although the “ease of in-

stallation” is slightly higher when targeting iOS providiere is access to Apple hardware, as no separate insta|lati

of an SDK or plugin are required.
D2 GUI Design

Both Android and iOS come with a WYSIWYG editor, enabling usgerface design without repeatedly having1p

deploy to an emulator or smartphone. Especially the iOSeditvery mature, concepts like storyboards offer|th

possibility to visualize and create large parts of the aygion without having to write a singe line of code.
D3 Ease of development

As expected, the documentation of both operating systewaryscomprehensive and of high quality. Both provige
numerous examples. Getting-started guidelines suppgitibers, Google regularly publishes blog posts and develop
ers can additionally resort to the very active communitpgPammers that already know the underlying programmi
language can progress rapidly although they need to acadditional knowledge about the mobile operating system.
D4 Maintainability
In terms of LOC, both native prototypes are the most compreikie. This is due to the very detailed and objeg-
oriented implementation with Java and ObjectiveC in cattta the concise JavaScript code. As they use ohject-
oriented constructs and separate the code into classa® apps are (in comparison) easy to maintain, although|they
might appear to be more heavyweight than their pendantdajmain scripting languages.
D5 Scalability

In both Android and iOS, program logic and GUI can easily hgasated from each other. Furthermore, each vigw

of an app can be developed on its own. This and the objeattedeconcept of classes enable development teams to

scale even better than with the other frameworks.
D6 Opportunities for further development

Code written for one native platform can in general not beqzbto another platform. Due to different APIs this wol8d

also hold if they used the same programming language.
D7 Speed and Cost of Development

Developing natively requires the highest degree of spekiftwvledge and experience. Particularly as an applicgfipn

has to be repeatedly developed for every platform, costeetldpment are much higher than with cross-platfp
approaches.

[¢]

=
Q

3

criteria for evaluating cross-platform developmentap- sures to utilize the special capabilities of mobile de-
proaches for mobile applications. Results have beenvices, they fulfill the requirements of most mobile
compiled in tables, which can be used as references.scenarios. However, particularly for user interfaces
The following analysis of several cross-platform so- future research will have to scrutinize the current pos-
lutions according to these requirements showed thatsibilities. Interfaces of games are an exemplary field
PhoneGap is to be preferred, unless the interface necwhere available approaches might fall short.
essarily has to resemble native apps as closely as pos- The list of criteria and the subsequent evaluation
sible. Mobile Web apps offer a quick and simple en- was based on input from domain experts. This guar-
try into cross-platform development. In summary, the antees a high practical relevance of our work. Fur-
maturity of these approaches reveal that native devel-thermore, it hints at promising future improvements
opment is not necessary when implementing mobile in cross-platform development approaches for mobile
information systems. Even if only a single platformis applications. Future research topics include
to be supporte(_j,_a cross-platform ap_proach may prove . yeeping track with progress in mobile develop-
as the most efficient method due to its low barriers. ment frameworks and reassessing existing tech-
Low barriers are mainly owed to usage of Web nologies as the platforms evolve,
technologies. HTML, CSS, and JavaScript in align-
ment with Web paradigms are highly suitable for de-
veloping cross-platform apps because they are stan- o .
dardized, popular, reasonably simple but powerful * Verifying our results empirically,
and well-supported. Combined with additional mea- < observing how important device-specific func-

 checking whether Web technology can similarly
be used for application to different media,
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tions might become available through standard- Behrens, H. (2011). Cross-Platform App Development for

ized APIs, iPhone, Android & Co. Retrieved Nov. 23, 2011,
) ) from http:// heikobehrens.net/2010/ 10/11/cross-plat
+ extending and proposing our framework for eval- form-app-development-for-iphone-android- co-%E2
uations in similar contexts, and %80%94-a-comparison-i- presented- at- mobiletech
. . - . con-2010/
* preparing t,o prqwde decision advice based on Charland, A., & Leroux, B. (2011). Mobile application de-
companies’ requirements for app developers. velopment: web vs. nativ€ommun. ACN54, 49-53.
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