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Abstract

A Mashup is a Web page or application that combines resoordesctionalities
from two or more sources to create a new application or sen@mbining the
concept of Mashups with mobile devices can unveil a world @k iMashups,
Mobile Mashupssatisfying the needs of niches based on the long tail thexdy
creating extraordinary business values.

Given the potential of Mobile Mashups it is reasonable toeexj great number
of them flourishing on the Internet. However, there are a remolb challenges
that might slow down Mobile Mashups going mainstream.

This work sets the foundation on how to build Mobile Mashupsreference
framework has been developed in order to serve as a basettwe fowork and
help developers exploring Mobile Mashups. This referemaenéwork catego-
rizes Mobile Mashups by type and architecture, points ouckviare the best
protocols and data formats to use in a mobile context, aealg#ferent char-
acteristics of Services providers and, finally, lists adagas and disadvantages
of a Web interface for Mobile Mashups and raises a numbersokeis to take in
consideration such as the page model and the differentdvaliable.

Keywords: Mobile Web, Mobile Mashups, Programmable Web, Web seryices
User-driven development, Cloud computing
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Chapter 1

| ntroduction

This chapter describes the thesis and introduces the readbe subject of Mobile

Mashups. First, the background of the thesis is introdu&stondly, a definition
of the problem and key research questions followed by the goals and objec-

tives are presented. Then, the methods adopted to give emnswe the scope
of the research are outlined. Finally, the structure exptahow the chapters are
constructed and related to each other.

1.1 Background

1.1.1 Themobileweb revolution

Today, there are more mobile computers than there are amy fathms of com-
puting devices [15]. Mobile Internet is nowadays rampindagier than desktop
Internet did due to the convergence of five trends: 3G Intazoenection, social
networking, video, VoIP and high-end mobile devices [19]rtRermore, it is ex-
pected that mobile devices will become the number one gatedess the Internet
within 5 years and the number of mobile devices will be ovetih@s the number
of fixed devices accessing the Internltd. In spite of the hardware constraints
that mobile devices suffer, the revolutionary Web browsstetbped by Apple for
the iPhone and iPod Touch, Safari mobile, has been provee touser-friendly
and satisfactory way of surfing the Internet [15].



1.1.2 A world of Mashups

Before becoming popular in the InternBtashupwas a term used in the music in-
dustry. Music mashups are the mixture of two or more trackseate a new song
[11]. The technique was also called multi track recording amrecording, where
the famous group the Beatles made notable advances on thgslieNowadays,
in the web development, a Mashup is a web page that combisearees from
two or more sources creating a new service [27]. For exarifaiu.kayac.com
is a Mashup where messages in Twittergged with the wordHaiku? and FlickP
pictures tagged with the same word are combined. LivePlAsmthe other hand,
presents products of Amazowith a different graphic interface, showing the re-
lationship between movies, bands, actors, etc, and letssérego directly to buy
the product. More than 4900 mashups can be found in the mastipctory
ProgrammableWébamong with more than 2000 wekPls, the building blocks
of Mashups.

From a business perspective, Mashups allow to use diffeggmices and to break
down business processes into smaller pieces accelerativsgderably the speed
at which new business services are deployed. Accordingdnika, this will rep-
resent a substantial competitive advantage and orgamnzdinat are not pioneers
in the usage of Mashups will unavoidably find themselves campetitive [18].
Additionally, reusing existing services and data redubesittitial capital invest-
ment required for any new project. Mashups do not requirerestte IT skills and
can be developed in a rapid-prototyping fashion improvingetto-market and
reducing application development costs. Finally, Mashangsbetter tailored to
the end users thanks to requiring less resources and spurriavation—widely
agreed as the antidote to the current global economic sluengrevin.

1.1.3 Thelongest tail
Mashups fit in with the long tail theory developed by Chris Argbn [1]. In the
article, the business strategy of niches is presented:

The distribution and inventory costs of businesses sutidssp-
plying this strategy allow them to realize significant profit of sell-

Ihttp://www.twitter.com

2Haiku is a form of short Japanese poetry
Shttp://www.flickr.com
“http://www.liveplasma.com
Shttp://www.amazon.com
Shttp://www.programmableweb.com
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ing small volumes of hard-to-find items to many customerteizs of
only selling large volumes of a reduced number of populansteThe
total sales of this large number of "non-hit items" is caliled Long
Tail [26].

This theory describes a business strategy based on seléing small volumes of
hard-to-find items instead of a few large volumes of poputms. It argues that
as a whole, these hard-to-find items can make up a value thatsegr exceeds
the few bestsellers. This is possible when the distributitannel is large enough,
such as the Internet, and the marginal cost is low, such agiSdftware industry.
l.e. the Long Tail theory is based selling less of more

Combining the concept of Mashups with mobile devices careilimvworld of
new MashupsiMobile Mashupssatisfying the needs of niches based on the long
tail theory and creating extraordinary business valueg [36

We propose that, when a Mobile Mashup is built using Web telduies, i.e it
executes within the mobile’s Internet browser, it shouldcb#ed Mobile Web
Mashupin order to distinguish it from generic Mobile Mashups buifth any
other technology. Any application developed using Web netbgies will work
on all the different mobile platforms (see Figure 2.2) belmgmobile browser the
only common platform across all mobile operating systemsA8 explained in
the limitations section (1.6), this work will only focus ondiile Web Mashups.

1.1.4 Examplesof Mobile Web M ashups

One example of a Mobile Web
Mashup could be using Foursquare.
FourSquare is a service that lets users
"check-in" at venues. As of now, the
only motivation for people to use ser- S':ir(i/ri]:e

vices such as FourSquare is to get the

"mayorship" of the place, i.e. be- SoundCloud
ing the one that checks in the most
times at the same place. This basic

game mechanics is aftracting a nurTl‘-"igure 1.1: A new service is created

ber of early adopters but it is still not, /- combining FourSquare and Sound-
proved to work for the great majority~, .

of users. An interesting value added to
this service could be to mash it up with
SoundCloud, an online audio distribution platform, andulstrs tie tracks to lo-

FourSquare




cations. In this way, any restaurant or café can have their ghay-lists created
by the very customers of the venue. Combining FourSquareSanddCloud is
possible to create a new service as shown in Figure 1.1 thatillveall Sound-
Square

Another example of a Mobile Web Mashup might be when peopefesling
curious about what exactly is happening on the other sidesoiviorld. How does
it look? What kind of pictures people take there? Or, at wimagé tthe sun rises?
A Mobile Web Mashup that pinpoints this location on Googlepggadisplays
sunsetting and sunrising information from a meteoroldgsesvice and shows
user generated pictures taken from Flickr can help thersfgatg this curiosity.
The Mashup could use mobile’s geographical location to lgetinformation of
the antipodes. When users’ location changes, so does thigwodes and thus
the information on the Mashup. Giving the nature of this Mastwe will call it
simply Antipodes

1.2 Problem area

Given the potential of Mobile Mashups it is reasonable toeex@a great number
of them flourishing on the Internet. However, as Maximilieminted out [15],
there are a number of challenges—the unreliable connegtimattery and inter-
face constraint issues as well as some social, legal anticpbimplications—that
might slow down Mobile Mashups going mainstream.

If we have a look at the industry, several Mashup editors laéready been intro-
duced, such as Yahoo PipegFigure 1.2), Intel Mash Makétand IBM Mashup
Center®. These tools let the users create Mashups by dragging apgidopdif-
ferent services and connecting them. However this taskiasieimple as it seems
and the knowledge required is not trivial. Users are stijlieed to understand the
inputs and outputs of the different services and to figureatitthe intermediate
steps needed [7]. Moreover, these tools are not yet destgna@duce Mashups
for mobile devices and do not address the additional problidgvat they present
such as the computational power restrictions and screetisi#ations. A com-
mentator of the blog comparfechcrunch described this kind of tools as:

"Too complicated for casual users, not powerful enough fofgs-

’http://pipes.yahoo.com/
8http://mashmaker.intel.com/
%http://www.ibm.com/software/info/mashup-center/
Ohttp://www.techcrunch.com
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sional users*!

PiPipes  Wabsrink ideossiba Search

(R Bider = HIEER
Base

Figure 1.2: Mashup editor Yahoo Pipes

Recently, several authors have presented different athies for Mobile Mashups
[4], some based on th8ervice Oriented ArchitecturESOA design principles
[37, 14], and others based orPaer to Pee(P2P) approach [38]. However all
these architectures are relatively high-level and spesifigctures need to be de-
tailed in the future.

Other researchers tried to define theoretical frameworéievelop Mobile Mashups
addressing Quality of Servic&9[36] issues or focusing on Location Based
Services (B9[23]. Nonetheless these frameworks concentrate on vesgifsp
problems from a developers’ point of view and do not providaeyal guidelines
to develop Mobile Mashups with good user experience usinl #&ehnologies.

The situation gives rise to the key question that this retelaas studied:
e What arethebest practicesto develop Mobile Web M ashups?

And more specifically this question is divided into the faliag sub-questions:
e What kind of architectures can be used to develop Mobile Webkiips?
e What are the best tools to develop Mobile Web Mashups?

e How to to build Mobile Web Mashups with a good user experiénce

Uhttp://itechcrunch.com/2009/07/17/microsoft-popflytsgequashed/
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1.3 Aim, goalsand objectives

The aim of this work is to build a reference framework to uistind and analyse
Mobile Web Mashups. In order to fulfill this aim and to addréss problems
presented in the previous section, our goals are the fatigwi

e Describe and analyse possible architectures for Mobile Mashups.
e Describe and analyse different tools to build mobile webrifaices.

¢ Describe and analyse best practices for building Mobile YWabkhups with
a good user experience.

Additionally we have a number of objectives:
e Foster Mobile Web Mashups.
e Describe advantages and disadvantages of Mobile Web Mashup

e Describe different types of Mobile Web Mashups.

1.4 Target audience

The main target audience of this thesis are persons who watkévelop mo-
bile web applications. Particularly this work has beenéted to two groups—
designers and amateur developers—since normally theytodmelin need of cre-
ating quick prototypes and solutions for daily problems.

Designers with some prototyping experience that are wiliastart building small
mobile applications but cannot put together all the difféq@eces of the mobile
web service puzzle will be able to understand the scope sfitid.

Amateur developers that are used to work with programmiatgton desktop ap-
plications but are not yet into the Internet technologiethermobile development
area will find this work as a starting point to dive into the NlebWWeb Mashups
world.

Finally, researchers and persons willing to have an unaledstg of Mobile Web
Mashups current status and future directions might findwioisk interesting and
could use it as a reference framework.



1.5 Methods

To start with, aliterature reviewhas been carried out to give a solid knowledge
foundation and understanding of different architectuned fiameworks devel-
oped by previous researchers and scientists within the fi¢lis literature review
helped to understand the current state of the art and tolisstalyeference frame-
work with possible patterns and available developmenstool

Subsequently anini-case studyas been put through. First an existing Mobile
Mashup—Telar—is analysed using the reference framewovkldped. Then
four examples of Mobile Mashups are analysed and descnberdier to provide
guidelines for their development.

Finally we haveimplementedwo examples of Mobile Web Mashups, Sound-
Square and Antipodes as introduced in Subsection 1.1.Aderstand them from
the developers’ point of view and test the reference franmkewo

To sum up, the different methods that have been used durengetiearch are:
e Literature review
e Mini-case studies

¢ Artifact development

1.6 Limitations

Even though there is quite an extensive literature on thé Gémobile devices,
Mobile Mashupis still in an early phase that just caught attention withie t
academia. This term was first cited in scientific articles @& [15, 4, 14]. It

Is therefore hard to conduct a detailed literature review.

As metioned in Subsection 1.1.3, this work will only focus\dabile Web Mashups
for multiple reasons: firstly, the mobile Web is the only ubtqus platform across
all mobile devices [9] and secondly in order to reduce th@sad this work since
it is limited to 20 weeks. Previous authors have taken thp@gch as well and
focus only on Mashups working on the mobile Browser [4, 5].

Additionally, given the user-driven development natur§\eib Mashups [10], the
number of frameworks existing today is very limited and oalfew researchers
have covered the topic. For this reason, it is not in our dljes to create a fully
optimized framework ready for real-world deployment.



Given the dimensions of the mobile fragmentation with mdvanteight major
operating systems [28] (see Section 2.1 for more detatl$3, very difficult to
target all of them. Android, being an open mobile platfornd,aaccording to a
Gartner report?, one with the biggest growth nowadays, is the chosen ptatfor
for carrying out the tests.

No performance indicators have been chosen nor has anyianking been car-
ried out for two reasons: firstly, because the overall aimhaf work is to look
upon the entire system as a whole without digging into detaid, secondly, due
to time constrains. This detailed study might be intergséind could be carried
out in the future as a continuation of this thesis.

Finally, according to Peenikal, there are three types offips: Consumer, data
and business (Section 3.2 for more details) [18]. In ordeetluce the scope of
the work, only the Consumer type of Mashup has been develsiped it is the
most popular.

1.7 Structure

Figure 1.3 depicts how this thesis is structured. Below arietson of each chap-
ter can be found.

Chapter 1, Introduction, gives an introduction to the topic and describes the
problem, aim, goals, objectives, target audience anddiioits of the thesis.

Chapter 2, Mobile Web Mashups, presents a deep background on Mobile Web
Mashups: what are them, why should they be used, what areattivantages and
disadvantages and, finally, the challenges presented.

Chapter 3, Reference Framework, presents the reference framework that has
been developed in this work and analyses each one of thetifidémomponents
of a Mashup.

Chapter 4, Case studies, firstly, an already existing Mobile Mashup—Telar—is
analysed using the reference framework developed. Subs#ygtdour examples
of Mobile Mashups are analysed and described in order tageayuidelines for
their development.

Chapter 5, Results, describes the details and results of the two Mobile Web
Mashups developed—SoundSquare and Antipodes—which learefreviously
analysed in Chapter 4.

Phttp://www.gartner.com/it/page.jsp?id=1421013


http://www.gartner.com/it/page.jsp?id=1421013

Chapter 6, Conclusions, presents the conclusions and gives suggestions for fu-
ture work.

Introduction

Mobile Web Mashupg

Reference Framewor

Case studieqg

Antipodes SoundSquareg

N/

Conclusions

Figure 1.3: Structure of the thesis



Chapter 2

M obile Web M ashups

This chapter presents a deeper view on Mobile Web Mashupst the Mobile
Internet is introduced followed by a description of MobileMMashups, why they
are relevant and a number of examples. Subsequently, aalyeshind disadvan-
tages of using them and possible challenges are presented.

2.1 TheMobile Web

As Michael Maximilien pointed
out, today there are more mo- i,
bile computers than there are
any other forms of comput-
ing devices [15]. According
to Morgan Stanleymobile In-
ternet is nowadays ramping upg s°
faster than the desktop Inter-* 5,
net did due to the convergence  , - _—
of five trends: 3G Internet &SSP PP O P PSP

. . . LA R A R A A
connection, social networking,
V|_deo, VO_IP and high-end MOEigure 2.1: Mobile Growth in Traffic May 2008-
bile devices. Furthermore2010 by Admob
Morgan Stanleyexpects that
mobile devices will become the number one gate to accessntbenkt within
5 years and the number of mobile devices will be over 10 tirhesnumber of
fixed devices accessing it [19]. Figure 2.1 shows how the moldfidrin the
selected markets has increased over 600 percent in theyasr2

Monthly Growth in Traffic Since May 2008 - Regions

ol
o

i)
o

elative to May 2008

10



Worldwide Device Manufacturer Share

May 2010 However, the market is quite frag-
mented. If we have a look at the

mope number of different Operating Systems
i available nowadays for smartphones,
Nt we find iOS for Apple’s iPhone, iPod
izl and iPad, Android from Google, We-
niu.: bOS from Palm (now HP), Windows
uis Mobile from Microsoft, Symbian and
omer Maemo from Nokia, Bada from Sam-

sung and Blackberry OS from Re-

Figure 2.2: World Wide device manufacg’earCh in Motion (RIM) among others

(Figure 2.2). Each one of them with
turer share May 2010 by Admob different Application Frameworks in-

compatible between each other. Meaning that any applicatevelop in one
platform does not work in any of the other platforms and it ttabe sometimes
fully re-implemented.

Taking a look at the iPhone platform, we can see that more 108000 native

applications have been developed and are available in theStgre [3]. This has

led to a situation where some people question if we are bathetaesktop era
of platform dependent applications [21] in spite of the nembf advantages that
Software as a Service (SaaS) present for mobile devices [2].

Remarkably, most of these Operating Systems include a Wekser based on
the Webkit layout enging? with HTML5 and CSS3 support. Any application
developed using Web Standards will work on all these plat#rmaking the

mobile browser the only common platform across all mobileraping systems

[9]

In spite of the hardware constraints that mobile devicefesuhe Web browser
developed by Apple for the iPhone and iPod Touch, Safari faplias been
proven to be a user-friendly and satisfactory way of surfiregibternet [15].

According to Brian Fling, the great majority of native mab#pplication® ex-
cluding games, could be developed using Web standards anoinrthe mobile
browser. This would not only increase the development patevbuld require

Iwindows Mobile comes with Internet Explorer Mobile basedlo® Trident layout engine

2Blackberry announced the release of their new Webkit-bdsesvser: http://devblog.
blackberry.com/2010/08/developing-new-blackberrgviser/

3First Blackberry phone with Webkit-based browser: htt@/blackberry.com/eng/newsroom/
news/press/release.jsp?id=4238

4Additionally in other platforms such as Desktop Computers

SHe pointed out it could be as much as 70 percent of the mobjicapions
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less testing, transparent software updates and no thitg-gertification [9].

2.2 Mobile Web Mashups

Commonly, a Web Mashup is described as web page or apphdét@d combines
resources or functionalities from two or more sources orgad new applica-
tion or service [27]. For example the web Mashtpice$ uses Google Maps
to geo-localized audio-guide tours, mashing-up the mappervice withUser
Generated Conter{tJGC).

In the Mashups’ directoryProgrammableWelnore than 4900 Mashups can be
found among with more than 2000 web APIs. In the followingrth&e can see
the top 10 categories of Mashups frétrogrammableWetwith mapping services
heading the list.

The border between what is a Mashup
and what is not is very thin. If we [ mapping (34%)

take into account for example Flickr, a — R
photo gallery service where users can — L
upload their pictures and store them, it ot
has a feature that uses a map to show — 4

the pictures geo-localized. However, it B messaging (4%)

is normally not considered a Mashup

since its core functionality, storing p'C'Figure 23: Top 10 categories of

(R?Iashups by ProgrammableWeb.com

FrogrammableWweb.com 07/19/10

quire mashing up any service.

On the other hand, Panoramja ser-

vice that lets the user upload their pictures and geo paoditiem in a map, offers
basically the same functionality as Flickr. However, theneore functionality of
Panoramio is to see visually all the user’s pictures on a mdptas considered a
Web Mashup. For this reason we could consider that a web pagptication is
a Mashup when the core functionality of it, its very reasomxstence, requires
mashing-up services.

A Mashup implies rapid prototyping and fast integrationiffiedlent APIs and data
sources with a user-oriented approach [37]. The re-usageds and services is
not innovative from a technical point of view, however theveo of Mashups lies

Shttp://woices.com/
"http://www.panoramio.com/
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on enabling people to quickly create proofs of concept dcditive ideas in a short
time with low costs [10].

The development of a Mashup com-

: Live monly starts when people encounter a
/ \ problem in their everyday life. The
Very Rapid brothern problgm might be vyith exis.ting tech-

Iteration nologies or something that is not cur-
\ rently using technology and could be
Build / solved using it. Since it is fairly easy

to start building a Mashup connect-
ing different services, a quick fix is
built followed by a reflection of how

it works. Then the Mashup is used un-

til a new problem arises and the cycle starts again. Ussr-driven modeis

noticeable for how quickly it is possible to cycle around itwcontinuous im-
provements over time [10]. Figure 2.4 illustrates this mode

Design

Figure 2.4: The-user driven model [10]

The next question that arises is, why should you build a MoWieb Mashup?

2.3 Why Mobile Web M ashups?

In the Introduction (Section 1.1.3) was pointed out that Mgss accord with the
Long Tail theory. This theory described a business strateggd on selling many
small volumes of hard-to-find items instead of a few largeuntds of popular
items. It argues that as a whole, these hard-to-find itemsree up a value
that equals or exceeds the fewer bestsellers. This is pesdgien the distribution
channel is large enough, such as the Internet, and the rahagst is low, such
as in the Software industry. l.e. the Long Tail theory is ldaseselling less of
more Figure 2.5 shows the Long Tail on the right and the most poptéms on
the left. It is important to notice that the areas of both@egimatch and, in some
cases, the area of the Long Tail is bigger.

An application that helps people to locate the Nintendo Wlew game console
might have a small number of users. On the other hand, the obskeveloping

and maintaining a database with retailers information d agea Geographical
Information System to provide the geo-localized inforroattan be considerable.
Yet, if the application is built mashing-up information fnobAmazon, eBay and
Google Map8 the development costs as well as the maintainance costbeosta

8http://wii.findnearby.net/
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reduced to zero.

To manage and streamline all of your
e-Commerce customer service and
support operations, such as emails,
eBay and Amazon.com questions, can
be a tedious task. However eComm-
Sourc@ allows you to easily and
quickly answer customer questions.
Messages and questions of emailsigyre 2.5: The Long Tail theory by Hay
Amazon and eBay flow directly intokranen

Salesforce CRM (customer relation-

ship manager), allowing retailers to visualize all theguiry responses with the
power of Salesforce CRM. This kind of innovative servicearsimanks to the
power of Mashups, letting people rapidly combine multiglsaurces into a better
tailored application.

Mashups reuse existing services and data, do not requieasxe IT skills and
can be developed in a rapid-prototyping fashion reducimijegtion development
and maintenance costs. All this allows the creation of a niwl kf services,
such as the two previous examples, that were not possibteebefFigure 2.6
is a simplified representation of how Mashups allow the areabf these new
services. In the figure we can see two ways to develop a neviceewith or
without Mashups. When using Mashups the profits (subtrgciists to revenues)
of the service remain positive while without them the sesl@comes unviable
given that the revenue of a service is independent of therlymalg technology.

Money
== Revenue
== Costs
Costs (using Mashup)
4--'"-'—_-__

Time

Figure 2.6: Revenue VS costs with Mashups
%http://sites.force.com/appexchangeflistingDetaitigld=aON300000019z6bEAA
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As described earlier, from a business perspective MasHlgyve @ use different

services and to break down business processes into smigdtaspaccelerating
considerably the speed at which new business services pleydd. Peenikal
pointed out that this will represent a substantial competiadvantage and or-
ganizations that are not pioneers in the usage of Mashupsimaloidably find

themselves non-competitive [18].

In the following section a few other examples will be depicie order to inspire
the reader and show the potential of Mobile Web Mashups.

2.4 Examples

One of the biggest advantages of using Mobile devices isttiegt provide addi-
tional contextual information, such as the location, mgktrpossible to develop
innovative Mashups. Below, a number of examples that egpibiferent use
cases of Mobile Web Mashups are presented. As it can be seeof dime major
common factors is the usage of the location information.

FourSquare is not unique in its class. There are a numbehef cbmpetitors,
such as BrightKite, Gowalla, Triout and Whrrl, that provelenilar features. As
a user | might have different friends in different serviceslido not want to have
to check in in each one of them manually. Moreover, most delservices have
a native interface forcing me to install a new applicationdach one of them.
It would be possible to log in in a service that mashes all efritup in a single
web interface and let me check-in once, for all of them. Thivise is already
available at http://m.check.in.

Another interesting Mobile Mashup could be one that allowers to compare
prices among different stores to find the best price. How do kmmow you are
getting a good price when shopping in a nearby electronie8td’ou could in-
troduce the information of the product on your mobile phond this could get
prices and information from services such as Amazon or eBdycampare them
for you. Even more, it could provide a map with nearby storéh targains that
would make the most out of your money.

It could also be possible that the phone uses informatian frour social graph in
FourSquare to notify you when there is somebody you knowediys Addition-
ally, with their birthday information from Facebook anditheish list information
from Amazon, the phone could notify you of what to buy beforepging by, giv-
ing you time to bring the right present.
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Have you ever been stuck a bit longer than expected in an ulidaairport? Us-
ing a service calleBoarding!® you can send a Twitter message with the airport
code of where you are stranded and receive a list of otherlpaoghe same
situation creating serendipity encounters. This servanddbe expanded with
coupons and discounted prices from the airport’s restasigmd shops using in-
formation fromGrouport.

For those who enjoy traveling it would be possible to createadbile blogging
platform that works off-line to avoid roaming costs (usingML5 specific fea-
tures) allowing the traveler to take notes on the go and é@mtto a location using
the GPS (which works off-line). When the travelers get Iné¢iconnection again
this information can be automatically posted into their WRness blog and shared
among their friends on Twitter and Facebook.

Nowadays, one of the first things to do when a conferenceasged is to create
an event in LinkedIn or Facebook and share it among the pebljpever, when
it comes to the day, most of the information is still providadpaper, with the
agenda of the event, the list of attendees, etc. With a Mblélghup that takes the
information from LinkedIn and Facebook and the list of attees from the same
places, it will be possible to create an extended experitarcevery participant.
This Mashup could contain real-time information of what fpheople is saying
on Twitter about the event, or even let them raise questivaddr the speakers
using that same channel. The Mashup could also contain aaribp event using
Google Maps, tagged pictures on Flickr and even generated@es for drink
tickets on the fly using Kaywa. Additionally, when the event is finished, videos
of the speaks should be posted and mashed up from servideasiYoutube and
Vimeo.

From a social and political perspective, a Mobile Mashup tieanbines services
such as GetSatisfaction and Google Maps could be used toaa@reness about
issues in a city. Users would be able to report problems tiijr@then they see
them and list them on GetSatisfaction. Once there, the sssogld be voted and
sorted out by the community and the local authorities woalkitlear guidelines
on what their citizens would like them to work on. Additiolyalusing the GPS
location issues could be geo-localized creating a heat-ohdmwt-spots on the
cities were more work needs to be done. Once decisions aa takthe work is
done, daily status reports could be broadcasted to the comtynusing Twitter.

On a more serious note, as Maximilien pointed out, the laclamftors on de-

Lhttp://www.boarding.fr
Uhttp://www.groupon.com/
Phitp://api.grcode.kaywa.com/
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veloping countries means that sometimes there is only on®davailable for
miles and miles and they have to move from region to region cegalar basis
[15]. It would be possible to combine services such as Gobiglalth or Mi-
crosoft HealthVault to store information from all the diéat patients among the
different locations. Patients could additionally proviggular status updates via
a Web interface, e-mail or SMS that would update directlyrtheport online.
Additionally the doctor could be using external deviceslsas the Wi-Fi scale
Withings', that connected via the phone to Internet would add extra iethe
Mashup.

However the potential of Mobile Mashups, there are a numbadwantages and
disadvantages to take into consideration before starmitgild them.

2.5 Advantagesand disadvantages

Mashups have a number of advantages and disadvantagescaibeatbsn [6].
Table 2.1 presents a summary of them.

| Advantages Disadvantages |
Reuse of existing services and data Service reliability@o8
No extensive IT skills required Integrity of content no vaarted
Rapid development Scalability issues
Cost-efficient (cheap) Most data sources are not made|as a

service

Better tailored thanks to less resourceBhere are no standards: difficult to im-
required plement security mechanisms

Table 2.1: Advantages and disadvantages of Mashups

Even though these issues were pointed out for Web Mashupsf ddem still
apply to the mobile world and it is reasonable to extrapala¢en. In addition to
these considerations, we have to bear in mind the new clgai$spresented when
creating Mobile Web Mashups.

Bhttp://www.withings.com

17


http://www.withings.com

2.6 Challenges

As pointed out in the introduction (Section 1.2), there aneiaber of challenges
that might slow down Mobile Mashups going mainstream. Thesdlenges, as
described by Maximilien, are frequently outside the realimemgineering and
technology but rather social, legal and political [15]. Hgues that this is due to
the fact that Mobile Mashups impact directly human acegtand social fabric.

An example that Maximilien pointed out of a social challeigythe controversial
privacy problem. An application that has knowledge abouiryehereabouts and
can not only share this information but infer habits such lasre we are at certain
times and with who. A legal implication might be whether timrmation could
be used as an alibi when one is accused of a crime. Additigrved have prob-
lems with intellectual property when people is able to boaest directly an event,
such a football match, directly with their phone to the Intdr On the political
scene, mobile devices and the Internet are a global phermmserd laws in one
area might be sidestepped if the service is moved to andtherefore interna-
tional cooperation will be required.

Xu et al. present more technical problems. They state thextrogss is one of the
essences of Mashups but security has to be ensured. Addiyiothey remark
the superiority of the telecommunication industry wheroines to reliability and
propose a more secure work-flow in order to ensure the qualggrvice [37].

Maximilien, on the other hand, emphasis more the technicddipms on the mo-
bile devices. He pinpoints that mobile devices’ connectmthe Internet is prone
to high-failure rates and slow bandwidth and suggests thaitmzing the com-
munication connection might be a solution to improve ther esg@erience and
to extend the battery life. Another important problem arm ¢bnstrains existing
on the user interfaces meaning that usage of novel humareaicés are required.
Table 2.2 presents all this challenges.
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| Realm Challenges Suggestions |

Slow Internet connections Minimize
' High-failure connections communication, Usage
Technological Battery [if of novel human
attery fite interfaces such as
Constrained Interfaces voice, orientation and
Device fragmentation gestures
. Privacy implication rl ion
Social. acfy plications (use oce'lt'o )
legal and Location could be used as alibi when
political accused of certain crime Improve legislation,

Broadcasting real-time: content owngountries cooperation
ership and protection laws

Services moving to another countries

to avoid laws

Table 2.2: Challenges for Mobile Web Mashups [37] [15]
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Chapter 3

Reference Framewor k

This chapter starts presenting an overview of the referdérasaework developed
to, subsequently, explain in details each one of the comysné&irst, a catego-
rization of Mashups is presented. Following, we analyz&eghht architectural

patterns and dive deeper on how to develop Mobile Web Magtegagibing dif-

ferent protocols, data formats and content providers. Fjnae analyze factors
when building the mobile interface and available tools.

3.1 Introduction

In the previous chapter we described a
Mashup as a web page or application that
combines resources or functionalities from

Resource 1 Resource 2

two or more sources creating a new ap- \ /
plication or service. This description fits
on the high-level representation depicted in Server

Figure 3.1, which is an abstraction of pre-
vious architectures presented on the litera-
ture [15, 37, 4]. Client

A number of components or characteristics

can be identified in Figure 3.1. To staftigure 3.1: High-level representa-
with, we have severabervice Providerstion of a Mashup

that provide access to their resources, in

the figure represented as Resource 1 and

Resource 2. These service providers are accessed usingcalparset of rules
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and guidelines to exchange messages céletdocol A protocol is used in the
communication between the Resources and the Server anddrethie Server and
the Client. The exchanged messages contain the requirednation in a pre-
definedData Format This data format describes how the information is stored
in the message. The overall figure represents a partidutdnitecturewhere the
resources are combined in the server and transmitted tdidéme. Different kinds

of architectures are possible, such as combining the irdtom in the server or
directly on the client. Finally, we have the client using tashup via a Web
Interface in our particular case, in a mobile device. Additionallg, Reenikal
pointed out [18], there is a particular aim for each Mashupese aims can be
categorized byype having data, consumer or business Mashups. Each category
will have different caracteristics and target audienceshld 3.1 lists these com-
ponents.

| Components |
Type
Service Provider

Protocol
Data format
Architecture
Interface

Table 3.1: Components of a Mashups

In the following sections each one of these components witlétailed and a final
summary will be presented in Section 3.8.

3.2 Types

Mashups can be categorized in three types: Data Mashupsu@em Mashups
and Business Mashups [18]. The most common category of Npaskuhe Con-

sumer Mashup, designed for the general public. Businestiyasare becoming
popular for the reason that they allow a better usage of gwurees of the enter-
prises. Data Mashups are normally used to combine and rafonfiormation.
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3.2.1 DataMashups

Data Mashups combine multiple

data sources of similar types (ex‘. Types of Mashups |
RSS feeds) into a single repfpzg
resentation. This new repre-
sentation is a new and distinct
Web service from the sources
and provides data in a new way
that was not available originally

Combine many sources of
similar types into a single
representation

' Consumer  Combine many sources of
different types into a Vi

[27].Skyscanner.col(Figure 3.2) sual representation

is an example of a Data Mashup Business Similar to consumer with
since it combines data and prot the aim to solve a business
vides flight tickets from multiple problem

sources such aBritish Airways

Air Eranceandlberia. Table 3.2: Types of Mashups [18]

Ts kysca Nnner flight search . e
Hame > Select destination » Select dates » Selact fights Thu 22 JubMan 26 Jul < 1
Cheap flights from
Paris PAR to London LoN

Book with confidence — no commission to pay. Expedia : 114 €C

Fiiters B BEERRALLG LS Booking Information

Airlines selectall | clear all Alrports reset

. ohis Paris London
e € | & British Airways = ¥ CDG W Loy
591 € | i =) € | ¥ ORY . Lew
¥ Air France ¥ ea o LHR

126 € t 14€ ufthansa 200€
.| Airine combinations 284 € o LTN
STN

Figure 3.2: Data Mashup Skyscanner providing informatromf9 different air-
lines

3.2.2 Consumer Mashups

Consumer Mashups are designed for the general public. Gerddashups nor-
mally combine multiple source of different data types intosaal representation.
It has been proven to be a very effective mean for perzonglidata according

http://www.skyscanner.com
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to the customer’s needs [18WikipediavisioR for example, combines real time
data from the Wikipedia with Google Maps allowing users te szl time edits
to Wikipedia on a world map. IiousingMaps.com(Figure 3.3) they combine
information of houses to rent from Craigftsind Google Maps. The user can also
filter the results by different parameters, such as rentakpand show nearby
results on the map.

ForRent ForSale Rooms Sublets Powered by craigslist and Google Maps
‘About Feedback

City: |SF - Peninsuia

(IR

$1.950 — 2bd
Large 2 bedroom apartment

San Leandrc
O s

O s s o o a T

H
O 1995 34 3br

o DayCy 719

w O 51950 24 DayCity 7118
$1895 3bd ; DawCiy 719
MO s 1w

me
e
e

O stes0 24
O s1800 1bd This
O steo0 200
Q s1em0 1d
QO s 1bd

O 1975 34 3bed
) sz BestCondofor Rentin Mountain

rae 719

Mibrae 7119

it EastPako Al 719

Mountain Vi 7119

Figure 3.3: Consumer Mashup Housingmaps with rental in&bion

3.2.3 Business Mashups

Business Mashups are similar to consumer Mashups with thécesolve a busi-
ness problem. However, they differ from Consumer Mashupsther aspects
such as the security level required, a need of quality ofiSerfQoS), the level
of sophistication, etc. Business Mashups generally coeniniternal information
and services of an enterprise with external resources imtsually rich web ap-
plication [27].

Many enterprises are embracing Mashups in order to keep tiptina rapid rate
at which businesses need change or when they do not havestheees or com-
petences required to develop some services [6]. Additipreahumber of these
businesses are offering their data as discrete Web servitlesse services are
being mashed up creating new services and applicationgiatiocollaboration
between developers and businesses [18].

2http:/iwww.lkozma.net/wpv/
Shttp://www.housingmaps.com/
http:/iwww.craigslist.org
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An example of a Business

Mashup could be Pivotal- Rob added "This is a new story’
TrackeP (Figure 3.4). Piv-  Nttp://bitly/4wYBox
otalTracker, a web-based ag-

ile project management tool, e @ppteltracker story updates for project
allows integration with Twit- B

ter, where project’'s members

can see real-time updates, arfdgure 3.4: Business Mashup PivotalTracker
GetSatisfactiody where usersWith Twitter

can report bugs and request

new features, among others.

Once the type of Mashup that is going to be built is clear, th atep is to decide
which Web Services will be used.

3.3 ServiceProviders

By Service providers we understand

all the third-party applications that [ GoogleMaps (429)
M Flickr (11%)

provide some kind of service or con- I YouTube (10%)
tent to mash up. The most popular and e (e
B eBay (4%)

convenient way to expose their ser-

vices is by providing an API to them.

An API provides a set of methods to

retrieve and modify information by re-

mote calls. Figure 3.5 presents the t .

10 APIs, out of 2100, according to Pr(;)F-PIgure 3.5 Top 10 APIs by Pro-
. ) rammableWeb.com

grammableWeb. It is also possible tg

provide content via a feed, like most

of the blogs and newspapers, using for example the RSS or Al@Mat. In-

formation can also be gathered using Web scraping on anyiteebsking all of

them potential content providers.

E virtualEarth (3%)
[ Facebook (3%)
[ LastFM (3%)

O Google (3%)

Programmableweb.ocom 081610

Most Web Services are free to use but they do not warrant thktyjof service.

There are several of them that need to be paid on a numberldfasa$ such as
Akismet, a service that helps bloggers detect SPAM comments. Thisisitat
the first amount of calls to their service are free, and sulesatty a monthly fee

Shttp://www.pivotaltracker.com
Shttp://www.getsatisfaction.com
"http://akismet.com/
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has to be paid for a given amount of calls. Table 3.3 shows ampbe of different
prices for Akismet.

The Terms of Servid@oS) are the rules that
must be agreed in order to use a service. ThéSQumber  of Monthly

rules can define limitations on the number ofap| calls price
calls, geographical restrictions, type of devic £50.000 $50
etc. These Terms of Service must be rea

carefully and agreed, especially if the applica—loo’OOO $100
tion is going to be used in a business environ200,000 $200

ment. For example, Amazon Product Advertis-500 000 $500
ing API.does rlot allow the usage.of their AP 1,000,000 $1.000
on mobile devices as we can see in the follow-

ing paragraph from their Terms of Senfice  Taple 3.3 Prices for Web Ser-

vice Akismet

4(e): You will not, without our ex-
press prior written approval, use
any Product Advertising Content on or in connection with artg
or application designed or intended for use with a mobilenghor
other handheld device.

Another important aspect of the Service Providers is if thietent they provide
is private or public. By private content we understand aimgjiprivate to a user,
such as pictures, personal information, private emails, &/henever there is
user’s private data the Mobile Mashup puzzle becomes haodsolve since it
is required to deal with some kind of authentication. One weageal with au-
thentication is to provide a basic HTTP Authenticatfofiom the Web Service.
However this method is not recommendable since the useraathpassword of
the user are directly given to the Mashup to let it accesstivatp data. A newer
approach which is gaining a lot of supporters, among thenef@ak®, is the
OAuth protocot! which does not share private login details with the Mashups.

3.3.1 OAuth 1.0

OAuth is a protocol that allows users to share private intiram of one service
with another service. It works providing tokens insteadaggwords. Each token
grants access to a specific service (e.g. LinkedIn) for aifspeesource (e.g. just

8http://blog.programmableweb.com/2010/07/28/makirgpite-apps-not-with-these-apis/
%http://en.wikipedia.org/wiki/Basic_access_autheattiam
Ohttp://developers.facebook.com/docs/authentication/

Uhttp://oauth.net/
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contacts) and for a defined duration (e.g. for two weeks).il.grants access to
a limited part of the private data without exposing the passvof the user. The
idea is well depicted in the following metaphor:

Many luxury cars come with a valet key. It is a special key youeg
the parking attendant and unlike your regular key, will oallpw the
car to be driven a short distance while blocking access tdrtink
and the on-board cell phone. Regardless of the restrictlmnsalet
key imposes, the idea is very clever. You give someone |ardie
cess to your car with a special key, while using another keyntock
everything elsé?

Figure 3.6 shows the work-
ﬂOW Of the OAUth prOtOCOI' In = Person Using Web Browser / Manual Entry
Step A the MaShUp asks fora --—--———- - Consumer { Service Provider
Request Tokemo the service
provider (e.g. LinkedIn). In
step B the Request Token is
returned and the user is redi-
rected to the service provider
(step C) where it is asked
for permission to access pri- X
vate data. When the user —
has granted the access (step

D) the Mashup requests an

Access Tokelfstep E). When

this Access Token is provided

(step F), the Mashup can start | fequest 1,
querying for the private data it —
has been given access to (step R O " Acces Toker
G). .

___________

Consumer Service Provider

i --:!E:J'T|DSZ _ E . . !4.°.3_“r.
ouest Toker werquest T

Ob@in Unauthorized
Reguest Token

]
a0
mn
A

m

o

<
n
m
=
=

User Autheorizes
Request Token

for Access Token

Exchange Request Token

From a user experience per-
spective the OAuth protocol is
designed as a very web cen-
tric protocol. The user is === T

redirected from the Mashup to

the service provider where thérigure 3.6: OAuth protocol work-flow by
user has to authenticate, ag-inkedin

prove and then be redirected

back to the Mashup. If we

Phttp://hueniverse.com/oauth/guide/intro/
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consider this on the context of a mobile device, it can bdyfaiifficult. Some
companie¥® have realized this problem and started providing altevegtioto-
cols'* with the tradeoff of exposing the user’s password to the MpshAddi-
tionally, it can become quite cumbersome if the Mashup ve®imore than one
service provider and the user has to be redirected to eacbfahe services to
grant access with all the redirections that this involves.tRese and other reasons
a new version of the protocol is being developed. A suggestiofuture work is
presented in 6.4.4 based on this problem.

3.3.2 OAuth 2.0

The next version of the OAuth protocol is called OAuth 2.0 &dot backward
compatible with the previous implementation. OAuth 2.0vinles 6 different
workflows as opposed to a unique work-flow available previo@gure 3.6).

These 6 work-flows are meant to be used in different contaxth ss in web
applications, desktop applications or mobile devices. gimaary aim of the new
protocol is to ease the consumer’s implementation.

The specification is being develogédvithin the IETF OAuth Working Group
and is expected to be finalized by the end of 2610

Nowadays the biggest implementation of the OAuth 2.0 patscpresented in
the new Facebook’s Graph APBlwhich provides access to private data of the
largest Social Network in the world with over 500 million use

In order to retrieve the information the Mashup needs to camoate with these
service providers. This communication has to follow a sefpafcified rules called
protocol

3.4 Protocols

Mashups are composed of Web Services and they communicatedye each
other using gorotocol A protocol is a set of rules and guidelines to exchange
messages in a defined format such as XML. The protocol defioethey com-
municate.

Bhttp://groups.google.com/group/foursquare-api/wabtb
http://dev.twitter.com/pages/xauth
Bhitp://tools.ietf.org/ntml/draft-ietf-oauth-v2-10
http://hueniverse.com/2010/05/introducing-oauth/2-0
nttp://developers.facebook.com/docs/authentication/
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Some commonly used protocols for
Web Services are XML-RCP, JSON-
RCP, SOAP and REST among oth-
ers8. Figure 3.7 presents the most
used protocols among the APIs avail-
able in ProgrammableWeb. Remark-
ably, SOAP and REST are the most M e & i
common protocols with a 89% of
the Web Services understanding them,
Notice that the third most commoriigure 3.7: Most used protocols for APIs
protocol, Javascript with a 5%, is no'?y ProgrammableWeb.com

really a protocol. Javascript as a proto-

col means that the Web Service provides a Javascript liboapg imported from
the client’s browser to facilitate the interaction avomlithe browser’s sandbox
(see subsection 3.6.2 and the problem with the Same OridioylPoSOAP and
REST will be the focus of this section.

Protocol Usage by APIs

W REST (72%)

[ S0AP (17%:)

O JavaScript (5%)
[ XML-RPC (2%)
O atomn (1%)

34.1 SOAP

SOAP stands for Simple Object Access Protocol. It is a paitémr exchang-
ing XML messages in Web Services. It can rely on differenteotprotocols
for the message transmission such as SMTP or other but moshooly Hy-
perText Transfer Protocol (HTTP) . HTTP is supported by aieinet browsers
and servers. SOAP consists of four elements:efelopeo identify the XML
document as a SOAP messagéeaderthat contains application-specific infor-
mation about the messagehadywith the payload information such as calls and
responses of procedures anfhalt container with errors and status information.

W3C defines a standard for Web Services, commonly called \&&fices, using
SOAP and XML. WS-* services have become an industry stanfdacbnnecting
remote computers [12].

342 REST

REST (Representational State Transfer) is not really apabbut an architecture
for distributed hyper-media systems such as the World Wiéd.WREST was
initially described using the HTTP protocol, but is not lted to it.

183ee http://en.wikipedia.org/wiki/List_of web_servipeotocols
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REST is build around the conceptm@sourcesand their states. In contrast, WS-*
Services focus in methods’ calls. A resource can be any mghuiconcept that
needs to bee addressed. Resources are used using a setlef sigipdefined
operations. The four basic ones, Create, Read, UpdateteDealee commonly
referred asCRUD,

REST is fundamentally a client-server architecture. Eauk & client communi-
cates with a servergpresentation®f resources are transfered. A representation
of aresource indicates the current or intended state oegwurce. Every resource
is identify by an URL and each state has a different URL. RESdesigned to
use a stateless protocol such as HTTP [31].

RESTful Web services are ser-
vices built upon the REST ar- ‘ HTTP method ‘ CRUD Action ‘

chite_ctu_re and use HTTP as GET Retrieve resource
application protocol. Table 3.4

shows how the HTTP methods POST Create resource
are normally mapped into the PUT Update resource
CRUD actions. DELETE Delete resource

A study was conducted show- Table 3.4: HTTP methods and CRUD actions
ing that RESTful web services

perform better than SOAP

web services on mobile devices [12]. Some advantages th&TREowed over
SOAP include smaller message size (about 4-5 times smaitidrpetter response
time (about 2-3 times faster). As the authors point out, Enalessage size and
response time means less processing and transmission nidne@nsequently,
lower power consumption and faster service. Notice thatghidy was conducted
using a Java implementation on the client. On a mobile browseuld be nec-
essary to build all the SOAP messages using Javastvpiich could slow down
considerably more the response time. On the other hand, RIB&3F not require
any extra library since it uses directly HTTP methods .

As important as the chosen protocol is the data format in kwthie information
is transmitted. The next section describes different fésraad gives suggestions
on which ones are better in the mobile context.

19For an existing library see: http://www.codeproject.cBiajax/JavaScriptSOAPClient.aspx
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3.5 Dataformats

A Mashup communicates with a Web Service sending and rexeimessages in
a specified data format. A data format is the structure in Wwiihese messages
are built. Without knowing the data format, a Mashup canmaivk exactly how
the information is structured. There are a number of diffedata formats in
which Web Services provide their content. Table 3.5 dessrthe most common

formats.
| Format Description |

TXT Text. The document contains the requested data in plain text
without explicit format

csv Comma-Separated Value. A simple text format to store infor-
mation in the form of tables. Each line of the file is a row|in
the table, and the values of the line are separated by cominas

XML eXtensible Mark-up Language. A generic format for encoding
information in a structured way. Produced by the W3C, it is
one of the most widespread formats

RSS Really Simple Syndication. Based on XML, it is a web feed
format for publishing frequently updated content such agB

GeoRSS is an emerging format to include location on web feeds’ con-
tent. Derived from RSS

ATOM Atom Syndication Format. It is an XML language used for
web feeds. It was developed as a community-driven altemmati
to RSS aiming to improve its deficiencies

KML Keyhole Markup Language. It is a format based on XML to
represent geographical information

HTML HyperText Markup Language. It is the mark-up language in
which the web pages are written

JSON Javascript Object Notation. It is a text-based format detiv
from the nomenclature of the Javascript's arrays

YAML a recursive acronym for "YAML Ain’t Markup Language”. Iis
syntax was designed to be easily mapped to data types common
to most high-level languages. Additionally, it is highlyrhan-
readable due to its indented outline

Table 3.5: Most common data formats
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The most common formats are XML and JSON with 1473 and 66Jpées
tively) APIs providing content in such a format accordingPtogrammableWeS.
Therefore, XML and JSON will be the focus of this section.

351 XML

As shown in Table 3.5, XML stands f@Xtensible Mark-up LanguageXML
was produced as a generic format for encoding informaticen structured way.
In contrast with HTML, which was designed to display data, Xias designed
to transport and store data. XML tags are not predefined adtpthhe developer
to define its own tags according to his needs. Nowadays it ésadrthe most
widespread formats and is a W3C recommendation. Below an Xkémple is
shown:

<?xm version="1.0" encodi ng="UTF-8""?>
<emai | >
<t o>Konr ad</t 0>
<cc>Nat al i a</ cc>
<cc>Mari a</ cc>
<fronmpCri st obal </ fronp
<subj ect >An XM.- JSON exanpl e</ subj ect >
<body>Hope this exanmple is witty enough! </ body>
</ enmail >

352 JSON

JSON stands for Javascript Object Notation. It is a lighghetext-based format
derived from the nomenclature of the Javascript’s arragsvéver, it is language-
independent, i.e. it is possible to use it with any prograngi@nguage provided
it has a JSON parser It serves as an alternative to XML and its primary use
is to transmit data between a server and an application.inedgopularity with
AJAX since JSON is a subset of Javascript and therefore ibssiple to parse
JSON text into a Javascript object just invoking thal function albeit, this has
some security problems. Below the JSON equivalent to the Xdample in
subsection 3.5.1 is shown:

{"email" : {

"to" : "Konrad",

20pData extracted in August 2010
21See http://www.json.org
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"cc" : ["Natalia", "Maria"],

"from : "Cristobal",

"subject" : "An XM.-JSON exanpl e",

"body" : "Hope this exanple is witty enough!"
1

Even though XML is one of the most widespread formats, it isusoially the best
way to exchange data in the mobile context.

A study has shown that the
overhead presented in XML .,
messages can be considerably s 3363
high compared with the actual ==

size of the content (Figure 3.8) g ™ 8 content

[22]. XML messages are more & sy
verbose mainly due to produc- i
ing content which is human o
readable, even thought most
frequently is going to be con-
sumed by a machine. Other Figure 3.8: XML overhead [22]

than the message size, it has

been also pointed out that the speed of a JSON parser is alifidsines the
speed of an XML parser [13]. Smaller message sizes and faesteers mean less
processing and transmission time and, consequently, lps&er consumption
and faster service.

bytes
2

589 93

data

Recently desktop web browsers, such as Firefox 3.5+, leté&rplorer 8, Opera
10.5+ and Webkit-based browsers (e.g. Google Chrome, Apalari), have or
are working on native JSON encoding/decoding. This makésster because
it does not parse using Javascript functions and removeeitigity concerns of
using theevalfunction. Even though, as far as the writer knows, there tsyad
native JSON on mobile devices, it is likely that it will soaildw suit.

Finally, JSON allows using the technique JSONP (see TaB)enhich avoids the
Same Origin Policy (see Section 3.6.2) and allows crossaiiomequests from
within the browser without a server-side proxy. This allojuge client-based
architectures.

Once the service providers, protocols and data formatstadeesl and selected,
the next step is deciding which kind of architecture is thestappropriate one.
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3.6 Architectures

As Sunilkumar Peenikal pointed
out, from an architectonic point‘ Architectures ‘
of view there are two styles of Server-based
Web Mashups:Client-basedand
Server-based18]. Additionally,
we can have Mobile architecture

Information  gath-
ered and processed
in the server

where both styles are combineg Client-based Egecyted within the
leveraging on the advantages df client's browser
each one. This Mobile architecture Mobile A combination of

has been previously seen in works Client and Server;
such as [4] but has not been prop based architectures

erly described. Table 3.6 present_iaj ble 3.6° Archi for Mobile Web
these three architectures. able 3.6: Architectures for Mobile We

Mashups
Client-based Mashups are exe-
cuted within the client’'s browser
which gathers the information directly and presents it. kdther hand Server-
based mashups gather, analyze, combine and reformat thenation on the
server side and transmit it to the client. A Mobile architeetis when some
information is processed on the server side and is then cawdhwith more infor-
mation on the client side. An example of a Mobile architeewwuld be any of the
many Google Maps Mashups available on the Internet wherdéteeis gathered
on the server side from a third party service, like Craighstd presented on the
client side on top of a map.

3.6.1 Server-based architecture

As the name indicates, Server-based Mashups integrateessand data on the
server side. The server mediates all the messages betweeeltetit and the Web
Services acting as a proxy. The server is therefore in chafrgathering, trans-
forming and combining the data from third-party servicefobesending it to the
client. Additionally, when the client is pushing data to@tkervices, the informa-
tion goes through the server [16]. Figure 3.9 shows a diagrfaims architecture.

A Server-based architecture complies with Baeade pattern A facade pattern
is a design pattern that provides a simplified and uniquefadte to multiple Web
Services [18].
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As pointed out in [16] there are multiple reasons to
use this kind of architecture. Firstly, the number of li-
braries and available protocols is considerable extense \ '/
and it can simplify many necessary tasks. The server

can cache information and act as a buffer for slow or Server
faulty services. It can also pre-process all the infor-
mation reducing the data size, changing the format or
combining it with other data. It is easier to handle secu- Client
rity requirements such as those requireddAuth(see
Section 3.3.1). Finally, it is possible to make concur-
rent and asynchronous calls to multiple Web Servicé:égure 3'9_: Server-
something which is not always possible from the Wgﬁ‘sed architecture
Browser since it is commonly limited to only two or

three connections. Additionally we have to consider thetéchcomputational
power available on most mobile devices and the possibdityansfer all this load
to the server side.

APl 1 APl 2

3.6.2 Client-based architecture

In contrast with a Server-based architecture, in
a Client-based architecture the integration o
services and content is done in the client sidg
In the particular case of Mobile Web Mashups \ /
this happens in the web browser. Therefore, the

client’s browser is in charge of gathering the Client
content, transforming it to the right format and
combining it before showing it on the Screeﬁigure 3.10: Client-based archi-
[17]. Figure 3.10 illustrates this kind of archizo . re

tecture.

Server APl 1 APl 2

There are also multiple reasons to use Client-based actimée To start with, it
can be easier to implement than Server-based architectloggadays more Web
Services are providing their APIs as a Javascript libraxy Google Map$?) that
is ready to use in the Web application’s code. Thereforagetieno need of a
server-side component. The moment the Web is loaded on idr the server
becomes secondary since all the calls are done directlyeeetihe client and
the different Web Services avoiding the bottleneck presgim a Server-based
architecture. Finally, the response does not have to roatde server, saving one

22http://code.google.com/apis/maps/documentatiorsjagat/
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network hop, which normally increases the performance addaes the server
load [17].

Interestly, even though in occasions the data does not ndaslgirocessed on the
server side and could be simpler to access it directly franchent, some services
need to be accessed via the server using it as a proxy. Thigisoda security
concept, the&same Origin Policythat does not allow to access third-party servers
from within the client browser.

The Same Origin Polidf permits browser-side scripts, such as Javascript, to ac-
cess without restrictions methods and properties of ottrgats from the same ori-
gin. Yet, it prevents accessing scripts from other site fEBhmorigin is defined
using the domain name, protocol and port. In this wetps://www.example.com

is a different origin thamttp://www.example.cowor https://www.example.com:3000
Two scripts are from the same origin when the three valuasaila protocol and
port, are the samé.

To load content from the browser, an asynchronous HTTP stgaelone via
Javascript. This kind of requests are called XMLHttpRetj(®5IR). When the
content is not located in the same origin it is said that tmgsis doing a Cross-
Domain XMLHttpRequest (CD-XHR). However, due to the SamégiarPol-
icy described above, scripts cannot directly do Cross-DoiX®ILHttpRequests.
There are three workarounds for doing these kind of requasisg the server as
a proxy?>, Flasi® and the JSON# technique.

| Workaroundsfor CD-XHR |
Server-proxy Using the server as a proxy to access to third party servers

Flash A crossdomain.xml file is placed on the Server that allows
the client’s browser to bypass the Same Origin Policy using
Flash

JSONP This technique implies dynamically inserting Javascript
tags (that are not bonded to the policy) importing files from
third-party servers

Table 3.7: Workarounds to perform Cross-Domain XMLHttpRests

233ee http://code.google.com/p/browsersec/wiki/Pa@@#sS origin_policy for a full descrip-
tion of the Policy and comparisons in different browsers

243ee http://tools.ietf.org/html/draft-abarth-origi-fr a discussion of the concept

25See http://developer.yahoo.com/javascript/howto-piarl

26See http://jimbojw.com/wiki/index.php?title=Crossrdain_Ajax_via_Flash

27see http://bob.pythonmac.org/archives/2005/12/05dterson-jsonp/
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The Same Origin Policy has historically caused securitplams since it is not
well-defined and its implementation in different browsean differ in edge cases.
This happens for example with protocols that do not have arlglelefined host
name or port, such dse://.

Noticeable, The iPhone browser does, with a few exceptiomsiow Cross do-
main requests easing the task of building Mobile Web Maslouagse client side.
However, as far as the writer knows, this option is not pdesibothers mobile
browser.

Looking to the future, thaMeb Applications Working Grouwithin the W3C
has proposed a mechanism to enable client-side crossraeguests based

on HTTP headers. This standard has been already implemientiee Desktop
browser Mozilla 3.8° (and above) and could be implemented in the future in Mo-
bile Browsers allowing CD-XHR.

3.6.3 Mobilearchitecture

The third type of architecture that we can build
is called Mobile. The idea behind this design

is to leverage into the advantages of each archi- APIL
tecture and overcome their disadvantages. Fig-

ure 3.11 shows a diagram representing this ar-

chitecture. API 2 Server
The TELAR Mobile Mashup platform devel- \ /
oped by Brodt and Nicklas follows this kind )

of architecture [4]. This platform contacts di- Client

rectly a map service from the device while dif-

ferent data providers are wrapped and proxigghure 3.11: Mobile architecture
via the server. Another example of this kind of

architecture could be HousingMaps.com (Fig-

ure 3.3). This Web Mashup loads the maps using the Javasbrgy provided
by Google Maps directly from the client’s browser avoidindgdad the server with
unnecessary information. On the other hand, the informdtam Craiglist is not
available via an API, therefore the server is using a tearizplledWeb scrap-
ing that gets the information directly from the HTML code of thelgite. This

283ee http://developer.apple.com/library/safari/#doentation/AppleApplications/
Conceptual/SafariJSProgTopics/Articles/XHR.html

293ee http:/imwww.w3.org/TR/cors/

30see https://developer.mozilla.org/En/HTTP_accesstrabn
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requires loading all the Craiglist.org website to extrdne tesired information.
This can be considerably slow to do on a mobile phone due teetitected com-
putational power and the limited bandwidth. It also incesathe consumption of
the battery significantly.

Table 3.8 shows reasons to use client or server based atcings. Note that a
Mobile architecture can combine advantages from both.

| Server-based Client-based |
Several libraries Easier to implement
Security No server-code required
Concurrent and asynchronou®o bottleneck
calls
Pre-process the data Better performance
Cache information Avoid server load
More computational power

Table 3.8: Reasons to use client or server based archigsctur

Once the architecture is in place, how the interface of thehMp needs to be
dicussed. The mobile interface is the topic for the nextisect

3.7 Themobileinterface

A Mobile Web Mashups is a Mashup built with Web technologied accessi-
ble from mobile web browsers. The first consideration isefege what kind of
browsers are the most common ones among the mobile deviceseAointed
out in section 2.1, most of the smartphones have a Webkéebbsowser includ-
ing those with the operating systems iOS, Android, WebO®)8gn, Maemo,
Bada and Blackberry OS with the notable exception of Windblebile. Webkit

has a great support for the new HTML5 standard with offlineatéjiies’! and

CSS3 with hardware-based animatighs

Even though all these browsers are Webkit-based, not allevhtbehave in the
same way. Depending on the implementation done by the devareifacturer,

3thttp://www.w3.0rg/TR/htmli5/offline.html
32http://www.w3.0rg/TR/css3-animations/
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some differences exists and have to be addressed in oraahtptovide a cross-
platform solutios®.

To ease the task of developing Mobile Web Mashups, it is ptessd use one of
the existing Mobile Web tools.

3.7.1 Tools

Table 3.9 shows some of the most common Mobile Web tools. &toeds provide

a generic functionality that can be extended by the user.t iothem focus on

the user interface, with animated transitions betweerewfit pages and AJAX
requests to improve the user experience.

| Ul tool URL Notes |

jQTouch http://www.jqtouch.com/ Based on JQuery. Na-
tive animations. Active
development

19]] http://code.google.com/p/iui/  Simple.  No Javascfipt
coding required

IWebkit http://iwebkit.net/ Mature (v5.04)

WebApp.net http://webapp-net.com/ Extensive documentation

SproutCore http://www.sproutcore.com/ Early stage, originally for
desktop web. Used by Ap-
ple

Table 3.9: User interface tools

An important aspect of Mobile Web Applications is which kiofdjpage modeis
used. Traditionally, Websites and Web applications aré baing a Multi-Page
Interface. However, most Mobile Web tools use the SinglgeRaterface.

3.7.2 Thepage model

When it comes to the page model there are two possible optaoMulti-page
interface or a Single-page interface.

33For a comparison of different Webkit-based browsers chéukp://www.quirksmode.org/
webkit.html
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In the Multi-page Interface the user navigates a hieraattiree of Web pages.
This model is appropriate for linear processes such asmgatiicles. Articles

can be broken down into several pages and let the user nasigaer the pages
with Next and Previous buttons. Since reading articles im@al process, this
navigation model does not present problems for the usefs [35

With a Single-page Interface instead of having a hierarchiVeb pages, the
browser loads one page that acts as a container and thefoadbitontent is
loaded using Ajax calls based on the users’ actions. Thugsafs’ actions take
place on one page and the content shows or hides based omttioses. The page
can be partially refreshed instead of having to load a wheie page with each
interaction, therefore increasing the system'’s respensiss and speed. Single-
Page Interfaces allow users to work in a non-linear way andcoaate rich user
experiences [9]. On the other hand, there are a number @dgsutake into con-
sideration such as searchability, history management(Bad Forward buttons)
and accessibility. Most of these problems arise due to ttdliat there is no URL
for each different state of the application [8].

A deeper discussion into the Single-page Interface andvargages can be found
in http://itsnat.sourceforge.net/php/spim/spi_mastdeen.php.

Using one or other page model can affect considerably theexperience. How-
ever, this kind of problem does not arise in Native Mashujes, mative applica-
tions that do not run on a browser.

3.7.3 Advantages and Disadvantages

Mobile Web Mashups present a number of advantages, maiigrapid-prototyping
approach and multi-platform support, and disadvantagegasan see on Table
3.10.

Remarkably, there is a compromise solution that, levegagmWeb technologies,
allows having all the advantages of native applicationslevsiill fulfilling the
cross-platform requirement: Native Web Applications.

3.7.4 Native Web Applications

A Native Web Application consist on developing the appli@atsing web tech-
nologies that runs on a browser wrapped in a native appdicaiihe functionality
of this browser has extended hardware features, allowiogsacto, for example,
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| Advantages Disadvantages |

Easy and cheap to create and maintain Overall user experignited to the
browser capabilities

Developers can use known technoldNo access to OS (ex. address book)
gies, tools and techniques and most of the Hardware.

Easy to publish: There is no need tdlarder to discover, no centralizégp
install any software store

No need to update the software: clou&calability issues: cloud applications
based might create bottlenecks

Apps stores review processes nBrivacy issues: Confidential informa-
needed tion that should not be on the cloud

Can be slower due to be running in a
browser and the network connection

Limited off-line mode support

Table 3.10: Advantages and disadvantages of using a Wetfdlcge

the accelerometer, within the Javascript code. Table haWs several tools that
ease the development of this kind of applications.

| Nativetool URL |
PhoneGap ttp://phonegap.com/
AppAccelerator Titanium http://www.appcelerator.com/
Rhodes http://rhomobile.com/

Table 3.11: Native Web applications tools

An example of Javascript code using the mobile’s acceleterméth PhoneGatd
is shown below:

function onSuccess(accel eration) {
alert(’Acceleration X ' + acceleration.x + '\n" +
"Acceleration Y: ' + acceleration.y + '"\n" +
"Accel eration Z: + acceleration.z + '\n’;

};

function onError() {
alert("onError!’);

34Example from: http://docs.phonegap.com/phonegap_emwekter _accelerometer.md.html
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};

navi gat or. accel eromet er. get Current Accel erati on(onSuccess, onError);

With all the blocks in place, now is possible to define a rafeeeframework that
summarizes all the different aspects of Mobile Web Mashups.

3.8 Reference Framework

With all the information analyzed in the previous sectianggference framework
has been built. This framework (see Table 3.12) summaritéseadifferent as-

pects when building Mobile Web Mashups and helps taking/eatision on the

development.

The first step to develop a new Mobile Web Mashup using thisénsork is to
have a rough idea on what kind of service will be and who wilubing it. Then,
decide what kind of Mashup itis—Consumer, Data, Businesssed) on the target
audience. A rough estimation of the number of potentialsiaad how they might
use the Mashup are also recommendable.

Subsequently, information about the different services gimovide the function-
ality required should be gathered. Things to take in comatd®n are if the data
is private or public, if it is freely accessible or a fee isuggd and the limitations
of the Terms of Service. Additionally it is needed to know wpeotocols these
services understand and which data formats are available.

Based on this information, an architecture should be choSenexample, if the
Mashup has a potentially big number of users, a client-basgitecture might be
a good solution to reduce the load on the server. On the otret ifithe service
providers only work with a SOAP protocol, a proxy will be neddand some kind
of server-based architecture would be more appropriate.

Finally, what kind of information is provided and the reaganrents and limitations
of the interface should help deciding the type of the mobilerface. For example,
depending on the type of data to visualize, a Multi-page rhod&ingle-page
might be more appropriate. On the other hand, if the appdicatequires the
usage of some hardware features such as accelerometer cartteza, a pure
browser-based application is not possible and a native wplication should be
developed.

Additionally, it is possible to use Table 3.12 aMashup IDto see at a glance its
most important characteristics and to understand how iksvorhis Mashup ID
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will be used in the next chapter whenever a new Mashup isdoted.

Table 3.12 can be used to analyse Mobile Web Mashups. It casdfal to take
into consideration all the different requirements and atgpef new services for
early decisions. On the following chapter a number of exasfbdr Mobile Web
Mashups is presented and analyzed using this framework.
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Section

Notes |

Type Data Mashup
(32) Consumer Mashup
Business Mashup
Service Open/Proprietary
provider
(3.3) Public/private data
Protocol SOAP
(3.4)
REST
Data XML
format
(3.5) JSON
Architecture Server-based
(3.6) Client-based
Mobile
Mobile Web tools
Interface
(3.7)
Page model
Native Web Apps

Combine many sources of similar ty
into a single representation.

bes

Combine many sources of different types

into a visual representation.
Similar to consumer type with the ain
solve a business problem.

Check Terms of Service for usage lim
tions and fees.

Private data might need to use Authe
cation protocols (such as OAuth).

W3C standard. Widely used in the indL
try. Avoid on client side.

Based on HTTP protocol. Widely aval
able. Best performance on client side.

W3C recommendation. Widely use
Avoid on client side.

Based on Javascript notation. It has
best performance on client side.

Information gathered and processed i
server. Can cause bottlenecks.
Executed within the client device. Pr
lems with the Same Origin policy.
A combination of Client and Server-bas
architectures.

Provide a generic framework and fu
tionality for the user interface. Most con
mon ones: jQTouch and iUI.

Multi-page model for hierarchical tree
Web pages. Single-page for Ajax bas
applications.

A web application wrapped into a nat
application. Use if it is required to acce
hardware. e.g. PhoneGap.

Table 3.12: Reference framework for Mobile Web Mashups
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Chapter 4

Case Studies

In this chapter the reference framework developed in thkdpacind has been
applied to an already existing use case of a Mobile Web MasHiglar—as de-
scribed in [4]. Subsequently, it has been used to made a padysais of the re-
qguirements and characteristics of four examples taken ftahd and 2.4. This
pre-analysis is meant to help taking early decisions liketvkind of data formats
to use, whether to have a certain server-side component mhwiage-model is
the most appropriate. In the next chapter two of these exasnpill be developed
and further results presented.

4.1 Tdar

Telar is a Mobile Mashup platform that enables the creaticdBemn-Mashups us-
ing heterogeneous third-party data providers. Telar ptssthe information of
these data providers on top of a map provided by Google Magsewisers are
able to visualize their surroundings. The map is centereitheénuser’s current
location and provides geo-localized information from s=s such as Fon ac-
cess point§ Panoramio pictures and geo-referenced Wikipedia astioftered
by GeoNames(Figure 4.1). Telar was developed by Brodt and Nicklas ard pr
sented in [4].

In the following subsections each one of the factors desdritn the Reference
Framework (Section 3.8) will be analysed.

http://www.fon.com
2http://www.geonames.org
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Figure 4.1: Telar Mobile Mashup platform [4]

Type

Telar as a platform is meant to be used to create generic Gestuyps for any kind
of target audience. However, the example presented in [@asumably a con-
sumer type of Mashup given the data that is shown: Fon acoésts pPanoramio
pictures and Wikipedia articles.

Service providers
As said earlier, Telar makes use of different service prengdGoogle Maps, Fon,

Panoramio and GeoNames. All the services are open witheut &nce they
provide public data, no authentication is required.

Protocols

Google Maps provides a Javascript library (Section 3.4) toanmunicates di-
rectly with their servers, being browser-based presumiaiidysing a REST pro-
tocol. Fon, Panoramio and GeoNames are wrapped in the sgtfeesind commu-
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nication is carried out directly between the server and tieat’s browser, there-
fore a REST protocol might have been used as well. Howeusrirtformation is
not available.

Data formats

Google Maps is using a Javascript library and all the calistarfunctions that
returned directly Javascript objects therefore it is diffito tell which format was
used. Most likely it is JSON given the Javascript nature eflthrary. GeoRSS
was originally used as data format for the data providerpped on the server-
side. However, after testing it, the performance was noihwf consequently
the user experience suffered. In an improved version of émadMashup they
shifted to JSON and it was proved to be a much better appraaeidmg a faster
response. This s in line with the recommendation givento.using the JISON
format to transmit data to mobile devices.

Architecture

Figure 4.2 represents the generic architecture used byetlae platform. In the
particular case that they implement in [4] the architectaoks like Figure 4.3.

Web Browser

= GPS Access

Mashup Client J Client Tier
————— async. HTTP Requests }~ — = == = El =R
Mashup Server
index.html | | config.xml HTTP Server Tier
%Wrappeﬂ 1 %mepern |
ffffffff HTTPHTTPTP — e s S e e e

‘ Map Server

[ Data Provider 1 (Google Maps) J Data Provider Tier

‘ Data Provider n

Figure 4.2: Architecture of the Telar Mashup [4]

We can see that the communication from the mobile device thighmapping
service is done directly without proxying it in the servem e other hand, all
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the different data providers are proxied in order to avogl $ame Origin Policy
(Section 3.6.2) and to homogenize the different data fasmséd by them.

GeoNames Panoramio Fon
Server Google Maps
Mobile

Figure 4.3: Telar example architecture

As we can appreciate, this architecture fits into the mobghitecture presented
in 3.6 where some of the services are accessed directly fremobile device and
some of them via the server. This leverages into the advastafjboth, server-
based and client-based Mashups.

I nterface

According to the information provided in [4], data is asyraiously loaded us-
ing Javascript. The first time the application is startedltted Javascript files
and containers are loaded and subsequent calls just eefratial information.
This accords with the Single-page model introduced in 3.@tker than that, no
Javascript framework was used to build the interface.

Mashup ID

Given all this information, we can now represent it in the Nigs D proposed in
3.8 as we can see in Table 4.1.

The reference framework developed in this work and intredua 3.8 has suc-
cessfully dissected and described how the Telar Mashupswdéydtditionally, we
have seen that some of the problems the authors faced couddolean avoided
using this framework.

In the following sections the reference framework will bedi$o carry out a pre-
analysis of four examples taken from 1.1.4 and 2.4. Thisgoaysis will help
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| Telar |

Type Consumer

. Google  Maps,
Serw_ce Fon, Panoramioj
providers GeoNames
Architecture Mobile
Protocols REST
Data formats JSON
Interface Single-page

Table 4.1: Mashup ID of Telar

us to understand more aspects of the Mashup, to take earisiatescon which
services to use and to begin designing the architecture.

The chosen examples were taken in order to see differentaspfeMobile Mashups.
Some of them are more server-based oriented than otherstoawigger impor-
tance on the social or location aspect. In the following ¢eapwo of these exam-
ples will be implemented and the experience while develppiem described.

4.2 SoundSquare

SoundSquare was originally | SoundSquare |
mtrodluced'ln Subsection 1.1.4 Type Consumer

and its high-level represen- _

tation is shown in Figure Service Foursquare,
1.1. SoundSquare is a Mo- | providers SoundCloud

bile Web Mashup that merges Protocols REST

the services of Foursquare Data formats JSON

and SoundCloud. As men- _ S based
tioned before, FourSquare al- | Architecture erv.er- ase _
lows users to "check-in" at || erface Multi-page.  jQ-
venues using text messaging Touch

or a device specific applica- .
tion®. On the other hand, Table 4.2: Mashup ID of SoundSquare

Shttp://www.washingtonpost.com/wp-dyn/content/agi2009/03/18/AR2009031802819.
html
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SoundCloud is an online audio distribution platform whidlowas musicians to
collaborate, promote and distribute their mésidhe idea behind this Mashup
is to let people link FourSquare venues with music, creadisgundtrack list for
each different location. New visitors to a venue could hste what other users
have selected as soundtrack of the place. In this way, atgurast or cafe can
have their own playlists created by the very customers ofémeie.

Type

SoundSquare is meant to be a Consumer type of Mashup. Thet gardience of
the application is regular users of FourSquare that have@apnterest in music
and would like to discover new tracks.

Service providers

Both services, FourSquare and SoundCloud, are open, wiihatiof usage and
do not require paying any fee. Both services allow users Ve tiaeir own pro-
file and private information. This information is availabigh the right authen-
tication, being possible to use an HTTP basic authenticatiothe OAuth 1.0
protocol.

Protocols

Noticeably, neither SoundCloud nor FourSquare supportSo®any other pro-
tocol other than REST. Therefore REST is the chosen protwwheh communi-
cating with their services.

The communication between the Server and the Client willdvaed out as well
using the REST protocol. This decision also fits with the neendation given in
3.4 of using the REST protocol when communicating with a rieothévice.

Data formats

Both services allowed XML and JSON format. JSON should bddh®mat used
in both cases since the data size is generally smaller.

“http://eu.techcrunch.com/2010/05/18/now-a-milliam-soundcloud-this-startup-is-scaling-globally/
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Architecture

As described in the Subsection 3.6.2,
the Same Origin Policy does not al-
low scripts from one origin access-
ing information of a different origin.

In order to access the information of
FourSquare and SoundCloud a server-
based proxy solution should be im-
plemented. SoundSquare should per-
form queries against its own server and
the server is in charge of the commu-
nication with FourSquare and Sound-
Cloud. Figure 4.4 represents the archi-
tecture of SoundSquare.

In order to create a rapid prototype of the Mashup, a backfr@mgdework such as

Ruby on Rails would be appropriate.

| nterface

In 3.7.2 we introduced two types of page models: Multi-page Single-page.
Since the type of data that is going to be presented in Sourai8dists of venues
with their own lists of tracks, seems to be quite linear, atMphge model is the
chosen option. The jQTouch framework could be used to easashk of building

the interface.
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Figure 4.4: SoundSquare architecture




4.3 Antipodes

Antipodes, also introduced in

Subsection 1.1.4, lets the users ‘ Antipodes ‘
visualize their current location
as well as their antipodes loca-
tion in the world. The idea is ;
that, at any given moment the sg)\\;li(c:ieers DNMI,  Yahoo
user is able to see where he is YQL, Flickr
located using a map provided Protocols REST

by Google Maps and b(_e able | oo formats XML, JSON

to toggle the view and visual- ) :

ize the same kind of informa- | Architecture Mobile

tion for the antipodes location | I nterface Single-page. iUl
E;rrtﬁ,svvgﬂﬂégg'vmiecﬁ I?ge dic;: Table 4.3: Mashup ID of Antipodes
metrically opposite to the cur-
rent location. More information from other services is ud#d such as the
times for sunrise and sunset provided by the Norwegian Melegical Institute
(DNMI) as well as geo-located pictures from Flickr.

Type Consumer
Google  Maps,

Type

Antipodes is meant to be a Consumer type of Mashup. The targience of
the application is potentially any mobile user that is cusido know information
about the other side of the world.

Service providers

All the services are open and do not require any payment. Menvaccording to
their license agreement, Google Maps can demand a payntaetusage grows
excessively. All the information is public and no autheation protocol is re-
quired.
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Protocols

Google Maps provides a Javascript library that communscdieectly with their

servers being impossible to know exactly which protocoy e using. However,
most likely it is REST. DNMI and Yahoo YQL provide their infmiation using a
REST protocol.

Data formats

DNMI provided most his content in XML format. Some of the aci$ have binary
proprietary format but none of them was used. Google Mapsirga Javascript
library and all the calls were to functions that returnecdily Javascript objects
therefore it is difficult to tell which format was used, mokiely JSON. Yahoo

YQL used JSON as data format and the JISONP technique in ardeake calls

directly from the client.

Architecture

DNMI should be proxied by
the server to be able to get the
information complying with
the Same Origin Policy. On
the other hand, as mentioned
before, Google Maps makes | YahooYQL| [ Server| | Google Maps
use of a Javascript library to
access its data and thus it is not \
necessary to use the server as Mobile
a proxy. Consequently Google
Maps information is retrieved
directly in the client’s browser.
Yahoo YQL could be used in
order to avoid using the server as a proxy, which can becorite gandwidth
costly since it would require to receive and send all theedéit pictures. As it
can be seen in Figure 4.5, the architecture is Mobile.

Flickr DNMI

Figure 4.5: Antipodes architecture
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I nterface

There is only a couple of views showing maps and times with)AlFaded con-
tent. Therefore the Single-page model might be the besbropiihe iUl frame-
work is chosen to ease the task of building the interface.

4.4 MoaobActi

MobActi, also introduced in

Section 2.4, is a tool for so- ‘ M obActi ‘
cial activism. It allows peo-
ple to raise awareness about is- .
sues in their cities. Users can Serv!ce
report problems directly when providers
they see them and list them on Protocols REST
GetSatisfaction. Once there, | poio tormats JSON
the issues can be voted and ) :
sorted out by the community | Architecture Mobile
providing clear guidelines for | | yerface Single-page.
the local authorities on what iWebKit

their citizens would like them .
to work on. Additionally, us- Table 4.4: Mashup ID of MobActi
ing the GPS location issues are
geo-localized creating a heat-map of hot-spots on thescitexe more work needs
to be done. Once decisions are taken or the work is done, stailys reports are
broadcasted to the community using Twitter and are avalablMobActi.

Type Consumer

Google  Maps,
GetSatisfaction

Type

MobActi is meant to be a Consumer type of Mashup. The targdieace of the
application are citizens of any city that are willing to cdlodite to their community
with feedback.

Service providers

All the services are open not requiring to pay any fee. Howdvéhe usage
of Google Maps grows too much, Google is able to demand foeadeording
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to their license agreement. All the information is publidam authentication
protocol is required.

Protocols

As mentioned before, Google Maps presumably uses a RESdcofoiGet Sat-
isfaction uses a REST protocol as well.

Data formats

GetSatisfaction provides its data in HTML or JSON formatsoider to manip-
ulate it in a programmatically way the JSON format is a betigiion. Google
Maps is most likely using JSON as well as mentioned earlier.

Architecture

GetSatisfaction should be prox-
ied by the server to be able
to get the information avoiding
the Same Origin Policy and
store meta-information (such

GetSatisfaction

as the location in where the is- Google Maps| | Server
sue was raised). On the other

hand, Google Maps provides a \ /
Javascript library to access its Mobile

data and thus it does not need
to be proxied by the server.
Figure 4.6 shows that the ar-
chitecture of MobActi is Mo-
bile.

Figure 4.6: MobActi architecture

I nterface
There are just a few views and the number of features is qeileced, therefore a

Single-page model might be better to implement. The iWelidinework could
be used to ease the task of building the interface.
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45 Deventus

Deventus, introduced in Sec-

tion 2.4, is a mobile con- | Deventus |
ference system that allow at-
tendees have all the informa-
tion they need at the palm Google  Maps,
of their hand.  Not only Service LinkedIn, _Face-
they can connect with other | Providers book,  Twitter,
attendees via Facebook and Kaywa, Vimeo
LinkedIn, but real-time inter- Protocols REST

action with them is possi- Data formats JSON

ble via Twitter, where users ) :

can express their opinion and | Architecture Mobile

raise questions live. The ap- | | terface Multi-page. jQ-
plication contains information Touch

about the venue and its loca-
tion using Google Maps. Con-
venient QR-codes generated
with Kaywa are available for the user to exchange for drimk¢hie after party.
When the event is finished, all the different talks are atéélaia Vimeo.

Type Business

Table 4.5: Mashup ID of Deventus

Type

Deventus is meant to be a Business type of Mashup. The targetrece of the
application are attendees of events and conferences.

Service providers

All the services are open not requiring to pay any fee. Udireg@Auth protocol
for authentication is required in Facebook and LinkedIn.

Protocols

Google Maps provides a Javascript library that communscdieectly with their
servers being impossible to know exactly which protocoy e using although,
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presumably, it is REST. Vimeo, Kaywa, Facebook and Linkatias the REST
protocol as well.

Data formats

LinkedIn provides its content only in the XML format. GoogdWaps is us-
ing a Javascript library and all the calls were to functidmat returned directly
Javascript objects therefore it is difficult to tell whichrimat was used, most likely
JSON. Vimeo, Kaywa and Facebook have all the content availadSON format
as well.

Architecture

Kaywa Facebook LinkedIn
Google Maps Vimeo Server
Mobile

Figure 4.7: Deventus architecture

Facebook and LinkedIn required being proxied by the sexvdretable to store
meta information as well as to handle the authenticatiofOAaith. On the other
hand, as explained earlier, Google Maps provides a Japasbrary to access its
data and thus it does not need to be proxied by the serverrd=gid shows that
the architecture should be Mobile.

I nterface
Since the type of data that is going to be presented in Desesiguite varied—
Maps, lists of users, Videos, Real Time information, etcraiight be better to use

a Multi-page model in order to decouple the code in multipgésfi The jQTouch
framework could be used to ease the task of building thefader
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In order to test the described reference framework, the tvgd Klobile Web
Mashups have been developed. In the following chaptertsesiithese imple-
mentations are shown.
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Chapter 5

Results

In order to empirically analyze and test the reference fraumik, the development
of two Mobile Web Mashups that have been previously anaips€tapter 4 has
been carried out. In this chapter we describe the detailsoti lexamples and we
share the experience acquired while implementing them.

5.1 SoundSquare

The Mashup can be found in http://soundsquare.viedma.es
Its source code can be found in http://github.com/cvied8mindSquare

Originally SoundSquare was
developed and tested using ‘ SoundSquare ‘
standard Desktop Web browsers.
Standard tools for web de-
velopment, such as the Fire- | Service Foursquare,
bug extension of Firefox and | Providers SoundCloud
the Inspector of Chrome (com- Protocols REST

mon to all the Webkit-based Data formats JSON

browsers) were useful for de- ) Server-based
bugging and testing the ap- | Architecture € le ase .
plication. However, once the | | terface Multi-page. jQ-
application was tested on a Touch

mobile device, it was much Table 5.1: Mashup ID of SoundSquare
slower than expected due to a
false impression of good performance on the computer’'s &eowThe mobile

Type Consumer
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browser, and especially the execution of Javascript co@s, slow and the ap-
plication responsiveness was poor causing a bad user erperiFigure 5.1 and
show screen-shots of SoundSquare running on a browser.

Subsequently, results for all the different aspects of NMéoliVeb Mashups are
presented.

Type

There are no requirements defined for Consumer type Mashapfore it cannot
be stated whether we are conforming to them. This might besung worth
working on future work (see 6.4.2).

Service providers

SoundCloud required the application
to be registered in order to perform [« @ [osnsqeevesmaes o O A |
queries to their services, even if it

was public data available to everyone.
FourSquare did not require the appli-
cation to be registered. To access pri- | Mobile Lite centre (o B
vate information, user authentication | sics - swedishinstituto of Computer science (> |
was required in both services. Public | wireiess@xs
information was available directly via | sectrum Restaurang
their REST API without any require- i i et
ment.

Purple Room

Even though there are some libraries | Tershamnsgatan 35 o
that ease the task of authenticating via | interactive institute Lo B
OAuth, for a novice developer all the | wicroHor (0 3
different steps and tokens exchanged | enfozipper a8 o

might be slightly confusing (see Sub-

section 3.3.1). Not only this, but the

fact that a redirection to a third party._.

web site is required seemed a bit coi:-'gure 5.1: Screen-shot of SoundSquare
fusing in the mobile context. For thes€'NNMNg ON & browser
reasons, when authentication was re-

quired in FourSquare the simpler xAdthredentials, a sub-protocol of OAuth,

Ihttp://dev.twitter.com/pages/xauth
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were used. This sub-protocol allows to get an access tokemigyly providing
the username and password of the user.

The service offered by FourSquare proved to be unreliabiengluhe develop-

ment. It seemed that their service, being quite new, expee peaks of usage
for which it was not prepared. In other occasions, FourSgaad SoundCloud
were available but with huge delay times. Originally Soumaise was blamed for
the poor user experience discovering later that it was al@nmolvith FourSquare.

SoundSquare assumed that the third-party services wesyslavailable and it

did not notify of the problems, it just did not react to usextsions causing a poor
user experience by looking unreliable and faulty.

Protocols

FourSquare and SoundCloud were accessed using the RES®Tgnahich does
not include any kind of formal description such as Web Service Description
Layer (WSDLJ. Without having a proper documentation it would be impdssib
to know which actions or resources are available, thergtiie documentation
provided by the services is extremely important. Both smwihad an extensive
documentation with several examples which was really uisefu

Data formats

The information from both services was retrieved directbyni the server using
the JSON data format. On the other hand, the server sentfthreniation to the
mobile device using HTML, i.e. the information was sent athg formated. The
reason for this was that Ruby on Rails has a rather easy wagnergte HTML
views making it possible to have the results directly visitsh the Mobile without
much extra work. However the application was slow and urmespe leading to a
poor user experience. This approach proved to be unsuatssgfe the overhead
of HTML is considerable. HTML, being a markup language lik®IX, might
have an overhead similar to it (Figure 3.8). A much betterag@gh would have
been sending the information directly in JSON to the mob#eick, as suggested
in Section 3.5, and format the content directly using Javisc

Architecture

2http://en.wikipedia.org/wiki/Web_Services_Descripti Language
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Qne of our goals was to ana!yze pos- & @ (@ soundsquarevi®> ] a
sible architectures for Mobile Web S ———

Mashups (Section 1.3). As described J2] Yocal Lyle "Clafra,™ Frum

The Singers Unlimited

earlier in the reference framework "Claire” (1975) [
(Section 3.6) one of them is server- 1"
based. SoundSquare used this kind = ~“"
of architecture as we suggested in the | 5saiies cComputer Voice From:

case study (Section 4.2). The mo- Warsskrice

-

(1983) Dir.
bile sent requests to the server and = :omescnan

this communicated directly with the bpms

services acting as a proxy. The
server-side was implemented using the .

Web development framework Ruby on

Rails. This tool is famous for its rapid [
development approach, making possi- Track information from Soundcioud
ble to generate an skeleton of a web

service with a few automatic scripts. Figure 5.2: Screen-shot 2 of Sound-

SoundCloud had a library wrapping affguare running on a browser

the calls to their serverd written in

Ruby the language used on the back-

end. This wrapper proved to be very convenient, faciligatine development.
FourSquare did not have such a library, consequentlyMiahg the case of Sound-
Cloud, a module wrapping all the calls to the FourSquareisernwas imple-

mented.

Add track to venue j

I nterface

It was in our goals to test different tools for the mobile nfaee (Section 1.3). The
jQTouch tool proved to be a useful tool to create good-logkempid prototypes
dealing automatically with issues like the history managetn However, this
tool is focused on a Single-page Interface and it was curobego use it with

the chosen page model. Additionally the documentationaviai is rather scarce
and it took a considerable amount of time to understand heawiiks. One of the

best tutorials available can be found in a book written byafloan Stark [20], who
is now the person in charge of maintaining the code of jQTéuch

Ruby on Rails is a rather Multi-page Interface oriented gamrk making it easy

Shttp://wiki.github.com/soundcloud/ruby-api-wrapper/
“http://github.com/senchalabs/jQTouch
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to use this page model (see Subsection 3.7.2. However, estoatsearlier, send-
ing multiple HTML files to the mobile device was slow and calisensiderable
delays. A Single-page model might have been a better appfoacthis kind of
applications.

When reading about how to access the location informatiorgukavascript from
the mobile device, it was found that there are many differemtlementations
depending on which platform the application is going to bedusEven though
the Mashup was just tested on Android tfeo-location-javascript v0.4.[8rary
was used. This library provides a geo location tool that wrapthe underlying
platform specific implementations in a Javascript libratyich is aligned to the
W3C Geo-location API Specificatién

5.2 Antipodes

The Mashup can be found in http://antipodes.viedma.es
Its source code can be found in http://github.com/cviedArdipodes

As with the previous example,
Antipodes was originally de- ‘ Antipodes ‘
veloped and tested using stan-
dard Desktop Web browsers.
Once again, standard tools for | garyice
web development like Firebug

Type Consumer

Google  Maps,
DNMI,  Yahoo

and Inspector were very useful providers YQL, Flickr
during testing and debugging. Protocols REST
However this time the appli- Data formats XML, JSON
cation was frequently tested ] :
Architecture Mobile

in an Android mobile phone.
More than debugging, the tests | I nterface Single-page. iUl

on t_he mobile platform were Table 5.2: Mashup ID of Antipodes
carried out to see how well
the application was perform-
ing, how fast it was loading and the overall user experiendas early-testing

approached seemed more successful than our previousexperiFigure 5.3 and
5.4 show screen-shots of Antipodes running on a browser.

The following subsections present results for all the d#ifee aspects of Mobile

Shttp://code.google.com/p/geo-location-javascript/
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Web Mashups.

Type

Once again, the application was designed as a Consumer plagteibeing not
possible to state if it conforms to such a type (see 6.4.2).

Service providers

The service providers used were
Google Maps, the Norwegian Meteo- |« @ (@ antipsdesvieamaes - o o% A
rological Institute (DNMI), Flickr and urrent 1
Yahoo YQL. None of these services
required authentication neither an API
key.

Even though Flickr allows to access Ot
the data from a third-party service us- P Sy

% 50(ng @0 ey &
i E»:\em :.Qstggkholm oVamda
ing the JSONP technique (see 3.6.2), T B s
Yahoo Query LanguagéYQL) was
used as a proxy in order to evaluate it
as an alternative to a server-side solu-

tion.

d‘
FOMEREE Y. .\ L= e
Google Map 858 G201 Begesfins Consuling, Tel Alss 1 L1+

Coordinates

Latitude: 59.40 ‘
YQL allows the developer to access || tongitude: 175 1
multiple APIs from a single Web Ser- | . ..

vice using a SQL-like syntax. Instead || o, c.o05:52:26 am
of having to deal with different APIs

with different syntaxes, YQL .a"OWSFigure 5.3: Screen-shot of Antipodes
the developer to access multiple ser-~ .
. : running on a browser

vices using a common language. It is

possible not only to access the already

available web services on YQL, but the

developer can also define his own services mapping corrdgathAPI into verbs
such as SELECT, DESC and SHGWFinally, it also allows getting data from any

valid HTML document using XPATH. As stated in the home-siter@L ”:

Shttp://datatables.org/
’http://developer.yahoo.com/yql/
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With YQL, developers can access and shape data across énednt
through one simple language, eliminating the need to leam to
call different APIs.

Using YQL was notably easy with mainstream Javascript teat$ asrototypé
andJQuery. Following a full example of the written code:

function get _pictures_yql(lat, Ion){

var BASE URI = "http://query.yahooapis.com vl/ public/yqgl’;
var yqgl _query = "select * fromflickr.photos.search where "

yql _query += "mn_taken_date="2008-09-01" and lat="" + lat + """
yql _query += "and lon="" + [on + "' and radius="20"";

new Aj ax. JSONRequest (BASE_URI, {
onConpl ete: processJSON,
cal | backName: ' cal | back’,
paranmeters: {q: yql _query, format: ’json'}

Ik
}

The potential of YQL will be discussed in the conclusionst{&ection 6.1.1).

Protocols

Google Maps provided a convenient Javascript library, dyinally loaded, that
allowed to show a map with a couple of lines of code. This kihdavascript's
libraries bypass the same origin policy and are quite caeweifrom a develop-
ers perspective since it does not require dealing direcilly the Web Service,
building URLs or wrappers. The functionality is ready to .use

The Norwegian Meteorological Institute only offered a RE#8dtocol while Flickr
was the most complete allowing calls in REST, SOAP or even XRALP. As
described earlier Flickr was accessed via YQL which madeygug for pho-
tographs a very easy task. A point to improve might be to plewirectly the
URL of the picture on the request data instead of instrustmmhow to build the
URL. The following Javascript code was used for such a task.

var src = "http://farm+farmd+".static.flickr.com"

8http://www.prototypejs.org/
Shttp://jquery.com/
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src += serverid+"/"+id+"_"+secret+"_b.jpg";

Note that, even though it is quite simple, it is not very vahsalf in a later stage
they decide to change their URL structure all the alreadsteng applications will
face problems.

Data formats

The two data formats used were XML and JSON. XML was used onlyhe
server side while all communications with the mobile weraelaising JSON,
either from the server or from the third-party Web ServicEsis, as pointed out
in 3.5.2, JSON usage is recommended for this kind of devicestlae overall
application speed increased considerable. Remarkatdy, #anough the type of
content provided on Antipodes are mostly images (mapsungs) as opposed
with SoundSquare (tracks, locations), Antipodes user rgxpee is much more
fluid and the application loads almost instantly over Wi-Fi.

JSON was also very convenient to work with since it maps tiréato Javascript
objects. For example, in order to accesphmto object the code required in
Javascript is directlyesult.query.results.photo[0]

XML was easy to access from the server side and the numbdorafiks, tools
and documentation available is outstanding.

Architecture

As it was reminded earlier, one of our objectives was to ameafyossible archi-
tectures for Mobile Web Mashups (Section 1.3). AntipodessisMobile archi-
tecture, as described in Section 3.6, using the server coemp@nly to proxy the
information of the Norwegian Meteorological Institute. @t than this, the role
of the server component was secondary just using the Rubyads fRamework
as a container and not much more. Google Maps and Flickr (af@d YQL)
were accessed directly from the mobile client as depictédgare 4.5.

| nterface

In order to test a different tool for the mobile interface @aadchieve our objec-
tives (Section 1.3), the interface tool used in Antipodes A.
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In this occasion the page model cho- o @ (Ganpodesvicso %0 @ A
sen was the Single-page model which, - Sunise: OT3T2AM
in combination with iUI, was very sim- '
ple to develop. Both, iUl and jQTouch ' ™™~
rely almost completely on the Single- Photo

page web application paradigm mak-
ing it difficult to use multi-pages (as
seen with SoundSquare). However,
having most of the code in the same
page might not be the best solution for
large scale mobile applications due to
coupling and performance issues.

‘ Sunset: 01:47:05 PM ‘

IUl documentation was deficient. Get-
ting to know how does it exactly work
took some time and the number of
tutorials available on the Internet is
much less than jQTouch in spite of be=igure 5.4: Screen-shot 2 of Antipodes
ing an older tool. Additionally, iUl running on a browser

does not have all the transition ani-

mations between pages like jQTouch.

Those transitions help the user understand the navigatimong the different
states of the application.

There is a Rails wrapper available for the server*8id&he aim of this wrapper
is to simplify building common tasks such as a back button.

Something that would have been good to have is a websitetttheeapplication
in different resolutions and layouts. As far as the authavks) it does not exist a
good web-based tool for this task.

Once again the Geo-Location-Javascript library was usedpaoved to be very
convenient (see 5.1).

http://www.railslodge.com/plugins/107 1-rails-iui
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Chapter 6

Conclusions

In this work we examine Mobile Web Mashups from a develogarspective
sharing our experience with Mobile Web Mashups. In the thiation several
goals and objectives were listed (Section 1.3). In this tdgaphose goals and
objectives are revised. Subsequently, general guidellmdsveloped Mobile Web
Mashups and the main contribution of this work are descrild@dally, possible
paths for future work are drawn.

6.1 Goalsand objectivesdissection

The aim of this work is to build a reference framework to ursteend and analyze
Mobile Web Mashups. In order to fulfill this aim and to addréss problems

presented in Section 1.2, a number of goals and objectives hgted in Section

1.3. The following subsections dissect one by one theses gmal objectives.

6.1.1 Architectures

The first goal was to describe and analyze possible arcaresctor Mobile Web
Mashups.

As we have seen in Section 3.6, there are three kind of aothres available:
Server-based, Client-based and Mobile. Client-based Mzssare executed within
the client’s browser which gathers the information dirgethd presents it. On the
other hand Server-based mashups gather, analyze, cormanefarmat the in-
formation on the server side and transmit it to the client. 8life architecture is
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when some information is processed on the server side ahdrnscombined with
more information on the client side.

The main problem with a Server-based architecture is theant cause bottle-
necks and is harder to develop. A Client-based architecugtmot be the best
option when high computational power is required and it ipantant to note that
it is limited to the mobile browser’s protocols. A Mobile aritecture leverages
into the advantages of each architecture.

As seen in Antipodes, Flickr was accessed via Yahoo Querguage (YQL).
The potential of YQL not only lies in the fact that it is a commlanguage, but
on the possibility to use YQL as a proxy to create client-gfdplications. For
example, in the example of Housingmaps (see 3.6.3), wegubonit that Craiglist
does not provide an API to access its content and a servem&sd needed. With
YQL the developer does not need to provide this server coeoend can just
roll out a pure client-based mobile service without needmgvorry too much
about scaling problems. Additionally it is possible to e&axc@/eb Services that do
not provide a solution for the same origin policy using th®B® techniqué To
sum it up, with YQL you can:

e Access multiple APIs with a common language
e Use the JSONP technique for Web Services that do not prokig@ption

e Screen scrap content from the web without a server-side

6.1.2 Tools

The second goal was to describe and analyze different toddsitd mobile web
interfaces.

A number of tools that provide a basic framework and funaliy for the user
interface has been listed in Table 3.9. Two tools for buddimerfaces have been
used, jQTouch and iUl. Both of them are meant to be used witinglespage
interface making it difficult to use a multi-page model. Howe as seen with
SoundSquare, a multi-page model is slower and not apptepsidh mobile de-
vices. In terms of documentation jQTouch is better docuest@aind there are a
number of screen-casts available with at least one bookjutsin

There is a Javascript library available called Geo-Locatlavascript that was
very useful in both applications which provides a geo lagatool that wraps all
the underlying platform specific implementations.

Lhttp://ajaxian.com/archives/yql-converting-the-wiebjson-with-mock-sq|
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Table 3.10 presented advantages and disadvantages ofausiagile Web inter-
face. The multi-platform and easiness of development of &iM&Veb interface
stand out as advantages while the limited access to the lymde©S and hard-
ware features are remarkable drawbacks.

Additional tools for building Native Web Application to oneme the above men-
tioned limitations have been presented in Table 3.11. Anmbam, PhoneGap is
one of the most popular tools.

6.1.3 User experience

The third goal was to describe and analyze how to build MoWieb Mashups
with good user experience.

One of the first issues to take in consideration is the speédesponsiveness of
the application. As shown earlier is recommendable to netls SOAP protocol
or the XML data format directly on the mobile device. The coamication with
Web Services should be done using a RESTful APl and the JS@dfolanat.
A good practice is also to implement the calls in an asynatusrway, so that
the application is responsive and can show the user songathirappening in the
background.

Service providers quality of service cannot be warrantetivaith new services,
as seen with FourSquare, it might fail frequently. Thereisrrecommendable to
always prepare for it. Giving constant feedback to the usdmaessages keeping
him constantly updated with the current status of the appba. Another pos-
sibility is to ensure the quality of service having fall-kacservices, for example
if Google Maps does not respond it might be possible to useddhaps as a
fall-back solution.

When the user has to authenticate in a third-party serniigeOAuth work-flow
requires the application to redirect the user to that semwilsere the user logs in,
approves the application and then is redirected back togpkcation. While this
seems to be a good solution, it quickly becomes too cumbersdmen many ser-
vices are involved, a situation quite common in a Mashup rdfoee it might be
good to require user authentication only when is indispielesdt might be possi-
ble to create some kind of OAuth aggregator. This idea willusther explained
in the Future Work section (6.4).
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6.1.4 Motivation

The first objective was to motivate Mobile Web Mashups.

From a business perspective we have seen that Web Mashupsl acith the
long tail theory which is based on selling less of more. Conmg the concept of
Web Mashups with mobile devices can unveil a world of new mpshMaobile
Web Mashups, satisfying the needs of niches and creatimgagginary business
values. Additionally it was pointed out that the ability teaudifferent services and
to break down business processes into smaller pieces calegte considerably
the speed at which new business services are deployed. diegdo Peenikal
[18], this will represent a substantial competitive adegetand organizations that
are not pioneers in the usage of Mashups will unavoidablytfiednselves non-
competitive.

From a developer’s perspective Mobile Web Mashups can rexiséng services
and data reducing the development process. They do notreegxiensive IT
skills and can be developed in a rapid-prototyping fashmproving time-to-
market. Mashups are better tailored to the end users thankss$ resources
required, letting developers focus on the user experieaiter than building the
basic components. Finally they can spur creativity and theslbpment of new
and innovative services as well as better interfaces feadly existing services.

Finally, from a user’s perspective Mobile Web Mashups allbe/creation of new
applications and services thanks to the long tail theorythedopening of new
markets. Also, as pointed out previously, the applicatidegeloped are better
tailored to their needs with a better user interface.

6.1.5 Advantagesand disadvantages

The second objective was to describe advantages and digadea of Mobile
Web Mashups.

Among the advantages are those described in the previoge&idn while moti-

vating Mobile Web Mashups and those described in Table zhé.rost remark-
able disadvantage is the service reliability while asguthre quality of service.
Also it is important to note that most of the data sources enliibernet are not
made as a service, i.e. do not provide their content via an WRIth means un-
reliable screen scraping programs are needed. Finallye ieeno standards for
Web Mashups making it difficult to implement security medsars. However,

some work has been done on securing private data with pristeaoh as OAuth
as shown in Subsection 3.3.1.
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6.1.6 Types

The third and final objective was to describe different typiedobile Web Mashups.

As described in the Section 3.2, Mashups can be categonzbdde types: Data
Mashups, Consumer Mashups and Business Mashups. The mmastococate-
gory of Mashups is the Consumer Mashup, designed for therglgmablic.

Consumer Mashups combine many sources of different typgesaiwvisual rep-
resentation while Data Mashups combine many sources ofasitypes into a
single representation. Business Mashups are meant fondustry and allow a
better usage of the resources of the enterprises. Businasiugs are similar to
Consumer Mashups but their aim is to solve a business problem

6.2 Guiddlines

As described in Section 1.4, the target audience of thisstes designers and
developers. The reference framework that has been built mopefully, help
them put together all the different pieces of the mobile watvise puzzle. After
reading this work they should have a foundation on the tagid, the following
guidelines, developed in Section 3.8, can help them toIstalding prototypes of
Mobile Web Mashups.

The first step is to have a rough idea on what kind of servicelitbe and who

will be using it. Then, decide what kind of Mashup it is—Da@gnsumer or
Business—based on the target audience. A rough estimatitre cumber of
potential users and how they might be using the Mashup slatstdoe performed
when possible.

Subsequently, information about the services that proth@efunctionality re-
quired should be gathered. Things to take in considerat®if the data is private
or public, if it is freely accessible or a fee is required ahd limitations of the
Terms of Service. Additionally it is needed to know what puils these services
understand and which data formats are available.

Based on all the previous information an architecture shbelchosen. For ex-
ample, if the Mashup has potentially a big number of useréigatebased archi-
tecture might be a good solution to reduce the server-loadth® other hand if
the service providers only work with a SOAP protocol, a prexil be needed

and some kind of server-based architecture would be mor®ppate.
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Finally, what kind of information is going to be provided anthat are the re-
quirements and limitations of the interface should helpat@tdecisions for the
mobile interface. For example, depending on the type of watssualize a Multi-
page model or Single-page might be more appropriate. Onttiez band, if the
application requires the usage of some hardware featuntsasiaccelerometer
or the camera, a pure browser-based application is notlpessid a native web
application should be developed.

As it was stated in Section 1.6, the aim of this work is not tovpte a fully

optimized framework ready for real-world deployment. Heowe they can be
useful for the targeted audience in an initial stage andetieroom to further
development in future work.

6.3 Contribution

My major contribution and aim is to set a foundation on howuddMobile Web

Mashups. | have set up a reference framework in order to ses\ee base for
future work and help developers exploring Mobile Web Mashufs shown in
Table 3.12, in this reference framework | have:

e Categorized Mobile Web Mashups by type and architecture.

e Pointed out which are the best protocols and data formatsednua mobile
context.

¢ Analyzed different characteristics of Services providers

¢ Listed advantages and disadvantages of a Web interfacedbii&Mashups
in Table 3.10 and raised a number of issues to take in comrgidersuch as
the page model and which tool to choose.

6.4 Futurework

6.4.1 Performanceindicators

As we have said earlier, no performance indicators have lbhesen neither
benchmarking carried out. The main reason behind it wasatio lpon the entire
system as a whole without digging into details. However, ssgie way to fur-
ther develop this work could be done choosing apropriatpaance indicators
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for each one of the different components described in thadveork (see Table
3.12). Additionally, some kind of indicator could be deyelm order to make
comparisons between different Mashups.

6.4.2 Mashups categorization

One of the limitations of this work, as described in Sectio®, Wvas to develop
solely the Consumer type of Mashups. However, since there @dear definition
of the requirements of this kind of Mashup, it could not beeased whether they
conformed to that category as we have seen in the resultsdf&é.1 and 5.2).

It might be necessary to develop further the categorizgtiesented in Section 3.2
with detailed requirements and guidelines for each one®types. A possible
way to carry out this kind of work can be with a case-study apph. Taking
a high number of already existing Mashups and classifyimgntiby the target
audience. Then, try to see which common factors and patseengresented. For
example, Business kind of Mashups potentially require adngosS in order to
ensure the stability of the business while compromisingiger experience in the
Consumer kind of Mashups could be highly negative. Adddlbyn interviews
with different stake-holders might be something worth goin

6.4.3 Native applications

In the Introduction (Subsection 1.1.3) was said that thiskwaould only focus on
Mobile Mashups developed with Web technologies. Howeweneg is a number
of applications that cannot be done with these tools, forgta background pro-
cesses or applications that require an immersive expersmch as augmented re-
ality. Additionally, there are some issues presented iniMahkeb Mashups, such
as the Same Origin Policy, that do not exist in native appbca. The framework
and guidelines developed in this work could be analysedgowether they apply
for native Mashups and still can help developers buildingpMoMashups.

6.4.4 OAuth aggregator

As it was discussed in Subsection 3.3.1, the OAuth prot@cahery web centric
protocol from a user experience perspective. The normakflow implies the

user being redirected from the Mashup to the service provitiere the user has
to authenticate, approve and then be redirected back to #shiy. The problem
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is presented when a number of different Web Services areedaghand accessed
from a mobile device. Having all these redirections withreaoe of the used
services and the limitation in screen size presented in lemdevices can cause a
bad user experience. On the other hand, the idea behind (rhotibcol is still
very valid, and having a key to access your personal dataowutttompromising
your password is very valuable.

A possible way to overcome this problem might be to create antaggregator
that works as a gate-keeper to other Web Services. With sscheane, a Mashup
would be required only to be granted access to the aggregatioen the access
is required the Mashup should be notifying which third paktyb Services needs
access to. The user can then grant access to those serviegebnated amount
of time, for example a single day. This OAuth aggregator atséime time needs
to have access to the third party Web Services. However, an@tcess can be
provided only once and work for a long time.
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Glossary

API An Application Programming Interface (API) is an interfaogplemented by a software
program to enable its interaction with other software [24].

Haiku A three-line poem in any language, with five syllables in th&t fand last lines and seven
syllables in the second, usually with an emphasis on theseasa naturalistic theme [34].
2

LBS Alocation-based service (LBS) is an information and eatarhent service, accessible with
mobile devices through the mobile network and utilizing #iglity to make use of the
geographical position of the mobile device [25]. 5

P2P A peer-to-peer, commonly abbreviated to P2P, is any digiith network architecture com-
posed of participants that make a portion of their resouisash as processing power, disk
storage or network bandwidth) directly available to othetiwork participants, without the
need for central coordination instances (such as servetsile hosts) [29]. 4

QoS Inthe field of computer networking and other packet-switttebecommunication networks,
the traffic engineering term quality of service (QoS) retersesource reservation control
mechanisms rather than the achieved service quality. Qualiservice is the ability to
provide different priority to different applications, useor data flows, or to guarantee a
certain level of performance to a data flow [30]. 5

SOA In computing, a service-oriented architecture (SOA) is zilfle set of design principles
used during the phases of systems development and intagrai deployed SOA-based
architecture will provide a loosely-integrated suite afsees that can be used within mul-
tiple business domains [32]. 4

Web scraping Web scraping (also called Web harvesting or Web data eitrgds a computer
software technique of extracting information from websig3]. 34
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