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Abstract: The purpose of this study is to present, introdaceé explain the principles, concepts and
techniques of mashups through an analysis of masiulg from End-user Development (EuD) software
engineering perspectives, since it is a new progriag paradigm.Problem statement: Although
mashup tools supporting the creation of mashups lrelvily on data integration, they still require
users to have reasonable programming skills, rattaer simply enabling the integration of conten&in
template approach. Mashup tools also have thespén in a fast moving technology-driven world
which requires meta-application handling. Some hipers have discontinued their mashup tools but
others are still available in the mashup spachast been noted that there is a steady increasewof n
mashups on a daily basis with a concomitant inerezfsnew Application Programming Interface
(APIs) to support meta-mashup application EAPproach: Both qualitative and quantitative research
methods have been utilized. After introducing thesib principles, concepts and techniques of
mashups, we develop and present a categorizatiorasifiups and mashup tools and summarize the ten
most popular currently used mashup tools againgrsandictors from end-user software engineering
perspectives ranging from programming skill requieast, prompt suggestion of features use,
operability, ‘share-ability’ and reuse, servicepgyand target user, in order to evaluate how these
mashup tools support end-user development. To iperfioe evaluation and produce the final results,
the selected indicators’ features have been ham#gncompared and comprehensively analyzed.
Results: The philosophy of mashup is aimed at providing $&mapid program development by end-
users with minimum programming skills. However, eleserve that mashup tools typically follow four
data processing styles: Webpage customization, péneadigm, spreadsheet and programming by
demonstration. These mashup tools are supposeccamlessly and effortlessly assist end-users
programming but this is not the cagmnclusion: From our research we concluded that some mashup
tools are not really simple enough to handle aifidetjuire end-users to have a computer progrargmin
background to learn and understand its platformastfuctures and mechanisms. These might all
change in the near future. There are some comptraésre now involved with mashup development
which provide huge opportunities to both individaald organizational customers. Mashup have now
become a commercial opportunity rather than a gmaly of integrating data from Web 2.0 platforms.

Keywords: Mashup, mashup tools, meta-applications, softwarelopment, Webpage customization,
Application programming interface

INTRODUCTION computing fraternity latched onto the word “mashbp”
combing multiple services into a single high-ortléeb
Mashup is a relatively new and emerging form ofapplication (Hartmanet al., 2007; Zanggt al., 2008).
Web application development that is gaining wideagr A very recent mashup example was to help esedsu
recognition. The original definition of mashups wasto follow the BP oil spill crisis as a news itemnA
derived from mixing music songs to create a newexplosion on an offshore oil rig in the Gulf of Mes on
“remix” regardless of the sources as shown in Ei§the  20th April 2010 started a leak which spewed mikiarf
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gallons of oil into the ocean. Mashup developers

Another example, housingmaps.com, as shown in

created mashups to understand and digest the maassiig. 3, is a typical successful mashup. It wastbu
amounts of news available. One example of suckea si Paul Rademacher, an independent programmer. It is a

using Google Earth APIs, called BP Gulf Oil Spitl i
the Gulf of Mexico affecting all coastal areas, ebhi

mashup that combined property listings from Crasgsl
with map data from Google Maps to show not only the

supported end-users to look around the approximathst of properties available, but also the respecti
location of the latest observed spill vicinity via locations and other property information. The mashu

underwater photo view images as is shown in Fig. 2.

Fig. 1: Mashup with different expressions of remix

Click to visit BP Gulf Gil Spill - View in Google Eartt
new window

Fig. 2: BP gulf oil spill in the Gulf of Mexico ietface
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Fig. 3: The remix interface of housingmaps.com

took place on the server of housingmap.com whick wa
independent from its original sources: Craigslist a
Google Maps. By integrating these popular Website
resource services, housingmaps.com created a new
fresh Web application.

However, the development of users’ applications in
the complex world of computing by following the
pattern of writing “knit and stitch” programming &
daunting task. Creating a mashup also requirets shil
programming language (Zang al., 2008) such as
HTML, JavaScript, PHP and knowledge of relevant
APIs which limits the ability of non-programmers to
create mashups. Since 2006, several commercial
mashup tools which focused on end-users, Web
developers and business organizations have created
such tools as Microsoft Popfly, Yahoo! Pipes aniIB
Mashup Centre. These mashup development tools were
created largely to focus on correlating data rathan
writing complex mashup programs. Since then, both
mashup research and tools developed rapidly ang man
new features were invented and added. Mashups have
become simpler, user friendly, easy to use andsacce
(Yuetal., 2008).

MATERIALSAND METHODS

An overview of mashup applications. Mashup refers

to Website or Web applications which seamlessly
integrate content from multiple sources into
combinations of information patterns. Some examples
of mashup applications where data and services are
remixed to create new valuable application pattares

e Google Maps in Flickr (GMIF) integrate Flickr,
Google Maps, Google Earth and Firefox together
using Greasemonkey script

e Library Lookup bookmark based on JavaScript is a
bookmark gadget that enables Amazon.com to
integrate with your local library menu

e Yahoo! Pipes enables a user to synthesize a piece
of more informative news feed from multiple news
sources

e Google Calendar has dedicated complex APIs that
enables adding Web events into one’s personal
calendar
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A simple mashup application example: Flickr is a ~ Most popular APIs and mashup tags: We observed

social network Website with huge flexibility thadrcbe I[]Ofn Pf09fifggnélafleVl\(/eg-Comhstatlstlcsl (_Tabzlz 616) /i*;?t
highly mixed. It provides not only basic photo #tgr ere were racked mashups involving S
and sharing functions, but, most importantly, pgorts on 31st July 2010. During the last 6 months, mashup

i ) increased from 4600-4950 with approximately 2 new
XML, XML Web services, Tag mechanism and AJAX. ashyps created or added daily and 4 new APIs added

Figure 4 illustrates a mashup application in Flithkat per week, giving approximately 23 new APIs per rhont
allows end-users to display their photos in Googlewith an average 0.7% rate of increase. Among these
Maps platforms, by using Google Maps in Flickr 2066 APIs, the top three popular ones were Twilith w
(GMiF) which is a script implemented through a 36%, TwilioSMS with 13% and with a shared tie

Firefox extension. GMiF works as a GreasemonkeyP0sition between Google Maps and Twitter at 12%
script that rewrites HTML code in Flickr in ordeo t each. But realistically speaking, it appears that

. : . o GoogleMaps has an edge over Twitter since it pexvid
insert a GMIF button into a photo canvas. In additio the earliest “open” (publically available and acible)

the embedded Google Maps function, severake of APIs for creating mashup applications arey th

JavaScript codes will be added when users click thgre still the most popular in their widespread esag

GMiF button. because of their early entry, exposure and utitity
usefulness.

; . ; With over 150,000 sites already using the Gmog
Typical mash attern: Normally, the creation of i !
yp! PP y ! Maps APIs from the time of its launch, there are

a mashup focu.ses on two a.spects. firstly, to Obta'%pproximately 35,400 registrants per day and the
content from different Websites and then apply theggisiration rate is as high as 54%. And from Table
extracted contents as a combination of elements intcan be further observed that from all tagged APIs
a new application. This includes three basicanalyzed by ProgrammableWeb.com, Mapping at 10%
operations: data extraction, data matching and dathas fallen from when it was at the top most positd
integration (Murthet al., 2006). Data extraction is 20% when the Website was visited two months ago.

the process of obtaining data from source sitesaDa
matching is the prior transformation of that dattoi Three common mashup types. Categorizing mashup
a format expected by the receiving terminal sitrs f applications is generally perceived in the fornaahulti-

assembly or integration into the desired applicatio View in three different ways, namely, from its
without further transformation. architecture, combined items and involved udeosn

different usage perspectives. In these types ohuoms
the most common functional elements are data,
flickr consumer and business mashups as shown in Table 2.

Tags | Grouss | Fecply | se | L uigesr ]

tan Yours - Uplasd < Organkoe - Your Contasty’ - Explore - Super Aatch

Golden Gate Bridge

Mashup techniques: The Web is known as the largest
and the most successful database and exchangensyste
ever built. The creation of a Web application inied
data processing that conventionally goes througketh
tiers of interconnected processing as shown in Fig.
tier-1 presentation, tier-2 application and tier-3
information storage (Petersen, 2009).

“-@-2-0

Client Internet Application Database
Tier-1 Cloud Tier-2 Tier-3
Fig. 4: A mashup application with GMiF Fig. 5: Three tiers of Web meta-application creatio
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Table 1: Most popular APIs and mashup tags of uarapplication types

Social Twitter Top API for Mashups
O Twilio (36%)
W TwilioSMS (13%)
[ Twitter (12%)
W GoogleMaps (12%)
[ Facebook (6%)
M YouTube (5%)
[ Flickr (3%)
[0 Foursquare (3%)
[ MaxMindGeolP (3%)
[0 Google AppEngine (3%)

Facebook Programmableweb.com 07/31/10
Mapping Google Maps
Microsoft Virtual Earth
Music Last.fm
Lyricsfly
Shopping Amazon
eCommerce Top Mashup tags
Otelephony (22%)
W social (13%)
Hmessaging (12%)
W voice (11%)
M sms (11%)
W mapping (10%)
[ Twitter (6%)
[ sports (5%)
Ovideo (3%)
Ointernet (3%)
Enterpl’ise Salesforce.com Programmableweb.com 07/21/10
EchoSign
Video YouTube
AOL Video
Photo Flickr
Panoramio

Table 2: Mashups multi-view categorization

Category Sub-category Remarks
Architecture Client mashup Data is combined andrreétted in user's Web browser
Server mashup Data is analyzed and reformattedremote server
Combined items Presentation mashup Informatioitheleremixed or just placed next to each other
Data mashup Similar types of media and informatiom multiple sources are combined into a singladource
Process mashup Functionality is combined togethene or more external processes using programtanguages
Involved users  Consumer mashup Visual elementslatadis combined from multiple sources
Business mashup Aims to solve business problems

A Web browser running on an end-user’'s machine as shown in Fig. 6 and Fig. 7 respectively. On \R€b
the first tier that provides data display, permgtiend- platforms, users are not only single readers whey t
users to view, enter and update data. The apmlicéitr  are surfing the Internet to search information sesr
is the powerhouse which generates Webpages and and retrieve data, but they also help create coittgn
includes dynamic Web content technology such as ASBlogging personal and personalized information lgasi
and JSP to facilitate this function. The databasthé and seamlessly through the functionality offeredthoy
third tier of the Web application process which ages Web 2.0 platform and multimedia applications.
data hosting of content and supporting tag infoiomat Since both the amount and diversity of Web and
that is typically organized in relational form (L&tial.,  other content is expanding rapidly, a large nundifer
2007). Generally, a client  sends requests to theesources are shared or shareable, integrated and
Application tier, which is a Web server engine thatrepublished among end-users, which encourage rexisti
connects to multimedia information Database (s) formashups to evolve and new ones to emerge as high-
searching and retrieving content, querying and tipgla order Web applications that mushroom by recombining
and hosting new data content. information from a bewildering array of data resmg
Web 1.0 refers to static HTML for publishing and and sources. These high-order applications arsifitab
downloading of Webpage content as specified by W3G&Gs meta-applications.
norms. Compared with Web 1.0, Web 2.0 refers t@aboc In Web 2.0 platform, data is an independeamitnd
networking sites like Flickr that allow many people  can be aggregated and transferred easily by XMLitand
build communities and upload and share content theglones. Compared with HTML, XML simplifies the
have created in an interactive and collaborativemea  processing of retrieved data. This is because XML
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emphasizes data transportation and storing, whil@rogramming language with particular information
HTML is concerned with displaying information. Seet technology. With Web 2.0 platform, information
data retrieved from HTML require reprocessing tosharing tends to be widely mature since the endsuse
extract the information content from it. This role has changed virtually from single internet
information, turned into data input, can then bedufor ~ resources’ reader to an interactive writer in diéfe
further remixing. shared community activity modules among end-users

Moreover, Asynchronous JavaScript and XMLwhich has recently become more effective and
(AJAX) is a group of interrelated Web developmentfrequent. The mashup tools aim to provide
methods used on the client-side that supportsriatiegg ~ opportunities to every end-user that participates i
disparate content or services into a single usecustomizing Web applications with personal intesest
experience by dynamic access on any XML-based dat@nd requirements.

source. With AJAX, data retrieval from the seriin Mashup tools developed by different owners/jpl®
the asynchronous context, without interfering witle  distinct services as shown in Table 3. Microsoft
display and behavior of the existing page. terminated Popfly, (once a popular mashup tool),

On the data sharing side, the content used iceased Popfly operation and shutdown all related
mashups is typically sourced from a third partyafieen  resources, supporting sites and links on 24th Augus
and publicly available interfaces, called APIs theg a 2009 because it is believed that the competitios wa
set of functions pertaining to messages and dateating into their budgets without viable financial
structures. In its simplest form, a Web API is atlfua  returns, which Microsoft called “budget lbatks”.
synonym for Web service that supports mashups in
terms of allowing the combination of multiple sees
into new meta-applications. For example, Really@m %
Syndication (RSS) plays an essential role in mashup o
publishing. It is an extension of information om®in =
sharing model by supporting filtering information t
end-users via subscripting their most interesting
information such as news, blogs or videos in rizaét
and publishes them as a family of multi-format Web
feeds.

Mashup is considered as a new type of application
where resources are loosely aggregated together tc
create a single high order meta-application witthet Readess Authors
functionality. The appearance of more mashups is
expected as Web 2.0 technology advances and maturésg. 6: Author and reader interaction and collabiora
providing more opportunities for end-users to partte
|n new Web appllcatlon development To create a  Web1.0:Themost read-only Web Web 2.0: The widely read-write Web
mashup application, there are two primary optiarsg 250,000 sites 80,000,000 sites

APIs if you are familiar with it, or mashups todisou
generated
content

Networked mterconnected servers

are a novice without any programming skills. Thd-en
user will select one or the other that is most aotable ;.

and convenient to create his/her personal unique pusisne | S
mashup. Selecting a suitable method to create their ... generated confont
mashups is quite significant because it gives the content

personalizedlavor to the mashup based on their likes
and dislikes. We believe that the tools option iscm

easier, more efficient and will have a multipliéieet of (T®) u;‘ \Mg“ h

success in the long run for the end-user. ‘\;3 U ! I'L 'l% "
|

Mashup tools: Mashup tools were developed to T 1 billion global users

support non-programmers to create their own variety . 2006

of mashups fulfilling different objectives and need
(Simmenet al., 2008). Conventional mashups were Fig. 7: End-users’ role has changed from Readey-nl
created by the end-users who are professional at Editor between Web 1.0 to Web 2.0 generation
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Table 3: The basic information of mashup makers

Mashup maker Owner Launched

Yahoo! Pipes Yahoo! February 7, 2007

iGoogle Google May 2005. Renamed as iGoogle onl 802007

Microsoft Popfly Microsoft May 18, 2007. Discontiedi on August 24, 2009

Apatar Apatar Project initiated in 2005. Stablesi@n released on September 21, 2007

IBM Lotus Mashups (Formerly QEDWiki) IBM

Showcasad early version on January 23, 2008

Google Mashup Editor Google Migrated to Google Amgine on Januaryl14, 2009

Intel Mash Maker® Intel Released the mature 2nd betsion on April 22, 2008

Marmite 2007

Vegemite IBM 2008

Dapper Dapper 2005

However, Microsoft Popfly was regarded with doing and provide information and visualizations

skepticism due to its reliance on Microsoft's Silight
Web platform, which focused on software rather than
about data mashing (Ferrate, 2009). This is naju@i
Google Mashup Editor that was once an AJAX
development framework with a set of tools which
enabled developers to quickly and easily createlsim
Web applications and mashups with Google services
was shut down by Google on 14th January, 200% It i
disheartening to see these mashup tools in the
development graveyard. It was quite difficult to
measure which factors eventually determined tHarti

about what might be useful for their tasks (Ennals

and Garofalakis, 2007). It is plugged in, worked

and played with the end-users browsers. The
contents are from multiple resources such as
Websites, videos, maps, RSS feeds, tweeds and
photos which are published in one place. Mash
Maker® provides tools that allow end-users to

manage their mashups by copy-paste, editing,
sorting and annotating

Wire paradigm: Wiring paradigm provides a series of

of their discontinuations. Fortunately, there atd s Services in the forms of modules, connectors,
some tools available including Yahoo! Pipes anélint omponents or blocks that are called pipes or wires
Mash Maker®. Mashups ecosystem is like any otheP€velopers can choose the suitable pipes or wias t

systems which obey the survival of the fittest gipie

support particular functions they want and drag and

to maintain lifespan. We believe that in this fierc drop themonto a canvas. For example:

competitive, opportunistic and challenging arena,
mashups can coexist. The demised mashups will gimpl
bring more opportunities to others in this space.

Mashup tools category: Mashup tools can be
categorized through different data processing nesiul
Webpage customization, wire paradigm, spreadsheet
and programming by demonstration.

Webpage Customization allows end-users to
browse and design Webpages that they are going to
integrate as a set. Changes to content take plaea w
mashup developers search Websites, for example:

e iGoogle is a Web service based on Google gadgets
that enables end-users to establish personalized
homepages which contain a Google search box at
the top. The homepages can be customized by
adding Web feeds and Google gadgets that are
displayed on a canvas. Many themes are provided
to satisfy groups of end-users with different
flavors. These features include Google bookmarks,
weather, Google search and also Wikipedia search
can be integrated and displayed in iGoogle page

» Intel Mash Maker® is an interactive tool that helps
users to track the current tasks which they are
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Yahoo! Pipes is a powerful composition tool to
aggregate, manipulate and combine content from
the Web (Linet al., 2009). Yahoo! Pipes supports
end-users to achieve their requirements by
combining, filtering and translating custom feeds
that address the user’s specific objectives and
needs by providing powerful widgets or gadgets.
Yahoo! Pipes enables end-users to search, share
and reuse pipes with other users. The terminal -
end-user side - set of pipes are published as RSS,
JSON, KML and other formats for ease of use
Apatar is a desktop application installed at the
client side to provide end-users with connectors,
data services and operators to integrate informatio
on the basis of on-premise or on-demand for the
data and applications. Applications are connected
on the spot for non-developers with graphic tools
and data transformers with visual mapping and
aiding tools and without coding requirements. ETL
(Extract-Transform-Load) engine enables end-
users to provide their applications in the way they
want to their customers or business partners to use
Apatar extends its support by providing customers
with consulting, data integration and training
services
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Table 4: Features of the mashup tools

Programming Prompt suggestion Share-ability garg
Name skill requirement  of features to use  Opergbiliand reuse Service Type user
Yahoo! Pipes Average No Average Yes Hosted serVijal Remixing develop Individual
programming environment
iGoogle Non-technical Yes Low Yes Customizabletgtage Web gadgets Individual
Personal Web portal
Apatar Average No High Yes Data integration ETlLadat Organization
Software application migration to SQL
IBM Lotus Mashups Non-technical Yes Average Yes vigzer-based Enterprise and Web Organization
tools widgets data platform
Intel Mash Maker® Expert No Average Yes Toolbar tebsion client to Firefox  Individual
non-technical Web browser
Marmite Average Yes Low Yes Toolbar Extensionmtli® Firefox  Individual
Web browser
Vegemite Average No Average Yes Hybrid data-flow diiser programming Individual
Incremental programming  system
paradigms
Dapper Average Yes Average Yes Virtual browser @tmed information Organization
Nontechnical interface platform

Widgets, create APIs

IBM Lotus Mashups is a mashup tool running in aProgramming by demonstration: Whereby end-users
browser based on a wiki concept called QEDWiki,are able to learn new operations through the pi@vis
of examples in template form instead of programming
QEDWiki provides mashing up different resourceslike style. This method of creating mashup is
to create end-user desired applications quickly teexemplified by such tools as:

where QED stands foguick and easily done.

meet instant needs (Elmeleegy al., 2008). It

provides various supporting tool functions to assis
editing, commenting, publishing, emailing and
collaborating. QEDWiki runs in a browser based
on Web 2.0 technology like AJAX creating rich

end-users’ interactive experiences. Lotus Mashups
is considered as a framework of QEDWiki that was

launched in the annual IBM Lotusphere conference

in 2008. It aims at rapidly assembling mashup

Vegemite that uses direct manipulation and
programming-by-demonstration  techniques  to
automatically populate tables with information
collected from various Websites (Liet al., 2009)
Dapper that uses screen-scrapers to allows end-
users to access any Webpage and then select any
one of the output format template to extract data

applications using browser-based visual tools forMashup tools features: We selected seven feature
end-users and it also provides opportunities fothemes with the aim of exploring end-users
adding more powerful tools to support end-users tajevelopment aspects, especially for non-programmers
create sophisticated mashups for business domaing order to evaluate their usability, operabilitydauser-
QEDWiki and IBM Lotus Mashups share the samefriendly interface as summarized and shown in Tdble
technology from IBM's Emerging Technology with the following proviso:

Group but Lotus Mashups is a separate commercial

product from QEDWiki.

Spreadsheet oriented: In a spreadsheet-oriented
mashup framework the integrated data is directly

inserted into a spreadsheet. It is an easy mashup

platform where the advantages are to enable eng-use
to see the current state of the processed dathelpdo
view the bugs dynamically while the processing sake
place with the possibility of allowing real-time lore
debugging. For example:

Marmite works by integrating data with screen

scrape-oriented programming and then displaying

the integrated data as flow or spreadsheet views.
The programming progress as well as the data can

be seen simultaneously (Wong and Hong, 2006,

2007) as the mashup is created

1412

Programming skill requirement: To create a
mashup. Normally, it is expected for end-users to
have some programming skills. This can be
determined from three distinct groups of end-users
with different programming backgrounds: non-
technical, average and expert. It can also be used
for evaluation purposes to analyze and determine
skill levels, output productivity and use of mashup
facilities

Prompt Suggestion of Features to Use: Refers to
the embedded system mashup directional facility
which offers relevant hints to assist end-users
follow and understand their meta-application
creation activities in real-time

Operability: Refers to the level of abstractionsl an
ease of learning for end-users
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« Share-ability and Reuse: Refers to the developednd direction to end-users in creating their meta-
mashups that could be shared and reused as a me&pplication. The majority of them provide a startup
application with other mashups and developers  button or icons to get started easily and at eaabes

« Service: Includes widgets, toolbars, visualthey may pop prompt boxes to assist the user toviol
interfaces and paradigms that mashup tools use féie most likely next step.
simplify the progress of creating mashups Yahoo! Pipes allows sharing of pipes with other

«  Type: Refers to the platform mashup tool’s reliancemashup developers while the end-users pipes can be
on a browser, remixing data or end-userfound by other developers who are interested in tha

programming system subject/topic area. Mash Maker® supports end-users

. Target user: Refers to the target group of endsuseh0 wish to share their mashups with their friends
for whom these mashup tools have been develope‘ﬁ'th social networking community sites. Using this

for: individual or organization tool, end-users can easily design and tailor their
mashups through the visualization features and
RESULTSAND DISCUSSION functions to customize control the layout and viewir

mashups. Dapper enables end-users to search R&S fee

Over half of the reviewed mashup tools in thisthat have been published by other developers aitd bu
study need their end-users to partly have averagtem up as a meta-application.
programming skills. Only iGoogle and IBM Lotus The majority of targeted end-users of the mashup
Mashups support non-technical end-users with wijget tools that were reviewed are individuals who are
but the function does not fully satisfy end-usemséds. interested in establishing their Web application aas
Intel Mash Maker® is considered as the tool fohb@  meta-application. Only IBM Lotus Mashups is onettha
non-technical users to manipulate content throughta aims to provide enough powerful tools for the besi
of functions and (ii) experts using it explicityo t domain. It is considered as a commercial applicatio
specify a formula type advanced functions andimiat  product based on IBM’s Mashups Centre.

into which data is fed by mashup maker flow In addition to those big corporations, many small
dynamically to create content (Ennals and GarofsJak and medium sized companies have also been invatved
2007). the development of mashup tools and facilities. Soin

Yahoo! Pipes is a remixing development platform,them have achieved huge success such as Apatae whos
which allows meta-applications from different headquarters is now in Massachusetts and currently
functions and operations to be assembled andsed by 3500 organizations and individuals worlawid
integrated by connecting pipes through a set ofor creating mashups.
operators in a programming-like manner. iGoogle and  From the tools assessed by this study, iGoodleeis
Mash Maker® is a Webpage-oriented platform, wheresimplest and easiest mashup tool for novice entsuke
data processing takes place simultaneously witldoes not require any programming or specific
adding widgets to the current edited Webpagesbackground knowledge so that end-users can cieaite t
Marmite is an extension plugged in the Firefoxown cookbook applications within a few minutes.
browser which assists in creating mashup more\easil However, all of the reviewed mashup tools need end-
Vegemite implements a data-flow programmingusers to learn how to use them before startingdate
paradigm, while dapper focuses on structurednashup applications. On the other hand Yahoo! Pipes
information system that concentrates on dataequires an average level of understanding of tadl t
extraction and integration. functions and operations of each connector andatqer

Apatar does not only provide client application Apatar also requires a deeper level of understgndin
software, but it also provides other services teirth abstraction by end-users of things such as database
customers, such as data integration, ETL migration knowledge, in order to abstract and connect daimn fr
SQL, customization, training and consulting sersice  different diverse data sources.

Dapper is a dynamic tool displaying advertising We selected, categorized and reviewed ten mashup
technology which is based on a different mashupools to display their features. We found that stais
application model to help vendors to find thoseprovide different services and adapt to differeargeét
customers who closely match the selling or buyingend-users or customers. iGoogle and Mash Maker®
patterns or profile of their product lines. based on Web customization provide widgets and

All the mashup tools which were reviewed in this gadgets that enable end-users to edit target Webgag
study support help-like faciliies and automatic retrieve and integrate data. Starting off with tkiisd of
prompting of suggestive features to give relevant h tool is easy and rapid progress can be made without
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much outside support, thus individuals are the mairenforcement will depend on the confidentiality and
customers of their use. Yahoo! Pipes, Apatar and IB sensitivity of the mashup and its data content.
Lotus Mashups are based on the wire paradigm concep

for selecting connectors and visually wiring themtoo CONCLUSION
the canvas for subsequent processing and disphty th
makes the whole creation exercise of a meta-apiolica In this study of mashup as a software application

easy to handle. However, before using this typwof  development EuD technique, we presented an emerging
the end-user must learn something of the features phenomenon and trend offered primarily by Web 2.0
provides, define the requirements and understaed thtechnology. Web 2.0 has boosted mashup making and
functionality of the meta-application in order flect the  content sharing by the ordinary “non-programmeetyp
appropriate connectors to be wired. However, fan-no community of users through the use of relativetgse
technical developers or novice end-users, the ilggrn and easy to use instructions, functions and opersiti
process might be long and complex, even after bein@hey require minimum or no technical support, due t
introduced to how to create mashups because there i the use of “open” APIs, AJAX and RSS as a group of
better experience than what comes from practices i§h interrelated Web development methods. They offer
a necessity that is hard to pass by. What has tedmet  individuals the opportunity to create, upload ahdrs
must be learned and practice makes it easy! personalized remix content through diverse data

Marmite is a mashup which uses spreadsheet asistegration from different sources, giving end-sser
technique that readily stores and displays comglia  unique experiences in mashup building and displiy w
in a variety of relational forms. The retrieved alagg  the ultimate goal of sharing content with friendda
displayed as one would find in a typical spreadsheefoes over the Internet at rapid speed and minimaish ¢
program, such that it is organized neatly and toegss From the review it was observed that thenber
is governed by a set of logical rules and formujae of mashup applications is increasing since mashup
operations. However, graphics or images can bdyeasidevelopment tools have become available to support
added to enhance the meta-application Outpu?nd-user meta-application development. The major_lty

. . of current mashup tools support end-user programmin

presentation display. S

In programming by demonstration/example, end_but to create a mashup meta-application succegsfull

. . : end-users still need to have some programming
users instruct the system in what they want to @b w .
. ackground and knowledge. However, this has not
the data and the system will then complete the tas

¢ tically th h int tati | Whilee t ampered mashup development as a technique or
automatically through Interpretative rules. : restricted their use. Mashup frameworks and
system is running,

rur end-users cannot interrupt the, pitectures are now transforming from simple eont
process until it has run to completion. It has ® b o a3 integration to multi-faceted meta-applimad
performed as an atomic action because of tgnat have valuable commercial implications and
complexity of the data sets and multi- or crosgfptan offerings other than just end-user social netwagkin
processing cycles. This method of mashup creation ¢ We believe that on the one hand mashup really
be time-consuming and tedious for end-users itta  brings more opportunities with a new revolutiontte
item is large and the process is computationallymajority of on-demand creative end-users while o t
complex, intensive and repetitive. other hand challenges still exist in some masheasar
An important requirement for mashup meta-such as technology maturity in the business dortwin
applications is their authenticity and integrityttdugh  make them a common practice. The latter is our next
outside the scope of this study, the problem withstudy to find out what will be the next generatioh
mashups is that the content or information can benashups in the business domain that will influenee
abused through various forms of cyber vandalismdevelopment paradigms, methods and processes.
commonly known as trollingvhich can go undetected
during the live time existence of the mashup. Their REFERENCES
processing can be equally hijacked and misused to
present covert data displays or diverted to otheshup  Elmeleegy, H., A. Ivan, R. Akkiraju and R. Goodwin,
sites. Mashups need security in the form of a $et o 2008. Mashup advisor: A recommendation tool for
safety measures, regardless if they operate ad fixe Mashup development. Proceeding of the Web
mobile software agents. The safety measure (Patel, IEEE International Conference on Services, Sept.
2010) has to comprise of security, privacy, trust, 23-26, IEEE Xplore Press, Beijing, pp: 337-344.
auditing and digital forensic functions and their DOI: 10.1109/ICWS.2008.128

1414



J. Computer <ci., 6 (12): 1406-1415, 2010

Ennals, R.J. and M.N. Garofalakis, 2007. MashMakerPetersen, J., 2009. Benefits of using the n-tiered

Mashups for the masses. Proceedings of the 2007 approach for web applications. Adobe.Com.

ACM SIGMOD International
Management of Data, June 11-14, ACM Press,
Beijing, China, pp: 1116-1118. DOI:

10.1145/1247480.1247626

Ferrate, A., 2009. Microsoft shuts-down its popfly

mashup tool. Programmableweb. Com.
http://blog.programmableweb.com/2009/07/16/mic
rosoft-shuts-down-its-popfly-mashup-tool/

Hartmann, B., L. Wu, K. Collins and S.R. Klemmer,

2007. Programming by a sample: Rapidly creating
Web applications with d.mix. Proceedings of the
20th Annual ACM Symposium on User Interface
Software and Technology, Oct. 7-10, ACM Press,

Conference on Simmen, D.E., M. Altinel, V. Markl, S. Padmanabhan

and A. Singh, 2008. Damia: Data mashups for
intranet applications. Proceedings of the 2008
ACM SIGMOD International Conference on
Management of Data, June 9-12, ACM Press,
Vancouver, Canada, pp: 1171-1182. DOIL:
10.1145/1376616.1376734

Wong, J. and J. Hong, 2006. Marmite: End-user

programming for the web. Proceedings of the CHI
'06 on Human Factors in Computing Systems,
April 22-27, ACM Press, Montréal, Québec,
Canada, pp. 1541-1546. DOl:
10.1145/1125451.1125733

Newport, Rhode Island, USA., pp: 241-250. DOI: Wong, J. and J.I. Hong, 2007. Making mashups with

10.1145/1294211.1294254

Lin, J., J. Wong, J. Nichols, A. Cypher and T.Aula

2009. End-user programming of mashups with
vegemite. Proceedings of the 13th International
Conference on Intelligent User Interfaces, Feb. 8-

marmite: Towards end-user programming for the
web. Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, Apr. 28-
May 3, ACM Press, San Jose, California, USA.,
pp: 1435-1444. DOI: 10.1145/1240624.1240842

11, ACM Press, Sanibel Island, Florida, USA., Yu, J., B. Benatallah, F. Casati and F. Daniel, 200
pp: 97-106. DOI: 10.1145/1502650.1502667 Understanding mashup development. IEEE Internet
Liu, X., Y. Hui, W. Sun and H. Liang, 2007. Towards Comput., 12: 44-52. DOI:10.1109/MIC.2008.114
service composition based on mashup. Proceedinggang, N., M.B. Rosson and V. Nasser, 2008. Mashups:
of the IEEE Congress on Services, July 9-13, IEEE =~ Who? What? Why? Proceedings of the CHI'08
Xplore Press, Salt Lake City, UT., pp: 332-339. extended abstracts on Human Factors in
DOI: 10.1109/SERVICES.2007.67 Computing Systems, Apr. 5-10, ACM Press,
Murth, S., D. Maier and L. Delcambre, 2006. Mash-o- Florence, Italy, pp: 3171-3176. DOI:
matic. Proceedings of the 2006 ACM Symposium 10.1145/1358628.1358826
on Document Engineering, Oct. 10-13, ACM
Press, Amsterdam, The Netherlands, pp: 205-214.
DOI: 10.1145/1166160.1166214
Patel, A., 2010. Concept of Mobile Agent-based
Electronic Marketplace-Safety Measures. In:
Encyclopedia of E-Business Development and
Management in the Digital Economy, Lee, I. (Ed.).
IGI Global Snippet, Macomb, IL., USA., ISBN:
1615206116, pp: 252-264.

1415



