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Executive summary

This report is a review of the state of the arsémvice compositioby theendusers Service composition

means the creation of new services based on the existing services available in the Web. To make service
composition pssible to end users, it should not require the use of a programming language or other tools
mainly targeted for software developers.

The underlying problem is that the developers of existing serviessail, Amazon, Google Maps, Google
Search, eBay, Fabook eBanking, route planners, real estate listings, and $ocomld not possibly have
anticipated all possible needs of every user. Service composition is an approach to alleviate that problem by
empowering endisers with easyo-use tools to createesvices that address their personal and situational
needsThese services would belong to thag tail of software: the many small applications that collectively

have a large impacThe ability to easily compose services would also have the potentiattwver hidden

needs of people; when shared with others, their ideas and innovations could boost the evolution of the whole
service ecosystem.

It turns out that there are a variety of approaches to end user service composition. New services can be
composd at usetime or at designtime Usetime composition usually leads intmnetime, throwaway
compositions for the particular purpose at hahabls reviewed in that category are Intel MashMaker and
Mozilla Ubiquity. Designatime composition means the creatiof new services in advance of their use.
Results are typically more complex reusable service artefacts that can be shared with other people. Most
service composition tools support the creation of services in that category.

The desigrtime tools can belassified intoprogrammingby-example visual programmingform-based

creation and scriptbased creation Programmingoy-example can be divided into two subcategories:
programmingby-demonstrationi which means the recording and generalization of a seqaen o f user
actions supported by tools such as Karma and Vegéamdied example modificatiori which means the
creation of a new service as a modification of an existing service supported by d.mix. In visual programming
a new service artefact is specifie@d a program using a graphical programming notation. There are
impressive tools in that area, most prominent of which are Yahoo Pipes, Microsoft Popfly, and IBM Lotus
Mashups. While easy at the surface level, these tools assume that users understaminprggroncepts

and therefore it is questionable whether they can be calledsamdools. Forabased creation is a category

of widget framework$ such as iGoogle, Netvibes, and Yahoo Widgethat allow the users to create
personal service collection§he frameworks have only little support for connection services with each
other. Rather they present services4iges i d e i rb aar 0Of ssat [Ypasdsl creafon comestclosest to

real programming. Two environments are reviewed: Firefox that pvaddramework for creating
extensions using JavaScript, and Facebook that provides the possibility to create application that use the
social networking data of the underlying service.

The LUCRE project is developing service composition tools to supperyday activities of ordinary users.

From that perspective, the use scenarios of programbyittgmonstration are too limited as they relate to
information integration problems. Visual programming is too close to programming: despite the graphical
notationthe user needs to understand programming concepts. This is also reflected in the limited popularity
of these tools. It is likely that they are bad compromises: too difficult for end users while not powerful
enough for developers. Script based tools aem éxss accessible for typical end users.

In LUCRE the further development is based on widget frameworkapproach. The existing widget
frameworks are hugely popular and it can therefore be assumed that the concept is easy for ordinary users. A
possiblereason for this the conteoentric view they provide to users, instead of the operaigmtric view

required by visual programming or scrpsed tools. In addition, composite services created through widget
frameworks can support a wide range of edlagyactivities, not just information integration. The biggest
challenges in LUCRE concern the techniques to connect widgets with each other to provide unified services
for particular tasks.
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1 Introduction

This report is a review of the state of the arsémvice compositioby theendusers We review available
commercial services in service compositi@wveell as research published in academic forums. The purpose

of this review is to understand the main categories of solutions to this problem. What kinds of approaches,
technologies and tools are available? How does a user interact with the tools? \WWhalf ldarvices users

end up composing?

TheWeb is full of services ranging from complex, globally used services, such as email, Amazon, Google
Maps, Google Search, eBay, and Facebook, to smaller or more locally profiled services, such as currency
convertes, journey planners, eBanking, and so on. Popular services obviously address some important needs
that are shared by many users. However, outside of the shared needs, there is a realm of all kinds of
individual, evolving, and situational wants and nee@sviSe developers and providers cannot anticipate nor
address them all. Indeed, the attempt to do so would lead into bloated software packages with decreasing
performance and usability, and at the end there would be a lot of unnecessary duplicatiotioofafiipc

already existing in other services.

As an example consider a simple task of finding a new apartment. There are many services that provide real
estate listings. They typically include a standard set of information about each apartment, the, bodd
neighborhood, and the terms of sale. However, an individual buyer may have important other criteria for the
purchase, such as distance to day care centers, schools, playgrounds, grocery stores, specialty shops, and bu
stops. Some of these crininay be relevant to subgroups of custoriiesach as the average air quality or
walkability* of the neighborhoo# and some completely specific to an individual buysuch as the time it

takes to drive to his or her job, hobbies, or friends. It is quéar that the service provider cannot include

such information in the listings. Moreover, it may not be in the interest of the seller even to volunteer all
generally interesting information, in case it is unfavorable to the apartment. The buyer, h@ndsenp

using a number of different web sources and services to find out the issues critical to him or her about each
potential apartment. This requires copying and pasting information between services and applications, with
possible clean up and trangfmtion of the data in between. Multiple browser windows would need to be
opened and accessed. The combination of information would mostly happen in the head of the buyer. When
the number of potential apartment grows larger, the evaluation requires destiplbokkeeping. After a

while the buyer may become overburdened and frustrated, and find it difficult to keep track of the big
picture. He or she would simply like to have a service that looks for apartment listing and evaluates them
according to his or dr individual interests, and in case an apartment rates favorably, would send a
notification. How could users be better supported in this kind of tasks?

Ultimately, users would probably wish to simply statbat they want a composite service to do. For
exampl e, Al would |ike to hawe sa r cetsisf itchatni o02rR0 0d0f0 Oa
guality is good, and within haltf an hour dri vi ng
detailed semantic descriptions of services, together with either automatic reasoning capabilitiesate elabor
crowdsourcing arrangements. Unfortunately, there are not any realistic and practical solutions available in
those areas yet.

However, technology to enable users to lellvthey want a composite service to work is developing fast.
There aretoolsthaha ke it possible to compose, for exampl e,
form craigslist.org, filter apartments with pricee ss t han 200000 0, evaluat e
filter apartments where the result is good, compute the driving time from the apartment to the job in
maps.google.com, filter apartments wheetechnbléges r e s u
developed in the area of ender programming, or more generalyduser developmenindeed, Lieberman

et al. (2006) have predicted, that the goal of hug@nputer interaction will evolve from just making

! walkscore littp://walkscore.coiprovides this information for neighbourhoods of largest cities in US
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systemseasy to uséo making sygeems that areasy to develgms it is impossible to design systems that are
appropriate for all users and all situations (MacLean et al., 1990).

This report reviews service composition tools that enable assembling existing sources and services into new
combinations of desired content and functionality. If such tools were accessible atote@sesythere would
ultimately be numerous smadtale services most of which would satisfy some personalized, situational, and
evolving needs of individuals. Thesergices would belong to thieng tail of software: the many small
applications that collectively have a large impact (Anderson, 2006). However, the ability to easily compose
services would also have the potential to uncover hidden needs of people; wieehveltia others, their

ideas and innovations could boost the evolution of the whole service ecosystem.

Spreadsheets present a major success story in the areausfeemtogramming (Nardi, 1993). Many office
workers without any studies or previous exgece in programming have been able to createtrival
spreadsheets for real uses. Other areas wheresensl have been able to participate directly in development
are web authoring and business process automationudemddevelopment and consequerghrvice
composition seem thus feasible ideas, but to what extent? It is commonly understood that programming
and development of reliable software in gengral difficult. While it is evident that enrdsers are able to
create simple services, it also seevhsious that they will not be able to solving many software engineering
problems, such as those related to performance, scalability, distribution, concurrency, and interoperability,
that are difficult even for developers.

The goal of LUCRE project is toain understanding of the potential of usegated services by developing

and studying service composition tools and technologies. There are many interesting questions in the area.
Are there reasonable compromises between-&agse and power of the to@lds it possible to have a
smooth progression from simpler methods to powerful ones? Are there problems or dangers inherent in
service composition by engsers? What is a reasonable division of work betweeruseis and developers

and how could fruitful ollaboration between them be organized?

In the next chapter we will discuss the service composition problem to focus the study to relevant
technologies and tools. In the rest of the document we will cover some of the tools in depth.
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2  Service composition

Sevice is a term that has many meanings. In this report it is used in the following, relatively technical
meaning:

Service is a software component made available through a network.

In contrast to ampplicationthat is executed in the client,sarviceis associated with a server that hosts it

and at least to some extent supports its execution. The implications are that services are typically
independent of the client platform, require no installation or updating from users, can utilize background data
poterially shared among all the users, and their execution can be monitored.

Services can naturally be created by ordinary programming but in this report we are interested-lav@gher
conceptualizations of service creation. The emphasis is specificafigriicecomposition not in service
development in general. Composition means the creation of a service as a relatively simple combination of
available services. For example, a geographical location pointed by the user on a map could be connected to
a sevice that tells road conditions there. The focus is thus not in complex control flows that involve
conditional execution (itatements), iteration (loops), or state maintenance (variable assignments).

By enduser we mean anyone who uses a service, is anateveloper, and has not studied software
development. Being an enser does not imply that a person is generally uneducated, unskilled, or
cognitively challenged. Many engsers of spreadsheets have been office workers who are well educated,
although no in software development. Conversely, the lack of softwel@ed education does not make a
developer an endser.

2.1 Time of composition creation

Different tools conceptualize and approach service composition in different ways. One difference concerns
thetime when the composition is created. There are essentially to alternatives:

1. Usetime composition When a user is browsing the Web, he or she can combine serviceadn an
hocmanner. These are usually etiree, throwaway compositions for the particulargmse at hand.

2. Designtime compositionA user can create a service composition in advance of using it. The result
is aservice artifacthat is typically reusable in many similar situations later on.

In use time composition, the system typically sug@estsotherwise makes it possible to disc@ether

services or data that can be combined with the data being examined. For instance, if the user is looking at a
list of restaurants that includes the addresses, the system can propose to display the @icHimns
restaurants on a map.

Design time composition can be used multiple times afterwards. For example, the user can build from a map
service, a restaurant list, and the current location of the mobile device a composite service that displays ten
closestrestaurants on the map centered on the current location of the mobile device. He or she can then use
the service multiple times in similar situations and even publish it so that other people can also use it.

The potential for reuse is valuable but it bengith it many difficulties inherent in programming. The
service should work in a range of future situations, instead of just in the particular situation at hand-as in use
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time composition. This requires some way to abstract the relevant propertiesitiidation as well as use of
some notation in which the abstract service can be expressed.

2.2 Fields of research on service composition

Services can be composgeds any programs or software systéntBrough ordinary programming.
However, there are at least tfdlowing active areas of research and development specifically targeted to
the creation of service compositions:

1. Serviceoriented architecture (SOA)n the world of Serviceriented architecture, the concept of
Web Service is used to mean services sggetifo allow machin¢éo-machine use. There are
numerous XMLbased standards developed by organizations such as W3C and OASIS to govern the
specification and use of Web Services. According to the standards, service interfaces are described
using Web Service Description Language (WSDL), messages between services with SOAP, and
service discovery using UDDI registry. For service composition there are two concepts:
orchestration and choreograpl@rchestrationrmeans the specification of a hierarchical, prodiéss
composite service using the Web Services Business Process Execution LanguaBPEMYS
notation. This approach is mainly targeted to business processes and it expects the component
processes to provide structured XML data through-smdicified interices.Choreographyrefers to
a conversational, nenierarchical approach for composition of Web Services. It specifies a protocol
for peerto-peer interactions, defining, for example, the possible sequences of messages exchanged
to guarantee interoperalli It is not directly executable, as it allows many different realizations,
either through ordinary programming or through a suitable orchestration from each peer.
Choreography can be expressed with Web Services Choreography Description Language (WS
CDL). Orchestration and choreography cannot be characterized as propgseendethods since
WS-BPEL and WSCDL are relatively complex specifications that include many programming
concepts: variables, loops, conditional execution, synchronization, exceptimhsp on. There are
also visual WSBPEL tools available from providers of SOA technologies, such as IBM, SAP,
Oracle, Microsoft, and Apache.

2. Mashups Mashups are services that combine functionality and data from multiple web sources to
help users solve $&ts not originally envisioned by the authors of those sources (Lin 2009). The
mashup approach takes as the starting point all the services available in the Web, including all kinds
of userdirected services and sources in addition to the Web Servicesweltidefined APIs
mentioned above. There is a broad range of different kinds of approaches, technologies, and tools
developed in the mashup area; active innovation takes place both with regard to the tools and to the
actual creation of composite servicddashups aim to utilize interesting services (Google Maps,
Craigslist, weather information, public statistics, etc.) even when the data provided by services is
unstructured i.e., in HTMLO and requires the use of information extraction techniques. When
compaed to the processriented focus of orchestration, mashup research addresses a different
spectrum of problems ranging from information extraction to information visualization. On the other
hand, many mashups are experimental and not created for any roisoah purposes, as might
well be the case with Web Service orchestrations. It should be noted that the field of enterprise
mashups (Hoyer, 2008) is a combination of sereigented architecture and mashups. The aim is to
give endusers within enterpses a possibility to easily compose services for their situational needs.

3. Semantic Web Servicds the field of Semantic Web Services, the service composition problem is
seen as an automatic reasoning t as kshowTlosest user
ethnic restaurants on a mapo), and the system
request using the services available in the Web. The most obvious use case for automatic methods is

2 Below we will discuss a technique called programrtigegdemonstratiorthat can form a bridge from usiene
composition to reusable services by allowing the system to infer reusable services ftonmelsamples.
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mobile and ubiquitous computation, whethe set of available services changes as the result of
physical mobility and composition should happen mostly without human intervention, in an
opportunistic and transparent manner. Technology for automatic composition of services comes
from the researcbn knowledge representation and planning algorithms within the field of artificial
intelligence. The approach requires detailed semantic descriptions of available services, either using
some ontologies or with folksonomies. Unfortunately, the problensgemgantic interoperability are
difficult and they are still, to a large extent, unsolved today. Furthermore, the algorithms to combine
services with each other tend to be intractable although there has been a lot of progress in them and
small composition mblems could certainly be solved.

The review in this report will be limited to the mashup approach, as the role of aisemid unclear in the

other approaches. The field of mashups contains many interesting and relatively practical methods based on
the ideas generated in the field of ewser programming. In addition, neither the seradented
architecture nor the semantic web services approach has not been able to adapt to the fast development of the
Web nor to the social and ecosystem aspects witseromposition.

2.3 Mashup patterns

Wong and Hong (2008) studied a sample of mashups to uncover patterns that might indicate requirements
for future mashup tool3.he study was preliminary but nevertheless interesting. It showed that there were
many mashup that did not combine several services but merely provided a new kind of interface to an
existing service. For instance, Leaflets (getleaflets.com) are specialized versions of common web sites to run
on Apple phone, and oSkope (oskope.com) provides ahdsarch interface to Amazon and eBay.

The authors identified the following mashup patterns that they considered interesting with respect to future
mashup tools:

Aggregation Aggregate multiple web sites together or summarize sets of data.

Alternate @ in-situ use Support new methods of interacting with data from a website or support
specialized use outside of the typical use case.

Personalization Use the personal information about the user or allow the user to create personalized
information, for @ample, lists of items of interest.

Focused view of datdrovide indexing or categorization for the contents of a website.

Tracking Monitoring changes to the underlying data, e.g., new apartments in real estate listings.

2.4 End-user programming

In the field of enduser programming, one central question is what makes programming hard. Blackwell
(2002) gives three answers:

1. Loss of direct manipulatiorDirect manipulation allows cognitively simple interaction with a system:
the current status of thestgm is visible, a single action has a single visible effect, and the system can
be restored to previous situation. In programming the situation is almost opposite to this. The program
will be executed in the future and applied to unknown data. It needsrioin different situations.
There is thus no single situation to inspect. Operations can have multiple effects that can furthermore
be temporally and spatially distributed.

2. Use of notationThe artifact that the programmer creates for furtherwi@t must be specified using
some notationAll notational systems are artificial, as there is no ideal or natural programming

FS/LUCRE - Deliverable 2.1 Part 1 Page 8 (77)



F[eHib[e JeriCef Version 1.2

notation. In any notation, the design choices require tradeoffs between which cognitive tasks are
facilitated and which are inbited. In the research on ender programming, the need to use a textual
notation with strict syntax and semantics is considered one concrete problem. Visual notations can
alleviate some of these issues but many problems still remain.

3. Abstraction as dool for complexity Need for abstraction is a result of loss of concrete situation. The
expression requires using some notation. According to Blackwell (2002), abstraction is a particularly
difficult aspect in programming for engsers.

These problems a been addressed with different kinds of-esdr programming techniques. Nardi (1993)
divided the discussion into following areas: taglecific programming languages, interaction techniques in
enduser application development, application frameworkd,ciaborative work practices.

In service composition approaches based on mashups, most of these are used in one form or another. In the
following we will discuss the following service composition approaches:

1. Programmingby-example Using a particular istance of execution, inpoutput relations, or
existing programs as basis for creating new programs.

2. Visual programmingReplacing the textual programming notation with graphical notation. Graphical
notations usually consist of blocks and connectors.

3. Formsbased creation Using forms, tables, assembly canvases, or other special structures to
simplify service composition. Spreadsheets belong to this category.

4. Scriptbased creationMaking the programming easier and more natural, e.g. through scripting.
In the rest of the report we will review several different mashup tools, each of which uses one or more of
these approaches. We have classified the tools to abhermtoned categories based on the dominant or most

visible approach. However, we first sthit looking at some tools for udene service composition, as they
do not naturally belong to any of the categories above.
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3 Usetime service composition

In this section we will review two systems for tfeed or runtimeéd service composition. It should be
noted that in this context, the term fAused mean:
contexts, such as many of those encountered with mobile devices, are not necessarily as natthad for on

fly service composition. The tools reviewed helare Intel MashMaker and Mozilla Ubiquity, both

experimental tools running as an extension of Firefox browser (see sub3ettion

3.1 Intel MashMaker

fiintel® Mash Maker takes mashups to a whole new level with an innovativeadiwhlrnew way of
browsing the Internet. ... Instead of browsing through websites, Mash Maker-heitthnology enables

you to browse through contexts and semantics, as well as easily view information the way you want, and
presented the way you wabit. Intel MashMaker introduction on AMO

Intel MashMaker is a web browser extendiooriginally for Firefox but now also available for d&hat

allows one to create mashups live as part of browsing. This is possible because the mashing up takes place in
the bowser, and not on a server as is usual. For example, a user could constructup nvashe the

favourite food listed on a friend's MySpace page would be accompanied with a button that enables a
reservation at a nearby restaurant selling that*food

MashM&er installs as a toolbar on the browsEig(re J. Since MashMaker suggests mashups that it can
apply to the current page as one browses it, no programming ability is netéBsarguggestions are based

on the site content and structure in additionuing a structure/semantic model for specific websites
generated by users and stored on the server. When encountering a website for which no structure or semantic
model exists, a user can create a new one that will enable others to create mashupssitith Ithatalso

possible to modify the current model by adding new capabifitiesthat way, MashMaker harnesses the
Wis%om of the crowds and relies on the community to teach it about the structure and semantics of web
sites.

MashMaker maintains a spte social network of its users. It allows users to share data, widgets, and widget
suggestions. Data can be published to friends as writable condadThis allows creating akloc social
networking applications (Ennals, 2007). MashMaker has user asgcaamd while there is a guest user
account, it does not allow creating new mashups, rate mashups and widgets, or bookmark or showing
mashup URLS

Intel MashMaker is still marked as Experimental extension of Firefox. Although it offers interesting
possibiities, it has not found its audience as it has been downloaded only 264 times thus far (2/2009). It is
possible that it does not offer the functionality that people want or is not easy enough for the majority to use.
The last time Intel MashMaker extensiovas updated was 10/2008.

® https://addons.mozilla.org/edS/firefox/addon/9395

* http://www.crn.com.au/News/61645 iitftel-releasesnasimakerpreview.aspx

® hitp://software.intel.com/ens/articles/inteimashmakermashupsor-the- masses

® http://freegeographytools.com/2007/intat@shmakeranothermashupmakerbut-different
" http://software.intel.com/ens/articles/intemashmakermashupsfor-the masses/

8 http://mashmaker.intel.com/web/informationguest.html
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Be that as i may, MashMaker does represent fAa bi
director for Intel Mash Maker, admitted. While it enriches the browsing experience, it hardly sells any more
hardware’,

|Q =m| 7 L.; % * ‘f;\) GuestMode Click here to teach Mash Maker how to understand pages like this
Tntel Mash Maker % I_| RS p... 6 | o Opent.. || | offp StockM. | | o Sharea.. ) | o Fastro.,
Wicgets | Meshups | Data | Extractor | Galery | & [Ee8C News

Double dick a widget to add it

N EWS [V ONE-MINUTE WORLD NEWS
4§ Google Maps = N »
& Linked Data I Page last updated at 13:44 GMT, Thursday, 26 Febru
=

Table Y a-‘!‘ LATEST: Former Malawi President Bakili Muluzi
Calendar v"‘! S
& Find Address AL S Bangk
& photo Africa mutin'
"¥? Yahoo Maps Americas Mutinous
& Time Asia-Pacific guards hz
Simple Image Europe & weapons

| Mote IM'ddI = hostages,
Iy, Charts T |
illy Bar Chart - Google Charts
E8! Photo Tie
@ e REUTERS
48 Mapquest
& Match
& Correct LATEST NEWS D0
a5 Select
B Anmotation We want to hear 50 ways to save

L from you ol
Image Join Reuters advisory i Ll and beat the
B - =i . panel. recession.
™ expert controls Take our surveyr F2 Request your free guide

Details

Author: You are here:  Home > Business & Finance = Article

RBS posts record UK |
Figureli Intel MashMaker

RatingHere: (4004 0
Rating Overal: 0 0

3.2 Mozilla Ubiquity

Mozilla Ubiquity™ is an experimental environment for ttime composition of servicesigure J. It is
essentially a collection of easy textual commands that allow the user to look for information and use that
information to current web page as well as other web sources.

The Ubiquity commands, for exampieap look, add calendayrtranslate email this t¢ and so on, resemble

natural language and are typed into the command interpreter at the top of the wimaser. Ubiquity is

not meant just for information integration but for the whole range of tasks possible with a Web browser, such
as sending email or managing calendar. Textual commands may at first sound like an inconvenient idea and
a step back in the elution of user interfaces. However, if we consider the idea that people are willing to
write text to move to a Web address or to make a search in the Web using a search engine, it seems natural to
think they might wish simply to tell the computer whatytheant to it todo: show a location on a map, send

a message to someone, and so on.

An example use scenario of Ubiquity is to select a portion of the text in a normal browser window, press
alt - space to get to the Ubiquity command interpreter, and type thc o mmand fAemai | t h
Ubi quity woul d suggest possi bl e compl etions t o
alyssa.p. hacker@mit.edu. 0 When the user accepts t
and creates a message-plle d with the recipient address and the selected content.

An advanced user can also create new commands. There is a community forum called The Ubiquity Herd
where these commands can be shared with others. As of 3/2009, close to 8@fhuridrited commands
have been published in the forum, but that number naturally includes lots of duplicates.

® http://news.cnet.com/83010784_399213137.html?tag=blog.promos
10 https://wiki.mozilla.org/Labs/Ubiquity/
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How does Ubiquity help the user in composing services? What is the added value compared tdittee base
scenario where the user copies and pastes content from gioe $eranother? Basically Ubiquity simplifies
userds interaction with services. With a couple c
services into the data at current page. For example, the user can translate a piece of todasbown a

map, email the content to a friend, and so on, all without invoking translation, mapping, or email services
and without the need for copy and paste. It is easy to believe that there are users who can learn to use
Ubiquity fluently but who wold find it too difficult to carry out same actions without it.

Ubiquity achieves this by hiding service invocations behind the commands so that the user does not need to
remember Web addresses or to search for available services. The user just tedtethénsgn abstract level

what he or she wants to do, not how to do it. Since users can create new commands and share them in the
Ubiquity community, it is possible that the coverage of commands becomes pretty extensive. However, that
possibility also cretes the problem of discovering and identifying desired commands. Even the auto
completion functionality of Ubiquity would not work well if there are numerous similar commands available.

An obvious limitation of the approach of Ubiquity is that while ipgorts a composition of the current page
with another service, it is not clear at all how that could be generalized to composition of multiple services,
unless all the complexities are hidden behind the implementation of a command.

look GNU|

W wikipedia GNU (in language)

(FSF).
Wildebeest
B Connoc!

44

DotGNU

DorG L

GNU Project

Figure 2i Mozilla Ubiquity
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4  Programming by examgde

Programming by examplis also known aprogramming by demonstratiotdalbert (1984) defined it as
programming a software system in its own user interface. The user of the system writes a program by
demonstrating what the program should do on a conesaeple. The system records the sequence of
actions, possibly infers a generalization of the sequence, and can perform it agaapoly rié¢ to other

similar cases. The first system working like this was PYGMALION, written by David C. Smith (1975).

Another related meaning for the programming by exampleiriscontrast to demonstration of a novel
exampl® the versioning of an existing example. This approach can best beeadiegle modificatiorand

it has become a ubiquitous strategy in -esdr developent (Nardi, 1998). Modification of a working
example speeds up development as it provides stronger scaffolding than when writing code from scratch
(Hartmann, 2007).

4.1 Programming by demonstration

From the perspective of the user, programming by demonstddiEsnot require the user to edit a program

in any notation. The user works with the system in the similar way as when he or she is ordinarily
performing a task. The system is in a recording mode that captures the actions of the user, and suggests
generaikations for the actions. The mashup program is created in an implicit manner in the background,
although some systems can additionally allow the user to view and edit the program.

4.1.1 Karma

Karma (Tuchinda, 2008) is a mashup tool that enables the integoati@ta from multiple web sources into
a data table through demonstration. According to the model behind Karma, information integration can be
divided into the following subtasks:

1. Data retrieval Extracting unstructured data from web pages (in HTML) entstructured format
such as a table or XML. The original data may be distributed on the page or span multiple pages.
When user clicks a piece of data to extract, Karma uses an XPath generalization scheme to find other
data items in similar role, especialiiata in similar position in a list (in html lists, table rows, or
behind item specific links).

2. Source modelling Assigning attribute names for each data column to enable the detection of
relationships between the new data source and existing ones. Keepsrkpositories of previously
extracted data tables and it can suggest column names based on the values of data. For example, if
the value is an address and there is a previous data table containing addresses, Karma can recognize
the similarityandsugget t he col umn name fAAddresso from th

3. Data cleaning Transformation of data values into appropriate, canonical format. Cleaning can also

include fixing misspellings. For emagmepdtehbe a n
corrected and transformed into the form used
Hacker o. While the correct form to use is up

combined to use the same form. The upecHies for one or more cells what the end result of the
cleaned data should look like. Karma automatically deduces a cleaning transformation that can then
be applied to all cells in the same column.

4. Data integration Combination of two or more data soesctogether. This is basically a join
operation between tables that is possible when the column names match (achieved by source
modelling) and data values are the same (achieved by data cleaning). The user fills out the empty
cells in a table by pickingvaues or attri butes based on Kar mabéb
correct table to join with the original one.
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5. Data visualization Displaying of the final data, for example, on a map, or as a table or graph. This
task is outside the functionalitiesopided by Karma.

The programming by demonstration is supported in a different manner in each of the steps. In data retrieval
step, Karma proposes generalizations baselistain which data pointed to by the user resides. In source
modelling, Karma prop@s column names based on previously extracted data. In data cleaning step, Karma
uses deduction to find out a correct transformation based on the examples that user has provided. Data
integration, on the other hand, is based on reasoning about the usgioopdo narrow the choice of which

tables to join. The user does not need to search for data sources to integrate nor know database operations
The integration based on selection of existing data values guarantees that such exist.

Karma puts these sapde techniques into a unified framework that enablesuseds to build information
integration mashups in a datantric manner without encountering code at any point. This is in contrast to
visual programming approach where the user often needs tonbafavith programming concepts, even if
presented in a visual language.

Karmabés strength is the extraction and combinatio
support arbitrary operations with tables such as executing queries bese¢abte or collecting data based on
computation performed on the data (Lin, 2009).

4.1.2 Vegemite

Vegemite (Lin, 2009) is a mashup tool based on programming by demonstration, iterative and interactive
manipulation of data by the user, and mixed initiativerad#on. It has been designed to support the use

time creation of ad hoc mashups but users can also store and share the mashups created. Vegemite consists
two main parts:

o VegeTablesa spreadsheet like tables for storing data, and
o CoScipterengine (Litte, 2007) for recoding and playing back actions on Web pages.

The user interface of Vegemite is showrigure 3 There are three areas in the interface: current web page
on topright, script panel (CoScripter) on the left, and data table (VegeTable bbttom.

The user extracts data from a web page to the VegeTable. The data extraction works by demonstration in a
manner similar to in Karma. In the extraction mode Vegemite recognizes the elements that the user is
clicking on the web page. It identifieall the possible parent elements of the clicked elements in the DOM

tree and computes a partial XPath from each parent to the clicked elements. Then it identifies for each parent
the possible other elements that could be reached with a suitable gatierabf the XPath. Vegemite uses

the parent that creates most siblings to the clicked nodes as the current hypotheses for generalization. It
highlights the new elements to the user as an extraction suggestion. If the user accepts the suggestion, the
elemants are copied to the current VegeTable. The suggestion is recomputed after each new click by the user.

The data extracted to the VegeTable can then further be processed using scripts. Vegemite is not limited only
to information integration but the mashupeated can perform any action recordable by CoScripter on the
data. The CoScripter can be used to record most actions by a user on a web browser. CoScripter produces a
user understandable script of the operations executed and this script is then grieséreescript panel

where it can be further edited. Mashups can infer additional columns to the table, send email messages, and
make calendar entries, and other activities that can happen inside a web browser. The derived information
can be computed byifterent services on the web. For example, in a mashup that computes distances from a
possible apartment to important places like job, schools, and hobbies, the script can visit a map web site and
insert information to compute the driving distance.

A small user study reported in Lin (2009) is based on three scenarios: determine the walkability of

apartments in a real estate listings, compute the driving distance to nearby yogurt places, and extract a certain
category of archived visa bulletins. The firstotwequired combining two existing services and the last one
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selecting data from one service. There were 8 users in the study. The results were encouraging. Of the 24
tasks the users were able to complete 18, failed 4, and skipped 2 due to time resffinticne/as evidently

a steep learning curve, since two of the four failures happened in the first task, and the subjects generally
struggled in that task. Three of the fours failures happened to the tworogmammers participating in the

study. Severalisers found the process of composing a mashup overly complex, and some reported that they
could not have been able to use the tool without instruction. Obviously, the usability of the tool needs to be
improved.

The main advantage of Vegemite over Karmatssability to derive new information based on extracted
information and use the services available on the Web to do this, for instance, using currency converters to
create a column to calculate prices in other currencies. It is also possible to malectidinerthat are not
possible in information integration tools such as Karma.

Vegemite is implemented as a Firefox extension. CoScripter is also available separately as a Firefox
extension.

Modified CoScripter sidebar

Main browser area

@ Walk Score - Helping homgbuyers, renters, and real estate agents find houaes and apartments in great neighberhocdgl - Mosills Frefox = (0
Fle £dt Yiow  Higiony Jookmas Tock Eelp Walk score about
L~ tobe added to
table
Current script p :
¥ S g o s Create new script
\ & L/ button
Currenﬂy N * go to "hitp/hwww walkscore com’”
eXe_CUtlng * z;:;;:nlumn A of row 5 of the scratch Run button Wlth
SC”Pt Step * pasts Into the "Address * textbox menu oflable
 chok the "G buton S scripts
Llst of Saved \ * pause 10 seconds R =
VegeTabIes rO * copy the "Walk Score ” text ::..'.:.;.-. Gl Refresh table
[ Porsmnat 8 | 8| Vepe Tabis ooy b
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\ = — -
BAR Welow Glen Element
" icrcm New column
0 et Il roror e W - sior e e : button
SelectAll button ;
Vege Table .
Urtiitled Vege Tablke Seve | K | |Import Data fioe Web Page. Creste New Script — Run» | Refresh Table
Copy/paste \v Import data from Maercury News - List View ’ :
Calculate Walk Score
buttons for —| 51700 % VegeTable
table data by =
im0 e editor
$1,299,000
Import data — = :
button ¥

4.2 Example modification

Figure31 Vegemite user interface

Exampe modification is a development strategy that users have been using irbasegtsystems for ages.
In this subsection we review one system based on that approach, called d.mix (Hartmann, 2007).

42.1 d.mix

d.mix is a tool for desigtime creation of mashuprtafacts. It is based on the concept of example
modification, meaning that a user can take an existing service and modify it slightly to create a new service

with similar structure.
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The key insight in d.mix is that many complex services available onébetaday provide an API that can

be used to access their content and functionality. The APIs can, however, be complex and difficult to
understand and learn. When a user finds a web site that performs in a way that could also be used in another
service he pshe envisions, it is difficult to connect what he or she sees and what API calls need to be made
to produce it.

d.mix uses two ways to help users take advantage of the APIs. First, it providaiéedasite-to-service
mapsthat simply present in a visuemanner which pas of the user interface have been created through
which API calls. In thd=igure 4there is an example of such map. The map allows using the surface structure
of the web as a mean to facilitate application development.

Figure 4i Site-to-service map in d.mix

Secondly, d.mixhas a serveside active wikithat hosts the scripts, and provides an environment for
authoring and sharing of source code and actual services. The active wiki uses the social structure of the Web
to facilitate service development. The ecosystem of deggdopnd endisers can in complementary roles

create solutions and use scenarios that benefit all the participants.

The original web site does not need to provide any support for the d.mix. The active wiki maintains a
collection of siteto-service maps thighave been contributed by developers. The use of d.mix takes place
through a programmable http proxy that rewrites the current web page and adds JavaScript annotations to
indicate services that can be sampled from a dpdgesed on the si®-service mapd and to visually
augment the services with dashed borders.

The user can add d.mix butt@nsample thisand stop samplindt o t he br owser 0s b
Implemented as a bookmarldet bookmark containing JavaScript instead of an addlréss pressing of

sampe this button sends the current browser location to the d.mix active wiki. This invokes the d.mix proxy
that annotates the page using its-fitgervice map. The user can click on the areas with dashed borders to
select elements and send them to the adtilki. The selected elements can be parameterized and combined
into a new page.

Hartmann (2007) reports on a successful evaluation study with d.mix. The eight subjects all had previous

Web development experience and knowledge of the Ruby programmingatgngised in d.mix. The
subjects managed to create working services in 21 out of 24 tasks.
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