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Executive summary 

This report is a review of the state of the art in service composition by the end-users. Service composition 

means the creation of new services based on the existing services available in the Web. To make service 

composition possible 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 services ï email, Amazon, Google Maps, Google 

Search, eBay, Facebook, eBanking, route planners, real estate listings, and so on ï could not possibly have 

anticipated all possible needs of every user. Service composition is an approach to alleviate that problem by 

empowering end-users with easy-to-use tools to create services that address their personal and situational 

needs. These services would belong to the long tail of software: the many small applications that collectively 

have a large impact. The ability to easily compose services would also have the potential to uncover 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 

composed at use-time or at design-time. Use-time composition usually leads into one-time, throwaway 

compositions for the particular purpose at hand. Tools reviewed in that category are Intel MashMaker and 

Mozilla Ubiquity. Design-time composition means the creation of 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 design-time tools can be classified into programming-by-example, visual programming, form-based 

creation, and script-based creation. Programming-by-example can be divided into two subcategories: 

programming-by-demonstration ï which means the recording and generalization of a sequence of userôs 

actions supported by tools such as Karma and Vegemite ï and example modification ï 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 specified as 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 understand programming concepts 

and therefore it is questionable whether they can be called end-user tools. Form-based creation is a category 

of widget frameworks ï such as iGoogle, Netvibes, and Yahoo Widgets ï that allow the users to create 

personal service collections. The frameworks have only little support for connection services with each 

other. Rather they present services side-by-side in a ñsalad-barò style. Script-based creation comes closest to 

real programming. Two environments are reviewed: Firefox that provides a framework 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 support everyday activities of ordinary users. 

From that perspective, the use scenarios of programming-by-demonstration are too limited as they relate to 

information integration problems. Visual programming is too close to programming: despite the graphical 

notation the 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 are even less accessible for typical end users.  

In LUCRE the further development is based on the widget framework approach. The existing widget 

frameworks are hugely popular and it can therefore be assumed that the concept is easy for ordinary users. A 

possible reason for this the content-centric view they provide to users, instead of the operation-centric view 

required by visual programming or script-based tools. In addition, composite services created through widget 

frameworks can support a wide range of everyday activities, 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.  



   Version 1.2   

FS/LUCRE - Deliverable 2.1 Part 1  Page 3 (77) 

Table of contents 

1 Introduction  .......................................................................................................................................................... 4 

2 Service composition  ........................................................................................................................................... 6 
2.1 Time of composition creation ......................................................................................................................................................... 6 
2.2 Fields of research on service composition ................................................................................................................................ 7 
2.3 Mashup patterns ................................................................................................................................................................................... 8 
2.4 End-user programming...................................................................................................................................................................... 8 

3 Use-time service composition ....................................................................................................................... 10 
3.1 Intel MashMaker ................................................................................................................................................................................ 10 
3.2 Mozilla Ubiquity ................................................................................................................................................................................. 11 

4 Programmi ng by example .............................................................................................................................. 13 
4.1 Programming by demonstration ................................................................................................................................................ 13 

4.1.1 Karma ............................................................................................................................................................................................ 13 
4.1.2 Vegemite ...................................................................................................................................................................................... 14 

4.2 Example modification ...................................................................................................................................................................... 15 
4.2.1 d.mix .............................................................................................................................................................................................. 15 

5 Visual programming ......................................................................................................................................... 17 
5.1 Popfly ...................................................................................................................................................................................................... 18 

5.1.1 Mashup Creator ........................................................................................................................................................................ 18 
5.1.2 Service composition with Popfly Mashup Creator .................................................................................................... 21 
5.1.3 Game Creator, Web Creator, and Popfly Space ........................................................................................................... 22 
5.1.4 Current state .............................................................................................................................................................................. 23 

5.2 Yahoo! Pipes ......................................................................................................................................................................................... 23 
5.2.1 Service composition with Yahoo Pipes .......................................................................................................................... 24 
5.2.2 Discovering and cloning pipes ........................................................................................................................................... 28 
5.2.3 The current state of Yahoo Pipes ...................................................................................................................................... 29 

6 Form -based creation  ........................................................................................................................................ 31 
6.1 iGoogle .................................................................................................................................................................................................... 31 

6.1.1 Discovering gadgets in iGoogle .......................................................................................................................................... 35 
6.1.2 Building gadgets ....................................................................................................................................................................... 36 
6.1.3 Popular gadget types in iGoogle ........................................................................................................................................ 38 
6.1.4 Creating themes ........................................................................................................................................................................ 40 
6.1.5 Social future ................................................................................................................................................................................ 41 

6.2 Netvibes ................................................................................................................................................................................................. 42 
6.3 Yahoo! Widgets ................................................................................................................................................................................... 46 

7 Script based creation  ....................................................................................................................................... 49 
7.1 Firefox extensions ............................................................................................................................................................................. 49 

7.1.1 Building Firefox extensions ................................................................................................................................................. 53 
7.1.2 Future directions ...................................................................................................................................................................... 54 

7.2 Facebook ................................................................................................................................................................................................ 55 
7.2.1 Using Facebook applications .............................................................................................................................................. 57 
7.2.2 News feeds and requests ...................................................................................................................................................... 58 
7.2.3 Application directory  ............................................................................................................................................................. 59 
7.2.4 Application initialization process ..................................................................................................................................... 63 
7.2.5 Security of Facebook applications .................................................................................................................................... 65 
7.2.6 Facebook platform................................................................................................................................................................... 67 
7.2.7 The current state of Facebook ............................................................................................................................................ 68 

8 Evaluation of mashup tools for end -user development  ...................................................................... 71 

9 Summary and dis cussion ................................................................................................................................ 73 

10 References ........................................................................................................................................................... 76 

 



   Version 1.2   

FS/LUCRE - Deliverable 2.1 Part 1  Page 4 (77) 

1 Introduction  

This report is a review of the state of the art in service composition by the end-users. We review available 

commercial services in service composition as well 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? What kinds of services users 

end up composing? 

The Web 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 

converters, 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 needs. Service 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 duplication of functionality 

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 building, the 

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 bus 

stops. Some of these criteria may be relevant to subgroups of customers ï such as the average air quality or 

walkability
1
 of the neighborhood ï and some completely specific to an individual buyer ï such as the time it 

takes to drive to his or her job, hobbies, or friends. It is quite clear 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, however, ends up 

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 transformation 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 disciplined bookkeeping. 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 her 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 state what they want a composite service to do. For 

example, ñI would like to have a notification of apartments that cost less than 200000 ú, located so that air-

quality is good, and within half an hour driving from my job.ò To satisfy such requests would require 

detailed semantic descriptions of services, together with either automatic reasoning capabilities or elaborate 

crowdsourcing arrangements. Unfortunately, there are not any realistic and practical solutions available in 

those areas yet. 

However, technology to enable users to tell how they want a composite service to work is developing fast. 

There are tools that make it possible to compose, for example, a following kind of service: ñtake apartments 

form craigslist.org, filter apartments with price less than 200000 ú, evaluate the address in airquality.com, 

filter apartments where the result is good, compute the driving time from the apartment to the job in 

maps.google.com, filter apartments where the result is less than half an hourñ. These tools use technologies 

developed in the area of end-user programming, or more generally end-user development. Indeed, Lieberman 

et al. (2006) have predicted, that the goal of human-computer interaction will evolve from just making 

                                                      
1
 Walkscore (http://walkscore.com) provides this information for neighbourhoods of largest cities in US 
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systems easy to use to making systems that are easy to develop, as 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 and easy-to-use, there would 

ultimately be numerous small-scale services most of which would satisfy some personalized, situational, and 

evolving needs of individuals. These services would belong to the long 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; when shared with others, their 

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

Spreadsheets present a major success story in the area of end-user programming (Nardi, 1993). Many office 

workers without any studies or previous experience in programming have been able to create non-trivial 

spreadsheets for real uses. Other areas where end-users have been able to participate directly in development 

are web authoring and business process automation. End-user development and consequently service 

composition seem thus feasible ideas, but to what extent? It is commonly understood that programmingð

and development of reliable software in generalðis difficult. While it is evident that end-users are able to 

create simple services, it also seems obvious 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 to gain understanding of the potential of user-created services by developing 

and studying service composition tools and technologies. There are many interesting questions in the area. 

Are there reasonable compromises between ease-of-use and power of the tools? Is it possible to have a 

smooth progression from simpler methods to powerful ones? Are there problems or dangers inherent in 

service composition by end-users? What is a reasonable division of work between end-users and developers 

and how could fruitful collaboration 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 

Service 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 an application that is executed in the client, a service is 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 

potentially 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 in higher-level 

conceptualizations of service creation. The emphasis is specifically in service composition, 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 service that tells road conditions there. The focus is thus not in complex control flows that involve 

conditional execution (if-statements), iteration (loops), or state maintenance (variable assignments).  

By end-user we mean anyone who uses a service, is not a developer, and has not studied software 

development. Being an end-user does not imply that a person is generally uneducated, unskilled, or 

cognitively challenged. Many end-users of spreadsheets have been office workers who are well educated, 

although not in software development. Conversely, the lack of software-related education does not make a 

developer an end-user. 

2.1 Time of composition creation 

Different tools conceptualize and approach service composition in different ways. One difference concerns 

the time when the composition is created. There are essentially to alternatives: 

1. Use-time composition. When a user is browsing the Web, he or she can combine services in an ad 

hoc manner. These are usually one-time, throwaway compositions for the particular purpose at hand. 

2. Design-time composition. A user can create a service composition in advance of using it. The result 

is a service artifact that is typically reusable in many similar situations later on.  

In use time composition, the system typically suggestsðor otherwise makes it possible to discoverðother 

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 locations of the 

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 

closest restaurants 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 brings with 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 properties of the situation as well as use of 

some notation in which the abstract service can be expressed.
2
 

2.2 Fields of research on service composition 

Services can be composedðas any programs or software systemsðthrough ordinary programming. 

However, there are at least the following active areas of research and development specifically targeted to 

the creation of service compositions: 

1. Service-oriented architecture (SOA). In the world of Service-oriented architecture, the concept of 

Web Service is used to mean services specified to allow machine-to-machine use. There are 

numerous XML-based 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 Services Description Language (WSDL), messages between services with SOAP, and 

service discovery using UDDI registry. For service composition there are two concepts: 

orchestration and choreography. Orchestration means the specification of a hierarchical, process-like 

composite service using the Web Services Business Process Execution Language (WS-BPEL) 

notation. This approach is mainly targeted to business processes and it expects the component 

processes to provide structured XML data through well-specified interfaces. Choreography refers to 

a conversational, non-hierarchical approach for composition of Web Services. It specifies a protocol 

for peer-to-peer interactions, defining, for example, the possible sequences of messages exchanged 

to guarantee interoperability. 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 proper end-user methods since 

WS-BPEL and WS-CDL are relatively complex specifications that include many programming 

concepts: variables, loops, conditional execution, synchronization, exceptions, and so on. There are 

also visual WS-BPEL 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 tasks 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 user-directed services and sources in addition to the Web Services with well-defined 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 services. Mashups aim to utilize interesting services (Google Maps, 

Craigslist, weather information, public statistics, etc.) even when the data provided by services is 

unstructuredði.e., in HTMLðand requires the use of information extraction techniques. When 

compared to the process-oriented 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 mission-critical 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 service-oriented architecture and mashups. The aim is to 

give end-users within enterprises a possibility to easily compose services for their situational needs. 

3. Semantic Web Services. In the field of Semantic Web Services, the service composition problem is 

seen as an automatic reasoning task. The user specifies the goals and requirements (ñshow closest 

ethnic restaurants on a mapò), and the system automatically infers a composite service that fulfils the 

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 programming-by-demonstration that can form a bridge from use-time 

composition to reusable services by allowing the system to infer reusable services from use-time examples. 
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mobile and ubiquitous computation, where the 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 research on 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 problems of semantic 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 problems could certainly be solved. 

The review in this report will be limited to the mashup approach, as the role of an end-user is 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 end-user programming. In addition, neither the service-oriented 

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 of service composition.   

2.3 Mashup patterns 

Wong and Hong (2008) studied a sample of mashups to uncover patterns that might indicate requirements 

for future mashup tools. The study was preliminary but nevertheless interesting. It showed that there were 

many mashups 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 a visual search 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 or 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 example, lists of items of interest.  

 Focused view of data: Provide 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 end-user programming, one central question is what makes programming hard. Blackwell 

(2002) gives three answers:   

 1. Loss of direct manipulation. Direct manipulation allows cognitively simple interaction with a system: 

the current status of the system 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 needs to work in 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 notation. The artifact that the programmer creates for further execution must be specified using 

some notation. All notational systems are artificial, as there is no ideal or natural programming 
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notation. In any notation, the design choices require tradeoffs between which cognitive tasks are 

facilitated and which are inhibited. In the research on end-user 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 a tool 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 end-users. 

These problems have been addressed with different kinds of end-user programming techniques. Nardi (1993) 

divided the discussion into following areas: task-specific programming languages, interaction techniques in 

end-user application development, application frameworks, and collaborative 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. Programming-by-example: Using a particular instance of execution, input-output relations, or 

existing programs as basis for creating new programs.  

2. Visual programming: Replacing the textual programming notation with graphical notation. Graphical 

notations usually consist of blocks and connectors.  

3. Forms-based creation: Using forms, tables, assembly canvases, or other special structures to 

simplify service composition.  Spreadsheets belong to this category.  

4. Script-based creation: Making 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 above-mentioned categories based on the dominant or most 

visible approach. However, we first start by looking at some tools for use-time service composition, as they 

do not naturally belong to any of the categories above.  
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3 Use-time service composition 

In this section we will review two systems for use-timeðor runtimeðservice composition. It should be 

noted that in this context, the term ñuseò means the same as ñbrowsing the Webò. Other potential use 

contexts, such as many of those encountered with mobile devices, are not necessarily as natural for on-the-

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

experimental tools running as an extension of Firefox browser (see subsection 7.1). 

3.1 Intel MashMaker  

ñIntel® Mash Maker takes mashups to a whole new level with an innovative and radical new way of 

browsing the Internet. ... Instead of browsing through websites, Mash Maker's built-in technology enables 

you to browse through contexts and semantics, as well as easily view information the way you want, and 

presented the way you want.ò ï Intel MashMaker introduction on AMO
3
 

Intel MashMaker is a web browser extensionðoriginally for Firefox but now also available for IEðthat 

allows one to create mashups live as part of browsing. This is possible because the mashing up takes place in 

the browser, and not on a server as is usual. For example, a user could construct a mash-up where 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
4
. 

MashMaker installs as a toolbar on the browser (Figure 1). Since MashMaker suggests mashups that it can 

apply to the current page as one browses it, no programming ability is necessary
5
. The suggestions are based 

on the site content and structure in addition to using 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 mashups with that site. It is also 

possible to modify the current model by adding new capabilities.
6
 In that way, MashMaker harnesses the 

wisdom of the crowds and relies on the community to teach it about the structure and semantics of web 

sites
7
. 

MashMaker maintains a simple social network of its users. It allows users to share data, widgets, and widget 

suggestions. Data can be published to friends as writable or read-only. This allows creating ad-hoc social-

networking applications (Ennals, 2007). MashMaker has user accounts, and while there is a guest user 

account, it does not allow creating new mashups, rate mashups and widgets, or bookmark or showing 

mashup URLs
8
. 

Intel MashMaker is still marked as Experimental extension of Firefox. Although it offers interesting 

possibilities, 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 extension was updated was 10/2008. 

                                                      
3
 https://addons.mozilla.org/en-US/firefox/addon/9395 

4
 http://www.crn.com.au/News/61645,idf-intel-releases-mashmaker-preview.aspx 

5
 http://software.intel.com/en-us/articles/intel-mash-maker-mashups-for-the-masses 

6
 http://freegeographytools.com/2007/intels-mash-maker-another-mashup-maker-but-different 

7
 http://software.intel.com/en-us/articles/intel-mash-maker-mashups-for-the-masses/ 

8
 http://mashmaker.intel.com/web/informationguest.html 
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Be that as it may, MashMaker does represent ña bit of a departure for the company,ò as Jeff Klaus, marketing 

director for Intel Mash Maker, admitted. While it enriches the browsing experience, it hardly sells any more 

hardware.
9
 

 

Figure 1 ï Intel MashMaker 

3.2 Mozilla Ubiquity  

Mozilla Ubiquity
10

 is an experimental environment for use-time composition of services (Figure 2). 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 example map, look, add calendar, translate, email this to, and so on, resemble 

natural language and are typed into the command interpreter at the top of the browser window. 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 evolution 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 what they want to it to do: 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 the command ñemail this to alyssaò. 

Ubiquity would suggest possible completions to the command, for example, ñemail this to 

alyssa.p.hacker@mit.edu.ò When the user accepts the suggestion, Ubiquity brings up a web email program 

and creates a message pre-filled 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 800 user-contributed commands 

have been published in the forum, but that number naturally includes lots of duplicates. 

                                                      
9
 http://news.cnet.com/8301-10784_3-9921313-7.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 to the base-line 

scenario where the user copies and pastes content from one service to another? Basically Ubiquity simplifies 

userôs interaction with services. With a couple of key presses the user can in a flexible manner apply other 

services into the data at current page.  For example, the user can translate a piece of text, show location on 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 would 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 tells the system in an 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 creates 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 it supports 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. 

 

 

Figure 2 ï Mozilla Ubiquity 
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4 Programming by example 

Programming by example is also known as programming by demonstration. Halbert (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 concrete example. The system records the sequence of 

actions, possibly infers a generalization of the sequence, and can perform it again or re-apply it 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 example isðin contrast to demonstration of a novel 

exampleðthe versioning of an existing example. This approach can best be called example modification, and 

it has become a ubiquitous strategy in end-user development (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 demonstration does not 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 

generalizations 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 integration of data 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) into a structured 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, especially data 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. Karma keeps repositories 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 similarity and suggest the column name ñAddressò from the previous table also to the new data.  

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

include fixing misspellings. For example, a name written as ñHacker, Alysssa P.ò may need to be 

corrected and transformed into the form used in previously extracted data tables such as ñAlyssa P 

Hackerò. While the correct form to use is up to the user, it is essential that all data that must be 

combined to use the same form. The user specifies 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 sources together. 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 picking values or attributes based on Karmaôs suggestions. Karma then infers the 

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 functionalities provided by Karma. 

The programming by demonstration is supported in a different manner in each of the steps. In data retrieval 

step, Karma proposes generalizations based on lists in which data pointed to by the user resides. In source 

modelling, Karma proposes 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 user operations to 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 separate techniques into a unified framework that enables end-users to build information 

integration mashups in a data-centric manner without encountering code at any point. This is in contrast to 

visual programming approach where the user often needs to be familiar with programming concepts, even if 

presented in a visual language. 

Karmaôs strength is the extraction and combination of data from existing web sources. It does not, however, 

support arbitrary operations with tables such as executing queries based on a table 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 initiative interaction. 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 of 

two main parts: 

 VegeTables, a spreadsheet like tables for storing data, and 

 CoScipter engine (Little, 2007) for recoding and playing back actions on Web pages. 

The user interface of Vegemite is shown in Figure 3. There are three areas in the interface: current web page 

on top-right, script panel (CoScripter) on the left, and data table (VegeTable) at the bottom.  

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 identifies all 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 generalization of 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 

elements 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 mashups created 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 presented in the script 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 by different 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 first two required 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 restrictions. There was 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 two non-programmers participating in the 

study. Several users 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 Karma is its ability 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 make other actions that 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.  

 

Figure 3 ï Vegemite user interface 

4.2 Example modification 

Example modification is a development strategy that users have been using in script-based systems for ages. 

In this subsection we review one system based on that approach, called d.mix (Hartmann, 2007). 

4.2.1 d.mix 

d.mix is a tool for design-time creation of mashup artefacts. 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 on the web today 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 or she 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 provides so-called site-to-service 

maps that simply present in a visual manner which parts of the user interface have been created through 

which API calls. In the Figure 4 there is an example of such map. The map allows using the surface structure 

of the web as a mean to facilitate application development. 

Secondly, d.mix has a server-side active wiki that 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 developers and end-users 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 site-to-service maps that have 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 pageðbased on the site-to-service mapsðand to visually 

augment the services with dashed borders.  

The user can add d.mix buttonsðsample this and stop samplingðto the browserôs bookmark bar. 

Implemented as a bookmarkletða bookmark containing JavaScript instead of an addressðthe pressing of 

sample 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 site-to-service map. The user can click on the areas with dashed borders to 

select elements and send them to the active wiki. 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 programming language used in d.mix. The 

subjects managed to create working services in 21 out of 24 tasks.  

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




































































