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Abstract However, it seems that opening software functidiesli
through reusable services is necessary but natisuff to

End-users self service and end-users as co-devslope €nable end-users to load their own services, noreate
are two main characteristics of web 2.0 paradigrhey them, nor to harness the collective intelligenchisTis
will harness the great potential of the Internesefvices. ~ €specially due to the nature of today service ¢en
However, today's service exposure tools and servicedrchitecture SOA [4] which is more developer centri
composition tools are too complex to be used bjnarst Indeed, it is based on complex standards and témties
end-users. They are based on technologies sucteg§§ R  (such as WSDL [5], SOAP [6], REST [7], and WS-BPEL
WSDL, and SOAP which are hardly understandable by[8]) which address perfectly the machine to machine
the end-user. In this paper, we propose a widgeebta communication issues but still remain too compédato
service exposure and service creation tool. Our be used directly by the end user himself.
framework creates links between loaded widgets Thereafter, user-centric service creation toolsehav
automatically; additional functionalities are thumided ~ e€merged. We witnessed the emergence of widgets and
automatically to existing widgets as long as thd-sser ~ Widget aggregator concepts. Widgets are small tekigfe
loads other widgets to his personal environmenttia ~ Web applications that provide the end-user witfingls
same way as he launches an application on his Wiedo functionality of a service. Widgets paradigm prasd
environment. This mechanism is definitely moreitives ~ Service providers with another way to publish their

than SOA technologies as it is based on the userfate. services. A way which is definitely more intuitifer the
end-user as it is based on user interfaces. Widget
1. Introduction aggregators such as [9], iGoogle [11], and Netvii23}

are customizable web environments which enableitite
user to aggregate their preferred widgets (i.e.
functionalities). Moreover, FAST European projet8]
goes further than simple aggregation of widgetsthkir
implemented platform (EZWEB [13]) they also enathie
end-user to set up communications between two wsdge
. T . by mapping outputs of a widget with inputs of amoth

) harn_essmg collective mtelllgenc_e, This enables end-users to implement small changes i

* services on heterogeneous devices, their business processes by chaining widgets.

* customer self service, In addition, OPUCE [14] is another European project

* and rich user interfaces which aims to provide the end-users with intuitieels

Today we have already reached some of thesenat enable them to create their own services. & teals
Amazon, and Yahoo) enable third party developenss®  are very close to Yahoo PIPES [15], Microsoft POPFL
their software logic through reusable services ARds, [16], and MARMITE [17], they enable the end user to
services, websites and even to their desktop aijulits. These projects and mechanisms have significantly
In the last years, even telecom operators havedothis  jmproved the intuitiveness of service creation so@ut
philosophy [20]. They have opened their infrastitet e think that there are more things to do in ortter
through reusable APIs such as phoning, SMS, MMS, enable ordinary end-users to chain existing sesvice
Presence, and IM. Examples of such operators atistBr  |pgeeq, ordinary users do not understand what isizut
Telecom's Web21C SDK [2] and Orange Partner [3]. parameter of a service or an output parameter athan

They can not detect compatible parameters and chain

Tim Oreilly introduced in [1] the Web 2.0 paradigm
and gave in the same document its characterisias &s:

« software packaged as services,

e competition for data owning,

e users as co-developers,



them. Therefore, we propose in this paper a framewo
named
automatic and non-intrusive chaining between wislgkt

"communication manager" which enables annot

frequent changes of business processes; changear¢ha
expected by process developers, and current
technologies do not allow a rapid adaptation tos¢he

is automatic because end-users have nothing toodo tchanges. Indeed, users must wait for another dewedot

detect matching between inputs and outputs of cesvi
And it is non-intrusive because it is up to the esdrs to
activate them or not using actions as simple asic&.c
This framework consists then in detecting, at thetime,
all input/output matching between loaded widgetse W

process performed by the IT team or advanced users.
Using widget paradigm however, users can add easily
new services and process tasks to their environriviare
important is if the user can link these widgets, dam
perform intuitively the new process without beirggded

expose these links to the end-user directly in histo recreate it.

environment so that he can activate them directly.

In the following section we illustrate a motivating
example of an inter-widget communication tool. We
summarize then its requirements in section 3. Sedctiis
an architectural overview of the proposed framewbtYle
detail its implementation in section 5. We providhe
end-user view of the implemented framework in sec6.
And finally, we review the related work and conduithe
paper in section 7 and 8.

2. Motivating examples

In this section we will illustrate through two coate
examples the benefits that come from chaining wgge
each with others using inter-widget communicatiools.
The first example is about business process bagkgbts
and the second one is about telecom based widgets.

2.1. Business process based widgets example

As an illustrative scenario consider a simplified
customer order fulfillment process illustrated igute 1.
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Figure 1. Customer order fulfilment.
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The first step of this process is the creationrobeder
by the customer. When the supplier receives thidemihe
books the corresponding product, edits the inv@ind
sends them to the customer. Current technologieblen
well the implementation of this process. Indeed, -WS

BPEL, BPEL4WS, and even user interface based tools

such as Microsoft POPFLY, Yahoo PIPES, and
MARMITE are perfectly tailored for such usage.
However, dynamicity of today's working methods i@l
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Figure 2: Supplier view of the process.

In the described scenario of Figure 1, considepw n
business process which forces the supplier to chieek
availability of the ordered products before bookihgm.
Using the widget paradigm and inter-widget
communication tools, the supplier can add a widgeth
checks the availability of products and thus he leanch
this task automatically or semi-automatically whee
receives an order. Figure 2 displays the suppliew \of
the new process implemented with widgets and inter-
widget communication tool.

2.2. Telecom services based widgets

In this example we will illustrate the benefit ofing
widget paradigm and inter-widget communication $col
build the end-user communication environment. Qiersi
an employee who frequently uses a conference call
application, phone, contact list application, agend
application, email, and IM application. In additidn
these applications, he can use, less frequentlySHB
service, a location service, and a directory setvithe
current implementations of these applications aaderso
that they are independent each from the othergelhdthe
end-user can not add a click-to-call button todaiectory
and contact list applications. He can neither addick-
to-initiate-conf-call button to his agenda entriesr a
click-to-locate a contact to the directory appiicas.

The advantage of widgets and widget aggregatdreis
ability of the employee to access all these apiidina
from a single environment as we detailed in [9][9hwe



have also introduced the idea of implementing inter between widgets so that the end-user

can launch

widget communication mechanisms as these widgets ar functionalities of a widget from another (e.g. iatié a call
loaded into the same environment. The inter-widget session from the contact list widget). This actitink

communication  mechanism creates then
functionalities inside existing widgets as longtlas end-
user adds widgets to his environment.
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Figure 3: Inter-widget created links.

other creation) requires a shared semantic as the crdiated

involve widgets of heterogeneous providers. Thades |
can be defined explicitly by the end-user himsalftsas
EzWeb platform [13], and MARGMASH [23], but this
requires knowing how to map compatible inputs/otgpu
which is not obvious for ordinary users. Therefone
introduce in this paper to detect automatically patible
inputs/outputs of widgets of heterogeneous progider

Once the inter-widget communication tool detectesl t
compatible inputs/outputs, it should create thé&sliand
present them to the end-user in an intuitive wathsb he
can activate them or not. The presentation of thiesl|
should be eloquent about its target functionalily.
addition, the framework should create and remoesdh
links dynamically as the user loads/unloads widgets
to/from his environment.

From the above concrete examples, we also deduced
that there are two types of links: the event bdisdd and
the data based links. The event based links arsetho

As an illustrative scenario, let us consider that a which are activated automatically each time a djpeci

booked meeting in the employee’'s agenda is abatatb
The employee is reminded with an alert. He goethéo
agenda widget in order to have more details aboat t

event is triggered by a widget (e.g. each time er is
connected (the event) on the conf call widget, vepldy
his contact card on the directory widget). The dastaed

meeting. He notices that he is the organizer arel th links however are those which are activated byethé-

meeting should be held by call. So he should ieitend

user himself such as calling a selected contacthin

manage the conference call. With the inter-widget contact list widget, in this case no event is aisded to

communication tool, the employee will find autornatly

a click-to-initiate-conf-call on his agenda widgBturing
the conference call, the employee would like tovkmeho
are the connected people, he loads for that trectdiry
widget, and then, the inter-widget communicatiosl twill
add automatically a button to the conference caliget
so that the employee can search each attendeenaifon
details in the directory. With the inter-widget
communication tools, the employee can add intuitive
many functions to conference call application, sash
send instant message, share a document, and beaaliz
user; he has just to load the widget into his emritent in
the same way as he launches applications in a Wisido
Linux environment. Figure 3 illustrates differenhkis

the link.

In the following section we will describe the
architecture of the framework that tackles theetist
requirements.

4. Architecture description

In this section we will first describe the involved
components in our end-user environment which esable
the widgets to communicate with each others. Thiemea
we will go in depth and detail the inter-widget
communication mechanism through process views of
different steps of widgets lifecycle in the envingent.

between widgets and a corresponding business action}, 1, Component view of our widget aggr egator

realized by the end-user. It illustrates also thrér-

widget communication tools enable end-users to add The implemented end-user environment contains four
telecom functionalities to existing business preces main components: widgets, widget aggregator, atet-in

applications.

3. Requirements

widget communication component. W3C definition [18]
of widgets is Small client-side Web applications for
displaying and updating remote data that are pagdm
a way to allow a single download and installation a

From the above illustrative examples we can alreadyclient machine, mobile phone, or mobile Internetice.

deduce some requirements for an efficient intergeid
communication tool. We need at first to create dink

This definition limits a widget to data access teghe. In
this paper however we extend it and propose theviaig



definition: "widgets are small client-side web &@pations 4.2. Inter-widget communication mechanism
for offering atomic functionalites of an entergris details

application, packaged in a way to allow a singlevdoad

and installation on a client machine, mobile phooe, In this subsection we will illustrate the relatibis

mobile Internet device". between all these components and how to enable the
Widget aggregator is the end-user customizablewidgets to communicate each with others. To do wes

environment. It enables the end-user to persondlige  consider the widget lifecycle. There are three ns@ps:

environment by loading only his preferred widgets; the initialization phase, the inter-widget commiatiicg

widgets which enable him to accomplish his businessphase, and the unloading of the widget phase. Tihese
activities. As detailed in [9], this component ains four steps are detailed below.

main modules:

 Authentication manager component: It performs 4.2.1. Initialization phase. During this phase, the inter-
the end-user authentication widget communication component will detect all

+ User preferences manager component: It manageinputs/outputs matching between the widgets and, the
the end-user related data by reading from andwill display them as clickable icons to the usehrée
writing on the database actions are realized. Figure 5 is an illustratidntiee

» Download and parser components: Which load whole phase process view.
user preferred component into his environment, The first action is performed by the parser compone
parse the loaded modules, and modify HTTP which detects inputs and outputs parameters olothded
requests to AJAX requests. widget (step 2 and 3); the inputs are associate dall-

Inter-widget communication component enables back function, and an icon which is representatif/¢he

widgets to communicate with each others. It is baze provided functionality of the call back function.

publish/subscribe mechanism. Each subscriptionaiasit The second action is the transmission of these
« a call-back function which will be invoked to parameters to the inter-widget communication corepbn
execute the service, (step 4). The inputs are transmitted as subscriptend
« a parameter type which is the type of input they are stored in L2 (step 5), and outputs amesimgtted
parameters of the call-back function, as publishable parameters and are stored in Lp @te
« and a representation icon (or label) of the The inter-widget communication component updates L3
functionality which is provided by this widget each time it updates L1 and L2 (step 7).
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Figure 4: Widget aggregator component view. Figure5: Initialization process view.

Inter-widget communication component maintains
three main lists:

e« L1: It contains all generated outputs of each

The third and last action is performed by the mnter
widget communication component. It consists in the
) ! modification of each widget communication area itk

service of each loaded widget. by the widget itself) whose published parameterscima
* L2:1t contains the list of subscriptions inputs of other widgets (step 8); the communication
* L3:Itis the matching list between L1 and L2.9ti  manager inserts the icon of the corresponding sigiemn

deduced after semantic reasoning between inputssg that when the end-user clicks on this iconinieget

parameters which are stored in L2 and outputs communication component launches the function ef th

parameters which are stored in L1. corresponding subscription (i.e. the user will keuran
Figure 4 is a component view of the framework. action on another widget); these actions are mlatehe



inter-widget communication phase which is detailed

below.

4.2.2. Inter-widget communicating phase. This phase
gets started when the user wants to launch annactica
widget from another widget. To do this, He clicks the
icon which was inserted during the widget initiatibn
phase. Figure 6 summarizes this process. Firstintbe-
widget communication component is notified (step <)

delete all icons (from other widgets) which referthis
widget. Figure 7 illustrates the corresponding
process.First, the widget is unloaded from the user
environment (step 17). So, the widget aggregattifie®

the inter-widget communication component (step 18)
which updates at first its lists (step 19, 20, afyland the
widgets user interface by deleting all icons of the
unloaded widget (step 22).

he checks whether the corresponding call-back is a5, I mplementation

JavasScript function or a server side URL (step IfQ).is

a JavaScript function then the inter-widget comroation
mechanism will invoke it directly, otherwise, thetdr-
widget communication component will invoke the
download component in order to load the new URLhwit
the corresponding parameters (step 11, 12, 13add,
15). During the invocation, the generated dateheffirst
widget must be transmitted as inputs to the se@addet.

So we have defined a data exchange protocol. Thisyidgets as well.

protocol consists in providing a URL of the genedat
data instead of the generated data. The secondetwidg
should then download these data (step 13).

Widget A

Widget A 44@—‘ Parser Download server side
component component *
Widget B
server side
Call-Hack type = URL
leston -

¢ call-hack Wldget_c
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Figure 6: Inter-widget communication phase process
view.
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Figure 7: Widget unloading process view.
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4.3.3. Widget unloading phase. The widget aggregator
framework knows at real time widget loading and
unloading actions. When a widget is unloaded, usars
no longer launch them from other widgets. So weukho

The whole framework is implemented as a web
application. The main logic resides at the cliedé svhich
is implemented with JavaScript. Download componast,
described in [9], is based on AJAX as it deals wsithver
side interactions. Inter-widget communication congrat
is a JavaScript APl which is generally invoked Ime t
aggregator framework but it can be invoked by the
The API contains the following
functions:

» subscribeToData(Widgetld, dataType,
urlCallBack, iconActionUrl) This function enables
the aggregator framework to subscribe a widget
identified by "Widgetld" to a type of data

"dataType". Inter-widget communication
framework will invoke the "urlCallBack" when the
corresponding dataType will be published.
"lconActionUrl" the representative icon URL

which will be inserted into other widgets.

» subscribeToEvent(Widgetid, eventType,
urlCallBack) This function enables the aggregator
framework to subscribe a widget identified by
"Widgetld" to a type of events "eventType". Inter-
widget communication framework will invoke the
"urlCallBack" when an event of that type occurs.

* publishData(Widgetld, dataType, Message,
DestWidgetld) This function is usually inserted as
a handler of the inserted icon. But it can be
invoked by the widget itself as well. dataType is
the type of the generated data. Message is the
generated data URL. DestWidgetld is the id of the
destination widget.

* publishEvent(Widgetid, eventType, Message,
DestWidgetld) This function is usually invoked by
the widget, but it can be invoked by the aggregator
as well in order to transmit global events.
eventType is the type of the generated data.
Message is the generated data URL. DestWidgetld
is the id of the destination widget.

» Unsubscribe(Widgetld, dataType/eventTypd)is
function unsubscribes a widget from a dataType. It
is usually invoked by the inter-widget
communication component itself but it can be
invoked by the widget as well.



» clearWidget(Widgetld) This function is invoked attendee on the conference call widget. It eveariaghe
by the aggregator framework when the widget is icon to a searched contact in the directory widgethat
about to be suppressed from the environment inthe end-user can initiate a discussion from thectiry.
order to update it. Figure 8 is a screenshot of our framework realizing

described environment.

6. End user view of the framework
7. Related work and discussion

In order to illustrate the benefits of the impleraeh
mechanisms lets consider the end-user point of .view The proposed approach of end-user service cregtion
Consider an employee who is used to have meetigigs h in line with the historical evolution of engineegin
by conference call and wants to personalize his methods; methods that always aim to reduce the time
environment. First, he loads the agenda widgetnThe market of new services. Indeed, we began by the
loads the conference call widget, so the inter-etdg definition of a function which is reused inside ragram,
communication component will insert automaticalhet then a class and finally a service which is platfor
corresponding icon on each entry of the agendaetidg independent. Services provide an opportunity toéss
that the end-user can start directly a conferemadlefrom the great potential of current Internet where depets
an agenda (the conference call widget will thenitinv  expose their applications as services through atalimbd
automatically all meeting attendees). The empldyeavs technologies such as WSDL and REST. Thus, companies
that sometimes unknown people might join the canfee reuse not only local existing services but alsodtimiarty
call and he needs to search them on the direcsorhe services. Thereafter, service composition toolseapgd
loads the directory widget too. The inter-widget such as BPELAWS, and WS-BPEL to accelerate service
communication component inserts automatically the development process. They enable service develdpers
corresponding icon on the conference call widgethsd chain existing services using an intuitive graphioal.
when the employee clicks on it, the directory widge However, currently, these tools are accessible farly
displays automatically the contact information d@fet developers or at least advanced users; this issbe
connected user. The employee knows also that duringdue to their complexity. Consequently, new techgiele
conference calls we frequently need to share figh such as widgets [18], Yahoo PIPES [15], Microsoft
other attendees, so he loads the sharing file wigige: the POPFLY [16], MARMITE [17], EZWEB [10], and
corresponding icon is automatically inserted intet OPUCE SCE [19, 24] which are based on the service
conference call widget. graphical interfaces are emerging; they promisereatg

Now, during a conference call, suppose that the potential for the end-user. They will enable hincteate
employee wants to discuss offline with an attendée.  and personalize intuitively his environment.
needs an instant messaging widget which is ngpngstent Yahoo PIPES is a web application that consists in a
in his environment. He has just to load it (at thetime), graphical tool that provides end-users with theviser
and the inter-widget communication component wadlart composition capabilities (mashup). Figure 9 shows a
automatically the corresponding icon besides eachexample of Yahoo PIPES composite service which is
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Figure 8: End-user environment screenshot.



based on basic services user interfaces. Boxesseqr
services user interface and wires represent ingiptd
matching between these services which are defipatieh
end-user himself.
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Figure 9: Yahoo PIPES screenshot.

EZWEB is a widget based web application. In this
framework each resource (service or data) is ifledti
with an URI and has an internal representation (X/slihd
optionally a graphical interface representation e (th
widget). A widget may be a composition of many
resources which is usually defined by a developée
particularity of this framework is that it enablié® end-
user to chain widgets between each others by mgppin
compatible inputs and outputs. This enables theused
to add functionalities of a widget to another.

e
< ___GoogleMap >

Figure 10: MashM aker screenshot.
MashMaker [21, 22] and MARGMASH [23] are two
other mechanisms which enable end users to create t
own mashup from existing web sites. The most ingyrt
innovation of MashMaker is the data extraction framb
pages which contain unstructured data. The end-aeser
thus map these data as inputs to another senigeareF10
displays a "Yellowpages" web page in which MashMake
component extracts automatically all addressesngho
and names. Thereafter, if the user wants to distilage
addresses in a Map, he has just to load a Mapcsesuvich
as (Yahoo Map or Google Map). The philosophy is

almost the same in MARGMASH except that the user
extracts the data himself and maps them to otheices.

End user environment
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Figure 11: Integration of inter-widget communication
mechanisms with service creation tools.
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All these tools improve significantly the intuitivess
of service creation tools. But we think that it Bns not
intuitive enough as they are all based on chairang
output of a service with another which is not ologdor
ordinary users. Our proposition, however, detedis a
inputs/outputs matching between loaded services and
displays them to the user, and thus enables himtmate
between a widget to another. As a consequencei®f th
approach, additional functionalities are automdica
created in existing widgets (services) as longhasend-
user loads widgets into his environment in the sarag
as he launches an application in his Windows
environment; without any inputs/outputs matching.

However, these approaches might run complementarily
as illustrated in figure 11. Developers and advdnegers
may create widgets that are based on a definitioano
orchestration using tools like Yahoo PIPES or Msofb
POPFLY. Then, the inter-widget communication
mechanism set up links between Yahoo PIPES based
widgets, Microsoft PopFly based widgets and others
deal with runtime and spontaneous needs of theusad-

8. Conclusion

To make Web2.0 paradigm a reality, end-user self
service and end user service creation capabilidiesa
must. Existing end-user service creation tools haagle
significant advances over the last years. But wektthat
these tools still remain too complex for ordinasers as
they all suppose that the end-user is able to make
matching between inputs and outputs of serviced. Bu
actually this is true only for advanced users.his paper,
we have defined an intuitive tool that -creates
automatically additional functionalities to exigiwidgets
as long as the end-user loads new widgets to his
environment; he performs that in the same way as he
launches an application on his Windows environménée
defined end-user environment is a web based widget
container. The particularity of this environmentthiat it
creates automatically links between widgets; withauy
involvement of the end-user. Thus, it enables him t



launch functionalities of a widget from another.isTh
mechanism enhance significantly the intuitivenekshe
mashup editing tools comparing to current platfosmsh
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