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Abstract

In this article, we propose an approach to introduc

tailorability in the design of groupware, as thepapaches
already existing are still ambiguous in puttingfarward in

CSCW systems. We will present a brief overview anes
approaches that deals with tailorability in thilfi. Then, we

will make use of concepts and notions from eacbrdter to
integrate them in an innovative, value-added aritbrt@ble
architecture. We will discuss the purpose of in&tigig
internet technologies with software agents whildtipg it
forward in the context of tailorable groupware dgsi

Keywords: Groupware Design,
Oriented Architecture, Software Agents.

1. Introduction

As the use of the Internet and services offeredh wtitis
emerging more and more, people are in an increased of
flexible and agile applications. The emergenceotibborative
work over the Internet was a solution to the higmplexity of
systems and the technical difficulties that coufésea from
their use, as users, geographically distributedtwaore and
more to work together on a single task, but usigg rand
often incompatible applications that may lead

Supported Cooperative Work) is to find ways forugware to
enhance collaboration between individuals. For
groupware invention is a challenge, as the natufe
collaborative work continually changes as a consage of
changing work needs, but also as a consequencevoftire
systems themselves tend to change work relatiossaip
processes. As a consequence, the author arguesyitams
must themselves adapt to reflect the unpredictdiffierences
between the requirements of support for collabeeativork
during analysis and the actual requirements.

1.1. Need for Tailorability

The research about tailorability originated frone thap
between design and use of collaborative systemgingahe
system, its interfaces and the services that tloaydcoffer
tailorable for users is an essential and ongoisgaeh field
that needs much attention to yet be concrete. lisrréason,
tailorability has shown to be an essential propérat should
be taken in consideration, as it offers to useespibssibility to

Tailorability, Service

adapt the application based on their needs andheobther
way around.

Various authors have tried to study the notion of
tailorability [1, 2, 14]. However, this definitioris still
ambiguous and lacking in most systems (multi/singger),
where users’ needs when collaborating could myltippidly
(audio, video etc.), and the need for a generic taildrable
architecture to ensure interoperability and easatefration
remains significant.

In this paper, we will study some approaches foumthe
literature for the design of tailorable groupwarehiecture.
Our aim is to understand how this notion is utifizextracting
advantages of some approaches in order to desigewa
architecture for collaborative applications thatl Wwie totally
tailorable. The paper will proceed as follows: Einse will
give some definitions of tailorability. The secopart will be
dealing with some approaches for tailorability irogpware,
and in the last part, we will introduce our own aggeh, which
combines some interesting concepts found in ther lat
approaches. We will talk about the on-going andeméec
research field of web services and software agémejration,
and how we could put it in the context of groupware
tailorability. Finally, we summarize the main idessd give a
short overview for further work in the field.

2. Tailorability Approaches

to
interoperability problems. The aim of CSCW (Compute

Various authors have tried to define tailorabilifgr
groupware. The authors in [G@)nderline that a tailorable

[14Fpplication is at the same time reusable and radaléi by its

wn users, and the activity of its redefinitiondee of the
acets of its utilization. Other authors [dEfine a tailorable
application as a system that can be adapted pyopecbrding

to changes and the diversity of users’ needs, Jothgg defines
tailorability as the capacity of an information gy to allow a
person to adjust the application based on perqueftrences

or different tasks. For [14] tailorings the continued
development of an application by making persistent
modifications to it. It is in fact initiated in rpense to an
application being inefficient or difficult to use.Clearly,
tailorability is a crucial property for groupwar@mications,
but the question remains of how this notion can be
implemented, in particular for users that are netessarily
specialist in designing software applications.

Various approaches aiming to integrate tailorabilib

CSCW systems have received much attention in testure

[1, 2, 3]. However, most of these approaches apply to
certain specific domains, as support for synchrenou
groupware, workflow-based or collaborative writirand it is
not certain whether these approaches could be emppb



generic domains as well. In our research, we fotmat
introducing tailorability in the design of groupweais still very
limited and theoretical, as there exist various rapphes
without a sufficient support for comparison andssification.
For this reason, we thought that providing a glokielv on
some of these approaches is already a contribtbiddSCW
domain. In the rest of this paper, we will beginbayilding a
global view on some approaches for tailorability GSCW
systems. We will mention respectively the activityeory
approach [6]; component-based [1]; building blo¢BF and

approaches, each using different ways and mechantsm
reach tailorability: A reflexive computational sgst[1] and
building blocks architecture [3].

2.2.1. Reflective Computational SysteniThe authors in [1]
define a tailorable system as one that can be edafur
eventual maodifications in its structure accordiagliversity of
user’s needs. The authors use the term adaptatuiligentify
tailorability in its technical aspects. Here, thehers reused
the notion of reflexivity in the activity theory e in the first

SOA [9] (Service Oriented Architecture) approaches. Fima”%pproach [2], by insisting that an adaptable apgite should

we will present our own approach based on the
approaches.

2.1. Activity Theory Approach

latgiciude a representation of aspects of itself, &md self

representation should be changeable by internaxternal
influences, and connected to certain aspects cdppécation.
If the representation changes, the application gbamas well,
and only aspects included in the self represemtatib the

The author in [2]justifies that tailorability possesses 5pplication are susceptible to be affected by tabiity

theoretical foundation enabling to apprehend it ngsi
fundamental properties of human activity. He pregsos set o
properties for constructing a conceptual modeldageneric

environment of CSCW systems, based on a fundamen

theory, reflectivity This environment is called DARE
(Distributed Activities in a Reflexive Environmer§]. In the
realization of DARE, a framework is proposed basedthe
concepts and mechanisms of the activity theoryclvpiermits
to distinguish two essential properties of the hurmetivity:

activities. As a simple example, consider an apfibn with
an initialization file that specifies the appliaatis background
?é)llor [1]. In this case, this initialization filesithe self
representation of the application, and the coldnésadaptable
aspect. This type of applications is seen as a léRife
computational system”. Note that a reflexive sysiemmne that
contains both representations of aspects of tHenadd, and
representations of its own activities. In consegeethis type

« Reflexivity, that enables to access and modify the structufd application is capable of examining its own etand

of the application during its execution.

structure, and able to modify it according to useahd the

« Crystallization or the reutilization of user's experiencescontext's needs. The causal relation implies thaere

These experiences could be, for example, a spatdit of
roles in a particular activity.

Based on the activity theory, all mediator elemémitsence
the course of activity and thus it is impossibleptedict its
impact on a certain activity [2]. This is why, fitve author, the
tool should be considered a fully mediator elememaning
that if it could influence the collaborative actii then it
should be modified by it. The author was inspirgdie Meta-
Object Protocol (MOP) [6]for realizing DARE, as the
reflexivity takes place with the introduction ofnaeta model
whose main entity is the ‘task’, that is a speaificn of the
activity that describes the objectives, resouraes rales that
should take place in collaboration between actors.

2.2. Component-Based Architecture

A lot of research has been made for the design
component-based architecture for groupware [4,]1,The
concept of a component-based architecture is inttbgre of
any application domain, and thus it is highly proleato adopt
this kind of architecture to integrate tailoralyilin the design
of groupware [4]. In a component-based approach,
groupware is designed as a collection of componientgich
they could be added, modified, or deleted. Thise tygf
applications will be able to support the evolutidhat
tailorability tries to introduce. The authors ir] rgue that an
ideal collaborative system should be designed@srgposable
system where the integration of new componentsuikl on
top of a neutral basis. We will see here two congpbiased

modification of the (meta) representation is autticady
shifted towards the behavior of the system.

2.2.2. “Building block” Architecture, The authors in [3]
propose an approach based on building blocks fostoacting

tailorable CSCW systems. They argue that the eieoluh the

utilization of groupware is nowadays one of the m@asons
for designing tailorable systems. In fact, the atgtconsider a
tailorable system as one that permits for its usergerform

modifications on the technical structure of theliapion after

its implementation, according to their needs, paako
preferences or different tasks. For the simpleaedsat all the
modifications could not be predicted in the degipase by the
application designers, it would be possible, acogrdo the

authors, to equip the users with means to accommadtiase
changes.

OfThe authors introduce the concept taiforing to the

extreme [3]. This concept implies the extensiornhef set of
functions in the system with new modules that coblkl

dynamically integrated. An example of this concéptto

permit the user to download modules from the irdgermnd

;ﬂ‘ug them directly into the system (plug-ins, witigeetc.).

However, this approach requires that functional uohesl

(building blocks) should be analyzed before intéggathem

in order to determine the functions that they cooffétr and

the way in which they will communicate and interneat to

other modules for minimizing interference in thesteyn. The
authors here insist that interoperability standadstherefore



essential between the building blocks that willibegrated
into the system, probably resulting from differeeindors, in
order to standardize and facilitate the procesiiafgration
with other building blocks already existing, andertfore,
insure the stability of the system as a whole. Huhors
implemented their concepts in CooPS (CooperativaplRe&
Systems) [3].

2.3. Service-Oriented Architecture (SOA)

The demand for collaborative and flexible servides
becoming more urgent as the competition in the ptptéce is

getting fiercer between service providers. For te&son, the
authors in [9]propose the utilization of a Service-Oriented

Architecture (SOA) for the construction of collabtive
services. For the authors, SOA is becoming a neadigm
that aim at implementing loosely-connected appbecet which
are extensible, flexible and integrate well withiséirg
systems. Collaborative platforms have the potepfiaffering
services on different layers of abstraction asrthele is to
offer a support tool for collaboration of activ&igs].

SOA [8, 9] is a paradigm in full expansion that lcbbe
adapted to offer extensible services integrateptatform for
different users to collaborate between each otgeb
services could facilitate the collaboration betwegaups or
organizations, and can be defined by, for examm@source
sharing, communication and interaction betweeraboltators
(synchronous, asynchronous, communication chaneglg,
virtual rooms, organization management (calendai etc.).
The support for web services offers interoperabilietween

different collaborative or single-user systems [, they can

be viewed as modular applications. The architeatoresiders
a model of integrated services, where the intesfaafeweb

services are described with a standardized definianguage

WSDL (Web Service Definition Language), and inténaith

each other using SOAP (Simple Object Access Prtjtoco

while having their definitions saved in some norofisa web
service catalogue using UDDI(Universal Description,
Discovery and Integration).

3. Tailorable Design of Groupware

We base our approach mainly on the concept oflactafe

with software agents. We will see the advantagesisifig
agents in conjunction with web services by attengptio
integrate them into our approach. The integratidnweb
services with software agents has the objectivgiwhg the
web services a proactive behavior in interactinghwisers.
We will begin by describing our architecture, ahdrt we will
see how our approach integrates the later appreasitemake
use of each.

3.1. Tailorable Groupware Architecture
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Figure 1: Design of our tailorable architecture

Figure 1 illustrates our architecture. The main asqu
represents the boundaries of the system that corte
interfaces connecting users to the application. 3dpgare in
the middle represents the self representation efsystem.
This self representation [l viewed in our approach as a
norm of public directory that contains the list afl the
services included in the system. This public doectis built
using the protocol UDDI (Universal Description, Bisery
and Integration), that is one of the core web sess/standards
[12]. In other words, this self representation contdins
definitions of services running in the system thate
susceptible of undergoing tailorability activitiesy
collaborating users. The definitions of these welvises are
provided using the standardized language for werlsicsss,
WSDL (Web Service Definition Language), and inténaith
each other and the user using SOAP (Simple Objeckegs

system introduced in [6] anfl] (see paragraph 2.2.1). InProtocol). For a more elaborate explanation on sefvices

addition, we use the concept of tailoring to theexe [3] that
relies on building blocks (that are Web servicesum case),
requiring them to be analyzed before integratirarthnto the
system in order to discover the services they offer

standards, please refer to [12]. The definitiortduidied in the
self representation of the system are connectegaidaptable
aspects, which are in our approach, the servieaagtlves, as
we can observe in Figure 1. These services camhs&dered

We also base our approach on SOA in designir@f orchestrations of other services in the syst&@j, [and

collaborative services [9]. The use of SOA is maihle to the

include other services based on the functionalifiey offer.

interoperability that this approach offers. Using alreadyn our approach, we distinguish three main categormf

standardized protocols, this approach will complerether
approaches, and thus will combine the conceptsitifrable,
reflective architecture with the concept of intezogbility, for
in consequence satisfying the maximum tailorabitéeded in
the design of groupware. Finally, we introduce & research
topic over the last years, which is web servicesegration

services: ComService, CooService and ProService:

e ComService: contains all services offering means of
communication between users in collaboration
(videoconference service, voice recorder servicg.et

» CoorService: contains services implementing rules of
coordination between users, and codify their irdgoa (i.e.
workflow).



* ProService: contains services that are the collaborative

product of using the architecture. (Ex: paint aggtion, word
document etc.).

By classifying services in the system into threénncategories
(Communication, Coordination and Production), tteeé
main spaces of the software collaboration procefinet by
the 3C model [11] are satisfied. Note that we U term
‘Production’ to mean ‘Cooperation’ of activitiesafsfying the
terms used in the 3C model: Communication, Cootitina
and Cooperation).

3.2. Standards for Interoperability

uDDI

Jasm
1dvOS
Search/
Discover

Service Supplier;
Connect

Figure 2: Classic Vs Tailorable SOA

Service User/ Service Supplier

By using SOA[9] as a basis to our approach, we insure In the tailorable SOA, we modify the structure loé tlassic

interoperability between services in the appligatiand also
between the user's needs and the system’s capaaitly
performance. In fact, SOA offers three main stadslahat
achieve interoperability: SOAP, UDDI and WSDWe make
use of the three standards in our architecturelbmss:

SOA in a way that the service user is the serviaeviger
himself. In other words, the user will then have fivilege to
interrogate the UDDI (self representation of thelegation in
our approach) using standard SOAP requests, butnadslify
it using the same type of messages formats by ttlirec

» SOAP is a communication protocol written in XML, which PIUgg9ing the new service definitions into the UDDle.

permits to exchange data independently of the d¢ipgra
system used. To interact with the system, the sseds
requests to the self representation of the appicatising
SOAP messages.
» UDDI is a directory of web services’ definitions calleid
the protocol SOAP. This type of protocol will impient the
self representation of our architecture. In thigywihe users
interrogate the UDDI to know what are the servimgistered
in the system, what type of functions they offed &ne means
to access them. UDDI implements 3 basic functions:

* Publish: Lists the Web services’ definitioimsthe self
representation.

 Find: Allows users to easily search for servicsing a
search engine applied on the self representatitmecfystem.

» Bind: Insures the connection between a neededce in
the system, and its clients.
* WSDL is used to list the definitions of the serviceshia self
representation of the system (UDDI) that is be spsble to
be modified by tailoring activities. WSDL is alsaitéen in
XML, listing the methods available, the messageméis of
the services’ interfaces and the way to access.them

3.3. Classic SOA Vs Tailorable SOA

In Figure 2, we can see the transformation of tlassic
SOA found in the literature to our vision of a taiible SOA.
In the classic SOA, there exist 2 actors: the seryrovider
that registers the definitions of Web services (VB the
public registry (UDDI). The user in this kind ofcaitecture
has only the possibility to send SOAP requestiteriogate
the UDDI about a needed service, but does not hhee
possibility to modify the UDDI by adding new sergg that
could better satisfy his needs. This limits the asel the
flexibility of the approach, as users would only lbeited to
use the services already existing in the systend, thois
wouldn’t be able to adapt the application to thepeds, but
rather the other way around.

drag/drop mechanism). The protocols provided (SOiARhe
SOA will be in charge of reconfiguring the linkstlween the
services added and the services already preséne isystem.
In fact, the self representation part could be seem@n open
implementation mechanism [7] where the users wbeldble
to modify the structure of the application (insegtinew
service definitions through their WSDL files) witlto
recompiling the system and stopping its executiso, this
kind of system will satisfy the evolution of theeusf the
application due to temporal or behavioral chanfyethis case,
the classic Service-Oriented Architecture will bansformed
into a tailorable Service-Oriented Architecture diying the
user tools to accommodate these changes.

3.4. Added-Value Tailorable Architecture

By integrating the three approaches described énfitist
section, we created an added-value architectutérttinaduces
tailorability in collaborative applications to tiallest. In fact,
we used the notion of reflexivity in [1, 6] by adioyg the
authors’ view of a reflective system containing a
representation of its own activities, and thus @blaccess and
modify its structure according to user's needs. élor
specifically, we use the notion of self represeotafl] that is
viewed in our approach as a public registry coingin
definitions of services in the system connectechdaptable
aspects of the application, that are the servibemselves.
This means that if the definitions of the servickange, the
services themselves change as well, and in consequéhe
whole system would become tailorable by users. Wéa tised
the concept of tailorability to the extreme [3] th&quires
modules to be analyzed before integrating them ith®
system. This concept has also another essentialreatent,
which is the necessity of having interoperabilitgahanisms
to allow reconfiguration of modules from differeméndors
with other functions constituting the system. Wmedied this
problem by using interoperability standards frone tBOA
approach [8]. Using these standards, the usereadily be



able to analyze the functionalities of the servi@gby using
the services’ WSDL) before inserting them into thelf
representation of the application [1]. Thus, by barng the
three concepts found in the literature (reflexiyitgiloring to
the extreme and SOA), a tailorable architecturenserged
satisfying properties of interoperability [8], opexss [7] and
flexibility that are in our opinion, essential réguments for
CSCW systems.

3.5. Software Agents and Web services Integration

For [18], current techniques for publishing anddfirg
services (such as WSDL and UDDI) rely on statiaccdpsions
of service interfaces, forcing consumers to findd dvind
services at design time. On the other hand, weticesr are
becoming one of the most important architecturesd us
heterogeneous cooperative information systemst wad the
appearance of Web services that permitted intesites to
offer services in a more flexible manner [14]. Hoe® the
concept of software agents is even older than veshices,

3.6. Purpose of integration

For [15], the purpose of the combination is to gnéte
agents and web services technologies into a cahesitity
that attempts to surpass the weakness of each dlegyn
while reinforcing their individual advantages. Tingegration
can be proposed on the design and implementatioal, le
where on the design level, web services are entapduas
semi-autonomous agents that can be employed faridieg
the external behaviors of software agents, and eviemery
agent works in relation to the environment as allagweb
service. In consequence, agents can be used tdigsthigh-
level, flexible interaction models, and the welvigess will be
more appropriate for resolving the problem of iaparability
of diverse applications in concrete realizationst the
execution level, UDDI WSDL and SOAP will provide
capacities as the discovery, deployment and congatian.
Eventually, by integrating web services and soferagents in
the context of groupware tailorability, we introdua totally
innovative view of a groupware architecture desigffiering

and it has been employed with success for executitgjlorability at the system’s level, where the systcan be

distributed applications. Agents are defined hyiefs a piece
of software that acts autonomously to undertakdstamn
behalf of users. For [16], it is based on the fhat users only
need to specify a high-level goal instead of isguixplicit
instructions, leaving thBow andwhendecisions to the agent.
The same authors say that software agents exhihitrdoer of
features that make them different from other tiadél
components including autonomy,
collaboration, flexibility, self-starting, temporatontinuity,
character, communication, adaptation, and mobility.

The reason behind our motivation to integrate vearfe
agents with web services is driven by the fact #duggnts put in
practice the concept of mobile code, and througirdioation
with their flexible architectures, can easily beapigtd to
highly dynamic and heterogeneous environment aswiie
Web services however are the fast emergence of ndomi
means for connecting distributed applications tgrowvell
established internet protocols.

Software agents can be one of the essential davelas to
web services for the fact that they are functiogatities
instead of being just simple interaction delegatioar
communication means [15]. The idea in our design
tailorable architecture is to explore the capasitid agents’
proactive interactions to enhance the behaviorelf services
in a service-oriented architecture (SOA). With tharadigm,

tailored by dynamically integrating agents with wsdrvices,
thus offering to users tailoring capabilities. S8@fte agents
will be responsible for dynamic reconfiguration atidcovery
of services, along with openness and flexibilityreaty
satisfied by our architecture conceived from vasidailoring

approaches found in the literature. Eventually,idgntifying

these technologies, implementing real tailorablehiéecture

goal-orientationwill shift from theory to real practice.

3.7. Use of Agents in our architecture

Taking this into consideration, dynamic serviceesgbn
needs an agent-based solution. Agents can
autonomous service consumers and providers as agll
collaborating to dynamically configure and recoofig
services-based software applications. In our agchite, the
agent can play the active role of a consumer. Bhathenever
a consumer application using the system needs o aus
service, it employs its agents to communicate ithservice.
For each service, the architecture will create raice agent
that exposes the service’s interface, augmentedh wit
dfinctionality to capture the consumer’s preferencesieeds
and to query other agents for a suitable match. [Lfi¢ agent
can determine objective attribute values (suchédiahility,
availability, and request-to-response time) oroits and gets

software componentsyhere each one is representing a serviogser feedback for subjective attributes (such a&s uber’s

and an agent in collaboration, can interact witbheather for

overall experience). The architecture will have ealf-s

providing unified services in a specified environment, as foperformance reliable data in which it could useatculate the

example the exchangd multimedia applications in a virtual
environment (we are currently working on such systee call
it Oce@nyd). This is aligned with the authorsib]f “agents
will become an essential part of most Web-basedicgtipns,

degree of tailorability offered to the user alongthwits
performance capabilities according to user's satigfn in
delivering the needed services.

3.7.1. JADE and Web services, JADE (Java Agent

serving as theéglue that makes a system as large as the WabEvelopment Framework) is a middle-ware implemerited

manageable and viahle

Java which simplifies the implementation of agesgsplying
with the FIPA specifications [18] through a setgsfphical
tools that supports the debugging and deploymemtsgsh
JADE agents use ACL (Agent communication Langudge)

represent



communicate between each other, which is analogmuke

SOAP protocol used by Web services. We rely on t

approach in [17] presenting a Web service agemhdreork

along with the approach in [18r integrating web services

with JADE agents, providing common means to dynaltyic
invoke instances of each other at run-time. Anotgrroach
used is to allow the two platforms to evolve ingl without
imposing restrictions on each other, hence acagpdiuity
between Web services and agents’ roles. To dodhispdule
between the two platforms should exist translatihGL

messages to Web service invocations, and vice véaisia

module is registered as a special agent servidelR DF

(Directory Facilitator in JADE) and a special Wekr3ce
endpoint in UDDI directories, so when an agent wait
invoke a Web service, the request is passed toptriscular
module to perform the actual Web service invocatidhis

reflects the assumption that Web services neeé tedistered
before they can be discovered, which is true fonaalel like
UDDI but does no longer hold in recent P2P mod&#. [

4. Conclusion

In this article, we gave a brief overview on sormppraaches
that try to implement tailorability in designing C®/
(Computer Supported Cooperative Work) systems. blag
we described a theoretical foundation for a coltabee
platform using Internet technologies to be put fanmivin the
domain of groupware tailorability, giving concrdtmls for its
implementation: A synergy of tailoring concepts pagether
to arrive to a component-based, service-orientedit@cture.
Software agents are to be used enhancing the dunadities of
web services by giving them a proactive behaviaweler,
we should say that the utility of agents can betéichwhen
only considering the standard web services protstatk
without semantic annotations. Hence, we expeckpamed our
work by integrating tools to manipulate semanticbh/gervice
descriptions.
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